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®wusuka. 11 kiace. Bapuantl 2

HHcTpyK1us Mo BHINOJHEHHIO PA00THI

JI7is BBITIOJTHEHMSI 3K3aMEHALIMOHHON paboThl mo (usuke orBoautcs 235 muHyT. Pabora
COCTOMT U3 3 4acTel, BKIIOYAOIIUX B ce0s1 35 3amannii.

Yacte 1 comepxut 21 3amanue (A1-A21). K kaxaoMy 3alaHuio JAaETCS YEThIPe BapHaHTa
OTBETa, U3 KOTOPHIX TOJIEKO OJWH MPAaBUIBHBIM.

Yacte 2 comepxut 4 3ananust (B1-B4), Ha KOTOpble HANO AaTh KPATKUil OTBET B BHIE
ITOCIIeI0BATEIFHOCTH AP

Yacts 3 comgepxut 103ana4a: A22-A25 ¢ Beibopom omHoro BepHoro oteeta u C1-C6, mst
KOTOPBIX TpeOyeTcsl AaTh pa3BEPHYTHIE PeLeH .

[Tpu BEIMHCICHUSIX pa3pelIaeTcsl HCIIONIb30BaTh HeMPOTPaMMHUPYEMBIH KaITBKYJIISITOP

Bce Omankm EI'D 3anonHsroTcss spkUMHA  4E€pHBIMH  depHMIamu JlomyckaeTcs
HCTIOJIb30BaHUe TelleBOM, KallMJUISIPHOM WK MepheBOM pyyexk.

IIpu BeIMONHEHWH 3amaHuWii Bwl MokeTe monb3oBaThesl depHOBHKOM OOpammaem Barme
BHUMaHHUEe Ha TO, YTO 3aIFCH B YepPHOBUKE He OyIyT YUUTHIBATHCS NIPU OIIEHUBAHUU pabOTHI.

CoBeTyeM BBIMOJHATh 3aJaHUsl B TOM MOPSIIKE, B KOTOPOM OHHU AaHbl ISl SKOHOMHH
BpeMeHH MpoIlycKaliTe 3alaHue, KOTopoe He yAa&Tcs BBINOJHMUTH cpasy, M IepexolmuTe K
cnenyromemy Ecnmu nocne BblmosHeHUs: Beell paboTsl y Bac ocrtanercs Bpemsi, Bsl cmoxere
BEPHYTHCS K MPOMYIIEHHBIM 3a8JaHUsIM.

Bannel, nmonmyuyennsle Bamu 3a BbIMONMHEHHBIE 3agaHusi, cymmupyrorcs. llocrapaiitech
BBITIOJIHUTH KaK MOYKHO OOJIbIIe 3a1aHuil 1 HabpaTh HanOOoJbIIee KOJTMIeCTBO OalIoB.

Kenaem ycnexa!
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@wusnka 11 xmace Bapuanr 1

Hike mnpuBeneHs
BBIMOJIHEHUU pabOTBHI.

CIIPAaBOYHBIC JaHHBIC,

KOTOpble MOTYT MOHagoOuThCS Bam npu

J:lec;lTH‘lele NMpUCTaBKHU

Hi‘;::;l:)' O6o3Hauyenue | MHOKHTEID Hz:;n}:zl;o- OGosnavenne | MHuoxuTesIb
rura r 109 CaHTH c 1072
Mera M 106 MUIUTH M 1073
KHJIO K 103 MHUKPO MK 10°°
IEeKTO r 102 HaHO H 107
aeun it 107! TUKO I 10712

KoncTanThbl
YUCIIO T r=3,14
YCKOpEHHE CBOOOIHOIO MaJCHUs Ha 3eMiie g=10 M/c?

I'paBUTAlMOHHASA ITOCTOSTHHAA

G=6,7-10""1 H-m%/kr?

YHUBEpCajibHasd ra3oBast IOCTOAHHAA

R =28,31 [Ix/(monb-K)

rnoctosiHHast boibliMaHna

k=1,3810"23 /K

IIOCTOsIHHaA ABoraz[po

N, =6:10% Mo !

JNEKTPUUYECKUIN 3apsi)

CKOPOCTB CBETa B BAKyyMe c=3-108 m/c
KO3(HUIIUECHT MPOIOPINOHATIBHOCTH k= I _ 9-10% H-m2/Ki2
B 3aKkoHe Kyrona 4meg
MOJLYJTb 3aps/a JIEeKTPOHa (3JIeMEHTapHbIH

AYIIb 3apsi) TpOHa ( p e=1.6-10"19 K

nocrosaHasg [1nanka

h=6,6-10% Ix-c

CooTHOIIEHHUS MEKIY pa3jiinYHbIMHU ¢ IMHUIIAMU

TemIeparypa 0K=-273°C

aTOMHas €MHUIIA MACChI la.e m=1,66 10727 kr
1 aToMHas eIMHNIIA MACChI SKBUBaJICHTHA 931,5 M>B

1 5EeKTPOHBOIBT 1B =1,6 10719 Jx

© MHOO 20121
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Macchbl yacTuin

oneKTpoHa  19.1-10 3 kr~55-10%a. ¢. m.
npotoHa  |1.673-1027 xr~ 1.007 a. e. m.
HEHTPOHA |1 675-10~27 kr ~ 1,008 a. e. M.
Il1oTHOCTH
BOJIBI 1000 kr/M> | TTOICOTHEYHOTO Macia 900 kr/m>
JpeBecHHBI (COCHA) 400 kr/M°  |amoMuHEsS 2700 kr/m>
KEpocHHa 800 kr/m>  |Kernesa 7800 kr/m>
pTyTH 13 600 xr/m>
YiaeabHas TEI0EMKOCTh
BOJIBI 4,2-10 3 Jox/(xr-K) AITFOMUHUS 900 JTx/(xr-K)
Ip/1a 2,110 3 Ix/(xr-K) Menu 380 x/(xr-K)
xenesa 640 Jx/(xr-K) qyryHa 500 Ix/(kr-K)
ceunna 130 x/(kr-K)

YaeabHas TeNJa0Ta

napooGpasoBanus BogsI|2,3-10 © Jh/kr

[UIABJICHUS CBUHILIA 2,5-10 4 JIx/xr

IJTaBJICHUS JIbA 3,3-10° Jx/xr

HopMmaabHbIe YCJI0BHSA

nasnenue: 10° Ila, temmepatypa: 0 °C

MoJasipuasi Macca

asora 281073 kr/moub renaus 4-1073 kr/Monb
aprosa 40-1073 kr/moub KHCIOpOJia 32:1073 kr/mob
BOJOpOJa 2-1073 kr/Momnb JINTHUS 6-10"2 xr/mMomb
BO3/lyXa 291073 kr/mob HEOHa 20-1073 kr/mMoIb
BOJIBI 18:1073 kr/moub YIIEKHCIIOro Ta3a 44-1073 kr/mob
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Yacrs 1 Ha xopme nonku, mokosiimeiics Ha Boje, CTOMT 4YenoBek. Macca noaku M, macca
genoBeka m. UenoBek HAUMHAET PAaBHOMEPHO JIBUTAThCsl ¢ KOPMBI Ha HOC JIOJIKH CO
CKOPOCTBIO % OTHOCHUTEIBHO JIOJKA. MoOjysib CKOpOCTH V JIOJKH OTHOCHUTEIILHO
BOJIbI MOYKHO BBIYUCIIUTH 110 (hopMyJie

IlIpu evinonnenuu 3adanuini yacmu 1 6 oOnanke omeemoe Ne 1 nod nomepom
evinonnaemozo Bamu 3aoanua (A1-A21) nocmaevme 3HaK «%x» 6 Kilemouke, HOMepD
KOmOopoii coomeemcmeyem Homepy evlopannozo Bamu omeema.

ABTOOYC BE3ET maccakupoB IO MPsIMOi Jtopore co ckopocthio 10 m/c. TTaccaxkup m M m m+M

¢ 1) V= u 2) V=——"u 3)V=_1/l 4) V=———u
PaBHOMEpPHO HAET MO CAJOHYy aBTOOyca cO CKOpPOCTbIO 1 M/C OTHOCHUTEIHHO m+ M M Y
aBTOOyCa, JABHUrasicb OT 3aJHel ABepH K kaOuHe BoauTens. Uemy paBeH MOIYJb m+M

CKOPOCTH MACCAKHPa OTHOCUTEILHO IOPOTH?
VCcKyCcCTBEHHBIH CIYTHHMK JIETaeT BOKPYT 3eMIM MO Kpyrosoil opbute. Ecnu Ha
1) 11 mlc 2) 10 m/c 3) 9 m/c 4) 1wl OueHb GOJIBIIOM PAacCTOHMH OT 3eMIH NOTEHLMATbHAS DHEPIHs CIYTHUKA PaBHa
HYITIO, TO TIOJTHAS MEXaHUJIECKas SHEPIHs ITOTO CIyTHHKA HA JTaHHOH OpOuTe

1) nonoxutenpHa
2) oTpULATENIbHA
Ha wmarepuanbHy0 TOUYKYy Maccoil m = 2Kr, HaXOJIIyIOCS Ha TJAJKOH
TOPU3OHTAJIBHONW  MMOBEPXHOCTH, HayWHAaeT jedicTBoBaTth cwia F = 1H, .
HalpaBJIeHHAs BJOJIb ropu3oHTanbHON ocu OX. Ha prcyHke n300pakeHbl rpaduku 4) MOKeT ObITh J1000# — B 3aBUCHMOCTH OT CKOPOCTH CITy THHKA
3aBUCHMOCTEH MPOCKILHUI CKOPOCTH v M YCKOpeHHs a Ha ocb OX OT BpeMeHH £.

3) paBHa HyIIO

A6 | UroObl ypaBHOBECUTh Ha JIETKOM peiike ¢ IOMOIIBIO JABYX HEBECOMBIX OJIOKOB
OJIMHAKOBBIC TPY3bl Maccoil M KaxIplil, K HUTH, MEPEKHHYTOH uepe3 JICBBIi
OJI0K, U K OCH IIpaBOro 0JI0Ka HEOOXOJUMO IPHIIOKHTH BEPTHKAJIbHBIC CHIBI [ 1
F, (cM. pucyHOK). PaccrostHus Mexnay 4€pHBIMH TOUKaMH Ha PeHKe OIMHAKOBBI,
LOF——— B . ———— TpEHUE OTCYTCTBYET, HUTU HEPACTSKUMBI.

V.Mlc a, mfc?

1.5

L

4 - i R N S

0 1 2 3 4% 0 1 2 3 .

Kaxkoe u3 ciaenyromux yTBepKASHUHN CTIpaBeiIUBO?

[ naHHO# MaTepraabHON TOYKH MPAaBUIBHO H300paKEH

A. TpaduK 3aBUCUMOCTH MPOCKIIMH CKOPOCTH OT BPEMEHH; MOKHO yTBEPAKIATh, YTO
B. rpaduk 3aBUCUMOCTH MTPOEKIIUU YCKOPEHHUSI OT BPEMEHHU.

1) F, =2F, 2) K, =2K
1) Toapko A 2) Toibko b 3)uA,ub 4) au A, 5Hu b
) ) ) ) 3) F=F=Mg 4) F—-F =Mg
1 2 2 1
AMOP(QHBIMU Ha3bIBAIOT TEJA, KOTOPBIE
E CHa TPEHNUS CKOMBIKEHHA GPycka O IOBEPXHOCTh CTOMA 3aBUCHT 1) HaxonmATcs B TBEPJIOM COCTOSTHUM M HE UMEIOT HHUKAKOW YIOPSIOYEHHON
CTPYKTYPBI
1) OT IUIOLAAM CONPUKOCHOBEHHS GpycKa 1 cTONA 2) HaxoIATCAd B TBEPAOM COCTOSIHMM U IPEACTaBIAIOT cOOOH OIMH OO0JIBIIOHN
KpHUCTaJII

2) OT CKOPOCTH JIBWKEHHS OpyCKa IO CTOIY ..
. . . 3) HaxonaTCA B TBEPIOM COCTOSHUH M COCTOSIT U3 OOJBIIOTO YHCIIAa XaOTHYECKH
3) OT cuiIBl HOPMAIILHOM PEeaKINH, AEUCTBYIOIIEH CO CTOPOHBI CTOJIA Ha OPYCOK PACIIONOKEHHBIX MEIKHX KPUCTAILIOB

4) oT TIoLIaau CONPHKOCHOBEHHs OpycKa M CTOJa U OT CKOPOCTH IBHXKEHHS 4) HAXOMATCS B XKUIKOM COCTOSHHH
Opycka 1o cToiy
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Ha AuarpaMMe 3aBUCUMOCTH HABJICHUA p UACAJIBHOIO rai3a HEU3MEHHOM MacChl A12 | Ha PUCYHKE H306pa>I<eHa cXema BHeKTpI/I‘IECKOﬁ OCIIu, BKJIFOUYAIOIIEH HCTOYHHK
OT €ro TeMIICpaTyphbl T I/I306pa)KGHI>I YCThIPpE COCTOSIHMSA OTOIr0 rasa. INOCTOSIHHOI'O TOKa, HJieabHbIN BOJIBTMETpP, KIHOY W PE3UCTOP. Iloka3zanue

MakcumaabHbIH 00bEM ra3 3aHUMAET B COCTOSHUH BOJIBTMETpA IpHU 3aMKHYTOM KJIHOY€ B 3 pa3a MEHbLIC, YEM IMOKa3aHUE BOJILTMETpPA
P IIpyu Pa30OMKHYTOM KIJTHOYEC.

11 2) 2 3)3 4) 4 MoskHO yTBepKaaTh, YTO BHYTPEHHEE CONPOTUBIIEHUE HCTOUHUKA TOKA

A9 Ecimm KHUIKOCTH HaxOJUTCsA B PABHOBECHU CO CBOMM HACBINICHHBIM IapoM, TO

CKOpOCTb UCTIAPEHHUS )KUAKOCTH 1) B 3 pasa OoJbllie CONMPOTHBIICHHUS PE3UCTOPA

2) B 3 paza MeHbIIIE COMTPOTUBIICHHUS PE3UCTOPA

1) Gouble CKOPOCTH KOHACHCALMH apa 3) B 2 paza Oouibliie CONPOTUBIICHUS pE3UCTOpa
2) MeHbIIIE CKOPOCTH KOHICHCALIMH ITapa 4) B 2 pasa MeHbIIE COMPOTHUBJIEHUS PE3UCTOPA
3) paBHA CKOPOCTH KOHACHCAIINH apa
4) pasHa HyJII0 [TepBOE KOJIBIIO CAENAHO U3 MEIHON MPOBOJIOKH, @ BTOPOE — M3 CTAIBHOM. Pagnycet
KOJIE| OJMHAKOBBL. MArHWTHBIM NOTOK 4Yepe3 KaKIoe M3 KoJie ABHOMEPHO
Ha pucynke u3oOpaskeHbl ABa HUKIHYeckux mpouecca | > 2 -3 -4 — lu 1 on P A np p
n3mensiercst Ha 2 BO 3a 1 ¢. MokHO yTBepKIaTh, 4YTO

556—>7—>8—>5
e Y 1) uepe3 KobLA IPOTEKYT OAUHAKOBBIE JJIEKTPUUECKUE 3aPs bl

2) B KOJbIIAaX OyJeT NpOTeKaTh OJAWHAKOBbIH HHIYKIIMOHHBIA TOK
3) B xombIax OyJeT HaBOAUThCS oanHakoBas DJ]C uHIyKIuN
4) Bce Tpu MPUBEEHHBIX BHIIIC YTBEPIKICHUS Oy1yT NUCTUHHBI

0 [
Kakoe U3 ClieayIoNnuX YTBEPKICHHUH CIIPaBeIABO?
A. Pabora rasa B ciydae mukindeckoro mpomecca 1 — 2 — 3 — 4 — 16onbiie,
4yeM pabora raza B Cirydae [MUKIHIEeCKOoro mpomeccad —» 6 — 7 — 8§ — 5.
B. VI3MeHeHre BHYTPEHHEH SHEPIUH ra3a B Pe3ysbTaTe MKINYECKOro Mmpoiecca
1 >2—>3—>4— 106onpue, 4YeM wu3MCHEHHE BHYTPEHHEH OSHEeprum rasa
B pe3yJsIbTaTe MUKJINYECKOro npomeccad — 6 - 7 — 8 — 5.

A14 | B xonebatenbHOM KOHTYpe, €MKOCTh KOHAEHcaropa kKotoporo paBHa 20 MKD,
MPOUCXOAAT  COOCTBEHHBIE  AJIEKTPOMATHUTHBIE  KOJ€OaHUSA.  3aBHCHMOCTh

HAIPSHKEHUST HAa KOHACHCATOPE OT BPEMEHH IS 3TOTO KOIeOATeNbHOTO KOHTYpa
umeer Bun U = Uycos(500¢), rne Bce BenuuuHbl BbIpaxkeHbl B equHuiax CH.

WHIyKTUBHOCTB KaTYIIKH B 3TOM KoJieOaTeIbHOM KOHTYpe paBHa

1) Tonbko A 2) tonbko b 3)uA,ub 4) su A, nu b 1) 12,5ml'n 2) 0,2Tu 3) 25T'n 4) 100 I'n

Jlnss TOro 4ToGbl YBENMYHTb OJICKTPUYECKYIO EMKOCTb IIOCKOTO BO3YIIHOTO

KOHJIEHCATOPA, HYKHO [TonyunTh MHEMOE MPAMOE YBEIMIEHHOE H300PaKEHIE MOKHO C TIOMOIIBIO

1) yMEHBUIUTH PACCTOSTHUE MEXKY €0 TUIACTUHAMHU 1) mockoro 3epkana

2) YBEIMYUTH IUIOIAAb [IJIACTUH 2) pacceuBaroleH JIMH3bI

3) 3amoNHUTH MPOCTPAHCTBO MEXKAY IUTACTHHAMHY JTUIIEKTPUKOM 3) coOwuparoieit TMH3bI

4) mpoxenaTs MOOYI0 U3 TIEPEUNCIICHHBIX BBIIIE OTIEPAITIH 4) 1:000r0 U3 NEePEYUCICHHBIX ONTHYECKUX IPUOOPOB

© MHOO 20121 © MHOO 20121
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AOGCONMOTHBIN TIOKa3aTelb MPEJIOMIICHHUS BellleCTBa

Al7

Al8

A19

A20

1) Bcerna Gounblle eUHUIIBI
2) Bcerja MeHbIIE eIHHIBI
3) MoXeT ObITh PaBeH eUHULE
4) MoXeT OBbITh PaBeH HyJIIO

CKopocTh pacnpocTpaHeHus] HOTOHOB B BEIIECTBE

1) OGoblre CKOPOCTH CBETa B 9TOM BEIECTBE
2) MeHblIIe CKOPOCTH CBETa B 9TOM BellleCTBe
3) paBHA CKOPOCTH CBETa B 3TOM BEIECTBE
4) Gomnbllle CKOPOCTH CBETa B BaKyyMe

Bokpyr sinpa atoma obpamarotcs 12 3JIeKTpOHOB ¢ 3apsgoM —€ Kaablid. MoHO
yTBePXKIaTh, 4TO 3JEKTPUUSCKUH 3apsi/ SApa 3TOr0 aToMa

1) -12e 3) mo Moayo Goinbine +12€
2) +12e 4) mo moxyio MeHblie +12e

Snpo aTtoma coCTOUT U3

1) 5JEeKTPOHOB U IPOTOHOB

2) DJIEKTPOHOB M HEWTPOHOB

3) TIPOTOHOB M HEUTPOHOB

4) 3JeKTPOHOB, IPOTOHOB U HEHTPOHOB

Bpycok IIeKHT Ha TOPU3OHTAIBHON AepeBsSHHOW nocke. JIOCKY Ha4yaid MeJIeHHO
HaKJIOHATH W 3aMeTHIIH, YTO OpyCcOK Hadall COCKalIb3bIBaTh ¢ Heé B MOMEHT, KOrjaa
Jocka cocTaBisuia ¢ ropuzoHToM yron 30°. TouHOCTh M3MepeHHs yrjla COCTaBIseT
+2°. DTOT ONBIT CBUAETEIBECTBYET O TOM, ITO KOI(DPHUIIEHT TPEHHUSI OpyCcKa 0 JOCKY

1) =0,58

2) nexwur B auamnaszone ot =~ 0,570 = 0,59
3) nexut B auanasone ot =~ 0,45100 = 0,71
4) nexwut B quanasoHe oT = 0,53 10 = 0,62

© MHOO 2012r.
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IIIKONBHUK 3KCIIEPUMEHTHPYET C JaMION HaKaJIMBaHWs Ui KapMaHHOTO (hOHaps —
o1aéT Ha He€ pa3IMyHble HANPSKEHUS U U3MepseT CHITY MIPOTEKAIOIIero Yepes JaMIry
MTOCTOSTHHOTO 3JIEKTPUYECKOTO0 ToKa. Pe3ynbrarel ero W3MepeHWd TNpuBEIeHbl B

TaOIIHIIE.
Hampspxenne U, B 1 2 3 4 5
Cua Toka |, MA. 33 51 67 83 100

Kakoit BBIBOJ] MOXET CCJIaTh IIKOJBbHUK U3 CBOUX HaﬁJ'IIO}IeHI/If/’I?

1) COIPOTHUBJIEHUE HUTHU JIAMIIOYKHU C POCTOM HAIIPSHPKEHUS YBEJININBACTCA

2) COIIPOTHUBJICHUE HUTHU JIAMIIOYKH C POCTOM HAIIPSOKCHUS YMCHBIIACTCA

3) COIPOTHUBJIEHUE HUTH JIAMIIOYKHU C POCTOM HAIIPSHPKEHUSI HE U3MEHSCTCA.

4) CBA3b MEXKAY COINPOTUBJICHUEM HUTH JIAMIIOYKH W HAIPSHKEHUEM Ha Hel
OTCYTCTBYET

Yacrb 2

Omeemom K 3adanuam smoiu wacmu (B1-B4) aensemcsa nocnedosamensnocms yugp.
Bruwiume omeemut chauana é mexkcm pabomovl, a 3amem nepeHecume ux 6 ONAHK
omeemos Nl cnpasa om nomepa coomeemcmeyloujezo 3a0aHUA, HAYUHAA C HEPEoil
K1emoyKu, 0e3 3anamolx, npooe108 U KAKUX-1uf0 00noJIHUMebHbIX cumeonos. Kascoyio
Uugpy nuwiume ¢ OmOeNbHOU KI1E€HIOUKEe ¢ COOMBEMCMEUU C NPUGEOEHHBIMU 6 ONAHKe
obpazuamu.

Oten mocamuil Ha Kadelnd MIAINIyIo JOYb W packadall Kadeld 10 amruiutyasl 30°.
3areM OH OCTaHOBHII Kayelld, MOCaIull Ha HUX BMECTO JOYEpH CTaplIero ChlHa, Macca
KOTOpOTO OOJIbIlle MAacChl JIOYEPH, U CHOBA pacKadai Kadelll 0 TOW e aMIUTUTY b
Kak mpu 3TOM HW3MEHWJIHChH clenyrolue (U3NYeCKHe BEeNIUYHMHBL MaKCHMallbHas
MOTEHIMANbHAasl DHEPIusl Kavyarollerocss ped&HKa OTHOCHTENIHHO MOBEPXHOCTU 3eMJIH,
CKOPOCTh Kadeneil IpH MPOXOXKACHUH UMHU MOJOKEHUsI PABHOBECHS, MaKCUMAIbHAs
CHJIa JaBJIEHHs Kayarollerocs: pe6GéHKa Ha CU/IeHbE Kadenei?

JInst KaXKa0# BETMYMHBI ONIPEIeNTUTE COOTBETCTBYIOIINI XapaKTep H3MEHEHHUS:
1) yBenuuunacs,;

2) yMEeHBIIIITACH;

3) He U3MeHUIach

3anumuTe B TaOIUILy BIOpaHHBIC HUPPHI IS KOXKI0W (U3NYECKON BEITMYHHBI.
Ludps B 0TBETE MOTYT IOBTOPSATHCS.

OUBNYECKUE BEJIUMYHUHbBI NX UBMEHEHUME
A) MaxkcuManbHas TOTeHIHaIbHas SHEPIUs KaYaroIerocs 1) yBenu4uBaeTcs
peO&HKa OTHOCHUTENBHO MTOBEPXHOCTH 3E€MIIU
B) CKOpOCTh Ka4esield IpH NPOXOXKAEHUU UMH MOJI0KEHHS
PaBHOBECHA 3) He U3MEHAETCA
B) MakcuMaibHas CHJIa JaBJIEHUS Kayarollerocs peGénka
Ha CHJIEHbE Kaueei

2) YMEHBIIaeTCs

A b B
OTtBer:

© MHOO 2012r.
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B BepTHKaIBHOM IHIMHAPUIESCKOM COCY/IE TI0J] TIOABHIKHBIM ITOPIIHEM Maccoi M, [IIKOJABHUK MPOBOAUT BSKCIEPUMEHTHI C KOHAEHCATOPOM, MEXAY IJIaCTHHAMHU

CIOCOOHBIM CKOJIB3UTH 0€3 TPEeHHUsS BAOJIb CTCHOK COCYJa, HaXOIUTCA WAealbHbINA
ra3. I'a3y cooOmarmT HEKOTOpOe KOJIMYECTBO TemnoThl. Kak B 3ToM mporecce
U3MCHSIOTCS CIeNyIomue (U3NYECKHe BEIUYMHBL: BHYTPEHHSS SHEPrHs Tasa,
CpenmHSSI KHHCTHYECKas SHEPrusl XaoTHYECKOTO MABIKECHHS MOJICKYJ Tasa,
KOHLIEHTpALlUs MOJIEKyJ1?

J1 KayKIoN BEIMYMHBI ONIPEIEUTE COOTBETCTBYIONIMN XapaKTep N3MECHEHUS:

1) yBenmuumBaercs;

2) yMeHblIaeTcs;

3) He U3MCHSCTCS.

3amumure B TaOnMIly BBIOpaHHBIE NUAMPBI IS KaKI0W (U3NUECKON BEIMYHHBI.
Hudpsl B 0TBETE MOTYT MOBTOPATHCS.

PU3NYECKUE BEJIMYNHDI X NISMEHEHUE

A) BHYTPEHHsS DHEPTHUsI ra3a 1) yBenuuuBaercs

B) cpenHss KHMHETHMYECKas DHEPrUs XaOTHMYECKOro  2) yMEHBLIAeTCs

JABHKCHUSA MOJIEKYJI ra3a 3) He M3MCEHSIeTCS

B) KOHLEHTpamus MOJEKyI

A b B

OtBer:

JIByM MeTaJUTMYECKHM I[UIACTHHAM IUIOMAIbI0 S KaX/1as COOOLIMIN PaBHbIC MO
MOJIyJI}0, HO TIIPOTHBOINOJOXKHBIE 10 3HaKy 3apsasl +Qu —(Q. IlnacTussl
PACIOJIOKUIIM Ha MAJIOM PAcCTOSIHUM d IPYT OT Apyra. Y CTAHOBUTE COOTBETCTBHE
MeXy (QU3MYECKMMH BEIMYMHAMH M (OpMyJaMH, II0 KOTOPHIM HX MOXHO
paccuntaTh. K kakgo# Mo3unuu NepBoro CToadIa NoA0EPUTE COOTBETCTBYIOLIYIO
MO3HMIUI0 BTOPOTO W 3alMIIMTE B TaONWIy BbIOpaHHBIE [HGPBI  1MOX
COOTBETCTBYIOIIUMHU OyKBaMHL.

DOOPMVYJIbI OUINYECKHE BEJIUWYUHbI
A) od 1) HanmpsHKEHHOCTH ANEKTPUUECKOTO MO MEXY TUIACTUHAMHA
&S 2) pa3HOCTb MOTEHIUAIOB MEXKY MJIaCTUHAMU

3) EMKOCTb CUCTEMBI, COCTOAIIEH U3 IBYX TAaKUX IJIACTHH

5 4) >Heprust JIEKTPUUECKOr0 TOJS, 3aAKIHYEHHOIO MEXIY
B) O0<d STHMU TIACTHHAME

26,8

OtBer:

© MHOO 20121

KOTOPOTO MMEETCS JUAICKTPHK. Y CTAHOBHTE COOTBETCTBUE MEKAY (PU3MUSCKUMHU
IKCTIEPUMEHTAMHU M COMPOBOXKIAIOIINME UX (PU3MUSCKUMHU sBJICHUIMU. K Kax o
MO3UIIMU TIEPBOTO CTOJIOIA MOAOEPUTE COOTBETCTBYIOUIYIO IO3HIMIO BTOPOTO U
3anuIInTe B TaONUIy BhIOpaHHbIE LU(PHI 0] COOTBETCTBYIOLIUMHU OyKBaMH.

IMPOLIECC SIBJIEHUE
A) mojncoennHeHne OOKIAMOK 3apshkeH- 1) BOBHUKHOBEHHE ITOCTOSIHHOTO
HOTO KOHJIEHCaTopa K  BBIBOJAM OJTHOPOJTHOTO DJIEKTPUYECKOTO
KaTyIIKA WHIYKTHBHOCTH OJIS

B) noncoeauHeHne OOKIaJOK He3apsi-  2) BOBHUKHOBEHHE ITOCTOSIHHOTO
JKEHHOTO KOHJEHcaTopa K TOJ0CcaM TPABUTAIIIOHHOTO TOJIS

HNCTOYHHUKA MMOCTOSAHHOT'O HAIIPSXKCHUA 3) BO3HHUKHOBCHHE ITOCTOSHHOTO

MAaravuTHOI'O ITOJIsA

4) BO3HUKHOBEHHE
3IEKTPOMATrHUTHBIX
KosieOaHuit

OtBerT:

Yacrts 3

3adanua uwacmu 3 npeocmagnaom cobéou 3aoauu. Pexomendyemcs npogsecmu ux
npeosapumenvHoe peuwienue ha uepnosuke. Ilpu evinonmnenuu 3adanuit A22-A25
6 Onanxe omeemos Ne 1 noo Homepom évlnoinaemozo Bamu 3a0anus nocmagvme 3nax
«X) 8 Kilemouke, HOMEP KOMOPOU COOMmEemcmeyem Homepy evlopannozo Bamu
omeema.

[llapuk, 3aKkperIEHHBI Ha NErKOi HepacTsKUMOW HMTH miuHON [ = 60 cM,
PAaBHOMEPHO JIBHIKETCS 110 OKPYXKHOCTH, JIEXKAIIEN B TOPU3OHTAIBHON MIIOCKOCTH.
[Ipu »TOM HUTH 0Opaszyer c BepTHKaJibl0 yroin o = 60°. Onpenenute MOIYIb
CKOPOCTH TITAPHKA.

1) 12 m/c 2) =3,5M/c 3) 3 m/c 4) =2,6 m/c

A23 | B cocyne oO6bémMoM | 11 HaxogUTCsI OJTHOATOMHBIN WICANbHBIA Ta3 MpPU JaBICHUN
2 kITa. CpenHsiss KUHETHYECKasi SHEPrusl TEIUIOBOTO JBW)KCHHUsS MOJEKYJbI Ta3za

pasHa 6-10 -2l JIx. CKOJIBKO MOJIEKYJI Ta3a COACPIKUTCS B ITOM cocyie?

1) 1,55-10%2 2) 6,02-10%3 3) 0,33-102! 4) 0,5-10%!
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Ha ozmHoOli mpsAMOH Ha OJMHAKOBOM PacCTOSHHMU APYr OT JPYra PacroOKeHbI
TOYCUHBIC MONOKHUTENbHbIE 3apaibl +Q , +Op U TOYCUHBII OTPUIIATETBHBIN 3apsi

—Qc (em. pucynok), npuuém sapsusl O, n Q- pausl mo moaymo. Ilpu Takom

PAcCIIONIOKEHNH 3apsiioB HANpPsDKEHHOCTD 3JIEKTPUUECKOro o B Touke O paBHa
HyJ10. Onpeziennre oTHOWEHHe MOAyJIst 3apsina Op K MOAyItio 3apsina (.

15 2) 45 3) 6,75 4) 11,25

A25 | llpeamer pacnoioxeH Ha pacCTOSHUU 9 cM OT coOuparoliell JUH3bI ¢ POKYCHBIM
paccrosHueM 6 cM. JIMH3Y 3aMEHWIIN Ha JAPYTYI0 COOMPAOIIYIO JTHH3Y ¢ (POKYCHBIM
paccrostanreM § cM. Ha kakoMm paccTOSSHUM OT HOBOH JIMH3BI HY>KHO PacIOJIOXKHTh
MIPEJIMET JUISl TOTO, YTOOBI YBEITUYCHHSI B 000MX CITydasiX ObLUTH OJWHAKOBBIMHU?

1) 12cm 2) 3cm 3) 2cm 4) 1cm

He 3a6y0bme nepenecmu éce omeemul 8 O1aHK omeenoe Nel, ‘

Ilonnoe pewenue 3a0au C1-C6 neodxooumo 3anucamsy 6 onanxe omeemos Ne 2. Ilpu
oopmnenuu pewienus @ Oaanke omeemos Ne 2 zanumume chHauana Homep 3a0aHUs
(Cl, C2 u m. 0.), a 3amem pewenue coomeemcmeyouieii 3aoauu. Omeemul
3anucwvleaiime 4émKo u pazoopuueo.

W3BeCTHO, 4YTO CXKIMIKEHHbIE Tasbl C HU3KHMH TEMIlEparypaMd KHIEHHUs IIpH
HOPMaJbHOM [aBJICHHM (HampuMmep, MeTaH, a30T, KHUCIOPOA, BOJOPOA, TeIHi)
HEJIB3d XPaHUTb B TEPMETHYHO 3aKPBITBIX COCydax, OaXXe €CJIM OHU HMECIOT
XOpOIyr TCIUIOU30JIAINIO. HpI/I XpaHEHUH B OTKPBITHIX TEIIJIOU30JIUMPOBAHHBIX
cocynax, cooOmiaronmxcst ¢ arMoc(hepoil, MmoTepu TaKUX ra3oB Ha HCIAapeHHE,
OTHECEHHBIE K €QUHNIIE 00bEMa JKHUIKOCTH, TEM MEHBIIE, YeM OONBIIE OOBEM
cocya.

OObBsICHUTE  NPUYMHBI  BBIIIEU3JIOKCHHOTO, OCHOBBIBasCh Ha  HM3BECTHBIX
(bU3MYECKUX 3aKOHAX U 3aKOHOMEPHOCTSIX.

© MHOO 20121
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Ilonnoe npasunvhoe pewrenue Kaxcooiu uz 3aday C2—C6 00sicno cooeprcams 3aKOHbBL U
dopmynsl, npumenenue KOMopwvix HEOOXO0UMO U 0OCMAMOYHO 015 peulenus 3aoauu, a
makoice mamemamuyecKkue npeodpas06anus, pacuémol ¢ YUCIEHHBIM OMEEMoM U npu
Heo0X00uMocmu pucyHoK, NOACHAIOWUIL peuleHue.

Ha rnankoil ropu30HTaNbHOM IIOCKOCTH JI€KaT JBa rpysa maccamu = 0,5 kr u
my = 2 KI, COEMHEHHbIE HEBECOMON HEPACTSKMMOW HUTBIO, IIEPEKUHYTOH uepes
JIBa HEMOJNBWXHBIX (A u B) u oauH mnoABWXKHBIN (O) HeBecoMmble OJIOKH, Kak
MoKa3aHo Ha pucyHke. Ocu OJIOKOB rOPU3OHTAIBHBI, TPEHHUSI B OCSAX OJIOKOB HET.
Kocu O mnomBmwxkHOro OJ0Ka TPUIOKEHA HAMpaBICHHAS BEPTUKAIBHO BHU3
cuna F' = 4H. Haiigure yckopenue 3toil ocu. CrenaiiTe cXxeMaTH4eCKH PUCYHOK
C yKa3aHHEM CHJI, ICUCTBYIOIIMX HA IPY3bl U OJIOK.

11ty

]

C3 | Hax omHmM MoneM WII€abHOTO OJHOATOMHOTO ra3a IMpoBeNIH mporecc 1-2-3,
rpaguK KOTOpOro mnpuBeAH Ha pPHCYHKe B KoopauHarax V/V, u p/p,, rae

V1 1M u P = 2:10° TIa — 0OBéM U IaBlieHde ra3a B cocrosgHuu 1. Haimgure
KOJIMYECTBO TEIUIOTHI, COOOIIEHHOE Ta3y B JaHHOM mporecce 1-2-3.

ol el VN

PR 5 P -

0" 1 23 4 v,

B nemnu, cxema KOTOpOii n300paXkeHa Ha PUCYHKe, BHavYane 3aMblkaroT ko4 K, a
3aTeM, CIyCTs JUIMTENbHOE Bpems, KiIto4 K, . Kakoii 3apsii 1 B KaKOM HAlPaBICHHH
MPOTEUYET MOCIIE ATOTO Yepe3 KU Kz, eclIn R1 =2 Owm, R2 =3 Om, C1 =1 MKD,

C2 =2 Mxk®, & =10 B? UcTouHuK cuuTaiiTe UaeanbHbIM.

© MHOO 20121
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B nomamzeMm paguonpuéMHUKE, IPUHUMAIOLIEM CUTHAJ B AMAna3oHaX [UIMHHBIX,
CpPEeTHUX W KOPOTKHMX BOJH (UIMHBI BOMH A OoT 13 M mo 2600 M), mepeMeHHBIH
KOHJICHCATOpP BXOJHOI'O KOJE0AaTelIbHOr0 KOHTYpa MOXKET HU3MEHATh CBOIO
émkocth C oT 50 n® no 500 n®. B kakuX MHHHMAIBHBIX MpeAesax NpU STOM
JOJDKHBI MEHATBHCS. MHIYKTUBHOCTH L KaTyIIeK 3TOro KOHTypa?

C6 |Ilpu wmampix KoneOaHUAX BOJM3H TIONOXKEHHS PAaBHOBECHS MaTeMaTHYeCKOTO
MasiTHUKA JUTMHON [ = 1 M MOJYJIb CWJIbI HATSOKCHUS HUTH, HA KOTOPOU IMOJIBEIICH
rpy3uk maccoit m = 100 r, mensiercs B npeaenax ot 7' 1o 7 + AT, rne AT =15 mH
n AT << T. Haiinute ammuutyqy A komeOaHmii 3Toro MasTHHKA. TpeHnme He
yuuteiBaiite. [Ipu pemieHnn 3a1aun yaTuTe, 9TO 7Sl MaJbIX YIJIOB O CIIPaBEAIUBO
npubMKEHHOE pPaBEHCTBO sino =~ o. Chenmaiite cXeMaTHYECKUH PUCYHOK
C YKa3aHHEM CHJI, IEHCTBYIOIINX Ha IPY3HK.

© MHOO 20121
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HHcTpyK1us Mo BHINOJHEHHIO PA00THI

JI7is BBITIOJTHEHMSI 3K3aMEHALIMOHHON paboThl mo (usuke orBoautcs 235 muHyT. Pabora
COCTOMT U3 3 4acTel, BKIIOYAOIIUX B ce0s1 35 3amannii.

Yacte 1 comepxut 21 3amanue (A1-A21). K kaxaoMy 3alaHuio JAaETCS YEThIPe BapHaHTa
OTBETa, U3 KOTOPHIX TOJIEKO OJWH MPAaBUIBHBIM.

Yacte 2 comepxut 4 3ananust (B1-B4), Ha KOTOpble HANO AaTh KPATKUil OTBET B BHIE
ITOCIIeI0BATEIFHOCTH AP

Yacts 3 comgepxut 103ana4a: A22-A25 ¢ Beibopom omHoro BepHoro oteeta u C1-C6, mst
KOTOPBIX TpeOyeTcsl AaTh pa3BEPHYTHIE PeLeH .

[Tpu BEIMHCICHUSIX pa3pelIaeTcsl HCIIONIb30BaTh HeMPOTPaMMHUPYEMBIH KaITBKYJIISITOP

Bce Omankm EI'D 3anonHsroTcss spkUMHA  4E€pHBIMH  depHMIamu JlomyckaeTcs
HCTIOJIb30BaHUe TelleBOM, KallMJUISIPHOM WK MepheBOM pyyexk.

IIpu BeIMONHEHWH 3amaHuWii Bwl MokeTe monb3oBaThesl depHOBHKOM OOpammaem Barme
BHUMaHHUEe Ha TO, YTO 3aIFCH B YepPHOBUKE He OyIyT YUUTHIBATHCS NIPU OIIEHUBAHUU pabOTHI.

CoBeTyeM BBIMOJHATh 3aJaHUsl B TOM MOPSIIKE, B KOTOPOM OHHU AaHbl ISl SKOHOMHH
BpeMeHH MpoIlycKaliTe 3alaHue, KOTopoe He yAa&Tcs BBINOJHMUTH cpasy, M IepexolmuTe K
cnenyromemy Ecnmu nocne BblmosHeHUs: Beell paboTsl y Bac ocrtanercs Bpemsi, Bsl cmoxere
BEPHYTHCS K MPOMYIIEHHBIM 3a8JaHUsIM.

Bannel, nmonmyuyennsle Bamu 3a BbIMONMHEHHBIE 3agaHusi, cymmupyrorcs. llocrapaiitech
BBITIOJIHUTH KaK MOYKHO OOJIbIIe 3a1aHuil 1 HabpaTh HanOOoJbIIee KOJTMIeCTBO OalIoB.

Kenaem ycnexa!
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Hike mnpuBeneHs
BBIMOJIHEHUU pabOTBHI.

CIIPAaBOYHBIC JaHHBIC,

KOTOpble MOTYT MOHagoOuThCS Bam npu

J:lec;lTH‘lele NMpUCTaBKHU

Hi‘;::;l:)' O6o3Hauyenue | MHOKHTEID Hz:;n}:zl;o- OGosnavenne | MHuoxuTesIb
rura r 109 CaHTH c 1072
Mera M 106 MUIUTH M 1073
KHJIO K 103 MHUKPO MK 10°°
IEeKTO r 102 HaHO H 107
aeun it 107! TUKO I 10712

KoncTanThbl
YUCIIO T r=3,14
YCKOpEHHE CBOOOIHOIO MaJCHUs Ha 3eMiie g=10 M/c?

I'paBUTAlMOHHASA ITOCTOSTHHAA

G=6,7-10""1 H-m%/kr?

YHUBEpCajibHasd ra3oBast IOCTOAHHAA

R =28,31 [Ix/(monb-K)

rnoctosiHHast boibliMaHna

k=1,3810"23 /K

IIOCTOsIHHaA ABoraz[po

N, =6:10% Mo !

JNEKTPUUYECKUIN 3apsi)

CKOPOCTB CBETa B BAKyyMe c=3-108 m/c
KO3(HUIIUECHT MPOIOPINOHATIBHOCTH k= I _ 9-10% H-m2/Ki2
B 3aKkoHe Kyrona 4meg
MOJLYJTb 3aps/a JIEeKTPOHa (3JIeMEHTapHbIH

AYIIb 3apsi) TpOHa ( p e=1.6-10"19 K

nocrosaHasg [1nanka

h=6,6-10% Ix-c

CooTHOIIEHHUS MEKIY pa3jiinYHbIMHU ¢ IMHUIIAMU

TemIeparypa 0K=-273°C

aTOMHas €MHUIIA MACChI la.e m=1,66 10727 kr
1 aToMHas eIMHNIIA MACChI SKBUBaJICHTHA 931,5 M>B

1 5EeKTPOHBOIBT 1B =1,6 10719 Jx

© MHOO 20121
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Macchbl yacTuin

oneKTpoHa  19.1-10 3 kr~55-10%a. ¢. m.
npotoHa  |1.673-1027 xr~ 1.007 a. e. m.
HEHTPOHA |1 675-10~27 kr ~ 1,008 a. e. M.
Il1oTHOCTH
BOJIBI 1000 kr/M> | TTOICOTHEYHOTO Macia 900 kr/m>
JpeBecHHBI (COCHA) 400 kr/M°  |amoMuHEsS 2700 kr/m>
KEpocHHa 800 kr/m>  |Kernesa 7800 kr/m>
pTyTH 13 600 xr/m>
YiaeabHas TEI0EMKOCTh
BOJIBI 4,2-10 3 Jox/(xr-K) AITFOMUHUS 900 JTx/(xr-K)
Ip/1a 2,110 3 Ix/(xr-K) Menu 380 x/(xr-K)
xenesa 640 Jx/(xr-K) qyryHa 500 Ix/(kr-K)
ceunna 130 x/(kr-K)

YaeabHas TeNJa0Ta

napooGpasoBanus BogsI|2,3-10 © Jh/kr

[UIABJICHUS CBUHILIA 2,5-10 4 JIx/xr

IJTaBJICHUS JIbA 3,3-10° Jx/xr

HopMmaabHbIe YCJI0BHSA

nasnenue: 10° Ila, temmepatypa: 0 °C

MoJasipuasi Macca

asora 281073 kr/moub renaus 4-1073 kr/Monb
aprosa 40-1073 kr/moub KHCIOpOJia 32:1073 kr/mob
BOJOpOJa 2-1073 kr/Momnb JINTHUS 6-10"2 xr/mMomb
BO3/lyXa 291073 kr/mob HEOHa 20-1073 kr/mMoIb
BOJIBI 18:1073 kr/moub YIIEKHCIIOro Ta3a 44-1073 kr/mob
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Yacrs 1 Ha xopme nofxu, moKosimielcsi Ha BoJe, CTOMT 4eioBek. Macca noaku M, macca
qeroBeka 7. YernoBek HaAuMHAET PAaBHOMEPHO ABHUTATHCS C KOPMBI Ha HOC JIOJKH.
[Ipr 3TOM MOy CKOPOCTH JIOJAKH OTHOCHTEILHO BOABI paBeH V. Monynb
CKOPOCTH U YeJIOBEKa OTHOCUTENBHO JIOJKH MOXKHO BBIYUCIHUTB 1O GOpMyIie

IlIpu evinonnenuu 3adanuini yacmu 1 6 oOnanke omeemoe Ne 1 nod nomepom
evinonnaemozo Bamu 3aoanua (A1-A21) nocmaevme 3HaK «%x» 6 Kilemouke, HOMepD
KOmOopoii coomeemcmeyem Homepy evlopannozo Bamu omeema.

Al | ABTOOYC Be3€T maccaxupoB IO NpsIMOi popore co ckopoctbio 10 m/c. Tlaccaxup 1) u= Vo 2 u= M y 3) u= m Vv P +M y
PaBHOMEPHO HJAET MO CAJOHYy aBTOOyca cO CKOpPOCTbIO 1 M/C OTHOCHUTEIHHO m+M m+M M ) u= T
aBTOOYyCa, JABHUTasCh OT KaOWMHBI BOAMTEINS K 3a1HE ABepu. Uemy paBeH MOIYJb
CKOPOCTH IaCCaKUPa OTHOCHTEILHO J10POrH? VCKyCCTBEHHBIH CITyTHHK JIETaeT BOKPYT 3eMJIM MO Kpyrosoil opburte. Eciu Ha

OueHb OOJIBIIOM PAcCTOSIHUM OT 3eMJIM IOTEHLUaJIbHAs dHEPIrUs CIyTHUKA paBHa
1) 11 m/c 2) 10 m/c 3) 9m/c 4) 1 m/c HYJITIO, TO TIOTEHIMAJIbHAS SHEPTHUS 3TOTO CITyTHUKA HA JJAHHOW OpOUTe

1) nmonoxurenbHa
2) oTpuLATENIbHA

A2 |Ha warepuanpHyt0 TOYKYy Maccod m = | Kr, HaXOIAIIyHOCS Ha TJIAIKON 3) paBHa HyJIIO
TOPH30HTAJIBHON  MOBEPXHOCTH, HAayMHAaeT jeiicrBoBarh cwia F =2H, 4) MO’KeT GbITh JT1060i — B 3aBUCHMOCTH OT CKOPOCTH CITyTHUKA
HAIpaBJIeHHAs BIOJb ropusonTaibaoil ocu OX. Ha pucytke n300paxeHsbl rpaduku

3aBHCHMOCTEH MPOCKIHIT CKOPOCTH V. M yCKOperHs @ Ha och OX oT BpeMeHH Z. Yrobbl ypaBHOBECHTL Ha JIETKOH pefike € MOMOIIBIO JIBYX HEBECOMBIX On0KOB

OJIHAKOBBIC TPYy3bl Maccoit M KakIpblif, K HUTH, IEPEKUHYTOH Yepe3 JICBbIi OJIOK, U
K OCH IIPaBOro OJioka HeoOXOAMMO INPWIOKUTH BEepTHKaIbHBIE cuiibl F]u F5 (cM.
pucyHok). PaccrosHus Mexny 4€pHBIMH TOUKAMH Ha peiike OJUHAKOBBI, TPEHUE
OTCYTCTBYET, HUTH HEPACTKUMBI.

v, Mic a,. mie?

(B L
(R TP

i

, €

Kaxkoe u3 ciaenyromux yTBepKASHUMN CIIPaBETHUBO?

s naHHO# MaTepuaabHOI TOYKHU MPABUIBHO H300paKEH
A. rpauK 3aBUCHMOCTH MPOSKIIH CKOPOCTH OT BPEMEHH;
B. rpaduk 3aBUCMMOCTH IPOSKIIUHM YCKOPEHUS OT BPEMEHH.

MOoHO yTBEpXk1aTh, 4TO

1) i+ F =2 M 2) F5+F =3 M;
1) Tonbko A 2) tonbko b 3) uA,ub 4) uu A, uu b ) B+ A g ) B+ R g
3) F=FK=Mg 4) F,—F = Mg
A7 | TTonMKpHCTaLIMYECKUMH HAa3bIBAIOT TENla, KOTOPBIE
[_A3 | Cuna tpenus cxonbaenns Gpycia o HOBEPXHOCTS CTONA HE 3ABUCHT 1) HaxonaTcs B TBEPAOM COCTOSIHMM M HE MMEIOT HUKAKOM YMOpSI0YEHHON
CTPYKTYpbI

1) oT myiomaaM COMPUKOCHOBEHHs Opycka 1 CTONIA 2) HaxoATCsA B TBEPIOM COCTOSIHMH M IIPEICTABIAIOT COOOH OMH GOJbLION

2) oT MaTepuana 6pycKa U MOBEPXHOCTH CTONA KpHCTaII

3) OT CHJIBI HOPMANILHOI peaKiuu, AeHCTBYOMIEH CO CTOPOHBI CTOJIA Ha GPYCOK 3) HaxoaATcs B TBEPAOM COCTOSIHUM U COCTOSAT M3 GOJIBIIONO YMC/Ia XaOTHYECKH

4) or Martepuana Opycka W TOBEPXHOCTH CTOJIa W OT CHJIBI HOPMAaJbHOM PACTIONIOKCHHBIX MEJIKIX KPHCTATIIOB

peakuu, JeUCTBYIONIEH CO CTOPOHBI CTOJIA Ha OPYCOK 4) HaxXOOATCS B KUAKOM COCTOSTHUU

© MHOO 20121 © MHOO 20121
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A8 | Ha JAuarpaMMme 3aBUCUMOCTU HABJICHUS p UACAJIBHOI'O ra3a HEU3MEHHON MaccChl OT
€ro TEMIICPATYPhbl T I/I306pa)KeHI:I YCTBIPE COCTOSAHUSA DTOTO rasa. MuHuMaIbHBIN
00BEM ra3 3aHUMAET B COCTOSIHUN

P

0 . . 74
11 2) 2 3)3 4) 4

A9 | IIpn nuHAMUYECKOM PaBHOBECHH MEK/Y JKUJKOCTBIO U €€ HACBIILIEHHBIM IapOM

1) KOHAeHcanus U UCHapeHHUEe HE IPOUCXOIAT

2) KOHJICHCAIMS IPOUCXOIUT ObICTpEe UCTIAPECHUS

3) KOoHAEHCALMs IPOUCXOIUT MEJIEHHEE UCTIAaPEHUS

4) KOHJAEHCANHMsS UJIET C TAKOM K€ CKOPOCTBIO, UTO U UCIApEeHUE

A10 | Ha pucyHke u3o0paxkeHbl 1Ba LuKiIHdeckux mpomecca | > 2 >3 >4 > 1u
556>7>8->5.

P

| 3]

0 [
Kaxoe u3 cnenyromux yTBEp A€HNUH CIpaBeJInBO:
A. Pabora raza B ciaydae nmkiandeckoro mporecca l — 2 — 3 — 4 — 1 mensIire,
yeM paboTa rasa B Ciiydyae HUKINIECKoro mpoueccad —> 6 — 7 — 8.
B. I3MeHeHre BHYTPEHHEH SHEPIUH ra3a B Pe3ysbTare LMKINYECKOro mpolecca
I > 2 —>3—>4— 1|paBHO U3MCHEHUIO BHYTPEHHEH SHEPIHHU Ta3a B pe3ylbTaTe
UKJIMYECKOro mporeccas > 6 — 7 —> 8§ —> 5.

1) toimpko A 2) Tonbko b 3)uA,ub 4) Hu A, Hu b

A1l | s Toro 4to0bl YMEHBIIUTH 3JIEKTPHUSCKYI0 EMKOCTH IUIOCKOTO KOHAEHCATOpa,
MEKy TIIACTUHAMHU KOTOPOTO MOMEHIEH AUNIIEKTPUK, HYKHO

1) yBENMUYHTH PACCTOSHUE MEXKIY €r0 INIAaCTHHAMU

2) YMEHBUIUTH IUIOWAAb [IACTUH

3) u3BJIEYb U3 IPOCTPAHCTBA MEXKAY IIIACTHHAMU JTUIIEKTPUK
4) nponenaTh JHO0YIO U3 EPEUNCIICHHBIX BBILIE ONEPaLUi

© MHUOO 2012 r ITy6nukarg
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Ha pucynke n3o0OpakeHa cXeMa DIEKTPMYECKON IIENH, BKIFOYANOIIEN MCTOYHHK
IIOCTOSIHHOTO TOKA, MIEANbHbI BOJLTMETp, K04 M pe3uctop. Ecim BHyTpeHHee
CONPOTHUBJIEHHE UCTOYHUKA B 4 paza 60JIblIE, YEM COPOTHBIIEHHE PE3UCTOPA, TO

1) mokazanue BOJBTMETpa NPU Pa3OMKHYTOM Kiroue Oyaer B 2 pasza Oouiblie,
YeM MpU 3aMKHYTOM KIJII0Ye

2) TIOKa3aHUE BOJBTMETpA TPH Pa3OMKHYTOM KIIFoUe OyAeT B 3 pa3a MEHBIIE,
YeM MPU 3aMKHYTOM KJIFOYe

3) nokaszaHue BOJBTMETpPA MPH PA3OMKHYTOM Kitode OyzaeT B 4 pasa OoJblie,
YeM TP 3aMKHYTOM KITI04e

4) Tmoxa3aHHCE BOJIBTMETpPA IIPH PA3OMKHYTOM KiIfoue Oy/eT B 5 pa3 OoJplie, ueM
MIPH 3aMKHYTOM KJTFOYE

A13 | IlepBoe KOIBLO CAENAHO U3 MEJHOW NIPOBOJIOKH, a BTOPOE — W3 AITFOMHUHHUEBOM.
Pammyc mepBoro konbma B 2 pasa Ooible paanyca BTOpOro. MarHWTHBIH MOTOK
yepe3 KaxkJoe M3 KOJIell paBHOMEpHO u3MeHsercs Ha 3 BO 3a 1c. MoxHo
YTBEPXKAATh, YTO

1) depes KoJbIIa MPOTEKYT OJUHAKOBBIC HJIEKTPUUECKUE 3aPsIIbI
2) B KOIbIIax OyJeT NPOTEKaTh OJWHAKOBBIM HHIYKIIMOHHBIA TOK
3) B xoublax OyJer HaBoAUThCs oxuHakoBas DJ1C uHIyKIUN

4) Bce TpH NPUBEAEHHBIX BBILIEC YTBEPKACHUS OYIyT HCTHHHBI

A14 | B konebarenbHOM KOHTYype, MHIYKTUBHOCTh KaTyIIKH KoToporo pasHa 0,1 I'H,
HPOUCXOJAT COOCTBEHHBIE DJIEKTPOMATHUTHBIE KOJIeOaHMs. 3aBUCHMOCTH CHIIBI
TOKa B KaTymke oT BpeMeHu umeer Bun [ = [ysin(200¢), rae Bce BeIUUHMHEL

BoIpaxkensl B eaummunax CHU. EMkocTs KoHJeHCAaTOpa B 3TOM KoJe0aTeTbHOM
KOHTYpE paBHa
)4 2) 0,05 3) 2 M® 4) 250 mx®

AlS Honqu/ITL MHHMOEC IIPSIMOC YMCHBIIICHHOC I/I306pa>KCHI/IC MOJKHO C ITOMOIIIBFO

1) mnockoro 3epkana

2) pacceuBaroIeH JNH3bI

3) coOwuparoieit TMH3BI

4) 1100010 U3 MEePEYUCICHHBIX ONTHYECKUX IPUOOPOB

© MHOO 20121
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A21 | LIkompHHUK SKCIEPUMEHTHPYET C JaMIIOW HaKalMBaHUs IJIsi KapMaHHOTO (oHaps —
nonaéT Ha HeE pasNu4YHble HANPSDKCHHA W HM3MEPAET CHIIy IIPOTEKAIOMIETO
4epes JaMIly MOCTOSHHOTO JJIEKTPHUYECKOTO TOKa. Pe3ynpTaTel €ro HM3MepeHui
IIPUBE/IEHBI B Ta0JIUIIE.

6 AOCOITIOTHBIM  TTOKa3aTesIeM MMpeJIOMJICHHA BCIIECTBA HA3bIBACTCs BEJIMYNHA,
KOTOpas MOoKa3bIBaCT,

1) BO CKOJIBKO pa3 CKOPOCTb PACIPOCTPAHEHHUS CBETA B OTOM BEIECTBE MEHBIIIE
CKOPOCTH CBETa B BaKyyMe Hanpsoxenne U, B 5 4 3 2 1
2) BO CKOIIBKO pa3 CKOPOCTh PACIPOCTPAHCHHS CBETA B 3TOM BEIIECTBE OOIbIIE Cuna Toka /, MA 200 174 150 125 91
CKOPOCTH CBETA B BAKYYM€ Kaxoii BBIBOJI MOYKET CIIENaTh IMKOJBHUK U3 CBOUX HAOTIONEHMI?
3) BO CKOJIBKO Pa3 yroJl NpejioMiIeHns 60JIbIIE YIIIa MajeHHUs! 1) CONpOTHBIEHHE HHMTM  JAMIIOYKM C  yMEHBLICHHEM  HAIPSOKEHMS
YBEJIMYHMBAETCS

4) BO CKOJIBKO Pa3 yroJi NpeJIOMJIEHUSI MEHBIIE YIJIA MTaJCHUS
2) CONpOTHBIIEHHE HUTH JIAMIIOYKH C YMEHBIIIEHUEM HAIPSDKEHUST YMEHBIIIACTCS

3) conmpoTHUBIEHHE HUTH JIAMIIOYKM C YMEHBIICHUEM HANpsKEHUs He

A17 | CropocTb pacnpocTpaHeHus: GOTOHOB B BaKyyMe U3MEHACTCS
4) cBsI3b MEXIYy CONPOTHBIECHUEM HHUTH JIAMIIOYKM WM HANpsDKEHUEM Ha HeH
1) Gosble CKOPOCTH CBETA B BAKYyME OTCYTCTBYET
Yacts 2
2) MeHbIIIe CKOPOCTH CBETa B BaKyyMe

Omeemom Kk 3a0anuam moii wacmu (BI1-B4) aenaemca nocnedosamenvnocms yugp.
Bnuwume omeempul cnauana ¢ mekcm padomvl, a 3amem nepeHecume ux 6 ONAHK
4) MeHBINE CKOPOCTH CBETa B BEIECTRE omeemog Ne 1 cnpasa om Homepa cOOmMEemcmeyouezo 3a0aHus, HauuHas ¢ nepeoil
Klemouku, 0e3 3anamolX, npPo0enoe U KAKUX-1U00 OOnONHUMENbHBIX CUMEOJI08.
. Kasicoyrwo yugppy numume 6 omoenvnoii Knemouke 6 cOOmMEEmcmeuu ¢ npueeoEHHbIMU

Bokpyr sipa atoma o0pauaiorcsi 14 51eKTPOHOB ¢ 3apAIOM —e Kakiblit. MOXHO 6 GnanKe oGpazRAML.
YTBEP)KAATh, YTO SJCKTPUUESCKUIA 3aps]1 sIpa 3TOro aToMa

3) paBHa CKOPOCTH CBETA B BaKyyMe

B1 | Oren mocamun Ha Kadelu CTapIiero ChbiHA M packadala Kadeldd 0 aMIUTUTyabl 30°.
1) —14e 2) +14 e 3aTtem OH OCTAaHOBHMJI Ka4e/H, TIOCAIUJI Ha HMX BMECTO ChIHA MITAJIITYIO J104b, Macca
KOTOPOM MEHBIIE MACChl ChIHA, U CHOBA pacKadaya Kadelu J0 TOW K€ aMIUIUTYHBL.
3) no monymo Gonbie +14 e 4) o Moztysio MeHbIe +14 e Kak mpu 3TOM M3MeHHIHCH clieayromue (u3ndeckue BeTUYMHBI: MaKCUMallbHas
MOTEHIIMAIBHASL JHEPrHsl Kadaromerocs peOEHKa OTHOCHTEILHO MOBEPXHOCTH
36MJIM, CKOpPOCTh Kauejleld IpH MNPOXOXKACHUM MMM IIOJO0XKEHUS pPaBHOBECHS,

A19 | B cocras aToMHOT0 siipa HE BXOIAT MaKkcUMajbHas CUjla JaBJIeHUs Kayarollerocs peOEHKa Ha CUJIeHbe Kauenein?

JU1 KayKI0M BEJIMYMHBI ONPEIEIATE COOTBETCTBYIOIINN XapaKTep N3MEHEHHUS:

1) 3JeKTpOHBI 2) OPOTOHBI 1) yBenmmummnacs;
2) yMEHBIINIIACH;

3) HEHTPOHBI 4) IPOTOHBI U HEUTPOHBI 3) He M3MEHUIIACH.
3anumuTe B TaOMUIy BHIOpaHHbIE LUQPHI U KaxI0i (DU3NYECKOW BEIMYHHBL.
Ludps! B 0TBETE MOTYT MOBTOPSTHCA.
A20 | bpycok siexxuT Ha rOpU30HTANbHON JIepeBAHHOIN Aocke. JJocKy Hayalud MEAJICHHO

HAKJIOHATh M 3aMETHJIH, YTO OPYCOK Havay COCKaJb3bIBATH C HEE B MOMEHT, KOT/a PU3NYECKWUE BEJTUYNHbBI NX UISMEHEHUE
[e]
JOCKa COCTaBsUia C TOpPH30HTOM yrom 35°. To4yHOCTH H3MEpeHHs yria A) MaKCHMaTbHas TIOTGHIMATBHAS SHEprHs Kauaio- 1) yBENHUMIAch
cocTaBisieT £2°. DTOT ONBIT CBHICTENBCTBYET O TOM, 4TO KOI(PPHUIUCHT TPEHHS HIErocst PeBEHKA OTHOCHTENBHO OBEPXHOCTH 3eMIH
§ 2) yMeHbIIWIACh
pPYCKa O JOCKY .
B) ckopocTh Kauene# HpU MPOXOXKICHUU HMH IOJIO- 3) He M3MeHMTACH
YKEHUsI PABHOBECHUS
1) =0,70 P

2 ~0.69 10~ 0.71 B) makcuMmanpHas cuja JaBJIICHUS Kayarollerocs pe-
) JiexuT B uanasone ot = 0,69 no = 0, O0CHKa Ha CHICHBC Kadeleh

3) nexur B quanasone ot = 0,55 no = 0,85
A b B

4) nexut B nuanazone ot =~ 0,65 no = 0,75 OrtBer:

© MHOO 20121 © MHOO 20121 IT
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B 3amasHHOM NIMJIMHIPUYECKOM COCYJle HAaXOAMTCS HICANbHBIA ra3, KOTOPOMY
COOOIIA0T HEKOTOPOE KOIMYECTBO TEIUIOTHL. Kak B 3TOM mporiecce M3MEHSIOTCS
cieayrwommye (QU3NYECKWe BEIWYHMHBL BHYTPEHHSS OJHEPrHs Tra3a, CpemHss
KAHETHYECKash DHEPTHsl XaOTHUYECKOTO JIBM)KEHHSI MOJICKYJ ra3a, KOHIICHTpAIIWs
MoJeKyn?

Jist KaxK0¥ BEUYUHEI ONIPEICIUTE COOTBETCTBYIONINI XapaKTep U3MECHCHUS:

1) yBenmmumBaeTcs;

2) yMEHbIIaeTCs;

3) HEe U3MEHseTCH.

3anuiuuTe B TAaONMMIly BBHIOpaHHBIC UQPBI Ui KaXKIOW (U3NUECKOW BEIUYHMHBI
Hudpsl B 0TBETE MOTYT MOBTOPSATHCS.

POU3NYECKUE BEJIMYNHbBI UX UISMEHEHUE

A) BHYTpEHHSS DHEPrus rasa 1) yBennumBaercs

B) cpenHss kuHETHYECKask YHEPTUS XA0TUYECKOTO ABU-  2) yMEHBUIIAETCS

JKCHHUA MOJICKYII ra3a 3) He M3MEHSIeTCS

B) KOHIEHTpamus MOJEKyI

A b B
OTtBer:

JIByM MeTaluTMYeCKUM IIIACTHHAM TUIOMIAARI0 S Kakaass COOOIIMIN paBHBIC ITO
MOJIYJIFO, HO IPOTHBOIIOJIOXKHBIE TI0 3HaKy 3apsiapl +Qu —(Q. IliacTuHbl
PACIIOIOKUIN Ha MaJIOM PAcCTOSHUHU d JPyT OT JApyra. Y CTaHOBUTE COOTBETCTBHE
MEKIy (GU3MYECKUMH BEJIMYMHAMH W (HOpPMYyJaMH, O KOTOPBIM HX MOKHO
paccunTath. K KaXI0H MO3UIMK [IEPBOrO CTOJIONA MOAGEPHTE COOTBETCTBYIOILYIO
HO3UIMIO BTOPOr0 MW 3alMIIMTE B TaONMIy BHIOpAaHHBIE LUQPPHI IO
COOTBETCTBYIOIUMHU OYKBaMH.

POPMVYJIbI OU3NYECKHUE BEJINYNHbI
A) QO 1) HanmpsHKEHHOCTH ANEKTPUUECKOTO MO MEXY TUIACTUHAMHU
go_S 2) pa3HOCTb NOTEHIUAIOB MEKAY TUIACTHHAMH
B) Od 3) EMKOCTb CHCTEMBI, COCTOSIILEH U3 IBYX TaKUX IJIACTUH
4) >Heprus AIEKTPUYECKOr0 TOJA, 3aAKIHYEHHOIO MEXIY
50 S STUMH IJTaCTHHAMH

© MHOO 20121
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B4 | IllkonpHUK MPOBOAUT IKCICPHUMEHTHI C KATYIIKOH HHIYKTUBHOCTH, HMCIOIICH

HEKOTOPOE CONPOTUBJICHUE. YCTAaHOBUTE COOTBETCTBHE MEXIY (QU3MUSCKHUMHU
MpoIleccaMi ¥ COMPOBOKAAIONIMMU WX (pu3nmdeckuMu siBleHHAMU. K kaxmon
MO3HIIMU TIEPBOTO CTOJIONA TOAOEPUTE COOTBETCTBYIONIYIO MO3HMIIMIO BTOPOTO H
3anuIInTe B TaONUIly BRIOpaHHbIE LU(PHI 0] COOTBETCTBYIOLIMMHU OyKBaMH.

HPOIECC ABJEHUE

A) NOJICOEAMHEHHE BbBIBOJOB KaTymIKd 1) BO3HMKHOBEHHME IIOCTOSIHHOTO
UHIYKTUBHOCTH K OOKIajakaM 3aps- OJIHOPOJHOTO JIEKTPUYECKOTO
JKCHHOT'O KOHJICHCATOPa OJIst

B) nmoxcoenuHeHue BBIBOJOB KATYIIKH  2) BO3HUKHOBEHHE IIOCTOSHHOIO
MHJIYKTUBHOCTH K IMOJIFOCAM HCTOY- IPABUTALIUOHHOTO MOJIS

HHKA MOCTOAHHOTO HAMPAKCHHA 3) BO3HHKHOBEHHE ITOCTOSTHHOTIO

MAaravTHOI'O ITOJIsA

4) BO3HUKHOBEHHE DIIEKTpOMAr-
HUTHBIX KOJeOaHUI

OtBer:

Yacrts 3

3aoanun uacmu 3 npeocmaesnarom coboii 3adoauu. Pexomendyemcs npogecmu ux
npedeapumenvroe peutenue Ha uepunosuxe. Ilpu ewvinonnenuu 3aoanuin A22-A25
6 onanke omeemog Ne 1 noo Homepom 6vlnonnaemo2o Bamu 3adanua nocmagvme 3Hax
«X» 6 Kiemouxe, HOMEpP KOMOpPOU COOmMeemcmeyem Homepy 6evlopannozo Bawu

omeema.

[Mapyuk, 3aKkpeIUIEHHBIM Ha JIETKOM HEpacTSHKUMOM HUTH, JABHJKETCS IO
OKPY’KHOCTH, JIeXKalled B FOPU30HTAIBHON INIOCKOCTH, C MOCTOSIHHOW MO MOJIYJIIO
ckopocthto 3 M/c. Ilpm 3TOM HHTH 00pazyeT ¢ BepTHKaIbiO yrou o= 30°.
Onpexenure JUIMHY HUTH.

1) =3,12 M

2) =1lm

3) =0,5m

4) =026 M

@I B cocyne o6bémomM | 1 HaxonuTCs 102! MOJIEKYJI OJHOATOMHOI'O UAEAIBHOTO rasa.

Cpe,[[HSIS[ KHUHETHUYECKasA DHEPrus TCIUJIOBOIO ABMIKCHUSA MOJICKYJIbI Ta3da paBHaA

3-1072! Jx. UeMy paBHO JlaBiieHUE B 3TOM cocye?

1) 1«lla

© MHOO 20121
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Ha ozmHoOli mpsAMOH Ha OJMHAKOBOM PacCTOSHHMU APYr OT JPYra PacroOKeHbI
TOUCUHBIC TMOTOKUTENbHbIE 3apsiibl +0 ,, +Qp U TOUCUHBIH OTPULATETBHBI 3apsil

—Qc (em. pucyHok), npuuém 3apsnsl Oyn Q- pashbl 1o Moaymo. [lpn Takom

PAcCIIONIOKEHNH 3apsiioB HANpPsDKEHHOCTD 3JIEKTPUUYECKOro moiis B Touke O paBHa
Hys0. Onpezienure oTHOweHHe MOyt 3apsaa Op K Moaymio 3apsja O .

1) — 2) 8 3) 4 4) —
9 3 3 9
A25 | [Ipeamer pacmionokeH Ha paccTOSHUN 12 ¢M OT coOuparoniel THH3BI ¢ (POKYCHBIM
paccrossHuEeM 8 cM. JIMH3Y 3aMEHUIHN Ha JPYTYI0 COOMPAIOIIYIO JIMH3Y ¢ (POKYCHBIM
paccrosiHreM 6 cM. Ha kakoM paccTOSHHH OT HOBOMW JIMH3BI HY)KHO PacIIOJIOKHTh
HpeMeT JUIs TOTO, 4TOOBI YBEINYSHNUS B 00OUX CITy4asX ObUIM OJJMHAKOBBIMH?

1) 9cm 2) 4cMm 3) 6¢cm 4) 2 cMm

He 3a6y0bme nepenecmu éce omeemsut 8 O1aHK omeemoe Nel. ‘

Ilonnoe pewenue 3a0au C1-C6 neooxooumo 3anucamsy ¢ onanxe omeemos Ne 2. Ilpu
oopmnenuu pewienus @ 6aanke omeemos Ne 2 zanumwume chauana Homep 3a0aHUs

(Cl, C2 u m. 0.), a 3amem pewenue coomeemcmeyoujeii 3aoauu. Omeemul
3anucwvleaiime 4émKo u pazoopuueo.

W3BecTHO, YTO CKMKEHHbIE Ta3bl C HM3KUMHU TEMIIEpaTypaMu KHUIEHHUS IpH
HOPMaJIbHOM [aBJICHHM (HampuMmep, MeTaH, a30T, KHUCIOPOA, BOJOPOA, TeIHi)
XpaHIAT B  OTKPBHITBIX  TEMJOW30JMPOBAHHBIX  COCYAaX,  COOOILIAFOIIUXCS
c armoctepoit. [lpu TakoM XpaHEeHMHM TIOTEpU Ha HCIAPEHHE, OTHECEHHBIE
K JIMHUIIC MAacChl CXKMKEHHOTO Ta3a, YMEHBIIAIOTCS IPHU YBEIWYCHUH O00BEMa
cocyza.

OObsicHUTEe TPUYUHBI  BBIMIEU3JIOKEHHOTO, OCHOBBIBAsCh HAa  HM3BECTHBIX
(u3NUeCKUX 3aKOHAX U 3aKOHOMEPHOCTSIX.

© MHOO 20121
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Ilonnoe npasunvhoe pewrenue Kaxcooiu uz 3aday C2—C6 00sicno cooeprcams 3aKOHbBL U
dopmynsl, npumenenue KOMopwvix HEOOXO0UMO U 0OCMAMOYHO 015 peulenus 3aoauu, a
makoice mamemamuyecKkue npeodpas06anus, pacuémol ¢ YUCIEHHBIM OMEEMoM U npu
Heo0X00uMocmu pucyHoK, NOACHAIOWUIL peuleHue.

Ha riagkoill ropn3OHTaJIBHON IUIOCKOCTH JIEXAT JBa I'py3a MaccaMu m = | KT u
My = 2 KI, COCANHEHHbIE HEBECOMOW HEpacTsDKUMON HMTBIO, NEPEKHHYTOH depes
JIBa HEMOJNBWXHBIX (A4 u B) u oauH mNoABWXKHBIN (O) HeBecoMmble OJIOKH, Kak
MOKa3aHo Ha pucyHke. Ocu OJOKOB TOPU3OHTANbHBI, TPEHUS B OCSAX OJOKOB HET.
Kocu O noapmwxHOTO 0JI0Ka NPHIIOKEHA HEKOTOpas HarpaBleHHAs BEPTUKAIbHO
BHU3 CWJIA, B pe3yibTate 4ero ocb O [ABMXKETCS C yCKOpeHHeM dy = 3M/ .
Haiinure mMonyns F 3toit cunbl. Crenaiite cxemMaTHUYecKUl PUCYHOK C yKa3aHHEM
CHII, ISHCTBYIOLINX HA TPY3bI U OJIOK.

m, 11t

—]

dy

Haj ofHMM MOJEM HJ€albHOrO OJHOATOMHOTO Tasa MpoBeNH mpouecc 1-2-3,
rpaduK KOTOpOro NpuBeAEH Ha PUCYHKE B KoopauHarax V/V, up/p,,tne V, =1 M

up, = 2-10° Ta — 06bEM 1 naBJeHHe rasa B cocTtosHuu 1. Halimure xoianuecTBO

TEIUIOTHI, COOOIIEHHOE ra3y B JaHHOM Iporecce 1-2-3.

o

—_— b L

0 1

3

bad
B
-

B uenu, cxema KOTOpOii M300paxkeHa Ha PUCYHKe, BHAYalle 3aMbIKaOT Koy K, a
3aTeM, CIYCTs JUIMTENbHOE Bpems, Kimod K, . M3BeCTHO, 4TO 1mocie 3Toro 4epes

k04 K, mporék 3apsia, paBHBI 110 MO0 Ag = 4 mxKn. Yemy pasua DJIC £
MCTOYHMKA TOKa, ecnmu Ry =2 Om, R,=3 Owm, C,=1wmx®, C,=2 mxd?

Hctounuk cuurtaiiTe naeaabHBIM.

© MHOO 20121
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C5 | B momamHem pamuornpuéMHUKE, TPUHIMAOIIEM CHUTHAJl B JHMANa3oHax JJTMHHBIX,
CpPEeHUX U KOPOTKHX BOJH (AJTMHBI BOJMH A OT 13 M 70 2600 M), HHIyKTUBHOCTH L
KaTyIllIeK BXOJHOTO KOJIOATEeIHbHOIO0 KOHTYpa MOTYT M3MEHSTHCS B Ipelenax oOT
1 MxI'a 1o 4 MI'H. B Kakux MUHUMAaNbHBIX Ipeleiax MpU 3TOM JTOJKHA MEHATHCS
émKocTh C NepeMEeHHOr0 KOHJIEHCAaTopa 3TOr0 KOHTypa?

C6 | IIpu manpix koneOaHUSIX ¢ aMIUTUTYION 4 =5 ¢cM BOJIM3H TOJIOKEHHUST PABHOBECHS
MaTeMaTHYeCKOTO MasTHUKAa MOJYJb CHJbl HATSDKEHHS HUTH, Ha KOTOPOH
nojBelieH rpy3uk maccoit m = 100 r, mensiercst B npenenax ot 7 go 7+ AT, rae
AT = 15MH u AT << T. KakoBa manuna [ uutu mMastHuka? TpeHue He yuuThiBaiiTe.
IIpu peweHun 3ajgayd  ydTuTe, 4YTO M MajblX YIJIOB O CIHpPaBEIIMBO
npuOMMKEHHOE PaBeHCTBO Sina ~ . CrenaiiTe cXxeMaTHYeCKUdl  PUCYHOK
C YKa3aHHWEM CHII, ICUCTBYIOIINX HA TPY3UK.

© MHOO 20121
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HHcTpyK1us Mo BHINOJHEHHIO PA00THI

JI7is BBITIOJTHEHMSI 3K3aMEHALIMOHHON paboThl mo (usuke orBoautcs 235 muHyT. Pabora
COCTOMT U3 3 4acTel, BKIIOYAOIIUX B ce0s1 35 3amannii.

Yacte 1 comepxut 21 3amanue (A1-A21). K kaxaoMy 3alaHuio JAaETCS YEThIPe BapHaHTa
OTBETa, U3 KOTOPHIX TOJIEKO OJWH MPAaBUIBHBIM.

Yacte 2 comepxut 4 3ananust (B1-B4), Ha KOTOpble HANO AaTh KPATKUil OTBET B BHIE
ITOCIIeI0BATETLHOCTH IHMD.

Yacts 3 comgepxut 103ana4a: A22-A25 ¢ Beibopom omHoro BepHoro oteeta u C1-C6, mst
KOTOPBIX TpeOyeTcsl AaTh pa3BEPHYTHIE PeLeH .

[Tpu BEIMHCICHUSIX pa3pelIaeTcsl HCIIONIb30BaTh HeMPOTPaMMHUPYEMBIH KaITBKYJIISITOP

Bce Omankm EI'D 3anonHsroTcss spkUMHA  4E€pHBIMH  depHMIamu JlomyckaeTcs
HCTIOJIb30BaHUe TelleBOM, KallMJUISIPHOM WK MepheBOM pyyexk.

IIpu BeIMoONHeHMM 3amaHuil Bl Moxere monb3oBaThes depHOBUKOM. OOparmaem Bame
BHUMaHHe Ha TO, YTO 3aIFCH B YepPHOBUKE He OyIyT YUUTHIBATHCS NIPU OIIEHUBAHUU pabOTHI.

CoBeTyeM BBINOJHSITH 3aJaHUsl B TOM TOpPSIKE, B KOTOPOM OHHU JAaHbl. J[jisi 3KOHOMHUH
BpeMeHH MpoIlycKaliTe 3alaHue, KOTopoe He yAa&Tcs BBINOJIHMUTH cpasy, M IepexonuTe K
cnenyromemy Ecnmu nocne BblmosiHeHUs: Beell paboTsl y Bac ocrtanetcs Bpemsi, Bol cmoxere
BEPHYTHCS K MPOMYIIEHHBIM 3aaHUsIM

Bbannel, nonmyuennsle Bamu 3a BbIMONMHEHHBIE 3agaHusi, cymmupyrorcs. [locrapaiitecs
BBITTOJIHUTH KaK MOKHO OOJIbIIIe 3a1aHuil 1 HabpaTh HanOOobIIee KOJTMIeCTBO OalIoB.

Kenaem ycnexa!

© MHOO 2012r
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Hike mnpuBeneHs
BBIMOJIHEHUU pabOThI.

CIIPpaBOYHBIC JaHHBIC,

KOTOpble MOTYT MOHagoOuThCS Bam npu

J:leCﬂTH‘{Hble NMpUCTAaBKHU

Hi‘;::;l:)' O6o3Hauyenue | MHOKHTEID Hz:;n}:zl;o- OGosnavenne | MHuoxuTesIb
rura r 109 CaHTH c 1072
Mera M 106 MUIUTH M 1073
KHJIO K 103 MHUKPO MK 10°°
IEeKTO r 102 HaHO H 107
aeun it 107! TUKO I 10712

KoncTanThbl
YUCIIO T r=3,14
YCKOpEHHE CBOOOIHOIO MaJCHUs Ha 3eMiie g=10 M/c?

I'paBUTAlMOHHASA ITOCTOSTHHAA

G=6,7-10""1 H-m%/kr?

YHUBEpCajibHasd ra3oBast IOCTOAHHAA

R =28,31 [Ix/(monb-K)

rnoctosiHHast boibliMaHna

k=1,3810"23 /K

IIOCTOsIHHaA ABoraz[po

N, =6:10% Mo !

JNEKTPUUYECKUIN 3apsi)

CKOPOCTB CBETa B BAKyyMe c=3-108 m/c
KO3(HUIIUECHT MPOIOPINOHATIBHOCTH k= I _ 9-10% H-m2/Ki2
B 3aKkoHe Kyrona 4meg
MOJLYJTb 3aps/a JIEeKTPOHa (3JIeMEHTapHbIH

AYIIb 3apsi) TpOHa ( p e=1.6-10"19 K

nocrosaHasg [1nanka

h=6,6-10% Ix-c

CooTHOIIEHHUS MEKIY pa3jiinYHbIMHU ¢IMHUIIAMU

TemIeparypa 0K=-273°C

aTOMHas €MHUIIA MACChI la.e m=1,66 10727 kr
1 aToMHas eIMHNIIA MACChI SKBUBaJICHTHA 931,5 M>B

1 5EeKTPOHBOIBT 1B =1,6 10719 Jx

© MHOO 20121
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Macchbl yacTuin

oneKTpoHa  19.1-10 3 kr~55-10%a. ¢. m.
npotoHa  |1.673-1027 xr~ 1.007 a. e. m.
HEHTPOHA |1 675-10~27 kr ~ 1,008 a. e. M.
Il1oTHOCTH
BOJIBI 1000 kr/M> | TTOICOTHEYHOTO Macia 900 kr/m>
JpeBecHHBI (COCHA) 400 kr/M°  |amoMuHEsS 2700 kr/m>
KEpocHHa 800 kr/m>  |Kernesa 7800 kr/m>
pTyTH 13 600 xr/m>
YiaeabHas TEI0EMKOCTh
BOJIBI 4,2-10 3 Jox/(xr-K) AITFOMUHUS 900 JTx/(xr-K)
Ip/1a 2,110 3 Ix/(xr-K) Menu 380 x/(xr-K)
xenesa 640 Jx/(xr-K) qyryHa 500 Ix/(kr-K)
ceunna 130 x/(kr-K)

YaeabHas TeNJa0Ta

napooGpasoBanus BogsI|2,3-10 © Jh/kr

[UIABJICHUS CBUHILIA 2,5-10 4 JIx/xr

IJTaBJICHUS JIbA 3,3-10° Jx/xr

HopMmaabHbIe YCJI0BHSA

nasnenue: 10° Ila, temmepatypa: 0 °C

MoJasipuasi Macca

asora 281073 kr/moub renaus 4-1073 kr/Monb
aprosa 40-1073 kr/moub KHCIOpOJia 32:1073 kr/mob
BOJOpOJa 2-1073 kr/Momnb JINTHUS 6-10"2 xr/mMomb
BO3/lyXa 291073 kr/mob HEOHa 20-1073 kr/mMoIb
BOJIBI 18:1073 kr/moub YIIEKHCIIOro Ta3a 44-1073 kr/mob

© MHOO 20121
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Yacrs 1 A4 | Ha xopMme j01KH, MOKOSIIEHCS Ha BOJE, CTOUT YeioBeK. Macca noaku M, macca
qeroBeka 7. YernoBek HaAuMHAET PAaBHOMEPHO ABHUTATHCS C KOPMBI Ha HOC JIOJKH.
[Ipu 3TOM MOMYJIb CKOPOCTH JIOJKH OTHOCHTEILHO BOJbI paBeH V. Momyib
CKOPOCTH % 4eJI0BEKa OTHOCUTEILHO JIOJKH MOYHO BBIYUCIIUTH IO (hopMyJie

IlIpu evinonnenuu 3adanuini yacmu 1 6 oOnanke omeemoe Ne 1 nod nomepom
evinonnaemozo Bamu 3aoanua (A1-A21) nocmaevme 3HaK «%x» 6 Kilemouke, HOMepD
KOmOopoii coomeemcmeyem Homepy evlopannozo Bamu omeema.

Al | ABToOyc Be3€T maccaxupoB MO MPsIMOW Jopore co ckopocThio 10 m/c. TTaccaxup 1) u= m Vo 2 u-= M Vo 3 u= mn 14 4) 4= m+M V
PaBHOMEpPHO HAET MO CAJOHYy aBTOOyca cO CKOpPOCTbIO 1 M/C OTHOCHUTEIHHO m+M m+M M = m
aBTOOyCa, JABHUrasicb OT 3aJHel ABepH K kaOuHe BoauTens. Uemy paBeH MOIYJb
CKOPOCTH I1aCCaXMPa OTHOCHTEILHO 10POrH? A5 | cKycCTBEHHBIH CIYTHHK JIETaeT BOKPYT 3eMJIM IO Kpyromoil opomre. Ecnm Ha

OueHb OOJIBIIOM PAcCTOSIHUM OT 3eMJIM IOTEHLUaJbHAs dHEPIrus CIyTHUKA paBHa
1) 11 m/c 2) 10 m/c 3) 9wm/c 4) 1 m/c HYJTIO, TO TIOJTHAsI MEXaHWYECKasi SJHEPTHsI ATOTO CITyTHUKA HA JJAHHON opOnTe

1) nonoxurenbHa
2) oTpuLATENIbHA

A2 | Ha wMatepuanpHyl0 TOYKYy Maccoll m = lKr, HaxoOmsIIylOCs Ha TIIaIKou 3) paBHa HYJIIO
TOPH30HTAJIBHON  MOBEPXHOCTH, HAa4yMHAaeT JeiicrBoBarh cwia F =2H,

HanpasJIeHHAs BIOJb ropuszonTanbaoil ocu OX. Ha pucyHke n300paxeHsl rpaduku

3aBUCHMOCTEH MPOCKLMH CKOPOCTH V. M YCKOpEeHHs a, Ha 0cb OX OT BpeMeHH 7. A6 | YToGbl ypaBHOBECHTH Ha JICI'KOM PEHKE C IOMOMIRIO ABYX HCBCCOMBIX 6110K0B
OJIHAKOBBIC TPYy3bl Maccoit M KakIpblif, K HUTH, IEPEKUHYTOH Yepe3 JICBbIi OJIOK, U

K OCH IIPaBOro OJioka HeoOXOAMMO INPWIOKUTH BEepTHKaIbHBIE cuiibl F]u F5 (cM.
pucyHok). PaccrosHus Mexny 4€pHBIMH TOUKAMH Ha peiike OJUHAKOBBI, TPEHUE
OTCYTCTBYET, HUTH HEPACTKUMBI.

4) MOXeT OBITh JIIO00W — B 3aBUCUMOCTH OT CKOPOCTH CITyTHUKA

v, Mic ag. mie?

£

L
fad

(B
I

, €

Kaxoe n3 cnenyromux yTBep»xaeHNH cCpaBeayinBo?

Jis naHHO# MaTepraabHOIN TOYKHU MPAaBUIBHO H300paKEH
A. rpahuK 3aBUCHMOCTH MTPOSKIIH CKOPOCTH OT BPEMEHH;
B. rpaduk 3aBUCMMOCTH IPOCKIIUK YCKOPEHUS OT BPEMEHH.

MOoHO yTBEpXk1aTh, 4TO

1) Tonbko A 2) tonbko b 3) uA,ub 4) su A, nu b D K+F=2Mg 2) Kh+F =3Mg
3) F=F=Mg 4) F,—F = Mg
A7 | AMOpdHBIME Ha3BIBAIOT TeJIa, KOTOPhIE
E Cruta TpeHHs CKOJBKEHUS OPYCKa O TIOBEPXHOCT CTOIA 3aBHCHT 1) HaxonaTcs B TBEPAOM COCTOSIHMM M HE MMEIOT HUKAKOM YMOpSI0YEHHON
CTPYKTYpHI
1) oT nomWanK CONPUKOCHOBEHMA OpycKa i cToNA 2) HaXOJATCA B TBEPJOM COCTOSHHU W TPEACTABIAIOT COOOW OJWH OOJIBIIONHN
2) OT CKOPOCTH JIBIKEHHs OpYCKa MO CTOITY KPHCTAIT
3) OT CHJIBI HOPMAJIBLHOM PeakIyy, AeHCTBYIONIEH CO CTOPOHBI CTOJIA HA GPYCOK 3) HaxXoAATCA B TBEPIOM COCTOSHHHU U COCTOST M3 GOJIBIIOTO YMCIA XAa0TUYECKH

4) OT IUIONIAM¥ CONPUKOCHOBEHHS OpyCKa M CTOJNA M OT CKOPOCTH JBUKEHHS PACHONOKCHHBIX MEIKIX KPHUCTAILIIOB

Opycka 1o cToiy 4) HaxXOOATCS B KUAKOM COCTOSTHUU

© MHOO 20121 © MHOO 20121
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A8 | Ha JAuarpaMMme 3aBUCUMOCTU HABJICHUS p UACAJIBHOI'O ra3a HEU3MEHHON MaccChl OT
€ro TEMIICPATYPhbl T I/I306pa)KeHI:I YCTBIPE COCTOSAHUSA DTOTO rasa. MuHuMaIbHBIN
00BEM ra3 3aHUMAET B COCTOSIHUN

P

4) 4

A9 Ecnmm xuakocth HaxoauTcs B PaBHOBECUHN CO CBOMM HACBIIICHHBIM IapoM, TO
CKOPOCTb HUCIIAaPCHUSA KUIKOCTH

1) Oomble CKOPOCTH KOHACHCALIUY Mapa
2) MeHbIIe CKOPOCTH KOHJIEHCALUHU Tapa
3) paBHa CKOPOCTH KOHJIEHCAINH Mapa
4) paBHa HYJIO

A10 | Ha pucynke n3o0pakeHbl IBa IHMKIMYeCKUX mpomecca 1 -2 —>3 >4 — lu
556->7>8-5

| 3]

Kakoe u3 clienyromux yTBepKACH N CIIPaBeINBO:

A. Pabora rasa B ciy4yae nukinueckoro mpomecca l — 2 — 3 — 4 — 1 menbie,
yeM paboTa rasa B Cilydae IIUKIMIECKOTo mporeccad —> 6 — 7 — 8,

B. I3MeHeHue BHYTpPEHHEH SHEPruu raza B pe3ylbTaTe LUKIMYECKOro Mpolecca
1 >2—>3—>4— 1paBHO U3MCHCHHIO BHYTPCHHEH DHEPTUH ra3a B Pe3yJbTaTe
IUKJIAYECKOro mpormeccad > 6 —> 7 — 8§ — 5.
3)uA,ub 4) Hu A,Hn b

1) tonpko A 2) tonpko b

© MHOO 20121
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A1l | Ang TOro uTtoObl YBEIMYHUTH JIIEKTPUYECKYIO EMKOCTh IUIOCKOIO BO3JYLIHOTO
KOHJIEHCATOPa, HYKHO

1) yMEHBUIUTB PACCTOSHUE MEXKAY €r0 INIACTHHAMU
2) yBEIWYUTH IJIOMIA/h TUTACTHH
3) 3amoNHHATE IPOCTPAHCTBO MEXKIY MIIACTUHAMH JTUDIIEKTPHUKOM

4) mponenath J00YI0 U3 NEPEUNCICHHBIX BBILIE ONEPalui

A12 | Ha pucynke m3oOpaxkeHa cxeMa J3JIEKTPHYECKOH LeNH, BKIIOYAIONMIEH HCTOYHHK
MIOCTOSTHHOTO TOKA, MJICAbHBIN BOJBTMETD, K04 U pe3uctop. Ecim BHyTpeHHee
CONPOTHUBJICHUE UCTOYHNKA B 4 pa3a OOJBIIE, YEM CONMPOTUBIICHHUE PE3UCTOPA, TO

1) mokazaHne BOIBTMETpA NPH Pa30MKHYTOM Kiode OymeT B 2 pasza Oodble,
YEM IIpHU 3aMKHYTOM KIJTIOYEC

2) moka3aHue BOJBbTMETpa MPHU PAa30OMKHYTOM Kiroue OyaeT B 3 pa3a MEHbIIE,
YeM MpU 3aMKHYTOM KJII04e

3) mokazaHue BOJBTMETpPa MPH PA3OMKHYTOM Kitodye OyaeT B 4 pasa OoJbiie,
YeM MPU 3aMKHYTOM KJII0Ye

4) nokaszaHue BOJILTMETpPa IIPU PA3OMKHYTOM KiIroue OyneT B 5 pa3 Oosiblue, yeM
IIPU 3aMKHYTOM KJII0Ye

A13 | [lepBoe KOMIbLO cAeTaHO U3 METHOM IPOBOJIOKH, @ BTOPOE — U3 CTaJIbHOM. Pagnychl
KOJIEl] OJMHAKOBBI. MAarHUTHBIM IOTOK Yepe3 KaKJ0e M3 KOJel PaBHOMEPHO
u3Mensiercs Ha 2 B6 3a 1 ¢. MOKHO yTBep)KAaTh, 4TO

1) yepes KoJIbLA MPOTEKYT OAUHAKOBBIE JJIEKTPUUECKUE 3aps bl
2) B KOJIbIIax Oy/€T NPOTEeKaTh OJIMHAKOBBIM WHAYKIIMOHHBIN TOK
3) B KoJbIIax OyaeT HaBOUThCsI onHaKkoBast DJ1C uHITyKIUH

4) Bce TpH NPUBEIEHHBIX BBIIIC YTBEPKACHUS OYyT HCTHHHBI

Al14 | B konebarenbHOM KOHTYpE, MHIYKTHBHOCTh KaTylIKH KoToporo pasHa 0,1 I'H,
MIPOUCXOAST COOCTBEHHBIC DIICKTPOMATHUTHBIC KoJeOaHHs. 3aBUCUMOCTH CHIIBI
TOKa B KaTyiike oT BpeMeHu nmeer Bua [ = [ysin(200¢), rae Bce BelIUUMHBL
BEIpakeHbl B enmHmnmax CU. EmkocTs KoHZeHcaTopa B 9TOM KojeOaTelbHOM
KOHTYypE paBHa

3) 2 mD

1) 40 2) 0,05 D 4) 250 Mx®
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A15 | [lonyuuts MHUMOE NPSIMOE YBEJIMYEHHOE U300pakeHUE MOXKHO C TIOMOIIBIO A20 | bpycok jiexuT Ha rOpU30HTAIbHON JIepeBAHHON Aocke. JlocKy Haualu MEAJICHHO
HaKJIOHATh M 3aMETUJIM, YTO OPYCOK Hauyall COCKaJIb3bIBaTh C HEE B MOMEHT, KOrja
1) MI0CKOTO 3epKaia JIOCKa COCTaBlisfia C Topu3oHTOM yroia 35°. ToyHocTh wu3MepeHus yria

cocTaBisieT £2°. DTOT ONBIT CBHIETEIbCTBYET O TOM, YTO KOA(PPHULUUEHT TPEeHUs

2) pacceHBaroIIEeH JINH3bI Opycka 0 T0CKY

3) cobuparoreii TUH3BI
4) mo00ro 13 NepeyrcIeHHbIX ONTHYECKUX IPUOOPOB 1) =0,70
2) nexut B auanasone ot =~ 0,69 no = 0,71

3) nexur B nuanasone ot = 0,55 go = 0,85
A16 | AOCOIIOTHBIM TIOKa3aTesieM TIIPEJIOMIJICHUSI BEIIEeCTBA HA3bIBACTCSl BEIMYMHA,

4 ~ ~
KOTOpasi OKA3BIBAET, ) JIexuT B quanasone ot = 0,65 1o = 0,75
A21 | LIkompHUK SKCIIEPUMEHTHPYET C JIAMIION HaKAJIMBAHHSA JUTS KAPMAHHOTO (pOHAps —
1) BO CKOJIBKO pa3 CKOPOCTb PACIPOCTPAHEHHs CBETA B OTOM BEILECTBE MEHbILE MOJIaCT Ha HEC PA3JINYHBIC HANPSKCHUA M M3MEPACT CHIIYy IMPOTCKAIOMIEro 4epe3
CKOpPOCTH CBETa B BAKyyMeE JJaMITy TIOCTOSIHHOTO  JJIEKTPUYECKOrO0 TOKa. Pe3ynpTaTel ero u3MepeHui

NpHBE/ICHBI B TAOIHIIE.
2) BO CKOJIBKO pa3 CKOPOCTb PACIPOCTPAHEHHsI CBETA B 3TOM BEIECTBE OOJIbIIE

CKOPOCTH CBETa B BaKyyMe

Hanpsixenue U, B 1 2 3 4 5
Cuna toka I, MA 33 51 67 83 100

3) BO CKOJIBKO Pa3 yroJi MpeoMIICHHsI OOJIbINe yTiia M CHuUs

4) BO CKOJIBKO Pa3 yroJl MPEeJOMIICHUSI MEHBIIE YIJIa TaJCHUS
Kaxkoi1 BBIBOJI MOXKET cliesiaTh KOIBHUK U3 CBOUX HAOIIOACHUNA?
1) comnpoTUBIIEHNE HUTH JIAMIIOUYKH C POCTOM HalpsiKEHUs yBEINUUBAETCS

CKopocTh pacnpocTpaHeHHs: (JOTOHOB B BEIIECTBE
E P pacripoctp b 1 2) CONpPOTHBIICHHE HUTH JIAMIIOUKH C POCTOM HANPSKEHHS] YMEHBIIAETCS

COTPOTHBIICHUE HUTH JIAMIIOYKH C POCTOM HANPSHKEHUS HE U3MEHSIETCS
1) Gosbliie CKOPOCTH CBETA B TOM BEIIECTBE 3) P p P

CBS3b MEXKIY CONPOTHUBICHMEM HUTH JIAMIOYKM W HaNpsHKEHWEM Ha HeEl
2) MEHbIIIE CKOPOCTH CBETA B 3TOM BEILIECTBE 4) OTCyTCTBye%le p P

3) paBHa CKOPOCTH CBETa B 3TOM BEILIECTBE
4) OoJtbllle CKOPOCTH CBETA B BAKyyMe

A18 | Boxpyr sapa atoma obOpamatorcs 14 3JIeKTPOHOB C 3apsAoM —e Kaxablid. MoxKHO
YTBEP)KIATh, YTO JEKTPUUECKUIA 3apsa] sIpa 3TOro aToma

1) —l4e 2) +14e
3) o mojysro Gobiie +14 e 4) no momysmo MenbIIe +14 ¢

A19 | Aapo aToma cocTOUT U3

1) 27IEKTPOHOB U IPOTOHOB

2) BJIEKTPOHOB U HEUTPOHOB

3) TpOTOHOB U HEUTPOHOB

4) 5JEKTPOHOB, MPOTOHOB U HEUTPOHOB
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Yactp 2

Omeemom K 3a0anuam moi yacmu (B1-B4) aenaemca nociedosamenvHocms yugp.
Bnuwiume omeemuvt chauana ¢ mexkcm paoomol, a 3amem HepeHecume UX 6 ONAHK
omeemos Ne ] cnpaea om Homepa coomeemcmeyouezo 3a0aHus, HAYUHAA ¢ NePeoil
KJ1emouku, 0e3 3anamvlx, npodenos u KAKux-auoo OOROIHUMENAbHbIX CUME0]I06.
Kasicoyro yugppy numume 6 omoenvHoll Kiemouke 6 COOMEENCMEUN ¢ NPUEEOEHHBIMU
6 Onanke oopazuamu.

B1 | Oren mocaani Ha Kadend CTapIIero ChiHA M packadyaj Kadelld A0 aMIutaTy sl 30°.
3areM OH OCTAHOBMJI Ka4yeJIH, II0CaiJI Ha HUX BMECTO ChIHA MJIAJIIIYIO 10Yb, Macca
KOTOPOI MEHbIIEe MacChl CbIHA, U CHOBA packayall Kayeld OO TOH ke aMIIUTY bl
Kak mpu 3TOM n3MeHWHCh ciieayromue (Gpu3ndeckue BeTUYMHBI: MaKcHMallbHast
MOTEHIMAJbHAS JHEPrusl Kayaromerocs peOEHKa OTHOCHTENBHO MOBEPXHOCTH
3eMJIM, CKOPOCTh Kaueledl MNpu NPOXOXKICHUH HMH IOJOKEHUS PpaBHOBECHS,
MaKCHMaJbHas CHJIa JaBJICHUs Kadaromierocs peO&HKa Ha CUICHbE Kauenei?

JJis KaXJI0i BETTMYUHBI OTIPE/ICITUTE COOTBETCTBYIOLIMN XapaKkTep U3MEHEHHUS:

1) yBenuuuiacs;

2) yMEHbIINIIACh;

3) HE U3MCHMITACH.

3amumure B TaOnMIly BBIOpaHHBIE NUAMPBI IS KaXI0W (U3MUECKON BEIWYHHBI.
Ludpsl B 0TBETE MOTYT TOBTOPATHCS.

OUSNYECKHWE BEJINYNHbI NX USMEHEHHUE

A) MakcuMajlbHas IIOTEHLMAJIbHAsA DHEpPrus Kayaro- 1) yBenmumiiach
merocst peOéHKa OTHOCUTEIIBHO TTOBEPXHOCTH 3EMITH

2) yMEHbIIUJIACh
B) ckopocTh Kauenaed Npu MPOXOXKJIEHUH MMM I10JI0-

3) He u3MeHuIach
JKCHUA PaBHOBECHU

B) makcumanbpHas cuila [JABJICHUS KadarolIerocs pe-
O€HKa Ha CUIEHBE Kayelen

A b B

OtBer:

© MHOO 20121
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B2 | B BepTHKaIbHOM LMIMHIPHYECKOM COCYIE TI0/1 MOIBUKHBIM MOPIIHEM Maccoii M,
CHOCOOHBIM CKOJIB3UTH 0€3 TPEHHUS BAOJIb CTEHOK COCY[a, HaXOIUTCA WAealbHbINA
ra3. ['azy cooOmarT HEKOTOpOe KONMYeCTBO TemnoTel. Kak B 3ToM mpouecce
U3MCHSIOTCS Clefylomue (U3WYECKHe BENUYMHBI: BHYTPEHHSS SHEPrHs TIasa,
CpemHSsI KHHETHYECKas SHEPTusl XAOTHUCCKOTO MBIKEHHS MOJICKYJ Tas3a,
KOHLIEHTpalus MOoJeKyn?

J1s1 KasKoN BENIMYMHBI ONIPEIEIUTE COOTBETCTBYIONINI XapaKTep N3MEHEHHUS:

1) yBenuumBaercs;

2) yMmeHblIaeTcs;

3) He U3MCHSCTCS.

3amumute B TaOnuily BeIOpaHHBIE HUMPBI TSI KaXKI0W (QU3NUECKON BEIMYHHBI.
L{udpel B OTBETE MOTYT ITOBTOPATHCA.

PU3NYECKUE BEJIMYUNHDI

A) BHYTpPEHHsS SHEPrHs rasa

X NISMEHEHUWE

1) yBennuuBaercs

b) cpemmsist  KuHeTHYeCKash OSHEPrHs XAOTHYECKOTO  2) yMCHBIIAETCS

JBWXCHUSA MOJICKYJI ra3a 3) He M3MCHSICTCS

B) konrmenTparyst MoKy

A b B

OtBerT:

B3 | JIsymM MeraMueckuM IUTACTHHAM IUIOMAALI0 S KaXKIas COOOIIMIM PaBHbIE 110
MOJIyJI0, HO IIPOTHBOIOJIOXKHBIE 10 3HaKy 3apsiasl +Qu —(Q. IlnacTussl
PACIIOJIOKHIIM Ha MAJIOM PACCTOSIHUM d APYT OT Jpyra. Y CTaHOBUTE COOTBETCTBHE
Mexay (GHU3MYECKHMM BeJIMYMHAMH M (QOpMyJamMH, HO KOTOPBIM HX MOXKHO
paccunrtaTh. K kakgo#l mo3unuu nepBoro cToiadia NoA0EpUTEe COOTBETCTBYIONIYIO
MO3HMIMI0 BTOPOTO W 3alMIIATE B TaONWIy BBIOpaHHBIE THMQPBI IO
COOTBETCTBYIOIINMH OyKBaMHL.

DOOPMVYJIbI OUINYECKHUE BEJIUYUHbI
A O 1) HanmpsHKEHHOCTH AIEKTPUUECKOTO MO MEXIY TUIACTUHAMHU
o S 2) pa3HOCTb MOTEHIUAIOB MEKY MJIaCTUHAMU
B) Q d 3) EMKOCTh CUCTEMBI, COCTOSIICH U3 ABYX TAKUX IUIACTUH
—_— 4) >Heprust AIEKTPUYECKOr0 TOJA, 3aAKIHYEHHOIO MEXKIY
EoS STUMH TUIACTHHAMHA
A b
Otger: i
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B4 | IlIkonpHUK MPOBOAUT OSKCIHCPUMEHTHI C KOHACHCATOPOM, MEXKIYy IUIACTHHAMHE
KOTOPOTO0 MMEETCsl JMAJICKTPHUK. Y CTAHOBHUTE COOTBETCTBUE MEKAY (PU3MUSCKHUMHU
IKCIEPUMEHTAMH M COMPOBOMKIAIOIIMMHU WX (DU3NIECCKUMHU SBICHUSAMH. K Kax 10t
MO3ULUM TEPBOro CTOJI0LA MOAOEPUTE COOTBETCTBYIOLIYIO MO3HMLMI0 BTOPOIO U
3anuIInTe B TaONUIy BbIOpaHHbIE LU(PHI 0] COOTBETCTBYIOUIMMU OyKBaMH.

HPOIECC ABJEHUE

A) mojcoeMHEHNE OOKIIAZOK 3apspkeH- 1) BOBHMKHOBEHHE TIOCTOSTHHOTO
HOTO KOHJEHCATOpa K BBIBOJAM OJHOPOJIHOTO ANIEKTPHUECKOIrO
KaTyIIKd UHAYKTUBHOCTH TOJISt

B) moxacoenuHeHne OOKIAJOK He3aps-  2) BO3HUKHOBEHHE ITOCTOSHHOTO
JKEHHOTO KOHJIEHCAaTopa K IOJocam IPaBUTAIL[IOHHOTO MOJIS

HNCTOYHHUKA MMOCTOSAHHOT'O HAIIPSXKCHUA 3) BO3HUKHOBCHHE ITOCTOSHHOTO

MAaravuTHOI'O ITOJIsA

4) BO3HUKHOBEHHE
3JIEKTPOMArHUTHBIX
KoJieOaHui

OtBer:

Yacrts 3

3aoanua uacmu 3 npeocmagnalom coooi 3aoauu. Pexomendyemcs npogsecmu ux
npeosapumensHoe peuwienue ha uepnosuke. Ilpu evinonnenuu 3adanuii A22-A25
6 Onanke omeemos Ne 1 noo Homepom évlnoinaemozo Bamu 3a0anus nocmagovme 3nax
«X» 8 Kiemouke, HOMeEP KOMOPOU COOmeemcmeyem Homepy evlopannozo Bamu
omeema.

A22 | lllapuk, 3akpennéHHbId Ha JIETKOW HEPACTSHKUMOW HUTH, JBHXKETCS IO
OKPY>KHOCTH, JIeXKAIIeH B TOPU3OHTAIBHOW TUIOCKOCTH, C IMOCTOSIHHOW TIO MOJTYJTEO
ckopocthto 3 wm/c. Ilpu 3TOM HUTH o0OpasdyeT ¢ BepTHUKanbl yrou o= 30°.
Onpenenure JUIMHY HUTH.

1) =3,12m

2) =1wMm 3) =0,5m 4) =0,26 m

A23 | B cocyne o0bémMoM 1 1 HaXOIUTCsl OJJHOATOMHBIH HMACAIBHBIA ra3 MPH JABICHUU
2 x[la. CpenHsisi KMHETHYECKash JHEPrHs TEIUIOBOTO JABM)KCHHS MOJCKYIB ra3a
paBHa 6-10 -2l JIx. CKOIBKO MOJIEKYJI Ta3a COAEPIKUTCS B 3TOM cocye?

3) 0,33-10%! 4) 0,5-10%!

1) 1,55-10%2 2) 6,02-10%3
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A24 | Ha oaHoil mpsiMoil Ha OIMHAKOBOM pPAacCTOSHUM JPYr OT JApyra paclolOKEHbI
TOYEYHbIE MOJIOKUTENbHbIE 3apsibl +0) ), +0p U TOUEUHbIH OTPULATENLHBIH 3aps/

—Qc (em. pucynok), mpuuém 3apsasl Oyu Q- pasHbl 1o Moxymo. Ilpu Takom

PacIIONIOKEHNUHU 3apsiioB HANPsDKEHHOCTD JIEKTPUUECKOro moiis B Touke O paBHa
HyJ0. Onpezennre oTHoUEeHHe MOAyJIst 3apsina Op K Moaymo 3apsiga O .

A25 | [Ipeamer pacnonokeH Ha paccTOSTHUM 9 c¢M OT coOuparoleil JIMH3bI ¢ (HOKYCHBIM
paccrostHuEeM 6 cM. JIMH3y 3aMEHIITH Ha APYTYIO COOMPAIOIIYIO JIMH3Y ¢ (POKYCHBIM
paccrostHueM 8 cM. Ha KakoM paccTOSHHU OT HOBOH JIMH3BI HY)KHO PACITOJIOXKUTH
IpPEeIMET JUIS TOTO, YTOOBI YBEINYCHHS B 000UX CIIyJasx ObUIA OANHAKOBBHIMHA?

1) 12cm 2) 3cMm 3) 2cMm 4) 1cm

He 3a06y0bme nepenecmu éce omeemult 8 O1aHK omeemos Nel.

Ilonnoe pewenue 3a0au C1-C6 neodxooumo 3anucamp 6 onanxe omeemos Ne 2. Ilpu
opopmnenuu pewienus @ 6i1anKe omeemoe Ne 2 zanumume chHauana Homep 3a0aHUs
(Cl, C2 u m. 0.), a 3amem pewienue coomeemcmeyiouiein 3aoauu. Omeembl
3anucwleaiime 4émKo u pazoopuueo.

C1 | M3BecTHO, YTO CXKIDKEHHBIE Ta3bl C HU3KUMH TEeMIIepaTypamMH KWIIEHUS TIpU
HOPMAJIGHOM JIaBIICHUH (HAaImpuUMep, METaH, a30T, KHCIIOPOJ, BOJOPOA, Telnii)
XpaHAT B OTKPHITBIX  TEIUIOU30JIMPOBAHHBIX  COCYJax, COOOILAOIIUXCS
c armoctepoif. Ilpu TakoM XpaHeHHHM @IOTEpd Ha MHCHApEHHE, OTHECEHHbIE
K €IMHUIIE MAaCcChl CXKIDKEHHOTO TIa3a, YMEHBIIAIOTCS NpPU YBEJINYEHUH 00bEMa
cocyna.

OOBsICHUTE TNPUYUHBI  BBIIMICHU3IO0KEHHOTO, OCHOBBIBASICH HAa  M3BECTHBIX
(bU3NUECKUX 3aKOHAX U 3aKOHOMEPHOCTSIX.

© MHOO 20121
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Ilonnoe npasunvhoe pewrenue kaxcooi usz 3aday C2—C6 00sicho cooeprcamn 3aKOHbBL U
opmynel, npumenenue KOmMopwvIx HEOOXOOUMO U OOCMAMOUHO O peutenus 3a0auu, a
makoice mamemamuyecKkue npeodpasz06anus, pacuémol ¢ YUCIEHHBIM OMEEMoOM U npu
Heo0X00uMocmu pucyHoK, NOACHAOWUIL peuleHue.

C2 | Ha rnaaxoii ropu30HTaJIbHOM IUIOCKOCTH JIEXKAT ABa rpy3a Maccamu 7 = 0,5 kr u
My = 2 KI, COEJMHEHHBIE HEBECOMOH HEPACTSAKMMON HHTBIO, IIEPEKUHYTONH Yepes

JIBa HENoJIBWXHBIX (4 u B) u oauH mnojBWXHBIH (O) HeBecoMmble OJIOKH, Kak
Moka3aHo Ha pucyHke. Ocu OJIOKOB rOpU3OHTAIBHBI, TPESHHUS B OCSX OJIOKOB HET.
Kocu O mnoaBwxkHOro OJioKa NPUIIOXKEHA HANpaBICHHAs BEPTUKAIBHO BHU3
cuwia F' = 4H. Haiigure yckopenue 3toil ocu. CrenaiiTe cxeMaTH4YEeCKUI PUCYHOK
C yKa3aHHEM CHJI, ICUCTBYIOIIUX HA IPY3bl U OJIOK.

m, 11ty

C3 | Hax omamM MoneM wHiealbHOTO OJHOATOMHOIO rasa IpoBeiaM mporecc 1-2-3,
rpauk KOTOPOro npuBeEH Ha pUCYHKe B KoopauHarax V/V v p/p,,tne V=1 M3

up =2 10° Tla — 06bEM 1 JaBiIeHMe Tasa B coctosun 1. Haiigure KommdecTso

TEIUIOTHI, COOOINEHHOE Ta3y B TAHHOM Mpoiiecce 1-2-3.

Z|
071 23 4
C4 | B nenu, cxema KOTOpOi n300paeHa Ha PUCYHKE, BHAYAJIE 3aMbIKAIOT KIIHOY K;.a
3aTeM, CIyCTsl JUIMTeNbHOE Bpemsl, kitod K, . Kakoii 3apsijt 1 B KaKOM HalpaBJICHAH
MNPOTEYET MOCIE ITOTO YEPE3 KIHOU K2> eclu R1 =2 Owm, R2 =3 0wm, C 1= 1 MK®,

C2 =2 Mx®, & =10 B? UcTOYHHK CUNTAIITE NACATHHBIM.

© MHOO 20121
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C5 | B momamHem paguonpuéMHHKE, PUHUMAOIIEM CHUTHANl B JHMAana3oHax JJIMHHBIX,

CpPEeTHUX U KOPOTKHX BOJH (JIMHBI BOJMH A OT 13 M 70 2600 M), HHIyKTUBHOCTH L
KaTyIlleK BXOJHOTO KOJIeOATEeTHbHOIO KOHTYpa MOTYT M3MEHSTHCS B Ipejenax oOT
1 MxI'a no 4 MI'H. B Kakux MUHUMAaNBHBIX Ipeleiax MpU 3TOM JTOJKHA MEHATHCS
&MKkocTh C MepeMEHHOr0 KOH/IEHCATOpa 3TOr0 KOHTYypa?

C6 |Ilpm wmambix koneOaHUSX BOJIM3M TIOJOKEHUSI PABHOBECHS MaTeMaTHYECKOI'O

MasiTHUKA JUTMHON [ = 1 M MOJyJib CHJIbI HATSDKCHUS HUTH, HA KOTOPOU TO/IBEIICH
rpy3uk mMaccoit m = 100 r, mensiercs B npenenax or 7 go 7'+ AT, rne AT =15 mH
n AT << T. Haiinute ammuutyny A komeOaHmii 3TOro MasTHHKA. TpeHme He
yuuteiBaiite. [Ipu perieHnn 3agaun y4TuTe, YTO AJS1 MAJIBIX YIJIOB O CIIPABEAJIUBO
npubImKkEHHOe paBeHCTBO sino = o. Chenmaiite cXxeMaTHYECKUH PUCYHOK
C YKa3aHHEM CHJI, ACHCTBYIOIINX HA IPY3HK.

© MHOO 20121
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HHcTpyK1us Mo BHINOJHEHHIO PA00THI

JI7is BBITIOJTHEHMSI 3K3aMEHALIMOHHON paboThl mo (usuke orBoautcs 235 muHyT. Pabora
COCTOMT U3 3 4acTel, BKIIOYAOIIUX B ce0s1 35 3amannii.

Yacte 1 comepxut 21 3amanue (A1-A21). K kaxaoMy 3alaHuio JAaETCS YEThIPe BapHaHTa
OTBETa, U3 KOTOPHIX TOJIEKO OJWH MPAaBUIBHBIM.

Yacte 2 comepxut 4 3ananust (B1-B4), Ha KOTOpble HANO AaTh KPATKUil OTBET B BHIE
ITOCIIeI0BATETLHOCTH IHMD.

Yacts 3 comgepxut 103ana4a: A22-A25 ¢ Beibopom omHoro BepHoro oteeta u C1-C6, mst
KOTOPBIX TpeOyeTcsl AaTh pa3BEPHYTHIE PeLeH .

[Tpu BEIMHCICHUSIX pa3pelIaeTcsl HCIIONIb30BaTh HeMPOTPaMMHUPYEMBIH KaITBKYJIISITOP

Bce Omankm EI'D 3anonHsroTcss spkUMHA  4E€pHBIMH  depHMIamu JlomyckaeTcs
HCTIOJIb30BaHUe TelleBOM, KallMJUISIPHOM WK MepheBOM pyyexk.

IIpu BeIMoONHeHMM 3amaHuil Bl Moxere monb3oBaThes depHOBUKOM. OOparmaem Bame
BHUMaHHe Ha TO, YTO 3aIFCH B YepPHOBUKE He OyIyT YUUTHIBATHCS NIPU OIIEHUBAHUU pabOTHI.

CoBeTyeM BBINOJHSITH 3aJaHUsl B TOM TOpPSIKE, B KOTOPOM OHHU JAaHbl. J[jisi 3KOHOMHUH
BpeMeHH MpoIlycKaliTe 3alaHue, KOTopoe He yAa&Tcs BBINOJIHMUTH cpasy, M IepexonuTe K
cnenyromemy Ecnmu nocne BblmosiHeHUs: Beell paboTsl y Bac ocrtanetcs Bpemsi, Bol cmoxere
BEPHYTHCS K MPOMYIIEHHBIM 3aaHUsIM

Bbannel, nonmyuennsle Bamu 3a BbIMONMHEHHBIE 3agaHusi, cymmupyrorcs. [locrapaiitecs
BBITTOJIHUTH KaK MOKHO OOJIbIIIe 3a1aHuil 1 HabpaTh HanOOobIIee KOJTMIeCTBO OalIoB.

Kenaem ycnexa!
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Hike mnpuBeneHs
BBIMOJIHEHUU pabOThI.

CIIPpaBOYHBIC JaHHBIC,

KOTOpble MOTYT MOHagoOuThCS Bam npu

J:leCﬂTH‘{Hble NMpUCTAaBKHU

Hi‘;::;l:)' O6o3Hauyenue | MHOKHTEID Hz:;n}:zl;o- OGosnavenne | MHuoxuTesIb
rura r 109 CaHTH c 1072
Mera M 106 MUIUTH M 1073
KHJIO K 103 MHUKPO MK 10°°
IEeKTO r 102 HaHO H 107
aeun it 107! TUKO I 10712

KoncTanThbl
YUCIIO T r=3,14
YCKOpEHHE CBOOOIHOIO MaJCHUs Ha 3eMiie g=10 M/c?

I'paBUTAlMOHHASA ITOCTOSTHHAA

G=6,7-10""1 H-m%/kr?

YHUBEpCajibHasd ra3oBast IOCTOAHHAA

R =28,31 [Ix/(monb-K)

rnoctosiHHast boibliMaHna

k=1,3810"23 /K

IIOCTOsIHHaA ABoraz[po

N, =6:10% Mo !

JNEKTPUUYECKUIN 3apsi)

CKOPOCTB CBETa B BAKyyMe c=3-108 m/c
KO3(HUIIUECHT MPOIOPINOHATIBHOCTH k= I _ 9-10% H-m2/Ki2
B 3aKkoHe Kyrona 4meg
MOJLYJTb 3aps/a JIEeKTPOHa (3JIeMEHTapHbIH

AYIIb 3apsi) TpOHa ( p e=1.6-10"19 K

nocrosaHasg [1nanka

h=6,6-10% Ix-c

CooTHOIIEHHUS MEKIY pa3jiinYHbIMHU ¢IMHUIIAMU

TemIeparypa 0K=-273°C

aTOMHas €MHUIIA MACChI la.e m=1,66 10727 kr
1 aToMHas eIMHNIIA MACChI SKBUBaJICHTHA 931,5 M>B

1 5EeKTPOHBOIBT 1B =1,6 10719 Jx

© MHOO 20121
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Macchbl yacTuin

oneKTpoHa  19.1-10 3 kr~55-10%a. ¢. m.
npotoHa  |1.673-1027 xr~ 1.007 a. e. m.
HEHTPOHA |1 675-10~27 kr ~ 1,008 a. e. M.
Il1oTHOCTH
BOJIBI 1000 kr/M> | TTOICOTHEYHOTO Macia 900 kr/m>
JpeBecHHBI (COCHA) 400 kr/M°  |amoMuHEsS 2700 kr/m>
KEpocHHa 800 kr/m>  |Kernesa 7800 kr/m>
pTyTH 13 600 xr/m>
YiaeabHas TEI0EMKOCTh
BOJIBI 4,2-10 3 Jox/(xr-K) AITFOMUHUS 900 JTx/(xr-K)
Ip/1a 2,110 3 Ix/(xr-K) Menu 380 x/(xr-K)
xenesa 640 Jx/(xr-K) qyryHa 500 Ix/(kr-K)
ceunna 130 x/(kr-K)

YaeabHas TeNJa0Ta

napooGpasoBanus BogsI|2,3-10 © Jh/kr

[UIABJICHUS CBUHILIA 2,5-10 4 JIx/xr

IJTaBJICHUS JIbA 3,3-10° Jx/xr

HopMmaabHbIe YCJI0BHSA

nasnenue: 10° Ila, temmepatypa: 0 °C

MoJasipuasi Macca

asora 281073 kr/moub renaus 4-1073 kr/Monb
aprosa 40-1073 kr/moub KHCIOpOJia 32:1073 kr/mob
BOJOpOJa 2-1073 kr/Momnb JINTHUS 6-10"2 xr/mMomb
BO3/lyXa 291073 kr/mob HEOHa 20-1073 kr/mMoIb
BOJIBI 18:1073 kr/moub YIIEKHCIIOro Ta3a 44-1073 kr/mob
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Yacrs 1 A4 | Ha xopMme j01KH, MOKOSIIEHCS Ha BOJE, CTOUT YeioBeK. Macca noaku M, macca
qesoBeka 7. YemoBek HaYMHAET PaBHOMEPHO JIBUTATHCS C KOPMBI HA HOC JIOJKHU CO
CKOPOCTBIO % OTHOCHUTEIBHO JIOJKA. MoOjysib CKOpOCTH V JIOJKH OTHOCHUTEIILHO
BOJIbI MOYKHO BBIYUCIIUTH 110 (hopMyJie

IlIpu evinonnenuu 3adanuini yacmu 1 6 oOnanke omeemoe Ne 1 nod nomepom
evinonnaemozo Bamu 3aoanua (A1-A21) nocmaevme 3HaK «%x» 6 Kilemouke, HOMepD
KOmOopoii coomeemcmeyem Homepy evlopannozo Bamu omeema.

Al | ABToOyc Be3€T maccaxupoB MO MPsIMOW Jopore co ckopocThio 10 m/c. TTaccaxup

PaBHOMEpPHO HJAET MO CaJoOHy aBToOyca co CKOPOCTBIO 1 M/c OTHOCHUTENBHO V= Lu )V = M u V= m u 4y = m+M u
aBTOOYyCa, JABHUTasCh OT KaOWMHBI BOAMTEINS K 3a1HE ABepu. Uemy paBeH MOIYJb m+M m4+ M
CKOPOCTH Iaccakupa OTHOCUTEIHHO A0POru?
A5 | cKkyCcCTBEHHBIN CITyTHUK JIETAaeT BOKPYT 3eMJIM 1O KpyroBoil opOure. Eciam Ha
1) 11 mlc 2) 10 w/c 3) 9 wlc 4) 1 vl OUYEHBb OOJBIIOM PACCTOSHHM OT 3€MJIM MOTEHIHAJIbHAS DHEPTUs CIIyTHHKA paBHA

HYJIIO0, TO IIOTCHIUAJIbHASA SHEPIUd 3TOTr0 CITyTHHUKA Ha )laHHOﬁ 0p6I/ITC

1) nonoxutenpHa
2) oTpULATENIbHA
A2 | Ha wMatepmampHyl0 TOYKYy Maccol m = 2Kr, HaxOMAIIyIocs Ha TJaIKon

TOPH30HTAJIBHOM  IMOBEPXHOCTHM, HAadyWHAeT JeiictBoBate cmiaa F = 1H, .

HarpaBJIeHHas BJIOJb Topu3oHTanbHOM ocu OX. Ha pucyHke nzobpaxkensl rpaguku 4) MoxKeT ObITh M060f — B 3aBUCHMOCTH OT CKOPOCTH CIIYTHAKA

3aBHCHMOCTEH IIPOCKLMIT CKOPOCTH v U yCKOpeHHust a Ha ocb OX 0T BpeMeHH 1. A6 | UroObl ypaBHOBECUTh Ha JIETKOM peiike ¢ IOMOIIBIO JABYX HEBECOMBIX OJIOKOB
OJIMHAKOBBIC TPY3bl Maccoil M KaxIplil, K HUTH, MEPEKHHYTOH uepe3 JICBBIi
OJI0K, U K OCH IIpaBOro 0JI0Ka HEOOXOJUMO IPHIIOKHTH BEPTHKAJIbHBIC CHIBI [ 1
F, (cM. pucyHOK). PaccrostHus Mexnay 4€pHBIMH TOUKaMH Ha PeHKe OIMHAKOBBI,
o 2t TPEHHE OTCYTCTBYET, HUTH HEPACTKUMBI.

3) paBHa HyIIO

V. Mle a, mle?

(%]

1.5

— i R N S

0" 1 2 3 ge 6 1 2 3 i

Kakoe u3 crneayromux yTBep>KAeHUH cripaBe1iInBo?

s naHHO# MaTepuaabHON TOYKHU MPAaBUIBHO H300pakEH

A. rpauK 3aBUCHMOCTH MPOEKIHH CKOPOCTH OT BPEMEHH; MoXHO yTBEp)KJaThb, 4TO
B. rpaduk 3aBUCMMOCTH IPOEKLIUHN YCKOPEHUS OT BPEMEHH.

1) F =2F 2) I, =2F
1) tombko A 2) Tonbko b 3)uA,ub 4) Hu A, Hu b
3) =F=Mg 4) I, —F =Mg
A7 | IlonukpucTaainyecKMMH Ha3bIBalOT Teja, KOTOPbIE
:|A3 CHla TpeHHs CKOJIbIKEHHs GPycKa O IOBEPXHOCTD CTOJIA HE 3aBHCUT 1) HaxonmATcs B TBEPJIOM COCTOSTHUM M HE UMEIOT HHUKAKOW YIOPSIOYEHHON
CTPYKTYPBI
1) OT IIOMAH COMPHKOCHOBEHHS OPYCKa H CTOIA 2) HaxoJATCsl B TBEPAOM COCTOSHHMHM M TPEJCTABISIOT COOOH OAWH OOJBIION
KpHUCTaJII

2) OT Marepuana Opycka 1 MOBEPXHOCTH CTOJIA .
. . . 3) HaxonaTCA B TBEPIOM COCTOSHUH M COCTOSIT U3 OOJBIIOTO YHCIIAa XaOTHYECKH
3) OT CHJIBl HOPMAJIBHOM PEAKIUH, TEUCTBYIOLIEH CO CTOPOHBI CTOJIA HA Opycok PACHONI0KEHHBIX MEJKUX KPUCTAIIOB

4) ot Marepuana Opycka M HOBEPXHOCTH CTOIA U OT CHIbI HOPMalbHOU 4) HAXOIATCS B KUIKOM COCTOSIHHH
peakiuu, JeHCTBYIOLIEH CO CTOPOHBI CTOJIa Ha OpyCOK
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A8 Ha AuarpaMMe 3aBUCUMOCTH HABJICHUA p UACAJIBHOIO rai3a HEU3MEHHON MacChl Al2 Ha PUCYHKE I/I306pa>1<eHa cXemMa 3HeKTpI/I‘IeCKOI>'I eI, BKJ'IIO‘IaIOH_IeI\/i HUCTOYHHUK
OT €ro TeMIICpaTyphbl T I/I306pa)KeHI>I YCThIPpE COCTOSIHMSA OTOIr0 rasa. INOCTOSIHHOI'O TOKa, HI[eaHLHLIfI BOJIBTMETpP, KIHOY W PE3UCTOP. Iloxa3zanue
MakcumanbHbli 00bEM ra3 3aHUMAET B COCTOSHUU BOJIBTMETpA IpHU 3aMKHYTOM KJIHOY€ B 3 pa3a MEHbLIC, YEM IMOKa3aHUE BOJILTMETpPA

P : IIpyu Pa30OMKHYTOM KIJTHOYEC.
i-f .‘{
1 14

11 2) 2 4) 4 MoskHO yTBepKaaTh, YTO BHYTPEHHEE CONPOTUBIIEHUE HCTOUHUKA TOKA

A9 | [Ipu AMHAMUYECKOM PAaBHOBECUH MEKIY KUAKOCTHIO M €€ HACBHIILICHHBIM MapOM 1) B 3 pasa GOJbIIIE CONPOTHBICHHS PE3HCTOPA
2) B 3 pa3a MeHbLIEe COIPOTUBJICHUS PE3UCTOpa
3) B 2 paza Oouibliie CONPOTUBIICHUS pE3UCTOpa
4) B 2 paza MEHbIIIE COMTPOTUBIICHHUS PE3UCTOPA

1) KOHJEeHcanus U UCIIaPEHHUE HE ITPOUCXOIAT
2) KOHJEHCAIHMs IPOUCXOIUT ObICTpee NCTIapEeHNUs
3) KOHJEeHcalus MPOUCXOANUT MENJICHHEE UCTIAPEHUS

4) KOHJEHcalus UJIET C TAKOH K€ CKOPOCThIO, UTO U HCIIApEHUE . .
Al3 HepBoe KOJIBIIO CAEJIaHO M3 MEIHOM IIPOBOJIOKH, a BTOPOC — M3 aJIIOMHHHEBOMU.
E Ha pucyrke m3oGpakensr qsa mukmmaeckux mpomecca | — 2 —>3 — 4 —> lu Pagnyc nepBoro xombiia B 2 pa3a OoJblIe paanyca BTOPOTo. MarHUTHBIH MOTOK
5 565758 -5 yepe3 KaxJ0e U3 KoJlell paBHOMEpHO wu3MeHsiercs Ha 3 BO 3a 1c. Moxno

: p YTBEPKAATh, 9TO

L
]
e

_ 1 | 1) yepe3 KoNbLIA MPOTEKYT OAMHAKOBBIEC SJIEKTPUUECKUE 3PS bl
6 8 . .

- ! 2) B KOJbIIax OyJeT NpOTeKaTh OJAWHAKOBbIA HHTYKIIMOHHBIA TOK
3) B xombIax OyJeT HaBOAUThCS oanHakoBas DJ]C uHIyKIMN

0 v 4) Bce Tpu MPUBEIEHHBIX BHIIIE YTBEPIKICHUS Oy/1yT NUCTUHHBI

Kaxoe n3 cnenyromux yTBEp AeHNUN CIIpaBeJINBO?

A. Pabora rasa B ciydae mukindeckoro mpomecca 1 — 2 — 3 — 4 — 16onbiie, .
Al4 | B koneGaTenbHOM KOHTYpE, EMKOCThL KOHAEHcaTopa KoTtoporo pasHa 20 MKD,

4yeM paboTa rasa B Ciiydyae HUKIMIECKOro mpomeccad —> 6 — 7 — 8§ — 5.
o OPOUCXOSIT ~ COOCTBEHHBIC — DIEKTPOMATHHUTHBIC — KOJleOaHWsl.  3aBHCHMOCTh
B. VI3MeHeHre BHYTPEHHEH SHEPruH rasa B pe3ysbTaTe IMKINYECKOro mpoiecca
o HAMpPSDKCHHUsT HA KOHJCHCATOPE OT BPEMEHH ISl 9TOT0 KOJIeOATeNbHOr0 KOHTYpa
1 >2—>3—>4—> 10onpme, dYeM W3MEHEHHE BHYTPEHHEH OHEpPrum rasa
umeer Bun U = Uycos(500¢), rae Bce BenmumHbl BhIpaxkeHbl B exuHuiax CH.
B pe3yJbTare MUKJINYECKOro mpoieccad — 6 —> 7 — 8 — 5.
NHIyKTUBHOCTD KATYIIKH B 3TOM KOJIEOATEILHOM KOHTYPE PaBHA
1) Tompko A 2) Tonbko b 3)yuA,ub 4) au A,un b
) ) ) mA, ) H A, 1) 12,5 Ml 2) 02Tn 3) 25T 4) 100 Tn
A11 | st Toro 4ro0bl yMEHBIIUTH SJICKTPUUCCKYI0 EMKOCTh IIOCKOTO KOHJIEHCATOpa,
MEX/Ty IUIACTUHAMH KOTOPOTO MOMEIIEH THANEKTPHUK, HYKHO A15 | [lony4uTs MHAMOE MIPSIMOE YMEHBIICHHOES H300PaKCHUE MOXKHO C TOMOIIIBIO
1) yBEIMYUTH PACCTOSHUE MEXKIY €TO IUIACTHHAMU 1) mockoro 3epkana
2) YMEHBIIUTH IUIOMAAb MNIACTUH 2) pacceuBaroIlei JTUH3bI
3) u3BJICYb U3 IPOCTPAHCTBA MEXKIY IIACTHHAMU TUIJICKTPUK 3) coOuparomieii JIHH3bI
4) mpopenaTh J00YIO U3 TEPEUUCIICHHBIX BBIIIE OMEePAIlHii 4) nr000Tr0 U3 MEePEYUCICHHBIX OITHYECKUX IPHOOPOB
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AOGCONMOTHBIN TIOKa3aTelb MPEJIOMIICHHUS BellleCTBa

Al7

Al8

A19

A20

1) Bcerna Gounblle eUHUIIBI
2) Bcerja MeHbIIE eIHHIBI
3) MoXeT ObITh PaBeH eUHULE
4) MoXeT OBbITh PaBeH HyJIIO

CKOpOCTh pacnpocTpaHeHus] GOTOHOB B BaKyyMe

1) OGoble CKOPOCTH CBETa B BaKyyMe
2) MeHblIIe CKOPOCTH CBeTa B BaKyyMe
3) paBHa CKOPOCTH CBETa B BaKyyMe

4) MeHbIlIe CKOPOCTH CBETA B BEILECTBE

Bokpyr sinpa atoma obpamarotcs 12 3JIeKTpOHOB ¢ 3apsgoM —€ Kaablid. MoHO
yTBePXKIaTh, 4TO 3JEKTPUUSCKUH 3apsi/ SApa 3TOr0 aToMa

1) -12e
2) +12e

3) mo Moayo Goinbine +12€
4) mo moxyio MeHblie +12e

B cocrtaB atroMHOTrO siipa HE BXOIST

1) onexTpOHBI

2) IpPOTOHBI

3) HEHTPOHEI

4) TIPOTOHBI U HEUTPOHBI

Bpycok IIeKHT Ha TOPU3OHTAIBHON AepeBsSHHOW nocke. JIOCKY Ha4yaid MeJIeHHO
HaKJIOHATH W 3aMeTHIIH, YTO OpyCcOK Hadall COCKalIb3bIBaTh ¢ Heé B MOMEHT, KOrjaa
Jocka cocTaBisuia ¢ ropuzoHToM yron 30°. TouHOCTh M3MepeHHs yrjla COCTaBIseT
+2°. DTOT ONBIT CBUAETEIBECTBYET O TOM, ITO KOI(DPHUIIEHT TPEHHUSI OpyCcKa 0 JOCKY

1) =0,58

2) nexwur B auanaszone ot =~ 0,570 =~ 0,59.
3) nexut B auanasone ot =~ 0,4510 =~ 0,71.
4) nexwut B quanasoHe oT = 0,53 10 = 0,62

© MHOO 2012r.

Omsuka. 11 xmace Bapuanr 4

IIIKONBHUK IKCHEPUMEHTHUPYET C JIAMIIOH HaKalWBaHUS IJI KapMaHHOTO (oHaps —

noJaéT Ha He€ pa3MyHble HAPSHKEHUSI U M3MepsIeT CHITY MPOTEKAIOIIETo Yepe3 JaMITy
MOCTOSIHHOTO DJIEKTPHYECKOTO TOKa Pe3yibTaThl €ro H3MEpeHWi MpHUBEJEeHbI B
TaOIuLIE.

Hanpsoxenue U, B. 5 4 3 4 1
Cuna toka |, MA. 200 174 150 125 91

Kaxkoii BEIBOI MOXET clieNiaTh MIKOJIBHUK U3 CBOUX HAOIONEHUN?

1) COIIPOTHUBJIICHUE HUTHU JIAMIIOYKHU C YMEHBIIICHUEM HAIIPSIKCHUS YBECIININBACTCS.

2) COIIPOTHUBJIEHUE HUTHU JIAMIIOYKHU C YMEHBIICHUEM HAIIPSKECHUS YMEHBIIACTCS

3) COITPOTHUBJICHUE HUTH JIAMIIOYKH C YMEHBIICHUEM HAIIPSXKCHUS HE UBMCHACTCSA

4) CBA3b MEXKAY CONPOTUBJICHUEM HUTH JIaMIIOYKHW W HaIPSOKEHUWEM Ha Hel

OTCYTCTBYET.

© MHOO 2012r.
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Yactp 2

Omeemom K 3a0anuam moi yacmu (B1-B4) aenaemca nociedosamenvHocms yugp.
Bnuwiume omeemuvt chauana ¢ mexkcm paoomol, a 3amem HepeHecume UX 6 ONAHK
omeemos Ne ] cnpaea om Homepa coomeemcmeyouezo 3a0aHus, HAYUHAA ¢ NePeoil
KJ1emouku, 0e3 3anamvlx, npodenos u KAKux-auoo OOROIHUMENAbHbIX CUME0]I06.
Kasicoyro yugppy numume 6 omoenvHoll Kiemouke 6 COOMEENCMEUN ¢ NPUEEOEHHBIMU
6 Onanke oopazuamu.

B1 | Oren mocaani Ha Kavennd MIIAANIYIO J0Yb U pacKadyaa Kadesd 10 aMIutaTy sl 30°.
3areM OH OCTaHOBWJI KadelM, IOCAJuJ Ha HUX BMECTO JOYEpU CTapLIEro ChIHA,
Macca KOTOporo OoJjblle Macchl AOYEPH, M CHOBA packayall Kadeiau 10 TOH ke
ammuTyapl. Kak mpu 3TOM M3MEHWIHCH ClleAyloliue (U3UYecKue BeTUYHHbI:
MaKCUMajibHasg TOTCHUHUAIbHAs SHEPrusl Kayaroumerocs peOEHKa OTHOCHTEIbHO
MIOBEPXHOCTH 3€MJIM, CKOPOCTh Kaueled NpH NPOXOKIECHHH HMH IOJIOKEHHUS
paBHOBECHs, MaKCHMaJlbHasl CHJIa JaBJICHUS Kadaloulerocss peOEHKa Ha CHICHBE
Kauenen?

J1 KayKnod BENNMYMHBI ONIPEIENUTE COOTBETCTBYIOIINN XapaKTep N3MECHEHUS:

1) yBenuuuiacs;

2) yMeHbIINIIACh;

3) He U3MEHMIIACH.

3anumure B TaOnMIly BhIOpaHHBIE HUMPBI IS KaXKI0W (PU3NUECKON BEIUYHHBI.
Ludpsl B 0TBETE MOTYT MOBTOPATHCS.

PU3NYECKUE BEJIMYNHbI X UISMEHEHUE

A) MakcuMajlbHasi IIOTEHLHAJIbHAs DHEpPrus Kadaro- 1) yBenuumiiach

merocAa pC6éHKa OTHOCHUTCJIIBHO MTOBEPXHOCTH 3€MJIU 2) YMEHBIIHIACh

B) cxopocTh KkaueneW INpH MPOXOKICHUH HMHU IOJIO-

3) He u3MeHUIach
JKCHUA PaBHOBECHUA

B) makcumanbpHasi ~CcWia  JaBJICHUS  KayaromIerocs
peOE&HKa HA CHICHBE Kaveleh

A b B

OtBer:

© MHOO 20121
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B2 | B 3amasiHHOM HMJIMHIPUYECKOM COCYJC HAXOIWTCS HACAIbHBIA Ta3, KOTOPOMY
COOOIIAI0OT HEKOTOPOE KOJIWYECTBO TEIUIOTHL. Kak B 3TOM mpoliecce M3MEHSIOTCS
cieayrwomme (uU3NYeckne BEIWYHMHBL: BHYTPEHHSS OJHEprHs Ta3a, CpemHss
KHHETHYECKas DHEPTUsl XaOTHUYECKOTO JIBM)KEHHSI MOJICKYJ ra3a, KOHIICHTpAIlWs
MoIeKkyn?

Jlist KaxK 0¥ BETMYHHEI ONIPEIICIUTE COOTBETCTBYIOIIMH XapaKTep U3MCHCHNUS:

1) yBenmmuuBaeTcs;

2) yMEHbIIACTCS;

3) HEe U3MEHseTCsl.

3anumuTe B TAOMMIy BBHIOpaHHBIC UQPBI U KaXKIOW (U3NYECKOW BEITUYHHBL
Ludpsl B OTBETE MOTYT ITOBTOPSATHCA.

OUBNYECKUE BEJIMYUHDI

A) BHYTPEHHsS SHEPTHUS Ta3a

X USMEHEHUWE

1) yBenuuuBaercst

B) cpenHssa KuHETHYECKask PHEPTUS XA0TUYECKOTO ABU-  2) YMEHBUIAETCS

JKCHHUA MOJICKYIJI ra3a 3) He M3MCHSICTCS

B) KxoOHLEHTpaLus MOJIEKYI

A b B

OtBer:

B3 | IsyM MeraminMuecKuM IUTACTHHAM IUIOMIAIbI0 S KaXIas COOOLIMIM PaBHbIE I10
MOJIyJI0, HO TIPOTHBOIMOJOXKHBIE 10 3HaKy 3apsiasl +Qu —(Q. IlnacTussl
PACHONIOKIIIN Ha MaJIOM PACCTOSHHH d IpyT OT Apyra. Y CTaHOBHTE COOTBETCTBHE
MEXKTy (GU3MIECKUMH BEIMYMHAMH W (OpMyJaMH, TO KOTOPBIM HX MOKHO
paccuntaTh. K Kakmo# mo3unmu mepBoro CToda Nog0epuTe COOTBETCTBYIONIYIO
MO3UIMIO BTOPOTO U 3alHIINTe B TaONWIly BHIOpaHHBIE IU(PBI  IOT
COOTBETCTBYIOIUMHU OYKBaMH.

DOPMY.JIbI OUBNYECKHUE BEJINYUHDBbI
A) Qd 1) HanpsHKEHHOCTD AJIEKTPUUECKOTO TTOJIST MEXTy TIaCTUHAMU
& 0 S 2) Pa3HOCTb MOTEHIMATIOB MEXKY TUIACTUHAMU
3) €MKOCTb CUCTEMBI, COCTOSILLEH U3 ABYX TAKUX IIACTUH
4) DHEPrUsl DICKTPUYECKOrO TOJIs, 3AKIKOYEHHOIO  MEXKIY
2
b) O d 3TUMH IUIACTUHAMU
26,8
A b
OrtBer:

© MHOO 20121



@usnka 11 xmace Bapuant 4 13

B4 | IlIkonpHHUK MPOBOIAMT IKCICPUMEHTHI C KATYHNIKONH WHIYKTHBHOCTH, HMEIOIICH
HEKOTOPOE CONPOTHUBIICHUE. YCTAaHOBUTE COOTBETCTBHE MEXKAY (PHU3HUSCKHUMHU
MpoIeccaMi M COMPOBOKIAONIMMU WX (pusmdeckuMu siBrieHHsAMHU. K kaxmon
MO3ULUM TEPBOro CTOJIO0LA MOAOEPUTE COOTBETCTBYIOLIYIO MO3HMLUI0 BTOPOIO U
3anuIInTe B TaONUIy BhIOpaHHbIE LU(PHI 0] COOTBETCTBYIOUIMMU OyKBaMH.

INPOIECC ABJEHUE

A) NOACOENUHEHHE BBIBOJOB KaTyIIKM 1) BOSHUKHOBEHHE IIOCTOSHHOTO
HUHJIYKTUBHOCTH K OOKIaJKaM 3aps- OJIHOPOZHOTO JIEKTPUYECKOTO
JKCHHOT'O KOHJICHCATOPa oJIst

b) mopcoenuHeHue BBIBOJOB KATYHIKM  2) BO3HUKHOBEHHME IIOCTOSIHHOTO
UHJIYKTUBHOCTH K IIOJIFOCAM HCTOY- IPABUTALIMOHHOTO OJIS

HHKA TOCTOAHHOTO HAMPKCHHA 3) BO3HHKHOBEHHE IOCTOSTHHOTO

MAaravTHOI'O ITOJIsA

4) BO3HUKHOBEHHME DIIEKTpOMAr-
HUTHBIX KOJeOaHui

OtBer:

Yacrts 3

3aoanua uacmu 3 npeocmagnnaiom coooii 3aoauu. Pexomendyemcs npogsecmu ux
npedeapumenvroe peutenue Ha uepuosuxe. Ilpu ewvinonnenuu 3adanuini A22-A25
6 onanke omeemog Ne 1 noo Homepom evinonnaemozo Bamu 3a0anua nocmasvme 3HaK
«X» 6 Knemouxe, HOMEpP KOMOPOIU COOmeEemcmeyenm Homepy 6vlopannozo Bamu
omeema.

A22 | Ulapuk, 3akperui€HHBIA Ha JETKOM HEpacTsHKUMOW HUTH JumHOM / = 60 cM,
PaBHOMEPHO ABMXKETCS MO OKPY>KHOCTH, JieKallleil B TOPU30HTAJIbHON IUIOCKOCTH.
IIpu »TOM HHTH 00pa3zyeT ¢ BepTHKaNbO yron o = 60°. Omnpenenure MOAYIb
CKOpOCTH LIapHKa.

1) 12 m/c 2) =3,5m/c 3) 3m/c 4) =2,6 m/c

E B cocyne o6béMom 1 1 HaxoauTCS 102! MOJIEKYJI OJHOATOMHOT'O UAECAIBHOTO Trasa.
Cpenusisi KMHETHYECKas HSHEpPrusl TEIUIOBOrO JBMIKEHHUS MOJIEKYJbl Taza paBHa

3-1072! JIx. UeMy paBHO JaBJieHUE B 3TOM cocye?

1) 1«lla 2) 2 xlla 3) 3klla 4) 4,5 xlla

© MHOO 20121
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A24 | Ha oaHoil mpsiMoil Ha OIMHAKOBOM pPAacCTOSHUM JPYr OT Apyra paclolOKEHbI
TOYEYHbIE MOJNOKHUTENbHBIE 3apsibl +( ,, +0p ¥ TOUYEUHBIH OTPULIATENBHBIA 32PN

—Qc (em. pucyHok), npuuém sapsusl Oy n Q- paubl mo moxymo. Ilpu Takom

PacIIONIOKEHNUHU 3apsiioB HANPsDKEHHOCTD JIEKTPUUECKOro moiis B Touke O paBHa
HyJ10. Onpezennre oTHOUIEHHEe MOAYJIst 3apsina Op K MOAyIio 3apsina (.

O O -0
......... cl} e i i (? i ...__...?t__._...._.. L f(_)___

A

1) 15 2) 4,5 3) 6,75 4) 11,25

A25 | llpeamer pacrionoskeH Ha paccTostHUK 12 ¢cM oT coOuparomeit JUH3bI ¢ (POKYCHBIM
paccrosiHueM 8 cM. JIMH3Y 3aMEHWIN Ha IPYTYI0 COOMPAIOITYIO JHH3Y ¢ (DOKYCHBIM
paccrosiHueM 6 cM. Ha KakoMm pacCTOSIHUM OT HOBOW JIMH3BI HY)KHO PacIOJIOKUTHh
MIPEeIMET TSl TOTO, YTOOBI YBEITUUEHHUSI B 000OUX CIydasX ObUIH OJIMHAKOBBIMU?

1) 9cm 2) 4cMm 3) 6cMm 4) 2 cMm

He 3a06y0bme nepenecmu éce omeemul 8 O1aHK omeemos Nel.

Ilonnoe pewenue 3aoau CI1-C6 neodxodoumo 3anucamo é dranke omeemos Ne 2. Ilpu
ohopmnenuu pewienusn ¢ onanke omeemos Ne 2 3anuwmiume cHauana HoOMep 3A0AHUA
(Cl, C2 u m. 0.), a 3amem peuwienue coomeemcmeyouieii 3aoauu. Omeemuvl
3anucvléaiime 4émKo u pazoopuueo.

C1 | U3BecTHO, 4YTO CKWKECHHbIE Ta3bl C HH3KHMH TeMIepaTypaMd KHUIICHHS TMPH
HOPMAaJbHOM JaBJICHHM (HAampuUMep, METaH, a30T, KHCIOPOJ, BOJOPOJ, TEIHi)
HENlb3s XPaHUTh B TEPMETHYHO 3aKPBITBIX COCYHaX, OaKe C€CIIM OHH HMMCIOT
XOPOIIYI0 TEIUION30MAIKI0. [IpH XpaHEeHHWH B OTKPBITBHIX TEIIOU30JHPOBAHHBIX
cocy/lax, COOOIIAIONIMXCS C aTMOC(epoil, MOTepu TaKUX ra30B Ha HCHApEHUE,
OTHECEHHBIE K €OUHHUIC 00bEMa JKMIKOCTH, TEM MEHbIIE, YyeM OoJblie 00BEM
cocya.

OOBSICHUTE NPUYUHBI  BBIIMICH3JIOKEHHOTO, OCHOBBIBAsCh Ha  HM3BECTHBIX
(hM3NYeCKUX 3aKOHAX U 3aKOHOMEPHOCTSIX.

© MHOO 20121
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Ilonnoe npasunvhoe pewrenue kaxcooi usz 3aday C2—C6 00sicho cooeprcamn 3aKOHbBL U
opmynel, npumenenue KOmMopwvIx HEOOXOOUMO U OOCMAMOUHO O peutenus 3a0auu, a
makoice mamemamuyecKkue npeodpasz06anus, pacuémol ¢ YUCIEHHBIM OMEEMoOM U npu
Heo0X00uMocmu pucyHoK, NOACHAOWUIL peuleHue.

C2 | Ha rmajkoil ropu30HTalbHON IUIOCKOCTH JIeXKAaT JBa Ipy3a Maccamu mj = 1 Kru
My = 2 KI, COCIMHEHHbIE HEBECOMOM HEPACTSLKMMOW HHTBHIO, IIEPEKUHYTOH depes
JBa HENoJIBWXHBIX (4 u B) u oauH mnojBWXHBIH (O) HeBecoMmble OJIOKH, Kak
MOKa3aHO Ha pucyHke. Ocu OJOKOB TOPU3OHTANbHBI, TPEHUS B OCSX OJIOKOB HET.
Kocu O noasmwkHOro Ooka MpuiIoKeHa HEKOTOpasl HalpaBlieHHAs BEPTHKAILHO
BHU3 CWJIa, B pe3yibrate 4ero ocb O [BMXKETCS C yCKOpeHHeM dg = 3M/ 2.
Haiigure moayns F 3toil cuibl. CaenaiiTe cxeMaTHUECKUH PUCYHOK C yKa3aHUEM
CHII, ISHCTBYIONINX HA TPY3bI U OJIOK.

m, 11t

dy

C3 | Hag ogHuMm MoieM HIEaJbHOTO OXHOATOMHOIO rasa MpoBend mporece 1-2-3,
rpaguK KOTOpOro mnpuBeA€H Ha pPHUCYHKe B Koopaunarax V/V, m p/p,, rme

V1 1M u Py =2-10° TIa — 00BEM U naBjeHHue rasza B cocrosHnu 1. Haiimure

KOJIMYECTBO TEIUIOTHI, COOOIIEHHOE T'a3y B JAHHOM Iporecce 1-2-3.

Y M

—_— s

VIV,

© MHOO 20121
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C4 | B uenu, cxema KOTOpOi n300pakeHa Ha PUCYHKE, BHAYAJIE 3aMBIKAIOT KIHOY K, a

3aTeM, CIyCTs JUIMTeNbHOE Bpems, Kimod K, . M3BectHo, uro mocie storo wepes
k04 K, mporék 3apsia, paBHbI 110 MO0 Ag = 4 mxKn. Yemy pasua DJIC £
MCTOYHMKA TOKa, ecnmd Ry =2 Om, R,=3 Owm, C,=1wmx®, C,=2 mxd?
Hcrounuk cuntaiite ucaibHBIM.

K,

i

C5 | B momamHem pamuonpuéMHHKE, TPUHUMAOIIEM CHUTHANl B JHMANa3oHaX JJTMHHBIX,

CpPEeHUX W KOPOTKHX BOJH (UIMHBI BOMH A OoT 13 M mo 2600 M), mepeMeHHBIH
KOHJIEHCATOpP BXOJHOI'O KOJE0AaTelIbHOr0 KOHTYpa MOXKET HU3MEHATh CBOIO
éMkocth C oT 50 n® no 500 n®. B kakux MHHHMAIbHBIX MpEAeNax NpU STOM
JIOJKHBI MEHATBHCSI MHAYKTUBHOCTH L KaTyIIeK 3TOro KOHTypa?

C6 | Ilpm manbix koieOaHUSIX ¢ aMIUUTYIOH 4 =5 ¢cM BOJIM3H TOJIOKEHUSI PAaBHOBECHS

MATEMaTHYECKOTO MAasTHHKA MOIYJb CHJIbl HATSDKCHHS HHTH, HA KOTOPOM
MOJIBEIIICH TPy3uK Maccoit m = 100 r, mensercs B mpenenax ot 7 go T+ AT, tioe
AT =15MH u AT << T. KaxoBa jnunHa [ HuTH MasTHUKa? TpeHue He yunuThIBaiTe.
Ilpu pemeHuw 3agadd  y4TUTE, YTO JUISI MAJBIX YIJIOB 0 CIPaBEIJIUBO
npuOIIKEHHOE PaBeHCTBO Sina =~ . Crenaiite cXxeMaTHYeCKUil PHUCYHOK
C YKa3aHUEM CHUII, ICHCTBYIOIIUX HA TPY3HK.

© MHOO 20121



Odusnka.

11 xnace

OTBeThI K 3aJaHUSAM € KPAaTKHM OTBE€TOM.

Bapuanr 1.

Noe zaganus. OTtBer. Ne zamanus OTtBer.
Bl 131 B3 24
B2 112 B4 41

OTBeTBI K 32IaHHSIM ¢ KPATKHM OTBETOM.
Bapuanr 2.

Ne zaganus. OtBer Ne zapanus OTtBer.
Bl 232 B3. 12
B2 113 B4 43
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Odusnka.

11 xnace

OTBeThI K 3aJaHUSAM € KPAaTKHM OTBE€TOM.

Bapuanr 3.

Noe zaganus. OTtBer. Ne 3ananmus. OTtBer.
Bl 232 B3 12
B2 112 B4 41

OTBeTHI K 32IaHUSIM ¢ KPATKHM OTBETOM
Bapuanr 4

Ne zaganus. OtBer Ne zapanus OTtBer.
Bl 131 B3 24
B2 113 B4 43
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Kpurepun ouennBanus 3a1anmii ¢ pa3BéPHYTHIM 0TBETOM

W3BecTHO, YTO CXKIIKCHHBIC Ta3bl C HHU3KHMH TEMIIEpaTypaMH KHIICHHS IPH
HOPMAaJIbHOM JaBJICHHHU (HAmpUMep, METaH, a30T, KHUCIOPOJ, BOJOPOJ, TEJIHi)
HENb3s XPAHWTh B TEPMETHYHO 3aKPBITBIX COCYyJaX, Ja)e eCIH OHH HMEIOT
XOPOIINYI0 TEIUIOU30JIAIKIO0. [IpH XpaHEHWH B OTKPBITBHIX TEIIIOM30JIHMPOBAHHBIX
cocyliax, COOOMIAIOIIUXCS C aTMOC(epod, MOTepH TAKMX Ta30B HAa HCIApeHHE,
OTHECEHHBIE K equHuIle 00BEMA JKMIKOCTH, TEM MEHBIIE, Y4eM OO0JbIIe 00BEM
cocyna.

OOBsICHUTE TIPUYMHBI  BBINICH3JIOKCHHOTO, OCHOBBIBASICH Ha  H3BECTHBIX
(hU3NYECKUX 3aKOHAX U 3aKOHOMEPHOCTSIX.

Bo3moskHOe pemienne

1. Jaxe mpu XOpomiew TEMIOU30AINNA HEBO3MOYKHO TIOJHOCTBHIO YCTPaHUTH IOIBOJ
TCIJIOTBI K CXKWKCHHBIM Ta3aM C HHU3KHUMH TEMIICpAaTypaMu KUIICHUSA YEPE3 CTCHKU
COCYJIOB, TIOCKOJIbKY TEMIIEpaTypa OTHX Ta30B 3HAYUTEIBHO HIDKE TEMIIEPaTyphl
OKPYKaIOIIEH CPeJIbl M CYIIECTBYET SIBJICHHE TEILIONPOBOIHOCTH.

2. Temmora, mocTymaromast Yepe3 CTCHKH cOocy/1a, PACXOAyeTCs Ha HCIapeHUE CKIKEHHOTO
rasa, mpuIéM 00BEM MOTYUHBILIET0Cs ra3a BO MHOTO pa3 IPEBbIMaeT 00bEM HCIIapuBIIeiics
KHIKOCTU. [109TOMY B repMETHYHOM COCY[e JaBjeHHe OyAeT MOCTENCHHO BO3pacTarh, U
cocyZl B KOHIE KOHIOB B30pBETCA. [lo 3TOM mNpUUMHE CHKMKEHHbIE TIa3bl XpaHST
B OTKPBITHIX TEIIOU30JIMPOBAHHBIX COCYIaX, COOOMIAIONMIMXCS ¢ aTMOChepoil.

3. [Ipu maHHOW Pa3HOCTH TEMIIEPATYP U TEIUIONPOBOJHOCTA CTEHOK KOJUYECTBO TETUIOTHI,
MOJIBOJIMIMOM B €IMHUILY BPEMEHH K COACPKUMOMY COCY/a, IPOMOPIHOHAIBFHO TUIOIIAIN
€ro CTEHOK, TO €CTh KBajpaTy JIMHCHHBIX pa3MepoB cocynma. B To ke Bpems Mmacca
’KUAKOCTH TIPOTIOPIIMOHANBHA ee 00BEMY, TO ecTh KyOy JMHEHHBIX pa3MepoB COCYHa.
[TosToMy ¢ yBeNMUCHHEM Pa3MEpPOB COCYAA MOTOK TEIUIOTHI, MPUXOJSIIUICS Ha CIUHUILY
00bEMa JKUIKOCTH, YMEHBIIACTCS, M COOTBETCTBEHHO YMEHBIIAIOTCS OTHOCHUTEIBHBIC
MOTEPH Ta3a Ha UCIIapeHHE.

Kpurtepumn oneHKu BbINOJIHEHHUA 3aJaHUS Baniasl

[lpuBeseHO TONHOE MPaBHIBHOE PEHICHWE, BKJIFOYAIOIICE IMPABUIIBHBIA OTBET
(B maHHOM cityyae 1. 1-3) U HCUepIBIBAIONINE BEPHBIC PACCYKICHHS C yKa3aHHEM
HaAOJI0JaeMbIX SIBJICHHH W 3aKOHOB (68 OAHHOM clyude — ONUCAHUE NPOYEecCO8 3
MenionpoGOOHOCMY U UCNAPEHUsl, d MAKNHCe BO3MOICHbIX —NOCIeOCMEUll
2epmMemu3ayuu  cocyoo8 CO CICUICEHHBIMU 2a3aMU U NPUHUHbL YMEHbUIEHUs]
nomepsb HA UCNAPeHUe Npu YEeauyeHul pasmepos cocyod).

VYkazanbl Bce HeoOXomuMmble Ui OOBSICHEHHMsS  SIBIEHMS M 3aKOHBI,
3aKOHOMEPHOCTH, W JIaHO NpaBHIbHOE OOBSCHEHHE, HO COJCPIKUTCS OAMH U3
CIIEAYIOIINX HEIOCTAaTKOB.
B npexacraBieHHBIX 3amucsaX coAepXKarcs JHIIb OOIMe pacCykaeHus 0e3 2
MPUBS3KH K KOHKPETHOM CUTYaIlUH 3a/1a4H.

W
PaccyxneHusi, pUBOASIIME K OTBETY, MPEJCTABICHBI HE B TIOJIHOM 00bEME, WIIN

B HUX COACPIKATCA JIOTUICCKUC HEIOYETHI.
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[IpencraBiens! 3anMucy, COOTBETCTBYIOIINE OAHOMY U3 CIEAYIONINX CIy4YacB.
VYka3aHbl He Bce HEOOXOAMMBIC SIBICHUS M (PU3NYECKHEe 3aKOHBI, JaXKe €CIIH JaH
TIPaBWJILHBIA OTBET Ha BOIMPOC 33/IaHUS.
NI
YkazaHbl Bce HE0OXOAUMBIE SBJICHUS U (PU3NYECKHe 3aKOHbBI, HO B HEKOTOPBIX M3
HUX JIONyIleHa OlMOKa, Jake eI JaH NPaBUIbHBIN OTBET Ha BONPOC 3a1aHHS.
Wi
Vka3zaHel Bce HEOOXOOWUMble sl  OOBSICHEHMS SIBICHHA M 3aKOHBI,
3aKOHOMEPHOCTH, HO MMEIOIINECS PACCYKICHMs, HAIpPaBICHHBIE HA IOJIyUYEeHUE
OTBETa Ha BOIPOC 33JaHUs, HE JOBEJICHBI 10 KOHIIA.
NN
VYkazanel Bce HEOOXOIWUMBIE Uit  OOBSICHEHHs  SIBJICHHS W 3aKOHBI,
3aKOHOMEPHOCTH, HO UMEIOIINECS PacCyKICHHS, TPUBOSIIINE K BEDHOMY OTBETY,
COJIepPIKAT OIMINOKH.

Bce cnyvan pernreHusi, KOTOpbIe HE COOTBETCTBYIOT BBINICYKa3aHHBIM KPUTEPHIM 0
BBICTaBJICHHUS OIICHOK B 1, 2, 3 Oaia.

Maxcumanvhoiil 6ann 3

Ha rnaakoil ropu3oHTaNBHON TUIOCKOCTH JIEKaT JiBa Ipy3a maccamu m; = 0,5 kr u
My = 2 KT, COeTMHEHHBIE HEBECOMOM HEPaCTSHKUMON HUTBIO, IEPEKHMHYTOH depes

JIBa HENOJBMXHBIX (A m B) m oguH moaBwxHBIA (O) HEBecoMble OJIOKH, Kak
MOKa3aHo Ha pucyHke. OcH OJIOKOB TOPU30HTAIBHBI, TPEHHS B OCSIX OJIOKOB HET.
Kocn O mnoasmwkHOro OI0OKa NPHIOKECHA HANpPABICHHAS BEPTUKAIBHO BHU3
cuna F' = 4H. Haiinute yckopenue 3Toi ocu. Crenaite cXxeMaTHUYeCKUH PHCYHOK
C YKazaHUeM CHJI, JeHCTBYIOLIUX Ha IPy3bl U OJIOK.

i, iy
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Bo3mo:xHoe peieHue

Hapucyewm cunsl T HaTsDKeHUS HUTH, OJIUHAKOBBIE, m,
B CHJIy YCIOBHA 3aJadd, BJIOJIb BCEll HUTH U 0 |._§
JeHCTBYIONIME Ha TPy3bl B 00K O (CM. pUCYHOK). |
Beeném cuctemy koopauHar XY, Kak I0OKa3aHO Ha i
pUCYHKE, W 3allilIeM YpPaBHEHHUS IBW)KCHUS

TPy30B B IIPOCKINH Ha OChb X: s

mya, = T, mya,=-T.

F
B cuny nerecomoctu 6sioka O umeem F=2T, umu T = —,

B cunmy nepacTsbkuMocTH HUTH (AMHOW L) W HENMOJABMKHOCTH OJokoB A u B (ux
KOOP/IMHATBI X , M X p MOCTOSHHBI) MMEETCs CICAYIOIIas KHHEMaTHYECKas CBSI3b MEXIy

KOOPJMHATAMH X| U X, IPYy30B U KOOPAMHATOM Y, Oioka O (31ech r — paauyc 610K0B 4 u
B, R — paauyc 6noka O):
X =X txy,—xptwr+aR+2y,=L,

i ise

Xy —xy 2a0 = const.

2
at o
OTCIOI[a, TaK KaK x = ——, [IOJIy4acM CBA3b YCKOPCHHUU!
2

a27a1+2a0=0.

Pemraem 3alIMCaHHYI0 CUCTEMY ypaBHEHI/Iﬁ " NOJIy4aeM OTBET:

F F a—a F m+m
ap= —,ay=———,d) = H = 205 m/c?.
2m1 27’1’12 2 4 mymy
Otser: q() = E St my 2,5 m/c?
myny
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KpnTepnn OLICHKH BbINOJIHCHUSA 3a1aHUA

Bajiasl

[IpuBeaeHO MOJTHOE pPElIeHNE, BKITIOYAIOIIEE CIISTYFOIINE DICMEHTBI:

I) 3amicanbl MOJIOKEHUST TEOPUH M (PU3MUYECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
MPUMEHEHUE KOTOPBIX HEOOXOIMMO JIJIsl PEIICHHUS 3aJ1a4i BEIOPAHHBIM CIIOCOOOM
(6 Ooanmnom ciyuae — ypasHenus O8UNCEHUsl 2pY306 U OIOKA 6 NPOeKYusixX Ha
8b1OpaHHbIE OCU KOOPOUHAN U YPAGHEHUE KUHEMAMUYEeCKOU C853U O/ YCKOPEeHUll
mein),

II) onucanbsl Bce BBOAMMBIE B pelIEHMH OYKBEHHBbIE 0003HA4YEeHHUS (PU3MUECKUX
BEIMYHMH (32 UCKIIOUEHUEM, B03MONCHO, 0003HAUEHULl KOHCMAHM, VKA3AHHbIX
6 sapuanme KUM, u 0603nauenuil, ucCnonb3yemvix 6 ycioguu 3a0aqu),

IIT) mpeacTaBieH CXeMaTHYECKUH PHCYHOK C YyKa3aHHWEM CHWII, TOSCHSIOUIMN
pelieHue;

IV) npoBenieHbl HEOOXOAMMBIE MaTeMaTHYECKHE MPeoOpa3oBaHus (IOMYyCKaeTCs
BepOalbHOE yKa3aHWE Ha WX [POBEACHHE) W pacuéThl, IMPHBOJSIINE
K IPaBWJIBHOMY YHCJIIOBOMY OTBETY (JIOIyCKAeTCs PEIICHHE «II0 4YacTsaM»
C MMPOMEKYTOYHBIMHU BBIYHCIICHHUSIMN ),

V) npeacraBieH NpaBWIBHBIA OTBET C yKa3aHMEM €IUHUL] U3MEPEHUs HCKOMOM
BEJIMYMHBL

[IpaBunbHO 3anKcaHbl HEOOXOAUMBIE MOJOKEHUS TEOPUU U (PU3UUECKHE 3aKOHBI,
3aKOHOMEpPHOCTH, MpPOBEIEHbl HEOOXOAMMBIE NpPeoOpa3oBaHMs, M IPEICTABICH
NIPAaBUIBHBIA OTBET C yKa3aHMEM EIMHUI] M3MEpPEeHHs HCKOMOH BenuunHbl. Ho
MMEEeTCs OIMH U3 CICAYIOMINX HeI0OCTAaTKOB.
3anmucu, COOTBETCTBYIOIIME OAHOMY wmiau BceMm myakrtam: I, I, IV, —
MIPE/ICTABJICHBI HE B TIOJIHOM 00BbEME HITH OTCYTCTBYIOT.

N
[Tpy mOTHOM TPaBWIIEHOM PEIICHUM JIMIIHAE 3allUCH, HE BXOJSIINE B pPEIICHHE
(BO3MOXKHO, HEBEpHBIC), HE OTJCJCHBI OT peHicHUs (He 3a4€pKHYTHI, HE
3aKJIFOUEHBI B CKOOKH, PAMKY | T. T1.).

NJIn
[Tpu ITOJIHOM perieHun B HEOOXOJIUMBIX MAaTEMaTHUYECKHUX MPEOOPa30BaHUSIX
WJIM BBIYUCIICHUSX JIOMYIICHBI OITHOKH, U (WIJIH) TPeoOpa3oBaHMs/BEIYUCIICHUS HE
JIOBEJICHBI JI0 KOHIIA.

W
[Tpu [TIOJIHOM penieHnr OTCYTCTBYET MYHKT V, MM B HEM JOMYyIIeHa OIUOKa.
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IIpencraBieHsl 3a11CU, COOTBETCTBYIOLINE OAHOMY U3 CIIEAYIOLIUX CIIy4aes.
[IpencraBieHs TOMBKO MOJOXKCHUS M (DOPMYIBI, BBIpaXKaromue (QuU3MuecKue
3aKOHBI, IPUMEHEHHE KOTOPBIX HEOOXOIUMO AJsl pelleHHs 3afaud, 0e3 KaKux-
au00 mpeoOpa3oBaHUil € HX MCIOJIb30BAHUEM, HAIPABICHHBIX Ha peELICHUE
3aJa4uu, U OTBeTA.
W

B pewenun orcyrcrBsyer OJHA u3 ucxomHblx ¢opmyl, HeoOXoaumas Ui
pemieHuss 3amaud  (WIM  YTBEp)KICHHE, JIeKallee B OCHOBE pEIICHHs), HO
HPUCYTCTBYIOT JJOTHUECKH BEpHBIEC IPE0Opa30BaHus ¢ UMEIOIUMUCS (hopMynamy,
HaIlpaBJICHHbIE HA PELLICHUE 3a/1a4H.

. NI
B OAHOM wn3 mcxomHbx (opMys, HEOOXOIMMBIX UIS PEHICHHS 3agadu (MIH
B YTBEP)KICHHUH, JIGKAIleM B OCHOBE pEIICHMS), TOMyIIeHa OIIHOKa, HO
IIPUCYTCTBYIOT JIOTHUECKH BEPHbIE IPE0OPa30BaHUs ¢ UMEIOLIUMUCS (POpMyIaMH,
HalpaBJICHHbIE Ha PeILICHHUE 3a/1a4H.

Bce cnydan penreHusi, KOTOpbIE HE COOTBETCTBYIOT BBINICYKA3aHHBIM KPHUTEPHIM
BBICTABJICHUS OLICHOK B 1, 2, 3 Oaia.
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Han omnuM Monem uaealbHOrO OJAHOATOMHOTO Tas3a MpoBenW mporecc 1-2-3,
rpadguK KOTOpPOro mpuBeAEH HAa PUCYHKE B Koopamnatax V/V, um p/p,, rae

V1 =1v u )2 =2-10° Tla — 06BEM H naBieHue rasza B cocrosgHuu 1. Haigure

KOJIMYECTBO TEIIOTHI, COOOMIEHHOE Ta3y B JAHHOM Tiporiecce 1-2-3.

01 2 3 4 v,

Bo3mo:xHoe peleHue

CornacHo nepBOMy Hadally TEPMOJWHAMHKN KOJIMYECTBO TEIUIOTH AQ, COOOIEHHOE rasy,
pacxomyercs  Ha  pabory raza AA W W3MEHEHHE  ero  BHYTpPEHHEH
sneprun AU : AQ = A4 + AU.

o

1
a Ha M30XOPUYECKOM ydacTke 2-3 oHa paBHa Hymo: Ady3; = 0. Kak BuaHO U3 pucyHKa,
4
4

PaGora rasa na uso0apuueckom yuactke 1-2 pasua Adj, = py| Vo= V| = p 1 1]

= 4, n cymmapuas padora B npouecce 1-2-3 pasna Adj3 = Adj, = 3p 1.
3

BHyTpeHHsisT B3HEprusi OJHOr0 MOJIS HJCaJbHOTO OJHOATOMHOro rasza: U= ERT .
Cornacio ypasHenuto Kianelipona—MeHaeneeBa A OJAHOTO MOJS HACANBHOTO rasa

umeeM pV = RT, tak uto U = E pV. 3MeHeHne BHYTpEHHEH SHEPruu rasa B mpoiecce 1|

3 3 V;
2-3 pasHo, Takum obpasom, AUjz= —|p3V3 —p/Vi| = —ph LA 1| Kax
2 2 N
BUJIHO u3 pHCYHKa, L 3, 3 =22y u
Py n n

3 33
AUz = Eprl(:; 4= 1) = 71711/1 = 16,5 p; V. OxonuatensHo nonyyaem
AQ,3 = Adj3+ AUz = 3p 1+ 16,5p, 11 = 19,5 p; V7 = 3900 x/Ix.

Ortger: AQ123 = 19,5p, 11 = 3900 x[Ix.
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KpnTepnn OIICHKMU BbBINNIOJTHCHHUSA 3aJaHUsA

Bbaniasl

[TpuBeaeHO NOJTHOE pPEelIeHUE, BKITFOYAIONIEE CICTYFOIIIE DIICMEHTBI:

I) 3amiicaHbl MMOJIOKEHUSIT TEOPHHM M (PH3MYECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
MPUMEHEHUE KOTOPBIX HEOOXOMMO JIJIsl PEIICHHUS 3aJ1a4i BEIOPAHHBIM CIIOCOOOM
(6 dannom cmyyae — nepgoe mauaio mepmMoOOUHamMuxu, ypaswenue Knaneiipona—
Menoeneeea u @vipasicenusi 01 pabomvl U GHYMPEHHEU HEPeUU UOEdNIbHO20
00HOAMOMHO20 2434);

II) onucanbl Bce BBOAMMBIE B pEIICHUH OYKBEHHBbIE 00O3HAYEHHUS (PU3UUECKUX
BEIMYMH (3 UCKIIOUEHUEM, B03MONMCHO, O00OO03HAUEHULl KOHCMAHM, VKA3AHHbIX
6 sapuanme KUM, u 0603nauenuil, ucCnoivb3yemvix 6 ycioguu 3a0a4u),

IIT) mpoBeeHbl HEOOXOAMMBIC MaTeMaTHYEeCKHe MpeoOpa3oBaHus (JIOMYyCKaeTCs
BepOallbHOE yYKa3aHWE Ha WX TMPOBEACHHE) U pacué€Thl, IMPHBOJAIINE
K IPaBWJILHOMY YHCJIIOBOMY OTBETY (JIOITyCKAaeTcsi PEIICHHE «II0 4YacTsaM»
C MPOMEKYTOUYHBIMHU BBIYMCIICHHSIMHN ),

IV) npencraBneH npaBUIbHBIM OTBET ¢ yKa3aHUEM €IMHUIL U3MEPEHUS UCKOMOU
BCJINYHHBIL.

[TpaBuibHO 3amnucaHbl HEOOXOIUMBIE TTOJOKECHUS TEOPHU U (PU3UUECKHIE 3aKOHBI,
3aKOHOMEPHOCTH, IPOBEIEHBl HEOOXOJUMble IIPeoOpa3oBaHMs, U NPEICTaBICH
NPaBWIBHBIA OTBET C yKa3aHMEM E€AMHUI] MU3MEpPEeHHs HCKOMOM BenuuuHbl. Ho
UMEeeTCs] OAMH U3 CIIEAYIOIINX HEJT0CTATKOB.
3amucH, COOTBETCTBYIOIIME ONHOMY Wi obouMm mynkram: 11 wu III,
MIPEACTaBICHBI HE B TIOJIHOM 00bEME HIIH OTCYTCTBYIOT.

W
[Tpu [TIOJIHOM mnipaBUiIBLHOM pEIICHUH JUIIHUE 3aIMCH, HE BXOSIIUE B PEIICHUE
(BO3MOXXHO, HEBEpHBIC), HE OTICICHBI OT pemieHus (He 3a4épKHYTHI, HE
3aKJIIOYEHBI B CKOOKH, PAMKY H T. IL.).

NI
IIpu TIOJTHOM penieHnu B HEOOXOAMMBIX MaTeMaTHYECKHX MPeoOpa3zoBaHUIX
WJIA BBIYMCIICHUSIX JIOMYIICHBI OIMHOKH, U (W) TPeoOpa3oBaHsI/BEIYUCICHUS HE
JIOBEJICHBI 710 KOHIIA.

N
ITpu TTOJTHOM pemrenun oTcyTCTBYeT MYHKT [V, miin B HEM JlomynieHa ommoka.
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IIpencraBieHsl 3an1cU, COOTBETCTBYIOLINE OAHOMY U3 CIEIYIOLUIUX CIIy4aes.
[IpencTaBieHB TONBKO MOJOKCHMS M (POPMyINBI, BBIpaXKaromue (Qu3nueckue
3aKOHbI, IPUMEHEHNUE KOTOPBIX HEOOXOOMMO JUIsl pelleHus 3ajadd, 0e3 KaKHX-
m00 npeoOpa3oBaHUil C HX MCIOJL30BAHUEM, HAIIPABICHHBIX Ha pELICHUE
3aJja4uyl, U OTBETA.
nim

B pemenun otrcyrcrByer OJJHA w3 wucxomnsix Qopmyin, HeoOXomumas Uis
pemieHuss 3amaun (WM YTBEp)KICHHE, JIe)Kalllee B OCHOBE pEIICHHs), HO
HIPUCYTCTBYIOT JJOTHUECKH BEpHBIEC IPE0OPa30BaHUs ¢ UMEIOIUMHUCS (popMynamy,
HaIpaBJICHHbIE HA PEILICHUE 3a1a4H.

. NI
B OAHOM wn3 mucxomubix (opMys, HEOOXOIUMBIX JUIS PEUICHHS 3a1adul (MIN
B YTBEPXKJIEHUM, JISKAIEM B OCHOBE pEIIEHUs), JONyLIeHa OMMOKa, HO
IIPUCYTCTBYIOT JIOTMUECKH BEPHbIE IPE0OPa30BaHUs ¢ UMEIOLIUMUCS POpPMyIaMH,
HaIlpaBJICHHbIE Ha PEIICHHUE 3a1a4H.

Bce cnyvan perieHusl, KOTOpbIe HE COOTBETCTBYIOT BBINICYKA3aHHBIM KPUTECPHIM
BBICTABJICHUS OLICHOK B 1, 2, 3 Oaia.

B uenu, cxema KOTOpOii n300paxeHa Ha PUCYHKe, BHavale 3ambIkaioT kiod K, a
3aTeM, CIyCTs JuuTenbHoe Bpems, ko4 K,. Kakodl 3apsx u B KakoMm

HAIPABJICHAN NPOTEYET MOCHe 3TOro Yepes ko4 K, ecim Ry =2 Om, R, =3 Om,

C 1= 1 MKD, C2 =2 Mk®, & =10 B? UcTOYHHK CUNTANITE UACATBHBIM.
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Bo3mo:xHoe pemeHue

Ilocne 3amblkaHus Kiroda Kl B ILIENKM BHAYajae MOUIET TOK Uepe3 pe3nuCTOpPbl U

KOHJICHCATOPbI, KOTOpBbIE dYepe3 HEeKOTOpOe BpeMs 3apsadrcs, M TOK 4Yepe3 HHUX
npekpartutcs. [Ipu 3ToM 3apsaapl 000MX KOHJEHCATOPOB, COIJIACHO 3aKOHY COXpPaHEHHs
JMEKTPUYECKOTO 3apsijia, OyayT OIMHAKOBBI, U 3apslbl Ha OOKIaIKaX, MPHCOCTUHEHHBIX

Kk kmouy K, , GyAyT UMETh MPOTHBOIONOKHBIE 3HAKH, TAK YTO CyMMApHbIH 3apsijl Ha 9THX

00KJIaIKax paBeH HYJIIO.

Ilocne 3ambikanus kmoda K,  mpousoia€r —mepepacnpenesieHue 3apsjioB:  Ha

KOHJICHCATOpaX YCTaHOBATCS HAINPsDKEHWS, paBHBbIE MAJCHUAM HANpsODKCHHAS Ha
COOTBETCTBYIOIIMX PE3UCTOPAaX, U CyMMapHbIH 3aps] Ha OOKIaAKax, NPUCOEIUMHEHHBIX
K kmouy K,, yxe He Oymer paeH Hymo. 30bITOUHBIA MM HEAOCTAIOIUMA 3apsij

npoTey€T yepes kg K, .

E
— a
R+ R
MaJICHNs HAMpPsDKEHHUS Ha PE3HCTOpax, COrjiacHO 3akoHy OMa Ui y4acTKa IIeIH, PaBHBI

ER ER
_cefl Uy= IR, = _cfo
Rl + R2 R] + R2
C TOJSIPHOCTHIO MCTOYHHMKA TOKa BEPXHHE KOHIIBI PE3MCTOPOB Ha PHCYHKE MMEIOT Ooiee
BBICOKHI MTOTEHIMAIT, YeM HIDKHUE.

3apsapl  Ha  OOKJIQKaX  KOHACHCATOPOB, 3apsDKCHHBIX 10 OTHX  HANpPsDKCHUH,
B COOTBETCTBUHU ¢ (OPMYJION AJIsl CBA3M 3apsdja M HANpPsHKEHUS Ha KOHIEHcaTtope OyayT

CornacHo 3akoHy OMa JUIsl MTOJHOM LENU TOK uepe3 pe3HCTOphl paBeH [ =

coorBeTcTBeHHO U = [R| = , IPUYEM B COOTBETCTBHHU

pasubl ¢, = —C1U; = —Cli}2 (HUKHSIS o0Knaaka KOH/JIEHCAaTOopa C))
)
ERy
ug, = CU, = C; ——— (Bepxuss obknaska konnencaropa C, ).
Rl + R2
Taxum o6pasom, mpu CrR; > CiRjuepes xmou K, B HampapieHuH crpaBa HaleBO
CrRy, — CiR
npoTeu€T 3apan Ag = q; + g, = £ —22 17 ITpu Cy Ry > C,R, 3nauenue Ag < O
R+ R
3apsii npoted€r uepes kmou K, B HampaeneHun ciea HanpaBo. B nanHo# 3anaue
CrRy — CiR
C2R2 > CIRI, u Aq =& —22 17 8 MK
R+ R
Omeem. 3apsn, nporexaomuii uvepes kmou K, B HanpasieHud Cnpasa HaleBo,
CRy — CiR
paBeH Ag = £ =22 17— gukKa.
R+ R
© MHOO 2012 1
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KpnTepnn OLICHKH BbINOJIHCHUSA 3a1aHUA

Bajiasl

[IpuBeaeHO MOJTHOE pPElIeHNE, BKITIOYAIOIIEE CIISTYFOIINE DICMEHTBI:

I) 3amicanbl MOJIOKEHUST TEOPUH M (PU3MUYECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
MPUMEHEHUE KOTOPBIX HEOOXOMMO JIJIsl PEIICHHUS 3aJ1a49i BEIOPAHHBIM CIIOCOOOM
(6 dannom cnyyae — 3axon Oma 01 NOAHOU Yenu u O Y4ACMKA Yenu, 3aKOH
coxpaneHus: 3apsioda, Ces3b 3apsaod U HANPANCeHUsl Ha KOHOeHcamope, (opmyvl
07151 NOCNe008AMENLHO20 COCOUHEHUSL PE3UCTOPO8 U KOHOEHCAMOPOs);,

II) onucanbsl Bce BBOAMMBIC B pelIEHMH OYKBEHHBbIE 0003HAYEHHUS (PU3MUECKUX
BEIMYHMH (3 UCKIIOUEHUEM, B03MONCHO, 00O03HAUEHULl KOHCMAHM, VKA3AHHbIX
6 sapuanme KUM, u 0603nauenuil, ucCnonb3yemvix 6 ycioguu 3a0aqu),

IIT) mpoBeeHbl HEOOXOAMMBIC MaTeMaTHYEeCKHE TpeoOpa3oBaHus (JIOMYyCKaeTCs
BepOalbHOE yKa3aHWE Ha WX TMPOBEACHHE) W pacué€Thl, IMPHBOJSAIINE
K IPaBWJIBHOMY YHCJIIOBOMY OTBETY (JIOIIyCKAeTCsi PEIICHHE «II0 4YacTsaM»
C MPOMEXKYTOYHBIMHU BBIYMCIICHHUSIMN ),

IV) npencraBnen npaBUIbHBIM OTBET ¢ yKa3aHUEM €IMHUIl U3MEPEHUS] UCKOMOH
BEJIMYHHBI.

[IpaBuibHO 3ammcaHbl HEOOXOIUMBIE TIOJIOXKEHHS TEOPHH U (PU3MUECKHEe 3aKOHBI,
3aKOHOMEPHOCTH, IPOBEIEHBI HEOOXOAUMble INpeoOpa3oBaHMs, U NPEICTaBICH
[IPaBUJIbHBIA OTBET C yKa3aHMEM €AMHUI] M3MEpEeHHs HCKOMOH BenuuuHbl. Ho
MMeeTCs] OIMH U3 CJICAYIOIINX HEeI0CTaTKOB.
3ammcu, COOTBETCTBYIOImME OjaHOMY wWin oboum myHktam: [I wu III,
MIPEACTaBICHBI HE B TIOJIHOM 00BbEME HIIH OTCYTCTBYIOT.

W
[Tpu [TIOJIHOM mnpaBuiibHOM pElIEHUH JUIIHUE 3aIUCH, HE BXO/SIIUE B PEIICHUE
(BO3MOXKHO, HEBEpHBIE), HE OTACNEHbl OT pemeHus (He 3a4EpKHYTHI, HE
3aKJIIOUYEHBI B CKOOKH, paMKy U T. IL.).

N
[Tpu TTOJIHOM pemreHun B HEOOXOIUMBIX MAaTEMaTHUYECKHUX TPEOOPa30BAHUSIX
WJIM BBIYUCIICHUSX JIOMYIICHBI OITHOKH, U (W) TPeoOpa3oBaHMs/BRIYUCIICHUS HE
JIOBEJICHBI JI0 KOHIIA.

NJIn
[Tpu [TOJIHOM pemieHnu oTcyTCTBYET MyHKT [V, miin B HEM JoTTyIieHa onmoKa.

[IpeacraBneHs! 3aNMCH, COOTBETCTBYIOLINE OAHOMY M3 CIEIYIOLINX CIy4aes.
[IpencraBneHbl TOJNBKO MOJIOKEHHUA WU (HOPMYJIBI, BBIpaXKArOUMe (QU3MYECKHEe
3aKOHBI, IPUMEHCHHUE KOTOPBIX HEOOXOAMMO JUISl PELICHUS 3afadd, 0e3 KaKuX-
aubo mpeoOpa3oBaHMII C HMX HCHONb30BAHHEM, HAIMPABICHHBIX HA PEIICHHE
3aJauy, U OTBETA.
WJIN

B pemennn orcyrcrByer OJIHA u3 mcxomHbIX (GOpMys, HeoOXoaumMas Ui
pewieHus 3amaud (WM YTBEp)KICHME, JIEXKAIlee B OCHOBE PELICHMs), HO
IIPUCYTCTBYIOT JIOTHUECKH BEPHbIE IPE0OPa30BaHUs ¢ UMEIOLIUMUCS POpMyIaMH,
HaIrpaBJIeHHbIE Ha pEeIICHHUE 3a1a4H.

. NI
B OJJHOM wu3 ucxomusix (Gopmyi, HEOOXOAUMBIX Ul pelleHHs 3aaaqyu (Uin
B YTBEP)KACHHUHU, JIGKAIleM B OCHOBE pEIICHMsS), JOMyIIeHa OIIHOKa, HO
MPUCYTCTBYIOT JJOTHUCCKH BEPHBIC IIPEOOPa30BaHUs ¢ UMEIOIUMHUCS (popMynamy,
HANpaBJICHHbIC HA PEIICHUE 3a1a4H.

Bcee ciyuan pemnienust, KOTOpble HE COOTBETCTBYIOT BbIIIEYKa3aHHBIM KPUTEPHUSIM

BBICTABJIEHHUS OIEHOK B 1, 2, 3 Oamia.
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B nomammHeM pajguonpuéMHUKE, TPUHUMAONIEM CUTHAI B THAMAa30HAX JUIMHHBIX,
CpPEeIHUX M KOPOTKUX BOJH (AmuHBI BOJIH A OT 13 M mo 2600 m), mepeMeHHbII
KOHJICHCATOP BXOJIHOTO KOJICOATEIILHOTO KOHTYpa MOXET W3MEHSATh CBOIO
émkocth C or 50 n® no 500 n®d. B kakux MUHUMAIBHBIX MpEJENax MPH 3TOM
JIOJDKHBI MEHSTBCSI MHIAYKTUBHOCTH L KaTyIIeK 3TOT0 KOHTypa?

Bo3moxkHoe pemienue

CornacHo ¢dopmyne Tomcona mepuoy 7 3IEKTPOMArHUTHBIX KOJICOAaHWH B KOHTYpE,
COCTOAIIEM U3 KOHAeHcaropa €MKOCTbi0 C M KaTyIIKM ¢ HMHAYKTHUBHOCTBIO L, paBeH

T=2n~LC.

JnmHa A BOJHBI AJIEKTPOMATHUTHOTO M3JIYyYEHHs CBs3aHa C mepuoioM 1 KojeOaHWi
dopmynoit A = ¢7, rne ¢ — CKOpOCTh 3JIEKTPOMArHUTHBIX BOJIH B arMoc(epe, KOTOPYIO

MOXKHO CUHTATh PABHOI CKOPOCTHU CBETa B BaKyyme: € = 3 - 108 wre.
TMoxcraBisst BbIpAKEHHWE JUIA TlepHoaa KonebaHuil B (GOPMyNy JUld JUIMHBL BOJIHBI,

nonyyaem 4 = 2xcy/LC, otkyna L = —5——.
4acC

JInst HaxOKACHWS MHHHMAIBHOIO HAla30Ha W3MEHEHHs BEJIWYUH L ClepyeT MpH
MUHUMAJBHOH JiTuHe BOJHBI A; =13 M OpaTh B 3amucaHHOH (opmysie MHUHUMATLHOE

3naveHne émxoctn C; =50 nd, a npu MakCUMAILHOM (7»1 =2600 M) — MakCIMaJIbHOE
(C, =500 nd).

IloncTapiss yka3aHHbIE YUCIEHHbIE 3HAUEHUS A7 JUIMH BOJIH U EMKOCTEH B IIPUBEAEHHYIO
BeIIC (OPMYJy M1 HMHAYKTHBHOCTEH L, MOJydYaeM, 9YTO OHH JOJDKHBI MEHSTHCS
B IIPEJENIax OT

At 13

L= = ~0,95- 108w = 0,95 MxI'n
VU4, 4-3,147.9.1010.50. 10712
o
2 2
L= My _ 2600 ~3,8 10°Tu=3,8 M

4n*c*C,  4-3,142.9.10'°.500- 1072

Omeem: npumepno ot 0,95 Mx['H 10 3,8 MI'H.
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KpnTepnn OLICHKH BbINOJIHCHUSA 3a1aHUA

Bajiasl

[TpuBeaeHO MONMHOE penIeHIe, BKIIOYAIONIEee CICIYIOMNE DICMEHTE:

I) 3ammcansl  MONOXKEHMST TEOPHHM W (U3MUCCKUE 3aKOHBI, 3aKOHOMEPHOCTH,
MPUMEHEHNE KOTOPBIX HEOOXOIMMO /T PEIICHHUS 33/1a9i BEIOPAHHBIM CITIOCOO0M
(6 oannom cayuae — opmyna Tomcona Ons nepuoda Koaebanuil 6 KOHMype u
C8513b OJIUHbL INEKMPOMASHUMHOLL 80JIHbL C €€ NEPUOOOM);

II) onucanbl Bce BBOAMMBIC B peIICHUH OYKBEHHBbIE 0003HAYEHHUS (DU3UUECKUX
BEIMYMH (3 UCKIIOYUEHUEM, B03MONCHO, 0003HAUEHULl KOHCMAHM, VKA3AHHbIX
6 sapuanme KUM, u 0603nauenuil, ucCnonb3yemvix 6 ycioguu 3a0a4i);

IIT) mpoBeneHbl HEOOXOIUMBIE MaTeMaTH4ecKue MpeoOpa3oBaHus (TOIMYCKaeTCs
BepOaTbHOE YyKa3aHME Ha UX TMPOBEACHHE) U  pacdyérThl, MPUBOISIINE
K IPaBWJIGHOMY YHCJIOBOMY OTBETy (IOIyCKAaeTCS pCIICHHE «II0 YacTsSM»
C MPOMEXKYTOYHBIMHU BBIYHCIICHHUSIMN);

IV) npencraBnen npaBUIbHBIM OTBET ¢ yKa3aHUEM €AMHULL U3MEPEHUS] UCKOMOH
BEJIMYHHBIL.

[IpaBuibHO 3anucaHbl HEOOXOAUMBIE TTOJIOKECHUS TEOPHU M (PU3MUECKIE 3aKOHBI,
3aKOHOMEPHOCTH, TPOBEJICHBI HEOOXOJMMbIE MpPeoOpa3OBaHUs, W IMPEICTABICH
IIPaBUIBHBIA OTBET C yKa3aHMEM €IAMHUI] M3MEpEeHHs HUCKOMOH BenuunHbl. Ho
MMEEeTCs OAMH U3 CJIEAYIOIINX HEel0CTaTKOB.

3ammcu, COOTBETCTByIOIME oOjaHOMY wWin obowm myHktam: I u III,
MIPECTaBICHBI HE B TIOJIHOM 00BbEME HIIH OTCYTCTBYIOT.

[Tpu [TOJIHOM mnpaBuIbHOM pEIICHUH JUIIHUE 3aIIUCH, HE BXO/SIIUE B PEIICHUE
(BO3MOYKHO, HEBEpHBIC), HE OTJACJICHBI OT peuieHus (He 3a4€pKHYTHI, HE
3aKITFOYEHBI B CKOOKH, PaMKy U T. IL.).

W
[Tpu [TOJIHOM pemreHnu B HEOOXOMUMBIX MaTEMaTHUCCKHX MPEOOPa3OBaHUIX
WJIN BBIYUCIICHUAX IOMYLIEHbI OLIMOKH, U (WIN) NpeoOpa3oBaHus/BbIYUCICHHS HE
JIOBEJICHBI JI0 KOHIIA.

NI
[Tpu [TOJIHOM pemiennn oTcyTCTBYET MyHKT [V, Min B HEM JoTTyIieHa onmoKa.

IIpencraBieHbl 3aUCH, COOTBETCTBYIOIINE OAHOMY M3 CIEAYIOMIUX CITydacB.
[IpencraBneHbl TOJMBKO MONIOXKEHUA U (HOpMyJbl, BbIpaXKaroue QuU3nYecKue
3aKOHBI, IPUMEHEHNE KOTOPBIX HEOOXOJUMO U PELleHHs 3ajadyd, 0e3 KaKux-
mubo mpeoOpa3oBaHUil C HX HCHOJb30BAHHEM, HAIMPABICHHBIX HA pPEILICHHE
3aJauy, U OTBETA.
NI

B pemennn orcyrcrByer OJIHA mu3 mcxomHbIX (OpMys, HeoOXoaummas st
pewieHus 3afaud (WM YTBEp)KICHME, JICXKAIee B OCHOBE PELICHMs), HO
HPUCYTCTBYIOT JJOTHUECKH BEpHBIC ITPE0Opa30BaHUs ¢ MMEIOIUMHUCS (popMyiamH,
HaIpaBJICHHBIC HA PEIICHUE 3a1a4H.

. NN
B OIHOU w3 ucxomubix (Gopmys, HEOOXOMMMBIX JUIsl pPEeHIeHUs 3anauu (Miu
YTBEPXKJCHUH, IEKAlleM B OCHOBE pEIICHMs), JOMyIIeHa OIMuOKa, HO
HIPUCYTCTBYIOT JJOTHUECKH BEpHBIE IPE0Opa30BaHUs ¢ UMEIOIUMHUCS (popMynamy,
HaIpaBJICHHbIE HA PELLICHUE 3a1a4H.

Bce cnydan pemienusi, KOTOpble HE COOTBETCTBYIOT BBIIIEYKA3aHHBIM KPUTEPUAM
BBICTABJIEHHUS OILIEHOK B 1, 2, 3 Oaia.
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IIpu maneix KoneOaHUAX BOJM3U IIOJIOKEHHS PABHOBECHUS MAaTEMaTHYECKOrO
MasiTHUKA JUIMHOM / = 1 M MOAYJIb CHJIBI HATSKEHUS! HUTH, HA KOTOPOW MOJBEIICH
rpy3uk wmaccoi m =100 1, Menserca B mnpemenax ot I go T + AT,
rne AT =15 wmH u AT << T. Haligure ammmutyay A xoyiebaHuii 3TOr0 MasTHUKA.
Tpenue He yuuTbiBaiite. IIpu peleHuM 3afadu yd4TUTE, YTO IJIS MAJBIX YIJIOB O
CHpaBeIMBO NPUOMIDKEHHOE paBeHCTBO sino =~ o. Chenaiite cxemaTHYecKHUit
PHUCYHOK C yKa3aHHEM CHJI, ICHCTBYIOIINX Ha IPYy3HK.

Bo3MoskHOe pelieHune
M300pa3uM MasTHHUK B JBYX COCTOSIHMSIX: MAKCHMAJIbHOTO OTKJIOHEHHS,
KOI'Zla OH OCTaHABJIMBAETCS, OTKJIOHUBIIMCH OT IOJIOKEHHUS PABHOBECHS
Ha paccTosiHue A, U IpU MPOXOKAEHUM MM ITOrO IOJIOKEHUS
paBHOBecus (cM. pucyHok). Ha rpy3uk MasTHMKa Mmaccoil m neiicTByer
CHUJIa TSHKECTH /mg, HANpaBJICHHAs BEPTHKAIBHO BHH3, M TEpEMEHHAas

cuia T HATSKEHMs. HUTH, MEHSIOMASACS TI0 MO0 OT T B MOJOKEHHH

MAaKCHMaIbHOTO OTKJIOHEHHS, KOTJa BEKTOp ] HAKIOHEH TI0J MAJbIM

YIJIOM 0 K BepTUKanH, 10 7'+ AT B 1OJIO)KEHUN paBHOBECHS, I/1€ BEKTOP

T BepTHKajleH, a IPY3HMK JBHKETCS CO CKOPOCTBIO J/, HAlpaBIeHHON

TOPU30HTAIHHO.

[TockonmbKy TpeHHsS HET, COIJIACHO 3aKOHY COXPaHEHHUS MEXaHWYECKOW HHEepruu

[OTEHLMAJIbHAs, SHEPrusl MasgiTHUKA B KpalfHEM IOJIOKEHHWH, OTCUMTAHHAsl OT HayaJlbHOI'O

YPOBHA B IIOJIO)KEHHM PaBHOBECHS, JOJDKHA PaBHATHCS KHHETHYECKOH O3HEpruM IpH
my?

NPOXOXKICHUH TIOJI0XKEHUs paBHOBecUs: mgl | 1 — cosa | = ——.

2

B nonoxxeHun MakCHMMalbHOTO OTKJIOHCHUS CyMMapHas cuna T + mg’HanpaBneHa BJ0OJIb

T+AT
s
!

TPaeKTOPHH IPy3HKa — OKPY/KHOCTH PagHycOM [, TO €CTh HepHeHIUKYIIPHO BEKTOPY 7, a
CKOpOCTh I'py3UKa B 9TOT MOMEHT paBHa Hy0, 7 = mg cosa.

IIpu mpoxXOoXKIEHUH MOJIOKEHHUS PaBHOBECHA TIPY3UK 00JalaeT LEeHTPOCTPEMHUTEIbHBIM
YCKOPEHUEM, U ypaBHEHHUE €ro IBIKEHHS B MPOEKIMH Ha BEPTHKAJIBHYIO OCh MMEET BHUJ

2
#zT—I—AT—mg.

TloncraBmsis cro/ja MOMTyYESHHBIC BBIIIE BRIPAKCHUS TS V2 u s T, HaX0Jum

AT = 3mg(1 — cosa). B cuiy ManocTu yrna o = %, OTKyJ1a ©IMEeM

2 2
T

AT =3mg| 1 —cosa | =3mg - ZSinz(g) ~ 3mg - 4 %, H, IOCKOJIBKY Mg = ——

2 2 21 cos a
~ T, nosyyaeM OTBET: 4 ~ [ ZA—T ~ [ ZA—T =10cm.

3mg T
OtBer: A~ | 2AT ~/ 2AT =10 cm.
3mg 3T
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KpnTepml OIICHKH BbBINNOJIHCHUSA 3aJaHUA

Banabl

IIpuBeaeHO NOJIHOE PelLeHne, BKIIOYAIOLIEe CISIYIOIIE JIEMEHTBI:

I) 3anycanbl MONIOKEHHUS TEOPUM M (PU3MYECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
IIPUMEHEHHE KOTOPBIX HEOOXOJUMO ISl PeLeHHUs 3a/la4ui BEIOPaHHBIM CIIOCOOOM
(6 Odannom cryyae — NPABUTLHO 3ANUCAHBI 3AKOH COXPAHEHUS MeXAHUYECKOU
oHepeuu 01l MaAmMemMamuiecKkoe0 MAaAMHUKA U YPAGHEHUs €20 OBUNCEHUs, U
NONYUEHHAs CUCmemMa YPAGHEeHUU peulera MoyHo Ul NPUOTUNCEHHO — ¢ YUEMOM
Manocmu yena o),

II) onricanbl Bce BBOAMMBIC B peIIeHHH OYKBEHHBbIE 0003HAYCHHUS (DPU3UUECKUX
BCJIMUUH (30 UCKTIOYUEHUEM, B03MOJICHO, 0003HAUEHUL KOHCMAMM, VKA3AHHbIX
6 eapuanme KHUM, u 0603nauenuil, ucnonib3yemuvlx 6 yciosuu 3a0ayil);

IIl) mpepcTaBieH cxXxeMaTWYeCKU PUCYHOK C YKa3aHHEM CHII, TOSICHSIONINI
pelieHue;

IV) npoBenensl HeoOXoAMMBbIE MaTeMaTH4YecKHe MpeoOpa3oBaHMs (HOIYCKaeTcs
BepOaJlbHOE yKa3aHWE Ha UX MpOBEAEHHE) U  pacuéTbl, MPHUBOAALINE
K IPaBWJIBHOMY YHCJIOBOMY OTBETY (JOIyCKaeTcsi pEeLIeHHE «IO0 4YacTaM»
C MPOMEXKYTOUYHBIMHU BBIYNCIICHHUSIMN ),

V) npejictaBieH MpaBUIbHBIA OTBET C YKa3aHHEM CJIMHUIL U3MEPEHUS MUCKOMOM
BEJIMYHHBI.

[IpaBunbHO 3amKcaHbl HEOOXOAUMBIE MOJIOKEHUS TEOPUU U (PU3MUECKHIE 3aKOHBI,
3aKOHOMEPHOCTH, MPOBEJICHBI HEOOXOAMMBIE MPeoOpa3OBaHUs, M IPEICTaBICH
MPaBUJIBHBIA OTBET C YKa3aHHEM EAVHMI] U3MEPEHHs UCKOMOM BennuuHbl. Ho
MMEETCs OIMH U3 CIICAYIONNX HEAOCTATKOB.
3amucu, COOTBETCTBYIOIIME OJHOMY WM oboum mnynkram: I, III, IV, -
IIPEJCTaBJIEHb! HE B IIOJIHOM 00bEME UJIM OTCYTCTBYIOT.

NJIn
[Tpu [TOJIHOM mipaBHIILHOM PEIICHUH JUIITHUE 3aITUCH, HE BXO/ISIIUE B PEIICHUE
(BO3MOXXHO, HEBEpHbIE), HE OTHCJECHbl OT pemeHus (He 3a4€pKHYTHl, HE
3aKJIFOUEHBI B CKOOKH, PAMKY U T. I1.).

W
[Tpu TIOJIHOM pemieHnr B HEOOXOAMMBIX MaTEeMaTHUYECKUX MPEOOpa30BaHUSIX
VI BBIYUCIICHUSX JTOMYIICHBI OMIMOKY, U (WIIN) PeoOpa30BaHus/BBIYACICHHS HE
JIOBEZICHBI JI0 KOHIIA.

NN
[Tpu [TOJIHOM pemieHn# OTCYTCTBYET IMyHKT V, WM B HEM JIONYIIIEHA OIINOKA.
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IIpencraBieHs! 3a11CH, COOTBETCTBYIOIINE OAHOMY U3 CIIEAYIOLIUX CIIy4aes.
[IpencraBneHsl TOMBKO MOJOXKCHUS M (DOPMYIBI, BBIpaXkaromue (Qu3ndeckne
3aKOHBI, IPUMEHEHHE KOTOPBIX HEOOXOIUMO AJsl pelleHMs 3afaud, 0e3 KaKux-
aub0 mpeoOpa3oBaHMII C HMX WCIOJIHb30BAHHEM, HAINPABICHHBIX Ha pPEIICHHE
3aJa4uu, U OTBeTa.
W

B pewenun orcyrcrByer OJHA u3 ucxombix ¢opmyl, HeoOXoaumas Uis
pemieHuss 3amayd (WIM  YTBEp)KICHHE, JIeKallee B OCHOBE pEIICHHs), HO
HOPUCYTCTBYIOT JJOTHUECKH BEpHBIE IPE0Opa30BaHus ¢ UMEIOIUMHUCS (popMynamy,
HAaIlpaBJICHHbIE HA PELLICHUE 3a/1a4H.

. NI
B OAHOM wn3 mcxomHbix (opMys, HEOOXOAMMBIX UIS PEUICHHS 3amadu (MIH
B YTBEPXKJEHHUM, JISKAIEM B OCHOBE pEIIEHUs), [OINyLIeHa OIIHOKa, HO
IIPUCYTCTBYIOT JIOTHUECKH BEPHbIE IPE0OPa30BaHUs ¢ UMEIOLIUMUCS (POpMyIaMH,
HalpaBJICHHbIE Ha PeILICHHUE 3a/1a4H.

Bce cnydan pernreHusi, KOTOpbIe HE COOTBETCTBYIOT BBINICYKA3aHHBIM KPHUTEPHIM
BBICTABJICHUS OLICHOK B 1, 2, 3 Oaia.
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Kpurtepun oueHnBanus 3a1aHuii ¢ pa3BéPHYTHIM 0TBETOM

M3BeCTHO, YTO CKMKEHHBIC Ta3bl C HU3KMMH TEMIIEpPATypaMH KHICHUS MpU
HOpMAJIbHOM JIaBJICHUW (HANpUMeEp, METaH, a30T, KUCJIOPOJA, BOJOPOJI, T'EeIIUi)
XpPaHAT B  OTKPBITBIX  TEIJIOM30JMPOBAHHBIX  COCY/aX,  COOOIIAOIINXCS
c armocdepoii. [lpu TakoM XpaHEHUM TIOTEPH HA KCIAPEHHE, OTHECEHHBIC
K CIMHUIIC MAacChl CXKIDKEHHOTO Ta3a, YMEHBIIAIOTCS IMPH YBEIUYCHHH 00BEMa
cocyna.

OOBsICHHTE TIPUYMHBI  BBINICH3IIOKCHHOTO, OCHOBBIBASICH Ha  H3BECTHBIX
(bU3NYECKUX 3aKOHAX U 3aKOHOMEPHOCTSIX.

Bo3moskHoe pemienne

1. Jaxxe mpu XOpOHIEH TEIJIOM3OMSAINNA HEBO3MOXKHO MOJHOCTBIO YCTPAaHUTh I10JIBOJ
TEIUIOTHl K CXKIJKEHHBIM Ta3aM C HHU3KUMH TEMIIEpaTypaMu KHIIEHUS Yepe3 CTEHKH
COCYZIOB, TIOCKOJIBKY TEMIepaTypa O3THX Ta30B 3HAYUTEIBHO HW)KE TEMIEPaTyphl
OKpYKaroIel Cpeibl M CYIIEeCTBYET SIBJICHHUE TETIONPOBOHOCTH.

2. Temnota, nocTynaoomas yepe3 CTeHKU COCyJ1a, PacXOAyeTcs Ha UCIIapeHHe CKUKEHHOIO
rasza, Ipu4éM o0bEM MOJIyYUBILETrocs ra3a BO MHOTO pa3 MpeBbILIaeT 00bEM HcHapuBILeiics
KUaKocTd. [loaToMy B 3aKphITOM coCyle HaBiieHHe OyAeT MOCTENEeHHO BO3pacTarb, W
cocyll B KOHIIE KOHIOB B30pBErcs. [lo 2TOi mpU4YMHE CHXKMKEHHBIE TIa3bl XPaHAT
B OTKPBITHIX TEIJIOU30JMPOBAHHBIX COCYIaX, COOOMIAIOIIMXCS ¢ aTMOCchepoid,

3. Ilpu naHHOM pa3HOCTH TEMIEpATyp M TEIUIONPOBOJIHOCTH CTEHOK KOJIMYECTBO TEIJIOTHI,
MI0JIBOAMMOM B €IUHHIY BPEMEHHM K COJAEPKHMOMY COCY[a, IPOIOPLHUOHAIBHO IUIOMAAN
€ro CTEHOK, TO €CTh KBaJpaTy JIMHEHHBIX pa3MepoB cocyda. B To ke Bpemsi macca
KHJIKOCTH TIPOTIOPIIMOHATbHA €€ 00BEMY, TO ecTh KyOy JIMHEHHBIX pa3MEpoB COCYyja.
[ToaTomMy ¢ yBenM4YeHHEM pa3MEpOB COCY/a MOTOK TEIUIOTHI, IPUXOSIINNACS HA SAUHUILY
Macchl JKUAKOCTH, YMEHBINAETCA, M COOTBETCTBEHHO YMEHBINAIOTCS OTHOCHTENbHBIE
IIOTEpU ra3a Ha McllapeHHe.
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IIpencraBieHs! 3a11CH, COOTBETCTBYIOIINE OAHOMY U3 CIIEAYIOLIUX CIIy4aes.
[IpencraBneHsl TOMBKO MOJOXKCHUS M (DOPMYIBI, BBIpaXkaromue (Qu3ndeckne
3aKOHBI, IPUMEHEHHE KOTOPBIX HEOOXOIUMO AJsl pelleHMs 3afaud, 0e3 KaKux-
aub0 mpeoOpa3oBaHMII C HMX WCIOJIHb30BAHHEM, HAINPABICHHBIX Ha pPEIICHHE
3aJa4uu, U OTBeTa.
W

B pewenun orcyrcrByer OJHA u3 ucxombix ¢opmyl, HeoOXoaumas Uis
pemieHuss 3amayd (WIM  YTBEp)KICHHE, JIeKallee B OCHOBE pEIICHHs), HO
HOPUCYTCTBYIOT JJOTHUECKH BEpHBIE IPE0Opa30BaHus ¢ UMEIOIUMHUCS (popMynamy,
HAaIlpaBJICHHbIE HA PELLICHUE 3a/1a4H.

. NI
B OAHOM wn3 mcxomHbix (opMys, HEOOXOAMMBIX UIS PEUICHHS 3amadu (MIH
B YTBEPXKJEHHUM, JISKAIEM B OCHOBE pEIIEHUs), [OINyLIeHa OIIHOKa, HO
IIPUCYTCTBYIOT JIOTHUECKH BEPHbIE IPE0OPa30BaHUs ¢ UMEIOLIUMUCS (POpMyIaMH,
HalpaBJICHHbIE Ha PeILICHHUE 3a/1a4H.

Bce cnydan pernreHusi, KOTOpbIe HE COOTBETCTBYIOT BBINICYKA3aHHBIM KPHUTEPHIM
BBICTABJICHUS OLICHOK B 1, 2, 3 Oaia.
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Kpurtepun oueHnBanus 3a1aHuii ¢ pa3BéPHYTHIM 0TBETOM

M3BeCTHO, YTO CKMKEHHBIC Ta3bl C HU3KMMH TEMIIEpPATypaMH KHICHUS MpU
HOpMAJIbHOM JIaBJICHUW (HANpUMeEp, METaH, a30T, KUCJIOPOJA, BOJOPOJI, T'EeIIUi)
XpPaHAT B  OTKPBITBIX  TEIJIOM30JMPOBAHHBIX  COCY/aX,  COOOIIAOIINXCS
c armocdepoii. [lpu TakoM XpaHEHUM TIOTEPH HA KCIAPEHHE, OTHECEHHBIC
K CIMHUIIC MAacChl CXKIDKEHHOTO Ta3a, YMEHBIIAIOTCS IMPH YBEIUYCHHH 00BEMa
cocyna.

OOBsICHHTE TIPUYMHBI  BBINICH3IIOKCHHOTO, OCHOBBIBASICH Ha  H3BECTHBIX
(bU3NYECKUX 3aKOHAX U 3aKOHOMEPHOCTSIX.

Bo3moskHoe pemienne

1. Jaxxe mpu XOpOHIEH TEIJIOM3OMSAINNA HEBO3MOXKHO MOJHOCTBIO YCTPAaHUTh I10JIBOJ
TEIUIOTHl K CXKIJKEHHBIM Ta3aM C HHU3KUMH TEMIIEpaTypaMu KHIIEHUS Yepe3 CTEHKH
COCYZIOB, TIOCKOJIBKY TEMIepaTypa O3THX Ta30B 3HAYUTEIBHO HW)KE TEMIEPaTyphl
OKpYKaroIel Cpeibl M CYIIEeCTBYET SIBJICHHUE TETIONPOBOHOCTH.

2. Temnota, nocTynaoomas yepe3 CTeHKU COCyJ1a, PacXOAyeTcs Ha UCIIapeHHe CKUKEHHOIO
rasza, Ipu4éM o0bEM MOJIyYUBILETrocs ra3a BO MHOTO pa3 MpeBbILIaeT 00bEM HcHapuBILeiics
KUaKocTd. [loaToMy B 3aKphITOM coCyle HaBiieHHe OyAeT MOCTENEeHHO BO3pacTarb, W
cocyll B KOHIIE KOHIOB B30pBErcs. [lo 2TOi mpU4YMHE CHXKMKEHHBIE TIa3bl XPaHAT
B OTKPBITHIX TEIJIOU30JMPOBAHHBIX COCYIaX, COOOMIAIOIIMXCS ¢ aTMOCchepoid,

3. Ilpu naHHOM pa3HOCTH TEMIEpATyp M TEIUIONPOBOJIHOCTH CTEHOK KOJIMYECTBO TEIJIOTHI,
MI0JIBOAMMOM B €IUHHIY BPEMEHHM K COJAEPKHMOMY COCY[a, IPOIOPLHUOHAIBHO IUIOMAAN
€ro CTEHOK, TO €CTh KBaJpaTy JIMHEHHBIX pa3MepoB cocyda. B To ke Bpemsi macca
KHJIKOCTH TIPOTIOPIIMOHATbHA €€ 00BEMY, TO ecTh KyOy JIMHEHHBIX pa3MEpoB COCYyja.
[ToaTomMy ¢ yBenM4YeHHEM pa3MEpOB COCY/a MOTOK TEIUIOTHI, IPUXOSIINNACS HA SAUHUILY
Macchl JKUAKOCTH, YMEHBINAETCA, M COOTBETCTBEHHO YMEHBINAIOTCS OTHOCHTENbHBIE
IIOTEpU ra3a Ha McllapeHHe.
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KpnTepnn OIICHKMU BbBINNIOJTHCHUSA 3aJaHUsA

Bbaniasl

[IpuBeneHo TOTHOE MPABWIBHOE PEIIEHUE, BKIIIOYAIOIIEE NPABUIBHBIN OTBET
(B manHOM ciyyae 1. 1-3) u HCUepIIbIBAIOIINE BEPHBIE PACCYKICHHS C yKa3aHUEM
HaOJII0laeMbIX SBJICHUH U 3aKOHOB (B JaHHOM CIIy4ae — ONUCAHUE Npoyeccos
MenionposoOHOCMU U UCHAPEHUs, A MAKHCe BO3MOMNCHBIX NOCAOCMEUll
2epmemusayuu  CoCyo08 CO CHCUNCEHHbIMU 2a3aMU U NPUYUHbL YMEHbUIEHUS
nomepb HA UCNAPeHUe Npu YEeauyeHul pazmepos cocyod).

VYkazaHbl Bce HeoOXOonuMble i OOBSCHEHMs SIBIEHMS M 3aKOHbI,
3aKOHOMEPHOCTH, M JIaHO IPaBHJIbHOE OOBSCHEHUE, HO COJEPIKUTCS OAMH U3
CJIEIYIOIINX HEJOCTATKOB.
B npexacraBieHHBIX 3amucsaX coaepiKarcs JHMIIb oOIue paccyxkaeHus 0e3
MPUBSI3KM K KOHKPETHON CUTYyalluy 3ajjauu.

nim
Paccyxnenus, mpuBOISIINE K OTBETY, MPEACTABICHBI HE B MOJHOM O0BEME, HIIH
B HUX COJIEPKATCS IOTHYECKHE HEJJOUETHI.

HpeHCTaBHeHLI 3arrcu, COOTBETCTBYIOIUE OAHOMY M3 CICAYIOIINX CIIy4acB.
VKka3aHbI HE BCE HeO6XOI[I/IMI)Ie SIBJICHUA U (I)I/IBI/I‘ICCKI/IG 3aKOHBI, JAXXE €CJIHN OaH
HpaBPIJ'ILHLIfI OTBET Ha BOIIPOC 3aJIaHUA.
W
Yka3zaHbI Bce H€O6XOJII/IMLI€ SIBJICHHUA U (bl/IBI/I‘IGCKI/Ie 3aKOHBI, HO B HCKOTOPBIX U3
HUX JIOIYyIICHA OINOKa, Ja)Ke eCIIH IaH MPaBHIBHBINA OTBET Ha BOIIPOC 33/IaHHSI.
W
VYkazaHel BCe HEOOXOIOMMBIC IS OOBSICHCHUsS SIBICHUS M 3aKOHBL,
3aKOHOMEPHOCTH, HO MMEIOIIUECS] PACcCYKICHUs, HAlPABICHHBIC Ha IOJIYYCHHE
OTBETA Ha BOIIPOC 3a/iaHNsA, HE NOBEACHBI 1O KOHIIA.
Wi
Vka3aHbl BCC HCO6XO,HI/IMI>IC JIIA 00BSICHEHHS SIBJICHUA u 3aKOHBI,
3aKOHOMEPHOCTH, HO UMEIOIINECS PACCYKICHHUS, TIPUBOISIIIE K BEPHOMY OTBETY,
COJICPIKAT OIINOKH.

Bce ciydan pemieHust, KOTOpbIE HE COOTBETCTBYIOT BBIIIEYKA3aHHBIM KPUTEPUSM
BBICTABJIEHHS OIEHOK B 1, 2, 3 Oaia.
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Ha riankoit ropn3oHTaIBHON IIOCKOCTH JIEXKAT JiBa Tpy3a Maccamu my = | KT u
My = 2 KI', COeIMHEHHBIC HEBECOMOH HEPACTSHKUMOM HUTBIO, IIEPEKUHYTOH uepes
JIBa HETMOJBWXHBIX (A m B) u oauH moaBmwkHBIA () HeBecoMmble OJIOKH, Kak
NOKa3aHO Ha pucyHke. Ocu OJIOKOB TOPU3OHTANBHBI, TPEHHUSA B OCSX OJIOKOB HET.
Kocu O noasmwkHOro 6j0ka npuiiokeHa HEKOTOpas HampaBlieHHAsh BEPTUKAIBHO
BHHU3 CHJa, B pe3yibTare 4ero ocb O IBIKETCS C yCKOpEeHHeM dg = 3M/ .
Haiinure Mmoxysns F atoit cunbl. Chenaiite cxeMaTHYeCKUH PUCYHOK C YKa3aHUEM
CHJI, IEHCTBYIOLINX HA TPY3bI U OJIOK.

m; 7y

) (S

y

Bo3moxxnoe peieHue

Hapucyem cuny F u cunbl 7 HaTsDKEHUS HUTH, m ooz . F_m
OJIMHAKOBBIE, B CHJIy YCJIOBMS 3aJaud, BIOJIb Bced ;
HUTH W JeHCTByIONIME Ha Tpy3sl U 0ok O (cM.
pucyHok). Beeném cucremy koopauHar XY, Kak
[IOKAa3aHO Ha PUCYHKE, U 3allUIleM YpaBHEHUSA
JBI)KEHHUS TPY30B B IpOeKIUK Ha ocb X: mya; = T,

mydy = -T.

PR

F
B cuny neBecomoctu 61oka O nmeem F =27, nnu T = ?

B cuiy HepacTsDKUMOCTM HHUTH (IUIMHOH L) M HENOABMXKHOCTH ONOKOB A W B (ux
KOOPJIMHATHI X U X IOCTOSIHHBI) UMEETCS CJIEAyIoIas KMHEMaTH4YecKas CBS3b MEXKIy

KOOPJMHATaMH X1 X, TPY30B U KOOPAUHATOM ), 61oka O (31eck r — paanyc 0iokos 4 u B,
R — pagmyc 6mnoka O):
X=X +X—Xg+ar+aR+2y,=L,
WA
X) — x| + 2y, = const.
at?
Ortcrozia, Tak Kak X = - MOJTy4aeM CBS3b YCKOPEHH:
a —q +2a0= 0.

Pemraem 3anucanHyto cucteMy ypaBHEHHH 1 NOJIy4YaeM OTBET:
_al—az_F my + nmy

a =5"-d="7"-4d) )
2m1 2m2 2 4 m1m2
dapmim
otkyma F' = B Vi Wi 3 €
m + my
dagmym
Omeem: F = —9"172 _gQ
my + my
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KpnTepnn OIICHKH BbINOJIHCHUSA 3a1aHUA

Bbanasl

[TpuBeeHO NOTHOE pPEelIeHUE, BKIFOYAIOIIEEe CICTYFOIIIE DIICMECHTBI:

I) 3amicanbl TIOJOKEHUS TEOpUM H  (PU3WYECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
MPUMEHEHUE KOTOPBIX HEOOXOIUMO JIJIsl pEeIleHHs 3a]aud BHIOPAHHBIM CIIOCOOOM
(B IAaHHOM CIlyyae — YpaeHeHus O8udceHuss 2py308 u OJ0OKA 6 NpoeKyusx Ha
8b1OpaHHbIE OCU KOOPOUHAN U YDAGHEHUE KUHEMAMUYECKOU 653U OJisl YCKOPeHUll
men);

1) ommcanbl Bce BBOAMMBIC B pEIICHUH OyKBEHHbIE 00O3HAUYEHHs (PUIUUECKUX
BEIMYHMH (30 UCKMIOUEHUEM, B03MONCHO, O0DOZHAYEHUl KOHCAHM, VKA3AHHbIX
6 sapuanme KUM, u 0603nauenuil, ucCnoib3yemvix 6 ycioguu 3a0a4u),

III) nmpexacraBieH cXeMaTHYECKHM PHCYHOK C yKa3aHHEM CHJI, MOSCHSIONIUI
pelieHue;

IV) poBenieHbI HEOOXOAMMBIE MaTeMaTHYECKHE IpeoOpa3oBaHHs (IOITyCKaeTCs
BepOallbHOE yKa3zaHHMEe Ha WX T[POBEACHUE) M PacyéThl, MPHBOJAIINE
K IPaBWJILHOMY YHCIIOBOMY OTBETY (JIOITyCKAeTCsi PEIICHUE «II0 YacTsIM»
C MPOMEXKYTOYHBIMHU BBIYHCIICHHUSIMU );

V) npeacraBieH NpaBUJIbHBIM OTBET ¢ yKa3aHMEM €IMHUL] U3MEPEHHs HCKOMOM
BEJIMYMHBL.

IIpaBuibHO 3amucaHbl HEOOXOAMMBIE MOJOKEHUS TEOPUH U (PU3MYECKHE 3aKOHBI,
3aKOHOMEPHOCTH, MPOBEIEHbl HEO0XOAUMBbIE NPeoOpa3oBaHUs, W TNPeICTaBICH
NPaBWIBHBIA OTBET € YKa3aHHUEM EIMHUIl W3MEPeHHs MCKOMOHM BenuyuHbl. Ho
MUMEeTCs] OIMH M3 CIEAYIOMINX HEJTOCTATKOB.
3anucu, COOTBETCTBYIOIIME OAHOMY Wi BceM myHkram: 11, I, IV, -
MIPECTABJICHBI HE B TIOJIHOM 00bEME HITH OTCYTCTBYIOT.

Wi
[Tpy moONHOM TPAaBUIILHOM pEIICHHUH JIMIIHUE 3alUCH, HE BXOJAIIME B pEIICHHE
(BO3MOXXHO, HEBEpHBIC), HE OTICJICHBl OT pelieHus: (He 3au€pKHYyThI, HE
3aKJTFOUEHBI B CKOOKH, PAMKY U T. I1.).

NI
IIpu [MOJIHOM pemniernn B HEOOXOJIUMBIX MaTeMaTHUECKUX MPEeoOpa3zoBaHMSIX
WJIM BBIYMCIICHUSX JIOMYIICHBI OMMOKHU, U (MIIN) MpeoOpa30BaHus/BEIYNCICHUS HE
JIOBEJICHBI 710 KOHIIA.

Wi
ITpu [TOJITHOM peieHn# OTCYTCTBYET MYHKT V, WM B HEM JOMYIICHA OMIMOKA.

© MHOO 20121

Ousuka 11 xkmacc Bapuant 2

IIpencraBieHsl 3an1cU, COOTBETCTBYIOLINE OAHOMY U3 CIEIYIOLUIUX CIIy4aes.
[IpencTaBieHB TONBKO MOJOKCHMS M (POPMyINBI, BBIpaXKaromue (Qu3nueckue
3aKOHbI, IPUMEHEHNUE KOTOPBIX HEOOXOOMMO JUIsl pelleHus 3ajadd, 0e3 KaKHX-
m00 npeoOpa3oBaHUil C HX MCIOJL30BAHUEM, HAIIPABICHHBIX Ha pELICHUE
3aJja4uyl, U OTBETA.
nim

B pemenun otrcyrcrByer OJJHA w3 wucxomnsix Qopmyin, HeoOXomumas Uis
pemieHuss 3amaun (WM YTBEp)KICHHE, JIe)Kalllee B OCHOBE pEIICHHs), HO
HIPUCYTCTBYIOT JJOTHUECKH BEpHBIEC IPE0OPa30BaHUs ¢ UMEIOIUMHUCS (popMynamy,
HaIpaBJICHHbIE HA PEILICHUE 3a1a4H.

. NI
B OAHOM wn3 mucxomubix (opMys, HEOOXOIUMBIX JUIS PEUICHHS 3a1adul (MIN
B YTBEPXKJIEHUM, JISKAIEM B OCHOBE pEIIEHUs), JONyLIeHa OMMOKa, HO
IIPUCYTCTBYIOT JIOTMUECKH BEPHbIE IPE0OPa30BaHUs ¢ UMEIOLIUMUCS POpPMyIaMH,
HaIlpaBJICHHbIE Ha PEIICHHUE 3a1a4H.

Bce cnyvan perieHusl, KOTOpbIe HE COOTBETCTBYIOT BBINICYKA3aHHBIM KPUTECPHIM
BBICTABJICHUS OLICHOK B 1, 2, 3 Oaia.
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Hajx ofHuMM MoIeM HeanbHOrO OJHOATOMHOIO Trasa IIpOBelH Iporecc 1-2-3,
rpaguK KOTOPOro mNpUBEAEH HA PUCYHKE B Koopamnarax V/V, wm p/p,, tae

V1 1M u 2 =2-10° Tla — 06BEM H naBlIeHHe rasa B coctosHuu 1. Hadgure

KOJIMYECTBO TEIUIOTHI, COOONIEHHOE ra3y B JaHHOM Tporiecce 1-2-3.

Y M

nad

—_— b s

a1

001 2 3 4w

Bo3mo:kHoe penienne

CornacHo mepBOMY Haually TepMOJANHAMHUKH KOJNHYIECTBO TeruioThl AQ, co00mERHOE rasy,
pacxomyercss Ha pabory raza AAwu wu3MeHeHWe ero BHyTpeHHeW sHeprum AU:

AQ = Ad + AU.

%

PaGora raza na nsobapuueckom yuactke 1-2 pasua Adj, =p | Vo=V |=p 1 72 -1}a
1

Ha M30XOPHYECKOM ydyacTKe 2—3 oHa paBHa Hymo: Ady3 = 0.

V.

Kak BUIHO H3 pHUCYHKa, 72 =3, u cymmapHas pabora B mporecce 1-2-3 paBHa
1

Adj3 = A4y = 2p, V). BHyTpeHHss SHEPIUs OJHOTO MOJS HIECAIBHOTO OJIHOATOMHOIO

3
raza: U= ERT . CornacHo ypaBHeHuto KianelipoHa—MeHzesneeBa, Ui OJHOTO MOJIS

3
uneanbHoro rasa mmeeM pl = RT, tak uro U = EpV. V3meHeHue BHYTpPEHHEH 3HEpruu

raza B rporecce 1-2-3 paBHo, TaKUM obpazom,
3 3 P Vs
AUz = =\ pVa—p Vi | = =p 1| 22 3
13 2P33 PN 21’11p1 v
V- V-
Kaxk BUJTHO u3 pHCYHKa, Ps_ Py _ 4, B3 -2 _3 u
P P n n

3 33
AUz = 51’11/1(4 3- 1) =571l =165
OKOHYATENHHO MOJIy4aeM
AQ 53 = Adj3+ AUz =2p V1 +16,5p, V1 = 18,5 p; V1 =3700 k[l
Omsem: AQ, 5 = 18,5 p; V1 =3700 xJIx.

© MHOO 20121

Ousuka 11 xkmacc Bapuant 2

KpnTepnn OLICHKH BbINOJIHCHUSA 3a1aHUA

Bajiasl

[IpuBeaeHO MOJTHOE pPElIeHNE, BKITIOYAIOIIEE CIISTYFOIINE DICMEHTBI:

I) 3amicanbl MOJIOKEHUST TEOPUH M (PU3MUYECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
MPUMEHEHUE KOTOPBIX HEOOXOMMO JIJIsi PEIICHHUS 3aJ1a4i BEIOPAHHBIM CIIOCOOOM
(B IAaHHOM ClIy4ae — nepeoe Haydlo mepmMoouHamuxu, ypasuenue Knanetipona—
Menoeneesa u evipasicenuss 0ns pabomvl U 6HYMPEHHEU JHepeUU UOedbHO20
00HOAMOMHO20 2a3Q);

IT) onucanbl Bce BBOAMMBIE B PEIICHUU OYKBEHHbIE 0003HAUeHUs (DU3MUECKUX
BEIIMYUUH (3d UCKIIOUEHUEM, B03MOICHO, OOO3HAYEHULl KOHCMAHM, YKA3AHHLIX
6 sapuanme KUM, u 0603nauenuil, ucCnonb3yemvix 6 ycioguu 3a0aqu);

IIT) mpoBeeHbl HEOOXOAUMBIC MaTeMaTHYEeCKHE TpeoOpa3oBaHus (JIOMYyCKaeTCs
BepOalbHOE yKa3aHWE Ha WX TMPOBEACHHE) W pacué€Thl, IMPHBOISAIINE
K IPaBWJIBHOMY YHCJIIOBOMY OTBETY (JIOIIyCKAaeTCsi PEIICHHE «II0 4YacTsaM»
C MPOMEXKYTOYHBIMHU BBIYMCIICHHUSIMN ),

IV) npencraBnen npaBUIbHBIM OTBET ¢ yKa3aHUEM €IMHUL U3MEPEHUS] UCKOMOH
BEJIMYHHBIL.

[IpaBuibHO 3anvcaHbl HEOOXOAUMbIE TTOJOKECHUSI TEOPHU M (PU3MUECKHIE 3aKOHBI,
3aKOHOMEPHOCTH, IPOBEIEHBI HEOOXOAUMble INpeoOpa3oBaHMs, U NPEICTaBICH
[IPaBUJIbHBIA OTBET C yKa3aHMEM €AMHUI] M3MEpEeHHs HCKOMOH BenuuuHbl. Ho
MMeeTCs] OIMH U3 CJICAYIOIINX HEeI0CTaTKOB.
3amucy, COOTBETCTBYIOIIME OJHOMY WJIH OOOUM IyHKTaM:
MIPEACTaBICHBI HE B TIOJIHOM 00BbEME HIIH OTCYTCTBYIOT.

W
[Tpu [TIOJIHOM mnpaBuiibHOM pElIEHUH JUIIHUE 3aIUCH, HE BXO/SIIUE B PEIICHUE
(BO3MOYKHO, HEBEpHBIC), HE OTJCJICHBI OT peHieHUs (He 3a4€pKHYTHI, He
3aKJIIOUYEHBI B CKOOKH, paMKy U T. IL.).

N
[Tpu TTOJIHOM pemreHun B HEOOXOIUMBIX MAaTEMaTHUYECKHUX TPEOOPa30BAHUSIX
WJIM BBIYUCIICHUSX JIOMYIICHBI OITHOKH, U (W) TPeoOpa3oBaHMs/BRIYUCIICHUS HE
JIOBEJICHBI JI0 KOHIIA.

n u I,

NJIn
[Tpu [TOJIHOM pemiennn oTcyTCTBYET MyHKT [V, Miin B HEM JoTTyIieHa OnuoKa.
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IIpencraBieHsl 3a11CU, COOTBETCTBYIOLINE OAHOMY U3 CIIEAYIOLIUX CIIy4aes.
[IpencraBieHs TOMBKO MOJOXKCHUS M (DOPMYIBI, BBIpaXKaromue (QuU3MuecKue
3aKOHBI, IPUMEHEHHE KOTOPBIX HEOOXOIUMO AJsl pelleHHs 3afaud, 0e3 KaKux-
au00 mpeoOpa3oBaHUil € HX MCIOJIb30BAHUEM, HAIPABICHHBIX Ha peELICHUE
3aJa4u, U OTBETA.
W

B pewenun orcyrcrBsyer OJHA u3 ucxomHblx ¢opmyl, HeoOXoaumas Ui
pemreHus 3amadd  (WIH  yTBEPXKICHHUE, JIeKallleé B OCHOBE PELICHUs), HO 1
HPUCYTCTBYIOT JJOTHUECKH BEpHBIEC IPE0Opa30BaHus ¢ UMEIOIUMUCS (hopMynamy,
HaIlpaBJICHHbIE HA PELLICHUE 3a/1a4H.

. NI
B OAHOM wn3 mcxomHbx (opMys, HEOOXOIMMBIX UIS PEHICHHS 3agadu (MIH
B YTBEP)KICHHUH, JIGKAIleM B OCHOBE pEIICHMS), TOMyIIeHa OIIHOKa, HO
IIPUCYTCTBYIOT JIOTHUECKH BEPHbIE IPE0OPa30BaHUs ¢ UMEIOLIUMUCS (POpMyIaMH,
HalpaBJICHHbIE Ha PeILICHHUE 3a/1a4H.

Bcee CJIydan peHICHH, KOTOPBIC HEC COOTBCTCTBYIOT BBIIICYKA3aHHBIM KPUTCPUSIM 0

BBICTABJICHUS OLICHOK B 1, 2, 3 Oaia.

B uenu, cxema koTOpoit n300paxkeHa Ha PUCYHKe, BHaYalle 3aMbIKaloT ki K, a
3areM, CIyCTs JumrenbHoe Bpems, kiod K, . M3BecTHo, 4to mocie storo uepes
kmou K, nporék 3apsj, paBHblii 10 Moaymo Ag = 4 mxKi. Yemy pasua DJIC €
MCTOYHMKA TOKa, ecimd Ry =2 Owm, R,=3 Owm, C,=1mk®, C,=2 wmMx®d?

HcToynuk cunutaiite uaeaabHbBIM.

[L55.
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Bo3mo:xHoe pemeHue

Ilocne 3amblkaHus KirOYa Kl TOK B IENHU BHayaje IMOMmEN Hepe3 pe3ucCTopbl H

KOHJICHCATOPBI, KOTOpPbIE dYepe3 HEKOTOpOe BpeMsl 3apsIWinCh, M TOK 4Yepe3 HUX
npekparwics. [Ipu 3ToM 3apsapl 000MX KOHAECHCATOPOB, COTJIACHO 3aKOHY COXpaHCHHS
ANIEKTPUYECKOT0 3apsifia, ObLIM OJIMHAKOBBI, U 3apsijibl Ha OOKJIAJKaX, MPUCOCIUHEHHBIX

K KITFO1Yy KZ’ HUMEJIM TPOTUBOIIOJIOKHBIC 3HAKHU, TaK YTO CyMMapHLIﬁ 3apsal] Ha JTUX

oOKItazKax ObLT paBeH HYJIIO.
[ocne 3ambikannst  Kmoya K, NpoMsomuio  mepepaclupesesieHHe  3apsjoB:  Ha

KOHJICHCATOpaX YCTAHOBWIIUCH HAIPSOKCHWA, PaBHbBIC MNAACHUAM HaIPsOKCHUA Ha
COOTBCTCTBYIOIINX PE3UCTOPAX, U CYMMapHBIﬁ 3apgaa Ha 06Knazu<ax, HpI/ICOG,I[I/IHéHHHX

K kmouy K, , cran yxe He paBHbIM HyJ1t0. MI30bITOUHBIH MM HEAOCTAIOIIMIA 3apsi1 IPOTEK

gepes ko4 K, .

&
CornacHo 3akoHy OMa i IOJHOH LEMHM TOK 4Yepe3 PEe3UCTOpsl paBeH [ = ———, a
R +Ry
HaJCHUs HAlpsDKEHUS Ha Pe3HCTOpax, cOINIacHO 3akoHy OMa Juisi ydacTKa LM, PaBHbI
R
coorBeTcTBeHHO U} = [ R = N Uy=1R, = =2
R] + Rz Rl + Rz

3apsaapl Ha OOKIAAKaX KOHJCHCATOPOB, 3apsDKCHHBIX 10 ATHUX HANpsHKEHHH MOcie
3aMbIKaHus Kimoya K, , B cooTBeTcTBHM ¢ HOPMYIION [UTsl CBSA3M 3apsijia M HANPSDKEHHS Ha

R
KOHJIeHcaTope cramu pasubl ¢ = —C1Up = _Cllfi;e (mxHsAs 0OKIIaJKa KOHJEHCAaTopa
Y
B B ER;
Cug,=CU, = sz (BepxHsist 0Oknazka Konaencaropa C, ).
1 2
Takum  oOpaszom, wuepes xmod K, nporék cymMMmapHbii  3apsi, pPaBHBIA 110
‘Csz - CIRI‘ Aq(Rl + R2)
monymo Aq = |q, + ¢,| = —————, n OJIC uctounmka Toka £ = ————————
| | R +Ry \CyRy — CiRY|
o _ Aq(Rl + Rz)_
nanHolt 3agaue CHoRy > CiR,u =E—————=5 B.
CoRy = iRy
Aq(R; + R
Otger & =M= 5B.
CoRy — C1R)
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KpnTepnn OIICHKMU BbBINNIOJTHCHHUSA 3aJaHUsA

Bbaniasl

[TpuBeaeHO NOJTHOE pPEelIeHUE, BKITFOYAIONIEE CICTYFOIIIE DIICMEHTBI:

I) 3amiicaHbl MMOJIOKEHUSIT TEOPHHM M (PH3MYECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
MPUMEHEHUE KOTOPBIX HEOOXOMMO JIJIsl PEIICHHUS 3aJ1a4i BEIOPAHHBIM CIIOCOOOM
(6 0annom cayuae — 3axkoH Oma 0751 NOAHOU yenu u OJisl Y4ACMKA Yenu, 3aKOH
coxXpameHus 3apsod, Cesa3b 3apsaoa U HANpAXCeHus Ha KoOHOeHcamope, (opmynvl
07151 NOCNE008AMENLHO20 COCOUHEHUS. PE3UCTOPO8 U KOHOEHCAMOPO8);,

II) onucanbl Bce BBOAWMMBIE B pEIICHUH OYKBEHHBbIE 00O3HAYEeHHUS (PU3UUECKUX
BEIMYMH (3 UCKIIOYEHUEM, B03MONCHO, O0OO03HAUEHULl KOHCMAHM, VKA3AHHbIX
6 sapuanme KUM, u 0603nauenuil, ucCnoib3yemvix 6 ycioguu 3a0a4u);

IIT) mpoBeeHbl HEOOXOMMBIC MaTeMaTHYECKHE MpeoOpa3oBaHUs (JIOMYyCKAeTCs
BepOallbHOE YKa3aHWE Ha WX TMPOBEACHHE) U pacu€Thl, IMPHBOJSAIINE
K IPaBWJIBHOMY YHCJIIOBOMY OTBETY (JIOITyCKAaeTcsi pPEIICHHE «II0 4YacTsaM»
C MPOMEXKYTOYHBIMHU BBIYMCIICHHUSIMHN );

IV) npencraBieH npaBUIbHBIM OTBET ¢ yKa3aHUEM €IMHUIL U3MEPEHUS UCKOMOH
BEJINYHHBIL.

[TpaBuibHO 3amnucaHbl HEOOXOIUMBIE TTOJOKECHUS TEOPHU U (PU3UUECKHIE 3aKOHBI,
3aKOHOMEPHOCTH, IPOBEIEHBl HEOOXOJUMble IIPeoOpa3oBaHMs, U NPEICTaBICH
NPaBWIBHBIA OTBET C yKa3aHMEM E€AMHUI] MU3MEpPEeHHs HCKOMOM BenuuuHbl. Ho
UMEeeTCs] OAMH U3 CIIEAYIOIINX HEJT0CTATKOB.
3amucH, COOTBETCTBYIOIIME ONHOMY Wi obouMm mynkram: 11 wu III,
MIPEACTaBICHBI HE B TIOJIHOM 00bEME HIIH OTCYTCTBYIOT.

W
[Tpu [TIOJIHOM mnipaBUiIBLHOM pEIICHUH JUIIHUE 3aIMCH, HE BXOSIIUE B PEIICHUE
(BO3MOXXHO, HEBEpHBIC), HE OTICICHBI OT pemieHus (He 3a4épKHYTHI, HE
3aKJIIOYEHBI B CKOOKH, PAMKY H T. IL.).

NI
IIpu TIOJTHOM penieHnu B HEOOXOAMMBIX MaTeMaTHYECKHX MPeoOpa3zoBaHUIX
WJIA BBIYMCIICHUSIX JIOMYIICHBI OIMHOKH, U (W) TPeoOpa3oBaHsI/BEIYUCICHUS HE
JIOBEJICHBI JI0 KOHIIA

N
ITpu TTOJTHOM pemrenun oTcyTCTBYeT MYHKT [V, miin B HEM JlomynieHa ommoka.

© MUOO 2012 r Ily6mun

Ousuka 11 xkmacc Bapuant 2

IIpencraBieHsl 3an1cU, COOTBETCTBYIOLINE OAHOMY U3 CIEIYIOLUIUX CIIy4aes.
[IpencTaBieHB TONBKO MOJOKCHMS M (POPMyINBI, BBIpaXKaromue (Qu3nueckue
3aKOHbI, IPUMEHEHNUE KOTOPBIX HEOOXOOMMO JUIsl pelleHus 3ajadd, 0e3 KaKHX-
m00 npeoOpa3oBaHUil C HX MCIOJL30BAHUEM, HAIIPABICHHBIX Ha pELICHUE
3aJja4uyl, U OTBETA.
nim

B pemenun otrcyrcrByer OJJHA w3 wucxomnsix Qopmyin, HeoOXomumas Uis
pemieHuss 3amaun (WM YTBEp)KICHHE, JIe)Kalllee B OCHOBE pEIICHHs), HO
HIPUCYTCTBYIOT JJOTHUECKH BEpHBIEC IPE0OPa30BaHUs ¢ UMEIOIUMHUCS (popMynamy,
HaIpaBJICHHbIE HA PEILICHUE 3a1a4H.

. NI
B OAHOM wn3 mucxomubix (opMys, HEOOXOIUMBIX JUIS PEUICHHS 3a1adul (MIN
B YTBEPXKJIEHUM, JISKAIEM B OCHOBE pEIIEHUs), JONyLIeHa OMMOKa, HO
IIPUCYTCTBYIOT JIOTMUECKH BEPHbIE IPE0OPa30BaHUs ¢ UMEIOLIUMUCS POpPMyIaMH,
HaIlpaBJICHHbIE Ha PEIICHHUE 3a1a4H.

Bce cnyvan perieHusl, KOTOpbIe HE COOTBETCTBYIOT BBINICYKA3aHHBIM KPUTECPHIM
BBICTABJICHUS OLICHOK B 1, 2, 3 Oaia.

© MHOO 20121



@usnka 11 xmace Bapuant 2 12

B nomamrnem paanonpruéMHUKE, TPUHUMAIOIIEM CHTHANI B JUAra3oHax JUIMHHBIX,
CPEZHUX M KOPOTKUX BOJIH (JUTMHBI BOJH A oT 13 M 70 2600 M), UHIYKTUBHOCTH L
KaTyIIeK BXOJHOTO KOJIEOATENLHOTO KOHTYpa MOTYT MU3MEHSATHCS B TpEJeiax OT
1 MxI'H 10 4 MI'H. B KakuX MUHMMAaJIBHBIX IpeAesax IPU 3TOM JOJDKHA MEHSTHCS
émkocTb C NepeMEeHHOr0 KOHJEHCATOPa 3TOro KOHTypa?

Bo3MoskHOe pelieHne

CornacHo ¢opmyine Tomcona mnepuon 7 >IEKTPOMArHMUTHBIX KOJI€OAaHUM B KOHTYpE,
COCTOAIIEM M3 KOHJeHcaTopa €MKocThlo C M KaTyUIKM HHIYKTHBHOCTBIO L, paBeH

T=2nJLC.

JumHa A BOJHBI AJIGKTPOMATHHTHOTO H3IIyYCHHs CBs3aHa C TEepHOJoM 1 KoJieOaHWH
¢dopmynoit A = cT, rie ¢ — CKOpOCTh IEKTPOMAaTHUTHBIX BOJH B aTMoc(epe, KOTOPYIo

o 8
MOJKHO CUHTAaTh PaBHO# CKOPOCTH cBeTa B Bakyyme: ¢ = 3 - 10° m/c.
IloncraBnsst BblpakeHHE A Tepuoja KoseOaHuil B (GoOpMylly Uit JUIMHBI BOJHBI,

2
A
nonyyaem 4 = 2ze+/LC, otkyna C = —5——.
4rcL
ﬂﬂﬁ HAXO0XACHUS MHUHHMAJIBHOI'O JHalla30Ha HW3MCHCHHA BCIIMYHWHBI C CICOYET IIpU
MUHUMANBHOH JUTMHE BOJHBI A, =13 M Oparh B 3amucaHHOH (opmysie MHUHHUMATLHOE

(A, =2600 M) -

3HaYCHNHE HMHIAYKTHBHOCTH L, =1MkI'H, a mnpn MakCHMalbHOM

MakcumanbHoe (L, =4 MI'n).

IlopcraBisisi ykazaHHbIE YHCJIEHHBIE 3HAYEHMsI S JUIMH BOJH M HMHJyKTUBHOCTEH
B NIpuBeNEHHYIO0 BbIie (opmyiy i éMkoctu C, TMoiydaeM, YTO OHA JIOJDKHA MEHSTHCS
B IIpeJeIIax OT

€ -t 13 ~0,48 10 °® = 48 nd>
VU un?L, 4.3,142.9.100. 1100
bi (e}
2 2
Cy 22 2600 ~ 4,8 1070 = 480 .

4n%c’L,  4-3,14%.9.10'°.1.107°
Omeem: npumepHo oT 48 nd 10 480 ndD.
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KpnTepnn OLICHKH BbINOJIHCHUSA 3a1aHUA

Bajiasl

[TpuBeaeHO MONHOE penIeHue, BKIIOYAIONIee CICIYIOINE DICMCHTEI:

I) 3ammcansl  MOJNOXKEHUST TEOPHM W (U3MUCCKUE 3aKOHBI, 3aKOHOMEPHOCTH,
MPUMEHEHHE KOTOPEIX HEOOXOIMMO /IS PEIICHHUS 33/1a9i BEIOPAHHBIM CIIOCOO0M
(B manHOM ciydae — ¢popmyaa Tomcona 0ns nepuoda Koredaunuili 8 KOHmMype u
C8513b OJIUHbL INEKMPOMASHUMHOLL 80JIHbL C €€ NEPUOOOM);

II) onrcanbl Bce BBOAMMBIC B peIICHUH OYKBEHHBbIE 0003HA4YEHHUS (PU3MUECKUX
BEIMYMH (3 UCKIIOYUEHUEM, 603MONCHO, 0003HAUEHULl KOHCMAHM, VKA3AHHbIX
6 sapuanme KUM u 0603nauenuii, ucnoib3yemulx 6 ycioguu 3a0adu);

IIT) mpoBeneHsl HEOOXOAUMBIE MaTeMaTH4ecKue MpeoOpa3oBaHus (IOIMYCKaeTCs
BepOaTbHOE YyKa3aHME Ha UX TMPOBEACHHE) U  pacdyCThl, IMPUBOISIINE
K IPaBWJIBHOMY YHCJIOBOMY OTBETy (IOIyCKAaeTCS pCIICHHE «II0 YacTsSM»
C POMEKYTOYHBIMHU BBIYNCIICHHUSIMN ),

IV) npencraBien npaBUIbHBIM OTBET ¢ yKa3aHUEM €IMHULL U3MEPEHUS] UCKOMOU
BCJIMYHHBI.

[TpaBuibHO 3amMcaHBl HEOOXOANMEBIE TTOJIOXKEHHS TEOPHU U (PU3MUCCKHE 3aKOHHI,
3aKOHOMEPHOCTH, ITPOBEJCHB HEOOXOMMMBIC TPeoOpa3oBaHUs, M IPEACTABICH
NpaBUJIbHBIA OTBET C yKa3aHMEM €IUHUI M3MEPEeHHs HUCKOMOH BenuyuHbl. Ho
UMEeTCs OIUH U3 CIAEYIOIUX HE0CTATKOB.

3amycy, COOTBETCTBYIOLIME OJHOMY WM OOOUM IyHKTaM:
IPE/ICTABICHBI HE B IOJIHOM 00BEME MU OTCYTCTBYIOT.

m u I,

[Tpu [TIOJIHOM npaBuiibHOM pElIEHUH JUIIHUE 3aIIUCH, HE BXOSIIUE B PEIICHUE
(BO3MOYKHO, HEBEpHBIC), HE OTJACJICHBI OT peuieHus (He 3a4€pKHYTHI, HeE
3aKITFOYEHBI B CKOOKH, pPaMKy U T. IL.).

NN
ITpu [TOJIHOM pemreHnn B HEOOXOTUMBIX MaTEMaTHUCCKHX HMPEOOpa3oBaHUIX
WIN BBIYUCICHUAX JOMYLIEHbI OIIMOKY, U (WIN) NpeoOpa30oBaHus/BbIYUCICHUS HE
JIOBEJICHBI 710 KOHLA

NI
[Tpu [TOJIHOM pemiennn oTcyTCTBYET MyHKT [V, Min B HEM JoTTyIieHa onmoka.

IIpencraBieHsl 3aMUCH, COOTBETCTBYIOIINE OJHOMY M3 CICAYIONINX CITy4acs.
[IpencraBneHbl TOJIBKO MOJIOKEHUA U (HOpMyJbl, BBIpaXKaroue Qpu3nYecKue
3aKOHBI, IPUMEHEHNE KOTOPBIX HEOOXOJMMO U PElleHus 3ajadyd, 0e3 KaKux-
mubo mpeoOpa3oBaHUil ¢ HX HCHOJb30BAHHEM, HAIMPABICHHBIX HA pPEILICHHE
3ajauy, U OTBETA.
NI

B pemennn orcyrcrByer OJIHA wu3 mcxomHbIX (opMys, HeoOXoaummas it
pewieHus 3afaud (WM YTBEp)KICHME, JICXKAIee B OCHOBE PELICHMs), HO
IIPUCYTCTBYIOT JIOTMUECKH BEPHbIE IPEOOPa30BaHUs ¢ UMEIOLIUMUCS (POpMyIaMH,
HaIpaBJICHHBIC HA PEIICHUE 3a1a4H.

. NN
B OIHOUM w3 wucxomubix (Gopmyi, HEOOXOMMMBIX JUIsl pemieHUs 3anauu (Hiu
YTBEPIKACHUM, JIeXKAIEeM B OCHOBE pEIICHHUs), JIOMyIIeHa OluOKa, HO
IPUCYTCTBYIOT JJOTHUECKH BEpHBIE IPE0Opa30BaHUs ¢ UMEIOIUMHUCS (opMynamy,
HaIpaBJICHHbIE HA PELLICHUE 3a1a4H.

Bce cnydan pemienusi, KOTOpble HE COOTBETCTBYIOT BBIIIEYKA3aHHBIM KPUTEPHUIM
BBICTABJIEHHUS OLIEHOK B 1, 2, 3 Oaia.
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ITpu ManbIx KoNeOaHMSIX C aMIUTUTYI0M A = 5 cM BOJIM3H TIOJIOKEHHSI PABHOBECHS
MaTEeMaTHUYeCKOr0 MasTHUKAa MOJyJIb CHWJIBI HATSDKEHHsSI HHUTH, Ha KOTOPOM
MoJIBEIIeH Ipy3uK mMaccoit m = 100 r, mensercst B npeaenax ot 7 go 7'+ AT, roe
AT=15MHu AT << T. KakoBa jmuHa [ Hutu wMastHuka? Tpenue He
yunthiBaiite. [Ipu permennn 3amaun yaTuTe, 9TO AJIST MaIbIX YTJIOB 0 CIIPABEINBO
npuOMmKEHHOE paBeHCTBO Sina = a. CrenailTe CcXxeMaTHYeCKHil PHUCYHOK
C YKa3aHUEM CWJI, ICUCTBYIOIMINUX Ha TPY3UK.

Bo3mo:xHoe pelmeHue

N300pa3suM  MasTHHK B  JBYX  COCTOSHHSIX: MaKCHUMaJbHOTO
OTKIIOHEHHS, KOTJIa OH OCTaHaBIHMBACTCS, OTKIOHUBIIUCH OT
TIOJIOXKCHUSI PAaBHOBECHSI HA PAacCTOSHUE A, W MPH MPOXOXKICHUH UM
9TOr0 IOJIOKEHUS paBHOBecHs (CM. pucyHOk). Ha rpysuk masTHHKa
Maccoil m eficTByeT cuiia TSXKECTH Mg, HalpaBieHHAs BEPTUKAIbHO

BHU3, M TMepeMEHHas cwia [ HATSHKCHUS HHUTH, MEHSIOIASACS 10
MOIyJII0 OT 7' B HOJOKEHHMM MAaKCHMAaJlbHOI'O OTKJIOHEHMs, KOrja
BekTop | HAKIOHEH IOJ MAalbIM yIJIOM 0. K Beprukamd, 10 T+ AT
B [OJIOXCHHH PABHOBECHS, T BEKTOp | BEPTHKANCH, a TIPY3HK
JBHKETCS CO CKOPOCTBIO V| HAIIPABJICHHOI TOPH30HTANIBHO.

[lockonbKy TpeHHs HET, COIVIACHO 3aKOHY COXPaHEHHMsS MEXaHWYeCKOW DSHEepruu

NMOTCHIMAJIbHAs SHEPrus MasiTHUKa B KpaﬁHeM IIOJIOKCHHWH, OTCUUTAHHAs OT HadYaJIbHOI'O
YPOBHs B TIIOJIOXKCHHU PAaBHOBECH:, OOJDKHA PaBHATHCA KUHETUYECKOMU OHEPrun mnpu

2
mV
MPOXOKICHHUH MOJIOKEHHs paBHOBecus: mgl| 1 —cos o | = -

B nosiokeHNH MaKCHMAaJbHOTO OTKJIOHEHMSI CyMMapHasi cuia I + mg HanpapieHa BJOJIb
TPAaCKTOPHH TPY3HKA — OKPYKHOCTH PAANYCOM /, TO €CTh NEPICHANKYIISIPHO BekTopy 7', a
CKOPOCTB IPy3HKa B 3TOT MOMCHT paBHa Hymo, I = mg COSO.

[Ipr NpOXOXKJEHHUU MOJOXKEHUS PaBHOBECHS TPy3HK 001agaeT LEHTPOCTPEMHUTEIbHBIM
YCKOPEHHUEM, U YPABHEHUE €ro JBW)KEHUS B MPOEKIMH HAa BEPTUKAIBHYIO OChb MMEET BUJ]

mV
T =T+ AT- mg.
IMoxacTaBiss CroAa MOIYYCHHEIE BBILIE BLIPAXKECHMS IS V2u i T, Haxooum

AT =3mg(1 — cos a). B cumy Manoctu yria oo ® —, OTKyJla UMeeM

i
2 2
AT =3mg| 1 —cosa | =3mg - ZSinz(ﬁj ~3mg - 2~ %’ 1, TIOCKOJIBKY
2 2 21
T T
mg = ~ T, nonmyuaem otBert: [ = A 3mg ~ A 3 =0,5m
cosa 2AT 2AT

Omeem: [ ~ A 3& ~ A 3—T =0,5m.
\ 2AT 2AT
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KpnTeplm OLICHKH BbINOJHCHUSA 3a1aHUA

Bbasiasl

[IpuBeaeHO MOJTHOE PELICHUE, BKITIOYAIOIIEE CIIETYFOIINE DIEMECHTBI:

I) 3anmicanbl TONOKEHUST TEOpUM H  (PU3MYECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
MIPUMEHEHUE KOTOPBIX HEOOXOIUMO JIJIsl pEeIlieHHs 3a]1aud BHIOPAHHBIM CIIOCOOOM
(B IAHHOM CIly4ae — MPABUIbHO 3ANUCAHbl 3AKOH COXPAHEHUs MeXAHUYeCKOl
oHepauu ONd MaAMemMamuiecko20 MAAMHUKA U YPAGHEHUs €20 O8UNCeHUs, U
NONYUEHHAs CUCTNeMA YPAGHEeHUl peulena MoYHo Ul NPUOTUNCEHHO — C YUEMOM
Manocmu yena o),

II) onucanbsl Bce BBOAMMBIE B pelICHHMH OyKBEHHbIE 0003HaueHHs (HUIUUECKUX
BCIUUUH (3a UCKTIOUEHUEM, B03MOMNCHO, O0003HAYEHUll KOHCMANM, YKA3AHHbIX
6 sapuanme KUM, u 0603nauenuil, ucCnoivb3yemvix 6 yciosuu 3a0a4u),

III) nmpexcraBiaeH cxeMaTHYECKHH PHUCYHOK C YKa3aHWEM CHJ, MOSCHSAIONINI
pelieHue;

IV) npoBeneHbl HE0OXOAMMBIE MaTeMaTHYECKHE IpeoOpasoBaHHs (IOMYyCKaeTCs
BepOalbHOE yKa3zaHWEe Ha WX TMPOBEACHUE) M PAaCYEThl, IMPHBOJSAIINE
K IPaBWIBHOMY YHCIIOBOMY OTBETY (JOIyCKaeTCs pELIEHHUE «IO YacTAM»
C IPOMEXKYTOUHBIMHU BBIUYNCIICHUSMN);

V) npeacraBieH NMpaBUJIbHBIA OTBET ¢ yKa3aHHEM €IMHUL] U3MEPEHHs HCKOMOM
BEJIMYMHBL.

[IpaBunbHO 3anucaHbl HEOOXOAUMbBIE TOJOXKEHHUSI TEOPUH U (PU3NUECKUE 3aKOHBI,
3aKOHOMEpPHOCTH, MPOBEJCHbI HEOOXOIUMbIE MPeoOpa3oBaHMs, M IPEACTaBICH
MIPABWIBHBIA OTBET C yKa3aHUEM EIUHHI] M3MepeHHs McKoMoil BenmuuHbl. Ho
HMEETCs] OAMH U3 CIEAYIOIUX HE0CTaTKOB.
3amucu, COOTBETCTBYIOIIME OAHOMY wiM oboum myHkram: [I, III,
MPE/ICTABIICHBI HE B TIOJTHOM 00BEME MITH OTCYTCTBYIOT.

NI
ITpu [TOJIHOM npaBuiIbHOM PEIIEHUU JIUIIHUE 3allUCH, HE BXOJAIUE B pEILICHHUE
(BO3MOXKHO, HEBEpHbIE), HE OTHENeHbl OT pelleHus (He 3a4€pKHYThbI, HeE
3aKJTFOUYEHBI B CKOOKH, PAMKY U T. I1.).

v, -

i
[Tpu TTOJIHOM peniennn B HEOOXOJUMBIX MaTeMaTUYECKUX MPeoOpa3oBaHUAX
WJIM BBIYMCIICHUSX JIOMYIICHBI OMIMOKHU, U (WIK) MpeoOpa30BaHusl/BbIYNCICHUS HE
JIOBEJICHBI JI0 KOHIIA.

Wi
[Tpu [TOJIHOM penieHHr OTCYTCTBYET MYHKT V, MM B HEM JOMYyIICHA OIUOKA.
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IIpencraBieHsl 3al1CH, COOTBETCTBYIOIINE OAHOMY U3 CIIEAYIOLIUX CIIy4aes.
[IpencraBieHs! TOMBKO MOJOXKCHUS M (DOPMYIBI, BBIpaXKaromue (Qu3ndecKne
3aKOHBI, IPUMEHEHHE KOTOPBIX HEOOXOIUMO AJsl pelleHMs 3afaud, 0e3 KaKux-
aub0 mpeoOpa3oBaHMII C HMX WCHOJNHb30BAHHEM, HAINPABICHHBIX Ha pPELICHHE
3aJa4uu, U OTBeETA.
W

B pewenun orcyrcrBsyer OAHA u3 ucxomsblx ¢opmyi, HeoOXoaumas Ui
pemieHuss 3amaud (WIM  YTBEp)KICHHE, JIeKallee B OCHOBE pEIICHHs), HO
HOPUCYTCTBYIOT JJOTHUECKH BEpHBIE IPE0Opa30BaHus ¢ UMEIOIUMHUCS (popMynamy,
HaIpaBJICHHbIE HA PELLICHUE 3a1a4H.

. NI
B OAHOM wn3 mcxomHbix (opMys, HEOOXOAMMBIX UIS PEUICHHS 3amadu (MIH
B YTBEPXKJEHUM, JISKAIEM B OCHOBE pEIIEHUs), [ONyIleHa OIIHOKa, HO
IIPUCYTCTBYIOT JIOTHUECKH BEPHbIE IPE0OPa30BaHUs ¢ UMEIOLIMMUCS (POpPMyIaMH,
HalpaBJICHHbIE Ha PeILICHHUE 3a/1a4H.

Bce cnydan pernreHusi, KOTOpbIe HE COOTBETCTBYIOT BBINICYKA3aHHBIM KPHUTEPHIM
BBICTABJICHUS OLICHOK B 1, 2, 3 Oaia.
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Kpurepun ouennBanus 3a1anmii ¢ pa3BéPHYTHIM 0TBETOM

W3BecTHO, YTO CXKIIKCHHBIC Ta3bl C HHU3KHMH TEMIIEpaTypaMH KHIICHHS IPH
HOPMAJIbHOM JaBJICHWU (HANpUMeEp, METaH, a30T, KUCJIOPOJ, BOJOPOJI, TElIUi)
XPaHAT B  OTKPBITBIX  TEIJIOW30JIMPOBAHHBIX  COCYJaX,  COOOIIAOIIMXCS
c armocdepoit. [lpu TakoM XpaHEHHH TIOTEPU HA MCIAPCHHE, OTHECEHHBIC
K €JIMHUIIE MAacChl CXKIDKEHHOTO Ta3a, YMEHBIIAIOTCS IMPH yBEIUYCHHH 00BhEMa
cocyna.

OOBsICHUTE TIPUYUHBI  BBIMICH3IIOKEHHOTO,
(hU3NYECKUX 3aKOHAX U 3aKOHOMEPHOCTSIX.

OCHOBBIBAsICh Ha HU3BECTHBIX

Bo3moskHOE pelienne

1. Jaxxe mpu XOpomIeHd TEIIOM30JIAINNA HEBO3MOXKHO MOJHOCTBIO YCTPAaHUTh I10JIBOJ
TEIUIOTHl K CXKIDKEHHBIM Ta3aM C HHU3KHMH TEMIIEpaTypaMu KHIIEHUS Yepe3 CTEHKH
COCYZIOB, TIOCKOJIBKY TEeMIepaTypa O3THX Ta30B 3HAYUTEIHHO HI)KE TEMIEepPaTyphl
OKPYKaroIe Cpebl M CYIIECTBYET SIBJICHHE TETIONPOBOTHOCTH.

2. TemunoTa, nocTynaroLas yepe3 CTeHKU COCy1a, PACXOAyeTCs Ha UCIapeHUEe COKUKEHHOIO
rasza, npu4éM o0bEM MOJTyYHUBILErocs ra3a BO MHOTO pa3 IpeBbIIaeT 00bEM HcnapuBILeiics
JKUIKOCTU. [lo3TOMy B 3aKphBITOM COCyJe HaBlieHHe OyAeT MOCTENEeHHO BO3pacTarb, W
cocyll B KOHIIE KOHIIOB B30pBETCs. [lo 2TOM mpUYMHE CHKMKEHHBIE Ta3bl XPaHAT
B OTKPBITHIX TEIJION30JIMPOBAHHBIX COCYIaX, COOOMAIONIMXCS ¢ aTMOchepoii,

3. IIpu naHHOM PAa3HOCTH TEMIEPATYp M TEIUIONPOBOJHOCTH CTEHOK KOJIMUYECTBO TEIJIOTHI,
MI0JIBOANMOM B €TMHHILY BPEMEHM K COJAEPKHMOMY COCYJa, MPOMOPLHUOHAIBHO IIOMAAN
€ro CTEHOK, TO €CTh KBaJpaTy JIMHEHHBIX pa3MepoB cocyaa. B To ke Bpemst macca
JKUJIKOCTH TIPONIOpIMOHANIbHA e€ 00BEMY, TO ecTh KyOy JHMHEHHBIX pa3MepoB COCYJa.
[ToaTomMy ¢ yBenmM4YeHHEM pa3MEpOB COCY/Ia MOTOK TEIUIOTHI, MPUXOSIINNACS HA SAUHUILY
Macchl JKUAKOCTH, YMEHBINAETCA, U COOTBETCTBEHHO YMEHBINAIOTCS OTHOCUTENIbHBIE

IIOTEPU Ira3a Ha UCIIapCHUEC.
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KpnTepnn OLICHKH BbINOJIHCHUSA 3a1aHUA

Bajiasl

[IpuBeneHOo TOJHOE TPABWIBHOE PEIIEHUE, BKIIOYAIOINIEE NPABUIBHBINA OTBET
(B manHOM ciy4ae 1. 1-3) u ncdyeprnbIBaroNIne BEPHbIE PACCYKACHUS C yKa3aHHEM
HaOJII0aeMbIX SBJICHHUH U 3aKOHOB (B JaHHOM CIIy4ae — ONUCAHUE Npoyeccos
Meni1onpo8OOHOCIU U UCHAPEHUs, A MAKIHCe BO3MOJICHBIX NOCIeOCMEUll
2epmMemusayuy  cocyoo8 CO CHCUNCEHHbIMU 2a3aMU U NPUYUHbL YMEHbUUEHUS.
nomepb HA UCNApeHue npu yeeauyeHul pazmepos cocyod).

VYkazaHbl Bce HeoOXoauMble Ui OOBSCHEHMsI SIBIEHMS U 3aKOHBI,
3aKOHOMEPHOCTH, M JIaHO NPaBWJIbHOE OOBSCHEHUE, HO COJCPIKUTCS OAMH U3
CJEIYIOIINX HEJOCTATKOB.
B mpenctaBneHHBIX 3alUCSIX COJAEpPXKATCS JMIIb OOIIMe paccyxiaeHus 0e3
MIPUBSI3KM K KOHKPETHOHN CUTYyalluy 3aJjauu.

N
Paccyxnenus, mpuBoAAIIAE K OTBETY, MIPEJACTABICHBI HE B TIOJIHOM 00bEME, WIIH
B HHUX COJIEPKATCSI IOTHYECKHUE HEJJOUETHI.

HpeIlCTaBHeHLI 3aIllucu, COOTBCTCTByIOHII/Ie Og!HOMy n3 CJ'[CI[yIOHlI/IX cnyqaeB.
y1(a3aHI>I HC BCC HGO6XOHI/IMLIG SABJICHHUSA U (bI/ISI/I‘IeCKI/Ie 3aKOHBI, TAaXX€ €CIIN OaH
HpaBI/IJ'H)HI)II‘/'I OTBECT HA BOHpOC 3a1aHUs.
N
yKa3aHBI BCC H606X0)II/IMLIG SIBJICHUSA U q)HBI/I‘IeCKI/Ie 3aKOHbI, HO B HeKOTopBIX n3
HUX JIOMYIIEeHA OMMOKa, TaXKe eCIIH JaH MPaBHIIbHBIN OTBET Ha BONPOC 3aIaHHSI.
nim
VKkaszaHpl Bce HeoOXOAMMBIE I OOBSICHEHMS  SBJICHUS W 3aKOHEI,
3aKOHOMEPHOCTH, HO MMEIOIINECS PacCyKIACHHUS, HAMpPABJICHHBIC HA TOyYCHHE
OTBE€TA HA BOHpOC 3aJaHus1, HC JOBCACHBI 10 KOHIIA.
N
YKa?)aHBI BCC HCO6XOI[I/IMLIC JJIsL O6’I)$[CHCHI/I$I SIBJICHHUS 158 3aKOHBI,
3aKOHOMEPHOCTH, HO MMEIOIIIMECS] PACCYKJICHHUS, TPUBOJISAIINE K BEPHOMY OTBETY,
COJICPIKAT OIIAOKH.

BCC CHy‘laI/I pCHIeHI/IH, KOTOpBIC HEC COOTBeTCTByIOT BI)IHICyKEBaHHI)IM KpI/ITepI/IHM
BBICTABJIEHHUS OIEHOK B 1, 2, 3 Gaiia.
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Ha rnagxoit ropu3oHTanbHOM MIIOCKOCTH JIEKAT JBa rpy3a Maccamu /) = 0,5 kr u
My = 2 KT, COeIMHEHHBIE HEBECOMON HEPACTSKUMOMN HUTHIO, IEPEKUHYTON Yepes

JIBa HENOJBMWXHBIX (A m B) m oguH moaBmwkHbI () HeBecoMble OJIOKH, Kak
MI0Ka3aHO Ha pucyHke. Ocu OJIOKOB FOPU3OHTANIbHBI, TPEHHUS B OCSIX OJIOKOB HET.
Kocu O mnoxpswxHoro OJ0Ka NPWIOKEHA HANpaBieHHAs BEPTUKAJIbHO BHU3
cuwia F' = 4H. Haiinute yckopeHue 3toit ocu. Crenaite cXxeMaTHUECKUH PUCYHOK
C YKazaHUeM CHJI, JeHCTBYIOUINX Ha TPY3bI U OJIOK.

", ;y

A B

Bo3MoskHOe penlieHune

Hapucyewm cunsl T HaTs>KeHUS HUTH, OJIMHAKOBBIE,
B CHIIy YCIIOBHUS 3aJlaud, BJOJNb BCEH HUTH W
JeiicTBytone Ha Tpy3bl U 010K O (CM. PUCYHOK).
Breném cucremy xkoopaunat XY, Kak MOKa3aHO Ha
pUCYHKE, M 3alulieM ypaBHEHUS JBUKCHUS
TPY30B B IPOEKLKHU Ha OCh X:

mya; = T, mya,=—T.

B cuny HeBecomoctu 65okxa O umeem F =27, nmn T = g

B cuny HepacTspkumoctu HUTH (AUIMHOW L) M HeNMoABMXKHOCTU OyiokoB A u B (ux
KOOP/IMHATBL X 4 U X p IOCTOSIHHBI) MMEETCS CIE/YIOIIas KHHEMAaTHYeCKas CBA3b MEXK/y

KOOP/IMHATAMH X| M X, IPY30B M KOOPIAMHATOH y, Onoka O (31ech 7 — paauyc 610K0B 4 n
B, R — pagnyc 610ka O):

X=X txy—xptmwr+aR+2y,=1L,

WIN

Xy —x; T 2a,= const.

2
a .
OTcroaa, Tak Kak x = ——, I0Jy4aeM CBs3b YCKOPEHUH:
2

az—a1+2a0=0.

Pemiaem 3anucanHyro cucTeMy YpaBHEHHM U MOJIy4aeM OTBET:

F F a; —a F m+m
al = —,a2: ——’ao = g = — . 172 =2,5 M/C2
2m1 2m 2 4 mymy
Otser: g = E L) =25 m/c?
mymy
© MHOO 2012 r
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KpnTepnn OLICHKH BbINOJIHCHUSA 3a1aHUA

Bajiasl

[IpuBeaeHO MOJTHOE pPElIeHNE, BKITIOYAIOIIEE CIISTYFOIINE DICMEHTBI:

I) 3amicanbl MOJIOKEHUST TEOPUH M (PU3MUYECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
MPUMEHEHUE KOTOPBIX HEOOXOIMMO JIJIsl PEIICHHUS 3aJ1a4i BEIOPAHHBIM CIIOCOOOM
(6 Ooanmnom ciyuae — ypasHenus O8UNCEHUsl 2pY306 U OIOKA 6 NPOeKYusixX Ha
8b1OpaHHbIE OCU KOOPOUHAN U YPAGHEHUE KUHEMAMUYEeCKOU C853U O/ YCKOPEeHUll
mein),

II) onucanbsl Bce BBOAMMBIE B pelIEHMH OYKBEHHBbIE 0003HA4YEeHHUS (PU3MUECKUX
BEIMYHMH (32 UCKIIOUEHUEM, B03MONCHO, 0003HAUEHULl KOHCMAHM, VKA3AHHbIX
6 sapuanme KUM, u 0603nauenuil, ucCnonb3yemvix 6 ycioguu 3a0aqu),

IIT) mpeacTaBieH CXeMaTHYECKUH PHCYHOK C YyKa3aHHWEM CHWII, TOSCHSIOUIMN
pelieHue;

IV) npoBenieHbl HEOOXOAMMBIE MaTeMaTHYECKHE MPeoOpa3oBaHus (IOMYyCKaeTCs
BepOalbHOE yKa3aHWE Ha WX [POBEACHHE) W pacuéThl, IMPHBOJSIINE
K IPaBWJIBHOMY YHCJIIOBOMY OTBETY (JIOIyCKAeTCs PEIICHHE «II0 4YacTsaM»
C MMPOMEKYTOYHBIMHU BBIYHCIICHHUSIMN ),

V) npeacraBieH NpaBWIBHBIA OTBET C yKa3aHMEM €IUHUL] U3MEPEHUs HCKOMOM
BEJIMYMHBL

[IpaBunbHO 3anKcaHbl HEOOXOAUMBIE MOJOKEHUS TEOPUU U (PU3UUECKHE 3aKOHBI,
3aKOHOMEpPHOCTH, MpPOBEIEHbl HEOOXOAMMBIE NpPeoOpa3oBaHMs, M IPEICTABICH
NIPAaBUIBHBIA OTBET C yKa3aHMEM EIMHUI] M3MEpPEeHHs HCKOMOH BenuunHbl. Ho
MMEEeTCs OIMH U3 CICAYIOMINX HeI0OCTAaTKOB.
3anmucu, COOTBETCTBYIOIIME OAHOMY wmiau BceMm myakrtam: I, I, IV, —
MIPE/ICTABJICHBI HE B TIOJIHOM 00BbEME HITH OTCYTCTBYIOT.

N
[Tpy mOTHOM TPaBWIIEHOM PEIICHUM JIMIIHAE 3allUCH, HE BXOJSIINE B pPEIICHHE
(BO3MOXKHO, HEBEpHBIC), HE OTJCJCHBI OT peHicHUs (He 3a4€pKHYTHI, HE
3aKJIFOUEHBI B CKOOKH, PAMKY | T. T1.).

NJIn
[Tpu ITOJIHOM perieHun B HEOOXOJIUMBIX MAaTEMaTHUYECKHUX MPEOOPa30BaHUSIX
WJIM BBIYUCIICHUSX JIOMYIICHBI OITHOKH, U (WIJIH) TPeoOpa3oBaHMs/BEIYUCIICHUS HE
JIOBEJICHBI JI0 KOHIIA.

W
[Tpu [TIOJIHOM penieHnr OTCYTCTBYET MYHKT V, MM B HEM JOMYyIIeHa OIUOKa.
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IIpencraBieHsl 3a11CU, COOTBETCTBYIOLINE OAHOMY U3 CIIEAYIOLIUX CIIy4aes.
[IpencraBieHs TOMBKO MOJOXKCHUS M (DOPMYIBI, BBIpaXKaromue (QuU3MuecKue
3aKOHBI, IPUMEHEHHE KOTOPBIX HEOOXOIUMO AJsl pelleHHs 3afaud, 0e3 KaKux-
au00 mpeoOpa3oBaHUil € HX MCIOJIb30BAHUEM, HAIPABICHHBIX Ha peELICHUE
3aJa4u, U OTBETA.
W

B pewenun orcyrcrBsyer OJHA u3 ucxomHblx ¢opmyl, HeoOXoaumas Ui
pemreHus 3amadd  (WIH  yTBEPXKICHHUE, JIeKallleé B OCHOBE PELICHUs), HO 1
HPUCYTCTBYIOT JJOTHUECKH BEpHBIEC IPE0Opa30BaHus ¢ UMEIOIUMUCS (hopMynamy,
HaIlpaBJICHHbIE HA PELLICHUE 3a/1a4H.

. NI
B OAHOM wn3 mcxomHbx (opMys, HEOOXOIMMBIX UIS PEHICHHS 3agadu (MIH
B YTBEP)KICHHUH, JIGKAIleM B OCHOBE pEIICHMS), TOMyIIeHa OIIHOKa, HO
IIPUCYTCTBYIOT JIOTHUECKH BEPHbIE IPE0OPa30BaHUs ¢ UMEIOLIUMUCS (POpMyIaMH,
HalpaBJICHHbIE Ha PeILICHHUE 3a/1a4H.

®usuka 11 kmacc Bapuant 3 6

Bo3mo:xHoe pemieHue

Bcee CJIydan peHICHH, KOTOPBIC HEC COOTBCTCTBYIOT BBIIICYKA3aHHBIM KPUTCPUSIM 0

BBICTABJICHUS OLICHOK B 1, 2, 3 Oaia.

Han omamM MoneM uaealbHOTO OJHOATOMHOTO Ta3a MpOBENW mporecc 1-2-3,
rpadMK KOTOPOTO TPUBEAEH Ha PHCYHKE B KOOpAMHATAX V/V1 u p/pl, TIe

V=1 M u P = 2:10° Ila — 06bEM | jaBieHHe Ta3a B cocrosuun 1. Haiigute

KOJIMYECTBO TETUIOTHI, COOOIMEHHOE Ta3y B JAHHOM Tporecce 1-2-3.

Pl

—_— b

ViV,

© MHOO 20121

CoracHo nepBoMy Hadaly TEPMOAMHAMUKH KOJIH4YeCTBO TerioThl AQ, coobIEHHOE razy,
pacxomyercss Ha pabory raza AAwu wu3MeHeHHe ero BHyTpeHHe# dSHepruum AU:

AQ = A4+ AU.

Z
Pa6ora rasa Ha usobapuyeckom yuactke 1-2 pasna Adj, =p,| Vo=V |=p V) 72 —1}a
1
Ha M30XOPUYECKOM ydacTKe 2—3 oHa paBHa Hyo: Ady3 = 0.

V

Kak BugHO U3 pucyHKa, 72 =3, u cymmapHas pabora B mpouecce 1-2-3 paBHa
1

AAj3 = Adjp = 2p, V}. BHyTpeHHsisl SHEPrus OJHOTO MOJISL MJCANBHOTO OIHOATOMHOTO

3
raza: U= ERT . CornacHo ypaBHenuto Kianelipona—MenzeneeBa, Uisi OAHOTO MOJIS

3
upeanbHoro raza umeeMm pV = RT, tak uro U = Ep V. sMeHeHne BHYTpPEHHEH DHEPTUH

rasa B rporecce 1-2-3 paBHoO, TaKUM oOpazom,
3 3 Py W
AUz = 2\ pVa—p Vi | = Zp V| 23 23 =
13 2]’33 nhn 21’11])1 7
V-
Kax BUJIHO u3 pHCYHKa, Py _ Py _ 4, B3 -22_-3 u
Py P non

AU = %prl(4 23— 1) - %DIV1 = 16,5p, 1

OxoHYaTEIHLHO ojrydacm

AQ,y3 = Ady3 + AUj3 =2 p V; + 16,5 p 1] = 18,5 p; 1] =3700 k]l

Omeem: AQ, 5 = 18,5 p; V1 =3700 xJ1x.
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KpnTepnn OIICHKMU BbBINNIOJTHCHHUSA 3aJaHUsA

Bbaniasl

[TpuBeaeHO NOJTHOE pPEelIeHUE, BKITFOYAIONIEE CICTYFOIIIE DIICMEHTBI:

I) 3amiicaHbl MMOJIOKEHUSIT TEOPHHM M (PH3MYECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
MPUMEHEHUE KOTOPBIX HEOOXOMMO JIJIsl PEIICHHUS 3aJ1a4i BEIOPAHHBIM CIIOCOOOM
(B maHHOM cilyyae — nepeoe Hauan0 mepmoouHamuxu, ypaenenue Knaneiipona—
Menoeneeea u @vipasicenusi 01 pabomvl U GHYMPEHHEU HEPeUU UOEdNIbHO20
00HOAMOMHO20 2434);

II) onucanbl Bce BBOAMMBIE B pEIICHUH OYKBEHHBbIE 00O3HAYEHHUS (PU3UUECKUX
BEIMYMH (3 UCKIIOUEHUEM, B03MONMCHO, O00OO03HAUEHULl KOHCMAHM, VKA3AHHbIX
6 sapuanme KUM, u 0603nauenuil, ucCnoivb3yemvix 6 ycioguu 3a0a4u),

IIT) mpoBeeHbl HEOOXOAMMBIC MaTeMaTHYEeCKHe MpeoOpa3oBaHus (JIOMYyCKaeTCs
BepOallbHOE yYKa3aHWE Ha WX TMPOBEACHHE) U pacué€Thl, IMPHBOJAIINE
K IPaBWJILHOMY YHCJIIOBOMY OTBETY (JIOITyCKAaeTcsi PEIICHHE «II0 4YacTsaM»
C MPOMEKYTOUYHBIMHU BBIYMCIICHHSIMHN ),

IV) npencraBneH npaBUIbHBIM OTBET ¢ yKa3aHUEM €IMHUIL U3MEPEHUS UCKOMOU
BCJINYHHBIL.

[TpaBuibHO 3amnucaHbl HEOOXOIUMBIE TTOJOKECHUS TEOPHU U (PU3UUECKHIE 3aKOHBI,
3aKOHOMEPHOCTH, IPOBEIEHBl HEOOXOJUMble IIPeoOpa3oBaHMs, U NPEICTaBICH
NPaBWIBHBIA OTBET C yKa3aHMEM E€AMHUI] MU3MEpPEeHHs HCKOMOM BenuuuHbl. Ho
UMEeeTCs] OAMH U3 CIIEAYIOIINX HEJT0CTATKOB.
3amucH, COOTBETCTBYIOIIME ONHOMY Wi obouMm mynkram: 11 wu III,
MIPEACTaBICHBI HE B TIOJIHOM 00bEME HIIH OTCYTCTBYIOT.

W
[Tpu [TIOJIHOM mnipaBUiIBLHOM pEIICHUH JUIIHUE 3aIMCH, HE BXOSIIUE B PEIICHUE
(BO3MOXXHO, HEBEpHBIC), HE OTICICHBI OT pemieHus (He 3a4épKHYTHI, HE
3aKJIIOYEHBI B CKOOKH, PAMKY H T. IL.).

NI
IIpu TIOJTHOM penieHnu B HEOOXOAMMBIX MaTeMaTHYECKHX MPeoOpa3zoBaHUIX
WJIA BBIYMCIICHUSIX JIOMYIICHBI OIMHOKH, U (W) TPeoOpa3oBaHsI/BEIYUCICHUS HE
JIOBEJICHBI 710 KOHIIA.

N
ITpu TTOJTHOM pemrenun oTcyTCTBYeT MYHKT [V, miin B HEM JlomynieHa ommoka.

© MHOO 20121
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IIpencraBieHsl 3an1cU, COOTBETCTBYIOLINE OAHOMY U3 CIEIYIOLUIUX CIIy4aes.
[IpencTaBieHB TONBKO MOJOKCHMS M (POPMyINBI, BBIpaXKaromue (Qu3nueckue
3aKOHbI, IPUMEHEHNUE KOTOPBIX HEOOXOOMMO JUIsl pelleHus 3ajadd, 0e3 KaKHX-
m00 npeoOpa3oBaHUil C HX MCIOJL30BAHUEM, HAIIPABICHHBIX Ha pELICHUE
3aJja4uyl, U OTBETA.
nim

B pemenun otrcyrcrByer OJJHA w3 wucxomnsix Qopmyin, HeoOXomumas Uis
pemieHuss 3amaun (WM YTBEp)KICHHE, JIe)Kalllee B OCHOBE pEIICHHs), HO
HIPUCYTCTBYIOT JJOTHUECKH BEpHBIEC IPE0OPa30BaHUs ¢ UMEIOIUMHUCS (popMynamy,
HaIpaBJICHHbIE HA PEILICHUE 3a1a4H.

. NI
B OAHOM wn3 mucxomubix (opMys, HEOOXOIUMBIX JUIS PEUICHHS 3a1adul (MIN
B YTBEPXKJIEHUM, JISKAIEM B OCHOBE pEIIEHUs), JONyLIeHa OMMOKa, HO
IIPUCYTCTBYIOT JIOTMUECKH BEPHbIE IPE0OPa30BaHUs ¢ UMEIOLIUMUCS POpPMyIaMH,
HaIlpaBJICHHbIE Ha PEIICHHUE 3a1a4H.

Bce cnyvan perieHusl, KOTOpbIe HE COOTBETCTBYIOT BBINICYKA3aHHBIM KPUTECPHIM
BBICTABJICHUS OLICHOK B 1, 2, 3 Oaia.

B nenu, cxema KOTOpO¥i n300pakeHa Ha PUCYHKe, BHAYa/Ie 3aMbIKAIOT K04 K, , a
3areM, CHyCTs JUIMTeNbHOe Bpems, kimodu K,. Kakoil 3apsn un B Kakom

HaIpaBJICHUH TIPOTEUYET TOCTIE ITOTO Yepe3 KITF0U Kz, ecin Ry = 2 Om, R,= 3 Owm,

C 1= 1 MKD, C2 =2 Mx®, & =10 B? UcTOYHUK CUNTAITE NACATHHBIM.
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Bo3mo:xHoe pemeHue

Ilocne 3amblkaHus Kiroda Kl B ILIENKM BHAYajae MOUIET TOK Uepe3 pe3nuCTOpPbl U

KOHJICHCATOPbI, KOTOpBbIE dYepe3 HEeKOTOpOe BpeMs 3apsadrcs, M TOK 4Yepe3 HHUX
npekpartutcs. [Ipu 3ToM 3apsaapl 000MX KOHJEHCATOPOB, COIJIACHO 3aKOHY COXpPaHEHHs
JMEKTPUYECKOTO 3apsijia, OyayT OIMHAKOBBI, U 3apslbl Ha OOKIaIKaX, MPHCOCTUHEHHBIX

Kk kmouy K, , GyAyT UMETh MPOTHBOIIONOKHBIE 3HAKH, TAK YTO CyMMApHbIH 3apsijl Ha 9THX

00KJIaIKax paBeH HYJIIO.

Ilocne 3ambikanus kmoda K,  mpousoia€r —mepepacnpenesieHue 3apsjioB:  Ha

KOH/ICHCATOpaX YCTaHOBATCS HAINPSDKEHHWS, paBHBbIE MAJCHUAM HANpsDKCHHAS Ha
COOTBETCTBYIOIIMX PE3UCTOPAaX, U CyMMapHbIH 3aps] Ha OOKIaAKax, NPUCOEIMHEHHBIX
Kk kmouy K,, yxe He Oymer paeH Hymo. 30bITOUHBIA MM HEAOCTAIOIIMA 3apsi

npoTey€T Yepes kg K, .

E
—, a
R+ R
MaJICHNs HAMPsDKEHHUS Ha PE3HCTOpax, COrJiacHO 3akoHy OMa Ui ydacTKa IIeIH, PaBHBI

ER ER
BELEAD B Uy= IR, = _cfo
Rl + R2 R] + R2
C TOJSIPHOCTHIO MCTOYHHMKA TOKa BEPXHHE KOHIIBI PE3MCTOPOB Ha PHCYHKE MMEIOT Ooiee
BBICOKHI MTOTEHIHAIT, YeM HIDKHUE.

3apsapl  Ha  OOKJIQKaX  KOHACHCATOPOB, 3apsDKCHHBIX 10 OTHX  HaNpPsDKCHUMH,
B COOTBETCTBUHU ¢ (OPMYJION AJIs CBA3M 3apsdja W HAIpPsHKEHUS Ha KOHIEHcaTtope OyayT

CornacHo 3akoHy OMa IUIsl TOJHOM ILENU TOK 4epe3 pe3HCTOphl paBeH [ =

coorBeTcTBeHHO U = [R| = , IPUYEM B COOTBETCTBHHU

pasubl ¢, = —C1 U = —Cli}2 (HUKHSIS o0Knaaka KOHJIEHCAaTopa C))
)
ERy
ug, = CU, = C; ——— (epxuss obknaka konnencaropa C, ).
Rl + R2
Taxum o6pasom, mpu CrR; > CiRjuepes xmou K, B HampapieHuH crpaBa HaleBO
CrRy, — CiR
npoTeu€T 3apan Ag = q; + g, = £ —22 17 ITpu Cy Ry > C,R, 3nauenue Ag < O
R+ R
3apsii npored€r uvepes kmod K, B HampaeneHun ciea HanpaBo. B nanHo# 3anaue
CrRy — CiR
C2R2 > CIRI, u Aq =& —22 17 8 MK
R+ R
Omeem. 3apsn, nporexaomuii uvepes kimod K, B HanpasnieHuu cnpasa HaleBo,
CRy — CiR
paBeH Ag = £ =22 17— gukKa.
R+ R
© MHOO 2012 1

Ouznka 11 kmacc Bapunant 3

10

KpnTepnn OLICHKH BbINOJIHCHUSA 3a1aHUA

Bajiasl

[IpuBeaeHO MOJTHOE pPElIeHNE, BKITIOYAIOIIEE CIISTYFOIINE DICMEHTBI:

I) 3amicanbl MOJIOKEHUST TEOPUH M (PU3MUYECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
MPUMEHEHUE KOTOPBIX HEOOXOMMO JIJIsl PEIICHHUS 3aJ1a49i BEIOPAHHBIM CIIOCOOOM
(6 dannom cnyyae — 3axon Oma 01 NOAHOU Yenu u O Y4ACMKA Yenu, 3aKOH
coxpaneHus: 3apsioda, Ces3b 3apsaod U HANPANCeHUsl Ha KOHOeHcamope, (opmyvl
07151 NOCNe008AMENLHO20 COCOUHEHUSL PE3UCTOPO8 U KOHOEHCAMOPOs);,

II) onucanbsl Bce BBOAMMBIC B pelIEHMH OYKBEHHBbIE 0003HAYEHHUS (PU3MUECKUX
BEIMYHMH (3 UCKIIOUEHUEM, B03MONCHO, 00O03HAUEHULl KOHCMAHM, VKA3AHHbIX
6 sapuanme KUM, u 0603nauenuil, ucCnonb3yemvix 6 ycioguu 3a0aqu),

IIT) mpoBeeHbl HEOOXOAMMBIC MaTeMaTHYEeCKHE TpeoOpa3oBaHus (JIOMYyCKaeTCs
BepOalbHOE yKa3aHWE Ha WX TMPOBEACHHE) W pacué€Thl, IMPHBOJSAIINE
K IPaBWJIBHOMY YHCJIIOBOMY OTBETY (JIOIIyCKAeTCsi PEIICHHE «II0 4YacTsaM»
C MPOMEXKYTOYHBIMHU BBIYMCIICHHUSIMN ),

IV) npencraBnen npaBUIbHBIM OTBET ¢ yKa3aHUEM €IMHUIl U3MEPEHUS] UCKOMOH
BEJIMYHHBI.

[IpaBuibHO 3ammcaHbl HEOOXOIUMBIE TIOJIOXKEHHS TEOPHH U (PU3MUECKHEe 3aKOHBI,
3aKOHOMEPHOCTH, IPOBEIEHBI HEOOXOAUMble INpeoOpa3oBaHMs, U NPEICTaBICH
[IPaBUJIbHBIA OTBET C yKa3aHMEM €AMHUI] M3MEpEeHHs HCKOMOH BenuuuHbl. Ho
MMeeTCs] OIMH U3 CJICAYIOIINX HEeI0CTaTKOB.
3ammcu, COOTBETCTBYIOImME OjaHOMY wWin oboum myHktam: [I wu III,
MIPEACTaBICHBI HE B TIOJIHOM 00BbEME HIIH OTCYTCTBYIOT.

W
[Tpu [TIOJIHOM mnpaBuiibHOM pElIEHUH JUIIHUE 3aIUCH, HE BXO/SIIUE B PEIICHUE
(BO3MOXKHO, HEBEpHBIE), HE OTACNEHbl OT pemeHus (He 3a4EpKHYTHI, HE
3aKJIIOUYEHBI B CKOOKH, paMKy U T. IL.).

N
[Tpu TTOJIHOM pemreHun B HEOOXOIUMBIX MAaTEMaTHUYECKHUX TPEOOPa30BAHUSIX
WJIM BBIYUCIICHUSX JIOMYIICHBI OITHOKH, U (W) TPeoOpa3oBaHMs/BRIYUCIICHUS HE
JIOBEJICHBI JI0 KOHIIA.

NJIn
[Tpu [TOJIHOM pemieHnu oTcyTCTBYET MyHKT [V, miin B HEM JoTTyIieHa onmoKa.

[IpeacraBneHs! 3aNMCH, COOTBETCTBYIOLINE OAHOMY M3 CIEIYIOLINX CIy4aes.
[IpencraBneHbl TOJNBKO MOJIOKEHHUA WU (HOPMYJIBI, BBIpaXKArOUMe (QU3MYECKHEe
3aKOHBI, IPUMEHCHHUE KOTOPBIX HEOOXOAMMO JUISl PELICHUS 3afadd, 0e3 KaKuX-
aubo mpeoOpa3oBaHMII C HMX HCHONb30BAHHEM, HAIMPABICHHBIX HA PEIICHHE
3aJauy, U OTBETA.
WJIN

B pemennn orcyrcrByer OJIHA u3 mcxomHbIX (GOpMys, HeoOXoaumMas Ui
pewieHus 3amaud (WM YTBEp)KICHME, JIEXKAIlee B OCHOBE PELICHMs), HO
IIPUCYTCTBYIOT JIOTHUECKH BEPHbIE IPE0OPa30BaHUs ¢ UMEIOLIUMUCS POpMyIaMH,
HaIrpaBJIeHHbIE Ha pEeIICHHUE 3a1a4H.

. NI
B OJJHOM wu3 ucxomusix (Gopmyi, HEOOXOAUMBIX Ul pelleHHs 3aaaqyu (Uin
B YTBEP)KACHHUHU, JIGKAIleM B OCHOBE pEIICHMsS), JOMyIIeHa OIIHOKa, HO
MPUCYTCTBYIOT JJOTHUCCKH BEPHBIC IIPEOOPa30BaHUs ¢ UMEIOIUMHUCS (popMynamy,
HANpaBJICHHbIC HA PEIICHUE 3a1a4H.

Bcee ciyuan pemnienust, KOTOpble HE COOTBETCTBYIOT BbIIIEYKa3aHHBIM KPUTEPHUSIM

BBICTABJIEHHUS OIEHOK B 1, 2, 3 Oamia.
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B nomammaem paanonpuéMHUKE, TPUHUMAIONIEM CHTHAJN B AHMAana3oHax UIMHHBIX,
CPEJHUX ¥ KOPOTKUX BOJH (TUHBI BOJH A 0T 13 M 10 2600 M), HHIYyKTUBHOCTH L
KaTyLIeK BXOAHOIO KOJeOaTeIbHOI0 KOHTYypa MOTYT M3MEHAThCS B Ipelesax OT
1 MxI['H 10 4 MI'H. B KakuxX MUHMMAaJbHBIX IIpeeax MIPU 3TOM JI0JDKHA MEHATHCS
émkocth C NepeMeHHOro KOHASHCAaTOpa ATOro KOHTypa?

Bo3moikHoe peuieHue

CornacHo ¢dopmyine Tomcona mnepuon 7 >IEKTPOMArHUTHBIX KOJICOAaHUM B KOHTYpE,
COCTOAIIEM M3 KOHJeHcaTopa EMKOocThio C W KaTyUIKM HHIYKTHBHOCTBIO L, paBeH
T=2nJLC.

JnwHa A BOJNHBI 2JIEKTPOMAarHUTHOTO W3IYYEHHs CBs3aHa C mHepromoM I KoieOaHHH
(opmynoit A = ¢T, rue ¢ — CKOpOCTh 2JEKTPOMArHUTHBIX BOJIH B arMoc(epe, KOTOPYIo
MO’KHO CUHTAaTh PABHOI CKOPOCTH CBETa B Bakyyme: ¢ = 3 - 10% w/e.

[TomcTaBmsiss BBIp@KEHHE IS TEpHOIA ZKOJIGGaHI/Iﬁ B (opmyny IS JUIMHBI BOJHBL,

A
nonyyaem A = 2ze+/LC, otkyna C = —5——.
4r c”L
JInsi HaxOKACHUS MHHMMAJIBHOTO JHMAla3oHa W3MEHEHHs! BeNWUMHB C ClEAyeT NpH
MUHUMAJBHOH JUTMHE BOJHBI A, =13 M Oparh B 3amucaHHOH (opmysie MUHHMATbHOE

3HaueHue wuHAyKTHBHOCTH L, =1wMkI'H, a npu wmakcumanshoit (A, =2600m) -

MakcumanbHoe (L, =4 MI'n).

[loncraBnsss yKasaHHBIE YHCICHHBIC 3HA4eHHA Uil JJIWH BOJH W HMHIYKTHBHOCTEH
B IIPUBEAEHHYIO BBIME GopMyrTy mist éMkoctd C, TOydaeM, 94TO OHA JOJDKHA MEHSTHCS
B TIpEJIENax oT

it 13

C, = - ~0,48 - 10700 = 48 nd
VU 4n?L, 4.3,142.9.100.1.10°°
o
2 2
o2 2600 ~4,8- 10700 = 480 nd.

C4n’’L, 4-3,142.9.10'.1.107

Omegem: ipumepHo oT 48 n® 10 480 nd.
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KpnTepnn OLICHKH BbINOJIHCHUSA 3a1aHUA

Bajiasl

[TpuBeaeHO MONHOE penIeHue, BKIIOYAIONIee CICIYIOINE DICMCHTEI:

I) 3ammcansl  MOJNOXKEHUST TEOPHM W (U3MUCCKUE 3aKOHBI, 3aKOHOMEPHOCTH,
MPUMEHEHHE KOTOPEIX HEOOXOIMMO /IS PEIICHHUS 33/1a9i BEIOPAHHBIM CIIOCOO0M
(B manHOM ciydae — ¢popmyaa Tomcona 0ns nepuoda Koredaunuili 8 KOHmMype u
C8513b OJIUHbL INEKMPOMASHUMHOLL 80JIHbL C €€ NEPUOOOM);

II) onrcanbl Bce BBOAMMBIC B peIICHUH OYKBEHHBbIE 0003HA4YEHHUS (PU3MUECKUX
BEIMYMH (3 UCKIIOYUEHUEM, 603MONCHO, 0003HAUEHULl KOHCMAHM, VKA3AHHbIX
6 sapuanme KUM u 0603nauenuii, ucnoib3yemulx 6 ycioguu 3a0adu);

IIT) mpoBeneHsl HEOOXOAUMBIE MaTeMaTH4ecKue MpeoOpa3oBaHus (IOIMYCKaeTCs
BepOaTbHOE YyKa3aHME Ha UX TMPOBEACHHE) U  pacdyCThl, IMPUBOISIINE
K IPaBWJIBHOMY YHCJIOBOMY OTBETy (IOIyCKAaeTCS pCIICHHE «II0 YacTsSM»
C POMEKYTOYHBIMHU BBIYNCIICHHUSIMN ),

IV) npencraBien npaBUIbHBIM OTBET ¢ yKa3aHUEM €IMHULL U3MEPEHUS] UCKOMOU
BCJIMYHHBI.

[IpaBuibHO 3anucaHbl HEOOXOAUMbIE MTOJIOKECHUSI TEOPHU M (PU3MUECKHIE 3aKOHBI,
3aKOHOMEPHOCTH, TPOBEJICHBI HEOOXOJMMBbIE MPeoOpa3OBaHUs, W MPEICTABICH
IIPaBWIBHBIA OTBET C yKa3aHMEM E€AMHUL] M3MEpEeHHs HCKOMOH BenuunHbl. Ho
MMEETCs O/IMH U3 CIEYIOIINX HE0CTaTKOB.

3ammcu, COOTBETCTByIOIME oOaHOMY wWin obowm myHktam: [ u III,
MIPECTABICHBI HE B TIOJIHOM 00BbEME HIIH OTCYTCTBYIOT.

[Tpu [TIOJIHOM npaBuiibHOM pElIEHUH JUIIHUE 3aIIUCH, HE BXOSIIUE B PEIICHUE
(BO3MOYKHO, HEBEpHBIC), HE OTJACJICHBI OT peuieHus (He 3a4€pKHYTHI, HeE
3aKITFOYEHBI B CKOOKH, pPaMKy U T. IL.).

NN
ITpu [TOJIHOM pemreHnn B HEOOXOTUMBIX MaTEMaTHUCCKHX HMPEOOpa3oBaHUIX
WIN BBIYUCICHUAX JOMYLIEHbI OIIMOKY, U (WIN) NpeoOpa30oBaHus/BbIYUCICHUS HE
JIOBEJICHBI 710 KOHLA

NI
[Tpu [TOJIHOM pemiennn oTcyTCTBYET MyHKT [V, Min B HEM JoTTyIieHa onmoka.

IIpencraBieHsl 3aMUCH, COOTBETCTBYIOIINE OJHOMY M3 CICAYIONINX CITy4acs.
[IpencraBneHbl TOJIBKO MOJIOKEHUA U (HOpMyJbl, BBIpaXKaroue Qpu3nYecKue
3aKOHBI, IPUMEHEHNE KOTOPBIX HEOOXOJMMO U PElleHus 3ajadyd, 0e3 KaKux-
mubo mpeoOpa3oBaHUil ¢ HX HCHOJb30BAHHEM, HAIMPABICHHBIX HA pPEILICHHE
3ajauy, U OTBETA.
NI

B pemennn orcyrcrByer OJIHA wu3 mcxomHbIX (opMys, HeoOXoaummas it
pewieHus 3afaud (WM YTBEp)KICHME, JICXKAIee B OCHOBE PELICHMs), HO
IIPUCYTCTBYIOT JIOTMUECKH BEPHbIE IPEOOPa30BaHUs ¢ UMEIOLIUMUCS (POpMyIaMH,
HaIpaBJICHHBIC HA PEIICHUE 3a1a4H.

. NN
B OIHOUM w3 wucxomubix (Gopmyi, HEOOXOMMMBIX JUIsl pemieHUs 3anauu (Hiu
YTBEPIKACHUM, JIeXKAIEeM B OCHOBE pEIICHHUs), JIOMyIIeHa OluOKa, HO
IPUCYTCTBYIOT JJOTHUECKH BEpHBIE IPE0Opa30BaHUs ¢ UMEIOIUMHUCS (opMynamy,
HaIpaBJICHHbIE HA PELLICHUE 3a1a4H.

Bce cnydan pemienusi, KOTOpble HE COOTBETCTBYIOT BBIIIEYKA3aHHBIM KPUTEPHUIM
BBICTABJIEHHUS OLIEHOK B 1, 2, 3 Oaia.
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IIpu maneix KoneOaHUAX BOJM3M IIOJIOKEHHS PABHOBECHUS MAaTEMAaTHYECKOrO
MasiTHUKA JUIMHOM / = 1 M MOAYJIb CUJIbI HATSOKEHUS! HUTH, HA KOTOPOH MO/BEIIeH
rpy3uk wmaccoi m =100 r, Mmenserca B mnpeaenax ot I go T + AT,
rne AT =15 wmH u AT << T. Haliaure amrmmutyay A xoyiebaHuii 3TOr0 MasTHUKA.
Tpenue He yuuTbiBaiire. IIpu pelleHun 3afadu y4TUTE, YTO IJIS MAJIBIX YIJIOB O
CHpaBeIMBO NPUOMIDKEHHOE paBeHCTBO sin o ~ o. Chenaiite cxemaTudecKuit
PHUCYHOK C yKa3aHHEM CHJI, ICHCTBYIOIINX Ha IPYy3HK.

Bo3MoskHOe pelieHune
N300pa3uM MasTHUK B JBYX COCTOSHHAX: MaKCUMAaJIbHOTO OTKIIOHEHHUS,
KOIZIa OH OCTaHABIIMBAETCA, OTKJIOHUBIIMCH OT IOJIOKEHUS PaBHOBECHS
Ha paccTosiHue A, W TpH TPOXOXKIECHUHM UM 3TOTO MOJOKEHHS
paBHOBecus (CM. pUCYHOK). Ha rpy3mk MasTHUKa Maccol m JEeHCTBYET
CHJIa TSHKECTU /Mg, HANpaBJICHHAs BEPTHKAIBHO BHH3, M TEpEMEHHAs

cuia T HATSKEHMs HUTH, MEHSIOMASACS TI0 MO0 OT T B MOIOKEHUH

MAaKCHMaIbHOTO OTKJIOHEHHS, KOTJa BEKTOp ] HAKIOHEH TI0J MAJbIM

YIJIOM 0 K BepTUKanH, 10 7'+ AT B 110OJI0O)KEHUN paBHOBECHUS, I/1€ BEKTOP

T BepTHKajleH, a IPY3MK JBHKETCS CO CKOPOCTBIO J/, HAlpaBIeHHON

TOPU30HTAIHHO.

[TockonmbKy TpeHHsS HET, COIJIACHO 3aKOHY COXPaHEHHUS MEXaHWYECKOW HHEepruu

[OTEHLMAJIbHAs, SHEPrusl MasgiTHUKA B KpaliHEM IOJIOKEHWH, OTCUMTAHHAsl OT HayaJlbHOI'O

YPOBHA B IIOJIO)KEHUM PaBHOBECHS, JOJDKHA PABHATHCS KHHETHYECKOH O3HEpruM IpH
my?

NPOXOXKICHUH TIOJI0XKEHUS paBHOBeCcHs: mgl | 1 — cosa | = ——.

2

B nonoxeHnn MakCHMMAaJbHOTO OTKJIOHCHUS CyMMapHas cuna T + mg’HanpaBneHa BJ0JIb

T+AT
s
!

TPaeKTOPHH IPy3HKa — OKPYKHOCTH PagHycOM [, TO €CTh HepHeHAUKYIAPHO BEKTOPY 7, a
CKOpOCTh Ipy3UKa B 9TOT MOMEHT paBHa HyI0, 7 = mg cosa.

IIpu mpoxXOoXKIEHUH MOJIOKEHUS PABHOBECHA TIPY3UK 00JalaeT LEeHTPOCTPEMHUTEIbHBIM
YCKOPEHUEM, U ypaBHEHHUE €ro IBIKEHHS B MPOEKIMH Ha BEPTHKAJIBHYIO OCh MMEET BHUJ

2
#zT—I—AT—mg.

TloncraBisis crofja MOMTyYESHHBIC BBIIIE BRIPAKSHUS TS V2 u st T, HaX0Jum

AT = 3mg(1 — cosa). B cuiy ManocTu yrna o = %, OTKyJ1a ©IMEeM

2 2
T

AT =3mg| 1 —cosa | =3mg - ZSinz(g) ~ 3mg - 4 %, 1, IOCKOJIBKY Mg = ——

2 2 21 cos a
~ T, nosyyaeM OTBET: 4 ~ [ ZA—T ~ [ ZA—T =10cm.

3mg T
OtBetr: A~ | 2AT ~/ 2AT =10 cm.
3mg 3T
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KpnTepml OIICHKH BbBINNOJIHCHUSA 3aJaHUA

Banabl

IIpuBeaeHO NOJIHOE PelLeHne, BKIIOYAIOLIEe CISIYIOIIE JIEMEHTBI:

I) 3anycanbl MONIOKEHHUS TEOPUM M (PU3MYECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
IIPUMEHEHHE KOTOPBIX HEOOXOJUMO ISl PeLeHHUs 3a/la4ui BEIOPaHHBIM CIIOCOOOM
(6 Odannom cryyae — NPABUTLHO 3ANUCAHBI 3AKOH COXPAHEHUS MeXAHUYECKOU
oHepeuu 01l MaAmMemMamuiecKkoe0 MAaAMHUKA U YPAGHEHUs €20 OBUNCEHUs, U
NONYUEHHAs CUCmemMa YPAGHEeHUU peulera MoyHo Ul NPUOTUNCEHHO — ¢ YUEMOM
Manocmu yena o),

II) onricanbl Bce BBOAMMBIC B peIIeHHH OYKBEHHBbIE 0003HAYCHHUS (DPU3UUECKUX
BCJIMUUH (30 UCKTIOYUEHUEM, B03MOJICHO, 0003HAUEHUL KOHCMAMM, VKA3AHHbIX
6 eapuanme KHUM, u 0603nauenuil, ucnonib3yemuvlx 6 yciosuu 3a0ayil);

IIl) mpepcTaBieH cxXxeMaTWYeCKU PUCYHOK C YKa3aHHEM CHII, TOSICHSIONINI
pelieHue;

IV) npoBenensl HeoOXoAMMBbIE MaTeMaTH4YecKHe MpeoOpa3oBaHMs (HOIYCKaeTcs
BepOaJlbHOE yKa3aHWE Ha UX MpOBEAEHHE) U  pacuéTbl, MPHUBOAALINE
K IPaBWJIBHOMY YHCJIOBOMY OTBETY (JOIyCKaeTcsi pEeLIeHHE «IO0 4YacTaM»
C MPOMEXKYTOUYHBIMHU BBIYNCIICHHUSIMN ),

V) npejictaBieH MpaBUIbHBIA OTBET C YKa3aHHEM CJIMHUIL U3MEPEHUS MUCKOMOM
BEJIMYHHBI.

[IpaBunbHO 3amKcaHbl HEOOXOAUMBIE MOJIOKEHUS TEOPUU U (PU3MUECKHIE 3aKOHBI,
3aKOHOMEPHOCTH, MPOBEJICHBI HEOOXOAMMBIE MPeoOpa3OBaHUs, M IPEICTaBICH
MPaBUJIBHBIA OTBET C YKa3aHHEM EAVHMI] U3MEPEHHs UCKOMOM BennuuHbl. Ho
MMEETCs OIMH U3 CIICAYIONNX HEAOCTATKOB.
3amucu, COOTBETCTBYIOIIME OJHOMY WM oboum mnynkram: I, III, IV, -
IIPEJCTaBJIEHb! HE B IIOJIHOM 00bEME UJIM OTCYTCTBYIOT.

NJIn
[Tpu [TOJIHOM mipaBHIILHOM PEIICHUH JUIITHUE 3aITUCH, HE BXO/ISIIUE B PEIICHUE
(BO3MOXXHO, HEBEpHbIE), HE OTHCJECHbl OT pemeHus (He 3a4€pKHYTHl, HE
3aKJIFOUEHBI B CKOOKH, PAMKY U T. I1.).

W
[Tpu TIOJIHOM pemieHnr B HEOOXOAMMBIX MaTEeMaTHUYECKUX MPEOOpa30BaHUSIX
VI BBIYUCIICHUSX JTOMYIICHBI OMIMOKY, U (WIIN) PeoOpa30BaHus/BBIYACICHHS HE
JIOBEZICHBI JI0 KOHIIA.

NN
[Tpu [TOJIHOM pemieHn# OTCYTCTBYET IMyHKT V, WM B HEM JIONYIIIEHA OIINOKA.
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IIpencraBieHs! 3a11CH, COOTBETCTBYIOIINE OAHOMY U3 CIIEAYIOLIUX CIIy4aes.
[IpencraBneHsl TOMBKO MOJOXKCHUS M (DOPMYIBI, BBIpaXkaromue (Qu3ndeckne
3aKOHBI, IPUMEHEHHE KOTOPBIX HEOOXOIUMO AJsl pelleHMs 3afaud, 0e3 KaKux-
aub0 mpeoOpa3oBaHMII C HMX WCIOJIHb30BAHHEM, HAINPABICHHBIX Ha pPEIICHHE
3aJa4uu, U OTBeTa.
W

B pewenun orcyrcrByer OJHA u3 ucxombix ¢opmyl, HeoOXoaumas Uis
pemieHuss 3amayd (WIM  YTBEp)KICHHE, JIeKallee B OCHOBE pEIICHHs), HO
HOPUCYTCTBYIOT JJOTHUECKH BEpHBIE IPE0Opa30BaHus ¢ UMEIOIUMHUCS (popMynamy,
HAaIlpaBJICHHbIE HA PELLICHUE 3a/1a4H.

. NI
B OAHOM wn3 mcxomHbix (opMys, HEOOXOAMMBIX UIS PEUICHHS 3amadu (MIH
B YTBEPXKJEHHUM, JISKAIEM B OCHOBE pEIIEHUs), [OINyLIeHa OIIHOKa, HO
IIPUCYTCTBYIOT JIOTHUECKH BEPHbIE IPE0OPa30BaHUs ¢ UMEIOLIUMUCS (POpMyIaMH,
HalpaBJICHHbIE Ha PeILICHHUE 3a/1a4H.

Bce cnydan pernreHusi, KOTOpbIe HE COOTBETCTBYIOT BBINICYKA3aHHBIM KPHUTEPHIM
BBICTABJICHUS OLICHOK B 1, 2, 3 Oaia.
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Kpurtepun oueHnBanus 3a1aHuii ¢ pa3BéPHYTHIM 0TBETOM

W3BECTHO, YTO CXKMIKEHHBIE Ta3bl C HHM3KMMH TEMIIEpATypaMd KHUIIEHHS pU
HOPMAaJIbHOM JaBJCHUH (HampuMmep, MeTaH, a30T, KUCIOPOJ, BOJOPOJ, TeJIHii)
HEJIb3d XPaHUTb B TEPMETUYHO 3aKPBITHIX COCyIdax, AaX€ €CJIM OHU HMCIOT
XOpOUIYyI0 TEIIJIOU3OJIALUIO. HpI/I XpaHE€HUM B OTKPBITBIX TEILIOU30JIMPOBAHHBIX
cocyliax, COOOIIAIOIIUXCS C aTMOC(epo, MOTepH TaKMX Ta30B Ha HCIApeHHE,
OTHECEHHBIE K eIUHHUIEC 00BEMA KMAKOCTH, TEM MEHBIIE, Y4eM OOJbIIe 00BEM
cocya.

OObBsiCHUTE TPUYMHBI  BBIIMICH3JI0)KEHHOTO, OCHOBBIBASAChH Ha  H3BECTHBIX
(bU3HYECKUX 3aKOHAX U 3aKOHOMEPHOCTSIX.

Bo3moskHoe pemienne

1. Jaxxe mpu XOpOHIEH TEIJIOM3ONSINNA HEBO3MOXKHO MOJHOCTBIO YCTPAaHUTh I0JIBOJ
TCIJIOTBI K CXKWKXCHHBIM Ta3aM C HHU3KUMH TEMIICpATypaMu KUIICHUA YEPE3 CTCHKHU
COCYZIOB, TIOCKOJBKY TEMIepaTypa O3THX Ta30B 3HAYUTEIBHO HU)KE TEMIEPaTyphl
OKpY’Kalollell cpelibl U CYLIECTBYET SIBJICHHE TEIIOIPOBOAHOCTH.

2. TenoTa, IOCTyIIAIOIIAS YEPE3 CTEHKH COCYla, PacXOAyeTcs Ha UCIIapeHHe CKUKEHHOTIO
rasa, npuuéM 0O0BEM MOTYUYHMBIIErocs Ta3a BO MHOTO pa3 MpeBbIIIaeT 00bEM nCIapuBILIeHcs
KUIKOCTU. 1103TOMY B TepMETHYHOM COCyJe JaBieHHe OyJeT MOCTENeHHO BO3pacTarh, U
cocyZl B KOHIE KOHIOB B30pBETCA. [lo »TOM mpHuUMHE CHKMKEHHBbIE TIa3bl XpaHsT
B OTKPBITHIX TEIJIOU30JMPOBAHHBIX COCYIaX, COOOMIAOMINXCS ¢ aTMOC(epoit.

3. Ilpu naHHOI pa3HOCTH TEMIEpPaTyp U TEIIONPOBOJAHOCTH CTEHOK KOJHUYECTBO TETJIOTHI,
MI0JIBOANMOM B €IUHHIY BPEMEHH K COAEPKUMOMY COCY[a, IMPOTMOPIHUOHAIBHO TUIOMIAAN
€ro CTEHOK, TO €CTh KBaJApaTy JMHEHHBIX pa3MepoB cocyaa. B To xe BpeMms Macca
AKUJKOCTH IIPOIOPLIMOHAJbHA €€ 00BEMY, TO €CThb KyOy JIMHEHHBIX pa3MepoB cocyha.
[TosTOMy € yBEIMUYEHHEM Pa3MEpPOB COCYAA MOTOK TEIUIOTHI, MPUXOAALIMNCA Ha €JUHULYY
00bEMa JKUIKOCTH, YMEHBILAETCA, U COOTBETCTBEHHO YMEHBILAKOTCS OTHOCHTENIbHBIE
MIOTEPU ra3a Ha HcllapeHHe.

Kpurepum onieHKu BbINOJHEHHUS 3aJaHUS Baniasl

[lpuBeneHO TONHOE TPABHIBHOE PEIICHHE, BKIFOYAIOIICE IMPABUIBHBIA OTBET
(B maHHOM city4ae 1. 1—3) M HCUEPIIBIBAIOIINE BEPHBIC PACCYKICHUS C YKa3aHHEM
HaAOJI0JaeMbIX SIBJICHHI W 3aKOHOB (68 OAHHOM clyude — ONUCAHUE NPOYEecCcO8 3
MenionpoGOOHOCMY U UCNAPEHUsl, d MAKNHCe BO3MOICHbIX NOCIeOCmEUll
2epmMemu3ayuu  Cocyoo8 CO CICUICEHHBIMU 2a3aMU U NPUHUHbL YMEHbUICHUs]
nomepsb HA UCNAPeHUue Npu YEeauyeHul pasmepos cocyod).

VYkazanel Bce HeoOXoaumble Uit OOBSICHEHHsS  SIBIEHUS M 3aKOHBI,
3aKOHOMEpPHOCTH, M [aHO MpaBHJIbHOE OOBSCHEHHE, HO COAEPKUTCA OAUH W3
CIIEAYIOMIUX HEIOCTAaTKOB.
B mpenctaBneHHBIX 3alUCSIX COJEPXKATCS JHIIb OOIIUe paccyklIeHus 0e3 2
MIPUBS3KH K KOHKPETHOM CUTYallUu 3a/1a4H.

N
Paccyxenus, MpUBOASIINE K OTBETY, MPEJCTABICHBI HE B TIOJHOM 00bEME, WITH
B HUX COJIEPIKATCs JIOTHUECKUE HEOUETHI.
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[IpencraBiens! 3anMucu, COOTBETCTBYIOIINE QAHOMY U3 CIEIYIOMINX CIy4YacB.
VYkazaHbl HE Bce HEOOXOJMMBIC SBJICHUS M (PH3MUYCCKHE 3aKOHBI, aXKe CCIH JaH
TIPAaBIJILHBIA OTBET Ha BOIMPOC 33/IaHUS.
N
YkazaHbl Bce HEOOXOAUMBIE SBICHUS U (PU3NYECKUE 3aKOHbI, HO B HEKOTOPBIX U3
HUX JIONyIleHa OmnOKa, Take ecH JaH INpaBHIbHBIN OTBET HAa BONIPOC 3alaHHS.
N
VYkazanbl Bce HeoOXOomuMble st OOBSCHEHHsS  SIBIEHUS M 3aKOHBI,
3aKOHOMEpPHOCTH, HO MMEIOINECS] PACCY’KICHMs, HANpPaBJICHHbIE HA IOJyuYEeHUE
OTBETa Ha BOIPOC 33aHNs, HE JOBEJCHBI 10 KOHIIA.
NI
VYkazanbl Bce HEOOXOIWUMBIE Uit  OOBSICHEHHS  SIBJICHHS M 3aKOHBI,
3aKOHOMEPHOCTH, HO UMEIOIINECS PACCYKICHHS, TPUBOSIIINE K BEPHOMY OTBETY,
COJepKaT OIINOKH.

Ousuka 11 xkmacc Bapuanr 4

Bo3mo:xHoe pemeHue

Bcee cnydan pemeHwusi, KOTOpbIe HE COOTBETCTBYIOT BBIIICYKa3aHHBIM KPUTEPHIM 0

BBICTABJIEHUS OIEHOK B 1, 2, 3 Oaia.

Ha rmanxoif ropu3oHTaNbHOM IMIIOCKOCTH JIEXKaT JBa Tpy3a Maccamu m; = 1 Kru
my = 2 KT, COEIMHEHHBIE HEBECOMOMN HEPACTSKMMON HMTBIO, IEPEKUHYTON depes

JIBA HEMOJBIKHBIX (A W B) u onuH moaBwxHbI (O) HeBecOMbIe OJIOKH, Kak
MoKa3aHo Ha pucyHKe. Ocu OJIOKOB TOPM3OHTAIBHBI, TPEHUSI B OCSIX OJOKOB HET.
K ocu O noaswkHOTro 0J10Ka MPUIIOKEHA HEKOTOpasi HalpaBlieHHAs BEPTUKAILHO

2
BHHM3 CHJIa, B PE3YJbTaTC 4YCrOo OCh o ABMIKETCA € YCKOPEHHUEM d( = 3m/c”.

Haiigure momynes F atoit cuibl. CaenaiiTe cXeMaTHIecKH PUCYHOK C yKa3aHHUEM
CHJI, ICWCTBYIOIMINX HA TPY3bI U OJIOK.

Hapucyem cuiy F' m cunel 7 HaTSOKEHUS HUTH,
OJIMHAKOBBIC, B CHITy YCIIOBHUS 3aJadH, BIOJb Bcel ()
HUTH U JeHCTByIONIMEe Ha Tpy3sl u 0ok O (cM.
pucyHok). Beném cucremy koopamHart XV, Kak
[IOKa3aHO Ha pPHUCYHKE, M 3alldIIeM YypaBHEHUS
JIBH)KEHUS TPY30B B IpOeKIuK Ha ocb X: mya; = T,

mydy = -T.

T —~ m
I 3 = b
I

PR

F
B cuity neBecomocTu 6moka O umeem F =27, i 7= —.

B cwiry HepacTspKUMOCTH HHUTH (IJIMHON L) M HemoaBMXHOCTH OnokoB 4 u B (ux
KOOPJIMHATBI X4 U Xg TIOCTOSIHHBI) MMEETCs CleAylolas KMHEMaTH4ecKass CBA3h MEKIy
KOOPJMHATaMH X1 X, IPY30B U KOOPAUHATOM ), 61oka O (31eck r — paauyc 01okos 4 u B,
R — pagmyc 6noka O):
X=X+ X —Xg+ar+aR+2y,=L,
Wi
Xy —x1 + 2y, = const.

at’
Orcrona, Tak Kak X = 7, 10JTy4aeM CBsI3b YCKOPEHUMH:
a —q +2a0= 0.

Pemraem 3anmcannyio cucteMy ypaBHEHHUH 1 IIOJIyYaeM OTBET:
_a]—az_F my + my

© MHOO 20121

ag=——ay=— , g )
2m1 2m2 2 4 mlmz
dapmim
oTkyma F' = ZH0TT gy,
m + my
daomim
Omeem: F= —01"2 —gQ
my + my
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KpnTepnn OIICHKH BbINOJIHCHUSA 3a1aHUA

Bbanasl

[TpuBeeHO NOTHOE pPEelIeHUE, BKIFOYAIOIIEEe CICTYFOIIIE DIICMECHTBI:

I) 3amicanbl TIOJOKEHUS TEOpUM H  (PU3WYECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
MPUMEHEHUE KOTOPBIX HEOOXOIUMO JIJIsl pEeIleHHs 3a]aud BHIOPAHHBIM CIIOCOOOM
(B IAaHHOM CIlyyae — YpaeHeHus O8udceHuss 2py308 u OJ0OKA 6 NpoeKyusx Ha
8b1OpaHHbIE OCU KOOPOUHAN U YDAGHEHUE KUHEMAMUYECKOU 653U OJisl YCKOPeHUll
men);

1) ommcanbl Bce BBOAMMBIC B pEIICHUH OyKBEHHbIE 00O3HAUYEHHs (PUIUUECKUX
BEIMYHMH (30 UCKMIOUEHUEM, B03MONCHO, O0DOZHAYEHUl KOHCAHM, VKA3AHHbIX
6 sapuanme KUM, u 0603nauenuil, ucCnoib3yemvix 6 ycioguu 3a0a4u),

III) nmpexacraBieH cXeMaTHYECKHM PHCYHOK C yKa3aHHEM CHJI, MOSCHSIONIUI
pelieHue;

IV) poBenieHbI HEOOXOAMMBIE MaTeMaTHYECKHE IpeoOpa3oBaHHs (IOITyCKaeTCs
BepOallbHOE yKa3zaHHMEe Ha WX T[POBEACHUE) M PacyéThl, MPHBOJAIINE
K IPaBWJILHOMY YHCIIOBOMY OTBETY (JIOITyCKAeTCsi PEIICHUE «II0 YacTsIM»
C MPOMEXKYTOYHBIMHU BBIYHCIICHHUSIMU );

V) npeacraBieH NpaBUJIbHBIM OTBET ¢ yKa3aHMEM €IMHUL] U3MEPEHHs HCKOMOM
BEJIMYMHBL.

IIpaBuibHO 3amucaHbl HEOOXOAMMBIE MOJOKEHUS TEOPUH U (PU3MYECKHE 3aKOHBI,
3aKOHOMEPHOCTH, MPOBEIEHbl HEO0XOAUMBbIE NPeoOpa3oBaHUs, W TNPeICTaBICH
NPaBWIBHBIA OTBET € YKa3aHHUEM EIMHUIl W3MEPeHHs MCKOMOHM BenuyuHbl. Ho
MUMEeTCs] OIMH M3 CIEAYIOMINX HEJTOCTATKOB.
3anucu, COOTBETCTBYIOIIME OAHOMY Wi BceM myHkram: 11, I, IV, -
MIPECTABJICHBI HE B TIOJIHOM 00bEME HITH OTCYTCTBYIOT.

Wi
[Tpy moONHOM TPAaBUIILHOM pEIICHHUH JIMIIHUE 3alUCH, HE BXOJAIIME B pEIICHHE
(BO3MOXXHO, HEBEpHBIC), HE OTICJICHBl OT pelieHus: (He 3au€pKHYyThI, HE
3aKJTFOUEHBI B CKOOKH, PAMKY U T. I1.).

NI
IIpu [MOJIHOM pemniernn B HEOOXOJIUMBIX MaTeMaTHUECKUX MPEeoOpa3zoBaHMSIX
WJIM BBIYMCIICHUSX JIOMYIICHBI OMMOKHU, U (MIIN) MpeoOpa30BaHus/BEIYNCICHUS HE
JIOBEJICHBI 710 KOHIIA.

Wi
ITpu [TOJITHOM peieHn# OTCYTCTBYET MYHKT V, WM B HEM JOMYIICHA OMIMOKA.

© MHOO 20121
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IIpencraBieHsl 3an1cU, COOTBETCTBYIOLINE OAHOMY U3 CIEIYIOLUIUX CIIy4aes.
[IpencTaBieHB TONBKO MOJOKCHMS M (POPMyINBI, BBIpaXKaromue (Qu3nueckue
3aKOHbI, IPUMEHEHNUE KOTOPBIX HEOOXOOMMO JUIsl pelleHus 3ajadd, 0e3 KaKHX-
m00 npeoOpa3oBaHUil C HX MCIOJL30BAHUEM, HAIIPABICHHBIX Ha pELICHUE
3aJja4uyl, U OTBETA.
nim

B pemenun otrcyrcrByer OJJHA w3 wucxomnsix Qopmyin, HeoOXomumas Uis
pemieHuss 3amaun (WM YTBEp)KICHHE, JIe)Kalllee B OCHOBE pEIICHHs), HO
HIPUCYTCTBYIOT JJOTHUECKH BEpHBIEC IPE0OPa30BaHUs ¢ UMEIOIUMHUCS (popMynamy,
HaIpaBJICHHbIE HA PEILICHUE 3a1a4H.

. NI
B OAHOM wn3 mucxomubix (opMys, HEOOXOIUMBIX JUIS PEUICHHS 3a1adul (MIN
B YTBEPXKJIEHUM, JISKAIEM B OCHOBE pEIIEHUs), JONyLIeHa OMMOKa, HO
IIPUCYTCTBYIOT JIOTMUECKH BEPHbIE IPE0OPa30BaHUs ¢ UMEIOLIUMUCS POpPMyIaMH,
HaIlpaBJICHHbIE Ha PEIICHHUE 3a1a4H.

Bce cnyvan perieHusl, KOTOpbIe HE COOTBETCTBYIOT BBINICYKA3aHHBIM KPUTECPHIM
BBICTABJICHUS OLICHOK B 1, 2, 3 Oaia.

© MHOO 20121
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Han omauM MoieMm waeamsHOTO OJHOATOMHOTO Ta3a IMpoBelH mporecc 1-2-3,
rpadUK KOTOPOro TpPHBEAEH Ha PHCYHKE B KoopaumHatax V/V ! p/pl, rie

V=1 M u )2 =2-10° Ila — 06bEM n naBneHue rasa B cocrosHuy 1. Haiimure

KOJIMYECTBO TEIUIOTHI, COOOMIEHHOE ra3y B JaHHOM mporecce 1-2-3.

01 2 3 4 v,

Bo3moxHoe peleHue

CortacHO MepBoMy Havaly TEPMOJMHAMHUKHN KOIUYECTBO TEIOTH AQ, coo0mEHHOE rasy,
pacxomyercs  Ha  pabory rasa AA W W3MEHEHHE ~ €ro  BHYTpPCHHCH
sHepruu AU : AQ = A4 + AU.

V
Pa6ora rasa na uzobapuueckom yuactke 1-2 pasua Adj, = py| Vo — V| = pi 1 72 -1}
1
a Ha M30XOpHYECKOM ydacTke 2-3 oHa paBHa Hymo: Ady3; = 0. Kak BugHO M3 pucyHKa,
V
72 = 4, u cymmapuas pabora B mpouecce 1-2-3 pasna Adj3 = Adj, = 3p, 1.
1
3

BHYTpGHHfU[ OHEprus OJHOro MOJIA HACAJIBHOTO OAHOATOMHOI'O TIa3sa: U= ERT

CornacHo ypaBHenuto Kramelipona—MenzgeneeBa s OJHOTO MOJS HAEATBHOTO Tas3a

umeeM pV = RT, tak uto U = — pV. I3MeHeHue BHyTpEHHEH 3HEpruM ra3a B mpouecce 1—
3 3 V-
2-3 pasHo, Takum obpasom, AUjz= —|p3V3 —pV1| = —p LA 1| Kak
2 2 N
V-
BHJIHO u3 pHUCYyHKa, Ps _ 3, S = 22 oy "
P 4 4

3 33
AUz = 5P1V1(3 -4 1) = 71?1 11 = 16,5 p, V. OkoryarensHo nomyvaem

AQ|»y = Adj3+ AUj3 = 3p, 1+ 16,5p, 1) = 19,5 p, V] = 3900 ]lx.
Oteet: AQ| 53 = 19,5p,; V1 = 3900 x/Ix.

© MHOO 20121
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KpnTepnn OLICHKH BbINOJIHCHUSA 3a1aHUA

Bajiasl

[IpuBeaeHO MOJTHOE pPElIeHNE, BKITIOYAIOIIEE CIISTYFOIINE DICMEHTBI:

I) 3amicanbl MOJIOKEHUST TEOPUH M (PU3MUYECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
MPUMEHEHUE KOTOPBIX HEOOXOMMO JIJIsl PEIICHHUS 3aJ1a4d BEIOPAHHBIM CIIOCOOOM
(6 Oannom ciyyae — nepgoe Hauaio MepMOOUHAMUKU, ypasHenue Knaneiipona—
Menoeneesa u evipasicenuss 0ns pabomvl U 6HYMPEHHEU JHepeUU UOedbHO20
00HOAMOMHO20 2a3Q);

II) onrcanbl Bce BBOAMMBIE B pelIEHHH OYKBEHHBbIE 0003HA4YEHHUS (DU3MUECKUX
BEIMYHMH (32 UCKIIOUEHUEM, B03MONCHO, 0003HAUEHULl KOHCMAHM, VKA3AHHbIX
6 sapuanme KUM, u 0603nauenuil, ucCnonb3yemvix 6 ycioguu 3a0aqu);

IIT) mpoBeeHbl HEOOXOAUMBIC MaTeMaTHYEeCKHE TpeoOpa3oBaHus (JIOMYyCKaeTCs
BepOalbHOE yKa3aHWE Ha WX TMPOBEACHHE) W pacué€Thl, IMPHBOISAIINE
K IPaBWJIBHOMY YHCJIIOBOMY OTBETY (JIOIIyCKAaeTCsi PEIICHHE «II0 4YacTsaM»
C MPOMEXKYTOYHBIMHU BBIYMCIICHHUSIMN ),

IV) npencraBnen npaBUIbHBIM OTBET ¢ yKa3aHUEM €IMHUL U3MEPEHUS] UCKOMOH
BEJIMYHHBIL.

[IpaBuibHO 3anvcaHbl HEOOXOAUMbIE TTOJOKECHUSI TEOPHU M (PU3MUECKHIE 3aKOHBI,
3aKOHOMEPHOCTH, IPOBEIEHBI HEOOXOAUMble INpeoOpa3oBaHMs, U NPEICTaBICH
[IPaBUJIbHBIA OTBET C yKa3aHMEM €AMHUI] M3MEpEeHHs HCKOMOH BenuuuHbl. Ho
MMeeTCs] OIMH U3 CJICAYIOIINX HEeI0CTaTKOB.
3amucy, COOTBETCTBYIOIIME OJHOMY WJIH OOOUM IyHKTaM:
MIPEACTaBICHBI HE B TIOJIHOM 00BbEME HIIH OTCYTCTBYIOT.

W
[Tpu [TIOJIHOM mnpaBuiibHOM pElIEHUH JUIIHUE 3aIUCH, HE BXO/SIIUE B PEIICHUE
(BO3MOYKHO, HEBEpHBIC), HE OTJCJICHBI OT peHieHUs (He 3a4€pKHYTHI, He
3aKJIIOUYEHBI B CKOOKH, paMKy U T. IL.).

N
[Tpu TTOJIHOM pemreHun B HEOOXOIUMBIX MAaTEMaTHUYECKHUX TPEOOPa30BAHUSIX
WJIM BBIYUCIICHUSX JIOMYIICHBI OITHOKH, U (W) TPeoOpa3oBaHMs/BRIYUCIICHUS HE
JIOBEJICHBI JI0 KOHIIA.

n u I,

NJIn
[Tpu [TOJIHOM pemiennn oTcyTCTBYET MyHKT [V, Miin B HEM JoTTyIieHa OnuoKa.

© MHOO 20121
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IIpencraBieHsl 3a11CU, COOTBETCTBYIOLINE OAHOMY U3 CIIEAYIOLIUX CIIy4aes.
[IpencraBieHs TOMBKO MOJOXKCHUS M (DOPMYIBI, BBIpaXKaromue (QuU3MuecKue
3aKOHBI, IPUMEHEHHE KOTOPBIX HEOOXOIUMO AJsl pelleHHs 3afaud, 0e3 KaKux-
au00 mpeoOpa3oBaHUil € HX MCIOJIb30BAHUEM, HAIPABICHHBIX Ha peELICHUE
3aJa4u, U OTBETA.
W

B pewenun orcyrcrBsyer OJHA u3 ucxomHblx ¢opmyl, HeoOXoaumas Ui
pemreHus 3amadd  (WIH  yTBEPXKICHHUE, JIeKallleé B OCHOBE PELICHUs), HO 1
HPUCYTCTBYIOT JJOTHUECKH BEpHBIEC IPE0Opa30BaHus ¢ UMEIOIUMUCS (hopMynamy,
HaIlpaBJICHHbIE HA PELLICHUE 3a/1a4H.

. NI
B OAHOM wn3 mcxomHbx (opMys, HEOOXOIMMBIX UIS PEHICHHS 3agadu (MIH
B YTBEP)KICHHUH, JIGKAIleM B OCHOBE pEIICHMS), TOMyIIeHa OIIHOKa, HO
IIPUCYTCTBYIOT JIOTHUECKH BEPHbIE IPE0OPa30BaHUs ¢ UMEIOLIUMUCS (POpMyIaMH,
HalpaBJICHHbIE Ha PeILICHHUE 3a/1a4H.

Bcee CJIydan peHICHH, KOTOPBIC HEC COOTBCTCTBYIOT BBIIICYKA3aHHBIM KPUTCPUSIM 0

BBICTABJICHUS OLICHOK B 1, 2, 3 Oaia.

B uenu, cxema koTOpoit H300paKeHa Ha PUCYHKe, BHaYalle 3aMbIKaloT ki K, a
3areM, CIyCTs JumrenbHoe Bpems, kiod K, . M3BecTHo, 4to mocie sToro uepes
kmou K, nporék 3aps, paBHblii 10 Moaymo Ag = 4 mxKi. Yemy pasua DJIC €
MCTOYHMKA TOKa, ecmd Ry =2 Owm, R,=3 Owm, C,=1mk®, C,=2 wmx®D?

HcToynuk cunutaiite uaeaabHbBIM.

© MHOO 20121
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Bo3mo:xHoe pemeHue

Ilocne 3amblkaHus KirOYa Kl TOK B IENHU BHayaje IMOMmEN Hepe3 pe3ucCTopbl H

KOHJICHCATOPBI, KOTOpPbIE dYepe3 HEKOTOpOe BpeMsl 3apsIWinCh, M TOK 4Yepe3 HUX
npekparwics. [Ipu 3ToM 3apsapl 000MX KOHAECHCATOPOB, COTJIACHO 3aKOHY COXpaHCHHS
ANIEKTPUYECKOT0 3apsifia, ObLIM OJIMHAKOBBI, U 3apsijibl Ha OOKJIAJKaX, MPUCOCIUHEHHBIX

K KITFO1Yy KZ’ HUMEJIM TPOTUBOIIOJIOKHBIC 3HAKHU, TaK YTO CyMMapHLIﬁ 3apsal] Ha JTUX

oOKItazKax ObLT paBeH HYJIIO.
[ocne 3ambikannst  Kmoya K, NpoMsomuio  mepepaclupesesieHHe  3apsjoB:  Ha

KOHJICHCATOpaX YCTAHOBWIIUCH HAIPSOKCHWA, PaBHbBIC MNAACHUAM HaIPsOKCHUA Ha
COOTBCTCTBYIOIINX PE3UCTOPAX, U CYMMapHBIﬁ 3apgaa Ha 06Knazu<ax, HpI/ICOG,I[I/IHéHHHX

K kmouy K, , cran yxe He paBHbIM HyJ1t0. MI30bITOUHBIH MM HEAOCTAIOIIMIA 3apsi1 IPOTEK

gepes ko4 K, .

&
CornacHo 3akoHy OMa i IOJHOH LEMHM TOK 4Yepe3 PEe3UucTopsl paBeH [ = ———, a
R +Ry
HaJCHUs HAIpsDKEHUS Ha PE3HCTOpax, cOINIacHO 3akoHy OMa Juisi yyacTKa LeNH, PaBHbI
R
coorBeTcTBeHHO U} = [ R = | Uy=1R, = =2
R] + Rz Rl + Rz

3apsaapl Ha OOKIAAKaX KOHJCHCATOPOB, 3apsDKCHHBIX 10 ATHUX HANpsHKEHHH MOcie
3aMbIKaHus Kimoya K, , B cooTBeTcTBHM ¢ HOPMYIION [UTsl CBSA3M 3apsijia M HANPSDKEHHS Ha

R
KOHJIeHcaTope cramu pasubl ¢ = —C1Up = _Cllfi;e (mxHsAs 0OKIIaJKa KOHJEHCAaTopa
Y
B B ER;
Cug,=CU, = sz (BepxHsist 0Oknazka Konaencaropa C, ).
1 2
Takum  oOpaszom, wuepes xmod K, nporék cymMMmapHbii  3apsi, pPaBHBIA 110
‘Csz - CIRI‘ Aq(Rl + R2)
monymo Aq = |q + ¢,| = —————, n OJIC uctounmka Toka £ = ————————
| | R +Ry \CyRy — CiRY|
o _ Aq(Rl + Rz)_
nanHoilt 3agaue CHoRy > CiR,u =E—————=5 B.
CoRy = iRy
Aq(R; + R
Otger & =M= 5B.
CoRy — C1R)
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KpnTepnn OIICHKMU BbBINNIOJTHCHHUSA 3aJaHUsA

Bbaniasl

[TpuBeaeHO NOJTHOE pPEelIeHUE, BKITFOYAIONIEE CICTYFOIIIE DIICMEHTBI:

I) 3amiicaHbl MMOJIOKEHUSIT TEOPHHM M (PH3MYECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
MPUMEHEHUE KOTOPBIX HEOOXOMMO JIJIsl PEIICHHUS 3aJ1a4i BEIOPAHHBIM CIIOCOOOM
(6 0annom cayuae — 3axkoH Oma 0751 NOAHOU yenu u OJisl Y4ACMKA Yenu, 3aKOH
coxXpameHus 3apsod, Cesa3b 3apsaoa U HANpAXCeHus Ha KoOHOeHcamope, (opmynvl
07151 NOCNE008AMENLHO20 COCOUHEHUS. PE3UCTOPO8 U KOHOEHCAMOPO8);,

II) onucanbl Bce BBOAWMMBIE B pEIICHUH OYKBEHHBbIE 00O3HAYEeHHUS (PU3UUECKUX
BEIMYMH (3 UCKIIOYEHUEM, B03MONCHO, O0OO03HAUEHULl KOHCMAHM, VKA3AHHbIX
6 sapuanme KUM, u 0603nauenuil, ucCnoib3yemvix 6 ycioguu 3a0a4u);

IIT) mpoBeeHbl HEOOXOMMBIC MaTeMaTHYECKHE MpeoOpa3oBaHUs (JIOMYyCKAeTCs
BepOallbHOE YKa3aHWE Ha WX TMPOBEACHHE) U pacu€Thl, IMPHBOJSAIINE
K IPaBWJIBHOMY YHCJIIOBOMY OTBETY (JIOITyCKAaeTcsi pPEIICHHE «II0 4YacTsaM»
C MPOMEXKYTOYHBIMHU BBIYMCIICHHUSIMHN );

IV) npencraBieH npaBUIbHBIM OTBET ¢ yKa3aHUEM €IMHUIL U3MEPEHUS UCKOMOH
BEJINYHHBIL.

[TpaBuibHO 3amnucaHbl HEOOXOIUMBIE TTOJOKECHUS TEOPHU U (PU3UUECKHIE 3aKOHBI,
3aKOHOMEPHOCTH, IPOBEIEHBl HEOOXOJUMble IIPeoOpa3oBaHMs, U NPEICTaBICH
NPaBWIBHBIA OTBET C yKa3aHMEM E€AMHUI] MU3MEpPEeHHs HCKOMOM BenuuuHbl. Ho
UMEeeTCs] OAMH U3 CIIEAYIOIINX HEJT0CTATKOB.
3amucH, COOTBETCTBYIOIIME ONHOMY Wi obouMm mynkram: 11 wu III,
MIPEACTaBICHBI HE B TIOJIHOM 00bEME HIIH OTCYTCTBYIOT.

W
[Tpu [TIOJIHOM mnipaBUiIBLHOM pEIICHUH JUIIHUE 3aIMCH, HE BXOSIIUE B PEIICHUE
(BO3MOXXHO, HEBEpHBIC), HE OTICICHBI OT pemieHus (He 3a4épKHYTHI, HE
3aKJIIOYEHBI B CKOOKH, PAMKY H T. IL.).

NI
IIpu TIOJTHOM penieHnu B HEOOXOAMMBIX MaTeMaTHYECKHX MPeoOpa3zoBaHUIX
WJIA BBIYMCIICHUSIX JIOMYIICHBI OIMHOKH, U (W) TPeoOpa3oBaHsI/BEIYUCICHUS HE
JIOBEJICHBI JI0 KOHIIA

N
ITpu TTOJTHOM pemrenun oTcyTCTBYeT MYHKT [V, miin B HEM JlomynieHa ommoka.

© MHOO 20121

Ousuka 11 xkmacc Bapuanr 4

IIpencraBieHsl 3an1cU, COOTBETCTBYIOLINE OAHOMY U3 CIEIYIOLUIUX CIIy4aes.
[IpencTaBieHB TONBKO MOJOKCHMS M (POPMyINBI, BBIpaXKaromue (Qu3nueckue
3aKOHbI, IPUMEHEHNUE KOTOPBIX HEOOXOOMMO JUIsl pelleHus 3ajadd, 0e3 KaKHX-
m00 npeoOpa3oBaHUil C HX MCIOJL30BAHUEM, HAIIPABICHHBIX Ha pELICHUE
3aJja4uyl, U OTBETA.
nim

B pemenun otrcyrcrByer OJJHA w3 wucxomnsix Qopmyin, HeoOXomumas Uis
pemieHuss 3amaun (WM YTBEp)KICHHE, JIe)Kalllee B OCHOBE pEIICHHs), HO
HIPUCYTCTBYIOT JJOTHUECKH BEpHBIEC IPE0OPa30BaHUs ¢ UMEIOIUMHUCS (popMynamy,
HaIpaBJICHHbIE HA PEILICHUE 3a1a4H.

. NI
B OAHOM wn3 mucxomubix (opMys, HEOOXOIUMBIX JUIS PEUICHHS 3a1adul (MIN
B YTBEPXKJIEHUM, JISKAIEM B OCHOBE pEIIEHUs), JONyLIeHa OMMOKa, HO
IIPUCYTCTBYIOT JIOTMUECKH BEPHbIE IPE0OPa30BaHUs ¢ UMEIOLIUMUCS POpPMyIaMH,
HaIlpaBJICHHbIE Ha PEIICHHUE 3a1a4H.

Bce cnyvan perieHusl, KOTOpbIe HE COOTBETCTBYIOT BBINICYKA3aHHBIM KPUTECPHIM
BBICTABJICHUS OLICHOK B 1, 2, 3 Oaia.

© MHOO 20121
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B nomamrHem paguonpuéMHUKE, IPUHUMAIOLIEM CUTHAN B JMala30Hax JUIMHHBIX,
CPeAHUX M KOPOTKMX BOJNH (AIMHBI BOJAH A OoT 13 M g0 2600 M), mepemMeHHBII
KOHJICHCATOpP BXOJHOTO KOJIEOATENbHOTO KOHTYypa MOXET W3MEHSTh CBOIO
émkocth C ot 50 n® g0 500 nd. B xakux MUHUMAaIBHBIX Mpeaesax IpU 3TOM
JIOJDKHBI MEHSTHCS MHIYYKTUBHOCTH L KaTyIIeK 3TOT0 KOHTypa?

Bo3moxxHoe peieHue

Cornacto Qopmyne Tomcona mnepuoa 7 dIEKTPOMArHUTHBIX KOJEOAHH B KOHTYpE,
COCTOALIEM U3 KOHJAeHcaropa €MKOCTbi0 C U KaTyIIKM ¢ HMHAYKTHUBHOCTBIO L, paBeH

T=2nLC.
JiuHa A BONHBI DIEKTPOMATHUTHOIO M3JIyd4E€HHS CBA3aHa ¢ NEpUogoM [ KojeOaHui
popmyisoii A = ¢T, THE ¢ — CKOPOCTh BIEKTPOMATHUTHBIX BOIH B arMoc(epe, KOTOPYIo

MOYKHO CUHTATh PABHON CKOPOCTHU CBETA B BaKyyMe: C =& 3 - 108 wre.
TMoxcraBisist BhIpaKeHWE JUIs Tieprofa KoneGaHuit B (GOpMyINy JUI JUIMHBI BOJHBL,
2

nonyyaem 4 = 2xcy/LC, orkyna L = —5——.
4acC

Jis HaxoXKIeHWs MHHMMAJbHOIO JMana3oHa M3MEHEHUs BEJIWYMH L Cleayer IpH
MUHMMAJIbHOH JUIMHE BONHBI A; =13 M OpaTh B 3amucaHHOH (OpMyse MHHMMAIbHOE

sHayenue émxoctn C; =50 n®, a npu MakcumanbHOH (A, =2600 M) — MakcuMaibHOE
(C, =500 n®).

IToxcraBiss ykazaHHbIC YHCICHHbIE 3HAUEHUS IS JUIMH BOJIH U EMKOCTEN B IIPUBEIEHHYIO
Belle (OpMysly A MHIYKTUBHOCTEH L, TMOilydyaeM, YTO OHH JOJDKHBI MEHSThCS
B IIpeZeIIax OT

it 13

L= = ~0,95- 10%Tu= 0,95 mxI'n
VU ar?c, 431479101050 1072
10
2 2
L, i3 2600 ~3,8-10°Tu=38wmln

 4n’PC,  4-3,142-9-10°.500- 10712

Omeem: ipumepHo oT 0,95 MkI'H 10 3,8 MI'H.

© MHOO 20121
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KpnTepnn OLICHKH BbINOJIHCHUSA 3a1aHUA

Bajiasl

[TpuBeaeHO MONMHOE penIeHIe, BKIIOYAIONIEee CICIYIOMNE DICMEHTE:

I) 3ammcansl  MONOXKEHMST TEOPHHM W (U3MUCCKUE 3aKOHBI, 3aKOHOMEPHOCTH,
MPUMEHEHNE KOTOPBIX HEOOXOIMMO /T PEIICHHUS 33/1a9i BEIOPAHHBIM CITIOCOO0M
(6 oannom cayuae — opmyna Tomcona Ons nepuoda Koaebanuil 6 KOHMype u
C8513b OJIUHbL INEKMPOMASHUMHOLL 80JIHbL C €€ NEPUOOOM);

II) onucanbl Bce BBOAMMBIC B peIICHUH OYKBEHHBbIE 0003HAYEHHUS (DU3UUECKUX
BEIMYMH (3 UCKIIOYUEHUEM, B03MONCHO, 0003HAUEHULl KOHCMAHM, VKA3AHHbIX
6 sapuanme KUM, u 0603nauenuil, ucCnonb3yemvix 6 ycioguu 3a0a4i);

IIT) mpoBeneHbl HEOOXOIUMBIE MaTeMaTH4ecKue MpeoOpa3oBaHus (TOIMYCKaeTCs
BepOaTbHOE YyKa3aHME Ha UX TMPOBEACHHE) U  pacdyérThl, MPUBOISIINE
K IPaBWJIGHOMY YHCJIOBOMY OTBETy (IOIyCKAaeTCS pCIICHHE «II0 YacTsSM»
C MPOMEXKYTOYHBIMHU BBIYHCIICHHUSIMN);

IV) npencraBnen npaBUIbHBIM OTBET ¢ yKa3aHUEM €AMHULL U3MEPEHUS] UCKOMOH
BEJIMYHHBIL.

[IpaBuipHO 3amMcaHBl HEOOXOANMEBIE TTOJIOKEHHS TEOPHN U (PU3MUCCKHE 3aKOHHI,
3aKOHOMEPHOCTH, ITPOBEJCHB HEOOXOIMMBIC NPEoOpa3oBaHUs, W IPEACTABICH
HpaBUJIbHBIA OTBET € yKa3aHHEM €IUHUL M3MEPEeHHs HUCKOMOH BemuuyuHbl. Ho
UMeeTCsl OAMH U3 CIIEAYIOLIUX HE0CTaTKOB.

3amycu, COOTBETCTBYIOLIME OJHOMY WM OOOUM IyHKTaM:
IPE/ICTABICHBI HE B IOJIHOM 00BEME UIIU OTCYTCTBYIOT.

m u I,

[Tpu [TOJIHOM mnpaBuIbHOM pEIICHUH JUIIHUE 3aIIUCH, HE BXO/SIIUE B PEIICHUE
(BO3MOYKHO, HEBEpHBIC), HE OTJACJICHBI OT peuieHus (He 3a4€pKHYTHI, HE
3aKITFOYEHBI B CKOOKH, PaMKy U T. IL.).

W
[Tpu [TOJIHOM pemreHnu B HEOOXOMUMBIX MaTEMaTHUCCKHX MPEOOPa3OBaHUIX
WJIN BBIYUCIICHUAX IOMYLIEHbI OLIMOKH, U (WIN) NpeoOpa3oBaHus/BbIYUCICHHS HE
JIOBEJICHBI JI0 KOHIIA.

NI
[Tpu [TOJIHOM pemiennn oTcyTCTBYET MyHKT [V, Min B HEM JoTTyIieHa onmoKa.

IIpencraBieHbl 3aUCH, COOTBETCTBYIOIINE OAHOMY M3 CIEAYIOMIUX CITydacB.
[IpencraBneHbl TOJMBKO MONIOXKEHUA U (HOpMyJbl, BbIpaXKaroue QuU3nYecKue
3aKOHBI, IPUMEHEHNE KOTOPBIX HEOOXOJUMO U PELleHHs 3ajadyd, 0e3 KaKux-
mubo mpeoOpa3oBaHUil C HX HCHOJb30BAHHEM, HAIMPABICHHBIX HA pPEILICHHE
3aJauy, U OTBETA.
NI

B pemennn orcyrcrByer OJIHA mu3 mcxomHbIX (OpMys, HeoOXoaummas st
pewieHus 3afaud (WM YTBEp)KICHME, JICXKAIee B OCHOBE PELICHMs), HO
HPUCYTCTBYIOT JJOTHUECKH BEpHBIC ITPE0Opa30BaHUs ¢ MMEIOIUMHUCS (popMyiamH,
HaIpaBJICHHBIC HA PEIICHUE 3a1a4H.

. NN
B OIHOU w3 ucxomubix (Gopmys, HEOOXOMMMBIX JUIsl pPEeHIeHUs 3anauu (Miu
YTBEPXKJCHUH, IEKAlleM B OCHOBE pEIICHMs), JOMyIIeHa OIMuOKa, HO
HIPUCYTCTBYIOT JJOTHUECKH BEpHBIE IPE0Opa30BaHUs ¢ UMEIOIUMHUCS (popMynamy,
HaIpaBJICHHbIE HA PELLICHUE 3a1a4H.

Bce cnydan pemienusi, KOTOpble HE COOTBETCTBYIOT BBIIIEYKA3aHHBIM KPUTEPUAM
BBICTABJIEHHUS OILIEHOK B 1, 2, 3 Oaia.
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IIpu ManbIx KoNeOaHMsIX C aMIUTUTYI0OH A = 5 cM BOJIM3H TIOJIOKEHHSI PABHOBECHS
MaTeMaTHUYeCKOro MasTHUKAa MOJyJIb CHWJIBI HATSDKEHHsSI HHUTH, Ha KOTOPOM
MOJIBEIICH Tpy3uK Maccoit m = 100 r, mensercst B npeaenax ot 7 go 7+ AT, roe
AT=15MHu AT << T. KakoBa gjmuHa [ wHuthn wMastHuka? Tpenue He
yunthiBaiite. [Ipu pemennn 3amaun yaTure, 9To AT MAIBIX YTJIOB 0 CIIPABEINBO
npuOMKEHHOE paBeHCTBO Sina = a. CrenaidTe CcXeMaTHYeCKHH PHUCYHOK
C YKa3aHUEM CWI, ICUCTBYIOIMIUX Ha TPY3UK.

Bo3moxHoe peleHue

N300pa3uM  MasTHHK B JBYX COCTOSHHSX:  MaKCHMaJbHOTO
OTKJIOHEHHs, KOTJIa OH OCTaHaBJHMBACTCS, OTKJIOHHWBIIUCH OT
MOJIOKECHUSI PABHOBECHS] Ha paccTossHUE A, W TPU TMPOXOKICHHUA UM
9TOr0 IOJIOKEHUs paBHOBecUs (CM. pucyHok). Ha rpysuk masTHuka
Maccoil m IeHCTByeT cuila TsDKeCTH mg, HalpaBiIeHHas BEPTHUKAIbHO
BHU3, W TMepeMEHHas cuia 1 HATSDKeHHsS HHUTH, MEHSIOIAsACS 10
MOAYM0 OT 7' B MOJNOKEHHH MaKCHMAlbHOIO OTKIOHEHHs, KOrja
BekTop 7' HAaKIOHEH MOJA MajbM Yyriom o K Beptukand, no 1+ AT
B IIOJIOKCHUHM PAaBHOBECHs, TAE BEKTOp 1 BEpPTUKANCH, a TPy3HK
JIBHKETCS CO CKOPOCTBIO // , HATIPABJICHHOH TOPH30HTAIIBHO.

[lockonbKy TpeHHUs HET, COINIACHO 3aKOHY COXpaHEHHs MEXaHW4YeCKOH JHepruu

NOTCHIHAJIbHAsA SHEPTUSA MasATHHUKaA B KpaﬁHeM IIOJIOKEHHH, OTCHHUTAaHHAasA OT Ha4YaJIbHOI'O
YPOBHS B IIOJIO)KCHUH PAaBHOBECHUA, HOOJDKHA PAaBHATLHCA KUHETUYECKOU OHEPrun Ipu

2
mV
TIPOXO3KJICHUH MOJIOKEeHHs paBHoBecus: mgl| 1 —coso | = —.

B nonoxeHnr MakCUMaJbHOTO OTKIOHCHUSI cymMMmapHasi cuia 1 + mg HampaBieHa BIOJb

TPACKTOPHH TPy3UKa — OKPYKHOCTH PaJHUyCOM /, TO €CTh NMEPIeHANKYIISIPHO BekTopy 7, a
CKOPOCTB IPy3HKa B 3TOT MOMEHT paBHa Hymio, I = mg CcOsa.

IIpu npoxokAeHHM MOJOKEHUS PABHOBECUS! TIPY3UK O00JIaJaeT LEHTPOCTPEMUTEIbHBIM
yCK%peHI/IeM, U ypaBHEHHUE €ro IBIKEHMs B IIPOEKIMU HA BEPTHKAIBHYIO OCh UMEET BUJL

#=T+AT—mg.

2
[oacTaBmsist cro/1a MOAyIEeHHBIE BBIIIE BRIpaXeHUs it V'~ u st T, HaxoauMm

AT =3mg(1 — cos a). B cumy manoctu yria o ® —, OTKyJJa UIMEeM

i
2

2
AT =3mg| 1 —cosa | = 3mg - 2sin2(g) = 3mg - 2~ w, U, MOCKOJIbKY
2 2 2/
T T
mg = ~ T, nony4aem otset: [ =~ A %zfl 3—=0,5M.
cos a. 2AT 2AT
T
Omeem: [ ~ A 3mg ~ A 3 =0,5m
2AT 2AT
© MHOO 2012
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KpnTeplm OLICHKH BbINOJHCHUSA 3a1aHUA

Bbasiasl

[IpuBeaeHO MOJTHOE PELICHUE, BKITIOYAIOIIEE CIIETYFOIINE DIEMECHTBI:

I) 3anmicanbl TONOKEHUST TEOpUM H  (PU3MYECKHE 3aKOHBI, 3aKOHOMEPHOCTH,
MIPUMEHEHUE KOTOPBIX HEOOXOIUMO JIJIsl pEeIlieHHs 3a]1aud BHIOPAHHBIM CIIOCOOOM
(B IAHHOM CIly4ae — MPABUIbHO 3ANUCAHbl 3AKOH COXPAHEHUs MeXAHUYeCKOl
oHepauu ONd MaAMemMamuiecko20 MAAMHUKA U YPAGHEHUs €20 O8UNCeHUs, U
NONYUEHHAs CUCTNeMA YPAGHEeHUl peulena MoYHo Ul NPUOTUNCEHHO — C YUEMOM
Manocmu yena o),

II) onucanbsl Bce BBOAMMBIE B pelICHHMH OyKBEHHbIE 0003HaueHHs (HUIUUECKUX
BCIUUUH (3a UCKTIOUEHUEM, B03MOMNCHO, O0003HAYEHUll KOHCMANM, YKA3AHHbIX
6 sapuanme KUM, u 0603nauenuil, ucCnoivb3yemvix 6 yciosuu 3a0a4u),

III) nmpexcraBiaeH cxeMaTHYECKHH PHUCYHOK C YKa3aHWEM CHJ, MOSCHSAIONINI
pelieHue;

IV) npoBeneHbl HE0OXOAMMBIE MaTeMaTHYECKHE IpeoOpasoBaHHs (IOMYyCKaeTCs
BepOalbHOE yKa3zaHWEe Ha WX TMPOBEACHUE) M PAaCYEThl, IMPHBOJSAIINE
K IPaBWIBHOMY YHCIIOBOMY OTBETY (JOIyCKaeTCs pELIEHHUE «IO YacTAM»
C IPOMEXKYTOUHBIMHU BBIUYNCIICHUSMN);

V) npeacraBieH NMpaBUJIbHBIA OTBET ¢ yKa3aHHEM €IMHUL] U3MEPEHHs HCKOMOM
BEJIMYMHBL.

[IpaBunbHO 3anucaHbl HEOOXOAUMbBIE TOJOXKEHHUSI TEOPUH U (PU3NUECKUE 3aKOHBI,
3aKOHOMEpPHOCTH, MPOBEJCHbI HEOOXOIUMbIE MPeoOpa3oBaHMs, M IPEACTaBICH
MIPABWIBHBIA OTBET C yKa3aHUEM EIUHHI] M3MepeHHs McKoMoil BenmuuHbl. Ho
UMEETCs OAMH U3 CICAYIONINX HEIOCTATKOB.
3anucu, COOTBETCTBYIOIIME OAHOMY wuiau oboum mnynkram: II, I, 1V, —
MPE/ICTABIICHBI HE B TIOJTHOM 00BEME MITH OTCYTCTBYIOT.

NI
ITpu [TOJIHOM npaBuiIbHOM PEIIEHUU JIUIIHUE 3allUCH, HE BXOJAIUE B pEILICHHUE
(BO3MOXKHO, HEBEpHbIE), HE OTHENeHbl OT pelleHus (He 3a4€pKHYThbI, HeE
3aKJTFOUYEHBI B CKOOKH, PAMKY U T. I1.).

i
[Tpu TTOJIHOM peniennn B HEOOXOJUMBIX MaTeMaTUYECKUX MPeoOpa3oBaHUAX
WJIM BBIYMCIICHUSX JIOMYIICHBI OMIMOKHU, U (WIK) MpeoOpa30BaHusl/BbIYNCICHUS HE
JIOBEJICHBI JI0 KOHIIA.

Wi
[Tpu [TOJIHOM penieHHr OTCYTCTBYET MYHKT V, MM B HEM JOMYyIICHA OIUOKA.
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IIpencraBieHsl 3al1CH, COOTBETCTBYIOIINE OAHOMY U3 CIIEAYIOLIUX CIIy4aes.
[IpencraBieHs! TOMBKO MOJOXKCHUS M (DOPMYIBI, BBIpaXKaromue (Qu3ndecKne
3aKOHBI, IPUMEHEHHE KOTOPBIX HEOOXOIUMO AJsl pelleHMs 3afaud, 0e3 KaKux-
aub0 mpeoOpa3oBaHMII C HMX WCHOJNHb30BAHHEM, HAINPABICHHBIX Ha pPELICHHE
3aJa4uu, U OTBeETA.
W

B pewenun orcyrcrBsyer OAHA u3 ucxomsblx ¢opmyi, HeoOXoaumas Ui
pemieHuss 3amaud (WIM  YTBEp)KICHHE, JIeKallee B OCHOBE pEIICHHs), HO
HOPUCYTCTBYIOT JJOTHUECKH BEpHBIE IPE0Opa30BaHus ¢ UMEIOIUMHUCS (popMynamy,
HaIpaBJICHHbIE HA PELLICHUE 3a1a4H.

. NI
B OAHOM wn3 mcxomHbix (opMys, HEOOXOAMMBIX UIS PEUICHHS 3amadu (MIH
B YTBEPXKJEHUM, JISKAIEM B OCHOBE pEIIEHUs), [ONyIleHa OIIHOKa, HO
IIPUCYTCTBYIOT JIOTHUECKH BEPHbIE IPE0OPa30BaHUs ¢ UMEIOLIMMUCS (POpPMyIaMH,
HalpaBJICHHbIE Ha PeILICHHUE 3a/1a4H.

Bce cnydan pernreHusi, KOTOpbIe HE COOTBETCTBYIOT BBINICYKA3aHHBIM KPHUTEPHIM
BBICTABJICHUS OLICHOK B 1, 2, 3 Oaia.

© MHOO 20121
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