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BUNET Ne 07 (11 knacc, KemepoBo): BO3MOXKHbIE peLueHUa U KpUTepum

Kpurtepuu oneHnBanus:

151 BONIPOCOB:
EcTb oTAenpHbIE TpaBUiIbHBIE cOOOpaykeHus — 1 6as.
OTBeT B LEJIOM NIPaBWIEH, HO COACPKHUT CYIIECTBEHHbIE HETOYHOCTH, WM CYIIECTBEHHO
HEMOJIOH, WJIM OTCYTCTBYyeT OOOCHOBaHHME (IJIi BONPOCOB, B KOTOPBIX HEOOXOIUMO
obocHoBaHue) — 2 GaJuia.
OTBeT IpaBWJIEH, HO NPUCYTCTBYIOT MEJIKME HETOYHOCTH, UM OTBET HEAOCTATOYHO IOJIOH,
WIH OTCYTCTBYET JOCTAaTO4YHOE OOOCHOBaHME (IUIsi BOMPOCOB, B KOTOPBIX HEOOXOAUMO
obocHoBaHue) — 3 H6aJa.
OTBeT NOJHOCTHIO MPABUIbHBIA, HO HEJOCTaTOYHO OOOCHOBAaHHBIM (Ui BOIIPOCOB, B
KOTOPBIX HE0OX0IMMO 000CcHOBaHKE) — 4 GaJia.
[TpaBUIBHBIN, MOJHBIN 1 0OOCHOBAHHBIN OTBET — S5 0A/JI0B (MAKCHMAJILHASN OLIEHKA).

Jlns 3apay:
EcTb oTAensHbIC MpaBUiIbHBIE cOOOpaskeHus — 1-2 6aJuia.
Ectb yacTb HEOOXOIUMBIX ISl pEIICHHsS COOOpa)KeHWM, pEelIeHWE HE 3aKOHYEHO WIIU
COJICPXKUT Cepbe3HbIC OMUOKK — 3-4 faJia.
[TpucyrcTByer Oouiblasi 4yacTb HEOOXOAUMBIX Ul PEUIEHHs COOOpa)K€HWil, MpaBUIIbHO
3alycaHa 4acThb HEOOXOJUMBIX COOTHOIIEGHUH, pEIIeHHWE HE 3aKOHYEHO WM COJCPXKUT
omnoOku — 5-7 6a/110B.
[TpucyTCcTBYIOT Bce HEOOXOAMMBIE ISl PelIeHrsl cCOOOpakeHUs, PAaBUIBLHO 3allMCaHbl TOYTH
BCE HEOOXOAMMBIE NJIsi PELICHMs] MCXOJIHBbIE YpaBHEHHUS, HO DPELICHHUE HE 3aKOHYEHO WIIU
coiepkuT omuoku — 8-10 6asLI0B.
[TpucyTcTBYIOT Bce HEOOXOAMMBIC JUIS PEUICHHsI COOOpa)XCHHUs, MPAaBUIBHO 3alMCaHbl BCE
HEOOXOIUMBIC Ui PEIICHUs HCXOIHBbIC ypaBHEHUS, DPELICHHE BBICTPOCHO MPABUIBHO C
(bu3NYECKON U JOTMYECKON TOUKU 3pEHUS], HO COAEPKUT omnoOku — 11-14 6amnmos.
[TpucyTcTBYIOT Bce HEOOXOAMMBIE Ul pElIeHHs] COOOpa)KeHUs, MPAaBUIBHO 3allUCaHbl BCE
HEOOXOIMMBIC ISl pEIIeHUS WMCXOIHBIE YpPaBHEHHs, PEIICHHE BHICTPOSHO NPABMIIBHO C
(Gu3M4ecKoil M JIOTHYECKOM TOUKH 3pEHUs, HO COJIEPKUT OJHY-/IBE MEJKHE HETOYHOCTH, HE
MIO3BOJIMBIIUE MOJNYYUTH TPABWIIBHBIA OTBET, WIM NPABHIFHOE pPEIIEHUE C HEAOCTATOYHBIM
000CHOBaHMEM CYIIIECTBEHHBIX UCIOIb30BaHHBIX pe3yabTaToB — 15-17 6anJios..
[IpaBriibHOE OOOCHOBAHHOE PEUIEHHE C BEPHBIM AHAJIWTUYECKUM OTBETOM, HO MEJKOH
HETOYHOCTBIO MpPHU TOJIYYEHUH UHUCIEHHOI'O OTBeTa, JHUOO NpPaBWIbHOE pEIIEHUuEe ¢
MPAaBWIBHBIMU OTBETAMHM C HEJOCTATOYHBIM OOOCHOBAHHMEM OJHOTO W3 HCIOJIb30BAaHHBIX
pe3ynbTaToB (M3 YKclia He KIIFOUEBBIX JUIS PElIeHus, HO Heo0XoaumbIx) — 18-19 6anios.
[TonHOE, mpaBMIIbHOE, OOOCHOBAaHHOE pEIIEHUE C MpaBWIbHBIMU oTBeTaMu — 20 6ajjioB
(MakcuMaJIbHas OlleHKA).

3aganue 1.
Bonpoc: Ha TBepnoe Teno AecTBYIOT TpH CHIIBIL. J[Be U3 HUX IPUIIOKEHBI B OJIHOM Touke (A) U
B3aMMHO TEPIEHAUKYISApHBL. TpeThs mpuiiokeHa B Jpyroil Touke (B). Kak mpoxoaut nuxus
}IGI)’ICTBHSI TpeTBeﬁ CHIJIBI, €CJIN TCJIO HAXOJUTCA B paBHOBeCI/II/I?

OTtBer: YcnoBUs paBHOBECHS TBEPIOTO Teja TpeOyloT paBeHCTBA HYJIIO BEKTOPHONW CYMMBI BCEX

MPUJIOKEHHBIX K TEIy CHJI U CYMMBI MOMEHTOB 3TUX CHJI: ZFi =0, ZMi =0. Jyns Hamero
i i

Cilydasl mapy CWJI, NMPUJIOKEHHYI0 B TOYKe A,, MOXKHO 3aMEHMTb Ha OJHY CHUJIy, PABHYIO HX

BEKTOPHON CyMME, U TOTJa TEJO J0JKHO HaXOAUTHCS B PABHOBECHM IOJ IEHCTBUEM Iaphl CHUIL

Ecnu BTOpOE paBeHCTBO 3amucaTh OTHOCHTEIBHO TOYKM A, TO OHO NpHUBEAET K TpeOOBaHMUIO,



4TOOBI TUIEYO TPEThEH CHIIBI PABHSAJIOCH HYIIO, TO €CTh JIMHUS €€ JIeHCTBUS JOJDKHA MPOXOIAUTh
yepe3 TOuKy A (MaTu BAOJIbL TpsiMoit AB), u mpu 3TOM OHa J0JKHA OBITH HAmpaBJICHa TPOTHUB
PaBHOACHCTBYIOLIEH IBYX IIEPBBIX CHUIL.

3agaya: OJIHOPOIHBINA CTEpP)KEHb MOKOWTCS, ONUPAsICh OJHUM KOHIIOM Ha BHYTPEHHIOIO
HIOBEPXHOCTH TIIaKoi noiychepsl paauyca R =30c¢wm, a apyrum —
Ha ee Kpai (cM. pucyHOK). Ilpu 3TOM cTepKeHb COCTaBIISIET C
ropusontom yroi & =30°. Uemy paBHa JJIMHA CTEPIKHSA?

Pemenne: Ha crepkeHp NEUCTBYIOT TPU CHIIBL: CHJIA TSYKECTH U JBE CHJIBI HOPMAJIbHOW pEaKUUH
MIOBEPXHOCTH, HAIlpaBJIE€HHbIE B TOYKE A — MO paguycy
noiycdepsl, B Touke B — nepnenaukynspHo crepxkHio. M3 oTBeTa
Ha BOIIPOC SICHO, YTO JIMHUM JIEUCTBUS 3THX TPEX CUJI JOJKHBI
nepeceKkaTbcs B OJHOM TOYKE, MO3TOMY LIEHTP MacC CTEP)KHS
(rouka C) HaXomuTCA Ha OJHOM BEPTUKAIM C TOYKOH
IIEPECCUYCHNs] JIMHUKA JACUCTBUSA CHWJI HOPMAJIBHOW pEaKUuu
(Touxoii D). Beizenum takke Touky O — nentp nomycdepsl. Tak
Kak TpeyroibHuK AOB — paBHOOEIpEHHBIN C yrJIOM ¢ TpHU
| AB|
Cosx
orpeska AC pasua | AD|C0S(2a) =2Rc0S(2x). Tak kak crepxenb omHoponeH, To C — ero

ocuoBanuu, 10 |AB|=2Rc0Se. 3uaunt, |AD|= =2R, u ropusoHTaJbHAs MPOCKIIHS

L
cepcarHa, MU Ta K€ IIPOCKIOUA paBHaA ECOS(Z, rac L - JJIMHA CTCPIKHA. CJIe,Z[OBaTeJ'ILHO,

L cosa = 2Rcos(2a) , To ectb L= 4RM _AR ~ 69,3 cm.
2 cosa /3
OTBET: L= 4RM ~ 69,3 cm.
COSox

3amanue 2.
Bonpoc: B uem coctouT mpubnmkeHue uaeanbHoOro raza? KakoBel OCHOBHBIE MPUYMHBI, MO
KOTOPBIM PEeaTbHBIC Ta3bl OTIIMYAIOTCS OT UACATLHOTO?

Oteer: /lnsg chnpaBeiIMBOCTH MOJAETM MJICAIBHOTO Tra3a HEOOXOJUMO MpPEXkAe BCEro
BBIMIOJTHEHHE JBYX YCJIOBHIl: paccTOSHUE MEXAYy MOJIEKYJaMH JODKHO OBITh MHOIO Oouiblie
pasMepoB caMHMX MOJIEKYJ]l M CpelHee 3HayeHHe aOCOJIIOTHOM BEIMYUHBI IMOTEHIUAIBLHOU
SHEPruM B3aUMOJICHCTBUS MOJIEKYJl JOJKHO OBbITh MHOTO MEHBIIE CpPEAHEr0 3HAueHUs MX
KHHETHYeCKOW sHepruu. IIoCKOIbKY paccTOsSHHE MEXIy MOJIEKYyJaMu (a BMECTe C HUM U
NOTEHLMAJbHAsl  JHEPrusi UX  B3aUMOJICHCTBHUS)  ONPENENAIOTCS  IUIOTHOCTBIO — rasa
(KOHIIEHTpaMel ero MoOJIeKyJ), a KHHETHYecKas »JHEeprus — ero TeMIepaTypod, To
COOTBETCTBYIOILIME YCIIOBUS MOXHO C(HOpPMYIHpPOBaTh TaK: IJIOTHOCTh rasza JOJDKHA ObITh
3HAYUTEIbHO (Ha TPU WM OOJIbIIIE MOPSAIKA) MEHbIIE TNIOTHOCTH COOTBETCTBYIOIIEH KHUIKOCTH,
a TemIeparypa He JTOJKHA OBITh CIUIIKOM HHU3KOM (4TOOBI HE MPOSBISIIMNCH MEKMOJIEKYIISIPHbIE
B3aMMO/JICHCTBUS WJIM KBAaHTOBBIE CBOICTBa rasa). SICHO, 4TO OHa He JOJDKHA OBITh U CIUIIKOM
BBICOKOM (TIpY CTOJIKHOBEHHUSX MOJIEKYJl HE JOJKHBI UIPaTh CYLIECTBEHHYIO POJIb MPOLIECCHI
woHnzaimu). Ilpm »>TOM He ciegyer yTBepxkaaTh, YTO MBI BOBCE IpeHeOperaem
B3aMMOJICHCTBEM MOJIEKYJ — OHO CYIIECTBEHHO MpPH HUX COYAApPEHUSX, U OHO CIIOCOOCTBYET
TOMY, 4TO IIPH CO3JJaHUU HEPABHOBECHOI'O COCTOSIHUS I'a3 CTPEMUTCS MEPEUTU B PABHOBECHOE.
IIpakTHuecku 1is BCeX ra3oB, BXOJSIINX B COCTaB BO3AyXa HOPMAJIbHBIX YCIOBHUSAX UX CBOMCTBA
OJM3KM K CBOWCTBAM HMJI€aIbHOTO Taza. HeGoublme nonpaBku CBA3aHbI C y4€TOM COOCTBEHHOTO
o0bemMa MOJIEKYJT U BIMSIHUEM WX B3aUMOJIEHCTBUS.

3apaua: I[lopiieHb, KOTOpBIM HAXOJUTCS B BEPTUKAJIBHOM 3aKPBITOM LUIUHAPE, MOXKET
nepemeniarbcsi 6e3 TpeHus. [lo 06e CTOPOHBI OT MOPITHS HAXOIUTCS OJMHAKOBHIE KOJUYECTBA



OJIHOTO H TOTO € HJealbHOro rasa. Ilpu Temneparype T, o0beM BepxHeil 4acTu B 2 pa3a GouibLie

HrokHed. Kakum Oyzer 910 oTHOIIeHHE 00BEMOB, €CIIM TEMIIEPATypPy MOBBICHTD 10 3HAYCHHS |, ?

Pemrenue: SIcHo, uTO TMpHW BceX MEPEMENICHHUSX IMOPIIHS CyMMapHbIH 00beM ra3oB V ocraercs

. N V
Hen3MeHHBIM. ECIH Ipu 9TOM OTHOIIEHHE 0O6BEMOB BEpXHEH M HIKHEH 4acTH PaBHO —o = X, TO
H
. X 1
caMH 00beMbl ITUX uacTel MOMKHO 3amucaTb Kak Vg = 1—V u Vy = 1—V . Torma, B
+ X + X

o X
COOTBETCTBUM C ypaBHeHHMeM MeHnneneeBa-Knaneiipona, pgVg=-——pgV =vRT u
+ X

1

PHVy ~Tox pyV =vRT. Kpome TOro, JOIKHO BBHIIOJHATBHCSA YCIOBUE PABHOBECHUS MOPILIHSA

Maccol Mu maomanso S: PyS = PgS+mg. [oacransts B 3T0 COOTHOIICHUE AABICHUE M3
RT . 1+xvRT

. v
3alMCH YpaBHEHHH COCTOsHMs, momydaem: (1+ X) v S= v S+mg=x—== T rue
X X

_ gV

C=
vRS

— IMOCTOsAHHAA, BbIpaxKacMasd 4Cpce3 MmapaMeTpbl CUCTCMBI. 3ammcaB 3TO COOTHOIICHHUE

3
npu Temneparype I,, Haxogum, uto C = ETl. Toraa U3 Hero e Mpu Temreparype I, mojydaem

3T,
YPaBHEHHE HA COOTHOIIEHHE OOBEMOB MPH ITOH TeMIeparype: X, —— = fl’ U3 KOTOPOTO
X2 2
3, | 9T
Xp =—+ > +1 (3HaK «+» BEIOpaH, Tak 0UeBUIHO, 4TO Qu3MUecKoe 3HaueHHe X > 0).
4T, | 16T,
3, | 917
OTBET: X, =2+ |1 +1
4T, '\ 16T,

3aganue 3.
Bomnpoc: Pesuctop ¢ comporuBieHmeM R © Karymka ¢ HHIYKTHBHOCTBIO L BKITIOUCHBI
MOCJIEA0BATEIBHO B LEMb MEPEMEHHOIO HAMPSHKEHUS ¢ HUKJIMYECKOW 4acTOTOM @. Bo ckoiibko
pa3 OTIIMYAIOTCS aMIUTUTYABI KOJIeOaHUI HANPSDKEHHUS HA PE3UCTOPE U KaTyIIKe?

Ortser: Ilycth KoneGanus Toka B 1enu npoucxouar 1o 3akony |(t) =1, cos(at) . KoneGanus

HalpHKEHUs ~ Ha  PE3UCTOPE  MNPOMCXOaaT  cuH(pasHO ¢ KoneOaHMsAMH  TOKa:
Ui (t) =RI(t) =Rl cos(wt), To ects ammumuryna xonebanuii sroro Hanpsokenus Up, =Rl .

HaHp}I)KeHI/IC Ha WHIeaIbHOMI HHAYKTUBHOCTHU CBS3daHO C HaBOJSIIEHCS B KaTyHIKe 3I[C

MHIYKLAH: UL(t):—Ei:—L%:a)leSin(a)t), to ectb U, =all,. CrenosarensHo,
Ugn _R
U, ok

3agaua: Beapo ¢ Bomoil mpu HOPMaabHOM aTMOC(EPHOM JABICHHM 3aKHWIIAET 3a BpeMs
t, =8muH, eciim B HEro OMyCTUTh KUIATHJIBHUK B (OpME CIHPANTd C  HHIYKTHBHOCTBIO
L=0,01I'n u akrtuBueiM comporusienrneM R =10 Owm, BKIIOYEHHBIM B CETh MEPEMEHHOIO
CHHYCOMIAILHOTO HanpshkeHus ¢ yactoroi v =50Tu. 3a kakoe BpeMs 3aKMITMT ¥ HAMOJOBUHY
BBIKMITUT BOJA B BEIpE, €CIM JIBA TaKUX KHIATWIBHUKA COEIMHHUTH IOCIEN0BATENBLHO M
MOJAKIIOYAT, K HCTOYHHKY TIOCTOSIHHOTO HAMpSDKEHHs, BEJIUYMHA KOTOPOTO paBHa
AMIUTMTY/IHOMY 3HAYEHHUIO TIEPEMEHHOTrO HanpsokeHus? HauanbHas Temiieparypa BOJAbl B 000MX



ciydasix oamHakoBa W paBHa 15°C. YienbHas TEmIOeMKOCTh BOAbI C~ 4,2 JI/T, yaeabHas
TerutoTa mapoobpaszoBanus I' = 2352 J1x/r.

Pemenue: HpI/I IMOAKIOYCHHUHN KHUIIATHIIbPHHUKA C YKa3aHHBIMU ITapaMETpaMiu B CETh IIEPEMECHHOTI'O

A HAIpsDKEHUs, C Y4YETOM CMEILIEHUs KoJeOaHUN HaNpsOKeHUs Ha
Ul_ AN T )
AN HHAYKTHUBHOCTH II0 (1)336 Ha E OTHOCUTEJIFHO KOJIeOaHUid HAITPSXKCHUA
~ U
Y [
,7 v Ha COIIPOTHUBJICHHH, BOCIIOJB30BaBHIMCh METOJO0M (baSOBI)IX JuarpamMm,
U ,’ HaﬁHeM CBA3b aMIUIMTYAblI HAIPSIKCHUA CCTU U aMIUIUTY/bI KOJIe6aHI/II71
/

R toka: U2 =R%12+0’L?12 = 12 =U2/(R*+w?L?). Cpemnss 3a
nepuon MOIITHOCTBH BBIACIICHUSA TCIjia Ha AKTUBHOM COIMPOTUBJICHUU
P =1RI2 = RU, I Rt, =cm(Ty —T,) T, =100°C

1= 5 Rl =————>—-. llockomeky F{ = K o) (3mech Ty = — TeMIIeparypa
2 2(R* + L)

2 22
2cm(Tx —Ty)(R® +w°L7)
2
RU 5
HpI/I MOAKIIOYCHUHU ABYX KHUIIATHIBHUKOB K UCTOYHUKY IMOCTOAHHOI'O HAIMPSXKCHUA MOIIHOCTbH
BBIJACIICHUA TCIJIa IIOCTOSIHHA, a MWHAYKTUBHOCTb HC BJIIMACT HaA MPOTCKAHUE TOKa B

KUneHust Boxsl, a 1, =15°C — ee HawanpHas temmeparypa), To t; =

2
yCTaHOBHBIIEMCS pexume: P :L;_g' Torma Ppt, =cm(Tx —T,)+ rg , U I03TOMY
t, = mi2c m(rB;TO) 1R . Yurem, 4YT0 @®=27V U  OKOHYATEIBHO  IIOJIY4YHM:
m
_ 2
2cm(T¢ —Ty)(R® +47°veL")
_ 2
otBET: t, = LM “T)+TIRT oy mise,
2cm(Tg —Ty)(R® +47°v°L?)
3apanue 4.

Bonpoc: Kak BBUMCIUTH TMOMEPEUHOE YBENTWYCHHE TOHKOW IJMH3BI MO ONTUYECKON Cuiie U
PACCTOSIHUIO OT MPEAMETA J0 JIMH3BI?

Oteer: [IlomepeuHoe yBenu4eHHWE — 3TO yBEIMYEHHE OOBEKTa, PACIOJIOKEHHOIO
NEPIEHIUKYJIAPHO TJIABHOM ONTHMYECKOM OCH JIMH3blL. Tak Kak A1 TOHKOM JIMH3BI MOXHO
IIPOBECTH JIy4YH, UAYLIUE OT KpallHUX TOYEK TAKOro MPEAMETa Yepe3 ONTUUYECKHUI LEHTp JIMH3HI,
U OHU NPOMAYT uepe3 Kpas M300paxkeHus, KOTOpoe TakK ke OyJIeT MEepHeHIUKYISIPHO TIaBHON
ONTHUYECKOI OCH, TO OTHOILIEHHE JIMHEHHBIX pa3MEepOB M300pakeHUs U MpeaMeTa (a 3TO U eCTh
BEJIMYMHA TONEPEYHOro yBeIMueHHs) OyJIeT paBHO OTHOLICHHUIO PACCTOSHUM OT M300pakeHus

1o auu3kl | b| u ot npeamera no munset |a|: |T'|=|—|. s ToHkux auH3 cripaBeumBa GopmyJia

.1 1
JIMH3bI, COTJIACHO KOTOPOU g +B = E = D, rac F — (bOKYCHoe PaCCTOAHUC JIMH3BI, a D = E —
aF 1
ee omnTuueckas cwia. Takum ob6pasom, b=——, u mosromy |I'|=———. Moayib
a-F | Da—1|

HEOOXOJUMO HCIOJIb30BaTh IMOTOMY, YTO BC€ BEIMYMHBI B (OpMyse JUH3BI MOTYT OBITh
OTPHULIATENIbHBI (UII MHHUMBIX MpPEIMeTOB, M300paxkeHM M ¢okycoB). MHorna ysenuueHue
BBOJAT Kak ajireOpamyeckyto BemuuuHy: | >0 COOTBETCTBYIOT HpsSMOMY H300paXEHHIO, a
['<0 — mepeBepuyromy. Kak HeTpymHO MpOBEpHUTH, B 3TUM Ciydae chpaBeinBa (opmyia



b 1

N=—= — Kak Juid coOuparoummx JuH3 (M300paxkeHue mnpsmoe mpu a<F wu

a 1-Da
nepeBepHyToe pu a > F ), Tak u 115 pacceMBalOUIMX JIMH3 (BCET/Ia MPSIMOE).

3amaya: CBeTOMOJ PACIOIOKEH Ha IJIaBHOM ONTHYECKOW OCHM TOHKOM JiMH3bI. Ha skpane 3a
JIMH30M HaOJI0IaeTCs N300paKeHUe «riia3kay» ceeroanoa ¢ yeeanuenueM |I'[=15. Ceeroanon

Hayal¥ CMelaTh BJOJIb ONTHYECKOM ocu co ckopocthio V=04cm/c. 3a Bpems t=1c
yBeIM4YeHHUE BO3pociio Ha 2%. HailTh onTrYecKyro CUITy JIMH3BI.

Pemenne: Tak kak n3oOpakeHre HaOIIOAATIOCH HA HKPAHE, TO OHO SBJUIOCH JACHCTBUTEIbHBIM.
DTO 03HAYaeT, YTO JIMH3a COOMPAIOIIAsl U PACCTOSHHUE OT CBETOIHMOMA 10 JIuH3bI a > F (kpome
toro, o Bennuune | I [>1 Bugno, utro F <a<2F). U3 Gopmysbl s yBelMdeHus CIEAYET,

1
gyro a—F = ﬁ F . [TockonbKy yBeIMUYCHHUE BO3PACTANIO, TO CBETOIMO] MPHOIMKAICS K JIMH3E.
Iy

F

CrnemoBaTennHo, I'l—|Iy = I ITo CIIOBHIO
]Il b - ATy | y
I'|-|TI;
:M:O,OZ. 3HaYMT, a—-F —1+—X t—L D= X Lz3,31{HTp.
| To | X | To | 1+Xx| I vt
OTBET: D= L ~ 3,3 anTp.
1+x|1“0 | vt
[Ipumeuanue: ITockonbKy X <<1, TO HOMyCTMMO MCHOJIB30BaTh HPHOIMKEHHYIO (HOPMYITY
X
~ 3,3 artp.

:|F0|Vt



