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Kpurtepuu oueHUBaHN 32JaHUH ¢ Pa3BEPHYTHIM 0TBETOM

B kakoe Bpems roja — 3uMHeEe WJIM JIETHEE — OCTaBJICHHBIE JOMa Ha CTOJIE KYyCKU
xjie6a ObICTpee 3a4epPCTBEIOT, a B KAKOE JOJIbIIIEe OCTAHYTCS MATKUMH, HO TIPHU 3TOM
3aMJIeCHEBCIOT?

OTBeT nosicHUTE, yKa3aB, Kakue GU3UIECKHE SBJICHUS M 3aKOHBI BbI Mcmionb30Banu
JUTST OOBSCHEHUS.

Bo3moxkHoe pelnenue

1. B xomonHoe Bpemsi roja yJIMYHBIM BO3AyX HMEET MaJCeHbKYH aOCOJIOTHYIO
BII&XHOCTb M, IPOHUKAs B IIOMEIIECHUSA BHYTPU JOMa 3a CYET BEHTUIALUH,
BBICYIIIMBAE€T NOMEUICHNs, CHMU)KAasi B HUX OTHOCHUTEIBHYIO BJIAJKHOCTH BO3AYXa.
[Ipu 3TOM BiaXHBIE MPEIMETHI, HAPUMEP, CBEKHMIM Hape3aHHBIM XJed, OBICTPO
BBICBIXAIOT U YEPCTBEIOT.

2. B xapkoe neTHee BpeMs rojla yJIMUYHbIA BO3yX UMEET BBICOKYIO a0COIIOTHYIO
BJIKHOCTb, IO3TOMY U B IOME OTHOCHUTEIIbHAS BJIAXKHOCTh BO3/1yXa MOBBIIIAETCS.
B yciioBusIX BBICOKOHM BIQXHOCTH W TEMIIEpAaTypbl Ha BIAXHOM xjeOe ObICTPO
Pa3MHOKal0TCs pa3Hble IJIECHEBbIE T'PUOKH, U XJI€0 TJIECHEBEET.

3. Takum o00pa3oM, OCTaBJIEHHbIE JOMa Ha CToJie KYyCKM xiyeba ObicTpee
3a4EPCTBEIOT 3UMOI1, a TOJIBIIIE OCTAHYTCSI MATKUMU, HO IIPU 3TOM 3aILJIECHEBEIOT —
JIETOM.

Conep:xanne KpuTepus Bauabi

[IpuBeneHoO MONMHOE MPABWIBHOE PELIEHUE, BKIIOYAIOLIEE NPABUJIbHBIN 3
oTBeT (B JAHHOM cllydyae n.n. [—3) W UCUEPIBIBAIOIINE BEpHBIC
paccyXIeHus ¢ yKa3aHUEM HaOJII0/1aeMbIX SBJICHUN U 3aKOHOMEPHOCTEN
(B NAHHOM CIIy4yae — YHOMUHAHUE GIUAHUA AOCONIOMHOU BIANCHOCTIU
6030yxa Ha yiuye HA OMHOCUMENbHYIO BAANCHOCMb 6030YXA GHYMPU
0oMa U Ha NPoYecc BbICLIXAHUA PA3IUYHBLIX NPEOMEMOs, 8 MOM YUCTe
xneda)

Jlan npaBUJIBHBIA OTBET, W INPUBEJCHO OOBICHEHHE, HO B PELICHUU 2
UMEIOTCS CIEAYIOLINE HETOCTATKH.

B 00bsicHEeHUM HE yKa3aHO WIHM HE HCIOJb3YETCS OJHO U3 (PU3UUECKUX
ABJICHUM, CBOWCTB, OIpPEACICHUA WM OJMH M3 3aKOHOB ((opmyi),
HEOOXOMMBIX JJIsi TIOJHOTO BEpPHOTO OO0BsICHeHHs. (YTBEpKICHHE,
JeKalliee B OCHOBE OOBSICHEHMsI, HE IMOAKPEIJIEHO COOTBETCTBYIOIIMM
3aKOHOM, CBOMCTBOM, SIBIEHUEM, ONPEICTICHUEM U T. I1.)

nimm

OObsicHeHus1 TpeACTaBieHbl HE B TIOJHOM OOBEME, WM B HHUX
COJICPKUTCS] OJIUH JIOTHYECKUIN HETOUET
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[IpencraBneHo pelieHHe, COOTBETCTBYIOIIEE OAHOMY U3 CIEIYHOIIUX 1
CITy4aes.

JlaH TipaBUIIBHBINA OTBET HA BOMPOC 3aJaHUS, U IPUBEICHO OOBSICHEHHE,
HO B HEM HE YKa3aHbl JBa SBJICHHUS WIU (PUINYECKUX 3aKOHA,
HEOOXOIUMBIX IS TOJTHOT'O BEPHOTO OOBSICHEHHUS.

NN

VYka3zaHel Bce HEOOXOAWMBIE MJisi OOBSCHEHHUS SIBICHUS U 3aKOHBI,
3aKOHOMEPHOCTH, HO HMEIOLIUECS PACCY)KJIECHUS, HAIpPaBJICHHbIE Ha
IOJTyuYeHHUE OTBETA Ha BOIIPOC 3aJJaHusl, HE JJOBEJIEHBI 1O KOHLIA.

NJIn

Vka3aHbl Bce HEOOXOIUMBIE MJisi OOBSICHEHMs SIBJICHUS M 3aKOHBI,
3aKOHOMEPHOCTH, HO MMEIOIINECS PACCYKIACHHSI, MPUBOISIIINE K OTBE-
Ty, COJIEPKaT OIIUOKH.

N

VYka3aHpl HE BCe HEOOXOAMMBIE IS OOBSICHEHHS SIBJICHHSI M 3aKOHBI,
3aKOHOMEPHOCTH, HO MMEIOTCS BEpHBIE PACCYXKIICHUS, HAIlPaBJICHHBIC
Ha peleHHe 3aJ1a4u

Bce cnyuau peiieHus, KOTOpbIE HE COOTBETCTBYIOT BBINIEYKa3aHHBIM 0
KPUTEPHUSIM BBICTABJICHHS OIICHOK B 1, 2, 3 Gayuia

Maxcumanvroviu oanin 3

29

B cucreme, u300pax€HHONW Ha pUCYHKE, Macca JIEBOTO y
rpy3a, JIeKaIEero Ha IJIaJKOM TOPU30HTAIbHOW TIOCKOCTH, _ M ;r
paBHa m =2 kr. Macca npaBoro rpysa, CKOJb3SIIIEr0 IO

IUIOCKOCTH CO CKOpOCThio V' =2wm/c, paBHa M =3 kr. ['py3sl coeauHEHBI
HEYIPYTMM HEBECOMBIM HEHATAHYTHIM BHAUAJIE IIHYPOM, TAKUM, YTO IOCJE €ro
HATSDKEHUSI CKOPOCTH T'PYy30B BBIPABHUBAKOTCA. Kakoe KONMMYECTBO TEIIOTHI ()
BBIJICJIUTCS. B CUCTEME B PE3YJIBTATE 3TOr0 BEIPABHUBAHUS CKOPOCTEU rpy30B?

Bo3moskHOe pelieHue

B ropusoHTanbHOM HampaBleHUM CHUCTEMa TElI HE TMOABEPracTcs IEHCTBHUIO
BHEIIHUX CUJI, U 110 3aKOHY COXpPaHEHUS UMITyJIbca CyMMapHasi TOPU30HTaIbHAs
OPOEKIUsT UMITyJIbca TeNl CHUCTeMbl coxpassercs: MV = (m+M)v, tne v —
CKOPOCTh CHCTEMBI TIOCJ€ BBIPDABHUBAHUS CKOPOCTEH Teln B pe3yJabTaTe WX
HEYIpPYToro B3auMOACHCTBUS Yepe3 IIHYP.

KommyectBo TemnoTsl (J, KOTOpPOE BBIACIUTCA B CHCTEME B IpOLEcCe
BBIPABHUBAHUS CKOPOCTEH TEJ, PaBHO PA3HOCTH KHHETUYECKHUX DSHEPTHH Teln
CUCTEMBI JI0 U MOCJIE€ UX B3aUMOJICHCTBUS:

MV? (M +myv MV (M+m)MVE MV om 3.2 2

= = . =2,4 xX.
0= 2 2 2(M +m)? 2 m+M 2 243 a
MV?  m
Omeem: QO = : =24 JIxk.
© 2 m+M A

© Cratl'pax 20142015 yu. r. [Tyonuxarus B UHTEepHETE WU MEUATHRIX U3IaHUAX 0€3 TUCHMEHHOTO
cornacus Cratl paj 3ampenieHa



®uzuka. 11 knacc. Bapuant ®1U10601

3

Conepxkanue KpuTepus

Bbanabl

[IpuBeneHo noaHOE pelieHne, BKIOYAIOLIEe CIEeIYIOUE JIEMEHTHI:

[) 3anucanbl  MONOXKEHUST  TEOpUM U (PUBMYECKHE  3aKOHHBI,
3aKOHOMEPHOCTH, MPUMEHEHHE KOTOPBIX HEOOXOJUMO HJisi PEIICHUS
3a/1a4d BHIOPAHHBIM CIIOCOOOM (B JJAHHOM CJIy4ae — 3aKOH COXPAHEeHUs.
UMRYIbCA U CE53b USMEHEHUS KUHEeMUYeCKOU dHep2UU CUCTNEeMbl ¢ KOAU-
Yecmeom 8blOeIUBULELICS 8 Hell MeNnOmbl);

II) onucanb! Bce BHOBb BBOJAUMBIE B pEIIEHUH OyKBEHHbIE 0003HAUEHUS
dbusnueckux BENMYUH (3a uUcKirOueHuem 0003HAYeHULl KOHCMAHM,
ykazanHovlx 6 eapuanme KUM, u obo3nauenuii enuuun, ucnoib3yemoix
8 YCI08UU 3A0aUll);

[II) npoBemenbl HEOOXOAMMBIE MaTEeMaTHYECKHE MPeoOpa3OBaHuUA,
OPUBOSIINE K TPABUIBHOMY OTBETY;

IV) npencraBieH npaBUIbHbIA OTBET

3

[IpaBuibHO 3amucaHbl BCE HEOOXOIUMBIE TIOJIOKEHUSI TEOPHH,
¢du3nyueckre 3aKOHBI, 3aKOHOMEPHOCTH, U TMPOBEJAEHBI HEOOXOANMbBIC
npeoOpazoBanusi. Ho umerorcs cieayrome HeJoCTaTKy.

3anucu, COOTBETCTBYIOWIME NYHKTY lI, mpencraBieHbl HE B IMOJIHOM
00BEME MITH OTCYTCTBYIOT.

NJIn

B peuiennn numHue 3anucu, HE BXOJAIIKME B pelieHUE (BO3MOKHO,
HEBEPHBIC), HE OTAEJICHBI OT pelieHus (He 3a4EPKHYTHI; HE 3aKIIOUCHbI
B CKOOKH, pamMKy H T. I1.).

nJIn

B HEOOX0IMMBIX MaTeMaTHYECKUX MPEOOPa30BaAHUSIX MITH BBIYUCICHUSIX
JTOMYIIEHbl OWMUOKK, ¢ (WIM) NpeoOpa30BaHUs/BBIUUCICHUS HE
JIOBEJICHBI 10 KOHIIA.

NJIn

OtcyrctByeT nyHKT IV wnu B HEM onynieHa omuoOka

[MpencraBieHbl 3alUCH, COOTBETCTBYIOIIME OJHOMY U3 CIICIYIONIUX
CJTydJacB.

[IpencraBiaeHbl TOJBKO TIOJOXEHUS W (OPMYIBI, BBIPAXKAIOIIUC
(du3nYecKue 3aKOHBI, IPUMEHEHHE KOTOPBIX HEOOXOIUMO IS PEIICHUS
3amaun, 0e3 Kakux-TuO0 TMpeoOpa3oBaHUN € WX HCIOJIB30BAHUEM,
HaIpaBJICHHBIX HA PEIICHUE 3a/a91 U MOJyYCHHE OTBETA.

NJIn

B pemieHun OTCYTCTBYET OAHA M3 MCXOIHBIX (HOpMyI, HEOOXomumast
JUTS pEIICHUS 3a/1a4u (MM YTBEPXKICHUE, JIC)KAIIEe B OCHOBE PELICHUS),
HO MPUCYTCTBYIOT JIOTHYCCKU BEPHBIC MPeOOpa30BaHUs ¢ HMCIOIIUMUCS
(dopMysiaMu, HalpaBJICHHBIC HA PEIIICHUE 33 IaYH.
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N

B omHo#i 13 ncxoaHbIX (OpMYI, HEOOXOAUMBIX AJIA PELICHUS 3aJauu
(MM B YTBEPXKIECHHUM, JIEKAUIEM B OCHOBE pEIICHMS), JOMYIIEeHA
OlKMOKa, HO TMPUCYTCTBYIOT JIOTMYECKH BEpHbIE MpPeoOpa3oBaHUs
C UMEIIKUMUCS (OpMYyJIaMH, HAaIPaBJIEHHbIE HA PELICHHUE 3a/1a4H

Bce cnyuau peiieHus, KOTOpbIE HE COOTBETCTBYIOT BBINIEYKa3aHHBIM 0
KPUTEPHSIM BBICTaBJICHHS OIICHOK B 1, 2, 3 6amna

Maxcumanvrviu oanin 3

30

B xanopumerp nomectunu m =200 r npaa npu temmneparype t =—18 °C, 3aTem
coobmmn bay KonuuectBo TemioTel O = 120 x/[x u qo0aBuin B KaJopuMeETp
emi¢ M=102r npma npu Ttemmeparype tH =0°C. Kakas temneparypa £
yCTaHOBWJIACh B KAJIOPUMETPE B COCTOSHHHM paBHOBecus? TemmooOmeHOM
COIEPKUMOT0 KAJIOPUMETPpA C OKPYXKAIOWIEW CPEeIOd U  TEIUNIOEMKOCTBIO
KaJIOpUMETPa MOKHO ITPeHeOpeyb.

Bo3mo:kHOe PECHICHUC

VaenbHas  TEemIOEMKOCTh Jbaa paBHa ¢, = 2100 x/(kr-K), ynenpHas
TeIIOEMKOCTh BOJBI paBHA ¢, = 4200 JIx/(kr-K), ynenpHas TersioTa TUIaBiICHUS
apaa paBaa A = 330 000 JIx/kr.

Bhnavane BBIUMCIMM KOJMYECTBO TEIUIOTHI, HEOOXOAWMOE JUIsi HarpeBaHUS
HavajabHOM Macchkl m Jbjaa oT —18 °C mo 0 °C u miiaBieHHsA BCell MacChl JIbJa
(m + M) npu 0 °C:

O, =cm(t, —t,)+ A(m +M)=2100-0,2-18+330 000 - 0,302 =107 220 Tx < O,

TaK 4YTO OCTABIIEECS KOJMYECTBO TEIUIOTHI MOWAET HA HArPEBAHUE MOJYUYEHHOU
BOJIBI:

0-0 =c,(m+M)t,—1,).

Ortcrona
b=, +%: O+120000_107220 °C ~ 10 °C.
c,(m+M) 4200-0,302
Omeem: t; ~ +10 °C.
Conep:xanne KpuTepus Bbanbl

[IpuBeneHo NOIHOE pelIeHe, BKIIOYAIOIIEE CAEAYOLIUE IIEMEHTHI:

[) 3anucanbl  MOJIOKEHUS  TEOpUM U (PUBHYECKHE  3aKOHBI,
3aKOHOMEPHOCTH, MPHUMEHEHHE KOTOPBIX HEOOXOAMMO IJISl PELICHHS
3a/laud  BBIOPAHHBIM CIIOCOOOM (8 OaHuHOM clyuyae — YpasHeHue
menniogo2o bOananca U 8vlpadcenuss OJisl KOJIUYECmB8d meNniomel,
HeoOX00UM020 O/ Ha2pesanusi 1vb0d, NIAGIeHUs. 1b0ad U HA2PeBaAHUs
600b1);
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II) onucanbl Bce BHOBb BBOJAUMBIE B PEIICHUH OyKBEHHbIE 0003HAUYCHUS 3
(Gu3MUeCKUX BEJIUYUH (3@ UCKIOYeHuem o0003HaA4YeHUl KOHCMAHM,
ykazanHwvlx 6 eapuanme KUM, u ob6o3nauenuii enuuut, ucnoib3yemvix
8 YCI08UU 3a0aUl);

[ITI) mpoBeneHbl HEOOXOAUMBIE MaTeMaTHYECKUE IpeoOpa3oBaHuUs,
NPUBOJSLIME K IPABUIBHOMY OTBETY;

IV) npencrasieH npaBUIIbHBIA OTBET

[IpaBmwibHO 3amucaHbl BCE HEOOXOJUMBIE TOJIOKEHHUS TEOPHH, 2
(¢u3nyeckue 3aKOHbI, 3aKOHOMEPHOCTH, M IPOBEJIEHBl HEOOXOIAMMbIE
npeobpazoBanus. Ho umerorcs cienyromme HeA0CTaTKU.

3anucu, COOTBETCTBYyMOIME MyHKTy I, mperncraBieHsl HE B MOJIHOM
00BEME MM OTCYTCTBYIOT.

NI

B pemienun nuimHWE 3amucH, HE BXOJAIINE B pelieHue (BO3MOXKHO,
HEBEPHBIE), HE OTACNICHBI OT pelieHus (He 3a4€PKHYTHI; HE 3aKIIOUCHBI
B CKOOKH, pamMKy H T. II.).

NJIN

B HeoOX0IMMBIX MaTeMaTHYECKUX MPEOOPa30BAHUIX WIIH BHIYUCICHUSIX
JOMYIIEeHBl OMMOKK, | (WIM) NpeoOpa3oBaHUs/BBIUUCICHUS HE
JIOBEJICHBI /IO KOHIIA.

N

OtcytcrByet nyHKT [V nnn B HEM momynieHa ommoka

[IpencraBiieHsl 3ammMcu, COOTBETCTBYIOUIME OAHOMY H3 CIEIYIOIINX 1
CIIy4aes.

[IpencraBneHspl TOJMBKO TOJOKEHUS U (POPMYIBI, BBIPAKAIOIIHEC
(du3HUecKre 3aKOHBI, TPUMEHEHUE KOTOPBIX HEOOXOIUMO JIJISl pEIICHUS
3ajaun, 0e3 Kakux-JIubo mpeoOpa3oBaHUN C HX MCIOJIH30BAHUEM,
HaIPaBJICHHBIX Ha PEIICHUE 3aJIa4 U MOJyUYCHUE OTBETA.

NJIN

B pemennn OTCYTCTBYET OAHA M3 WCXOIHBIX (hopmy:n, HeoOXommmast
IUTS peNICHUs 3a/1a4u (MU yTBEPXKICHUE, JIKAIIEe B OCHOBE PEIICHHUS),
HO MIPUCYTCTBYIOT JIOTUYECKH BEPHBIC MPEOOPa30BaHUS C UMEIOIUMUCS
dbopMynamu, HampaBICHHbBIE HA PEIICHUE 3a]a4H.

NJIN

B oaHo#i n3 mcxomHBIX (GopMyN, HEOOXOAUMBIX JIS PEIICHUS 3aJaqd
(W B yTBEPXKICHHUM, JICKAIEM B OCHOBE PEIICHHUS), IOMYIICHA
omuOKa, HO TPHUCYTCTBYIOT JIOTHYECKH BEpHBIE MpeoOpa3OBaHMUs
¢ uMeronmMucs (popmysiamMu, HalIpaBJICHHBIC HA PENICHHUE 3a1a91

Bce cnydam pemienusi, KOTOpble HE COOTBETCTBYIOT BBILICYKAa3aHHBIM 0
KpUTEPUSIM BbICTaBJIEHMs OLICHOK B 1, 2, 3 Oana

Maxcumanvnviu oann 3
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BxoaHO# KOHTYP KOPOTKOBOJIHOBOI'O pPaJUONpPUEMHHKA ObLII HACTPOEH Ha YacToTYy,
COOTBETCTBYIOIYIO JjuHE BOJHBI A;=16mM. Ilocie Toro xak KOHTYp
NEepeCTPOMIM, H3MEHUB TMOJOXKEHHE (EPPOMArHUTHOIO CEpJCYHHKA BHYTpPHU
KATYIIKM WHAYKTUBHOCTM KOHTypa M CIBUHYB IUIQCTUHBI €r0 IUJIOCKOIO
BO3IYIIHOIO KOHIEHCAaTOpa A0 BJBOE MEHBIIETO PACCTOSHHUS MEXKIYy HUMH,
pE30HaHCHAs YaCcTOTa KOHTypa craina paBHOM v, = 10 MI'. Kak 1 Bo ckonbko pa3
1 U3MEHWIACh IPU 3TOM UHAYKTUBHOCTh KaTyLIKH KOHTypa?

Bo3morkHoe pelnenue

JInHA BOJIHBI M 4acTOTa 3JIEKTPOMArHUTHOM BOJIHBI CBSI3aHbI COOTHOILLIEHHEM
A1 =c/vi, a dYacToTa OIpeAeNseTcs dYepe3 Nepuoa KoiebaHwili B KOHTYype

dopmynoit  Tomcona: L T=2nJLC . lloaTOoMy Mo 2nLC,, W
% c Vv
1
—=2nL,C, .
vV
CornacHo dhopmyre a1 EMKOCTH IJIOCKOTO BO3IYIIHOTO KOHJIeHCaTopa C = %,

rae S — miomaab IJIacTuH, a d — paccTosiHue Mexay HUMHU. [Ipu ymeHblIeHun

ATOr0 PAcCTOSHUS B JIBa pa3a €MKOCTh KOHJAEHCAaTOpa BO3pacTaeT B JiBa pasa:

C,=2C, .

y L 9-10° 1

W13 HanucaHHbIX ypaBHEHUH MOTYyYaeM: n=—*==—— —=—+——-—= 1,70,
L Av, C, 167107 2

T. €. UHAYKTUBHOCTh KaTYIIKHA yBEINYUIAC.

Omeem. yBenuuuiach B n = 1,76 pas.

e

Conep:xanne KpuTepus banabl

[IpuBeneHo NOIHOE pelIeHe, BKIIOYAIOIIEE CASAYOLIUE IIEMEHTHI: 3
[) 3anucanbl  MOJIOKEHUST  TEOpUM U (PUBHYECKHE  3aKOHBI,
3aKOHOMEPHOCTH, MPHUMEHEHHE KOTOPBIX HEOOXOAMMO IJIsl PELICHHS
3a/1a4i BHIOPAHHBIM CIIOCOOOM (8 OaHHOM clyuae — c8:A3b ONUHBL BOJIHbL
U yacmomsl S1eKMPOMASHUMHOU B0Hbl, Gopmyra Tomcona 0
nepuoda Kojaebaunuil 8 KOHmype u opmyaa Osi EMKOCMU NIOCKO20
KOHOeHcamopa),

IT) onucanbl Bce BHOBb BBOJAMMBIE B PEIICHUH OYKBEHHbIE 0003HAUYCHUS
bU3UYECKNX BEIUYMH (3a UCKIIOYEeHUeM O0003HAYeHUll KOHCMAHM,
ykazauuvix 6 eapuanme KUM, u obo3nauenutl 6enuyuH, UCnonb3yemolx
8 ycro8uu 3a0adu);

[IT1) mpoBeneHbl HEOOXOAUMBIE MaTeMaTHYECKHWE MpeoOpa3oBaHMs,
PUBOSIINE K MPABHUILHOMY OTBETY;

IV) npencraBieH NpaBUIbHbIA OTBET
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[IpaBunbHO 3ammicaHbl BCE HEOOXOAUMBIC TIOJIOKEHUS TEOPHH, 2
(¢u3HUeCcKUe 3aKOHBI, 3aKOHOMEPHOCTH, W TPOBEICHBI HEOOXOAMMbBIC
npeobpazoBanus. Ho umerorcs cienyronme HeA0CTaTKH.

3anucu, COOTBETCTBYIOINMHME MYHKTY II, mpeacTaBieHB HE B IOJTHOM
00BEME UIT OTCYTCTBYIOT.

NJIN

B pemennn nuimHWE 3amucH, HE BXOJAIINE B pelieHHe (BO3MOXKHO,
HEBEPHBIE), HE OTIIEJICHBI OT pelIeHUs (He 3a4€PKHYTHI, HE 3aKITIOUYCHBI
B CKOOKH, pamMKy H T. II.).

NI

B HE0OX0IMMBIX MaTeMaTHYECKUX MPEOOPa30BaHUSX MIIH BBIYUCICHUSIX
JOMyIIEHbl OMUOKU, ¥ (Wiau) TPeoOpa3oBaHUS/BHIYUCICHHUS HE
JIOBEJICHBI IO KOHIIA.

NJIN

OtcyrcrByer nyHKT [V nin B HEM pomnylieHa ommoka

IIpencraBiieHbl 3alKCH, COOTBETCTBYIOLIUE OAHOMY H3 CIEAYIOLIUX 1
CIIy4aeB.

[IpencraBieHbl TOJBKO TMOJOXEHUS W (OPMYIBI, BBIpaXKAIOUINE
du3nyecKue 3aKOHbBI, MPUMEHEHHE KOTOPBIX HEOOXOIUMO IS PEIICHUS
3amauu, 0e3 Kakux-Tu00 MpeoOpa3oBaHUNl € HMX HCIHOJIB30BAHHUEM,
HaIPaBJICHHBIX HA PEIICHUE 3a/1a4M U MOJyUYeHUE OTBETA.

NI

B pemennn OoTCyTCTBYeT OAHA M3 HCXOAHBIX (PopMyI, HEoOXoaumas
JUTSI peIieHrs 3a1a9u (MU yTBEPKICHUE, JIeKaIllee B OCHOBE PEIICHUs),
HO TIPUCYTCTBYIOT JIOTHYECKH BEPHBIC MPEOOPa30BaHUS C UMEIOIUMUCS
dbopMynamu, HampaBIICHHBIE HA PEIICHUE 3aa4H.

N

B oaHo# 13 mCXOmHBIX (OpMYI, HEOOXOAUMBIX JIS PEIICHUS 3aJa4H
(W1 B yTBEPXKICHHH, JICKAIIEM B OCHOBE pECIICHHs), JOIMYIICHA
omuOKa, HO TMPHUCYTCTBYIOT JIOTUYECKH BEpHBIE MPEOOpa3oBaHUs
C IMEIUMUCS (HOpMyJIaMH, HalpaBJICHHBIC HA PEIICHHUE 3a/1a4H

Bce ciyuanm penieHusi, KOTOpble HE COOTBETCTBYIOT BbIIIEYyKa3aHHBIM 0
KPUTEPHSIM BBICTaBJICHHS OIICHOK B 1, 2, 3 6amna

Maxcumanvroiu 6anin 3
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Manpuuk, 3aHUMaBIIMKCS BECHON HA YJIUILIE BbDKUTAHUEM 10 IEPEBY MPU MOMOLIA
(OKYCUPOBKH COJHEYHOI'O CBETa JIYNOW, Ciy4allHO 3a0phi3rajl JI€pEeBSHHYIO
IMOBEPXHOCTh, W HA HeH TOSBUINCH KAIUIM BOABI 00BEMOM V =1 MM . CKOJIBKO
BPEMEHM 3aiIMET HCHApPEHUE OJHOM TAKOW Kallulk, €CJIM COJHEYHas MOCTOSHHAs
pasHa C = 1,4 kBr/M’, auamerp nymbl D =5 cM, HaualbHAs TEMIIEPATYpa Kallelb
6mmska k 0 °C 1 Bech C(hOKYCHPOBAHHBIN JTYTOW CBET MOTJIOMIACTCS KATIe?
Cnpaexa: conHe4yHasi TMIOCTOSIHHAasE — 3T0 JHeprus usnyudeHus ConHua,
Nonajarolasi B €IWHUILY BPEMEHHM Ha EQUHUIY IUIOAAM HpPH HOPMaJIbHOM
NaJIEHUH COJTHEYHOTO CBETA.

Bo3moskHOe pelieHue

Y aenpHas TEMIOEMKOCTh BOABI paBHa ¢, = 4200 [x/(xr-K), yaenpHas teriora
napooOpaszoBaHusi Bojabl paBHa A =2 300 000 J[x/kr, MIOTHOCTh BOJBI paBHA
p = 1000 kr/m’.
[ToncunTaeM sHEpPruto, HEOOXOAUMYIO ISl HATPEBAHUS U UCTIaPEHUS KaIlIu:

E =pV[c, (100 0)+1)]=1000-10"-(4200-100 + 2 300 000) =

=10"°2,72-10°=2,72 Jx.

MOIHOCTh WU3Ty4YE€HUs, NAJAOUIEr0 Ha KAarullo, paBHA TOM, YTO MOMAAacT Ha
JUH3Y:

2 2
D 3,14-0,05
P=C- ~1400 . ————~= 2,75 Br.
E 272
BpeMms ncnapenus Kariy, TakKUM 00pa3oM, paBHO ¢ = 7275 ~ 0,989 1,0 c.
Omeem: t = 1,0 c.
Conep:xanne KpuTepus banabl

IIpuBeneHo noHOE pelIeHUE, BKIIFOYAIOIIEE CICYIOINE DJIEMEHTBI: 3

[) 3anucanbl  MOJOKEHUS  TEOpUM U (PUBHYECKHE  3aKOHBI,
3aKOHOMEPHOCTH, NPUMEHEHHE KOTOPBIX HEOOXOJUMO IJisi PEIICHHUS
3a/laud BBIOpPAHHBIM CIOCOOOM (8 OanHOM cnyyae — ¢hopmynra O0ns
MOWHOCMU — U3NYYeHUs, NOonaoarwe2o0 Ha U38eCMHYI0  NIoWAodb,
8bipadicenus 0l KOIU4ecmea meniomol, NO2LOWAemMo20 8000U Npu eé
HazpesaHuu u UCnaperuu; Gopmyna OJis CesA3uU IHepeuu U MOWHOCMU);
II) onucanbl Bce BHOBb BBOJAMMBIE B PEIICHUH OYKBEHHbBIE 0003HAUYEHHUS
bU3UYECKNX BEIMYMH (3a UCKIIOYeHUeM O0003HAYeHUll KOHCMAHM,
ykazauuvix 6 eapuanme KUM, u obo3nauenutl 8enuyuH, UCnonb3yemolx
8 YCI08UU 3A0aUll);

[IT1) mpoBeneHbl HEOOXOAUMBIE MaTeMaTHYECKHWE MpeoOpa3oBaHMsl,
PUBOJISIINE K MPABUJILHOMY OTBETY;

IV) npencraBieH npaBUJIbHBIA OTBET
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[IpaBunbHO 3ammcaHbl BCE HEOOXOAUMBIC TIOJIOKEHUS TEOPHH, 2
du3nUecKre 3aKOHBI, 3aKOHOMEPHOCTH, W TPOBEICHBI HEOOXOAMMBIC
npeobpazoBanus. Ho nmerorcs ciemyronme HeA0CTaTKH.

3anwcu, COOTBETCTBYIOIMHME MYHKTY II, mpeacTaBiaeHB HE B IOJTHOM
00BEME UITH OTCYTCTBYIOT.

NJIN

B pemieHnn nuimHWE 3amucH, HE BXOJAIINE B pelieHHe (BO3MOXKHO,
HEBEPHBIE), HE OTJIECJICHBI OT pelleHUs (He 3a4€PKHYTHI, HE 3aKITIOUYCHBI
B CKOOKHU, pamMKy H T. II.).

NJIN

B HE0OX0MMBIX MaTeMaTHYECKUX MPEeoOpa3oBaHUSX MIIM BBIYUCICHUSIX
JOMYIIEHbl OMUOKW, ¥ (WiIu) TPeoOpa3oBaHUS/BHIYUCICHHS HE
JIOBEJICHBI IO KOHIIA.

NJIN

OtcytcrByet nyHKT [V nin B HEM pomyieHa onmoka

IIpencraBiieHsl 3alKCH, COOTBETCTBYIOLIUE OAHOMY H3 CIEAYIOLIUX 1
CIIy4aeB.

[IpencraBieHbl TOJBKO TOJOXEHUS W (OPMYINBI, BBIpaXKAIOIINE
dusnyecKue 3aKOHbBI, MPUMEHEHHE KOTOPBIX HEOOXOIUMO IS PEIICHUS
3amaun, 0e3 Kakux-Tu00 mpeoOpa3oBaHUNl € HMX HCHOJIB30BAHHUEM,
HaIPaBJICHHBIX Ha PEIICHUE 3a]Ia4M U MOJy4YeHUEe OTBETA.

NJIN

B pemennn OTCYTCTBYeT OAHA M3 HCXOAHBIX (GopMyI, HEoOXoaumast
JUTSI pelieHrs 3aa9n (MU yTBEPKICHUE, JIeKaIlee B OCHOBE PEIICHUS),
HO TIPUCYTCTBYIOT JJOTUYECKU BEPHBIC MPEOOPA30BAHUS C UMEIOIIUMUCS
dbopMynamu, HampaBICHHBIE HAa PEIICHUE 3aa4H.

N

B oaHo# 13 mCXOAHBIX (OpMYI, HEOOXOAUMBIX IJIS PEIICHUS 3aJaqH
(W B yTBEP)KICHHH, JICKAIIEM B OCHOBE pEIICHHsI), JOIMyIICHA
omuOKa, HO TPHUCYTCTBYIOT JIOTUYECKH BEpHBIE MPEoOpa3oBaHUs
C IMEIUMUCS (HOpMyJIaMH, HalpaBJICHHBIC HA PEIICHHUE 3a/1a4H

Bce ciyuanm pemieHusi, KOTOpble HE COOTBETCTBYIOT BBIIIECYyKa3aHHBIM 0
KPUTEPHSIM BBICTaBJICHHS OIICHOK B 1, 2, 3 6amna

Maxcumanvroviu 6anin 3

© Cratl'pax 20142015 yu. r. [Tyonuxarus B UHTEepHETE WU MEUATHRIX U3IaHUAX 0€3 TUCHMEHHOTO
cornacus Cratl paj 3ampenieHa




28

®uzuka. 11 knacc. Bapuant ®110602 1

Kpurtepuu oueHUBaHu 32JaHUH ¢ Pa3BEPHYTHIM 0TBETOM

NBan MBaHOBMY B CBOM JE€Hb POKICHHS Hape3all XJjied Ha KYyCKM M OCTaBMJI HMX
JIOMa Ha CTOJIe, HUYeM He MpUKpbiBas. UYepe3 HekoTopoe (HE OYEeHb OOJIBIIOE)
BpEMS BBISICHUJIOCH, YTO XJI€O OCTajcs MSTKUM, HO TIPHU 3TOM 3arjiecHeBen. VMBan
MBaHOBMY TOYHO ITOMHWII, YTO POBHO IIOJIT0J1a HA3a/, KOrJa OH TAaK K€ OCTaBUJI Ha
CTOJi€ Hape3aHHbId Xje0, KyCKH OBICTpPO 3a4epCTBEIM, HO IUIECEHBIO He
IIOKPBUINC.

B kakoe Bpems roja — aeTom WM 3uMoi — poauiica MBan BanoBuu?

OTBeT nosicHuTe, yKa3aB, Kakue (u3nyecKue IBJICHUS U 3aKOHbI BbI Hcronb30Bain
VI OOBSICHEHUS.

Bo3moxkxHOe penieHue

1. B xapkoe neTHee BpeMs roja YIUYHbII BO3AyX MMEET BBHICOKYIO a0CONIOTHYIO
BJIQXHOCTb, W B JOME OTHOCHUTENIbHAS BIIAJKHOCTh BO3/yXa ITOBBIIIACTCS.
B ycroBusix BBICOKOW BIAXKHOCTH M TEMIIEpPATypbl Ha BIAXHOM XJieOe OBbICTpO
Pa3MHOXAIOTCS pa3HbIE IJIECHEBBIE TPUOKH, U XJIE€0 MJIECHEBEET.

2. B xonomHoe BpeMs roja yJIWYHBIA BO3AYX HMMEET MaJCHbKYI) aOCOJIFOTHYIO
BJIQXKHOCTb, W, INPOHMKAas B IIOMELICHHUS BHYTPU J0Ma 3a CYET BEHTWISALNH,
BBICYIIIMBAE€T NOMEUIEHUs, CHU)KAsd B HUX OTHOCHUTEIBHYIO BJIAJKHOCTH BO3AYXa.
[Ipu sTOM BiakHBIE MPEIMETHI, HAPUMEP, CBEKHUM Hape3aHHBIN XJied, OBICTPO
BBICBIXAIOT U YEPCTBEIOT.

3. CnenoBarenbHo, MBan lBaHOBMY poAWIICS JIETOM M OTME€Yald CBOW JEHb
pPOKJICHUS B JICTHUM JECHb.

Conep:xanne KpuTepus Banabl

[IpuBeneHo  mOJAHOE  TPAaBWIBHOE  pEIICHHE,  BKIIOYAIOIIee 3
NpaBUWIbHBIA OTBET (B JAHHOM cllydae n.n. [—3) U UCHepIbIBaOIINE
BEpPHBIE PACCYXKACHHUS C YyKa3aHWeM HaOII0JaeMbIX SBICHUU U
3aKOHOMEPHOCTEH (B MJAaHHOM CJIy4yae — VHOMUHAHUE GIUAHUSA
abCONOMHOU  BNANCHOCIIU  8030YXA HA YAuye HA OMHOCUMENbHYIO
BNANCHOCL  8030YXA GHYMPU O00MA U HA NPOYECC BblCbIXAHUS
PA3IUYHBIX NPEOMEMO8, 8 MOoM Yucie Xa1eoa)

JlaH mpaBUJIbHBIA OTBET, U NMPUBEJACHO OOBICHEHHE, HO B PEUICHUU 2
UMEIOTCS CIEAYIOIINE HETOCTATKH.

B 00bscHeHnn HEe yKa3aHO WJIM HE UCIIONIb3YETCS OJTHO U3 (PU3NUECKUX
ABJICHUM, CBOWCTB, ONpPENEICHUN WIH OAUH U3 3aKOHOB ((hopmyd),
HEOOXOMUMBIX JUIS TIOJTHOTO BEPHOTO OOBACHEHUs. (YTBEp)KICHHE,
JeKaliee B OCHOBE OOBSICHEHMSI, HE MOJAKPEIIEHO COOTBETCTBYIOLINM
3aKOHOM, CBOMCTBOM, SIBIEHUEM, ONPEJICTICHUEM U T. I1.)

i

OObscHEHUs1 MNpPEACTABIECHbl HE B IOJHOM OOBEME WIM B HHUX
COJICPKUTCS] OJIUH JIOTHYECKUHN HEIOUET
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IIpencraBneHo pelmeHue, COOTBETCTBYIOIEE OAHOMY U3 CIIECIYOLIUX 1
CIIy4aeB.

JlaH 1paBWIBHBIA OTBET Ha BOIPOC 3aJaHUA, U IPUBEICHO
0o0BsICHEHHE, HO B HEM HE yKa3aHbl JBa SIBJICHUS WU (PU3MUYECKHUX
3aKOHA, HEOOXOAUMBIX IS IOJTHOI'O BEPHOI'O OOBSCHEHUS.

NJIN

VYka3aHbl Bce HEOOXOAMMBIEC ISl OOBSCHEHHUS SBJICHUS M 3aKOHBI,
3aKOHOMEPHOCTH, HO HMEIOIIMECA pacCyKICHUs, HAlpaBJICHHbIC Ha
II0JIy4€HUE OTBETA HAa BOIIPOC 3alaHus, HE TOBEAEHBI 10 KOHIIA.

NJIN

VYka3aHbl Bce HEOOXOAMMBIE ISl OOBSCHEHUS SBJICHUS M 3aKOHBI,
3aKOHOMEPHOCTH, HO UMEIOLIUECS PACCYKACHUs, IPUBOIALLNE K OTBE-
Ty, COJIEPKaT OLIUOKHU.

NJIN

VYkazaHbl HE Bce HEOOXOAMMBIE NIl OOBSICHEHUS SIBJICHUS U 3aKOHBI,
3aKOHOMEPHOCTH, HO UMEIOTCS BEPHBIE PACCYKIACHUsI, HAIIPABICHHbIE
Ha PEILICHUE 3a1a4u

Bce ciyuyau penienusi, KOTOpble HE COOTBETCTBYIOT BBILICYKA3aHHBIM 0
KPUTEPHUSIM BBICTABJICHH OIICHOK B 1, 2, 3 Gayia

Maxcumanvnwiu 6ann 3

29

B cucreme, n300pak€HHON Ha PUCYHKE, Macca JIEBOTO TPy3a, V
JIeKALIEr0 Ha TIaJKOH TOPU30HTAIbHOM IUIOCKOCTH, PaBHA %;,};%J,;;,
m = 3 kr. Macca npaBoro rpysa, CKOJIb35ILIET0 MO IIOCKOCTH

C HEKOTOpOW CKOpOCTBbIO V, paBHa M =6 Kr. I'py3bl COEOMHEHBI HEYNPYIUM
HEBECOMBIM HEHATSHYTHIM BHA4aJI€ IIHYPOM, TaKHM, YTO IIOCJIE €TI0 HATSHKCHUS
CKOPOCTH T'Py30B BbIPaBHUBAIOTCA. CKOJIBKO MPOLEHTOB HAYAIIbHON KUHETUYECKOU
SHEPIrUU CUCTEMBI OYJET MOTEPSHO BO BPEMsI BBIpPABHUBAHUSI CKOPOCTEN TEN?

Bo3moskHOe pelieHue

B ropusoHTanbHOM HampaBleHUM CHUCTEMa TElI HE TMOABEPracTcs IEHCTBHUIO
BHEIIHUX CUJI, U 110 3aKOHY COXpPaHEHUS UMITyJIbca CyMMapHasi TOPU30HTaIbHAs
OPOEKIUsT UMITyJIbca TeNl CHUCTeMbl coxpassercs: MV = (m+M)v, tne v —
CKOPOCTh CHCTEMBI TIOCJ€ BBIPDABHUBAHUS CKOPOCTEH Teln B pe3yJabTaTe WX
HEYIpPYToro B3auMOACHCTBUS Yepe3 IIHYP.

HauanbHas knHeTHUYECKAs SJHEPTUsI CUCTEMBI paBHA E, = My .
ITorepn AE; KMHETUYECKOW HHEPIMM CHUCTEMBI B IPOLECCE BBIPABHUBAHMS
CKOpPOCTEM Te€J PaBHBl PAa3HOCTH KHWHETHYECKHUX HDHEPIUM TEI CUCTEMBI 10 M
IIOCJIE€ UX B3aUMOJICHUCTBUS:
MV (M+myN° _ MV: (M+m)MV? MV® m

2 2 2 2M+m)? 2 m+M’
Taxum 06pa3om, BO BpeMsi BRIpABHUBAHUS CKOPOCTEH TN OyI€T MOTEPSIHO

AE =
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AEK: m__ 3 :lz33%
E m+M 3+6 3

K

HAYIbHOW KMHETUYECKOW SHEPTUU CUCTEMBI.

AE m 1
Omeem: L =—=~33%.
. m+M 3
Conep:xanne KpuTepus Bamxabl
[IpuBeneHO MOJIHOE pelIeHUE, BKIFOYAIOIIEE CAEAYIOMINE SIEMEHTHI: 3

[) 3anucanbl  mOJIOKEHUS  TEOpUM U (U3MYECKHE  3AKOHBI,
3aKOHOMEPHOCTH, IPUMEHEHNE KOTOPHIX HEOOXOTUMO I PEIICHUS
3a/1a4u BEIOPAHHBIM CIIOCOOOM (8 OAHHOM ClyHae — 3aKOH COXPAHEHUs
UMNYIbCA U 8bIpadCeHUe 0151 USMEHEeHUs] KUHeMU4eCcKol SHepeul);

[I) onucansl Bce BHOBb BBOJAUMBIE B pEUICHUUM OYKBEHHBIC
0003HaYeHUsT (PU3UMYECKUX BEIMYMH (3a UCKTIOYEeHUEeM 0003HAYEeHUl
KOHcmaum, ykasauuwix 6 eapuanme KUM, u obosnauenuii senuyun,
UCNOJIL3YEMBIX 8 VCIIOBUU 3A0aYUlL);

[IT1) mpoBenaeHbl HEOOXOAWMBIE MaTeMaTHYECKUE MpeoOpa3oOBaHMs,
MPUBO/ISIINE K MPABHIIBHOMY OTBETY;

IV) npencrasieH NpaBUIbHBIA OTBET

[IpaBwibHO 3amucaHbl BCE HEOOXOAMMBIC TIOJIOKEHHUS TEOPUH, 2
dbu3UYeCKre 3aKOHbI, 3aKOHOMEPHOCTH, U MPOBEJEHbI HEOOXOAUMBIC
npeoOpazoBanusi. Ho umerorcs cineayromme HeJOCTaTKy.

3anucu, cOOTBETCTBYMOIIME NMYHKTY I, mpeacTaBieHbl HE B MOJTHOM
00BEME MM OTCYTCTBYIOT.

NJIn

B pemienun nuniHue 3amucu, He BXOJIAIIUE B pelieHue (BO3MOXKHO,
HEBEpPHbIC), HE OTIEJIEHbl OT pelleHuss (He 3a4EPKHYThI; HeE
3aKJIIOYEHBI B CKOOKH, paMKYy U T. TI.).

NJn

B  HeEoOXomuMBIX ~ MaTeMaTHYeCKHMX  MpeoOpa3oBaHMSIX WU
BEIYHCIICHUAX Oy IEHBI OIIINOKMU, u (nm)
npeoOpa30BaHus/BRIUYMCICHUS HE JOBEICHBI 10 KOHIIA.

NJIn

OtcytcrByet nyHKT [V nnn B HEM pomnyIieHa ommoka

[IpencraBieHsl 3amucH, COOTBETCTBYIOIINE OJAHOMY W3 CIETYIOIINX 1
CITy4JaeB.

[IpencraBiaeHbl TOJNBKO TMOJIOKEHUS € (OPMYJIBI, BBIPAKAIOIINE
(¢u3nYecKue 3aKOHBI, TPHUMEHEHHE KOTOPHIX HEOOXOIUMO IS
pemieHuss  3amadd, O0e3 Kakux-Tnbo TpeoOpa3oBaHU € UX
UCIIOJIb30BAaHUEM, HAMPABICHHBIX HA PEIICHUE 3aJa4i U TOJyYCHHE
OTBETA.
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niim

B pemenun oTCyTCTBYET 0JIHA M3 UCXOIHBIX (popMyII, HEOOXoaMMas
JUIA  pemieHus: 3afadd (Wi YTBEp)KICHHE, Jiexkaliee B OCHOBE
pelieHrs), H0O MPUCYTCTBYIOT JIOTUYECKH BEpHbIC MpeoOpazoBaHUs
¢ uMerouMucs (popmyiiamMu, HarpaBJIeHHbIE HA PEIICHHE 3a1a4U.
nimm

B oanoii u3 nucxoansix Gpopmys, HEOOXOIUMBIX JJIs PELICHUS 3aa4u
(WM B yTBEPXKIIEHUHU, JIEKAIEM B OCHOBE pEIICHUS), IOMyIIeHa
omunOKa, HO MPHUCYTCTBYIOT JIOTMYECKH BEPHBIC MPeoOpa3OBaHUS
¢ uMeronmMucs popmynaMu, HarrpaBJICHHBIC HA PEIICHHE 3a1a91

Bce cnydan penieHusi, KOTOpble HE COOTBETCTBYIOT BbIIIEYKa3aHHbBIM 0
KpUTEPHSIM BBICTaBJIEHHs OLICHOK B 1, 2, 3 Oayia

Maxcumanvroiu 6ann 3

30

B xanopumerp nomectunu m = 100 r npma npu temneparype tf, =—10 °C, 3atem
coobmmiu bay konuuectBo TemioTel O = 100 x/[x u no0aBuinM B KaJopuMeTp
em€ M=200r npaa npu Temneparype ¢, =0°C. Kakas Ttemneparypa #;
yCTaHOBWJIACh B KaJIOpUMETpEe B COCTOSIHMK paBHOBecusa? TemnooOMeHoM
COIECPKUMOr0 KaJIOpUMETpa C OKpYXKalolled Cpellod U  TEIIOEMKOCTBIO
KaJIOPUMETPa MOKHO IpeHeOpeyb.

Bo3morkHoe pelnenue

VYaenbHas TEmoéMKOCTh Jibjia paBHA ¢, = 2100 J[x/(kr-K), yaenbnas Teruiora
maBiaeHus Jbaa paBHa A = 330 000 Jx/kr.
Brauane BBIYMCINM KOJMYECTBO TEIIOTH, HEOOXOAMMOE [IJIsi HarpeBaHUs
HavyanbHOU Macchl m Jbaa oT —10 °C go 0 °C u eé mnasnenus npu 0 °C:

0, =c.m(t, —t,)+Am =2100-0,1-10 + 330000 - 0,1 = 35100 [T .
Jns mmaBnenust poOaBineHHod Maccel M npna npu 0 °C  HeoOxoaumo
Q, =AM =330000 -0,2 = 66000 Ix > O—-Q, =100000 —35100 = 64900 [Ix ,
TaK 4TO BeCh NOOABIICHHBIN JIEJ HE pacTaeT, U B KAJIOPHUMETPE B COCTOSTHUHU
paBHOBecHs OyIeT HaXOIUTHCSI CMECh BOJIBI M JibJia Tipu Temmeparype t3 = 0 °C.
Omeem: t; =0 °C.

Conep:xanue KpuTepus Banabl

[IpuBeneHo MOTHOE pelIeHNEe, BKIIOYAIOIIEE CASAYIONIUE YIEMEHTHI: 3
[) 3anucanbl  mOJNIOKEHUS TEOpUM U (PU3UYECKUE  3AKOHBI,
3aKOHOMEPHOCTH, NMPUMEHEHHUE KOTOPBIX HEOOXOAMMO JIS PEIICHHUS
3a/1a4d BBIOPAHHBIM CIIOCOOOM (8 OaHHOM cCiayuae — YpasHeHue
mennogo2o banawca u 8vlpadxceHus 07 KOAUYecmea meniomol,
HeobxX00UM020 0I5l Ha2pesarusl 1b0a U €20 NAGIeHUs);
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II) ommcansl Bce BHOBb BBOJAUMBIE B pEHICHUU OYKBEHHBIC
0003HaYeHUs1 (PU3UYECKUX BEJIMYMH (32 UCKIIOYeHUEeM 0003HAYeHUl
KOHcmanm, ykazauuvlx 6 eapuarnme KHUM, u obo3nauenuii genudum,
UCNONbL3YEeMBIX 8 YCA08UU 3A0a4lU);

[ITI) mpoBeneHbl HEOOXOIMMBIE MaTeMaTHUYECKUE MpeoOpa3oOBaHMs,
NPUBOJSLIME K IPABUIBHOMY OTBETY;

IV) npencranieH npaBUIIbHBIA OTBET

[IpaBunpHO 3ammcaHbl BCe HEOOXOAMMBIC TIOJOKEHUS TEOPHH, 2
dbusnueckre 3aKOHBI, 3aKOHOMEPHOCTH, M TIPOBEICHBI HEOOXOIUMBIC
npeoOpa3oBanusi. Ho umerorcs cieayromme HeJOCTaTKy.

3amwcu, COOTBETCTBYIOIINE MyHKTY II, mpencTaBieHbl HE B MOJTHOM
00BEME MM OTCYTCTBYIOT.

N

B pemiennu nuiHWE 3amucH, HE BXOJIAIIME B pelieHUE (BO3MOXKHO,
HEBEPHBIC), HE OTACIEHb OT pemeHus (He 3a4épKHYTHI; HE
3aKJII0YEHBI B CKOOKH, paMKYy U T. II.).

niimm

B HeoOXoauMbIX  MaTeMaTHMYecKuX  MpeoOpa3oBaHMUSIX  WIIU
BBIYUCIICHUSAX JOTYIICHBI OImuOKH, u (vm)
npeoOpa30BaHUs/BEIYMCIICHUS HE IOBEICHBI IO KOHIIA.

N

OtcytcrByer nyHKT [V nnm B HEM momynieHa ommoka

IIpencraBiiensl 3amnucyu, COOTBETCTBYIOIIME OJHOMY M3 CIIECIYIOIINX 1
CJIy4aeB.

[IpencraBiaeHbl TOJBKO TMOJNIOKEHUS W (POPMYJIBI, BBIPAXKAIOILIUE
(¢u3nuecKkue 3aKOHbl, NPUMEHEHUE KOTOPBIX HEOOXOAUMO IS
pemieHuss 3amayd, ©O0e3 Kakux-nbo mpeoOpa3oBaHUM €  UX
UCIIOJIb30BAaHUEM, HAMPABJICHHBIX HA PELICHUE 3aJa4M U IOJy4YECHHE
OTBETA.

N

B pemienun oTcyTCTBYET OJHA U3 UCXOJIHBIX (OpMYJI, HEoOXoauMmas
JUIsL pelieHus 3ajadd  (WIM yTBEPXKJIEHHE, JIeKallee B OCHOBE
pellieHus), HO TMPHUCYTCTBYIOT JIOTMUECKH BEpHbIE MpeoOpa3oBaHUS
¢ UMeIUMUCS (OpMyIaMU, HAaIPaBJIEHHbIE HA PELICHHUE 3a/1a4H.
N

B oaHoii 3 ucxoaHbIx Gopmys, HEOOXOIUMBIX ISl PEIICHUS 3a1a4u
(WM B yTBEP)KJEHUH, JIEKAIEM B OCHOBE pELICHUS), JONYIIECHA
omunOKa, HO NPHUCYTCTBYIOT JIOTMYECKH BEPHBIE MPEOoOpPa30BaHUS
¢ UMeroIuMMucs popmysiaMu, HallpaBJICHHbIE HA PEIICHHE 3a1a4u

Bce cnydau peuieHusi, KOTOPbIE HE COOTBETCTBYIOT BBIIIEYKA3aHHBIM 0
KPUTEPHUSIM BBICTABJICHHS OIICHOK B 1, 2, 3 Gayia

Maxcumanvuwii 6ain 3
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BxoaHO# KOHTYp KOPOTKOBOJIHOBOI'O pPaJUONPUEMHHKA ObLII HACTPOEH Ha YacTOTY,
COOTBETCTBYIOIIYI0 jnuHe BOdHBI A;=31m. Ilocie Toro xak KOHTYp
NEepeCTPOMIM, H3MEHUB IOJOXKEHHE (EPPOMArHUTHOIO CEpJCYHHKA BHYTpPHU
KATYIIKU MHAYKTUBHOCTH KOHTYpa W Pa3/BUHYB IJACTHUHBI €ro KOHAEHCAaTopa A0
BIBOE OOJIBIIETO PACCTOSHUS MEXIY HUMH, PE30HAHCHAs 4acTOTa KOHTypa cTaja
paBHOU v, =20 MI'n. Bo ckonbko pa3 n M3MeHWIach IPU 3TOM HUHAYKTUBHOCTH
KaTylIKHd KOHTypa?

Bo3morkHoe peinenue

JInHA BOJIHBI M 4acTOTA 3JIEKTPOMArHUTHOM BOJIHBI CBSI3aHbI COOTHOILIEHHEM
A1 =c/vy, a dYacToTa OIpeAeNseTcs dYepe3 Nepuoa KoiebaHwii B KOHTYype

. 1 A 1
dopmynoit  Tomcona: o T=2nJLC . TloaTOomMy ?1 == 2nJLC,, U
1
1 =2n,L,C, .
Vi
&5

CornacHo (opmyiie a1t EMKOCTH IJIOCKOT0 BO3IYIIHOTO KOHAEHcaTopa C =

>

d
rae S — miomanp IIACTUH, a d — paccTosiHUe Mexay HumH. [lpu yBenmnmueHuun
3TOr0 PacCTOSIHUS B JBA pa3a EMKOCTb KOHAEHCATOpPa YMEHBIIAETCS B JBA pasa:

N3 nanncaHHbIX ypaBHEHUH MOJIy4aeM:
L, G 9-10°
L AV C, 317-4-10"

yMeHbmnach B n = 1/k = 2,14 pasa.

Omeem. yMeHpIIWIAach B 1 < 2,14 pasa.

-2 = 0,468, T.e. UHIYKTUBHOCTh KaTYIIKH

Conep:xanne KpuTepus banabl

[IpuBeneHo MoIHOE pelIeHe, BKIIOYAIOIIEE CASAYIOIIUE YIEMEHTHI: 3
[) 3anucanbl  MOJIOKEHUS TEOpUM U (PU3UYECKUE  3AKOHBI,
3aKOHOMEPHOCTH, IPUMEHEHHE KOTOPHIX HEOOXOTUMO JI PEIICHUS
3a/1aud BBIOPAHHBIM CIIOCOOOM (8 OaHHOM ciydae — C8:3b OJIUHDbL
B0JIHbL U YACMOMbL INEKMPOMASHUMHOU 80HbL, Gopmyra Tomcona
0151 nepuoda Koaebanuii 6 KOHmype u ¢opmyia Onsi EMKocmu
NJIOCKO20 KOHOeHCamopa,);

II) onucansl Bce BHOBb BBOJAUMBIE B pEUICHUU OYKBEHHBIC
0003HaYeHUsA (PU3MYECKUX BEIMYMH (3a UCKIIOUeHUeM 0003HAYeHUll
KoHcmanm, yKkazawHvlx 6 eapuanme KUM, u ob6o3nauenuti genuyuH,
UCNOJIL3YEMBIX 8 VCIIOBUU 3A0aYlL);

[IT1) mpoBenaeHsl HEOOXOIWMBIE MaTeMaTHUYECKUE MPeoOpa3oOBaHMs,
PUBOSIINE K MPABHUILHOMY OTBETY;

IV) npencrasieH NpaBUIbHBIA OTBET
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[IpaBunpHO 3ammcaHbl BCE HEOOXOAWMBIC TIIOJOKEHUS TEOPHH, 2
dbr3UYECKHE 3aKOHBI, 3aKOHOMEPHOCTH, U MPOBEJEHbI HEOOXOAUMBIC
npeoOpazoBanusi. Ho umerorcs cineayoomme HeJOCTaTKy.

3anucu, cOOTBETCTBYIOIIME NMYHKTY I, mpeacTaBieHbl HE B MOJTHOM
00BbEME MM OTCYTCTBYIOT.

nim

B pemienun nuniHue 3amucu, He BXOJIAIIME B pelieHue (BO3MOXKHO,
HEBEpPHbIC), HE OTIEJIEHbl OT pelleHuss (He 3a4EPKHYThI; HeE
3aKJII0YEHBI B CKOOKH, paMKY U T. II.).

niim

B  HeoOXoauMbIX ~ MaTreMaTHMuecKuX  MpeoOpa3oBaHMSIX  WIU
BEIYHCIICHUAX JOITYIEHBI OIIINOKMU, u (nm)
npeo0pa30BaHus/BRIYMCICHUS HE JOBEICHBI 10 KOHIIA.

niim

OtcytcrByet nyHKT [V nin B HEM pomnyieHa ommoka

[IpencraBieHsl 3aMucH, COOTBETCTBYIOIINE OJAHOMY W3 CIETYIOIINX 1
CITy4JaeB.

[IpencraBieHbl TOJNBKO TMOJIOKEHUS € (OPMYJIBI, BBIPAKAIOIINE
(¢u3nYecKkue 3aKOHBI, TPHUMEHEHHWE KOTOPhIX HEOOXOIUMO IS
pemieHuss  3amadd, O0e3 Kakux-Tnbo TpeoOpa3oBaHU € UX
UCIIOJIb30BAaHUEM, HAMPABICHHBIX HA PEIICHUE 3aJa4i U TOJy4YCHHE
OTBETA.

NJIN

B pemenun oTcyTCTBYET 0/IHA M3 UCXOTHBIX (hopmyI1, HeOOXoaMMAas
JUTSL  pereHusi 3amadu  (WId yTBEPXKICHUE, JIeKalee B OCHOBE
pelieHus), HO TPUCYTCTBYIOT JIOTUYECKH BEPHBIC MPEeoOpa3oBaHUS
¢ UMeronMucs (popmyiaMu, HarlpaBJICHHBIC HAa PEIICHHUE 3a1a4H.
N

B oanoii u3 ncxoaHpx Gpopmyi1, HEOOXOIUMBIX JJIS PEIICHUS 33]1a9u
(MM B YTBEPXKICHHUH, JICKAIIEeM B OCHOBE pEIICHUS), IOIMyIICHA
omuOKa, HO TPUCYTCTBYIOT JIOTHYECKH BEpPHBIC MPEOOPa30OBAHMS
C IMEIUMHUCS (HOpMyJIaMH, HalpaBJICHHBIC HA PEIICHHUE 3a/1a4H

Bce cnyuau peuieHus, KOTOpble HE COOTBETCTBYIOT BbIIIECYKa3aHHBIM 0
KPUTEPHSIM BBICTaBJICHHS OIICHOK B 1, 2, 3 6anna

Maxcumanvrwiu O6aun 3
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Manbuyuk, 3aHUMABIIMICS BECHOW Ha YJIMIE BEDKUTAHUEM I10 AEPEBY IIPU MOMOILH
(OKYCUPOBKH COJIHEUHOT'O CBETa JIyNOH, cly4allHO 3a0phi3rayl JIEpPEeBIHHYIO
MOBEPXHOCTh, M Ha HEH MOSBHIUCH OpbI3TU BOJBI 00BEMOM V = 0,5 mm°. Kakoe
BpEMsl 3aTPATUT JAOINOJHUTEIbHO MaJlbUMK HAa HWCIAPEHHE ISATH TaKUX Karlellb,
OKa3aBIIMXCA Ha JIMHUM, BJOJb KOTOPOM OH BBDKHIAET, €CJIM COJHEYHAas
mocrosiHuass pasHa C= 1,4 xBr/M>, nmamerp nymsl D =5cM, HadanbHas
Temriepatypa kamenb Onu3zka K 0 °C u Bechb CPOKYCHPOBAHHBIN JYNOH CBET
IIOTJIOMIAETCS KaIISIMU ?

Cnpaexa: conHe4yHasi TMOCTOSIHHAasE — 3TO JHeprus wusnydeHus ConHua,
MOINAIA0NIAsl B €JAUHUILY BPEMEHH HA €IMHUIY IUIOIIAAM NOPU HOPMaJIbHOM
1aJICHUU COJTHEYHOI'O CBETA.

Bo3moskHOe peleHue

VYaenpHas TemoEMKOCTh BOAbI paBHa ¢, = 4200 J[x/(xr-K), ynenpHas Teriora
napooOpaszoBaHusi Bojabl paBHa A = 2300000 J[/kr, MJIOTHOCTH BOJBI paBHA
p = 1000 kr/m’.

[ToncuntaeM »HEpruro, HEOOXOAUMYIO JIJIi HArpeBaHUs M HCIAPEHUS OJHOMN
KaIlIN:

E =pVIe, -(100 — 0)+1)] = 1000-0,5- 10 °-(4200- 100 + 2 300 000) =
=0,5-10°2,72:10°= 1,36 JIx.

MOIIHOCTh U3ITyYEHHs], MAJAOIIETO HAa KaIUllo, paBHA TOW, YTO MOMNAJacT Ha
JUH3Y:

2 2
PoC. ™ 1400. 244905 5 75pr
3arpaThl BpEMEHH Ha UCTIAPEHUE 5 Kareib, TAKUM 00pa3oM, PaBHBI
_oE _5-136 ~2,47~25c.
P 275
Omeem.: t = 2,5 c.
Conep:xanne KpuTepus bajibl
HpHB@I[CHO ITIOJIHOC pemeHHe, BKJIFOYAKOIIICC CJ'ICI[YIOH.IH@ DJICMCHTEI. 3

[) 3anucanbl  mOJIOKEHUS  TEOpUM U (U3MYECKHE  3AKOHBI,
3aKOHOMEPHOCTH, IPUMEHEHNE KOTOPHIX HEOOXOTUMO I PEIICHUS
3a/1aud BBIOpAHHBIM CIOCOOOM (8 OarHOM cnyyae — ¢popmyna O
MOWHOCMU  U3TYYeHUs, Nonaodaowe20 HA U3IBECMHYI0 NI0WAOb,
8bIpAdICeHUsL 0151 KOIUYeCmea meniomol, No2I10uWaemo2o 000U npu eé
HazpesaHuu U ucnapenuu, Gopmyna O C8A3U IHepeUuu U
MOWHOCMU);

[I) ommcansl Bce BHOBb BBOJAUMBIE B pEHICHUU OYKBEHHBIC
o0o3HaueHns (PU3NYECKUX BEIUYUH (3a UCKIOUeHUueM 0003HaAUeHUll
KOHcmaum, ykazauuvlx 6 eapuanme KHUM, u obo3nauenuii genudun,
UCNONBL3YEeMbIX 8 YCI08UU 3A0al);
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[II) mpoBeneHsl HEOOXOAWMBIE MaTeMaTHUECKHe MpeoOpa3zoBaHUs,
NPUBOJSILKE K PABUIIBHOMY OTBETY;
IV) npencraBieH npaBUIbHbIA OTBET

[IpaBunpHO 3amMcaHbl BCe HEOOXOAMMBIE TMOJOXKEHUS TEOPHH, 2
du3nyuecKkre 3aKOHbI, 3aKOHOMEPHOCTH, U MPOBEICHBI HEOOXOUMBIE
npeoOpazoBanus. Ho umerorcs cieayromme HeJoCTaTKy.

3anucu, cooTBETCTBYIOIIME NYHKTY I, mpeacraBiieHbl HE B MOJIHOM
00BEME MITH OTCYTCTBYIOT.

NJIn

B pemeHun nuniHue 3anucu, HE BXOJSIIME B pelieHuEe (BO3MOXKHO,
HEBEPHBIC), HE OTHENEHbl OT penieHus (He 3a4EpPKHYTHI, HE
3aKJIF0YEHBI B CKOOKH, paMKYy U T. II.).

N

B HeoOXomuMbIx ~ MaTreMaTH4YeCKUMX  MOpeoOpa3oBaHUSAX WU
BBIUMCJICHUAX Oy IEHbI OIITNOKH, u (nm)
npeoOpa30oBaHUsI/BEIYMCIICHUS HE IOBEJICHBI JJO KOHIIA.

NJIn

OrcyrctByeT nyHKT IV mnu B HEM onynieHa ommuoOka

[IpencraBieHsl 3amucy, COOTBETCTBYIOIINE OJHOMY M3 CIEIYIOIINX 1
CJIy4aeB.

[IpencraBiaeHsl TOJBKO IMOJIOKEHUS U (OPMYJIbI, BbIpa)KaOLIUE
¢u3nyeckue 3aKOHBI, NPUMEHEHHE KOTOPHIX HEOOXOIUMO MJis
pemieHus 3amaud, 0e3 Kakux-1mOOo mpeoOpa3zoBaHUl C  HX
UCTIOJIb30BAaHUEM, HANPABICHHBIX HA PELICHHE 33J1a4l U TOTYYCHHE
OTBeTA.

NJIN

B pemennn oTCyTCTBYET OJHA M3 MCXOIHBIX (HOpMYII, HEOOXOoauMas
JUIA  pemieHusi 3afadd (Wi  YTBEp)KICHHWE, Jiexkalee B OCHOBE
pelleHus), HO MPHUCYTCTBYIOT JIOTHYECKH BEpPHBIC MpeoOpa3oBaHUS
C IMEIIIUMUCS (HOpMyITaMH, HaTlpaBJICHHBIC HA PEIICHHUE 3a/1a4H.
NJIN

B oaHo¥#i 13 ucXoHBIX GOpMYJI, HEOOXOTUMBIX JUISl PELLICHUS 3a/1a4uul
(MM B yTBEP)KICHHUH, JEKalleM B OCHOBE pEILEHHs), OIYyIIeHa
omuOKa, HO NPHUCYTCTBYIOT JIOTMYECKH BEPHBIC MPeoOpa3OBaHUS
¢ UMEIUMUCS HopMyIaMu, HapaBJIEeHHbIC HA PEIICHHUE 3a/1a4H

Bce cnydan penieHusi, KOTOpble HE COOTBETCTBYIOT BbIIIEYKa3aHHbBIM 0
KpUTEPUSIM BBICTaBJIEHHs OLICHOK B 1, 2, 3 Oana

Maxcumanvroiu 6aun 3
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