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Rpu’repnn OIll€HUBaAHUA 3a,z[aHm7i (¢ pasnépHmiM OTBETOM

JlBa OJWHAKOBBIX CIMPTOBHIX TEPMOMETDPA, 3aKPEIJIEHHBIX B IITATHUBE,
HaxomATcad B KoMHaTe. HumxHAa dwacTb OZHOTO u3 HHUX o0o0MOTaHA
MapJIeBBIM JKTYTOM, CBOOOIHBIA KOHEI[ KOTOPOTO IIOMEIIeH B ILyCTOH
CTaKaH4YMK. B CcTakaHYWK HaIWBAIOT BOAY KOMHATHOM TeMIIepaTyphl,
cMouuB Bcloo Mapmio. OnuimwTe, Kak ¥ II0YeMy IIOCIE BTOTO OyZyT
W3MEHATHCA ITOKa3aHUd TEPMOMETPOB.
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OO6pasen] BO3MOKHOTO PEUIEHUI

1) Hanuras B crakaHuwKk BOAa HAYHET WCIAPATHCH, MIPUYEM HCIapeHue Oymer
MIPOUCXONUTH KaK C IIOBEPXHOCTH BOJBI B CTAKAHUYHMKE, TAK U CO BCEH ITOBEPXHOCTH
BIQJKHOH Mapiau. BHyTpeHHAA SHepPrus BOAbI, CTAKAHYWKA, Mapiu U 0OMOTAHHOTO
el0 TepMoMeTpa OyAeT yMeHbUIATbCA BCIEACTBHE wucmapeHua. HM3-3a srToro
TepmMomMeTrp (OH HasbIBaerTcd "BIAKHBIM') OymeT oxyiamaThCd, U €ro TeMmIieparypa
CTaHET MeHbINle, YeM Yy OKpy:Kamllero Bo3ayxa. B pesyinbrare norasaHus
"BIAKHOTO" TEPMOMETPA HAYHYT YMEHBIIIAThCH, T.€. OH OyIeT MOKa3hIBaTh BCE Goee
Hu3Kyio Temnoepatypy. Ilokasanus apyroro tepmomMerpa (oH HasbiBaeTcd "cyxum')
M3MEHATHCA He OymyT.

2) Hapanmy c mpolieccoM wHcIIapeHHA BOABI IPOHCXOOUT U OOpaTHBIM IIpoliecc —
KOHZeHcanua mnapa. lIpm KoHIeHcanwu Tmapa BHYTPEHHAA SHEPIHsS BOJHI,
CTaKaHYWKa, Mapid U OOMOTAHHOTO €0 TepMoMeTpa yBenumuwBaercd. llostomy
TMOKa3aHud "BIAKHOTO" TEPMOMETpPA IIEPEeCTAHYT YMEHbIIATHCA U YCTAHOBATCSH
TOT[Aa, KOTAA KOJWYECTBO TEIUIOTHI, TEepsIeMOoe WM U3-32 WCIapeHUd BOJBL,
CPaBHIETCA C KOJTUYECTBOM TEILIOTHI, IOJIYyIaeMbIM TEPMOMETPOM IIPH KOHEHCAITUH
mapa. YCTaHOBHUBINWECS IOKa3aHWUs "BIAKHOTO" TepMoMmerpa OyIyT OXHO3HAYHO
OIIPEeATHCS BIAKHOCTHIO BO3yXa B KOMHATE U TEMIIEPATYPOH BO3IyXa B KOMHATE
(To ecTh mOKa3aHUIMH "CyXoro" TepMoMeTpa).
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Kpurepuu oIieHKH BBLITIOJHEHUA 3aJaHUA

Baaasl

IIpuBemeno mosHOE MPABHIILHOE PEIeHHe, BEIIYAIIIEe ITPABHILHBIN
orBer (B JAHHOM CIIy4ae — ucnaperue 800bl, oxnaxicdenue mepmomempa 6
[pesyavmame omvema om Hezo menaomul 8caedcmaue UCNapPeHus, C8A3b
Mexcdy YCMaHOBUBUUUMUCS NOKAGHUAMU «BAAHCHO20» MEPMOMEMPA U
8/1AMCHOCMBIO 8030YXQ).

Ilpusenerno peimieHue ¥ JaH BEPHBIA OTBET, HO HMEETCS OAWH U3
CJIEIYIOIINX HEJOCTATKOR:

— B O0BACHEHHUH COMEeP:KaTCA JIHUIIb 0O6IIre paccy:KaeHus 6e3 IPUBASKH K
KOHKDETHOM CHUTyaIllud 3ajia4¥, XOTA YKa3aHbl BCe HEOOXOAMMBbIe
dusuyeckre BIeHUS U 3aKOHBI;

nJiu

— paccy:KaeHus, MPUBOASAIINE K OTBETY, MPEJCTABICHBI HE B ITOIHOM
o0BeMe WIIH B HUX COAEPIKATCA JIOTUIECKHE He[0YEeThI;

nJiu

— yYKasaHbl He BCe (PU3MUECKWe SBIEHUS W 3aKOHBI, HEOOXOIMMBIE IS
[IOJIHOTO IPABUJILHOTO PEIIeHHUs.

IIpencraBnensr 3ammcn, COOTBETCTBYIOIINE ONHOMY U3 CIELYIOITHUX
cIy4daes:

— IPUBENEHBI PACCY:KIEHHS C yKasaHueM Ha (QUsudeCKHue SBJIEHUS U
3aKOHbBI, HO IaH HeBEPHBIH UJIN HEIOJHEIH OTBET;

nJjain

— IPUBENEHBI PACCY:KIEHHS C yKasaHueM Ha (QUsudecKue SBIEHUS U
3aKOHBI, HO OTBET HeE /IaH,

nJjain

— IIPeacTaBJI€H TOJIBKO HpaBHJIBHI:IfI oTBeT 0e3 000CHOBAHUIIA.

Bce ciaywuam pemieHHs, KOTOpble HE COOTBETCTBYIOT BBIIIEYKA3aHHBIM
KPUTEPHUsM BHICTABJICHUS OIeHOK B 1, 2, 3 6aura.
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W3 1aByx PpOBHBIX [OCOK  CHOelaH  :Kejoo0,

MPeACTaBIdOMANE COO0M  IBYrpaHHBIA Yroa C

pactBopom 2a = 90°. Keo6 3akpemsieH Tak, 4TO ero

pebpo TOpPHU3OHTATBHO, & [JOCKH CHMMETPUYHBI

OTHOCHUTEJILHO BepTHKanu. B :xemobe Ha OOKOBOM F

MOBEPXHOCTH JIGIKUT I[WIHHAP Maccod m = 1 Kr.

KosdduruenT Tpenus Mex Iy JOCKaMU U IAIHHIPOM

paer 1 =0,2. K rTopuy mwimHApa IIpHIOKEHA TOPH30HTAIBHO
"HanpasienHad cuiaa F' = 3 H. Halinure Mogynb ycKOpeHHA TUIUHAPA.

Oo6pasen] BO3MOKHOTO PENIEHUI

Hzo6pasum Bug Ha Keaob CO CTOPOHBI TOPIA
muauHgpa. Ha IMIWHAP B IIJIOCKOCTH dYepTeska

IeUCTBYIOT HalpaBlieHHad BHU3 CHJa TAXKECTH mg U

ZiBe pPaBHBIE 10 MOAY/JI0 CHJIBI PEaKIuu N JOCOK,
HaIpaBleHHble NepPIIeHIUKYIAPHO CTEeHKaM :Keao0a.
Tak Kak IWIMHAP He ABHMKETCA B BEPTHKAIBLHOM 9, &
HAIOpaBIe€HUH, TO, B COOTBETCTBHH CO BTOPBIM \l{
3akoHOM HBIOTOHA, CyMMa IIPOEKIMEH STHX TPeX CHII P;
Ha BEPTHKAIb PABHA HYJIIO:
=
mg

mg = 2Ncos(g - aj = 2Nsina, rae a = 45°

mg
2sina
B ropusonransHoM HampasieHuu (BHOJb Keja00a) HA HMHIUHIP AeHCTBYIOT cuia F

Orcoga N =

a TakKe, B IPOTHUBOMIOJIOKHOM HAIIPABIIEHUH, IBE CHJIBI CyXOT0 TPEHUA FTp.

IIpepmomo:xum, uro muauHAp Oymer mBurarbesa 1o skemoOy. Torma mo s3akoHy
Awmonrona-KynoHa 11 CHIIBI CyXOT0 TPEHUS CKOJILKEHUA MOMKHO 3aIIHCATD:

pmg

F, .
T 2sin a

3ammceiBad BTOpPOM 3akoH HBIOTOHA B MPOEKIIMH HA TOPH30HTAIBHYIO OCb,
HAaIIpaBJIEHHYIO BJOJIb pebpa xeroba, moaydnm:

m
ma:F—ZFTp: _,u._g’
sino
umg
rze a — MOAYJIb KCKOMOIO YCKOPEHHSA IIUINHAPA. 3aMeTuM, 4to F > ——=.
sin o
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ITO 03HAYAET, YTO IPUJIOKEHHAI K TOPILY [UIHH/PA CHIA IIPEBBIIIAET CUILY TPEHUI
MOKOSI, TO €CTh HWJIMHAP W B caMmMoM [jejie OyZeT CKOJIb3UTh BIOJb :Kexoba.

CJIe,I[OBaTe.TH:HO, a=—-— lug . HOI[CTaBJ'IHH YHUCJ/JIOBbIE OaHHbIE HW IIPOBEpAd
m Sin a
PasMepPHOCTh, OKOHUATEIHHO IIOJLYIHM:
F
a=— - _ 3 22m/E~0,2 M/
m Sino

Oteer: a = E—ﬁ zO,ZM/cz.
m  sina
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Kpurepuu olieHKH BBLITIOJHEHUA 3aJaHUA

Baaasl

IIpuBemeHo mONHOE NpPAaBUILHOE peIIeHMe, BRIIOYAIOINee CIeLyIoline
3JIEMEHTBHI:

1) mpaBWIBHO CHOEJIAH YEePTeK K 3alMCAHBI (POPMYJIBI, BBIPAKAIOIIUE
(pusryeckue 3aKOHBI, IPUMEHEHNE KOTOPBHIX HEOOXOAMMO IS PeIleHHs
3aMa4y¥ BBIOPAHHBIM CIIOCOOOM (B [JAHHOM DpEIIeHHU — NPAsULbHO
[YKQ3aHbL HANPABAEHUS CUL MANCECMU U peakyuu 00CoK, 3GNUCAH
emopoii 3axon Hviomona 6 npoexyusx HG 6epMUKAALHYIO U
20PU3OHMAALHYIO OCU, npumeHen 3akon Amonmona-Kynona 0as
onpedenenus MOOYAR CUABL MPEHUS CKOAbICEHU),

2) mpoBeseHBI HEOOXOAMMBIE MaTeMaTHYeCKWe mpeo0pasoBaHus U
pacdersl, NOPHUBOAAIME K M[PABWIBHOMY YHCIOBOMY OTBETy, U
MIPEJICTABI€H OTBET; IPH 3TOM JOIYCKAETCA PEeLIeHHe <«II0 YacTaAM» (C
MIPOMESKYTOYHBIMHU BHIMUCIEHUAMH).

IIpencraBienHoe pelieHre COMEPKUT II.1 MOJTHOTO PeIeHus, HO U UMeeT
OIIVH U3 CIIEAYIOIINX HEIOCTATKOB:

— B HEOOXOAMMBIX MATEMATHUYECKUX MPEe00pa30BAHUAX UJIU BBIYUCICHHUIX
JOILyllleHa OInOKa,;

nJIn

— Heo0XOAuUMBbIE MaTeMaTHYeCKHe Ipeo0pa3oBaHuA U BBIUMCICHUSI
JIOTUYECKH BEPHBI, He COJEP:KaT OLINO0K, HO HE 3aKOHUEHDI;

nJIn

— He TIPeJCTaBIeHbI TPe00pPa30BaHuUs, IPUBOISIIINE K OTBETY, HO 3AIIHCAH
MPaBUJIBHBIN YMCIOBOM OTBET MM OTBET B 00IIIEM BHUIIE;

nJIn

— pelleHHe COAEPKUT OIMMOKYy B HEOOXOOUMBIX MAaTeMaTHIECKUX
npeobpasoBaHUAX U He JOBEIEHO [0 YUCI0BOT0 OTBETA.

IIpencraBienbl 3amucH, COOTBETCTBYMOINHE OMHOMY W3 CIEIYIOLIUX
CIIy4aes:

— TIpPEeACTaBIEHbI TOJBKO TOJONKEHUA ¥ (DOPMYJbI, BBIPAKAIOIIHE
(usmueckre 3aKOHBI, MPUMEHEHWe KOTOPBHIX HEOOXOAMMO JIS PelleHus
3amaun, 0e3 Kakux-IH00 IpPeobpasoBaHWii € WX WCIOJIb30BAHUEM,
HaIPaBJIEHHBIX HA PelleHue 3a/1a4u, ¥ 0TBETa;

i

- B pemenuun orcyrcreyer OJJHA w3 mcxomubix opmys, Heobxogumas
IUIsl pelleHus 3anavyu (WM yTBep:KIeHUe, JIeKAIlee B OCHOBE PEeIleHus),
HO IIPUCYTCTBYIOT JIOTHYECKH BEPHBbIE IIPeobpasoBaHus C UMEIOUIMMUCT
(hopmynamu, HaIpaBIeHHbIE HA PELIeHNe 3a/1a4K;

nJim .

- B OJTHOMH u3 ucxomubix ¢opMyii, HEOOXOMUMBIX IJIS PEIIeHHUs 3a1a4u
(WM yTBEp:KIEHWUH, JIEKAIeM B OCHOBE PeIleHWsd), AOIyIeHa OlInlKa,
HO MIPUCYTCTBYIOT JIOTHYECKH BEPHBIE IIPeoOpasoBaHUA C MMEIOI[UMUCS
opMynamu, HaTpaBJIeHHbIE HA PeIleHre 3a1a4H.

Bce ciayuam pemieHHs, KOTOpble HE COOTBETCTBYIOT BBIIIEYKA3AHHBIM
KPHUTEPHsM BBICTABJIEHHUA OLIEHOK B 1, 2, 3 6aja.
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m Ha pucynxke nmpuseneH rpadui 3aBUCHMOCTH yIEIbHON TEILIOEMKOCTH C
HEKOTOPOTO TeJjia OT ero Temmeparypsl . Kakoe koaudecTBO TeIIoTH @

HY:KHO COOOIIUTH OTOMY TeIy [JIi TOrO, 4YTOOBI IIOBBICHTH €ro
TeMIepaTypy oT ¢, = 20 °C mo ty = 80 °C? Macca tenma m = 1 Kr.

¢, kK 1a/(kr°Cy A

0 20 40 60 80 r°C

OO6paszen; BO3MOKHOTO PEUIEHUI

Cmoco6 1. ITycrs Temo mMeer HEKOTOPYIO TEMIIEPATYPY ¢ M IPH HATPEBAHWUM €ro0
TeMIlepaTypa Bo3pacraer Ha Manywo BenwuuHy At. IIpum 5TOM, B COOTBETCTBHUHU C
ypaBHEeHUEM TEIIOBOTO banamca, Tey coob1aercst KOJIMIECTBO

TemwnoThl AQ = cmAt, rae ¢ — yaenbHas TeIUIOEMKOCTh TeJIa [IPHU TeMIieparype .
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Ha rpadwure 3aBucHMOCTH YAEIBbHOH TEIJIOEMKOCTH Tela OT TeMIepaTyphl
BenumyuHe A@) COOTBETCTBYeT ILIONIAAbh HPAMOYTOJBHHMKA C BBICOTOM ¢ (Tak Kak
=1xr) u c ocuoBanuem Af. IlosToMy MOTHOMY KOJIHYECTBY TEIIOTHI @,

HeO6XOI[I/IMOMy [l HATpeBaHHUA Tejla OT TeMIIepaTypsl £, 10 TeMIIepaTypI £, , Bymer
COOTBETCTBOBATH IIomans Tpamernun MNPK.

O6o3HaunM yIOeAbHYI0 TEILIOEMKOCTb IPH TeMIeparype t; 4epes ¢;, a y/EIBHYIO
TEeILI0EMKOCTE IIPH TeMIIeparype ¢, 4epes C,. Torma BCKOMOE KOJIHMYECTBO TEILIOTHI

© MHOO, 2011 r.




®usura. 11 knacc. Bapuanr 1-2 7

Q = %(Cl + Czjﬂ’l(lz — flj =

- % : (2000 B 3000 H—”‘Cj 1 kr - (80 °C — 20 °C) = 150 KJIx.

o, o,
Kr .

Cnoco6 2. Tax kak ymenbHadA TeEIUIOEMKOCTh JHHEHHO BO3PACTaeT C POCTOM
TEeMIIEPaTypPhl, TO KOJTUIECTBO TEILUIOTHI, KOTOPOE HY:KHO 3aTPATHUTh Ha HArpPeBaHHUE

TeNa OT TeMIIEPATYPHI £, 10 TEMIEPaTypsl f,, MOKeT ObIThb HaliieHO 10 (opmyie
Q = cepm(ty — 1), THE Copy = E(Cl + ) — cpefiHAA yAelbHAad TeIJIOEMKOCTb, KOTOPYIO

MMeeT Tel0 B MHTepBale TeMueparyp or ¢, mo ¢,. Orciona cpasy momydaem ToT e
pesynbTat: Q = 5(01 + cy)m(ty — ) = 150 xll:x.

Oteer: 0 = %(Cl + cy)m(t, — ) = 150 xlx.
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Kpurepun olleHKH BBINIOJTHEHHA 3aMaHUA

Baaasl

IIpuBemeHo mONHOE NpPAaBUIBHOE peIleHMe, BRIIOYAIOINee CIeLyIolire
3JIEMEHTHI:

1) mpaBuWIbHO 3amKCaHbl (DOPMYJIBI, BHIPAKAMOIINE (DU3NUECKHE 3aKOHBI,
[IpuMeHeHne KOTOPBIX HEOOXOIMMO [JI PeIleHHs 3a[add BhIOPAHHBIM
crrocoboM (B JAHHOM peIIeHWH — YpasHeHue menaosozo 6anakca,
@opmyaa 0as onpedeneHus KoaAuuecmea MENAOMbL KAK BeAULUHDL,
YucneHHo pasHoll naowadu nod zpagurom 3asucumocmu yO0eabHOU
MenioeMKocCmy, om meMnepamypsl; AUO0 8blYUCAeHUE KOAUUECEq
mensomaul wepe3 cCpedrION MenaoemMKoCms);

2) mpoBeneHbl HEOOXOAMMBIE MaTeMaTHYeCKWe mpeo0pasoBaHus U
pacyerbl, NPUBOAAININE K OPABWIBHOMY YHCIOBOMY OTBETy, U
TIPEJICTABIEH OTBET; IPH DTOM [OIIYCKAETCA PEeLIeHHE «II0 YacTAM» (C
MIPOMESKYTOYHBIMHU BhIMUCIEHUAMH).

IIpencraBienHoe peleHre COMEPKUT II.1 MOJHOTO PeIeHns, HO U UMeeT
OIIVH U3 CIIEAYIOIINX HEITOCTATKOB:

— B HEOOXOAMMBIX MATEMATHUYECKUX MPe00pa3OBaAHUAX WU BBIYUCICHHUIX
JOILyllleHa OInOKa,;

nJIn

— Heo0XoAuMble MaTeMaTHYeCKHe Mpeo0pa3oBaHUuA U BBIUMCICHUSI
JIOTUYECKH BEPHBI, He COEP:KaT OIUO0K, HO HE 3aKOHUEHDI,

nJIn

— He TIPeJCTaBIeHbI TPe0o0pa30BaHuUs, IPUBOASIIINE K OTBETY, HO 3aIIHCAH
MPaBUJIBHBIN YMCIOBOM OTBET MK OTBET B 00IIIEM BHUIIE;

nJiIn

— pelleHHe COAEPKUT OIMHUOKYy B HEOOXOOUMBIX MAaTeMATHIECKHUX
npeobpasoBaHUAX U He JOBEIEHO 10 YUCI0BOr0 OTBETA.

IIpencraBienbl 3alKcH, COOTBETCTBYMOINHME OMHOMY W3 CIEIYIOUIUX
CIIy4aeB:

— TIpPEeACTAaBIEHbI TOJIBKO TOJONKEHUA ¥ (DOPMYJBI, BBIPAKAIOIIHE
(usmueckre 3aKOHBI, MPUMEHEHWe KOTOPBHIX HEOOXOAMMO MJIS PeIleHus
3amaur, 0e3 Kakux-IHOO0 IPeobpasoBaHMii € WX WCIOJb30BAHHEM,
HaIPABJIEHHBIX HA PelleHue 3a/1a4u, ¥ 0TBETa;

nJim

— B pemenun orcyrcrByer OJIHA w3 mcxomubix opmys, Heobxogumas
IUIsL pelleHus 3an1avyu (WM yTBep:KIeHHe, JIeKAIee B OCHOBE PeIleHus),
HO IIPHUCYTCTBYIOT JIOTHYECKH BEPHBbIE IIPeobpasoBaHus C MMEIOIIMMUCT
dopmyamu, HanlpaBJIEHHbIE HA PeIlleHue 3a1a4H;

N .

- B OJTHOH u3 ucxomgubix ¢opMyIi, HEOOXOAUMBIX JJIS PEIIeHUs 3aJa9n
(MU yTBepKAEHUU, JEKAIEM B OCHOBE DeIleHud), AOIyIleHa OIIHNOKa,
HO IIPHUCYTCTBYIOT JIOTHYECKH BEpHBbIE IIPeo6pasoBaHUA C UMEIOIIUMUCA
dopmymamu, HanpaBJIeHHbIE HA PellleHue 3a/1a4H.

Bcee cimyuam pemieHusa, KOTOpble HE COOTBETCTBYIOT BBIMIEYKA3AHHBIM
KPHUTEPHUAM BBICTABJIEHU OIeHOK B 1, 2, 3 6anna.
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B oamekTpuueckoil memm, cxema KOTOPOH & K

n3obpakeHa Ha pPHUCYHKe, koHAeHcatop C
W3HAYANIBHO He 3apsmken. Harou K
MEepPeBoJAT B MONoKeHue 1. 3aTeM, CIyCTs
O4YeHb 0OJIBIIIOEe BpeMs, IEePEeKII0YaT ero
B IMOJIO}KEHWE 2, U CHOBA JKIYT B TeUEHHUE I-—I —

JOCTATOYHO 60JIBIIOTO IIPOMEKYTKA R, R,
BpeMeHH. B pesynbraTe nmepeBoja Kioda B

MOJIOXKEHWe 2 DHHEPrHd KOHAeHcaTopa T
yBenuuuBaerci B n =9 pas. Haiigure

COIIPOTHUBJIEHHE pesucropa R eC/In

R1 = 10 Om.

Al

s F

2’

OGpaszell BO3MOKHOTO PENIEHUA

O603HaunM Hamps:KeHNe Ha KOHAEHCATOpE IOCIe IepeBofa KIida B MolokeHue 1
Jepes Ul’ a mocie IepeBoma Kiaooda B mososkeHme 2 — depes U,. Ilockombky
sHeprusa £ KOHIEHCATOPa, 3apAKEeHHOro 0 Hanps:Kenwus U, paBHa 62 =CU" /2, 10
OTHOIIIEHWE BJHEpPruM KOHAeHCAaTOpa IIpHM IIOJNIOKeHHW Kiloya 2 K SHEpPruu

KOHIOeHCaTopa IIPpH IIOJIOKEHHNHN KJIo4a 1 PaBHO
LBy _ CU3/2 U3
E, CUTI2 U
IIycts cuna Toka, Tekyiiero uepes pesuctopbl, paBua I. IIpu sTom Hanps:xenns U

uU. o Ha KOHJIEHCATOpe PaBHbI HAIPAKEHUAM Ha COOTBETCTBYIOLIUX yYaCTKAX IEIIH,
UMEIONIINX COIPOTUBIEHUS R1 u R + Ry. Ha ocHoBanmum 3akoHa Oma mig ygacTra

LIeNH, TOIydaeM:
[J] ZIR]I/IUZ =I(R1 +R2).
U2 (R+R) RY
CiemoBaTenbHO, 1 = —22 =2 o422
U R Ry
Orcroma Ry = Rj(vn — 1) =20 Om.
OrBer: Ry = Rj(~/n — 1) =20 Om.
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Kpurepuu oIieHKH BBLITIOJHEHUA 3aJaHUA

Baaasl

IIpuBemeHo mONHOE NpPAaBUIBHOE peIleHMe, BRIIOYAIOINee CIeLyIolire
3JIEMEHTHI:

1) mpaBuWIbHO 3amKCaHbl (DOPMYJIBI, BHIPAKAMOIINE (DU3NUECKHE 3aKOHBI,
[IpuMeHeHne KOTOPBIX HEOOXOIMMO [JI PeIleHHs 3a[add BhIOPAHHBIM
crrocoboM (B JaHHOM pelleHuu - @opmyna 048 pacwema dHepuu

KPUTEPHsM BHICTABJICHU OIeHOK B 1, 2, 3 6auia.

3APANCEHHO20 KoHOerncamopa, dopmyna ons BbIMUCACHUA| g
CONPOMUBACHUSA NPU NOCALO08AMEALHOM COCOUHEHUL Pe3UCmOopos,
saxor Oma 08 ywacmka yenu);

2) mpoBemeHbl HEOOXOAWMbIE MATEeMATHYECKHE MIPeo0pa3oBaHUA |
pacuyeTnsl, MPUBOAAIIME K IIPABUILHOMY UHCIOBOMY OTBETy, H
[IPEeJICTABIIEH OTBET; IIPH 9TOM JOIIyCKAETCA PEIIeHHe «II0 YacTAM» (C
MIPOMESKYTOYHBIMYU BBIYUCICHUIMH).

IIpencraBiennoe peleHre CONEPKUT 1.1 IIOJHOTO PEIeHns, HO U UMeeT
OIIMH W3 CJIeIYIOIINX HeJOCTATKOB:

— B HEOOXOAMMBIX MATEMATHIYECKUX MPEe00Pa30BaAHUAX UIU BHIYUCICHHUIX
IOIyIlleHa OIIuOKa,;

i

— HeoOXoAWMbIe MaTeMaTWdecKwe Mpeo0pa3oBaHUA U BBIUHCICHUS
JIOTUYECKH BEPHBI, He COJeP:KaT OIUO0K, HO He 3aKOHUEHBI, 2
N

— He TIPeJICTaBJIeHbI TPe00Pa30BaAHMUA, IPUBOASAIINE K OTBETY, HO 3aIHCAH
MPaBUJIbHBIN YMCIOBOM OTBET MK OTBET B 00IIEM BHUIIE;

nJiu

— pelleHWe COAEPKUT OIHUOKy B HEOOXOJUMBIX MATEeMaTUIECKUX
npeobpas3oBaHUAX U HE JOBEIEHO JI0 YHNCI0BOT0 OTBETA.

IIpencraBnenbr 3amucd, COOTBETCTBYIOIIHWE OAHOMY W3 CIEIYIOIAX
CIIy4aeB:

— TIpeACTaBIEHbI TOJBKO TIIOJIOMNEHUS U (POPMYJbI, BbIpaKaIOIIUe
(pusmueckue 3aKOHBI, MPUMEHEHNE KOTOPBLIX HEOOXOMMMO MIJIS PeIleHus
3ama4yu, 0e3 Kakux-mub0 Mpeobpa3oBaHU C HX HCIOIb30BAHUEM,
HaIIPaBJIIEHHBIX HA pellleHue 3a/1a4u, ¥ OTBETa;

N

— B pemennu orcyrcrByer OJIHA us mcxomubix dopmys, Heobxopumas|
IUIA peleHus 3amadu (WiM yTBEp:KIeHue, JiesKalee B OCHOBE PEeIeHMsI),

HO IIPHUCYTCTBYIOT JIOTHYECKH BEPHBbIE MPeobpasoBaHUA C WMEIOIUMUCT
dopmymamu, HanpaBJIeHHBIE HA PeIlleHne 3a/1a9H;

nJiu .

- B OTHOMU u3 ucxomubix dopmMysi, HEOOXOAUMBIX JJIA PEIIeHUA 3a]a49n
(WM yTBEpIKIEHWY, JIeKAIIEeM B OCHOBE PEIeHMN:), MOIyIeHa OIIOKA,

HO IIPHUCYTCTBYIOT JIOTHYECKH BEpHBbIE MIPeobpasoBaHUs C MMEIOI[UMUCT
dopmyamu, HanpaBJIeHHbIe HA PellleHue 3a/1a4u.

Bee cimyuaum pemienusi, KOTopble HE COOTBETCTBYIOT BBINIEYKA3AHHBIM 0

© MHOO, 2011 r.
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Ilpy  momomm  TOHKON  cobuparoliedl  JHH3BI HA  SKpaHe,

NEPIEHIUKYAAPHOM TJIABHOM ONTHYECKOH OCH JIMH3BI, IOJYyYeHO YETKOe
n300paKeHre TOYeYHOTr0 NCTOYHUKA cBeTa. He Tporasd MCTOYHUE M SKpaH,
JWH3y TEepeJBHHYJH OT HCTOYHHWKA B CTOPOHY SKpaHa Ha PacCTOSHUE
x =5cM, B pesyrbTaTe UYero Ha 5SKpaHe BHOBb IIOJIYYHIOCH YETKOE
W300paskeHre KMCTOYHMEA. UeMy paBHO (DOKYCHOE PACCTOSHHE JIUH3BI,
€CIM U3HAYAIbLHO MCTOYHUK HAXOMUJICA Ha paccroaHun ¢ = 10 cm ot mee?
JIuH3y mepemeIaoT BAOIb ee TIIaBHON ONTHYECKOH OCH.

Oo6pasen; BO3SMOKHOTO pelIeHUA

Ilycte B HaYambHOM IMONOKEHWH DKPAH HAXOQUICA HA PACCTOSHUM b OT JIHUH3BIL
IIpumenum opMyLy TOHKOH JHH3BI [ HAYAIHHOTO U /I KOHEYHOTO IIOJI0KEHUS
HWCTOYHUKA CBETa:

1 1 1 1 1 1
— 4 — = —, = —,
a b F a+x b-x F
1 1 1 1
W3 stux dopmys ciemyer ypaBHeHHE: — + — = + .
a b a+x b-x
Permmas ero, moaygaem: x = b —a.
Torma  gna  oTbicKaHWA  (POKYCHOTO  PACCTOSHHA  JHWH3LI  MOIydaeMm
1 1 ala+x)
ypaBHeHUE: — + = —, oTKyga F ' = ——.
a a+x F 2a+x
Ilogcrasmnas ynucaoBbIe 3HAYEHUS U IIPOBEPSA PA3MEPHOCTD, HaxoauM: F = 6 cM.
ala+x
OTtBer: F = g =6 cMm.
2a+x

© MHOO, 2011 r.
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Kpurepuu oIieHKH BBLITIOJHEHUA 3aJaHUA

Baaasl

IlpuBenero monHOE MTpPaBUIBHOE pEIEHKEe, BKIOYAIEe CIeLyIOIIHe
3JIEMEHTHI:

1) mpaBuWIbHO 3amKCaHbl (DOPMYJIBI, BHIPAKAMOIINE (DU3NUECKHE 3aKOHBI,
IpuMeHeHne KOTOPBIX HEOOXOIMMO [JI PeIleHHs 3a[add BhIOPAHHBIM
crrocoboM (B JAHHOM PEIIeHHU — (OpMYAQ MOHKOU AUH3BL 048 08YX
NOAOHCEHUTL AUH3DL);

2) mnpoBemeHBI HEOOXOAMMBIE MaTeMATHYeCKHe NpeodpasoBaHus H
pacuyeTsl, NPUBOAANIME K [IPABHILHOMY YHCIOBOMY OTBETy, H
MPEeJICTABIIEH OTBET; IPH STOM JOILyCKAETCA PEIIeHHe «II0 JacTaAM» (C
[IPOMEKYTOUHBIMU BBIMUCICHUIMI).

IIpencrasienHoe peleHne COAEPHKHUT 1.1 TOTHOTO PEIEHUT, HO M UMEEeT
OIH U3 CIIEYIOIIUX HEeIOCTATKOB:

— B HeO6XOZ[I/IMbIX MaTeMaTH4YeCKuX r[pe06pasoBaHHﬂx WUJIN BBIYHUCJIECHUAX
IOIyIlleHa OIIHuOKa,;

nJIn

— Heo0XoguUMBIE MaTeMaTHYeCKHe Mpeo0pa3oBaHuA U BLIUHCICHHSI
JIOTHYECKU BEPHBI, HEe COJEPIKAT ONTUOOK, HO HEe 3aKOHYEHbI,

nJIn

— He IIpeICTaBJIeHbI IIPeobpasoBanus, MPUBOAAIINE K OTBETY, HO 3aIlHCaH
[IPaBWJIbLHBIN YHCIOBOM OTBET UM OTBET B 00IIIeM BHUIE;

nJIn

— pellleHHe CONEPKUT OIMOKy B HeOOXOOUMBIX MAaTEeMATHYECKHUX
npeoGpasoBaHUIX W He JOBEIEHO JI0 YUCIOBOTO OTBETA.

IIpencraBneHsl 3amucH, COOTBETCTBYIOIIHME OIHOMY U3 CIEIYIOIIMX
CIIydaesB:

— TIpeACTaBIEHbI TOJBKO TOJOMNKEHUS U (DOPMYJbI, BbIpaKaIoIIue
(pusmueckre 3aKOHBI, MPHMEHEHWe KOTOPBIX HEOOXOMMMO MIJI PelleHus
3amaun, 0e3 Kakux-1u00 IpeobpasoBaHUM C€ HX WCIOIb30BAHUEM,
HANPABJIEHHBIX HA PEIlleHre 3a/1a41, U OTBETa,;

N

— B pemenun orcyrcrByeT OJJHA u3 mcxomubix opmyn, Heobxomumas
IUISI pellieHus 3a7a4u (WK yTBEp:KIeHue, ieXkallee B OCHOBE DEIleHus),
HO TPUCYTCTBYIOT JIOTHYECKH BEPHBbIE PeobpasoBaHUA C MMEIOI[HMUCS
dopmymamu, HanpaBJIeHHbIE HA PeIlleHne 3a/1a49H;

N .

- 8 OIHOU u3 uncxogubix opMy, HeOOXOAUMBIX IJIS PEIeHud 3a1a4u
(WM yTBEpIKIEHWY, JIeKAIeM B OCHOBE PEeIleHM:), AOIyIeHa OIINOKA,
HO IIPHUCYTCTBYIOT JIOTHYECKH BEPHBbIE MPeobpasoBaHUA C WMEIOI[UMUCT
dopmymamu, HanpaBJIeHHbIE HA PeIleHne 3a/1a4u.

Bce ciayuam pemreHmsa, KOTOpble HE COOTBETCTBYIOT BBIIIEYKA3aHHBIM
KPUTEPHUAM BHICTABJICHU OIeHOK B 1, 2, 3 6ana.
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V3K IIy4OK

cBera C [JIWHOM BoOJHBI A =420HM mamaer Ha
doronmpuemunk. MolHOCTE CBETOBOTO IIOTOKA STOTO IIy4YKa paBHA

P=33- 10718 Br. Haiinure wuwwmcno n  QOTOHOB, MamaoINHX HAa
doToOIpHEMHHUEK 34 OTHY CEKYHY.

Oo6pasen BO3MOKHOTO pelIeHHA

Ilycrs sa Bpemst = 1c Ha doronpuemuur magaioT k ¢oronos. Torma sHeprus,
IepeHocuMasa CBETOBBIM IyYKOM, paBHa E =£k-hv, Tme n - d9acrora CBETOBOH

BOJIHBL, 1V — 9HEprus OmHOro (poToHA. MOIIHOCTH CBETOBOTO IOTOKA IIy4KA CBETa
E  khv

paBHa DHEPruH, IIepeHOCUMOM MM B eIWHUIy BpeMeHH, TO ecTb P = Pl

k .
Benwuwna n = — npexncrasisger co00d HCKOMOe YHCIO (DOTOHOB, IMMANAMOIINX HA
t

¢oronpuemHuK 3a ofHy cekyHay. Takum obpasom P = nhv.
. . . c
Y4uThIBas, YTO YACTOTA CBETOBOM BOJHBI CBSI3aHA C €€ JIMHON (hOpMyJIOH v = -

c PA
nonyuyum P = nh - —, oTRynan = —.
A he

HOI[CTaBJIHH YHCJIO0BbIE SBHAYEHHUA U ITPOBEPAd pasMEepPHOCTDb, IIOJIyIYUM:

L_Ph_ (3,3-107"% Br)- (420 - 107 m) _;
he  (6,6-107% ik - c) - (3 - 108 m/c)

OtrBer: n = P—l =1.
c
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Kpurepuu oIieHKH BBLITIOJHEHUA 3aJaHUA

Baaasl

IIpuBemeHo mONHOE NpPAaBUIBHOE peIleHMe, BRIIOYAIOINee CIeLyIolire
3JIEMEHTHI:

1) mpaBuWIbHO 3amKCaHbl (DOPMYJIBI, BHIPAKAMOIINE (DU3NUECKHE 3aKOHBI,
IpuMeHeHHe KOTOPBIX HEOOXOIMMO [JI PeIleHHs 3a[add BhIOPAHHBIM
crrocoboM (B MaHHOM peIIeHHH — 8bipadceHue 048 SHepzul ¢homoHa,
C8A3b NEPeHOCUMOLl C8emo8blM NYYKOM JHepPZUU C MOUHOCMBIO
€8e1mo8020 NOMOKQ, C8A3b LACIMOMbL C8eMOB0L 80AHbL C ee OAUHOLL);

2) 1mpoBemeHbl HEOOXOAMMBIE MaTeMaTHYeCKWe IIpeo0pasoBaHUA U
pacuyeTsl, NPUBOAAIIME K IIPABHILHOMY UYHCIOBOMY OTBETy, H
[IPE/ICTABIIEH OTBET; IPH STOM JOIYCKAETCS pPeIlleHHe «II0 4YacTaM» (c
IPOMEKYTOUHBIMU BBIMUCICHUIMI).

IIpencraBienuoe peleHnre COAEPKUT I1.1 ITOJTHOTO PEIIeHusd, HO U UMeeT
OJIVH U3 CIEAYIOIIUX HETOCTATKOB:

— B HEOOXOIUMBIX MATEMATHYECKUX IIPe0o0Pa30BAHUAX WM BBHIYHUCICHHUIX
IOIyIlleHa OIInOKa,;

nJian

— HeoOXOgWMble MaTeMaTHYeCKHe mIpeodpasoBaHUA ¥ BBIYHUCIEHUS
JIOTMYECKH BEPHBI, He COlep:KaT OIIHO0K, HO He 3aKOHYEHEI;

nJian

— He IIpeICTaBJIeHbI IIPeobpasoBanus, IPUBOAAIINE K OTBETY, HO 3aIlHCAH
MMPaBWJILHBIN YHCIOBOM OTBET UK OTBET B 00IIIEM BHUIE;

nJian

— pellleHre COIEPKUAT OIMMOKYy B HEOOXOZHMMBIX MATEMATHYECKHUX
mpeoOpa3oBaHMIX 1 He JOBEIEHO JI0 YMCIOBOI0 OTBETA.

IIpencraBnenbl 3amucd, COOTBETCTBYIOLIHWE OAHOMY W3 CIEAYIOIUX
ClIy4JaeB:

— TIpeACTaBIEHbI TOJBKO TIOJOMNEHUS U (POPMYJbI, BbIpaKaIOIIue
(pusryeckue 3aKOHBI, IPUMEHEHNE KOTOPBHIX HEOOXOAMMO IS PEIleHHs
3amaun, 0e3 Kakux-1u00 IpeobpasoBaHMMi € HX WCIOJb30BAHUEM,
HANPABJIEHHBIX HA PeIlleHre 3a/1a4i, U OTBeTa,;

N

— B pemenun orcyrcrByer OJJHA u3 mcxomubix opmyn, Heobxommmas
IUISI pellieHus 3a1a4yu (WK yTBep:KIeHue, iexKaliee B OCHOBE PeIleHys),
HO IIPHUCYTCTBYIOT JIOTHYECKH BEpHBbIE MIPeobpasoBaHUA C WMEIOI[UMUCT
dopmymamu, HanpaBJIeHHbBIE HA PEIlleHue 3a/1a9H;

N .

- B OJHOMU u3 ucxomubix dopMysi, HEOOXOAUMBIX JJIA PEIIeHUA 3aJa49n
(WM yTBEpIKIEHWY, JIeKAIIEeM B OCHOBE PEIeHMN:), HOIyIeHa OIIMOKA,
HO TPHUCYTCTBYIOT JIOTHYECKH BEpHBIE MMPeobpasoBaHUs C WMEIOI[UMUCT
dopmymamu, HanpaBJIeHHbIe HA PellleHue 3a/1a4u.

Bce cmyuam pelreHHs, KOTOphIE HE COOTBETCTBYIOT BBIIIEYKA3aHHBIM
KPUTEPHUsM BHICTABJICHU OIeHOK B 1, 2, 3 6auia.
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OTBeTHI K 33JaHHAM C BLIOOPOM OTBETA

Ne zamanus OtBeT Ne zamauusa OtBeT
Al 2 Al4 2
A2 2 Al5 1
A3 1 Al6 3
A4 1 Al7 2
A5 2 A18 3
A6 4 A19 3
A7 3 A20 1
A8 4 A21 3
A9 2 A22 3
Al10 3 A23 4
All 2 A24 3
Al12 3 A25 3
A13 4
OTBeTBI K 3aJaHuAM C KPpaTKHM OTBETOM
Ne samauus OTBeT Ne zamauus OtBer
B1 122 B3 32
B2 223 B4 41
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OTBeThI K 3aIaHUAM C BLIOOPOM OTBETA

Ne samauusa OrBer Ne samauus OTtBer
Al 3 Al4 4
A2 1 Al5 2
A3 1 Al6 3
A4 3 Al17 1
A5 3 Al18 2
A6 1 Al19 1
AT 4 A20 4
A8 1 A21 1
A9 3 A22 2
Al0 4 A23 1
All 1 A24 3
Al12 3 A25 2
Al3 1
OTBeTnI K 3aJaHUuAM C KpaTKHM OTBETOM
Ne zamannsa OTtser Ne samamnma OTteer
B1 111 B3 41
B2 113 B4 41
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