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v B nepBoM pasiene 5TOH KHUIM Bbl CMOXETe NOTPEHHPOBATHCS B
OLICHMBAaHUMU OTAEJBHBIX 3aJaHUN C Pa3BEPHYTHIM OTBETOM. K KakJ10My 3aJaHHIO
MPUBOATCS 00PA3IIHI PEIICHUS U KPUTEPHUH OICHUBAHMSL.

v' Bo BTOpOM pasiene KHUTH BaMm mpemiaraioTcst yCiIOBHs 3a7ad TPEThei
yacTu BapuaHTa EI'D ¢ KpuTepusMU OLEHHMBAHHS M LENbIE 3K3aMEHALMOHHBIC
paboThI 3TOr0 BapuaHTa JUisl OLEHUBAHUSI.

v' Hamomuuaem Bawm, 4T0O Ipu OLIEHMBAHUHU SK3aMEHAI[MOHHEBIX PaboT DKCIIEPT
paccMaTpuBaeT pEUIEHUs B BBIJIAHHBIX €My paboTax MO 3aJaHusiM: B Hayaie
pemienus 3amaun Cl Bo Bcex paboTax JaHHOTO BapuaHTa, 3aTE€M BCE pPELICHUS
3agaun C2, morom Bce pemienus C3, C4 u T.1. HekoTopbie paboThl 3aHUMAIOT
HECKOJIbKO CTpaHUIl M PEIICHUSI B HUX NPEACTaBICHbl HE IO MOPAIKY
peabsBICHUS 3a/1a4 B BApUAHTE.

v' TIpu paboTe 3KCIEpT BHICTABISIET CBOM OICHKU B CIEIUAIbHBINA ONaHK, B
KOTOPOM BHOCHTH M3MEHEHHsI M HCHPABICHUS KpanHE HexenarenbHo. [loatomy
npocuM Bac ObITh OU€Hb BHUMATEIbHBIMHU.

v TIpu OTCYTCTBHH DEIIEHHS WM CBHIETECIBCTB IMOMBITKH PELICHUS KaKOi-
100 3a1a4u B OJJaHK BHOCHUTCS 3HaK «X» B I0JIe COOTBETCTBYIOIIEH 3agaun. Eciu
CTOUT XOTsI ObI HOMEp 3ajauu, B O6saHk BHocUTCS «0». Eciu ctouT HOMEp oJHOM
3ajaui, a (PaKTUYECKHU pelIaeTcs pyras, To 3a nnepByto craButcs «0», a y BTopoi
OIpesIeIIsieTCS HOMEp, 3a/laHue IMPOBEPSAETCS U B OJIAaHK BHOCHUTCS MOJTYYEHHBIN
oan.

v’ Pabora dKcrepra paccuuTaHa B CpeiHeM Ha 4 mpoBepseMbie paboTsl 3a 60
munyT. Ilepen Hadamom paOoOThl 03HAKOMBTECh C YCIOBHSIMHU 3a7ad, WX
pPEIIEHUSAMHU U COOTBETCTBYIOIIMMU KPUTEPUSIMU OI[CHUBAHUSI.
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PA3JEJ 1

B mwimHape moa mopimiHeM IIpU KOMHATHOM
TeMIeparype ¢, JMAOJIroe BpeMs HaXOIAUTCS
TOJIbKO BoJa U €€ map. Macca KHAKOCTH B JBa l
pa3za Oosbmie Macchl mapa. [lepBoHauambpHOE
COCTOSIHUE CHCTEMbI I[IOKa3aHO TOYKOM Ha
pV-nnarpamme. MensienHo nepemenias
nopmieb, 00béM V' mom  moOpIIHEM
MU30TEPMHUYECKHN YBEIIMYUBAIOT OT V) 10 6 V).
[TocTpoiiTe rpaduk 3aBUCUMOCTH JIaBJICHUS p B 0 ¥, 6V, V
nuIuHIpe oT oO0béma V Ha oTpeske oT Vj no

6V). YKkaxuTe, KaKUMU 3aKOHOMEPHOCTSMH BbI TpH 3TOM BOCIIOJIB30BAJIUCh.

v

Bo3MoxHOe pelieHUe

1. Ha yuvactke ot Vy no 3V, naBneHue A
Mol MOpIIHEM  TOCTOSHHO  (JaBJeHUE
HACBIIIEHHOTO Tmapa Ha wu3orepme). Ha l
yyactke ot 3V, no 6V, pnaBieHue mOx
NOpPIIHEM TMOAYMHSETCS 3aKoHy bousa—
Mapmuorra.

Ha yuactke ot ¥y no 3V, rpaduk p(V) —
FOPU3OHTAIBHBIA ~ OTPE30K  IIPSMOM, Ha
yuactke ot 3V, nmo 6V, — dparment 0 W 6V, V
runepoosibl (71  AKCHEPTOB: OTCYTCTBUE
Ha3BaHUU HE CHIDKACT OIEHKY, Ha3BaHUS TIOMOTAIOT OIleHKe TpaduKa, CACIAaHHOTO
OT PYKH).

2. B HayanpbHOM COCTOSIHMM HaJl BOJOW HAXOAUTCA HACHIIIEHHBIN BOJASHON Nap,
TaK KakK 3a JJMTEIIbHOE BpEMs B CUCTEME YCTAaHOBUJIIOCH TEPMOJIMHAMUYECKOE
PaBHOBECHE.

3. Iloka B LWJIMHApPE OCTAeTCi BOJA, NPH MEIJICHHOM H30TEPMHUYECKOM
pacuIMpeHuu map ocraercs HachlmeHHbIM. [TloaTomy rpadux p(V) Oyaet rpadukom
KOHCTAHTBI, T.€. OTPE3KOM TOPU3OHTAIbHOW mnpsmoil. KoinuecTtBo BOABI B
IWINHApPE Tpu 3ToM yObiBaeT. [lpm KoOMHaTHOW TemIiepaType KOHIICHTpaIus
MOJIEKYJI BOJbI B HACBIIICHHOM I1ap€ HUYTOKHA 10 CPABHEHUIO C KOHLECHTpaUUen
MOJIEKYJI BOJIbI B JKUJIKOM arperaTHOM COCTOSIHUM. Macca BOJIbI B JIBa pasza 0oJibIie
Maccel napa. [loatomy, BO-IepBBIX, B HAYaJIbHOM COCTOSIHUM HACBIIICHHBIA Map
3aHHMaeT O00BEM, MpakTHUeCKu paBHBIA V. Bo-BTOpbIX, 4TOOBI BCA BOAA
UCIIapWIIach, HYXHO OOBEM moOjA moplIHEM yBenuuuth emé Ha 2V, Takum
00pa3oM, rOPU3OHTAIILHBIA OTPE30K OMHCHIBAET 3aBUCUMOCTH p(}) Ha ydacTke OT
V() a0 3 V().

4. Ilpu V > 3V, nox NOpUIHEM YK€ HET JXKUAKOCTH, BCE MOJIEKYJbl BOJbI

»
>

0o0pa3yloT YK€ HEHACBIIIEHHBI BOJSHON Map, KOTOPBIM MOXXHO Ha H30TEpME
OMUCHIBATh 3aKOHOM boitns—Mapuotra: pV = const, T. €. p ~ 1/V. I'paduxom 31oM
3aBUCUMOCTH CIYXUT rurepOoinia. Takum oOpasom, Ha ydactke ot 3V, mo 6V
3aBUCUMOCTH p(}) nzobpaxaercst hparMeHTOM runepOoIbl.




KpI/ITepI/II/I OLICHKH BBIIIOJIHCHUA 3a1aHH

BaJsibl

[IpuBenén mnpaBunbHBIN TpaduK, BEPHO YKa3aHbl YHUCIIOBBIC JTaHHBIC
(B maHHOM ciy4yae — epagpux 3agucumocmu O0asieHus noo NopuiHem om
06véma npu nocmosaHHol memnepamype 1. 1), 1 MPEACTaBICHO TMOJTHOE
BEPHOE 00BbsSICHEHUE (B JTAHHOM ciyuae — . 2-4)
C YKa3aHMEM HaOJIOJaeMbIX SIBJICHHA W 3aKOHOB (B JAaHHOM CiIydae —
ucnapeHnue 800bl, 3A8UCUMOCTb OABIeHUsT HACBIWEHHO20 NApa MOJILKO Om
memnepamypul, 3akoH boinsi—Mapuomma 015 HeHACbIWEHH020 Napa)

3

Vka3aHbl Bce HEOOXOAMMBIE il OOBSICHEHHs SBJIEHMS M 3aKOHBI,
3aKOHOMEPHOCTH, U JAHO MPaBUIbHOE 00BICHEHUE, HO COJICPKUTCS OAUH
U3 CIEAYIOIUX HEJOCTATKOB.

B npezacraBieHHBIX 3aMUCAX COIEPKATCs JUIb 00IIKe paccyx aeHus 0e3
IIPUBSI3KU K KOHKPETHOM CUTYallMM 3aa4H.

NJIN

Paccyxnenus, nmpuBOoIAIIME K OTBETY, IPEACTABICHBI HE B IIOJHOM
00BbEME, WIIM B HUX COACPKUTCS JTIOTUYECKUNA HEJOUET

[IpencraBiensl 3amucH, COOTBETCTBYIOIIME OAHOMY U3 CIEAYIOLIUX
CJIy4acB.

VYkazanbl He Bce HEOOXOAMMBIC SIBJICHUS W (PU3MUYECKHE 3aKOHBI, J1a)Ke
€CJIM J1aH IPaBUJIbHBINA OTBET HA BONPOC 3aaHUSI.

NN

VYkazanel Bce HEOOXOAMMBIC SBJICHHS UM (U3UYECKUE 3aKOHBI, HO
B HEKOTOPBIX M3 HHUX JOIYIIeHa OMIMOKA, JTaXe €Clid JaH MPaBHIbHBIN
OTBET Ha BOIPOC 3aJIaHMUSI.

NN

VYkazaHel Bce HEOOXOIWMBIE [JIi OOBSICHEHUS SIBJICHUS W 3aKOHBI,
3aKOHOMEPHOCTH, HO MMEIONIMECS PACCYXKJICHHS, HAMpaBICHHBIE Ha
MOJIy4YE€HHE OTBETa Ha BOIMPOC 3aJ[aHuUsl, HE JIOBEJICHBI IO KOHIIA.

NJIn

VYka3zanbl Bce HEOOXOIUMBIC sl OOBSICHEHHS SIBJICHUS W 3aKOHBI,
3aKOHOMEPHOCTH, HO  HMEIOLIMECS  pPacCYXKICHHUs, IPUBOJISIINE
K BEpHOMY OTBETY, COJIEPKAT OIIHOKH

Bce ciyyam peiieHusi, KOTOpble HE COOTBETCTBYIOT BbIIICYKa3aHHBIM
KpUTEpHUSIM BBICTaBJICHHS OLICHOK B 1, 2, 3 Gamna
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Cc2

Cucrema u3 rpy3oB m WU M W CBA3BIBAIOLIEH HX JETKOU

HEpPACTSKUMOM HUTH B  HayajJbHBIH MOMEHT IOKOMTCS

B BEPTUKAJIbHOW IUIOCKOCTH, TMPOXOJSIIEH uepe3 UEHTP m
3akperiéHHoN cdepol. ['py3 m Haxomutcs B Touke A Ha

BepuinHe cdepbl  (CM. pUCYHOK). B XoJe BO3HHUKIIIETO \J_/[ M
JBIKEHUS TPY3 71 OTPBIBAETCS OT MOBEPXHOCTU CPEephl, MPOHIs

no Heit nyry 30°. Haiinure maccy M, eciin m = 100 r. Pazmepsl

rpy3a m HHUYTOKHO Majbl [0 CpPaBHEHUIO ¢ paauycoM cdepol. TpeHuem

npeHeOpeus. Crenaiite cxeMaTHYECKUN PUCYHOK C YKa3aHUEM CHUJI, IEUCTBYIOIIMX
Ha TPY3bI.

Bo3moxHoe penieHue

I. bymem cuurtaTh CHCTEMY OTCYETa, CBSI3aHHYIO
¢ 3ems€N, THEPLUUAIBHOU.

2. Ha prucyHKe noka3aH MOMEHT, KOT/la I'py3 7 €II€ CKOJIb3UT
no chepe. M3 yucna cui, AEHCTBYIOIIMX Ha TPY3bl, CHIIbI \ T,
TSDKECTU mg U Mg TNOTEHLMAIIBHBI, & CUJIbI HATSKEHUS HUTH

=

9
I, m T,, a TakkKe cwia peakuuu omnopel N — I
HenoTeHUUaNbHbL. 1I0CKOIBKY HHUTH JIErKass U TPEHHUA HET,
5|7 . > Mg
‘T1‘ :‘Tz‘ =T . Cuna 7| HanpaBjeHa 110 CKOPOCTU U; Tpy3a m,
- d
a cuna 1, — NPOTUBOIOJOXHO CKOPOCTH U, TIpy3a M.

Moaynu ckopocTeil Ipy30B B OAMH M TOT € MOMEHT BPEMEHH OJIMHAKOBBI,
IIOCKOJIBKY HUTbh HepacTskuma. Ilo aTuM npuunHam cymmapHas pabora cui 1; u

—

T, pu niepexojie B JAHHOE COCTOSIHUE W3 HA4aJIbHOIO paBHa HyJr0. PaboTa cuibl
- L >

N Takke paBHa HYJIIO, TaK KaK U3-3a OTCYTCTBHs TpeHust N L v, .

3. Takum oOpazoM, cymma paboT BCeX HEMOTEHIMATbHBIX CUJI, IEUCTBYIOIIMX Ha
rpy3sl m u M, paBHa Hymwo. [lo3TOMy B MHEpUMAIBbHOW CHCTEME OTCUETA,
CBSI3aHHOM ¢ 3eMi€ld, MeXaHW4YecKas »JHEpPrusi CHUCTEMbl JTHUX TIPY30B
COXPaHSETCH.

4. Haitném MOIynb CKOpPOCTH Tpy3a m B TOUKE €ro OTpPhIBA OT MOBEPXHOCTH
chepsnl. s 3TOr0 TpUpaBHSAEM APYT APYTY 3HAUYCHUS MEXaHUYECKON SHEPTHH
CHCTEMBI TPYy30B B HA4YaJbHOM COCTOSSHUM M B COCTOSIHMH, KOrJa Tpy3 m
HAaXOJUTCS B  TOYKE  OTpbiBa  (MOTEHIMAJIbHYIO  DHEPrUI0  TPY30B
B TI0JIE TSKECTH OTCUUTHIBAEM OT YPOBHA IIeHTpa cQepbl, B HAYaIbHOM

COCTOSIHUM I'py3 M HaxoAuTCs HUXKE LIeHTpa c(epbl Ha BETUUUHY /):
2 2

M
mgR — Mgh, :%+ngcosa 20

+Mg(—h),

rae R — paguyc TpyOsl, h — hy = R%.

2gR[m(1—cosa)+M76[}

Otcrona v =
m+M




5. I'py3 m B TO4Ke OTphIBa €UIE TBUIKETCS MO OKPYKHOCTH
paauycoM R, HO yxe He naBuT Ha cdepy. [loatomy ero
LHEHTPOCTPEMUTEIILHOE YCKOPEHUE BBI3BAHO TOJIBKO CHIION

TAKCCTH, TaK KaK CHJIA Tl HallpaBJICHA I10 KacaTeJbHOM K

chepe (CM. pUCYHOK):
2
mZ = mgcosa .
R

HOI[CTaBJ'I}IH Cr0J1a 3HA4YCHHUC U , ITIOJIYYUM Y

2 [m(l—cosa)+M%} =cosa.

<

m+M

3
m(3cosa —2) 3.2

2
=100r - —=——
Z—cosa E_ﬁ

3 2

~330r.

Otcroma M =

KpI/ITepI/II/I OLICHUBAHWA BBIIIOJTHCHHNA 3aJaHUA bannsr

[IpuBeneHO MOTHOE PEIICHUE, BKIIOYAIOIIEE CAEAYIOUIUE SJIEMEHTHI:

[) 3anmcanpl TOMOXKEHUS TEOPUHM ©  (PU3WYECKHE  3aKOHBI,
3aKOHOMEPHOCTH, NPUMEHEHUE KOTOPBIX HEOOXOIMMO Jisl pEIIeHUs
3aJla4yi BHIOpaHHBIM CIIOCOOOM (B JTaHHOM CIIy4ae — 3aKOH COXPAHEHUsl
MeXaHu4eckoul SHepeuu, dopmyna oy BeIUUUHDBL
YEHMPOCMpPeMUmMeIbHO20 YCKOPEHUSL),

II) omucanbl Bce BBOJUMBIE B pEIICHHMH OyKBEHHBIE 00O3HAYCHUS
bu3MYeCKUX BEIUYUH (3a UCKItOUeHUueM O0OO03HAYeHUNl KOHCMAHM,
ykazauuvlx 6 eapuanme KHUM, u o06o3nauenuti, ucnonv3yemvix

3

8 YCA08UU 3A0aUll);
III) mnpencraBieH CXEeMaTUYECKUH PUCYHOK C YKa3aHUEM CHIIL,
MOSICHSIFOIIUNA PEIICHUE;
IV) mpoBeneHsl HeEOOXOAMMBIE MaTEeMaTHUECKHE MPEOOpPa30BaHUS
(momyckaeTcsi BepOAJIbHOE YyKa3aHUWE Ha WX MPOBEJCHUE) U PACUETHI,
NpPUBOJSIIME K TMPAaBUIBHOMY YHCIOBOMY OTBETYy (JOIycKaeTcs
pElIEHUE «II0 YacTsAM» C TPOMEKYTOUYHBIMU BHIYUCIICHUSIMU );
V) npencraBieH MpaBWIbHBIA OTBET C YKa3aHUEM EIUHUI] WU3MEPEHUS
VICKOMOM BEJIMYMHBI
[IpaBunbHO 3amucaHbl Bce HEOOXOAMMBIE TIOJNOXKEHHS TEOPHH,
bu3nyueckue 3aKOHBI, 3aKOHOMEPHOCTH M TIPOBEJIEHBI HEOOXOANMbBIC
npeoOpazoBanusa. Ho umerorcs cneayronye HeloCTaTKu
3anucu, COOTBETCTBYIoIIME MYyHKTY Il mpencrtaBieHbl HE B MOJHOM
00BEME MU OTCYTCTBYIOT.

NN )

B pemeHnn numHue 3amucu, HE BXOJSIIME B pelIeHHE (BO3MOXKHO,
HEBEPHBIE), HE OTAEJICHBI OT PEIICHUS (HE 3a4EPKHYTHI, HE 3aKJIIOYEHBI B
CKOOKH, paMKy H T. II.).

N
B HEoOX0oaMMBIX MaTeMaTHUYECKUX MPEOOPa30BaHUAX WM BBIUUCIECHUSAX
JOMyleHbl  OmMOKM, W (WiM) 1peoOpa30BaHUs/BBIUUCICHUS  HE

10




JIOBEJICHBI 10 KOHIIA.
NJIN

OTtcyTcTBYeT MMyHKT V, WK B HEM JOMyIIIeHa omuoKa
NJIN

OTCyTCTBYET PUCYHOK, WM B HEM JIOMYIICHBI OIIUOKHU

[IpencraBieHpl 3amuch, COOTBETCTBYIOIIME OJHOMY U3 CICAYIOIINUX
CIIy4aeB.

[IpencraBieHbl TOJMBKO TOJOXKEHUSA W (DOPMYIBI, BBIpAXKAIONIHE
dbu3nYecKue 3aKOHBI, TPUMEHEHUE KOTOPHIX HEOOXOIUMO JIJIsl PEIICHHSI
3amaud, 0e3 Kakux-u0o TmpeoOpa3oBaHUN € HUX HCIOIb30BaHUEM,
HaIpaBJICHHBIX Ha PEIICHUE 3a/1a4y, ¥ OTBETA.

i
B pemienun orcyrcrByer O[AHA u3 ucxomusix ¢opmys, Heodxoaumas
VISt perieHus 3a/1ayu (unu yTBEPKJICHUE, Jexaiiee

B OCHOBE pEIIeHHs), HO MPUCYTCTBYIOT JIOTUYECKH BEpPHBIC
npeoOpa3oBaHus ¢ UMEOMUMUCA (opmyliaMu, HampaBieHHbIE Ha
pelIeHue 3a1a4u.
NJIN

B OJTHOU u3 ucxomusIx GopMyI1, HEOOGXOIUMEIX JUIS PEIICHHS 3a1aun
(UM B YTBEPXKICHHUM, JIeXKAIIEM B OCHOBE pEIIEHHUs), IOIMYyIICHA
omuOKa, HO TMPUCYTCTBYIOT JIOTMYECKH BEpHbIE MpPeoOpa3oBaHUs
¢ uUMeroIuMucsa popMysiaMu, HallpaBJICHHbIE HA PEIICHHE 3a4a4u

Bce cnyudau pelieHusi, KOTOpble HE COOTBETCTBYIOT BbIIICYKa3aHHBIM
KPUTEPUSIM BBICTABJICHHS OIICHOK B 1, 2, 3 Gaia

11
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Cc3

Tennon3oaupoBaHHbIA UWIUHIAP pPa3faeiaéH MOABUKHBIM  TEIUIONPOBOASIIUM
IIOPIIHEM Ha JBE€ 4acTU. B 0qHOM yacTh UMIIMHAPA HAXOAUTCA IeJIUii, a B IPyrom —
aprod. B HauanpHbIll MOMEHT TeMrieparypa reaust paBHa 300 K, a aprona — 900 K,
00BbEMBI, 3aHUMaeMbI€ Ta3aMH, OJJMHAKOBBI, a TOPIICHb HAXOJUTCS B PABHOBECHHU.
Bo ckonpko pa3 u3amMeHUTCS OOBEM, 3aHUMAEMBbIN TeJIHEM, MOCJIE YyCTaHOBJICHUS
TEIJIOBOTO  PaBHOBECHsA, €CJIIM TOpPIIEHh TepeMemaercs O0e3  TpeHus?
Tenno€MKOCThIO HUIMH]IPA U MOPILIHS TPEHEOPEUb.

Bo3moxxHOoe penieHue

['enuit u aprod MOKHO OMMUCHIBATH MOJIEINIBIO UAEATBHOTO OJJHOATOMHOTO ra3a, s
KOTOpOro npuMeHuMo ypaBHeHue Knaneitpona—Menaeneea pV = vRT .

[lopiieHs B HUIMHAPE HAXOAUTCS B COCTOSIHUM MEXaHMYECKOI'O PaBHOBECHS, TakK
YTO JIaBJICHHUE Ta30B B JIIOOOW MOMEHT OJIMHAKOBO. B HauagbHBII MOMEHT 00BbEMBI
ra3oB OJVMHAKOBBI U paBHbI V, 1 ypaBHeHue Knaneipona—MeHieneeBa npuBOaUT K
CBSI3M MEXJY HayaJbHbBIMU TEeMIIEpaTypaMu renus U aprosa 17 u 7, U 4ucioM
MOJIEH OTUX Ta30B Vi U Vy: Vi1 =V,T,.

[locne ycTaHOBIEHUS TEIJIOBOIO PABHOBECUS TEMIlEpaTrypa Ta3oB paBHa 1, a
00BEMBI Tenusi U aproHa U3MEHWJIUCh U CTaJld paBHBI V| U V, COOTBETCTBEHHO.
VYpasuenus Kianeripona—MenaeneeBa B 3TOT MOMEHT NPUBOJAT K COOTHOLLICHUIO

Vi, v . .
L=l [TockonbKy CyMMapHbIi O0BEM IIWIMHIApPA OCTAJCSd HEU3MEHHBIM:

o v,
Vi 2 v, T,
Vi+V, =2V, momydaem, 4T0 —=——— VYuuThIBag, 4T0 —2=—1, HoJy4uMm
142 vi I
Vi
Vi T 3
L=2—-2 =215,
v T+1, 2
Kputepuu oLleHKY BBIIOJHEHUS 3a0aHUs Babl
[TpuBeneHO MONMHOE PEeUICHNE, BKIIOYAOILIEE CIEAYIOUE IIEMEHTBI: 3
I) 3aIlMCaHbl MOJI0KEHUS TEOPUU U (PU3NUECKUE 3aKOHBI,

3aKOHOMEPHOCTH, IPUMEHEHHE KOTOPBIX HEOOXOAUMO IS
pelIeHHs 33a7]a41 BBIOpaHHBIM CIIOCOOOM (B JAHHOM CITydae —
ypaeuenue Knaneiipona—Menoeneesa, yciosue pagnogecus
HOPWIHSL),

II)  omnwucanbl Bce BBOJAUMBIE B PEIIEHUH OyKBEHHbIE 0003HAUECHHUS
(bU3HYECKUX BEIIUYUH (3a UCKTIOUEHUEM, B03MONCHO,
0003Ha4eHUll KOHCmaHm, yKkasanuwolx 6 sapuarnme KHUM, u
0003HaYeHUl, UCNOIb3YEMBIX 8 YCI08UU 3a0aUll);

[II) mpoBeneHbl HEOOXOAUMbIE MATEMATUYECKUE MTPEOOPA3OBAHMUS
(momyckaetcsi BepOasibHOE yKa3aHUE Ha UX MIPOBEICHNE) U
pacy€Thl, NPUBOASAIINE K MPABUIBHOMY YHCIOBOMY OTBETY
(morycKaeTcsi pelIeHue «I10 YacTsIM» C IPOMEKYTOUHBIMU
BBIYUCIICHUSIMH ),

IV) nmnpencraBieH NpaBUIIbHBIA OTBET
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[IpaBuiabHO 3amMcaHbl BCE HEOOXOAMMBIE TIOJNOXKEHHUS  TEOpPUH,
¢dbu3nueckrue 3aKOHbI, 3aKOHOMEPHOCTH M TMPOBEIEHbI HEOOXOJHUMBbIE
npeobpazoBanus. Ho umerorcs crienyromme HeA0CTaTKy.
3anucu, COOTBETCTBYIOIME OJHOMY min oboum mynkram: I u I, —
IPEJCTaBJICHbI HE B IIOJIHOM 00bEME UM OTCYTCTBYIOT.

NN
[Tpu ITOJIHOM npaBuUiibHOM pELIEHUM JIMIIHUE 3aMMCH, HE BXOSIINE B
peuieHue (BO3MOXHO, HEBEPHBIC), HE OTACJICHBI OT pelieHus (He
3a4€PKHYTHI, HE 3aKJIFOYEHBI B CKOOKH, PaMKY U T. II.).

N
[Ipu TIOJIHOM pemieHun B HEOOXOJHMMBIX  MAaTeMaTHYECKUX
npeoOpa3oBaHUSIX WM BBIUMCICHUSX JOMYIICHBI OIIMOKU, U (WJIH)
npeoOpa30BaHus/BbIUMCICHUS HE JOBEICHBI A0 KOHIIA.

NN
[Tpu ITOJTHOM pemiernn oTcyTCTBYET MyHKT IV, unu B HEM JlomyliieHa
omuoKa

[IpencraBiieHbl 3alMCH, COOTBETCTBYIOIIME OJAHOMY U3 CIEAYIOLIUX
CIIy4aes.

[IpencraBieHbl TOJIBKO TOJOXKEHHS W (OPMYJIbI, BBIPAKAIOIIME
¢uznyeckue 3aKOHBI, MPUMEHEHHE KOTOPBIX HEOOXOAUMO JUIS PEIICHUS
3amaud, 0e3 Kakux-1nubo mpeoOpa3oBaHUN C HX MCIOJIH30BAHUEM,
HaIIPaBJICHHBIX HA PELICHUE 3a/1a4U, U OTBETA.

NJIn

B pemenun orcyrctsyer OJJHA u3 ucxomssix ¢opmys, HeoOXxoaumas
JUI pellieHus 3aaun (WIK yTBEPXKACHUE, JIeXkKAlllee B OCHOBE PELIEHUs),

HO NPUCYTCTBYIOT JIOTUYECKU BEpHBIC npeoOpa3zoBaHus
¢ UMeromuMucs (popmyiiaMu, HarpaBJeHHbIE HA PEIICHHUE 3aJa4H.
N

B OJIHOM 13 mcxomHsIx dbopmy, HEOOXOMUMBIX ISl PEIICHUS 3aJa4u
(W B YTBEPIKJCHUH, JISKAIIEM B OCHOBE pPEIICHUs ), AOIMYyIIeHa OmunoKa,
HO TIPUCYTCTBYIOT JIOTHYECKH BEPHBIC MPEOOPA30BAHUS C UMEIOIIUMHUCS
dbopmMmyamMu, HapaBJICHHBIE HA PEIIEHUE 3a/1a41

Bce cnywyam pernieHusi, KOTOpble HE COOTBETCTBYIOT BBIIIEYyKa3aHHBIM
KPUTEPHSIM BBICTaBJICHUS OIICHOK B 1, 2, 3 6aia
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C4

BonbramnepHbie XapakTepUCTUKU ra3oBbIX Jamil JI1,

JI2 u JI3 mpu g0CcTaTo4HO OOJNBIIUX TOKAX XOPOIIO JI2
ONKMCBHIBAIOTCA  KBAJAPAaTUYHBIMU  3aBUCHUMOCTSIMH JI1

U = oc12, U, = 3a12, U; = 6a12, e O — HEKOoTopas

M3BECTHasd pa3MepHasi KoHcTaHTta. Jlammer JI2 u JI3

COEAMHWIM  TMapaienbHo, a Jamny JI1  — 13
MOCIIEIOBAaTEIbHO C¢  HUMH  (CM.  PHUCYHOK).

OnpenenuTe 3aBUCUMOCTb HANPSHKEHUST OT CHIIBI TOKA, TEKYILEro 4epe3 Takou
Y4aCTOK LENH, €CJIH TOKH YEepe3 JIaMIIbl TAaKOBBI, YTO BBIIIOJHAKOTCS
BBIIIICYKA3aHHbIC KBAJAPATUYHBIEC 3aBUCUMOCTH.

Bo3MoxHoe pemenue

[IycTh Ha KOHIIaX y4yacTKa 1enu Hanpspkenue U, a

CHJIa TOKA Yepe3 y4acTok /. 2 L 71
1. HanpspbkeHue Ha KOHIIaxX LEenH U3 A
MOCJIEI0BATEILHO COCTMHEHHBIX YYACTKOB PABHO «—
CyMME HaIpsHKEHUM HA y4acTKax: «— ]
U= U, + Uy= o+ 3aly’. B L
2. Jlns mapanienbHO coeMHeHHbIX Jami JI2 u JI3
umeem U, = U;, [ =1, + [, unu 30L]22= 6(1123, OTKyHa /5 = 1—2 u
V2
=1, +I—2 ~1,711,, I, zi
J2 1,71
3. Torma uz n. 1 u 2 nonyuum
2

U= ol + 3ocl—zz al> + 1,020 220l

(1,71)

Kputepnn olieHMBaHMs BBITIOJIHEHUS 3aJaHUS bauel
[IpuBeneHo MOTHOE PEIICHUE, BKIIOYAIOIIEE CAEAYIOUIUE S3JIEMEHTHI: 3

[) 3anmcanHbl NOJOXKEHUS TEOPUH U (HU3HUUECKHUE 3aKOHBI,
3aKOHOMEPHOCTH, IPUMEHEHHE KOTOPBIX HEOOXOANMO ISt
pelIeHus 3a7ja4k BbIOpaHHBIM CIIOCOOOM (B JAHHOM Cllydae —
Gdopmynvl 0151 pacuéma moKo8 U HanpsHceHUll 8 yensax
NOCMOAHHO20 MOKA),

II) omnwucanbl Bce BBOJMMBIE B PEIIEHUH OyKBEHHbIE 0003HAUCHHUS
(bU3UYECKUX BEIMYUMH (3@ UCKTIOUeHUeM 0003HAYEHU KOHCMAHM,
yrazanHwvlx 8 eapuarnme KUM, u 0603nauenutl, ucnonv3yemuix
8 YCI08UU 3a0aUll);

III) mpoBeneHb HEOOXOIMMBIE MaTEMaTHUYECKHE TTPeoOpa3oBaHus
(momyckaetcsi BepOaibHOE yKa3aHUE Ha UX MIPOBEJICHHE) U
pacy€Thl, MPUBOJIAIIME K TPABUILHOMY OTBETY (JIOIyCKaeTCs
PEIICHHE «IT0 YaCTAM» C TPOMEKYTOUYHBIMH BBIUACIICHUSMH);

IV) mnpencrapiieH NpaBUIbHBIA OTBET

HpaBI/IHBHO 3aIlIMCaHbl  BCC HCO6XOI[I/IMBIC IMOJIOKCHHA  TCOpPHUMH, 2
(1)I/IBI/I‘I€CKI/IC 3dKOHbI, 3aKOHOMCPHOCTH M IIPOBCACHLI HCO6XOI[I/IMBI€
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npeoOpazoBanusa. Ho umerorcs cneayronye HeloCTaTKu
3anucu, COOTBETCTBYIOIME OAHOMY Wiau obouM myHktam: II u III, —
IPEJICTaBJICHbI HE B IIOJIHOM 00bEME UM OTCYTCTBYIOT.

NJIn
[Tpu IIOJIHOM npaBUiIbHOM PELICHUM JUIIHUE 3alHCH, HE BXOJAIINE
B peuieHrue (BO3MOKHO, HEBEpHBIE), HE OTIEJEHBI OT pelieHus (He
3a4€PKHYTHI, HE 3aKJIFOYEHBI B CKOOKH, PaMKY U T. IL.).

nJIn
I[Ipu IIOJIHOM pewmeHnrn B  HEOOXOAUMBIX  MaTE€MaTUYECKHX
npeoOpa3oBaHUSIX WM BBIYUCICHUSX JOMYIICHBI OIIMOKU, U (WIIH)
npeoOpa30BaHus/BbIUMCIEHUS HE JOBEICHBI A0 KOHIIA.

NJIn
[Tpu ITOJIHOM peniernu oTCyTCTBYET NyHKT [V, nnu B HEM AomylieHa
omuoKa

[IpencraBieHbl 3amuCH, COOTBETCTBYIOIIME OJHOMY W3 CIEIYIOLIUX
CIIy4aes.
[IpencraBiaeHbl TONBKO TOJOXKEHUS UM (OpPMyJbl, BbIpa)Kkarolue
¢uznyeckue 3aKOHbI, IPUMEHEHNE KOTOPBIX HEOOXOAUMO ISl PELICHUS
3amaun, 0e3 Kakux-Tn0o mpeoOpa3oBaHWii C WX WCIOIH30BAHUEM,
HaIlpaBJIEHHBIX HA PELICHUE 3a/1a4y, U OTBETA.

nim
B pemwennn orcyrctByer OJJHA u3 ucxonueix ¢opmys, HeoOxoaumas
JUTSL pellieHus 3aa4uu (WM YTBEPKIEHUE, JIeKalllee B OCHOBE PEILICHHUS ),
HO MPUCYTCTBYIOT JIOTHYECKH BEPHBIE MPEOOPa30BaHUs C UMEIOIIMMUCS
dbopmMyamu, HapaBJICHHbIE HA PEIlICHUE 3a/1auu.

niim
B OJTHOM 13 ucxomubIx (HopMyI1, HeOOXOMMMBIX ISl PELICHUs 3a1a4H
(W B YTBEpXKICHUM, JIEXKalleM B OCHOBE pEUIeHMs), JOIyLIeHa
omuOKa, HO TPHUCYTCTBYIOT JIOTHYECKH BEPHBIE MPeoOpa3oBaHUs
¢ UMerIUMHUcs GopMyIaMH, HallpaBJIEHHbIE HA pEeUICHHE 3a/1a4H

Bce ciywyam perieHus, KOTOpble HE COOTBETCTBYIOT BBIIICYKAa3aHHBIM
KpUTEPUSIM BBICTaBJIEHUs OLICHOK B 1, 2, 3 Oasia.
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C5

ITo II-o0pasHOMy NpPOBOIHHMKY acdb TIOCTOSHHOTO Y 4

CEUYEHHUS CKOJIB3UT CO CKOPOCTBIO ©» MeEJHAas MepeMbIuKa a

ab nvHOM [ M3 TOTO XK€ MaTepHuasia U TaKOTO K€ CCUCHMUSI. n
[IpoBogHUKH, obpazyrornue KOHTYD, TTOMEIICHBI —>
B TIOCTOSSHHOE OJIHOPOJHOE MArHHUTHOE TI0JIE, BEKTOP

MHAYKUME ~ KOTOPOrO — HANpABICH  MEPHCHIUKYISPHO (g va
IUIOCKOCTA ~ NPOBOAHUKOB  (cM. pucyHok). Kakosa
WHIYKIUS MAarHATHOTO TOJS B, €cli B TOT MOMEHT, Korja ab = ac, pa3HOCTh
MOTCHIIMAIIOB MEXIy TouykamMu a W b paBHa U? CONpOTHBICHHE MEXIY
MPOBOJHUKAMHM B TOYKaX KOHTaKTa MPEHEOPEKUMO Majio, a CONPOTUBIICHUE
IIPOBOJIOB BEJTUKO.

D X

Bo3moxHoe PCUICHUC

[Ipu nBUKEHNM NIEPEMBIUKHU B HeWl Bo3HUKaeT DJ[C

At
B
3aKoH Oma ISt 3aMKHYTOM Lenu abcd: =% = Blv ,
4R 4R

rae R — conporuBienue nepeMbruku ab. CnenoBarensHo, U =¢ — 'R ZZBZU.

Otsert: B = 4—U
3lv
Kpurepuu olieHMBaHuUs BBIIOJHEHHUS 3aJaHUS bayel
ITpuBeneHO MONMHOE peNIeHNE, BKIIIOYAIOLIEE CAEAYIOIUE IIEMEHTBI: 3
I) 3amucaHbl  MOJOKEHHUS TEOpud M (PU3UUYECKUE  3aKOHHBI,

3aKOHOMEPHOCTH, HNPUMEHEHHE KOTOPBIX HEOOXOIWMO HJsl pPEelIeHUs
3a71a4i BBIOpaHHBIM CcIOcOOOM (B JaHHOM ciiydae — 3akox Dapaoes,
Gdopmyna 0na nomoka MacHUMHOU UHOYKyuu, 3axkon Oma 0na
3AMKHYMOU Yenu);

II) omnmcaHbl Bce BBOAUMBIE B pPELICHUU OYKBEHHbIE O00O3HAYEHUS
bu3NUeCKuX BEIWYUH (3@ UCKIIOUEHUEeM, BO3MOINCHO, O0OO03HAYEHUL
KOHCmaHum, yKazawuvlx 6 eapuauwme KHUM, u o06o3nauenuil,
UCNONL3YEMbIX 8 YCA0BUU 3A0aAUU);

[II) mpoBeneHsl HEOOXOAMMBIE MaTEeMaTHUYECKHE MpeoOpa3oBaHUs
(momyckaercss BepOanpHOE yKa3aHHME Ha WX TMPOBENEHUE) M PacuEThl,
NPUBOJSIINE K MPABWIBHOMY OTBETY (JIOMyCKaeTcs pelIeHHE «IIo
Y4acTsAM» C MPOMEKYTOTHBIMU BBIYUCIICHHUSIMH );

IV) npencraBieH NpaBUIIbHBIA OTBET

[TpaBuibHO 3amMcaHbl BCE HEOOXOAMMBIE TIOJIOKEHHS TEOpUH, 2
(u3nyecKue 3aKOHbBI, 3aKOHOMEPHOCTH M IPOBEJECHBI HEOOXOINMBIE
npeobpazoBanus. Ho umerorcs cienyromnyie HeJJOCTaTKU
3anucu, COOTBETCTBYIOIIME OAHOMY uiu oboum myHkTam: Il u III, —
IPEJICTaBJICHBI HE B IIOJIHOM 00bEME UM OTCYTCTBYIOT.

N
ITpu I[IOJIHOM npaBWJIbHOM pENIEHUM JMIIHHE 3alMCH, HE BXOJISIINE
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B pelieHue (BO3MOXKHO, HEBEpHBIE), HE OTJIEIECHBl OT peuleHus (He
3au€pKHYThI, HE 3aKJIFOUEHBI B CKOOKH, paMKy H T. I1.).

N
[Ipu TIOJIHOM pemienun B  HEOOXOAUMBIX  MaTEMaTUYECKHUX
npeoOpa3oBaHUAX WM BBIYMCICHUSAX JAOMYIIEHbl OMIMOKH, U (WIN)
peoOpa30BaHus/BEIYUCICHUS HE TIOBEACHBI 10 KOHIIA.

N
[Tpu [IOJTHOM pemenun otcyTcTBYeT NyHKT 1V, ninu B HEM onyiieHa
omunoOKa

IIpencraBieHsl 3aIIUCH, COOTBETCTBYIOLIUE OJHOMY U3 CIEAYIOLINX
CIIy4aes.
[TpencraBieHbl TONBKO TMOJOXKEHUS M (OPMYJbl, BbIpa)Kkarolue
(u3nyeckue 3aKOHbl, IPUMEHEHNE KOTOPBIX HEOOXOAUMO JJIsl PELICHMS
3ajaun, Oe3 Kakux-Iubo mpeoOpa3oBaHUM C HMX HCIOJIB30BAHHUEM,
HaIIpaBJICHHBIX HA PELICHUE 3a/1a4U, U OTBETA.

NJIN
B pemenun orcyrcrByer OJIHA u3 ucxomHsix dhopmyl, HeoOXoaumas
JUISL pEeLIeHUs 3a1a4i (WM YTBEPKICHUE, JIEXKAILEe B OCHOBE PEIICHHUS),
HO MPUCYTCTBYIOT JIOTHYECKH BEPHBIE MPEOOPa30BaHUs C UMEIOIIMMUCS
dbopMynamMu, HanpaBJICHHbIE HA PEIICHUE 3aa4H.

NJIn
B OJTHOM u3 McXoaHBIX dopMy, HEOOXOAUMBIX JJIs PEIICHUS 3aa4n
(M B YTBEpXKICHUH, JIEXKAallleM B OCHOBE pEIICHMs), AOIylleHa
omuOKa, HO NPHUCYTCTBYIOT JIOTMYECKHM BEpPHbIE MPeoOpa3oBaHUs
C UMEIIUMHUCS (HOpMYyJIaMH, HAIPaBJIECHHBIE HA PELUICHHUE 3a/1a4H

Bce cimydaun penieHusi, KOTOpble HE COOTBETCTBYIOT BbIIICYKA3aHHBIM
KPUTEPHSIM BBICTaBJIEHUS OIICHOK B 1, 2, 3 6ana
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[TaniueHTy BBEJM BHYTPUBEHHO J103y PAacTBOpPA, COJEPKAILIEro H30TOI 21‘{ Na.
AxTHBHOCTH 1 cM’ 3TOro pactBopa ao=2000 pacmagoB B cexymay. Ilepuox
MoJypacrajia u30Tona 21‘{ Na paBen 7=15,3 4. Uepe3 1 =3 u 50 MUH aKTUBHOCTH

3 o
I cm™ kpoBu mnanuenra crana a = 0,28 pacnagoB B cekyHAy. KakoB o00BEM

BBEJIEHHOI'O PacTBOPa, €CIM 00mMil 00bEM KpoBH manueHTa V' = 6 n1? Ilepexonom

SIep U30TOIA 21‘{ Na 13 KpoBH B ApyTrHe TKaHU OpraHu3Ma peHeOpeyb.

Bo3MmoxHOe penienue

AKTHUBHOCTB BCEro 00b€Ma KpOBH IMAIMEHTA 10 TPOIIECTBUY BPEMEHU ¢ paBHA
t

a(ty=ag2 T.
Vo
AKTHUBHOCTH 00Opasiia KpOBM B MOMEHT BpeMeHH ¢: a = a(t) 7k

t

DT
Otcroma Vo=V a2
dy
Otser: Vo~ 1 oM’
Kpurtepun o1ieHKU BBIIOJTHEHUS 3a/IaHUS basbl
[IpuBeneHo MOJHOE PEIICHNUE, BKIIOYAIOIIEE CASTYIOUINE SJIEMEHTHI: 3
I) 3ammcaHBl TOJTOXKEHUS TEOPHH M (DU3UICCKHE 3aKOHBI,
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3aKOHOMEPHOCTH, IPUMEHEHHE KOTOPBIX HEOOXO0AUMO /ISt
pelIeHMs 3a7]a41 BBIOpaHHBIM CIIOCOOOM (B JAHHOM CITy4dae — 3aKOH
PaouoaKxmueHo2o pacnaoa u pacuém akmueHoOCmu npoovl);

II) omnwucaHbl Bce BBOJUMBIE B PEIIEHUH OyKBEHHbIE 0003HAUYECHHUS
(bu3nYeCKUX BEIMYMH (3a UCKIIOUeHUeM 0003HaAYeHULl KOHCIAHM,
yKasanuvix 6 eapuanme KUM, u obo3nauenuu, ucnonv3yemvix 6
VCa08uu 3a0aqil);

[II) npoBeneHbl HEOOXOIMMbIE MaTEMAaTHYECKHE TPEOOpa30BaHUs
(momyckaercsi BepOabHOE yKa3aHUE Ha UX MPOBEICHHE) U PACUETHI,
MPUBOISIINE K MPABUIBHOMY YHCIOBOMY OTBETY (JIOIMycKaeTcs
pellIeHUe «I10 YacCTsAM» C IPOMEKYTOUHBIMHU BBIYUCIICHUSMN );

IV) mpexncraBneH npaBUIbHBIA OTBET C YKa3aHUEM €IUHUI] U3MEPECHHUS
VICKOMOW BEJIUYUHBI

[IpaBunbHO  3amucaHbl BCE  HEOOXOAMMBIE TOJIOKEHUS  TEOPHH,
(Gu3MUecKrue 3aKOHBI, 3aKOHOMEPHOCTH M TIPOBEJIECHBI HEOOXOANMbIE
npeoOpazoBanua. Ho umerorcs cineyromnye HeI0CTaTKU.
3anucy, COOTBETCTBYIOIIKUE OAHOMY Wiau obouM myHkTam: II u III, —
IIPE/ICTABIIEHBI HE B TIOJJHOM O0BEME UIIH OTCYTCTBYIOT.

NI
[Tpu ITOJIHOM nipaBUIBbHOM PELICHNH JTUIIHUE 3aIIMCH, HE BXOSIINE B
pelieHre (BO3MOXXKHO, HEBEpHbBIE), HE OTIEIEHbl OT peleHus (He
3a4€PKHYTHI, HE 3aKJIFOYEHBI B CKOOKH, paMKY U T. IL.).

NI
[Ipu TIIOJIHOM pemenun B  HEOOXOAMMBIX  MaTeMaTHYECKUX
npeoOpa3oBaHUSIX WM BBIYUCICHUSX JOMYIIEHBl OIIUOKH, | (UIIH)
npeoOpa30BaHus/BEIYUCICHUS HE TOBEACHBI 10 KOHIIA.

NI
[Tpu [IOJIHOM penienun oTCyTCTBYET MyHKT [V, mnu B HEM AomylieHa
omuoKa

[IpencraBienbl 3amucH, COOTBETCTBYIOIIME OAHOMY W3 CIEAYIOIIHUX
CJIy4aes.

[IpencraBieHbl TOJBKO TMOJOXKEHUS UM (POPMYJbl, BbIpa)karoliue
dbu3nUecKre 3aKOHBI, MPUMEHEHHE KOTOPBIX HEOOXOIUMO ISl PEIICHUS
3amaun, 0e3 Kakux-mubo TmpeoOpa3oBaHUM C HUX HCIOJb30BAHUEM,
HaIlpaBJICHHBIX HA PEIICHUE 3a/1a4l, U OTBETA.

NJIn

B pemenun orcyrcrByer OAHA u3 ucxomnsix dhopmys, HEOOXoaumas
JUISL pellieHus 3a/1aun (WM YTBEPKICHHE, JIekKaIee B OCHOBE PEIICHMUS),

HO IIPUCYTCTBYIOT JIOTUYECKHU BEPHBIE npeoOpa3zoBaHus
¢ uMerImMMucs GopMmyJsiaMH, HapaBJICHHbIE HA PEIICHUE 3a/1a4U.
nJIn

B OJTHOM u3 MCXOIHBIX (dbopMy, HEOOXOIUMBIX Jisl PEHICHUS 3a/lauu
(U B YTBEPXK/ICHUH, JIEXKAIIEM B OCHOBE pElIeHMs]), JOIyIlIEeHa OInoKa,
HO NPHUCYTCTBYIOT JIOTHUECKH BEpPHBIE MPEOOPa30BaHUs ¢ UMEIOUIUMUCS
dopMysiaMu, HalpaBJIeHHbIE HA PEIICHUE 3a]]auu

Bce cimywam pemeHus, KOTOpbIE HE COOTBETCTBYIOT BBIIICYKAa3aHHBIM
KpUTEPUSIM BBICTaBJIEHUS OLICHOK B 1, 2, 3 Oaiia
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C1

PA3JEJI 2

Ha pucyHke mnpuBeneHa »dJEKTpUYECKas IIElb,
COCTOAIIAs U3 TaJIbBAHMYECKOTO 3JIEMEHTA, PEOCcTara,
TpaHncpopmaropa, amMmepmMerpa U  BOJBTMETpA.
B HayanbpHBII MOMEHT BpPEMEHM MOJI3YHOK peocTara
YCTAHOBJICH B KpailHee BepxHee TOJIOKEHUE U
HeMmoABIWKEH. Omnupasch Ha 3aKOHBI  DJIEKTPO-
TUHAMHUKHA, OOBSICHUTE, Kak OyAyT U3MEHSThCSA
MOKa3aHus MpUOOPOB B IIpoliecce MepeMenieHus
noidyHka peocrara BHU3. JJ[C caMoumHAyKIUU
npeHeOpeyb MO CPaBHEHUIO C & .

E ¢

Bo3mokHoe penieHue

1. Bo BpeMms nepemenieHus BH)KKA peocTaTa MOKa3aHUs aMIepMeTpa OyIyT

yBEJIMYUBATHECS, a BOJBTMETP OYyJET pPErucTpUpOBaTh HaNpsDKEHUE Ha
KOHIIaX BTOpUYHON 0O0MOTKU. I[Ipumeuanue. Jlg moJHOro OTBeTa HE
Tpedyercs 00BSCHEHHUS ITOKA3aHUU puoOpOB
B KpaitHeM HIbkHeM TosioxkeHnd. (Korma IBMXOK MPUIET B KpaiiHee HUKHEE
MOJIOKEHUE U €ro JIBI)KEHUE MPEKPATUTCS, aMIepMeTp OyAeT MOoKa3bIBaTh
IIOCTOSIHHYIO CUJIYy TOKAa B LIEINH, a HANIPSHKEHUE, U3MEPSIEMOE BOJIBTMETPOM,
OKa)KeTCs paBHBIM HYJIIO.)

[Ipu nepemenieHnn MOJI3yHKAa BHU3 COIPOTHUBIICHUE 1IN YMEHBIIAETCS, a
CUJla TOKa YBEJIMYUBAETCS B COOTBETCTBUM C 3akOHOM Oma ISl MOJIHOM

&
eru [ =
Het R+r

, TJIe R — CONPOTHBIIEHNE BHEIIHEN LIETIH.

N3meHeHue TOKa, TEKyIIEro Mo MEepBUYHOM OOMOTKE TpaHcopMmaropa,
BBI3bIBACT M3MEHEHHE HMHAYKIIMM MArHUTHOTO TOJS, CO3JaBa€MOro 3TOMU
OOMOTKOW. DTO TNPUBOIUT K HW3MEHEHUIO MAarHUTHOTO TIOTOKAa dYepe3
BTOPUUYHYIO 0OMOTKY TpaHchopmaropa.

B cootBercTBUM ¢ 3akoHOM MHAYKUMU Papanes BozHukaeT I/1C nuHaykuumn

E win = _AD BO BTOPUYHON 0OMOTKE, a clie/IoBaTelIbHO, HanpsbkeHue U Ha
bl At 9 9

e€ KOHL[aX, PETUCTPUPYEMOE BOIBTMETPOM.
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KpI/ITepI/II/I OLICHKH BBLIITOJIHCHUA 3a1aHH

bansr

[IpuBeneHO MOMHOE MPAaBUIBHOE PEIICHHE, BKIIOYAIOIIEE ITPABUIBHBIN
OTBET (B MJAHHOM CJIy4yae — U3BMEHEHUs HNOKA3aHuu npubopos npu
nepemewjeHuu 08uddcKka peocmama, 1. 1) U MoJHOE BepHOE 00BsICHEHUE (B
JaHHOM ciiydae — 1. 2-4) ¢ ykKa3aHueM HaOJI0JaeMbIX SBJICHUU W
3aKOHOB (B JAHHOM CIIy4ae — J1eKMPOMASHUMHASL UHOYKYUs, 3AKOH
unoyxkyuu Papades, 3axkon Oma 015 NOJIHOU Yenu)

VYkazaHbl Bce HEOOXOAMMBIE Ui OOBSICHEHHS SBJICHHMS M 3aKOHBI,
3aKOHOMEPHOCTH, U JAHO MPaBUILHOE 00BICHEHUE, HO COJIEPKUTCS OAUH
U3 CIIEAYIOIIMX HETOCTAaTKOB.
B npencraBieHHBIX 3alUCAX COAECPKATCS UL O0IIME pacCyXIeHUs 0e3
MIPUBSI3KU K KOHKPETHOW CUTYallNH 3aJa4U.

NJIN
Paccyxnenus, npusonsiiue K OTBETY, INPEACTABICHBI HE B IIOJIHOM
00BbEME, WM B HUX COACPKUTCS JTIOTUUECKUN HEJOUET

IIpencraBiensl 3amycH, COOTBETCTBYIOIIME OAHOMY U3 CIEAYIOUIUX
CIIy4aeB.
VYka3zaHbl HE Bce HEOOXOAMMBIC SBJICHUS U (PU3HUUYCCKHUE 3aKOHBI, JTaKe
€CJIM J1aH MPAaBWIbHBIN OTBET HA BOIIPOC 3aIaHUS.

NJIN
VYkazaHel BCe€ HEOOXOAWMBIC SBJICHHS UM (U3UYECKUE 3aKOHBI, HO
B HEKOTOPBIX M3 HHUX JOIMYIIeHAa ONIMOKA, a)ke €CIM JaH MPaBWIbHBIN
OTBET Ha BOIPOC 3aJaHUs.

NJIN
Vka3zaHpl Bce HEOOXOIMMEBIE I OOBSCHECHUS SBJICHHUS W 3aKOHBHI,
3aKOHOMEPHOCTH, HO MMEIOLIMUECS PACCYXICHUS, HAINpaBJICHHBIC Ha
MOJTy4€HUE OTBETA HA BOMPOC 3a/1aHus, HE IOBEJCHBI JJO KOHIIA.

NJIN
Vka3zaHpl Bce HEOOXOIMMBIE I OOBSCHEHUS SBJICHHUS M 3aKOHBI,
3aKOHOMEPHOCTH, HO  HMEIONIMECS  PacCyXICHHs, IPUBOMISAIINE
K BEpHOMY OTBETY, COAEPKaT OMHUOKH

Bce cimydau penieHusi, KOTOpble HE COOTBETCTBYIOT BhIIIEYKa3aHHBIM
KpUTEpHUSIM BBICTaBJIEHMS OLICHOK B 1, 2, 3 Oamia
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C2

KakoBo cpenHee naBiieHHME MOPOXOBBIX I'a30B B CTBOJIE OPYJIHs, €CIU CKOPOCTh
BBUIETEBIIIETO W3 Hero cHapsaa 1,5 km/c? JlnmHa ctBona 3 M, ero quametp 45 mwm,
Mmacca cHapsiaa 2 xr. (Tpenue npereOpexumMo Mao. )

Bo3MoxHoe pemenue

Kunernueckas OHCPI'viA BBUJICTCBIICIO CHApPs/Ia:

2
mv

W=—" (1)
r7ie m — Macca CHapsa, v — ero CKOPOCTb.
Cuna naBieHHs TOPOXOBBIX Ia30B:
F=pS, (2)
)
TZie p — CpeIHee JaBJICHUE TTOPOXOBBIX Ta30B, S = el TUTOIIA/lh TIOTIEPEIHOTO

CCUCHUs CTBOJIA, d — TUaAMETP CTBOJIA.
PaboTa cuiibl naBiieHHs MTOPOXOBBIX Ta30B:

A=Fl, (3)
rae / — nqirHa cTBOJIA.
CHapsim mpuoOpEN KMHETHYECKYIO JHEPrui0 3a CYET paboThl CWIIBI JABICHUS
MTOPOXOBBIX TA30B:

W=A. (4)
O6beaunsia cootHomenus (1) — (4), nonyuaem
p= 2mu?
md*l
Otsert: p = 4,7-10° INa.
Kpurepun onieHMBaHMs BBITIOJIHEHUS 3a1aHUS babr
[TpuBeeHO MOTHOE PElIeHHE, BKIIOYAIOIIEE CIEIYIOIIUE DIEMEHTHI: 3

[) 3amucaHbpl TMONOXKEHHWS TEOPUU U (PUINYECKUE  3aKOHHI,
3aKOHOMEPHOCTH, NPUMEHEHHE KOTOPBIX HEOOXOAMMO ISl PelICHHS
3alayu  BBIOpAHHBIM CIOCOOOM (B JaHHOM clly4ae — meopema 06
UBMEHeHUU KUHemu4eckol JHepauu, Gopmynvl 01 KUHEMU4ecKoll
9Hepeuu mead, Cuibl 0asleHUs: 2a3a U pabomsl CUbl),

II) omucanbl Bce BBOJUMBIE B pEIICHHH OYKBEHHBIE 00O3HAYCHUS
bu3ndecKkuX BEMUYHH (3a UCKIIOUeHUueM O0003Ha4eHull KOHCMAaHM,
yKazauuvlx 6 eapuanme KHM, u o06o3naueHutll, UCnOIb3YeMblX
8 YCI08UU 3a0aUl);

[II) mnpoBeneHsl HEOOXOAMMBIE MaTeMaTHYECKHME MPeoOpa3oBaHUs
(momyckaeTcsi BepOAJIbHOE YyKa3aHWE Ha WX MPOBEJCHUE) U PACUETHI,
NPUBOMASIIAEC K TPABHIBHOMY YHCIIOBOMY OTBETy (JOIycKaeTcs
pEIICHHE «II0 YaCTsAM» C MPOMEKYTOYHBIMHU BBIYUCIICHUSMU );

IV) npencraBieH NMpaBWIBHBIM OTBET C YKa3aHHEM C€IMHHII U3MEPCHUSI
VCKOMOU BEJIMYUHBI
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[IpaBuJIbHO 3amucaHbl BCE HEOOXOJMMBIC TOJIOKEHHUS TEOPHH,
bu3uYeCKre 3aKOHBI, 3aKOHOMEPHOCTH M IIPOBEJCHBI HEOOXOJMMBIC
npeodbpazoBanus. Ho uMmerorcs ciienyromue He10CTaTK!

3amucu, COOTBETCTBYIOIIME MyHKTY II, mpenctaBieHbl HE B TOJIHOM
00BEME MU OTCYTCTBYIOT.

i
B pemenun numiHue 3amucH, HE BXOMSIIME B pelIeHHE (BO3MOXKHO,
HEBEPHBIE), HE OTAETEHBI OT peuieHus (He 3a4€pKHYTHI, HE 3aKIIIOUCHBI B
CKOOKH, paMKy H T.II.).

NI
B HE0OX0MMMBIX MaTeMaTHUYECKUX MPEOOPA30BAHUAX WM BBIUACICHUSIX
JTOMYIICHBl  OMMOKKM, W (WJKM) TPeoOpa3oBaHUS/BHIYUCICHUS  HE
JIOBEICHBI IO KOHIIA.

nim
OtcyrtcrByet yHKT [V, i B HéM onyniieHa omuoKa

[IpencraBienbl 3amucH, COOTBETCTBYIOIIME OJHOMY U3 CIEAYIOIIUX
CIIy4aeB.

[IpencraBieHpl TOJMBKO TONOXKEHUS U (DOPMYIBI, BBIpAKAIONINE
¢dbu3uYecKue 3aKOHBI, TPUMEHEHUE KOTOPHIX HEOOXOIUMO IS PEIICHHS
3amaud, 0e3 Kakux-Tu0o mpeoOpa3oBaHUN € HUX HCIOIb30BaHUEM,
HaIpaBJICHHBIX Ha PEIICHUE 3a/1a4H, ¥ OTBETA.

NJIN
B pemennn otcyrcrByer OJIHA u3 rcxoaHsix gopmMyi, HeoOXxoaumas
JUTS peleHus 3a1a4u (umu YTBEpXKICHUE, nexaniee

B OCHOBE pelIeHUs), HO TMPUCYTCTBYIOT JIOTUYECKH BEpPHbIC
npeoOpa3oBaHus C UMeEOIUMUCA (opMmyliaMu, HampaBjieHHbIE Ha
pelIeHne 3a1a4u.
NN

B OJTHOM u3 HMCXOAHBIX dbopMyI1, HEOOXOIUMBIX IS PEIICHUS 3aa4u
(WM B YTBEP)KIEHUH, JIEKAIIEM B OCHOBE pEIICHHSA), JAOIYyIIeHa
omnOKa, HO MPHUCYTCTBYIOT JIOTHYECKH BEpHBIE IMpPeoOpa3oBaHUs C
UMEIOIIMMHUCS (popMyJIamMu, HallpaBJICHHbIE HA PELICHUE 3a1a9U

Bce cimydan penieHusi, KOTOpble HE COOTBETCTBYIOT BBIIIEYKAa3aHHBIM
KpUTEPHSIM BBICTaBJIEHHS OLICHOK B 1, 2, 3 Oania
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C3

Tennon30aupoBaHHbIA  LUIUHAP pa3aei€H MNOABHKHBIM  TEIUIONPOBOIAIIUM
IOPIIIHEM Ha JBE YacTH. B 0OHOM YacTh HUIMHAPA HAXOAUTCA TeIUi, a B IPyrou —
aprod. B HauaneHbI MOMEHT TeMiieparypa renus pasHa 300 K, a aprona — 900 K,
00BEMBI, 3aHUMAEMbIe ra3aMH, OJMHAKOBBI, & MOPIIEHb HAXOAUTCS B PABHOBECHUHU.
Bo ckonpko pa3 u3MeHUTCS 00bEM, 3aHUMAEMBbIN TeJIMEM, IOCJE YCTaHOBJIEHUS
TEIUIOBOTO  PaBHOBECHs, €CIM I[OPUIEHb NepeMelaercs 0e3  TpeHus?
TennoéMKOCThIO IMINHAPA U MOPIIHS IPEHEOPEYb.

Bo3MoxHOE pelienue

['enuii 1 aproH MOXHO OIUCBIBATH MOJEJIBIO MJI€ATbHOIO OJHOATOMHOIO ra3a, AJis
KOTOPOro npuMeHnMo ypaBHeHue Knaneipona—MenneneeBa pV = vRT .

[lopuieHb B NUIMHAPE HAXOAUTCA B COCTOSTHUM MEXAHUYECKOTO PABHOBECHS, TaK
YTO JABJICHHE Ta30B B JIIOOOM MOMEHT OJIMHAKOBO. B HayanbHBIII MOMEHT 00BEMBI
ra3oB OJMHAKOBBI U paBHbI V, n ypaBHeHue Knaneiipona—MeHienieeBa NpuBOIUT K
CBSI3M MEXKJY HayaJlbHBIMH TEMIIEpaTypaMH Teius U aproHa 77 u 1, ¥ 4uCIOM
MOJIEN DTUX Ta30B Vi U Vo: VT, =v,T,.

[locme ycTaHOBJIEHHS TEILUIOBOTO PABHOBECHS TeMIlepaTypa ra3oB paBHa 1, a
00BEMBI Teusi U aproHa U3MEHWINCh U CTalu paBHBI V| U V, COOTBETCTBEHHO.
VYpasuenus Kianelipona—MeHnaeneeBa B 3TOT MOMEHT NMPUBOJAT K COOTHOLICHUIO

Vi v . .
—L =1 Tlockombky cyMMmapHbIii 00BEM IMIMHAPA OCTANCSd HEU3MEHHBIM:

V, v,
Vi 2 Y T
Vi+V, =2V, nomydaeM, 4TO L=~ Vyurwemag, uyro —2=—-, MOJIYYHUM
142 vi T,
Vi
V, T 3
L2 _-_15.
Vo T+1, 2
Kputepuu olieHKH BBITIOJIHECHUS 3aJaHUS bannsr
[IpuBEaEHO MOMHOE PEIICHUE, BKIIOYAIOIIEE CIEAYIOIINE JIEMEHTHI: 3

V) 3anucaHbl MOJOXKEHHUS TEOpUuM U (U3HYECKUE 3aKOHBI,
3aKOHOMEPHOCTH, HOPUMEHEHUE KOTOPBIX HEOOXOIMMO ISt
pelieHus 3aJa4i BhIOpaHHBIM CIOCOOOM (B JAHHOM cllydae —
ypaenenue Knaneupona—Menoeneesa, ycroeue pasnogecus
NOPUWIHAL),

VI) onucansl Bce BBOJUMBIE B pPEIICHUH OyKBEHHbIE 0003HAUYEHUS
¢usznyeckux  BENUYMH (3@  UCKIIOUEHUEM,  BO3MOICHO,
0003HAYeHUli KOHCMAaHm, YKa3aHHulx 6 eapuanme KHUM, u
0003Ha4eHUll, UCNONb3YEMBIX 8 YCA08UU 3a0aUlL);

VII) mnpoBeaeHsl HEOOXOAMMBIE MAaTEMAaTHYECKUE NpPeoOpa3zoBaHUs
(momyckaeTrcss BepOaidbHOE YKa3aHUWE Ha HMX IPOBEACHUE) U
pacu€rbl, MNPUBOJAIIME K MPaBUIBHOMY YHCIOBOMY OTBETY
(momyckaercs perieHue «To 4acTsIM»
C IPOMEXYTOYHBIMU BBIYUCICHUSIMU);

VIII) npexncraBiieH npaBUIIbHBII OTBET

HpaBI/IJII)HO 3allMCaHbl  BCC HCO6XO,III/IMBIC IMOJIOKCHUA  TCOpPHUH, 2
(1)I/IBI/III€CKI/IC 3dKOHBI, 3dKOHOMCPHOCTH H IIPOBCACHLI HCO6XO,III/IMBIC
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Hp606p330BaHI/I5I. Ho nmerorcs CICAYIOMHC HEAOCTATKHU

3anucu, cooTBeTcTBylomMe NyHKTY II, mpeacTaBieHbl HE B IMOJIHOM
00BEME MU OTCYTCTBYIOT.

NN
B peuiennu nuiiHMe 3amucH, HE BXOASUIME B penieHue (BO3MOXKHO,
HEBEPHbIE), HE OTJEICHBI OT pelleHUs (HEe 3a4€PKHYThI, HE 3aKIIOUYEHBI B
CKOOKH, paMKy H T.II.).

NN
B HEoOX0omMMBIX MaTeMaTUYECKUX MPEOoOpPa30BAHMIX WIIA BBIUMCICHUSIX
JOMYIIEHBI OMUOKH, U (MIK) TPeoOpa30BaHUsI/BEIYUCICHUS HE TOBEICHBI
710 KOHIIA.

NN
OtcyrcTByeT nyHKT [V, uiu B HEM fomyiiieHa onmoka

IIpencraBiieHbl 3alKCH, COOTBETCTBYIOIIME OJAHOMY U3 CIEAYIOLIUX
CJIy4aes.

[IpencraBiaeHsl TOJBKO TMOJOXKEHUS U (OPMYJIbI, BbIpaXkaroliue
¢uznyeckue 3aKOHbI, IPUMEHEHHE KOTOPBIX HEOOXOIUMO JUIs PELIeHUs
3amayn, 0e3 Kakux-Tub0o MpeoOpa3oBaHUil € WX HCIOJIH30BAHHUEM,
HaITpaBJICHHBIX HA PELICHUE 3a/1a4U, U OTBETA.

NJIn

B pemenun orcyrcrsyer OJJHA u3 ucxomnsix ¢opmys, HeoOXoaumas
JUISl pelieHus 3a1auu (WId yTBEPKIEHUE, JIeKaIlee B OCHOBE PELIEHUs),

HO IIPUCYTCTBYIOT JIOTUYECKHU BEPHBIC npeoOpa3zoBaHus
¢ UMeroIuMuUcA (popMyliaMH, HallpaBJICHHbIE HA PEIICHHE 3ada4H.
NJIN

B OJIHOM 13 mcxomHsIx (popMyJI, HEOOXOAMUMBIX JUIS PEIICHHS 334K
(W11 B YTBEP KIEHUH, JIEKAILEM B OCHOBE peIleHus), JOIMyIIeHa omuoKa,
HO TIPUCYTCTBYIOT JIOTUYECKH BEPHBIC MPEOOPA30BAHUS C UMEIOIIUMHUCS
dbopmMyamu, HapaBJICHHBIE HAa PEIlIEHUE 3a]1a41

Bce ciyuam pemieHusi, KOTOpble HE COOTBETCTBYIOT BBIIIECYyKa3aHHBIM
KPUTEPUSIM BBICTABJICHHS OIICHOK B 1, 2, 3 Gaia
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C4

K xonzmencaropy C; 4depe3 IHMOJ M KATyUIKy WHIYKTUBHOCTH L TOJKIIOYEH
KoHJieHcaTop €MKOCThI0 () =2 MK®. Jlo 3ambikanus kinwoya K xongencarop C
ObL1 3apsbkeH o HampsbkeHuss U= 50 B, a xonaencatop C, He 3apsbkeH. [locne
3aMbIKaHMS KJII0Ya CHCTEMa NEpelia B HOBOE COCTOSIHUE PAaBHOBECHS, B KOTOPOM
HaIpspbKeHHe Ha KoHneHcarope C, oka3zanock paBHbIM U, = 20 B. KakoBa émkocTh
koHJieHcatopa C;? (AKTUBHOE CONPOTUBIICHUE 1IEMTU TPEHEOPEKUMO MaJIo. )

il L
T T

O0pazen BO3MOXKHOTO peleHus

DHeprus 3apsHKEeHHOro KonaeHcaropa C, 10 3aMblkaHus Kirova K:

CU?
W, =—1 1
== (M)
3apsin konaeHcaropa Ci:
q=CU. (2)
CymmapHas SJHeprusl 3apsHKEHHBIX KOHJIEHCATOPOB TOCIIE 3aMbIKaHus Kitoua K:
2 2
Wy+W,= a% + C2(2Jz : 3)

Tak kak npouecc 3apsAaku KoHaeHcaTopa C; MPOUCXOAUT MEIJIEHHO, HET MOTEPh
DHEPIrUM Ha W3JIY4YEHUE, a CIEN0BaTelIbHO, MOocie 3aMmblkaHus Kioda K
IIEpBOHAYAIIbHAS JHEPIHsl 3apsDKEHHOro KoHaeHcaropa C; B HOBOM COCTOSIHUU
PaBHOBECHs pacIpeneisieTcs MEeK 1y KOHICHCAaTOPAMMU:

W3 = W31 + W32° (4)
KpOMe TOT'O, BBIITIOJIHACTCA 3aKOH COXPAHCHUS 3apsaga:
q=q1tq=CU + Q.. (5)

O0benunss cootHomeHus (1) — (5), nomydaem cucreMy ypaBHEHHI
C1U2 = C1U12 + C2U22,
C]U: C1U1 + CzUz,.

Pemwas sty cucremy, noiryuaem

_ GU,
You-u,’
Otset: C; = 0,5 MKOD.
Kpurepuu olieHHMBaHUS BBIIIOJHCHUS 3aIaHUS Bbamer
[TpuBeaeHO MOTHOE PEIICHNE, BKIIOYAIOIIEEe CICIYIONNE DIICMECHTHI: 3

V) 3anucaHbl TOJOXEHUS TEOPHUM M (PU3HYECKHE  3aKOHBI,
3aKOHOMEPHOCTH, HOPHUMEHEHHE KOTOPBIX HEOOXOIWMO IS
pelieHus] 3a7aud BBIOpaHHBIM CIOCOOOM (B JAHHOM CIy4yae —
Gopmynvl 01 3apsaoa KOHOeHcamopa, e20 IHep2uu U 3aKOHbL
CoOXpaneHust IHep2UU U 2NeKMPUUECcKO20 3apsoq);

VI) omucanel Bce BBOAMMBIE B pEIIEHUH OYKBEHHbIE O0OO3HAUYEHUs
bu3nYeCKUX BEIUYUH (3a UCKIOUeHUueM 0003HAYeHUU KOHCIMAHM,
ykazanHvlx 6 eapuanme KHUM, u obosnauenuil, ucnoivb3yemuix
8 YCI08UU 3A0aUlL);
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VII) nmpoBenensl HEOOXOAUMBIE MaTeMaTHYeCcKHe MpeoOpa3oBaHMUs
(momyckaercss BepOaJibHOE YKa3aHME€ Ha UX MPOBEACHUE) U
pacy€Thl, MNPUBOIAIINE K TMPABUIBHOMY YHCIOBOMY OTBETY
(momyckaeTcss pElIEHHE «IO 4YacTaM» C IPOMEXYTOUYHBIMU

BBIYUCIICHUSIMH );

VIII) MIPEJCTABJIEH MPABUWIBHBIA OTBET C YKA3aHWEM €IUHUIL
VM3MEPEHUSI NICKOMOW BEJIMYMHBI

[IpaBuiibHO 3amucaHbl BCE HEOOXOJMMBIC TOJOXEHUS TEOPHH, 2

dbu3uYeCcKre 3aKOHBI, 3aKOHOMEPHOCTH M TMPOBEJEHBI HEOOXOJNMBIC
npeoOpazoBanua. Ho umerorcs cneayromye HeloCTaTKu

3anucu, COOTBETCTBYIOIIME NYHKTY Il, mpeacTaBieHbl HE B TOJHOM
00BbEME UITH OTCYTCTBYIOT.

Wi
B pemienun numiHue 3amucu, HE BXOJSIIME B pelieHue (BO3MOXKHO,
HEBEPHBIE), HE OTJIETICHBI OT PEIIeHUs (HE 3a4E€PKHYTHI, HE 3aKJIFOYEHBI B
CKOOKH, paMKy | T.II.).

i
B HEeoOXxoauMBIX MaTeMaTHYECKUX MPEoOPa30BAHUSIX WIIH BHIYHCICHUSIX
JOMyIIeHbl  OmuOKM, u (WiM) mpeoOpa30BaHUsS/BBIUUCICHUS  HE
JIOBEACHBI 1O KOHIIA.

NJIn
OtcyTcTByeT nyHKT [V, uin B HEM fonmyiiieHa onmoka
IIpencraBiueHsl 3amucH, COOTBETCTBYIOIIME OAHOMY H3 CIEAYIOLINAX 1

CIIy4aes.
[IpencraBieHbl TONBKO MOJIOKEHUS U (OPMYJIbI, BBIPAYKAIOLIUE
(u3nyecKkue 3aKOHbI, IPUMEHEHUE KOTOPBIX HEOOXOJUMO Ul pEeIICHUs
3amauu, 0e3 Kakux-1ubo mpeoOpa3oBaHUN C X HCIOIH30BAHUEM,
HaIIpaBJICHHBIX HA PELICHUE 3a/1a4U, U OTBETA.

NN
B pemenun orcyrctByer OJAHA u3 ucxomnsix popmys, HeoOXoaumas
JUISL pEeLIeHUs] 3a/1a4u (MU YTBEPKJICHHE, JIEKAIIEE B OCHOBE PEIICHHUS ),
HO MPUCYTCTBYIOT JIOTUYECKU BEPHBIE MPEOOPA30BAHMS C UMEIOIIMMUCS
(dbopMynamu, HapaBJICHHbIE HA PELLICHUE 33/1a4H.

NN
B OJTHOM 13 McxomHbIX dbopMy, HEOOXOIUMBIX ISl pEeUICHUs 3a]1a4u
(MMM B YTBEPXKACHMHM, JIEXKAILEM B OCHOBE pEIIEHUs), JOIYIIECHA
ommnOKa, HO MPHUCYTCTBYIOT JIOTMUECKH BEpHbIE IpeoOpa3oBaHMs
¢ UMeIIKUMHUCcS (OpMYyJIaMH, HAIPAaBJIECHHBIE HA PELICHHUE 3a/1a4H

Bce ciaydanm peiieHusi, KOTOpble HE COOTBETCTBYIOT BBIIIECYKA3aHHBIM 0
KPUTEPHSIM BBICTaBJICHUS OIICHOK B 1, 2, 3 6ana

C5

[IpoToHn yckopsieTCsi TOCTOSIHHBIM —3JIEKTPUYECKMM IOJIEM KOHJAEHCATopa,
HamnpspKeHue Ha oOkiagkax kortoporo 2160 B. 3atem oH BieTaeT B OAHOPOIHOE
MarHUTHOE TOJI€ W JIBIXKETCS MO Jyre OKpYXHOCTH panuyca 20 cM B IIOCKOCTH,
NEPIECHIUKYIAPHON JUHHUSIM MAarHUTHOW WHAYKIMH. KakoB MOAyih BeKTOpa
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WHIYKIMU MarHuTHoro nojsi? HauanbHOM CKOPOCTHIO MPOTOHA B JIEKTPUYECKOM
noJie mpeHeopeyb.

Bo3moxHoe PCUICHUC

N3MeHeHne KHHETUYECKOM JSHEPrHMM IIPOTOHA IPU  JABWKEHUU IMPOTOHA
mu*
B DJIEKTPUYECKOM I0JIE KOHAEHCATOpa: - =eU.

B cooTBeTrcTBHU CO BTOPBIM 3aKOHOM HBIOTOHa, YPaBHCHHUC ABUKCHUS IIPOTOHA B
2

muo
MaromMTHOM IIOJIC: T = Bev.

. 2mU
PemuB cucremy ypaBHeHui, oinydaem B = 5
eR
Otger: B = 34 mT1.
Kputepnn olieHMBaHMs BBITIOJIHEHUS 3aaHUs baiel
[IpuBeaEHO MOMHOE PEUICHUE, BKIIOYAIOIIEE CIEAYIOIINE JIEMEHTHI: 3
I) 3amucaHbl  TIOJIOKEHUS TEOPUHU W (PU3WYECKHE  3aKOHBI,

3aKOHOMEPHOCTH, NPUMEHEHHE KOTOPBIX HEO0OXOAWMO JiA
pelieHus 3a7adyd BBIOPAHHBIM CHOCOOOM (B JaHHOM Ciyyae —
meopema 00 U3MeHeHUU KUHeMmu4ecKol SHepeuu U 6mopou 3aKOH
Hvtomona, popmyna onsa cunvt Jlopenya);

II) omucanbl Bce BBOJAUMBIE B pelIeHUH OyKBEHHbIE O003HAYEHUS
(bU3UYECKUX BEIUYMH (3a UCKTIOUEHUEM, B03MOIICHO, 0O03HAUEHULL
KOHcmaum, yKazawHvlx 6 eapuanme KHUM, u o6o3nauenuil,
UCNONIL3YEeMbIX 8 YCIIOBUU 3A0aylL),

II1) mnpoBeneHsl HEOOXOAUMBIE MaTeMaTHYECKHUE TIPeoOpa3zoBaHUs
(momyckaercsi BepOampHOE YyKa3aHWE Ha UMX TPOBEICHHUE) W
pacd€Thl, MPUBOAAIIMNE K TMPABWILHOMY YHCIOBOMY OTBETY
(TOTIyCKaeTCsi PpEIIeHWE «IO YacTsIM» C TPOMEKYTOUYHBIMHU
BBIYUCJICHUSIMH )

IV) npencraBieH npaBUJIbHBIN OTBET C YKa3aHUEM €IMHUILL U3MEPEHUs
VICKOMOM BEJIMYMHBI
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[IpaBuiIbHO 3amucaHbl BC€ HEOOXOAMMBIC TIIOJOXKEHUS TEOPUH,
(bU3UYECKUEe 3aKOHBI, 3aKOHOMEPHOCTH M IIPOBEJCHBI HEOOXOIUMBIC
npeobpaszoBanus. Ho uMmerorces ciienyromue HeI0CTaTK!

3anucu, cooTBeTcTByMIMEe NyHKTY II, mpemcraBieHbl HE B TMOJHOM
00BEME MU OTCYTCTBYIOT.

niim
B pemenun numiHue 3amucd, HE BXOASIIME B pelieHuEe (BO3MOXKHO,
HEBEPHBIE), HE OTJICJICHBI OT pelIeHus (He 3aU€pKHYTHI, HE 3aKIIOUYECHbI B
CKOOKH, paMKy H T.II.).

N
B HE0OX0IMMBIX MaTeMaTHYECKIX MPEOOPA30OBAHMUSIX WM BBIUYUCICHUIX
JTOMYIIeHBl  OMMOKK, | (WIM) TpeoOpa3oBaHUs/BHIYUCICHUS  HE
JIOBEICHBI IO KOHIIA.

nimm
OtcyrtcrByet yHKT [V, i B HéM onyniieHa omuoKa

[IpencraBienbl 3amucH, COOTBETCTBYIOIIME OAHOMY W3 CIEAYIOIIMX
CIIy4aeB.

[IpencraBieHpl TOJMBKO TONOXEHUS W (HOPMYJIBI, BBIpAKAIOIIUE
bu3nYecKue 3aKOHbBI, TPUMEHEHNE KOTOPHIX HEOOXOUMO JJIsl PEIICHUS
3amaud, 0e3 Kakux-Iubo MpeoOpa3oBaHWil C WX UCIOIb30BaHUEM,
HaIpaBJICHHBIX Ha PEIICHUE 3a/1a4H, U OTBETA.

NJIN
B pemienun orcyrctByer OJJTHA 13 ucxonueix gopmyi, HeoOxoaumas
TUTs pelieHus 3a1a4u (nnm YTBEPKIACHHUE, Jexarnee

B OCHOBE pEIIEHHUSA), HO TMPUCYTCTBYIOT JIOTHYECKH BEpHBIC
npeoOpa3oBaHus C HUMeEOMUMUCA (OpMyJaMHu, HampaBlIeHHbIE Ha
pelIeHue 3a1a4Hu.
NJIn

B OJTHOM 13 ncxoaHeix dbopmys, HEOOXOIUMBIX JJIS PeUIeHUs 3a1a9u
(w1 B yTBEPXKIEHUM, JIEKAIIEM B OCHOBE pEUICHHUS), JOMyIIieHa
omuOKa, HO TMPUCYTCTBYIOT JIOTMUECKH BEpHBIE MPEOOpa3oBaHUS C
UMEIOIUMHUCS POpMYITaMH, HalpaBJICHHBIE HA PEIICHUE 3aa4H

Bce cnyuau pelieHusi, KOTOpble HE COOTBETCTBYIOT BBIIIEYKa3aHHBIM
KpUTEPHSIM BBICTaBJIEHUS OLICHOK B 1, 2, 3 Oaia
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Co6

YpoBHM DHEpruu OIJEKTPOHA B aToMe BOJOpoJa 3amaroTcs  (GopMysion

13,6
E =- > 3B, rne n =1, 2, 3, ... IIpu nepexoae u3 coctosiHus £, B COCTOSTHUE

n
n
E, atom wucnyckaetr ¢otoH. [loTok Takux (POTOHOB TagacT HA TOBEPXHOCTH
doTokaTonma. 3amuparoriee HampsHKeHHE IS (OTODJIEKTPOHOB, BBUICTAIOIINX
c mnoBepxHocTtd (QoTokatoma, U,, = 6,1 B. KakoBa d4actoTa cBeTa Vi,
COOTBETCTBYIOIIAsI KpacHO# Trpanuiie Gororddexra ajig MaTepuana MOBEPXHOCTH
dboTokaToma’?

Bo3moxHOe penieHue

Oneprus portona: hv=FE, - E;.
Ypasrenne DiHITelHA 1715 poToddderra: hv =hv,, + el ;.

Orciona v, = %[(Ez —Ey)—eUyy |. Otser: v, » 10° ',

KpI/ITepI/II/I OLCHUBAaHWA BBIIIOJTHCHHNS 3aJaHMA bannsr

[TpuBeeHO MOTHOE PElIeHNE, BKIIOYAIOIIEE CIEeIYIOIUE JIEMEHTHI: 3

V) 3anmcaHbl  MNOJOXKEHHS  TEOpUM U (PU3MYECKHUE  3aKOHBI,
3aKOHOMEPHOCTH, IPUMEHEHUE KOTOPBIX HEOOXOIUMO ISl PEIICHUS
3a/1aud BBHIOpPAHHBIM CIIOCOOOM (B JaHHOM ciiydae — @opmyna OJis
SHepeuu homona u ypasrneHue JiHwmeriHa 051 pomosghghekma);

VI) omucansl Bce BBOJUMBIE B pEIICHUU OYyKBEHHbIE OOO3HAUYEHUS
bu3NUecKuX BENWYUH (3a UCKIIOYeHUeM O0003HAYeHUll KOHCMAHM,
ykazanHvlx 6 eapuanme KUM, u ob6osnauenuil, ucnonvsyemuix
8 YCI08UU 3a0aUl);

VII) npoBeneHsl  HEOOXOAMMBIE MaTE€MaTUYECKHE MpeoOpa3OBaHHUs
(monmyckaercs BepOanbHOE yKa3aHUE HAa UX IMPOBEJICHUE) U PACUETHI,
OPUBOJAIINE K MPABHIBHOMY YHCIOBOMY OTBETY (HOIyCKaeTcs
peIlIeHre «II0 YaCTSAM» C TPOMEKYTOUHBIMH BBIYUCICHUSIMU );

VIII) MPEICTABJIEH TNPAaBUJIbHBIM OTBET C YKAa3aHUEM E€IUHHUIL
M3MEPEHUsI HCKOMOW BEJIMYUHBI
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[IpaBuiIbHO  3amucaHbl BCE€ HEOOXOAUMBIE TIOJIOKEHUS  TEOPHH,
(bU3UYECKUEe 3aKOHBI, 3aKOHOMEPHOCTH U IPOBEJICHBI HEOOXOJIMMbBIC
npeobpaszoBanus. Ho uMmerorcs ciienyromue He10CTaTK!

3anucu, cooTBeTcTBytomue myHKTy II, mpencraBieHbl HE B TMOJHOM
00BEME MU OTCYTCTBYIOT.

N
B pemenun numiHMe 3amucu, HE BXOJSIIME B pelieHHe (BO3MOXKHO,
HEBEPHBIE), HE OT/EJICHBI OT pelIeHUs (He 3a4EPKHYTHI, HE 3aKJIIOUEHBI B
CKOOKH, paMKy H T.II.).

NI
B HEoOXOIUMBIX MaTEMaTHYCCKUX MPEOOPa30BAHUSX WM BBIYUCICHHIX
JOMYIICHBI OMUOKH, U (MJIK) TPeoOpa30BaHMs/BBIYUCICHUS HE JIOBEICHBI
710 KOHIIA.

N
OtcyrtcrByet yHKT [V, min B HéM onyniieHa omuoKa

IIpencraBiieHbl 3allUCH, COOTBETCTBYIOIIME OMAHOMY U3 CIEAYIOLIUX
CIIy4aes.

[IpencraBiaeHsl TOMBKO TMOJIOKEHUS H  (POPMYJIBI, BBIpaKaOIINE
¢usnyecKkue 3aKOHbBI, TPUMEHEHHUE KOTOPhIX HEOOXOAUMO IS PEIICHHS
3amaud, 0e3 Kakux-Tubo TmpeoOpa3oBaHUM C HUX MCIOJb30BAHUEM,
HaIIPaBJICHHBIX HA PELIEHUE 3a1a4U, U OTBETA.

NJIn

B pemenun orcyrctByer OJAHA u3 ucxoansix ¢opmyn, HEOOXoaumas
JUIS peLleHus 3a7auu (MU yTBEP)KICHHE, JIeKalllee B OCHOBE PELICHMS),

HO IPUCYTCTBYIOT JIOTUYECKU BEpHBIC npeoOpa3zoBaHus
¢ UMeroIuMucs (popmyiiamMu, HarpaBJIeHHbIE HA PEIICHHE 3ada4H.
niim

B OJTHOM u3 MCXOHBIX dbopMy1, HEOOXOUMBIX NIJIsi PEIICHUS 3a/1auu
(M1 B YTBEPXKACHHUH, JISXKAIIEM B OCHOBE PEIIEHHs ), JOIMYyIIIeHa OINOKa,
HO MPUCYTCTBYIOT JIOTUYECKH BEpHbIC MPeoOpa3oBaHUsl C UMEIOIIUMUCS
dbopMyamu, HapaBJICHHBIE HA PEIICHUE 3a/1a41

Bce ciayuam pemieHus, KOTOpble HE COOTBETCTBYIOT BBILIECYyKa3aHHBIM
KpUTEPHSIM BBICTaBJIEHUS OLICHOK B 1, 2, 3 Oania
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