ONMMMNUALA WWKOJ/IbHUKOB «MOKOPU BOPOBbEBbI FOPbI» no PUSUKE
3AK/TIOYUTE/IbHbIN (PUHA/IbHDBIN) 3TAN 2020 roaa

BUNET Ne 08 (11 knacc, HuxxHuiA HoBropopa): BO3MOXKHble peLieHua u Kputepum

Kpurepun oneHuBaHus:

151 BONIPOCOB:
EcTb oTnensHbIC paBHIIbHBIC COOOpaXkeHus — 1 aJw.
OTBer B 1IENIOM MpaBWIIEH, HO COJAEPKUT CYIIECTBEHHBIE HETOYHOCTH, WM CYIIECTBEHHO
HEMOJIOH, UJI OTCYTCTBYET 00OCHOBaHUE (/17151 BOIPOCOB, B KOTOPHIX HEOOX0IMMO 0OOCHOBAHUE)
— 2 daana.
OTBeT npaBujicH, HO MPUCYTCTBYIOT MEJIKHE HETOYHOCTH, WM OTBET HEJOCTATOYHO IOJIOH, WU
OTCYTCTBYET JIOCTATOYHOE 0OOCHOBAHUE (JIs1 BOMPOCOB, B KOTOPHIX HEOOXOAMMO 00OOCHOBAHUE)
— 3 0asia.
OTBeT MOJHOCTHIO MPABUIIBHBIA, HO HEAOCTATOYHO OOOCHOBAHHBIN (IJI1 BOIPOCOB, B KOTOPBIX
HeoOXoauMo 000CcHOBaHKE) — 4 faJia.
[TpaBUIBbHBIHN, TOTHBINA 1 00OCHOBAHHBIN OTBET — 5 0a/UVIOB (MAKCHMAJILHAS OLIEHKA).

Jlsi 3anay:
EcTb oTAenpHbIE TpaBUIIbHBIE cOOOpakeHus — 1-2 6aJuia.
EcTb yacTh HEOOXOAMMBIX ISl PEUICHHUs] COOOPAKEHUH, pellIeHre He 3aKOHYEHO WIIM COACPIKHUT
cepbe3HbIe OmMOKU — 3-4 faJjia.
[TpucyTrcTByeT Oombliast 4acTh HEOOXOAUMBIX ISl PELICHUSI COOOpaKEHU, TPABUIILHO 3allMcaHa
4acTh HEOOXOIMMBIX COOTHOUICHWH, pelleHHe HE 3aKOHUYEHO WIIM COACPKUT OmHMOKH — 5-7
0aJL710B.
[TpucyTcTBYIOT BCe HEOOXOMMBIE ISl PEHICHUST COOOpaKEeHUs, TIPABUIIBHO 3aIMCAHBI IIOYTH BCE
HEOOXOUMBIE ISl PELICHUS! UCXOJHbIC YPaBHEHUS, HO PEIICHUE HE 3aKOHUEHO WU COICPIKUT
omnoOku — 8-10 6asi10B.
[TpucyTcTBYIOT BCe HEOOXOIMMBIC Ui PEHIeHHs COOOpakeHHWs, IMPaBUJIBHO 3alMCaHbl BCE
HEOOXO/MMMBIC JJIsl pEIICHHWs] HCXOAHBIE YpPaBHEHHS, DEUICHHE BBICTPOCHO TMPABHIBHO C
(U3UYECKON M JIOTHUECKOW TOYKH 3pEHUs, HO COJEPKHUT omnoku — 11-14 6asioB.
[TpucyTcTBYIOT BCE HEOOXOAWMMBIC IJIsi PEUICHHS COOOpaKeHWs, IMPaBHIBLHO 3allMCaHbl BCE
HEOOXO/MUMBIE JJIsl pelIeHHs HCXOAHbIE YypaBHEHMs, pELICHHE BBICTPOCHO TMPAaBHIBHO C
(GU3NIECKO W JIOTUYECKOH TOYKM 3pEHUs, HO COJACPKUT OJHY-IBE€ MEJKHE HETOYHOCTH, HE
MO3BOJIMBIIME MOJYYUTh NPABWIbHBIM OTBET, WJIM IMPAaBUIBHOE pPELIEHHE C HEJOCTaTOYHBIM
000CHOBAaHHEM CYIIIECTBEHHBIX MCIIOIb30BAaHHBIX Pe3yabTaToB — 15-17 GanJioB.
[TpaBunbHOE OOOCHOBAaHHOE pELIEHHE C BEPHBIM AHAJIUTHUYECKUM OTBETOM, HO MEIKOH
HETOYHOCTBHIO TP MOJYYSHUN YUCIEHHOTO OTBETA, JIMOO MPaBUWIILHOE PEUICHUE C MPaBHILHBIMU
OTBETaMHM C HEJIOCTaTOYHBIM 0OOCHOBAaHUEM OJIHOTO U3 UCIOJIb30BAHHBIX PE3yJIbTaTOB (U3 YHCIa
HE KJIFOUYEBBIX [UIS PEIIeHUs, HO HeoOXo1uMbIxX) — 18-19 6asioB.
[TonHoe, mpaBuUIbHOE, OOOCHOBAHHOE pELIEHHWE C TNpPaBWIbHBIMU oOTBeTamMu — 20 0OayioB
(MakcuMaJIbHas OLICHKA).

3aganue 1.
Bonpoc: Onummte 0cOOEHHOCTH CUIIBI TPEHHUS TTOKOS U CHITBI TPEHUS CKOITBbKEHHUS.

OtBet: Bce cuiibl Cyxoro TpeHust €CTh pe3yabTaT MEXMOJIEKYISPHBIX B3aUMOJCHCTBHI, HO OOBIYHO
pasnesAaoT CUIIbl TPEHUS MOKOS U CUIIBI TPEHHUS CKOJbXEeHHA. CHuila TpEeHHUs IMOKOSI MPEMATCTBYET
MIPOCKAJIb3bIBAHUIO TIOBEPXHOCTEM M BCEerJa HampaBlieHa NPOTUB CHJIbI, NBITAIOLIEHCS BbI3BAThH
ckosibkeHue. OHa paBHa ATOW CHJIE MO BEIMYMHE U €€ MOMEHT YpaBHOBEIIUBAET (BMECTE C CHIION
HOPMaJIbHOW PEaKIMM) MOMEHT BHEIIHUX CHJI, JCUCTBYIOIIMX Ha Telo (YTOObl 0O0ECTeYHThH
BBINOJIHEHUE YCIIOBHM paBHOBecus ). [Ipy 3TOM cuia TpeHHs MMOKOs HEe MOXET OBITh MPOU3BOJILHON —
OHa NpPHUHMMAET 3HAYEHMs] B HUHTEpBaJie OT HYIS O HEKOTOPOr0 MAaKCHUMallbHOIO 3HAa4YeHMUS,
3aBUCAIIETO OT CBOWCTB IOBEPXHOCTEH W CHJIBI MPIKATHS HMX APYr K JApYry (OT BeIUYHHBI
NeNCTByIOIE MEXIy HHUMU CHJIBl HOpPMallbHOM peakuuu). Eciau BHeIHSs ABUTraromias cuiia
IIPEBOCXOJUT 3TO MAKCHUMAJIBHOE 3HAUEHUE, ITOKOM HapylIaeTcsi U HauMHAeTcsl CKoyibkeHue. Cuia
TPEHUS] CKOJbKEHUS — CHJIa, HaIlpaBlIeHHas TMPOTUB CKOPOCTH OTHOCUTENIBHOTO JBUKEHHS
MOBEPXHOCTEH (OHA MPENATCTBYET CKOJIBKEHHUIO, KOTOPOE yKe CyIIecTByeT). BenmuunHa cuibl TpeHust



CKOJILKEHHUSI B HEKOTOPOM HMHTEPBAJIE CKOPOCTEH OTHOCHTEIBHOTO JIBIKEHHS c1a00 3aBUCHT OT ATOU
CKOPOCTH ¥ BbIYHCIsiercst 10 popmyne F =N, rae N - cria HOpMaIbHO# PEaKiyy, a BEININHA
44 - KOO(Q(QULIUEHT TpeHHs, KOTOPBIA 3aBUCHT OT CBOMCTB MOBEpXHOCTEH. OOBIYHO CUMTAETCS, YTO
MaKCUMaJlbHasi BEJIMYMHA CHJIBI TPEHHS MOKOS MPHUMEPHO COBMIANACT C BEIMYMHOW CHIIBI TPEHUS
CKOJIb)KCHHUS, HO Ha CAMOM JIeJie JUIsl OOJIBIIMHCTBA IOBEPXHOCTEH OHAa HECKOIBKO Oonbie 4N (3TOT
s dexT HocuT HazBaHHE «IPDEKT 3aCTOSM»), MOATOMY B 00JIACTH MAJIBIX CKOPOCTEH ObIBAET y4aCTOK,
Ha KOTOPOM CHJIa TpPEHHUS TMagaeT ¢ POCTOM

ckopocTH. [Ipu GOIBIIMX CKOPOCTSX MOBEPXHOCTH “Fmp
MOT'YT HayaThb pa3pyliaTbCcs U Jake IUIaBUThCA (Kak
JIe TOJ CKOJB3AIUM JIe3BUEM KOHbKAa), U TOrIa N N

u

CUJIa TPEHUS MOXKET CYLIECTBEHHO W3MEHUTHCS —
KaK B CTOPOHY YyMEHBIIEHHUS, TaK U B CTOPOHY
yBenuueHus. [lpumepHblii rpaduk 3aBUCUMOCTH
CWIBI TPEHHA OT OTHOCUTEIBHOM CKOpPOCTH
[MOBEPXHOCTEW MMOKa3aH HAa PUCYHKE.

3agava: JIBa TOHKHX KOJIbIIa OJJMHAKOBOTO PAJNyCa YCTAHOBHIM TaK, YTO UX Vg
IUIOCKOCTH  BEepTHKaNbHBL. OIHO KONBIIO TJIaJKOe, a Y BTOPOrO B BepXHEi
TpeTr KO3 UIMEHT TpeHHs U3MeHsieTcs 110 3akony 1 =tg(«a), rme o — yron

MOBOPOTa OT BEPXHEW TOUKH KOJIbLIA, A HA OCTAIBHOM YacTH Kombua p=1.

Manenbkas My(ta ¢ oTBEpCTHEM, AMAMETP KOTOPOro UyTh OOJIbIIE AMAMETPa KOJIbLIa, TOOYEPETHO
. . gR
3aIlyCKacTCA U3 BCPXHHUX TOYCK KOJICH C OAMHAKOBOU HAYAJIBHOU CKOPOCTHIO VO = ? (r):[e R —

panuyc Konblia, a § — yCKopeHue cBoOOoAHOro najaeHus). [Ipy kakoM ofMHAaKOBOM 3HA4€HUU yIiia

MIOBOPOTAa CHJIA, ¢ KOTOPOH My(Ta JaBUT HA KOJIbBLO, OKAXKETCS OAMHAKOBA Ui 000MX Koser (1o

BEJIMYMHE U HANIPABICHUIO)?

Pemienue: PaccMoTpuM CHayasla riaskoe KosbLo. B 3TOM cilydae, MCIOJIB3ys 3aKOH COXPAHEHMS
2 2

SHEPIUH, MOKHO HAaWTH 3aBUCHMOCTb BEJIIMYMHBI CKOPOCTH OT 20 +mgR=

+mgRcose,

7
orkyma V =V?+2gR(1-cosa)=gR 3 —2C0Sa |. U3 ypaBHEHHS JUIS ILEHTPOCTPEMHUTEIBHON

2
KOMITOHCHTBI YCKOPCHUS mE =mQgCcoSax — N HaxoauM, 4TO MPOEKIHUsI CHIIbl HOPMAJIBHOM peaKiuu

7
Ha paauyc pasHa N =mg 3COSO{—§ . Cuna naBneHust My(pTsl Ha KOJIBIIO paBHA MO BEIHUYUHE U
. 7
MPOTHUBOIIOJIOKHA II0 HaNpaBJICHHUIO 3TOM CHIJIE, TaK 4TO NpHU « < arcCo 5 My(pTa «CKUMACT

7 .
KOJIBIIO, a IIpH « > afCCo § — pacCTAruBacrT. I[JBI mepoxoBaToro KoJjiba Cujia, ¢ KOTOPOU MY(I)Ta

NeCTBYeT Ha KOJIbIIO, COCTOMT M3 HOPMaJbHOW KOMIIOHEHTHI (CHJIbI JaBJE€HHUS, KOTOpas C TOYKU
3perust |l 3akona HploToHa sBIseTCs «mMapHOM» K CHJIE HOPMaJbHOM pEaKUWH KOJbIa) M
KacaTeJIbHOW — CHWJIBI TPEHHs CKOJBKEHHs, MOJIyNb KoTopoil paBeH «MN . Cuna TpeHHs HE HMeET
V2
«IEHTPOCTPEMUTEIIBHOI» KOMIIOHEHTBI, TOATOMY ypaBHeHue N =m9005a—mﬁ HOo-NPEeKHEMY

copaBeyInBO. [103TOMY O4YEBHIHBIM 3HAYEHHEM YIUIA, IIPH KOTOPOM 3TH CHJIBI HAa IJIAJKOM H
IEPOXOBATOM KOJIBIIC COBIAMAIOT, siBjsieTcss & =0 - B Hauasie IBMKEHUSI CKOPOCTH MY(ThI Ha 000HX
KOJIbLIaX OJAMHAKoBbl. HO U1 aHanmmM3a M3MEHEHMS CKOPOCTHM Ha IIEPOXOBATOM KOJBLE HENb3d
HCIIOJIB30BATh 3aKOH COXPAaHEHUsI MEXaHNYECKON sHEprun. C Ipyroi CTOPOHBI, MOXKHO 3aMETUTh, YTO

npoekuus cymmapHoi cunbel F=N+F, ., nefictyomeii Ha MydTy co CTOpOHBI KoOibLia Ha



TOPU30HTAIBHYIO OChb X, HAmpaBICHHOW BIOJb BEKTOpa HAYaJbHOW CKOPOCTH, paBHA
F, =Nsinag—Ncosa=0! Tlostomy V, =V-COSa =CONSt=V,, ¥ CBA3b BEIMYIUHBI CKOPOCTH C

. V
YTIIOM TIOBOPOTa BBIpakaeTcs popmynoii V=—2—. [To3ToMy Ha HAaYaIbHOM y4acTKe H3MEHEHHE
Cosox

npoekuuu N Ha pamuyc onuchiBaercsi Beipaxkennem N =mg 00805—3—2 . Baxxno, oxnako
COS™

NOHATh, 4TO 3Ta (opmyna pabGoraer Toimpko mpu N >0, To ecth npu COSar >-—. Haiee

1

33

TOPU30HTAJIbHBIE KOMIIOHEHTBl CHJIBI HOPMAaJIbHOM PEaKUMU W CHJIBI TPEHUs HaAIpaBi€Hbl B OJHY
1 7

CTOPOHY — IPOTUB JBIKEHUS, a Kod(dduuueHt TpeHus pe3ko pacrer. Kak BumHO (3— <§), B
3

cllydae IIEpOXOBATOro KOJIblla M3MEHEHUE 3Haka MPOMCXOAMT Mpu OoJibllieM 3HAUYEHUU &, a

JTANbHEHIINI POCT CKOPOCTU MPOUCXOAUT MeUIeHHee (M3-3a paOdoThl CUJIbI TPEHUS, KOTOPOU HET Y

rIagKoro Koiblia). [loaTomy coBnazeHust BeIHMUUH CUJIbI JaBJICHUS MPU OJAMHAKOBOM HAIIPaBJICHUU

JUIsl HEHYJIEBBIX (¢ HEBO3MO>XHO — TOJIBKO MU pa3HbIX HampasiaeHusx! MTak, BeIIOJIHEHUE YCIOBUS

3a71a4 BO3MOXKHO TOJIBKO mipu o = 0.

OTBET: a=0.

3ananue 2.
Bonpoc: Kakue 3HaueHst MOXXKeT IPUHUMATh MOJIIpHAst TEIUIOEMKOCTh uaeanbHoro ra3a? IIpusenure
IIpUMEpHI (HE MEHEE TPEX) MPOLIECCOB C U3BECTHONW BaM TeminoeMKoCTbIo.

OtBert: B cootBeTctBuH ¢ | Hauanom TEPMOANHAMUKHU, KOJIMIECTBO TCIUIOTHI, [TIOABOAUMOC K I'a3y Ha
OCCKOHEYHO MaJIOM Y4JaCTKC IMPOU3BOJIBHOI'O MPOHIECCa, YPABHCHUC KOTOPOI0 3aaHO B KOOpAWHATAX

| . o
naBienne-ooreM & = pdV +§ d(pV) (i —uncno crenenelr cBOOOIBI MOJIEKYJIBI Ta3a). VizmeHeHne

1
TeMmrepaTypbl ogHoro Mouns rasa dT :Ed(pV). ITosTOMy MomsipHas TEIUIOEMKOCTb B 3TOM

i dv [
npouecce C, =-R+R P + P IlockosbKy HAKJIOH JuarpaMMmsl IpoLecca

MY _R-+—F

2 pdV +Vdp 2 p+py

MOKET OBITh J'IIO6I)IM, TO W MOJIAPHOC TCIVIOEMKOCTb HACAJIBHOIO ra3da MOXCET NPUHUMATb Jro0oe
BELIECTBEHHOE 3HavyeHwe. Hampumep, s mzorepmuueckoro mnporecca dT =0, u mosromy mpu
H30TCPMHUYCCKOM paClIMPCHUN C/u =400 U npu M30TCPMUYICCKOM CIKATUH C,u = —00., B

ammabatnaeckom npouecce =0, u €, =0. Taxke ¢ MOMOMBIO MOTYYEHHOH (POPMYIBI JETKO

|
BBIYUCIIUTL MOJISIPHBIE TEIJIOEMKOCTH B M30XOPHOM Iporecce G, =§R, B M300apHOM Ipoliecce

i+2 e 1+l
= — R u B mpomecce, B KOTOPOM JaBJieHUEe IPOTIOPIHOHATBEHO 06bemMy P =KV =C; =—=R.

2

p

HpuMeqa}me: AJI ITIOJIHOTO 3a4€Ta OTBETA AOCTATOYHO TPEX IMPUMCPOB.

3agaua: PaGouee Teno TEIOBOM MAIIMHEI — IMOCTOSHHOE KOJHYECTBO . Q/E,
renust. Ha quarpamme B KoopAMHATaX «BHYTPEHHSSI SHEPTUS — KOJIMYECTBO

TETIOTHI, C KOTOPBIM TEITUH OOMEHSJICS ¢ OKPY)KAIOITUMHU TeJIaMU» TTOKa3aH 4
OMH MK pabodyero Tena. 3xech Egj — HEKOTOpoe KOJIMYECTBO YHEPIUH, a

/
. 4 2,15

KOHEYHOE 3HAYCHHE 2—23[3—|n(4)]z2,15. Haiitu KIIJI nukma. Bo 1 /
0

CKOJIBKO pa3 MAKCHUMAJIbHOC IOaBJICHUC B IHUKIIC 00JIbIlIe MHHHUMAJIbLHOTO? 1 4

~
vm
o

VYpaBHeHHe aauadatThl s 0IHOATOMHOTO U€aIbHOTO Ta3a pV5/ 3 =const.

Pemenune: KIIJI B 5T0#l 3amaye BBIUMCIUTH JIETKO: Cpa3y BHJIHO, YTO LUK COCTOUT U3 TpeX
MPOIIECCOB, OJUH U3 KOTOPhIX — aanabata (Q He mamensercs). KonmnuecTBo TEIIOTHI, MOABEAECHHOE



OT Harpe€Bareiisd, B HUKIIC TEIIOBOM MAaIllMHBI JOJIXKHO OBITH 60J'II>IH€, YeM KOJHMYCCTBO TCIIIIOTHI,

OTHAaHHOE XoJogwibHHKY, modtomy Qp =4E;,, a Q, =4E, —g[?;— In(4)]E, = g In(4)E,.
Qc _y_In(@)
3

Qu
215

HEIIOCPENCTBEHHO W3 Tpaduka: ~—— ~54%). Jlng uzydeHUs TOBEICHUSA NABJICHUA HYKHO
4

CnenoBatesnbho, 77 =1— ~0,5375~54 % (ormeTuM, YTO 3TO 3HAYCHHUE IMOJTYIACTCS

IOHATH, U3 KaKHUX MPOLECCOB COCTABJICH LIUKIIL. Kaxk 0bL10 OTMCYCHO, OJWH U3 IMPOLECCCOB — a;[Ha6aTa.
Taxxe SCHO, YTO IPOHECC, B KOTOPOM BHYTPCHHSAA OJHEPrus IOCTOAHHA — 3TO H30TCpMa. B

4
OCTaBIIIEMCSl TIPOIIECCE IIOJBEICHHOE TEILIO Q=§AU =2R-AT. 3nauut, B 3TOM I[poIEcce

MOJISIpHAsE TETUIOEMKOCTh OJJHOATOMHOTO HJIealIbHOTO ra3a paBHa 2R . JIerko mpoBeputh (CM. OTBET Ha
BOIIPOC — B PELIEHUH JOCTATOYHO OBLIO YyKa3aTh), YTO 3Ta TEIJIOEMKOCTh OTBEYAET IpoOlieccy, B
KOTOpPOM JIaBJIEHUE PacTeT MPONOPIHOHATBHO 00beMy. [Ipu annabaruueckoM OXJIaKIeHUH aBJICHHUE
ra3a yObIBaeT, a M30TEPMHUECKUII MPOLECC C OTBEACHUEM TEIUIa — C)KAaTUe, MPU KOTOPOM JIaBJICHUE
CHOBa pacTeT, HO NPHU 3TOM €ro KOHEYHOE COCTOSHHE COBMAJaeT C HayaJlbHBIM JUIS Ipoliecca
p=Kk-V (060o3Haunm ero kak nporecc 1-2). 3HAUUT, MAKCUMAJILHOE JaBJIECHUE OTBEYAET COCTOSHUIO

2, a MUHHUMAJIBbHOC — B KOHIIC a,Z[I/Ia6aTI/I‘IeCKOFO pacuiupCHus (HpI/ICBOI/IM 9TOMY COCTOSHHUIO HOMCEP

3). VYpaBHeHue  aamabaTHUECKOro  mpolecca C  OJHOATOMHBIM  HJCAJIbHBIM  Ta3oM
5/2 5/2

pV*® =const= p = const-T*?. 3naunr, Prax _Po _[To ) _(Ya ] _z)
Pmin  Ps3 T, U,
5/2
OTBET: Prex _(Y2 | _3p
pmin U3
3amanue 3.

Bonpoc: Yto Takoe eMKOCTbh KoHzeHcaTopa? OT KaKMX XapaKTepPUCTHK KOHAEHCATOPa OHA 3aBHCUT?
Kak BBIUUCIINTD SHEPTHIO 3JIEKTPUUECKOI0 MOJIsl B KOHAEHcaTope?

OtBer: KoHneHcaTop — ycTpOHCTBO 1jsi HakomuieHus 3apsaa. COCTOUT M3 JBYX MPOBOMASALIMX Te
(00K1a/10K), pa3/ieNeHHbIX H30JIATOPOM (BaKyyMHBIM MPOMEXYTKOM WIN AUAIEKTPUKOM). OOBIYHO
OOKIagKu 3apsuKaroTcs «cummeTpuuno» (3apsaasl +Q um —Q). OcHoOBHas XapaKTepUCTHKA —

€MKOCTb, paBHasi OTHOIIEHUIO BEIWYMHBI 3apsiia OOKIagku (IpU CUMMETPUYHOW 3apsike) K

Q

BEJIMYMHE HampspKeHuss Mexay Humu: C = m . EMKOCTB 3aBHUCHUT OT T€OMETPUUYECKUX MapaMeTPOB
0OKJIaJIOK M CBOWCTB M30JsiTOpa. Hampumep, misi miIocKoro KoHAeHcaTopa (OOKIAgKU — TIIIOCKHE
IUIACTHHEI IUIOMAAB0 S Ha paccrosHuu 0 <<+/S | H3014TOp — JAUDNIEKTPUK ¢ HPOHHUIAEMOCTRIO &)

CZEOSS

. Ilone B MMPOCTPAHCTBC MCKAY 06KJ'Ia,I[KaMI/I IJIOCKOT'0 KOHACHCATOpa IMo4YTH

OJHOPOJHO, a BHE KOHAEHCATOpa — HAaMHOIO cilabee. DHEPruro 3apsuKeHHOro KOoHAeHcaropa (T.e.
SHEPIUI0 CO3/1aBa€MOr0 MM JJIEKTPHUUYECKOTO TIOJs) MOXHO HAaWTH, BBIYHCIUB paboTy IO
MIEpPEMEIICHUIO 3apsiaa ¢ OOKIaIKu Ha OOKIaaKy: pabora mo yBemudeHuto 3apsiaa or (' mo ' +dq’
2 2
paBHa dA=U'-dq'=éq'-dq',HoaTOMy Ec = A:% q'dq'=§—C: CLZJ :
0
3agaya: B cxeme, MOKa3aHHOW Ha pPHUCYHKe, MpPHU 3aMKHYTOM Kiroue 00e JamIbl CBETHUJIHC,
noTpediss OAMHAKOBYIO MOIIHOCTh. [locine pa3mbikanus kiitoua jiamma JI1 BcobIxHY A U ieperopena,




IIPUYEM 3apsii KOHACHCATOpa yCIed BBIPACTH POBHO B [1BA pasa IO ®
CPaBHEHUIO C €ro BEJIMYMHOM IIPU 3aMKHYTOM Kitoue. Halpure

3aps] KOHACHCATOpPa, HAKOIUICHHBIA [0 PAa3MBIKaHMs KIOYa.
Kakas sneprus Belgenunace B JI1  mocie pa3MbikaHus Kiaroda? @
BenuunHy CONPOTUBICHHS JaMIl MOXKHO CYMTATh IIPUMEPHO |
nocrosiHHo.  CompotuBnenue  JI1  paBHO ~ BHyTpEeHHEMY II
compoTuBieHu0 uctounuka, JJIC OGarapem paBHa & =36B,

emkocth KonaeHcaropa C =400mkd.

Pemenne: 13 yciioBus SICHO, 4TO CONPOTUBIICHHSI HUTEH 00EUX JIaMII CIIETyeT CYUTATh OJMHAKOBBIMHU
(mpy OMHAKOBOM TOKE OHU TMOTPEOISIOT OJMHAKOBYI) MOIIHOCTH), K TOMY K€ OHH PaBHBI
BHYTPEHHEMY COIMpPOTUBIEHUIO OaTapeu. [loaTomMy 10 pa3mMbikaHMs KJIl04a B LIEMU T€YET MOCTOSIHHBIN
TOK, NIPUYEM Ha KaXI0M U3 conporusienuii JI1, JI2 u 6arapen Hanpsbkenue cocrasiser U =&/3.

Taxoe xe HaIIPsXKCHUE YCTAaHABJIMBACTCA HAa KOHACHCATOPCE, KOTOpBIfI IMOAKIJIFOYECH IapaljICIIbHO JI2.

c¢e

3HauuT, 3apsAa KOHJCHCATOpa A0 3aMblkaHus kimoua paBeH (=CU :T=4,8MKH. [Mocne

PasMbIKaHUA KJIHO4a 6aTape;1 A03apsAKaCT KOHACHCATOP YCpe3 JI1. Eciu Onl 3apsa/Ka 3aKOHYUJIACh,

3apsz KoHgencaropa Bo3poc 061 10 ' =C& (1o ecth yBenuumics 6bl B Tpu pasa). Ho 1o yciaoBuio o

BO3pOC TOJIBKO B JIBAa pasa. 9T0 03Ha4acT, 4YTO A0 MNCPpEropaHrsa HUTHU JIaMIIbl KOHACHCATOP HC YCIICII

ce
3apsIIMTHCS TTOTHOCTHIO. B mporecce mo3apsaku Oatapes nepemectuia 3apsin AQ = 2q —-g=9qQ=—",

3

2

ce
u coBepuimia padory A= EAQ= . OTa paboTa momuia Ha yBEJIMYEHHE YHEPTHH KOHJIEHCATOpa

_C(&13)? C(e13? _C&?
2 2 6

COIMPOTUBJICHHUHU 6aTapeI/1 . Tak kak wux COIIPOTUBJICHHUA OAWHAKOBBI, W OHH COCAWHCHDLI

AE

1 Ha BBIACJICHUC DHCPIUHU B HUTU JIAMIIbI JI1 n Ha BHYTPCHHCM

IoCIea0BaTCIbHO, TO SHEPTIUsa MCKOY HUMHU pacrpeacisicTcs IMOPOBHY, TO €CTh

ce?

1 =432 mJ]x.

Q =7 (A-AE) -

2
OTBET: q= C—f _ 48mKn, Q, = Cl—i — 432 mJlx.

3ananue 4.
Bonpoc: B uem coctout npubimmkeHne reoMeTpudecKon ONTUKHA?
3amaua: [Ipusma cienaHa U3 cTekiIa ¢ TMOKasaTeiaeM mpeiaomiieHus N=15.

[Mpenomastronuii yroa mpu BepumHe npu3Mbl @ =45°. ToHkMid 1yd cBera

najaeT Ha OJHY W3 OOKOBBIX TrpaHell. [Ipy kakmxX 3HAYCHHSX yria MmajeHus
JIy4a ¢ TIPEIOMIICHHBIN Jyd4, TIOMaB Ha BTOPYIO OOKOBYIO TpaHb, HE BBIUIET
n3 Hee?

Pemenue: HpI/I NEPBOM MMaACHHUU YTOJ IMIPCIOMIICHUSA ﬂ CBA3aH C YIJIOM IMaACHUSA COOTHOMICHUCM



. 1.
sinf==sin@. Yroa mageHus Ha BTOPYIO TpaHb MPU3MBbl W3HYTIPU ¥
n

ynoenerBopsier  cootHomenuto  90°— [+ +90°—y =180°, TO0 ecTh
y=@— . 3HauuT, JUIA BHINOJHEHHSA YCIOBHS MOIHOIO BHYTPEHHETO
OTpaXKEHHsI TPH BTOPOM majeHuu ¥ > arcsin(l/n) Heo6XoauMo BBIMOIHUTH

tpeboBanue SiN(@— f) >% = f< go—arcsin(%) = sin B <sin g, /1—n—12 —?. CrieioBaTenbHO,

sina <singvn® —1—cose. Urak, «a<arcsin[singvn®—1-cosg]. s moiydeHus 4UCICHHOTO
. 1
OTBETa JIOCTATOYHO 3aMETHTh, 4TO SIN @Y n®>-1- CoSp = ﬁ{\/% —1} ~0,083<<1. Ilosromy

3HaueHUe MakcumanbpHoro yrina «,, ~0,083pan~ 4,8°.

OTBET: « <arcsin[singvn? —1—cosg] ~4,8°.



