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MEXAHHUKA

1. Cdopmymupyiite 3aKk0H ApxuMeaa. YKaXUTe YCIOBHS TUIABAHUS TEI.

3amauya. Meramnyeckas OpOOMHKA, IMOTPYXasCh B BOIY, JBHKETCA C
MIOCTOSTHHON CcKopocThio. Hailaure paboTy CHIIBI COMpPOTHBIECHHUS BOABI Ha
nytu S =20 cM. Paguyc npoOunku r =3 MM, €€ IUIOTHOCTh p=8-10° KI/M°.
[L10THOCTE BOABI p, =10° Kr/M®. YCKOpeHHEe CBOGOIHOIO MAAEHUS IPUMHTE

paBHbIM ¢ = 10 m/c?.

o — -
Pemenne. Ha 1poOuHKy ACHCTBYIOT TpH CHIIBL: CHIIA TSDKECTH m§, I A
. Fi
apxuMeZioBa CWia F, M CHIAa Bs3KOro Tpemms Fy (puc.l).
CormacHo BTOpoMy 3akoHy HbroTOHa, ©OpU paBHOMEPHOM

JBIKEHUN BEKTOPHAas CyMMa BCEX CHJI paBHa HyJr0. B mpoekuuun
Ha  BEpPTHUKAJIbHYIO OChb, HallpaBJIICHHYK  BBEpX, uMeeM M&

4
Fo+F,—mg=0. Ilo 3akoHy Apxumena Fa =po gnr3g . Macca Prc.1

4, 4.3
IpoOWHKN M= pgm’ . CnenoBaTenbHO, CHUlla TPEHUA |:Ip = gﬂl’ (P—po)9.
Monynb paboThI CHUITBI TpeHUS Ha TepeMeIeHIH S
4 _
A [= gﬁl’s(p—po)gs ~16-107 Jlx. PaboTa CUIIBI TPEHMS! OTPULIATENBHA, T.K.

HAIpaBJIEHNUs 3TOM CUIIBI U TIEPEMENIEHHS IPOOMHKH IIPOTHBOIIOIOKHBI.
_ 4 3 N 3
OtBet: A, = —gnr (P—p)9S =-16-10"° JIx.

2. Yro Takoe cwmina? Kak HalWTH CcymMMmy CHJI, JSHCTBYIOIIMX Ha
MaTepUaIbHYIO TOUKY?

3amaya. bpycok wmaccoii M =2 kr pacmojaraercs Ha HEMOJBIKHOU
HaKJIOHHOHM IUTIOCKOCTH, 00pasyromiell ¢ TOpPU30HTOM
=30°
yron 0a=0U0". K Opycky mnpuBsi3aHa HUTb,
MepEeKUHYTas Yepe3 J[Ba JISTKUX OJOKa: HEeTOABMKHBIN
1 u nomBwxkHbI 2 (cM. puc.2). OTpe3KH HUTH,
UIyIIMe K IOJBIKHOMY OJIOKY 2, BEPTHKAIBHBI, a
OTPE30K HUTH OT OpycKa J0 HEMOJBIDKHOTO Ojoka 1
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napajuleNieH HaKIIOHHOW TockocTH. K oc momBmkHOTO OJI0Ka MOZABEIIEH
Ipy3, Macca M KOTOpOro Hew3BecTHA. Korma cucteMy mpenocTaBmin caMoit
cebe, TPpy3 Havasl JBMTaThCs BHU3 ¢ yckopenneM a=0,5 m/c? KakoBa macca

rpy3a m? KoaddunmenT tperns mexay OpyckoM B HAKIIOHHOW TTOCKOCTHIO
u=0,2. Hute cunTaiiTe HEBECOMOI W HEPACTSHKUMOHN, TPEHHUEM B OCH OJIOKOB
npereOperuTe. YCKOpeHne CBOOOMHOTO MaJeHHWA NpUMHUTE paBHBIM (=10

Mm/c?.

Pemenne. bpycok u rpy3 IBHKYTCS MO ACHCTBHEM CHJI, N300paKEHHBIX Ha

puc.3, tne Mg u MY — MomyiaM CHI TSDKECTH, T — MOAY/Ib CHIIBI
HaTsbxkeHus Hutd, N — MOIylIb HOPMalIbHOM COCTABISIOIIEH CHIIBI PEaKIIUH
omopsl, F,, — Momynb cHiIbl TpeHHs CKONbKeHHs (
77 Fp, =nMgcosa ). Ilo Bropomy 3akony HeroTona
N T ,  HMeeM ma=mg—2T (ans rpysa),
Fy Ma’' =T —Mgsin a.—pMgcosa (U1 Opycka). 3aece a
[0}
mg — YCKOpeHHe rpysa, a'=2a — yckopenue Opycka.
Uckntouass U3 3TUX paBeHCTB [, HAXOAUM Maccy
Puc.3 2Mg(sin o+ +4M
1 rpysa m= g(Sin o+ pcosa) az3,26 K.
g-a
2Mg(sin o+ pcosa) +4Ma
OTtBeT: M= g(sin o +.cosa) ~ 3,26 KT.
g-a

3. Cdopmynupyiite BTOpoii 1 TpeThii 3akoHbl HproToOHA.

3apava. [llapuk mMaccol M, MOJABELICHHBII HA HEBECOMOM HEPaCTSHKUMOU
HUTH, OTKIIOHWJIM OT BEPTHKAIM HAa yrol (g W OTHYCTWIH 0e3 HadalbHOW

ckopoctu. Haiigute cunmy HaTspkeHuss HUTH T Kak  (QYHKIOUIO yriia
OTKJIOHEHHS IIapUKa OT BEPTUKAIH O .

Pemenue. YpaBHEHHE JBIDKEHUS IIAPUKA B IPOEKIMH HA HAMPABJICHHUE HUTH
mv?
uMeeT BU —— =T —mgcosg, rae | — aiMHa HUTH, v — CKOpOCTh IapuKa, J

— yCKOpeHHe CBOOOJHOTO majeHus. Il0 3aKOHy COXpAHEHHS OJHEPIHH
2
mv
mghozmgh+T, rae hy=1-(1-cosp,) — HauambHas BBICOTA LIAPHKA,

h=I -(1—005(p) — ero Tekymas BeicoTa. Orcrona T =mg(3cosp—2cosey) -
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OtBer: T(p)=mg(3cose—2cosqy)-

4. Yemy paBHBI CHJIBI TPEHHS TOKOS W CKoOJbxkeHus? Jlaiite
ompenencHue kodpurmenTa TpeHus.

3agaya. OnuMmnuiickas Tpacca /s COpeBHOBaHMK 10 Oobcieo B
JlunnexaMmmepe UMeeT Iepenaj BhIcoT OT crapTa Ao ¢uuuma h =107 m. Ha
CTapTOBOM TOPH30HTAJILHOM YYacTKe («II0J0Ca pasrOHa») CIIOPTCMEHBI
pasoruHaiau 000 10 CKOpocTH Vo = 6 M/C, ¢ KOTOPO# MepPeceKIn TUHHUIO CTapTa.
B koHIe crycka 1o JiensHoMy kEnody cpasy mocie (GUHHMINA UCTIONb3YeTCs
CHENMabHOE TOPMO3HOE YCTPOMCTBO I TalleHWs CKOpocTH 0obOa Ha
TOPU3OHTAJIBHON MOBEPXHOCTH. [Ipr 3TOM KO3 PHUIMEHT TpeHNS Ha ydacTKe
TOPMOKCHUA YBCIUYUBACTCA MPOIMOPHHUOHAIBHO PACCTOAHUIO X OT JIMHHUU
¢unuma mo 3akoHy p(X) =ox, TOe O — HEKOTOPbIH IOCTOSHHBI
K03 pHIIHCHT.

Onpenenure BEIMYUHY O, €CIM TOPMO3HOW MyTh 000a cocTaBmi S =42 M.
[TpumuTe, 9TO HA y4acTKe Tpacchl OT KOHIIA TOJIOCH pa3roHa 10 (uHHIIA 3a
cuéT cun TpeHus ObuIo motepsiHo M = 20% MexaHWveckoi sHepruu 000a, a
YCKOpEHHE CBOOOIHOTO MajaeHus paBHo ¢ = 10 m/c?.

Pemenne. PaGoTa nepeMeHHO CHITBI YMCIICHHO PaBHA TLIOLIA U IOl KPUBOH,
OIMCBHIBAIONIEH 3aBHCUMOCTD CHIIBI OT TIEPEMEIICHHUS €€ TOUKU TPUIIOKECHHS.
ITo ycnoBuio MOIyNb CWIIBI TpeHUs, JAeiicTByromeil Ha 000 Ha ydyacTke
TOPMOXKEHHUS, 3aBHUCHUT OT KOOpAMHATHI 0006a 1o
3aKOHY | F,,(x)|=axmg, IAe M — Mmacca 06oba.

[Tockonbky cuja TpEHUS HarpaBJieHa
MIPOTUBOIIOJIOKHO TIepeMeleHust 600a, paboTa 3Toi
X cunapl  HA JTame  TOPMOXKEHHs 006a  paBHa

1
Puc.4 A.p = —EOL szmg . ITo 3aKOHY W3MEHEHHUS

2
mv 1
MEXaHUYECKON DHEPruu HMEeM - 9 + mgh |(1-1/100%) — > as’mg=0.

2
OTCrO/1a HAXOUM, 4TO ¢ — (VO * 2gh)(12—n/ 100%) 01 M.
gs
OTBeT: ¢ — (v2 +2gh)(1—n/100%) ~o1ml

gs®



5. Kakme cumcTreMbl  OTcYeTa  Ha3bIBAIOTCS  MHEPIUAILHBIMU?
Cdhopmynupytite mepssoiif 3akoH HeroToHa.

3amaya. Ha miockocts, oOpasyromyro ¢ ropusontoMm yrom o =307,
MOJIOXKUIN Opycok Maccod M =8 KI W TpUBA3aHHBIA K HeMy JETKOH
HEPaCTsLKUMOM HUTBIO Opycok Maccoii m =4 kr. [Ipu 3ToM Tsx€nblil Opycok
PaCHOJIOXKWIN HIDKE JIETKOTO TaK, YTO HUTh OKa3alach cllerka HaTSHYTOW M
pPacHoOJOXKEHHON B BEPTUKAIBHON IUIOCKOCTH, MPOXOIAIIEH depe3 LEHTPHI
Macc OpyCcKOB MEPHEHIUKYIISIPHO JHHUH TIepeceYeHus] HAKJIIOHHON TIOCKOCTH
U TOPU30HTANbHOM moBepxHOCTH. [locime sToro Opycku OXHOBPEMEHHO
ormmycTrin 0e3 HayabHOW ckopoctd. OmnpeaenuTe MOAYIH YCKOPEHUH
OpyckoB, eciu Kod(hQUIIMEHT TPeHUsI O IJIOCKOCTh Opycka Maccoid M paBeH
W =02, a Opycka mMaccod M — paBeH u,=05. Moaynb ycKOpeHus
CBOOOIHOTO MaIeHUsl PMMUTE PaBHBIM g =10 M/c?.

Pemenne. Ha Opycku neiicTBYIOT CHUTBI, MOIYIH M HAIPaBIEHUS KOTOPBIX
n3o0paxensl Ha puc.5, rme Mg mw Mg -

MOAYJIA CHUJ TsDKeCTH, N; U N, — MOAYIH

HOPMAJIBHBIX COCTAaBJIAIOIIUX CHJI pCaKIUuu
HaKJIOHHOHU IIJIOCKOCTH, FTpl nu FTPZ — MOAYJIH

CUJI TpeHuA, T; U T, — MOJYJIM CUJI HATSAKEHHUS
Puc5 HUTU. ITockonbky o YCJIOBUIO
W <u, <tgo~0,6, TO B OTCYICTBUUM HUTH 00a
Opycka mocJe Toro, Kak X OTIYCTHIIN, Hadaiy Obl MOCTYIATEbHO CKOJIb3UTh
BHM3. [Io BTOpOoMy 3akoHYy HbrOTOHA JUIs1 3TOrO Ciayyass UMEEM CIEAYIOLINE
paBeHCTBa:
B mpoekuud Ha ock OX: Ma =Mgsino—pN;, ma, =mgsino—p,N,,
B npoekimu Ha ock OY: N; —Mgcosa.=0, N, -mgcosa=0. U3
9THX YpaBHEHHWH HAXOAMM MOJIYNIH YCKOpEHHH OpYCKOB B OTCYTCTBHHM HUTH:
a =9g(sina—pcosa), a,=g(sina—p,cosa). IIOCKOMBKY py<p,, MOZYJNb
YCKOPEHUST HIDKHETO OpycKa a1 okazacsi Obl O0JIbIIe, YeM MOJYJb YCKOPEHHUSI
BepxHero Opycka az. IloaTromy mocie ormyckanusi OpyckoB HUTH OyJeT Bcé
BpeMs HaTSIHYTa, 1 YCKOPEHHsI OPYCKOB B CHIIy HEPACTSHKUMOCTH HUTH OyIIyT
OJIMHAKOBBIMU (@ = a, =a ). I3 HeBecomocTn HUTH caenyeT, uTo T, =T, =T .
[TosTOMY ypaBHEHHS ABHXEHHUSI OPYCKOB, CBS3aHHBIX HUTBIO, B MMPOEKIMH Ha
0oCh 0)¢ UMEIOT BUI: Ma = Mgsino—yMgcosa—T ,



ma=mgsina—p,mgcosa+T . Mckmroyasd U3 3TUX ypaBHEHHMH T, HaxoIuM,

4T0 a= g(sin o} —Mcow) .
M +m

OTtBeT: a= g(sin a —Mcosaj ~ 2,4 M/c?.
M +m

6. Jlatite onpezeeHue CKOpOCTHU MaTepUalbHOM TOYKH.
CdhopmynupyliTe 3aK0H CIOKEHHUSI CKOPOCTEH.

3agaya. Ha nocratouno Oonpwiol BbeICOTE HaJ 3eMJIed Ha TJIagKoH
m o TOPU30HTAJIBHON TOACTABKE MOKOATCSA JBa Tejla MajbIX
pasmepoB ¢ maccamu M1 =50r w m;=100T (puc.6).
Mexny Tenamu pacloyioKeHa C)KaTas JIerkas IpYy)KHHa,
CBs3aHHAsl HUTHIO. [I3BECTHO, 4YTO DJHEpPrus yHpyrou
negopManuu TOpyKuUHBI paBHa E, =675 k. [locue
MIEPEKUTAHNS HUTH MIPYKUHA MOJHOCTBIO PACTIPMIIAETCS,
TeNa PAa3NIETAIOTCS B PAa3HBIE CTOPOHBI C TOPH3OHTAIBHO
HaIpaBJIE€HHBIMU CKOPOCTSAMHU U OJTHOBPEMEHHO HauWHAIOT
nagath ¢ mnoxacraBku. Ompenenure, yepe3 Kakoe BpeMs T IOCIe Hadania
MaJeHUs] CKOPOCTH Tel OyAyT TMepHeHAMKYJISPHBIMH JIpyT  JIPYTY.
ComnpoTHBIIEHHEM BO3lyXa MOKHO IPEHEOPEUb.

Puc.6

Pemenue. CKOpOCTI/I TECJI, C KOTOPbIMHU OHHW HAYMHAIOT CBO6OILHO€ maJcHHUEC,
OMPEACTIAOTCA U3 3dKOHOB COXPAaHCHUA SHEPIrUu U

2 2
MVio , MVao_ g

HAMITYJIbCA, a  MMEHHO 5 5 -

MV = MyVy, - OTcrona Vig =

9TUX TeJI CTAHOBATCSI PaBHBIMU YV, =V, +Jt, V, =V, + 0t (puc.7). 3nech § —

yCKOpeHue cBoOoaHoro mnaaeHus. M3 paBeHCTBa yIJIOB (., YKa3aHHBIX Ha

T v A/ V1oV
PUCYHKE, CIEIYET, YTO gt _Va . Orcroma ¢=¥"10""20 TJocie MOACTaHOBKU
Vip 0T g
HaICHHBIX BbIIIE 3HAUEHUH HaYaIbHbIX CKOPOCTEN MOyydaem,



2E

n

1 28
g V(m+m,)

OtBer: (=1 fi:gc_
g\ (m+m,)

7. 3amummTe BBIPAKCHHS IS TOTEHIIMAILHOW SHEPTHMH Teia BOJIH3H
MOBEPXHOCTH 3eMJM W  MOTEHIMATbHOH  DHEPTUH  YIPYTo
nehOopMUPYEMOH MPYKUHBL

49TO =

3amaya. Ha ropusoHTambHYIO IUIOMIAJKY ITOCTABHIM JIETKYIO IPYKUHY

xectkocThio K = 100 H/M, ckperiénnyro ¢ mmactuHamMu mMaccamu m =200

MEY KaxJas Tak, Kak I[MOKa3aHO Ha puc.8. 3aTeM Ha BEPXHIOIO

,__3;:, m TUTACTUHY TOJOKWIIM TPY3 Maccoil M Tak, 4To OCh HPYKUHBI

k ocTtanack BepTUKalbHOH. Ilocne »3TOro peskum ynapom B

) TFOPU30HTAJIBLHOM HAIPABJICHUH TPY3 COPOCHIIHN C IJIACTHUHBI,

[IpeneOperast TpeHHEM Tpy3a O IUIACTHHY, ONPEICITUTE MacCy

Puc.8 rpy3a M, eciu B TOT MOMEHT, KOIZd HIDKHSAS IUIACTHUHA

nepecTajga JaBUTh Ha CTOJ, MOIYJb CKOPOCTH BEpXHEH

IUTACTHHBI CTajll PaBHBIM V = 2 M/c. Moynb yCKOpeHHs CBOOOAHOTO Ma/leHHs
npumute pasabM g = 10 m/c?,

00009

Pemenne. Ilycts mawHa HemeOpMHUPOBAHHON MPYXHHBI paBHa L (puc.9a).

kx YcnoBue paBHOBecHs BEpXHEH IUTACTUHBI

C JIeKalIuM Ha Hell rpy3oM (puc.96) nmeer

BH (M+m)g = kX1, CrnenoBaTenbHO, IO
....... JICUCTBUEM IUIaCTMHBI W Tpy3a MpYyKUHA
(M +m)g

T .

TOT MOMEHT, KOTJla HIOKHSS IJIACTHHA TIEpEeCcTaeT AaBUTH Ha cTod (puc.9s),

Puc.9 COXMETCS Ha BEIMUYMHY X = B

BBITTIOJIHACTCA PaBC€HCTBO mg:kxz. CHCJIOBaTeHBHO, B 3TOT MOMCHT

mg
MpYXKWHA JIOJDKHA OBITH PAcTSHYTa Ha BENHYMHY X =— . COrjlacHO 3aKOHY

k

COXpaHEHUsI MEXAHUYECKON PHEPTUH, CIIPABEIJIMBO PABEHCTBO,

2 2 2
HMMEIOILEE BUJ, I(%+mg(L—x1) =%+mg(L+x2)+%.



Pemmas COBMCCTHO COCTaBJICHHBIC YpaBHECHUA, IoJIydaem, q9To

2
mv“k
M= [4m? +——
g
2
mv“k
OtBer: M = _[4m® + >— ~ 0,98 kr.
g
8. Jaiite OIpENCIICHUE CKOpPOCTHU MaTepUAIBHOU TOYKH.

ChopmymnupyliTe 3aK0H CIOKEHHUS CKOPOCTEH.

3agaya. [log xakuM yIrJIoM o K TOPHU3OHTY HYKHO OpPOCHTH TENO, YTOOBI
MpsIMble, TPOBEACHHBIC W3 TOYKH OpOCaHWsl M TOYKH MAaJCHHUS B TOYKY
MaKCHUMaJIbHOTO TOJbEMa Tejla, COCTABISUIM MEXAy co0oil mpsmMol yromn?
Cumraiite, 4YTO TOYKM OpocaHWsi ¥ TaJeHUS HAXOAATCA Ha OJHOM
TOPH30HTAJIBHOM YPOBHE, a COMPOTHUBJICHUE BO3yXa MPEHEOPEKHUMO MAJIO.

Peiennue. HOCKOJ’IBK}’ TOYKa MaKCHMAJIBHOI'O IIOAbCMaA TCJIa HAXOAUTCA Ha
PaBHBIX pPaCCTOAHUAX OT TOUYCK 6pOC3HI/IH n najcHus
TCJIa, JIs1 BBINIOJIHCHUSA YCJIOBUA 3aJdadd AJaJIbHOCTb

IoJI€Ta TEja I JAO0JDKHa BABOC IIPCBBIINIATH BBICOTY

MakcHManpHoro momeema Tema h, te. |=2h (cm

puc.10). TlockodabKy JalbHOCTH  MOJETa  Tea,
OpOILIEHHOTO0 €O CKOPOCTBIO V, HOJ YIIIOM O K
0

TOPHU30HTY, |= 2v—osin ocosa , a4 MaKCuMalibHasd BBICOTaA IIOABEMaA TEjia

2
h:\zl—osinzoc,TO tga=2. Otcrona o =arctg2 ~63°.
g

OT1BeT: 0 =arctg2~63°.

9. Jlaiire onpenenenue cuibl TshkecTH. Kak cuia TSDKECTH 3aBHCUT OT
BBICOTHI HaJl TIOBEPXHOCTHIO 3eMITH?

3agayva. K notosiky KOMHaTBl IPUKPETIIIEH KOHELl HEBECOMON HEPACTKUMON
HUTH JuHOH | = 4 M. Ha 1pyroM KoHIle HUTH 3aKpeTuUIEH MaJeHbKHI IIapUK.
PaccrosiHre ot moTosika 10 moja paBHo |/2. Crerka HaTSHYB HUTb, IIAPHK
OTKJIOHWJIM TaK, YTOOBI HUTh NMPHHSAJIA TOPU30HTAIBHOE MOJOXKEHHUE, a 3aTeM
oTHycTHJIM 0e3 Toidka. B mpouecce ABMKEHMS IIAPUK COBEPIIAN C IOJIOM
abcomoTHO ympyrue coynapeHus. [IpeneOperass BIMsSHHEM BO37yXa,
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OTIPEIETTUTE PACCTOSTHUE X MEXAY TOUYKAMH TIEPBOTO U TPETHETO COYIapeHUH
mapuka ¢ ToJoM. YWCIOBOM OTBET BBIPa3UTE B METpPax, OKPYTIUB 0
JIECSATHIX.

Pewenne. B moment t=0 mepsoro ynapa mapuka o 1mon ero ckopocts v,

e e HampaBJieHa Tak, KaK Mmoka3aHo Ha puc.ll, T.e.
o v, |12 mom yrmom a=30° k Beprukamm (T.K.
» f:a sina=1/2), a eé momyns paBen Vg =4/0l.

0

I[Tocne mepBoro abCOMOTHO YIPYroro yaapa o

Puc.11 MO CKOPOCTh IIApUKAa CTaHET PaBHOH V.

IIpy o>TOoM MoOAmYNb CKOPOCTM HE W3MEHHUTCS, €€ TOPH30HTAJIbHAsS
COCTaBJIAIOIIAs OCTAHETCS HEM3MEHHOM, a BEPTUKaJIbHAas — WU3MEHHUT CBOE
HaIlpaBJICHUE HA MPOTUBOIOJIOKHOE. B pe3ynpraTe IapuK HAYHET IBUTaThCS
o mapaboJje Kak TeJo, OPOLIEHHOE MO YIJIOM O K BEPTUKAIN CO CKOPOCTHIO
V,. Bropoii ymap mapuka O TIOJ MPOU3OKUAET B MOMEHT BPEMEHHU

. 1V/3
tlzg\/zcosa: 3 Ha paccrosHum s:,/gl-tl~5|noc=7‘/— OT TOYKH
g g

HEPBOro yaapa, T.€. B TOUKE, PaclIOJIOKEHHOM NpsMO I0JI TOYKOH IojBeca.
Tpetuil ynap npou3oUaET B TOUKE, HAXOASIIEHCS Ha PACCTOSIHUM 2S OT TOYKU
nepBoro ynapa. I[loaTromy uckomoe paccrosHHe x=2s=1/3. OTBeT:

x=2s=1/3~69 M.

10. JlafiTe onpeneneHne KHHETHIECKONW YHEPTUN MATEPHAIBLHONW TOUYKH H
CHCTEMBl MaTePHAJIbHBIX TOUYEK. 3alHIINTE (POPMYILY, CBSI3bIBAIOILYIO
W3MEHEHNE KUHETUYEeCKOW SHEPrHH Teja U padoTy MPHIOKEHHBIX K
TEJTy CHIL

3anauya. lllepoxoBaTas HaKJIOHHAsI TIOCKOCTbh, COCTABJISIONIAS C TOPU3OHTOM
i - yroj o, UMEeT TJaJKuil IUIaBHBIA Mepexo Ha
V /\/l ;7 TVAJKYI0 TOPH3OHTATIBHYIO IOBEPXHOCTH (CM.
| DS . puc.12). Hebomnp1oii 6pycok, COCKOIb3HYBIINI
[0 HAKJIOHHOW IUIOCKOCTH C BBICOTHI H,

Puc.12 CKOJIB3UT [0 TOPU3OHTAIBHOM MOBEPXHOCTH.
HaBcTtpeuy emy paBmxercs crajbHas IUIUTA,

Macca KOTOpOil HaMHOTo mpeBbllIaeT maccy Opycka. C Kakoil mo Momylito
CKOpOCTbIO V JI0JIKHA JIBUIaThCsl IUIMTA, YTOOBI 110CIE aOCOIIOTHO YIPYroro
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ynapa 00 He€ OpyCOK MOAHSIICS IO HAKJIOHHOHM IJIOCKOCTH HA Ty € BBICOTY
H? Kospdunuent Tpenust Opycka o HakJIOHHYIO TJIOCKOCTh PaBeH L.

Pemenne. Ilyctb U — MOmymb CKOPOCTH [BHKEHHS Opycka IO
TOPU30HTAIBHOMY YYacTKY IOCJIE COCKaJIb3bIBaHMSI C HAKJIOHHOM IJIIOCKOCTH.

[lo 3akoHy W3MEHEHHWs] MEXaHWYeCKOW DHEpPruu OpycKka HMeeM

mu?

2

-mgH =A,, rie A =-F s — paboTa CHIBI TPEHUS CKOJIBKCHHS,

H
F,p =HMgcoso — MOAYJIb CHIIbI TPCHUS, A S = preomiie nepemenieHne opycka

OT BEpPXHEW TOYKH 0 OCHOBAHHUS HAKIOHHOHM IUIOCKOCTU. M3 3amucaHHBIX

BRIpaKeHHil cnexyet, uto U=,/20H(l-pctya) . Amanoruuno Haxomum, uto

MOJYJIb MHHHUMAJIBHON CKOPOCTH, KOTOPYIO NTOIDKEH MMETh OpYCOK, YTOOBI
MOJHATBCA 1O  HAKJIOHHOM  IJIOCKOCTU Ha  BbIcOTY FH, paBeH

U =42gH(l+uctga) . YunteiBas, uTo mocne ymapa O IUIMTY HampaBlcHHE

CKOpPOCTH OpyCKa M3MEHUTCS Ha IPOTHBOIOJIOKHOE, & €€ MOMIYJb CTAHET
PaBHBIM U, =U+2V, TPUXOAMM K paBeHCTBY 20H(l+pctga) =

=yJ2gH(-pctga) +2V |

Ommer: V = [2gH @ wotgo) - {2gH - pcigd|.

11. Cdopmynupyiite BTopoii u TpeTuil 3akoHsl HeroToHa.

3agava. Ha rpansax 3akperyieHHON NMpU3MBI HAXOAATCA JBa Ipy3a MaccaMmu
Mi=2Kr U My =1Kr, COeOUHEHHBIE IPYyTr C
JIPYTOM Y HEMOABUKHON OMOPOl HEBECOMBIMHU U
HEPACTSHKUMBIMH ~ HHUTSAMH  4Y€pe3  CHCTEMY
HeBecoMbIX 0y0koB (cM. puc.13). [IpaBas rpanb
MpU3MBbl [JajKasd, JieBas — IIepoxoBaras C
ko3 duumentom Tpenus W= 0,6. Ompenenute
MOJlyJIb YCKOPEHHUS JIEBOTO TPy3a 1. YTIBI MPH
OCHOBaHMM MNpu3Mbl o =602, [} =302 VYckopeHwe CBOOOAHOIrO IaJCHUS
npuMKTE paBHbIM ¢ =10 M/c%
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Pemenne. Tena aBWKyTCs TOM IEHCTBHEM CHII, M300payKEHHBIX Ha pwuc.l14,

rae m,,§ ~— cuisl Tokectw, Nip -

HOPMAJIBHBIC COCTAaBJIAOINHUE CHJI PCaAKIUN

MMPpU3MBI, T12 — CHIJIbI HATSDKCHUA HI/ITGI/I FTp -

cuia TpeHus ckoabxeHus. [lo BTopomy 3aKoHy
Puc.14 Herotona _ AMEEM:
ma, =mgsina—T, —umgcoso.  (A7s1  JEBOTO
rpysa), m,a, =T, —m,gsinf (a1 npasoro rpysa). Kpome toro, cnpaseuuBbl
PaBCHCTBA, BBITCKAIOIIHNC U3 YCJIOBHA, UYTO HUTU HCPACTAXKUMBI 1 HECBECOMEIL, a
UMEHHO a, =23, T,=2T,. Pemas 3amucanHyio CUCTEMY ypaBHEHUH,
(my sin o —2m, sin § —pmy COSOL)
m, +4m,

HaxXoJduM, 4TO a4 =

(my sin o — 2m5 sin B —um, cos oc)
m; +4m,

OtBeT: a, = ~0,22 M/c?,

12. 3anummre cBA3b MEXAY NpHUpAIICHHEM HMITYJIbCa MaTepUalbHON
TOYKA U HMITyJIbcoM cuibl. CHOopMynupyiTe 3aKOH COXpaHEHHS
HMMITyJIbCa.

3amaya. Ha ropu30HTANIBHONW IMOBEPXHOCTH CTOJIA JISKHUT JOCKa Maccou
M =05kr, a Ha JOCKEe CUAMT JArymka maccod m=50r. B HekoTopbIi
MOMEHT BPEMEHHM JISTYIIKA COBEpPUIAECT MPBDKOK, OTTAIKUBASACH OT JOCKH, U
pHOGpPETaET CKOPOCTh V=1 M/c, HampapieHHyl0 mox yrimom 0 =45°
TOPHU3O0HTY. C'—II/ITaH, 4YTO JIUTCIIBHOCTH TOJIYKa JIATYIODKHM O JOCKY paBHa
t=01c, a cuna, AeWCTBYIOLIAsA Ha JISTYLIKY BO BPEMS TOJIYKA, IPAKTUYECKU
MIOCTOSTHHA, OTIpPENeNNTe, MPU KaKWX 3HaYeHHWsX KoddduumeHTta TpeHus .,
JIOCKH O CTOJ, JIOCKa B MOMEHT TOJIYKa OyJIET OCTaBaThCS HEIIOIBIIKHOM.
Moy ycKOpeHHs CBOOOIHOTO MaeH sl IPUMUTE PaBHBIM g =10 m/c?.

Pemenne. CormacHo BTOpoMy 3akoHy HBIOTOHa H3MEHEHHE WMITyJIbCa
JATYIIKA 32 BpeMsl ¢ PaBHO HUMIIYJIbCY CYMMBI CHJI, JCHCTBYIOIIMX Ha
JATYIIKY, 32 3TO k€ BpeMs. llockonbKy Ha JATYIIKY JEHCTBYIOT cuHila
TSKECTH MG U CHIA PEaKIUH JOCKH R, TO M3MEHEHHE HMITyIbCa JIATYIIKH
MAV = (Mg + R)t . Y4TeM, YTO A0 NPbDKKA JISTYIIKa MOKOMIACh, U Pa3I0KUM
CWJIy PeakiMH JOCKM Ha JIBE COCTABJISIONIME: HOPMAIbHYIO K Jocke N u

KacCaTCJIbHYIO K Hen F. Toraa 3aKOH H3MCHCHUS HMITYJIbCA JIATYHIKA B
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MPOEKIIMN Ha BEPTHKAJIBLHOE M TOPU3OHTAJIBLHOE HANPABICHUSA IIPUHAMAET
BUA: mvsina=(N-mg)t, MVCOSa = Fr. Ilo TpeTbeMy 3akoHy HbroTOHa cuia,
C KOTOpOM JryllKa JEHCTBYeT Ha JOCKY, pPaBHa II0 MOIYII0 U
TIPOTHBOTIOJIOKHA MO HAMPABJIEHUIO CHIe PeaKIu A0cKh R. ITockoJbKy o
YCIIOBHIO JIOCKA OCTaeTCs HENOABWKHOW, F =F,_, TAe F, — MOAYIb CHJIBbI
TpeHUsl IOKOsf, yJepXKHMBalOmMH JocKy Ha Mecre. Cuia HOpPMaabHOIO
JABJICHUS JTOCKH Ha CTOJ B MOMEHT IpPBDKKA JIATYIIKH paBHa Ny =N +Mg .
ITo 3akoHY CyXOro TpeHMs CHja TPEHHS IOKOS YIOBIETBOPSAET HEPABEHCTBY
Frp <uNg - Pemas 3aIIMCAHHYIO CHCTEMY, HaxOJIUM, 4TO

S mv cosa

“mvsino+(M +m)ge

mv cosa

- ~0,06.
mvsin a.+(M +m)gt

OtBeT: N2>

13. [a#ite onpeneneHue MexaHmdecko pabotel. Kak  cBsizaHO
NpUpaIleHAe KHHETHYECKOH PHEPTHU Tesia ¢ paboTON MPUIIOKEHHBIX
K Texy cui?

3apaya. Ilo rOpU3OHTAIBHOMY CTOJIy CKOJIB3UT CJI€BAa HANpPaBO TOHKAas
OJHOpOJIHAA JIMHEWKa JIJIMHOM

| =20cm. TloBepxHOCTH cCTONA
COCTOMT W3 JBYX IIaHEJeH,
00pabOTaHHBIX C  Pa3INYHBIM
KauyeCTBOM. Koadpdunment
TPEHUSI MEKIY JIMHEUKOU U JIEBOU
[IaHEIbI0 PaBeH |, a MEXIy JUHEWKOH M IpaBod IaHeNb0 — p, (CM.

puc.15). B ToT MOMeHT, KOr/ia PacCTOSIHHE OT MPABOT0 KOHIA JTUHEWKH 0
JMHUM COTPHKOCHOBEHHs (CThIKa) maHenedl paBHO |, Momyms ckopocTu
quHedku V=1 wm/c. Tlpu kakoM MakCHMalbHOM 3HadeHHH Kod(duimeHTa
TPEHUS W, = oy JIMHEHKA MOXKET IOJHOCTBIO IIONACTh HA MPaBylO MaHEb,

ecn  kodduuueHt TpeHus p, =0,05, a BEKTOp CKOPOCTU JIMHEHKU

HampaBlieH TEpPHeHIWKYIAPHO CTBHIKY TmaHede? Moayns yCKOpeHHus
CBOGOJIHOTO MajIeHUs! TIPUMUTE PaBHBIM g =10 M/c?.

Pemenne. Moayns paGoOTeI CHIIBI TPEHHSI HA BCEM MEPEMELICHUH JMHEHKU
MOJKHO IIPEACTAaBUTh B BUJE CyMMBI TPEX CllaraeMbIX: A= Ay +A + A, . 311eCh

Ay, =pymgl — Moxyab paOOThl CHIIBI TPEHHs HA NEPEMEILEHHUU JIMHEHKU IO
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JIEBOW IMaHENW IO CThIKA ¢ IpaBod maHenbio (M — macca JuHEHKH), A; —
MOJIYJIb PaOOTHI CHIIBI TPEHHS, NEHCTBYIOMIEH CO CTOPOHBI JIEBOW MaHeNu, Ha
MEPEeMEIICHUH JIMHCWKH C JICBOM MaHenW Ha TpaByio mnaHenb. O003HauuB
yepe3 X JUIMHY TOW YacTH JIMHEMKH, KOTOpas HaXOIUTCS Ha JIEBOM MaHENH,
JUIsL MOZYJISL CHJIBI TPEHUS!, JEHUCTBYIOIIECH CO CTOPOHBI JIEBOU MAHEIH, UMEEM
F=w @ X . 3aMeTuM, YTO 3Ta CUJIa U3MEHATCS B 3aBUCUMOCTHU X JIMHEHHO B

nopefenax or pymg A0 Hyma. Ilostomy Mmomyme paGorsl cuiabl Fi1 Ha
1 y

nepemerieHnn | paBen A1=Eu1mg|. AHaJOTMYHO MOXXHO HalTH MOAYJb

paboThI cuibl TpeHus F», NeMCTBYIOMIEH CO CTOPOHBI IPAaBOH MaHEN!, Ha TOM

1
ke nepeMeniennn: A, =Eu2mgl . [Ipu aTOM MBI TIpearIoNaraemM, 4To JTMHEHKa

OCTAaHOBMJIACh, OKA3aBIINCh LIEJIMKOM B IpaBod naHenu. IIpumenus teopeMy

00  U3MEHEHMM  KHHETHYECKOH  DHEPruH,  MOJIYYHM  DPaBEHCTBO
2
mv 1 1
— =pymgl+ > pwymgl + s omgl. Orcioga  HaxoAMM  MAaKCHUMAaJIbHYIO

2
A\
BEIMYMHY KOOQUIMEHTa TPEHUS W, , @ UMEHHO g4, = — —34, -

gl

2

Oreer: 44, = \glg_l -3, =0,35.

14. Kak ompenensercd UMIIYJIbC CHCTEMBl MaTepUANbHBIX TOYEK?
ChopmynupyiiTe 3aKOH COXpaHEHUS UMITYJIbCA.

3agaua. CHapsin Maccoit m = 16 xr BeuteTen u3 mymku mox yriom o = 30° k
rOpU30HTY. B BepxHel TOUYKE TpaeKTOpHH
CHapsii pa3opBalicsi Ha [BE YacTH, NpUYEM
OCKOJIKM  CHapsija  yhnald  Ha  3eMII0
ogHOBpeMeHHO. OCKOJIOK Maccoit M1 = 4 xr ynan
II0YTH Ha MYIIKY, & APYroi OCKOJIOK yHajl Ha
3eMJII0 Ha pPAacCTOSHUM S =8 KM OT MyILIKH.

Puc.16 [IpeneOperast cCONpOTHBIEHHWEM BO3AyXa H
Maccoll B3pbIBUATOTO BEIIECTBA B CHapAJIE, HAWINTE KHHETHUECKYIO SHEPTHIO
cHapsiia E« B MOMEHT BbUIETa U3 MyNIKH. YCKOpPEHUE CBOOOIHOTO TIaJICHUS
npumuTe paBHbM g = 10 m/c?,
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Peumrenne. TpaekTopusi cHapsaa 70 pa3pbiBa M TPAEKTOPHH OCKOJKOB TOCHE

paspeiBa m300pakeHbl Ha puc.16. Ecom OBl cHapsm He pa3opBajics, TO
2

JaJIbHOCTB €ro 1oJIeTa Oblia Obl paBHA S, = Vgosin 20, . (CM. IITPUXOBYIO JIMHUIO
Ha puc.16). 3mech Vo — HavambHasg CKOPOCTb CHapsiia. [I0CKONBbKY OCKOIKH
yIany Ha 3eMJIF0 OJTHOBPEMEHHO, MOCIIE pa3pbiBa CHAPSIA UX CKOPOCTH ObLIH
HaTpaBJIeHbl TOPU3OHTANBHO. VX IEHTp Macc, JBHTasCh 10 BOOOpakaeMou
TPaCKTOPUH HEPa30PBABILEIOCS CHapsiia, ynal Obl B Touke C HA PacCTOSHUH
S1 or mymiku. O603HaYMM 4Yepe3 Sy pacCcTOSHUE OT TOYKH TaJIeHHs IICHTpa
Macc JI0 TOYKH MaJIeHHUss BTOPOTO OCKOJIKa. B COOTBETCTBUM C ompeesiecHueM

S m m-m 2 i
LeHTpa Mace, —+=—2=——2=3. CieqoBaTeibHO, S=S +S, = Avgsin 2o

S, my m 3g

2 305
OTKyZla IOJy4aem, 4ro Vo = asin 20 HavanpHas kuHeTHUeCcKas SHEPTUs
o
CHapsaja paBHa E, = m_vg_ § mgs
“ 2 8sin2n’
3 mgS
OtBer: E, =—— ~ 0,55 M/
© 8sin2a A

15. Cdopmynupyiite 3akoH Apxumena. KakoBsl ycinoBus miaBaHust Ten?

3agaya. B manenpkoM OacceilHe ¢ BEpTHUKAJIbHBIMH CTEHKAaMH II1aBaeT
UTPYIICYHBIH IUIOT, HA KOTOPOM JIe)KaT OJMHAKOBbIE Mrpymku. Ha creHke
OacceiiHa HaHeCeHa IIKala JJIsi U3MEPEHHs BBICOTHI YpoBHS Boabl. Korma
pebeHok mepeHéc ¢ miuota Ha OopTHK OacceliHa OAHY WIPYIIKY, BBICOTA

YPOBHA BOABI U3MCHUWJIACH HaA Ahl :6 cMm. OH xoren NEpeHECTU Tyada XK€ U

BTOPYIO MI'PYILIKY, HO YPOHMJ €€, U UTPYyIIKa yrana Ha IHO. BricoTa ypoBHs
BOJIBI TIOCJIE OTOTO W3MEHWNACh ele Ha Ah, =1 cm. Bo ckombko paz N

IUIOTHOCTh MaTepuana Urpylky OoJbIie, Y4eM IIOTHOCTh BOABI?
Pemenne. Korga oxna urpymka maccoii I okasanmace ma Goptuke, macca
IIOTa ¢ WrpyIIKaMM cTaja MeHblie Ha Beiuuudy MM, u ypoBeHb BOBI

m
NOHU3UJICS Ha Ahlz—s, rA€ po — IJIOTHOCTH BOJBI, S —miomane gHA
Po

Oaccelina. Kor;[a BTOPYIO UI'PYHIKY CHAJIU C IJIOTA, YPOBCHb BOAbI TIOHU3UJICH

m
€llIe Ha —S, a Korja IIocji€ 3TOr0 UrpyllKa yIajla B BOAY, YPOBEHb BOJbI
Po
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m
HOAHSIICA Ha vl rae P — MUIOTHOCTh Marepuana Urpymku. Takum
o}

obpaszoM, Ah, _ M _Mm_m [1_90j - Ahl(l_p_OJ. Orcroga HaxoOuM, YTO
p

PoS PS poSU p
pP__ 1
Po 1—Ah2/Ah1
1
OrBeT: N=— —— =12,
1-Ah, /Ah

16. [Jaiite onpesaeneHne KUHETUYECKON SHEPTUU MaTepHaIbHON TOUKH U
CHUCTeMBl MaTepHaJbHBIX ToueKk. Kak cBsfizaHO mpupalieHue
KHHETHYECKON SHEPTUH Tela ¢ paboTOH MPUIIOKEHHBIX K TeTy CHII?

3agaua. Bpycok maccoii M = 100 r, mpuKpenIeHHbIH TOCPEICTBOM MPY>KUHBI
K HETIOJIBIDKHOM CTEHKE, COBEpIIAeT rapMOHUYECKHE KOJIeOaH!Us Ha TIaKOM
crone ¢ ammutygoil Ag=5cM. B MOMeHT mnpoxoxaeHUs Opyckom
IMOJIOKCHUA PABHOBCCHUA Ha HEr0 IMaJgacT BEPTHKAJIbHO KYCOK INIAaCTWUIMHA
Maccoi mM=56,25r wu cpazy mnpwimnaer kK Opycky. Omnpenenure
YCTaHOBUBIIYIOCS aMITTUTYAy Ai KoneOaHWil Opycka ¢ MPHIUMNIIAM K HEMY
TUTACTHITUHOM.

Pemrenne. OO0Oo03HauMM uepe3 Vo CKOPOCTh Opycka INpH HPOXOXKICHUH
MOJIOXKEHHUSI PABHOBECHS J10 PUWIIMIIAHUS [UIACTHIIMHA, a Yyepe3 Vi — CKOPOCTb
Opycka cpa3y Iocie TpHIUNAHUS K HeMy IactwinHa. [lo 3akoHy
COXpaHEHUs! UMITYJIbca B MOMEHT MPUJIMIAHU [UIAaCTHINHA K OpYCKy MMeeM
Mvy =(M +m)v, . CienoBaTenbHO, MakCHMallbHas CKOPOCTh Opycka ¢

M +m

kAS  Mvj i kA? (M +m)v{
2 2 2 2

NPpUWIAIIIIAM  IUIACTUJIMHOM  paBHaA V]_: W3 3akona COXpaHCHUS

SHEPTUH CIEAYIOT YpPaBHEHHS , tme k —

M

JKCCTKOCTD IIPYKUHBI. W3 stux ypaBHeHI/If/i HaxoauM, 4TO Al = AO M— .
+m

OtBeT: A=A, /ML:4 CM.
+m

17. Chopmynupyiite 3aKkoHBl cyxoro TpeHus. [laiite ompenenexue
K03 duIIMeHTa TPEHNUS.
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3agaya. Ha rmaakodl TOPH3OHTANBHON MOBEPXHOCTH JIEKHUT Opyc Maccoi
n, m; =2 kr u amuaor | =1 wm (puc.18). CBepxy Ha

Opyc TONOXWIM OJHOPOIHYIO JOCKY TaKOH xKe
JUIMHBI, Macca KoTtopod My =1xkr. Yepe3 Bpems
to = 1 ¢ mocne Toro, kKak 3a MPUBS3aHHYIO K Opycy
BEPEBKY HAYald TAHYTh B TOPHU30HTAIHHOM
HampaBieHUH ¢ cuiiold F = 8 H, eBbIli KOHEl JOCKH CTall OMYCKAThCSl BHU3.
Onpenenure K03QPUIMEHT TpEeHUs L MEXKAY JAOCKOH U OpycoMm. YcKopeHue
CBOGOJIHOTO MaJIcHUs TPUMUTE paBHbIM § = 10 m/c?,

L

V-

Pemenne. [lycth a1 u a2 — yckopeHus Opyca M JOCKM B HEIOJBHXKHOU
CUCTEME OTCYeTa. YpaBHEHUS JBWKCHHUS IUIsl Opyca M JIOCKH HMMEIOT BH/I:
ma,=F-f, mya,=f, tme f=pumyg. Orcroma cuemxyer, 410 a,=pg,

a = mi(F —um,g). Monyne ycKOpeHHS JOCKH OTHOCHTENBHO Opyca
1

F m
2 N
Am =@ 8 = P ug n +1|. Jlocka HaYHET «CBENIMBATLCSA», KOTJIA €& LIEHTP
1 |

2
a .t |
TSHKECTH JIOCTUTHET KOHLIA Opyca, T.e. Ipu "%0 =3 B urore noxyyaem 4o

_F—(m/t?)
(m +my)g
2
F-(mi/t’) o,

OrBer: W=—————— =

(M +m,)g

18. [laiite omnpeieneHus CKOPOCTH U YCKOPEHHSI MATEPHAITLHON TOUYKH.

3agaua. bpyc maccoit M; =6 Kr JEKUT Ha TJIAJKOH TOPHU30OHTAIBLHOM
moBepxHoctn  (puc.19). Cepxy Ha Opyc
CUMMETPUYHO OTHOCHTEIBHO HEro MOJIOXKHIH
OTHOPOAHYIO JOCKYy Maccoii Mz =4 kr. Yepes
Puc.19 Bpemss to=2c mocie TOro, Kak 3a BEPEBKY,
MpUBS3aHHYI0O K Opycy, Haydald TSAHYTh B
TOPHU30HTAJIBHOM HampasiieHnH ¢ cuioil F = 36 H, neBbril koHen gocku crain
omyckarbesi BHU3. Omnpeznenute aauny Opyca |, ecian xosdduiteHT TpeHuUs
MeX1y J0CKol u OpycoMm L = 0,3. YckopeHue cBOOOIHOTO MaJACHUS PUMUTE
paBHBIM ¢ = 10 m/c?.
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Pemenne. Ilycte a1 m a2 — yckopeHHs Opyca W OCKH B HETIOJBIDKHOW
CHUCTEME OTCUeTa. YPaBHEHMS IBIDKEHHs I Opyca M IOCKM MMEIOT BUI:

ma =F-f, mya,=f, roe f=pmyg. Orcioma ciemyer, 410 a,=pg,

1
a =—(F —um,Q) . Yckopenue JOCKU OTHOCHUTEJIBHO Opyca
my
F m, .
Ao =8 — 8y :F—HQ FH . JIeBbIii KOHEI[ TOCKH HAYHET OMyCKAThCS BHU3,
1 i

5

a |
KOT/Ia ee IIEHTP TSHKECTH JOCTHTHET KOHIA Opyca, T.e. Ipu % =3 B utore

{2
nomyuaem uto | =(F —(m, + mz)Hg)mi :
h
2
Ortser: | = (F —(my + mz)HQ)mi =4 M.
|

19. IlpuBeaute GopMymBl AN 3aBHCUMOCTH OT BPEMEHH KOOPIMHATHI H
CKOPOCTH MATEpPUAIBHOW TOYKH, COBEPIUANOIICH IPSMOJIMHENHOE
PaBHOIIEPEMEHHOE IBHKECHHE.

3anaya. [lo rmagkoMy rOpH30HTaIBHOMY JIbAY 3aMEP3IIEro 03epa CKOIB3HUT
nocka Maccoii M = 20 kr co CKOpOCTBIO, MOJYJIb KOTOPOH paBeH Vo = 2 M/C.
CKopocTh JOCKM TapaiijiefbHa e€ JITUHHOW cTopoHe. B HEKOTOPBI MOMEHT
BPEMCHHU CTOSIIMIA Ha JIbJy YEJIOBEK aKKypaTHO OIYCTHJI Ha 3Ty JIOCKY
Opycok maccoit M =1 kr Tak, 4ToOBl €ro LEHTP Macc OKa3ajics Ha MPSIMOW,
MPOXOJAIICH Yepe3 IEeHTP Macc JOCKU MapajuieNibHO e€ JUIMHHON CTOpOHE.
Onpenenure K03(pPUIMEHT TpeHUs L OpycKa 0 JIOCKY, €CJIU OPYCOK mepecTan
CKOJIb3UTh TIO JIOCKE, MEPEMECTUBINNCh OTHOCHUTEIILHO HEe Ha PACCTOSHHE
| =95cm. Cuuraiite, 4TO MOAYJIb YCKOPSHHS CBOOOJHOIO MaJCHHS
g = 10 m/c?. OTBeT OKpPYIJIUTE 10 ABYX 3HAKOB MOCJIE 3AIISTOM.

Pemenue. [IocKOIBKY CHIIBI CyXOTO TPEHMSI CKOJIBKEHUS, NEUCTBYIOIIUE Ha
JIOCKY ¥ OpYCOK 110 MOJYJII0 paBHBI UMY, TO OTHOCHTEIHHO YeTIOBeKa OPYCOK

Ha4yuHacT ABUIaTbCsd C YCKOPCHHUEM &, =ug B HaIpPaBJICHUM JABMXXCHUS

m
AOCKH, a J0CKa HaYWMHACT TOPMO3UTHL C YCKOPCHUCM az = Mug ,

HaIrpaBJICHHBIM IIPOTHUBOIIOJIOKHO €€ IBHKXCHUIO. BPYCOK n JOCKa IIOCJIC
COIMPUKOCHOBCHUA 6yZ[yT ABUTAaTbCA MNOCTYNATCIIbHO HpHMOJ’IHHCﬁHO (¢10)
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CKOPOCTAMH Vv, =at M V,=Vy—at. CkompkeHnue Opycka =IO J0CKe
HPEKPATUTCsl, KOIJAa CKOPOCTH OTHX TeJl OTHOCUTENIBHO JIbJa CTaHyT

Mv
PaBHBIMH, T.€. BBIIOJHUTCS YCJIOBHE at,=V,—a,t,. Orcrona t, =— 0 |
ug(m+M)
[Tockonmbky 3a 3TO BpeMsi OpPYCOK IEPEMECTUTCS OTHOCHUTEIILHO JibJla Ha
t3 mgt?
paccrosiHue X = “gTO a JIOCKa CMECTUTCS Ha pacCTOsHUE X =Vt —% ,
m+ M .
T0O |=X-X= (vo —ugt, %jto . TloacraBnsia crojga HaWIEHHOE BBIIIE
2 2
BbIpakeHue i to, mosryyaem, 4to | = _ Mvg | Orcrona = _ Mvg
2ug(m+M) 2gl(m+ M)
2
Otser:  —— Mo (2.
2gl(m+M)

20. [laiite ompenencHre MOMEHTa CHIIBI OTHOCHUTEIBHO OCH BpAIICHUS.
CdhopmynupylitTe mpaBuio MOMEHTOB.

3agaua. ToHkass ogHOpoAHasi racTwHa [/ OMHMpaeTcs OJHUM pedpoM Ha
[JIAJKYyI0 TOPHU3OHTAJIBHYIO IOBEPXHOCTb, a
IpyTMM — Ha IIEpOXOBaTyl0 HAKIOHHYIO
0 IJIOCKOCTh, OOpa3yroIIyl0 C TOPH30HTOM YTOI
o = 45° (cm. puc.20). Moayns aeicTByroIIei Ha

miactury cwibl Tsokecta P = 10 H. K cepenune
’ I;I/IC'.ZO’ BepXHero pebpa IUTACTHHBI TPHUKpPETIIeHA

riajgKas HeBecoMash HHTh, IepeOpoIIeHHas
yepes Oiok. Ha npyrom koHie HuTH noasetieH rpy3 Q. OTpe3ok HUTH MEeXIY
IIacTUHOM /1 1 6JI0KOM MapajuiesieH HaKJIOHHON TIOCKOCTH, a MEXIY TPy30M
Q u Onokom — BeprukaneH. Omnpenenure Bec rpy3a Q, mpu KOTOpOM
paccCMOTpeHHass cucTeMa OyAeT HaXOAWTBCS B  DPAaBHOBECHH, €CIH
KO3 QHIMEHT TpeHUsl IMJIACTUHBI O HAKJIOHHYIO IIOCKOCTh paBeH L = 0,2.
UucioBOl OTBET OKPYIJIMTE J0 JABYX 3HAYAIIUX mudp.

Pemenne. Ilycte oce OX wHepIHMaNbHONW CHUCTEMBI OTCYETa HalpaBJIeHA
BJI0JIb HAKJIOHHOM TIOCKOCTH, @ 0ch OY — mepreHuKyIspHo eif (cM. puc.21).
[TockosibKy HUTH HeBecOMas W IIajkas, a Ipy3 Q IOKOUTCS, TO YCJIOBHE
OTCYTCTBHUSI YCKOPEHHS Y LIEHTPa MACC IUIACTHHBI MOXKHO MIPEICTaBUTh B BUJE

_Q_ FIp _Rz sina.+Psina.=0 ) R, +R,cosa—Pcosaa=0, a OTCYTICTBHEC

YIJI0BOIO YCKOPEHMs IIJIACTUHBI OTHOCUTEIBHO OCH, IPOXOoIslueil uepes
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Touky O, B BHIE: R2|COSB—PECOSB=0. 3nece Q — MOIyIb CHUIIBL

JEeNCTBYIOMIEH CO CTOPOHBI HUTH Ha IDIacTuHy, R1 n R> Momynmn HOpMaIbHBIX
COCTAaBJIAIOIINX cuil peakiuu HAKJIOHHOU
IJIOCKOCTH ¥ TOPU3OHTAILHONH  IOBEPXHOCTH,

FTp =pR; — MOJYJb CHJIBI TPEHHS IUIACTUHBI O

HaKJIOHHYIO IUIOCKOCTh, | — nyuHa mnactunsl. [Ipu
3TOM M300pakKeHHOE Ha puc.2]1 HalpaBleHHUE CHIIBI
Puc.21 TPEHHA TIOKOS COOTBETCTBYET ~MHHHMATLHOMY
3HayeHuto Q. Pemas coBMecTHO mNpHUBENEHHYIO

P, .
CHCTEMy YpaBHEHHWH, HaxomuMm, 49T0 Qpin 25(5"1 a—ucosa). Ecmu xe

3HaueHue cuiabl Q MakCHMalbHO, TO HANpaBICHHE CHIIBI TPEHUS OyAeT
MPOTHUBOIIONOXKHBIM IOKAa3aHHOMY Ha puc.2l, a NOoTOMYy MOpPOEKLUHIO CHUJIbI
TPEHUs] CIIEAYeT CUMUTaTh MOJIOKUTEIbHON. PeleHne CcooTBETCTBYIONIECH

P, .
3TOMY CIIy4al0 CHCTEMBbI ypaBHeHHH qaeT Quay = E(Sm oL+ ucosa) .
Takum  00pa3oM, HCKOMas BEJIMYHMHA YIOBJETBOPSET HEPABEHCTBAM

g(sin a—ucosa) <Q sg(sin o+ ucosa) .

Ortger: g(sinoc—ucosoc) <Q s;(sin a+ucosa), r.e. 28 H<Q<4,2H.

21. Chopmynupyiite BTOpOii 1 TpeTuii 3akoHbl HproTOHA.

3agaua. Tonkas omgHOpOAHAs domIeyka /[ omwpaeTrcs OJHUM peOpoM Ha
[NIAJKYI0 TOPU3OHTAIBHYIO TIOBEPXHOCTh, a

(5 JIPyT’MM — Ha IIEPOXOBAaTyH) HAKJIOHHYIO

0 IJIOCKOCTh, OOpa3yoIllyl0 C TOPU30HTOM YIOJ
l / o = 45° (cm. puc.22). Moy neicTByIONEeH Ha
A\\\ nomeuky cuibl Tspkectu P = 10 H. K cepenune

BepXHEro pebpa  JOMIEYKH  NPUKPEIUICHA
rJIagKas HeBecoMmas HUThb, IepeOpoIIeHHas
yepes Oyiok. Ha nipyrom koHie HuTH noasetieH rpy3 Q. OTpe3ok HUTH MEeXITy
JIOIIEYKOH /[ 1 OIOKOM IMapaliiesieH HaKJIOHHOW TUTOCKOCTH, a MEXY TPY30M
Q u 6ioxom — BeprukaneH. Onpenenure K03hGUIMEHT TPEHUS L TOMIEYKH O
HaKJIOHHYIO TUIOCKOCTh, 3Hasl, YTO PaBHOBECHE CHUCTEMBI HAPYIIAEeTCS, €CIIU

Puc.22
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Bec rpy3a Q npesbimaet 5 H. UncnoBoid 0TBET OKPYTIIUTE IO IBYX 3HAYAIINX
uudp.

Pemenne. Ilycte ock OX wmHepuuanabHONH CHCTEMBI OTCYETa HANpaBJICHA
BJI0JIb HAKJIOHHOM TTOCKOCTH, @ 0ch OY — mepreHaukyIspHo eif (cM. puc.23).
IMockonbky HUTH HeBecoMas W Tazakas, a Tpy3 Q TOKOHWTCS, TO YCIIOBHE
OTCYTCTBHUS YCKOPEHHS y IICHTPa MacC JIOIICUYKH MOXKHO NPEJICTABUTh B BUJIC:

—Q+F, -Rysina+Psina=0, R +R,cosa—Pcosa=0, a orcyrcreue

YIJI0BOTO YCKOPEHUS JOIEYKH OTHOCHUTENBHO OCH, MPOXOJIAIIEH YePE3 TOUKY
O, B Buze: Rylcosp— PECOSB =0. 31ech Q — MOZLYIIb CHIIBI, JEHCTBYIOMIEH CO

CTOPOHBI HUTU Ha AOUICYKY, Rl n R2 MOAYJIHW HOPMaJIbHBIX COCTAaBJIAIOLIUX
CHII peakuuun HaKJIOHHOM IIJIIOCKOCTH n

TOPU30HTAIBHOM  IIOBEPXHOCTH, Fm =pR -

MOAYJb CHJIBI TPCHHUA MOOUICYKM O HAKJIOHHYIO
wiockocth, | — mmmHa mommeuku. Ilpu  sTOM
U300paKCHHOE Ha pHUC.23 HamNpaBiICHHE CHIIBI
TPEHUA TIIOKOsA COOTBETCTBYCT MAKCHMAJIIBHOMY
3HayeHnto  cwibl Q.  Pemas  coBmecTHO

. . 2Q—Psina
NPUBENERHYIO CHCTEMY yPaBHEHHI, HaxoauM, uto b =———=~0,41,
Pcosa
2Q-Psina
OtBer: U= 2Q-Psina ~0,41.
Pcosa
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MOJIEKYJIAPHAA ®PU3UKA U TEPMOJAUHAMMUKA

1. Yrto Takoe BHYTPEHHSA OJHEPTHUA TEPMOIWHAMHYECKON CHCTEMBI?
Kakumu crioco6amu MOKHO U3MEHUTH BHYTPEHHIOKO SHEPTHUIO?

3agaua. [Ipu pacummpeHnu oIHOTO MOJIS aproHa ero AaBlieHHEe YMEHBIIAeTCs
Tak, Kak MokazaHo Ha P-V-muarpamme (puc.24).
Onpenenute MaKCHUMaJIbHOE 3HaYCHUE
BHyTpeHHe# sHeprun U raza B mpornecce 1— 2.
Hauanbuble 3HaueHUss 0oObEMA W JABJIEHUS Trasa
paBHbl cootBercTBeHHO Vo = 0,1 M3 1 po = 5-10*
v Ila.

Pemenne. HerpynHo ycTaHOBHTH, YTO 3aBHCHMOCThH JIaBICHUS aproHa OT
obbema B mpomecce 1-—2  omucelBaeTCs  JIMHEHHOW — (yHKIMEH

Ueo) p(V)=4p, - Poy 13 ypaBHeHUs1 MeHieneeBa-

6 V,

4 /\ 5 0

21/ Knamneiipona must apronma pV =vRT crenyer,
. —>  YTO €ero aOCOJIOTHAs TeMIleparypa B 3TOM

O 1 2 3 4V

mnmponecce MU3SMCHACTCA B 3aBUCUMOCTHU  OT

Puc.25 o0bema 1o 3aKOHY

vV 1
T(V)=p—=— 4pOV—& 2 . 3mece V — umcno Mosei rasza, R —
vR WR Vo

3
YHUBEpCaJIbHas ra30Basi OCTOsIHHAs. BHyTpennsis sneprus aprona U =—VRT |
2

3
I03TOMY U(V)=§(4 PoV —% 2). Ipaguk 3aBucumoctd U (V) — 3T0
0

«TepeBepHyTas» mapabona, nepecekaromas och abermec B Toukax V =0 u
V =4V, (cMm. puc.25). [Toaromy €€ MakcCUMyM JOCTUraeTcs mnpu oObEMe rasa,
paBHoM 2Vo. MakcuManbHOEe 3HAYeHHWE BHYTPEHHEH HHEPrUM PaBHO

3
U :E'4P0Vo =6pVp =3-10* JTx.

Otsert: U, =6pyV, =30 k/Ix.
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2. Jlalite onpenercHWE WACATBHOTO Ta3za. 3alWIIATe ypaBHEHHUE
COCTOSIHHS UeallbHOTO Ta3a (ypaBHeHHe MeHnaeneeBa—Kiamneiipona).

3agaya. Ha pucynke 26 mpexcraBieHa pV—auarpamMma IUKIHYECKOTO
npoliecca, COBEPUIAEMOro HaJ MiaealdbHbIM razoMm. Ha
yaactkax 2-3 u 4-1 Temmeparypa rasza mocrosHma.
Omnpenenure 00beM V; 3TOro rasa B COCTOSHUM 3, €Cin

HU3BECTHO, YTO V; =11, V, =141 U V, =2V,.

Puc.26

Pemenue. Kak cieayer U3 npuBeieHHON IUAarpaMMbl, B
nporteccax 1-2 u 3-4 napnenue rasa M3MEHSIETCS NMPOIOPIHOHANBHO €ro

P Py P Pa gy M30TEPMUYECKUX MPOIECCOB 2-3 W

ViV, Vs 4
4-1 umeeM p,V, = pVy U pV, = pV;. OGbearHss OTyYEHHBIE BHIPAKEHHS,
2
VoV, RVARRAY
HaxoguM V; = ~ VYuuteiBas, 4T0 V, =2V, , IOJTy4aeM OTBET: V3 = v
1 1
N2
Otser: V3 =—%=392 .
Vi

o0BeMy, T.e.

3. Kakoii ra3 Ha3pIiBaeTcs uaeaabHbIM? 3alHIuTe OCHOBHOE YpaBHEHHUE
MOJIEKYJISIPHO-KHHETHIECKOH TEOPUHM HIEaNbHOTO raza u OOBICHHUTE
CMBICJI BXOJISIIIUX B 3TO YPAaBHCHHUE BEITUYINH.

3amaya. B BepTUKaIBHO pPACHONOKEHHOM UWIMHAPUYECKOM COCYAE IOJ
TSDKENIBIM TIOPIIHEM, CIOCOOHBIM TIepeMeliaThcsi 0e3 TPEeHHs, HaXOAMTCS
uaeanbHbId OJHOATOMHBIM Ta3. Kakyioo paboTy A coBepmur Tas, eciu
coo0muTh emMy konmdecTBo Teruotel Q=100 J[x? TemmoeMKocThIO cocyna

MO>KHO TIpeHeOpeyb.

Pemenne. CornacHo mepBOMy 3aKOHY TepMoAMHaMHUKH, Q=AU+A, rzae

3 y
AU :EVRAT — W3MEHEHUE BHYTPEHHEN SHEPTUH ra3a, v — KOJMYECTBO rasa, R

— YHUBEpCallbHas ra3oBas MOCTOsiHHAsA, AT — U3MEHEHHe TeMIepaTyphl rasa.
[TockombKy TpOIECC, COBEPIIAEMBIA HaJ Ta30M, SIBIISIETCS W300apHBIM, TO

Q :VCpAT , Trhe Cp = E R — MonspHas TemIoéMKOCTb OJHOATOMHOIO
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UACAaJIbHOI'O ra3a Ipu IMOCTOSAHHOM JaBJICHUH. W3 3anmcanabIx BBIpa)KCHI/Iﬁ

3 2
caenyet, uro AU =EQ u A=EQ.

2
Oter: A= gQ =40 JIxk.

4, Kakme Bumel mapooOpaszoBaHus BBl 3Haere? JladiTe ompemencHue
YACTBHOM TEIIOTH TApO00pa30BAHHS.

3agaya. O6béM cocyna V, cofeprkaiiero ToJIbKO HACBHIIIEHHBIH BOASHON map
pu a0CONMIOTHOHM Temrieparype 7, n3otepMudeckn ymeHpmmid B N = 10 pas.
Onpenenure W3MEHEHHWE BHYTPEHHEH SHEPrUM CHCTEMbI «Iap — BOJay.
VnenpHas TemnoTra napooOpa3oBaHUS BOIbI paBHA I, MOJIIPHAs Macca BOJbI
paBHa |, TaBJIEHUE HACBIIIEHHBIX MMAPOB BOJbI MPU TeMriepatype 7 paBHO pu,
YHUBepcaJbHas Tra3oBasg TIocTosHHas paBHa R. Cuwmraiite, dYTO
300K <T<600K.

Pewenue. IIpn M30TEpMUYECKOM CKaTUM HACBIIIEHHOIO BOJASHOIO IHapa
yactk AM ero maccel KoHaeHcupyercs. [I0CKONBKY IUIOTHOCTH BOJBI BO
MHOTO pa3 Ooubllle IUIOTHOCTH HACHIIIEHHOro Mapa, 00BEMOM 3TON BOJBI
MOKHO NpeHeOpeub M CUMTaTh, YTO COIJIACHO ypaBHEHHIO MeHaeneeBa —
pHV“'(n_l)
nRT
Q=rAm. IIpu H30TEpPMUYECKOM CXKATHHM JABICHUE IIapa HE H3MEHSETCH,

Kunaneiipona, Am = . IIpu 3TOM BBLAEIAETCA KOJUYECTBO TEILIOTHI

MO3TOMY COBeplIEHHass pabora paBHa A= pHV(l—lj. CornacHo mepBoMy
n

3aKOHY TEPMOAMHAMHMKH MCKOMasi BeJMYMHa paBHa AU = A—Q.

OtBer: AU = pﬂv(l—lj( —”_rqug pHv( _“_rj_
n RT RT

5. Kakoii ra3 HazpIiBaeTCs ueaibHbIM? 3alMIIUTe OCHOBHOE YpaBHEHUE
MOJICKYJIIPHO-KMHETHIECKOW TEOPUU HICATHLHOTO Ta3a M OOBSICHHUTE
CMBICJT BXOJISIINUX B 3TO YPAaBHCHHUE BETUIHH.

33,[13‘]3. B BCPTHUKAJIIBHO PACIIOJIOKCHHOM 3aKpbITOM NWIMHAPUYCCKOM
COoCyJ€ oA MOABHKHBIM ITOPHIHEM Maccou m=4 Kr HaXoOuTCA OOAHUH MOJIb

HJ€aIbHOTO OJTHOATOMHOIO ra3a. B mpocTpaHcTBe Hajx MOPLIHEM CO3AaH
BakyyMm. Ha kakyio Bemuuuny AN mepempuHeTcst mopiieHs mpu MeJUIeHHOM
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nepenavye rasy kommdectBa TemioTel Q =10 J[k? Yckopenne cBOOOTHOTO
najeHus TpuMHuTe paBHbIM § = 10 M/c?,

Pemenue. HOCKOJ’II)Ky paciiMpeHue rasa MNpPOUCXOAUT IIPU TMOCTOSAHHOM

5
nasnenuu, Q =3 RAT, rme AT — usmenenume TemmepaTypsl raza. M3
mg
ypaBHEHHUsI M300apHOTO TpoIiecca ClieAyeT, uTo RAT = pAV, roe P =? -
napnenue raza, AV =SAh — uzmenenue ero o6bema. OObeqUHSAS 3aIUCAHHBIE
BBIPAXKEHUsI, TTOJTydaeM, 4to Ah= Q _ 01m.
5mg
OTtBeT. Ah= E =01m
5mg
6. Cdopmynupyiite OCHOBHBIC MIOJIOKEHUS MOJICKYJISIPHO-

KHHETHYECKOMN TCOPUU. KakoBbl 1o MOpAAKY BCIWMYMHBI MacCa U
pasMepbl MOJIEKyn?

3angaya. /lapienue P u 00beM V HaeaibHOrO ra3a IUKIMYECKU U3MEHSIOT B

P COOTBETCTBHU ¢ PV-auarpaMMoi, TOKa3aHHOW Ha

puc.27. V3BecTHO, uTO paboTa ra3a Ha y4actke 1 —2 B

I A} n=2 pa3a Oonblie, 4eM MOIyJb pPabOTHl Tra3a Ha

yuactke  3—1.  Ompemenure  oTHomieHue K

o ;V MaKCHUMaJbHOW W  MHHUMAaJBHOH  aOCONIOTHBIX
Puc.27 TeMIIepaTyp ra3a B 3TOM LHUKIIE.

Pemenne. Ilycts p1 u Vi1 — naBnenue u o0béM raza B Touke 1, a po u Vo —
JaBjeHue U 00bEM rasza B Touke 2 (cM. puc.28).
PaGora raza mHa ywactke 1-2 paBHa

1
A, = E(p1 +P,)(V,-V;), a Ha yuactke 3 — 1 paBHa

. Ay=pV,-V,). Tlockompky 1O  YCIOBHIO
0 1% v,

1’11/1028 > Ap,=n|Ay| m p~V, 10 p,=p(2n-1) wu

' V, =V,(2n-1). MakcumManbpHass TeMIepaTypa B

OUKIIC JOCTHIacTCsAd B TOYKEC 2, a mMuHuManbHast — B Touke 1. CormacHo

ypaBHeHni0 MenneneeBa—Knaneiipona: T =Ty =R " Tax =T = —%,



IJIc V — YUCJIO MOJei ra3a, a R — yHuBepcanbHas razoBas MOCTOSHHAS.
T,
CrenoBaTenbHO - = (2n-1)°.
min

OtBeT: k=(2n-1)2=9.

7. JlalitTe ompemelneHHME HACATBHOTO ras3a. 3alUIIMTe OCHOBHOE
ypaBHEHHE MOJICKYIIAPHO-KHHETHYECKOH TEOPHH HJICaTBHOTO rasa.

3agaya. C oaHuM MOJEM UJICAIBHOIO OOHOATOMHOI'0 Trasa IIPOBOIAT

p OUKIAYeCKUH Tpouecc, PV-auarpaMMa KOTOPOTO
p, 2 mpencTaBieHa Ha pucyake 29, tme 2-3 —

2 HU30TEPMUYECKOE pacumpeHue. Haiinute
pl R 3 KOJINYECTBO TCIIJIOTHI Q, KOTOpPOC BBIACIIKACTCA Ha

i TEX ydyacTKax Mpolecca, Te ra3 oxiaaxaaercs. [Ipu
o 7 g % pacuerax mnpumure p1=10°Tla, p,=2-10°Ila,
Puc.29 V1 = 0,025 M3.

Pemrenne. a3 OyzmeT oxmaxnmaTbcs NMPH HM300apHOM CXKATHH HA y4YacTKe
mukna 3—1. Ilo mepBomy 3akoHy TepmomuHamuku Q=AU+A, rae

3 3
AU = 3 R(T3 —Tl) = > R(Tg —Tl) u A=p,(V;-V,). U3 ypaBueHnss MenzeneeBa—

LY T,= Al

Knaneiipona ciemyer, uro Iy = R R

. YuuTBIBafA, 4TO PV, = p\Vs,
5
OKOHYATENILHO ToaydaeM, 9o Q = EVl(pz - pl).

5
Otger: Q= EVl(Pz — Py)=6,25 k]I

8. [aiite ompeaeneHue WIEaTbHOrO Tasa. 3alHIINTE YpaBHEHHE
COCTOSIHMSI HJEANbHOTO Ta3a, yKa3aB CMBICH BXOJALIMX B 3TO
YpaBHEHUE BETNYHH.

3agaya. C 0IHOATOMHBIM HJI€ATBHBIM T'a30M IPOBOISAT MPOIECC, B KOTOPOM
BHYTPEHHSS SHEPTUs ra3a MporopiHoHAIbHA KBaApaTy 00bEMa, KOTOPHIH OH
3annMaeT. KakoBo wm3meHenume AU BHyTpeHHEH »Heprum ra3a B TaKOM
MPOLIECCe, €CIIH Ta3y cooommm KomrdecTBo Terwtotel Q = 20 Jx.
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Pemenne. BHyTpeHHSIS SHEPrHs OIHOATOMHOTO HACAIBLHOTO Ta3a paBHa
3 . ) )
U =EVRT. [To ycnoBuo U =oV?, T O — HEKOTOPHIH MOCTOSHHBIN

koad¢uiment. B coorBercTBumM C¢ ypaBHeHHMeM MenneneeBa—Knaneipona
vRT = pV, mostomy B gaHHOM mporiecce p~V . Pabory, coBepméHHyIO

ra3oM, MOXXHO HaI>'ITPI, BBIYHMCJIMB ILIOIIAJb I1OQ I"pa(l)I/IKOM 3aBHCUMOCTH ) OT

1 1
V, xoropas pasHa A= E(Fh +P)(Vo V) = E(plv2 = PVi + Vo — PaVA)
1 1
[Tockoneky p~V,TO pV,=p,V, 1 A= E(pzvz - pVi) = EVRAT . U3menenne

3
BHyTpeHHel  osueprum AU =EvRAT. CornacHo ~ MEpBOMY  3aKOHY

AU 4
tepmopuHaMukn Q=AU +A B pamnom mnpomnecce Q=AU+ = - EAU .

3
Orcroga AU :ZQ.

3
OtBer: AU = ZQ =15 JIx.

9. Kakoii map Ha3pBawT HachkimeHHbIM? [laiite ompeneneHue
OTHOCUTEIHHOM BIAKHOCTU BO3TyXa.

3agaya. B 3akpelToM cocyne Ipu Temmeparype ti HaxoauTcs BO3AYX,
OTHOCUTEJIbHAS BIaXHOCTb KOTOPOro (1. Cocy1 OXJIaKIatoT 10 TeMIEpaTypsl
t2. Ilpu 3TOM yacTh MapoB KOHAEHCUPYETCS M 0Opaszyercs: Boja mMaccod M.
Onpenenure 00BEM cocyaa, €CiaM JAaBlI€HHE HACHIIIEHHBIX MapoOB IPHU
HayaJlbHOW TEMIIEpaType PaBHO Pul, & IPU KOHEYHOW — Py2. YHHBEpCAJbHAs
ra3oBas nocrosinHas R, monsapnas macca Boas! M.

Pemenne. YpaBHeHHs HAuaJIbHOIO U KOHEYHOI'O COCTOSIHUS I1apa UMEIOT BUJL
my m,
Q1P V = o RT, u pypV= m RT,, rae M1 u M — HavaibHasg M KOHEYHAs

Macchl BOASHOrO mapa, T, =t,+273, T, =t,+273. YuuThIBasg, 4TO Macca
00pa30BaBIIEHCA BOABI M=, —M,, M3 3alNMCAHHBIX PABEHCTB HAXOIUM
_ mR
C M(@p /T =P /)
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mR
M PPy Pw
t,+273 t,+273

10. Kak 3aBucAT HaBieHHE M IUIOTHOCTh HACBIIICHHOIO Ilapa OT
temneparypel? Ilpy KakuX YCIOBHSX TPOUCXOJUT  KHIICHHE
JKUIKOCTH?

OTBeT: \ =

3agaya. B mwimHApe mnon MOPIIHEM HAaXOOWICS BIAXHBIA BO3AYX C
OTHOCHUTEILHON BIaXHOCTBIO @ = 60%. [Ipn n30TepMUUECKOM yMEHBIIEHUH
00BEMa Bo3myxa B N = 3 pa3za CKOHASHCHUPOBAIOCH M = 5 r Boxbl. Omnpenenure
Maccy mapa Mo, MEPBOHAYAIbHO COJEPIKABIIETOCAd B LWIMHApPE. YMCIOBOM
OTBET NPUBCANTE B rpaMMax, OKPYIJIUB 10 LEJIbIX.

Pemenue. CormacHo ypaBHeHuio MenneneeBa—Kiamnelipona, 10 cxarus
My
napuyanbHoe AaBleHUE Mapa B HWIMHAPE OBLIO paBHO Pj = W RT,roe R —

YHUBepCaJbHAs ra30Bas MOCTOSHHAsA, 7 — aOCONIOTHAS TeMIepaTypa Bo3ayxa,
V — ero o0béM, M — w™omsgpHas wmacca Boael. Ilo ompenenenuto
i = Po «100% =
OTHOCUTEILHOM BIQXKHOCTH ¢ = —% 0, TIIE pu — IABJIICHUE HACHIIIEHHOTO
Pu
napa. llocie cxaTtuga map JOCTUI  HACBIIIEHWA, M  4YacTb  €ro
CKOHJIGHCHpOBaslack. B pe3ynbrare mMacca mapa crana paBHOH m,—m, a €ro

i n . \Y
00BEM (ecu mpeHeOpedyb 00BEMOM CKOHICHCHPOBABIICHCS BOJBI) — — .
n

n(mg —m)RT .
[Tostomy p, :%, Pemasi coBMecTHO NpUBEACHHBIC YpaBHEHHUS,
nem

IoJrfydyaeMm, 4To my = 1 .
ne—

nem
OtBer: m; = M o1ar
n

11. Yro Takoe wAeaNbHBIA Ta3? 3alWIIUTE OCHOBHOE YypaBHECHHE
MOJICKYJIAPHO-KUHETUUYECKOW TEOPUU HIEATBHOTO Ta3a U YKaXKHUTE
CMBICJT BXOJISIIINUX B 3TO YPAaBHCHHUE BETUUIHH.

3agaya. Kakywo pabGotry A Hago COBEpmIUTHh IS CXKATHS HEKOTOPOTO
KOJINYECTBA MJICATHLHOTO OJHOATOMHOTO Ta3a B K = 3 pasa, ecii BHYTPEHHSIS
sHeprus raza U MeHsieTcs IIpy 3TOM Tak, Kak Imoka3aHo Ha puc.307?
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VYyacrok 1—2 — oTpe3ok mapabojibl ¢ BEPIIMHOW B Hadajle KOOPIHHAT.
u McxomHoe 3HAY€HWE BHYTPEHHEH DHEPrHHM Tasa
U ! paBHo U1 = 135 xJIx.

3
Pemenne. BHyTpeHHss sHEpIrus UIeaIbHOro 0AHOaTOMHOro raza U = EV RT,

T.e. U ~T. Ilockonbky y4actok 1 —2 — oTpe3ok mapabossl, To u T ~V 2, U3
YpaBHEHHUSI COCTOSHUSA Tra3a pV =vRT cremyeT, 9To Ha 3TOM y4acTtke P ~ V.
PaGory mo cxatuio Ta3a HaWAEM, BBIYUCIIHB
wionans Gurypsl mnoa rpapuxkom p=p(v), T.e.

Tparneuu (puc. 31). Hmeem
1 1
> A=E(kp2+ P2)(KV, _Vz)za(kz =) p,Vs,. s
V
3
CPaBHEHUS  BBIPAKEHHUMI U,= >V RT, u

2
p,V, =vRT, cieayer, 4to p2V2=§U2, a 3HAYMT MCKOMas paboTa paBHa

2_ 1
A= K 3 1Uz- VuursiBasg, uto U, :k—zUl, [OJTy4aeM OKOHYATENbHO, 4YTO
k?-1
A=——->U,.
k2
OrBer: k*-1
TBET. A= e U, =40 k/Ix.

12. Kakue Buasl mapooOpas3oBanus Bbl 3Haere? J[laiite ompeneneHue
yIIeIbHON TETJIOTH Tapoo0pa30BaHuUsI.

3agaya. B mummHape mox mopinHeM npu Temreparype 20° C HaxopsTcs
BO3/yX, BOJISHBIC Mapbl U BoAa. YncIo Moyel BO3ayXa PaBHO YHCIY MOJICH
mapa, a Macca BOJIbI B TpH pa3a Oobitie Macch mapa. O0BEM cMecH MEIICHHO
YBEJIIMYMBAIOT TIPH TIOCTOSHHOW TeMIeparype J0 TeX Top, IoKa
OTHOCHTEJbHAs BIKHOCTh BO3[yxa He yMmeHbmutcs 1m0 50%. Onpenenute
KOHEUHOE JIaBJICHHUE BIJIKHOTO BO31yXa [, €CJIM JaBJICHUE HACBHIIICHHOTO
napa nipu 20° C paBHO p,,. =2,33 Kl]a.

29



Pemenne. ITockonbKy B Ha4albHOM COCTOSHUM Nap B LMIMHIPE SBIIAETCS
HACBILCHHBIM, M 4YHMCJIO MOJIEH BO3dyXa PaBHO YHMCIy MOJIEH mapa, TO
NaplyaNbHOE  JIaBIEHHE CyXOro BO3JyXa B JTOM COCTOSHMM PaBHO
Pyosio = Pac - [IPM MEUICHHOM DACIIMPEHHH CMeCH B 4 pasa BCA BOja

WCTAPHUTCS, a TIap OCTAHETCS HACHIICHHBIM, T.€. OTHOCHTEJIbHAS BIAKHOCTh
Bo3ayxa coxpanurcs paBHOW 100%. Jlms Toro dYTOOBI OTHOCHTENIbHAS
BIIQYKHOCTh BO3/lyXa YMEHbIIWIACH 10 50%, HYKHO YBEIHUYUTh 00BEM CMECH
eme B ABa pa3a. TakuM oOpa3oM, KOHEUHBIH OOBEM CMECH paBeH BOCHMU
HavalbHBIM 00beMaM. CIletoBaTeIbHO, KOHEYHOE JABIICHHE CYXOT0 BO3JyXa

_ Prac
Paosnx = g Hckomoe JIaBIIEHHE BIIQYKHOT'O BO3/yXa
Prac |, Prac
P = Poosax T pnapalc = 8 + 2 :g Prac -

5
OtBet: P= 3 Piac *1,46 xITa.

13. UYro Takoe HachimeHHbIH nap? Kak 3aBHCAT AaBlIEHUE W TUIOTHOCTH
HACHIIIEHHOTO TIapa OT TeMIIepaTyphI?

3agaya. ['epMeTHYHO 3aKpBITBIA cocyll 00beMOM V =2 J1 HAaXOAMTCS TPH
TeMmeparype t, =36°C. IIpu 3TOM NOJIOBHHY COCyAa 3aHMMAaeT BOJA, a
JPYTyI0 TOJOBUHY — HACBINIEHHBIH BoAsAHOIM map. Ha kakyro Benuuuny AN

YBEJIMYUTCA YHCIIO MOJIEKYJI BOJSHOTO Mapa B COCYJle MPH ero HarpeBaHUu 10
TEMIIEPATypsl t, =100°C? JlaBieHHE HACBHIIIEHHOIO BOASHOIO Iapa IIpH

temneparype 36°C cocraBuser p,,. =59 klla. HopmansHoe atmocdeproe
JaBieHue p, =100 klla. M3meHeHneM oObeMa BOABI 3a CUET MU3MEHEHUs €€

IUIOTHOCTH M YaCTHMYHOTO HWCIApeHHus MOXHO mpeHeOpeus. [locTosHHas
BoneiMana k =1,38-10723 JIx/K.

Pemenne. CocTtosiHME BOJISHOrO INapa OINUCHIBAETCS ypaBHEHHEM P =nKT,

rae P — nmaenenme mapa, N=2N/V — xoHumeHTpanms Mmonekyn mapa, N —

pVv
YUCII0 MOJIEKYJI ITapa, T — ero abconotHas Temneparypa. Orcrona N = ﬁ
\Y
Takum o0pa3oMm, HadagbHOE YHCIO MOJEKYd mapa N, :2“%, rue
1

T, =273+t =309K . VYdrem, 4TO mIpH Temimeparype T,=273+t,=373K
JaBJIEHUE HACBIIEHHOTO BOASHOIO IIapa COBIAJAET C HOPMAJIbHBIM

30



\%
aTMOC(epHBIM JaBIeHUEM Po. YnCII0 MOJIEKy napa npu paBHO N, = PV

2kT,
CneoBaTenbHO, AN =N N = P [1_ Pue To |,
KOH Ha4y 2kT0 pO Tl
OtBer: AN - P[4 Puac Lo+273 ~18-10%2.
2k (t, +273) Po 4 +273 '
14. Chopmynupyiite OCHOBHBIC TTOJIOKCHIS MOJIEKYJISIPHO-

KUHETH4YecKOl Teopur. KakoBbl 1O MOpsiAKY BENWYMHBI Macca U
pa3Mepsl MOJIeKy?

3agauya. U-o0Opa3Hyro TpyOKy TIOCTOSSHHOTO CEUYEHHS PaCHOJIOKUIN
BCPTUKAJIBHO, YaCTUYHO 3aIIOJIHWJIN PTYTBIO U OTMETUIIM YPOBCHbL PTYTU Ha
ee CTEHKax. 3aTeM JIEBOE KOJIEHO TPYyOKH TepMETHYHO 3aKPBUIH, & B OTKPHITOE
[IPaBoO€ KOJIEHO TPYOKHU JOJIMIIM HEKOTOPOE KOJIMYECTBO PTYTH, B PE3YJIbTATE
Yero IOBEPXHOCTb PTYTH B KOJEHaX CMECTHJIach OT II€PBOHAYAIBHOTO
nonoxenus. Omnpenenure arMocepHOE IaBICHHE po, €CIU OTHOIICHHE
CMELICHUH YpOBHEH PTYTH B MPABOM U JIEBOM KOJICHAX OT IIEPBOHAYAIBHOTO
MOJIOXKEHUSI paBHO N =4, a BBICOTA BO3AYIIHOTO CTOJI0A B JIEBOM KOJICHE
L =25 cm. OTBer paiiTe B MWIIIUMETpax pPTyTHOro cronba. TemmepaTypy
BO3/yXa CUUTANUTE MOCTOSHHOM.

Pemenne. O603Haunm vepe3 H BBICOTY Cllosl PTYTH, KOTOPYIO HAIMIM B
npaBoe KOJICHO, a yepe3 N — CMelleHne PTyTH B JIEBOM KOJIEHE OT HCXO/IHOTO
ypoBHsi. Tora u3MeHeHHe YpOBHsI PTYTH B mpaBoM kosiene Oyaer H—h, a
JaBJICHHUE BO3[yXa B JIEBOM KOJE€HE p=p,+pg(H—2h), rae P — IIOTHOCTH
pTyTH, § — YCKOpeHHe cBoOoaHoro maaenus. [lo 3akony boiins-Mapuorra
pLS = po(L+h)S,rae S — miomans cevenuss TpyOku. W3 oTHX ypaBHEHwit

pg(H -2h)L H-h
T YuuthiBas, 4To MO ycioBHIO —— =N,

Haxogum, 4Tto Pg= h
II0JIy9a€M OKOHYATENBHO, YTO P, =pgL(n-1) .

OtBeT: p, =pglL(n—1) =750 MM PT. CT.

15. ChopmynupyiiTe TEpBbIA 3aKOH TEPMOJAMHAMUKH. 3alHIINATE
(hopMynBl IS TETJIOEMKOCTH HJIEATBHOTO OJHOATOMHOTO Ta3a B
HU30XOPHOM M M300apHOM HPOLIECCaX.
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3agaya. Han wupmeanpHBIM Ta30M MPOBOAWUTCS NHKIMYECKHA TIpoIece,
cocTosMiA W3 JBYX ydactkoB 1—2, 3-4, Ha
KOTOPBIX JaBJICHWE NPOMOPLIHOHAIBEHO 00bEeMy, M
nByx ammabar 2—3, 4—1 (puc.32). H3BectHO, 4TO
W3MEHECHUE TeMIIepaTyphl Ta3a Ha yyactke 1 — 2 paBHO
AT1=20K, a Monynp HM3MEHEHHUs TeMIepaTyphl Ha
yuactke 3—4  paBen AT,=15K. Haiigure
Puc.32 KO3 (PUITUCHT MOJIC3HOTO ICHCTBYSI IUKJIA 1.

Pemenue. a3 momyyaer Teruioty oT HarpeBatess Ha ydactke 1 — 2 u oTmaer
TEIUIOTY XOJOMWIbHUKY Ha ydactke 3—4. KIIJl nukia mo omnpeneiacHHIo
paBeH nzi, rae A — paboTa, coBeplaeMas ra3oM 3a IUKI. [10CKOIBKY
12

W3MEHEHNE BHYTPEHHEH SHEPrUH Ta3a B UKIMYECKOM IPOLecce PaBHO HYIIIO,
U3 TIEPBOrO 3aKOHA TEPMOJMHAMHKH CJEIyeT, 4To padoTa Tra3a paBHa
anreOpanveckoil CyMMe KOJIMYECTB TEIUIOThI, KOTOPBIMHU I'a3 OOMEHHUBACTCS C
OKpJ)KaIOIIMMHU TelaMH. TakuM obOpasoM, A=Q;,—|Q,;,|. Kpome Toro,
Q. =C(T,-T,)=CAT,, Qy, =C(T, —T3) =—CAT,, rae C — TennoeMKocTsb raza B
nporecce, B KOTOPOM JaBJ€HHE MPOMOPIMOHAILHO 00bemy. IIpemaraem
HYUTATCIsAIM CaMOCTOATEIBHO Y6eI[I/ITBC$I B TOM, 4YTO TCIIJIOEMKOCTH V MojJiel
OJIHOATOMHOTO MJIeaJbHOTO raza B TakoMm npouecce pasia C=2VR, roe R —
YHUBEpCaJIbHaA ra3oBas IOCTOsIHHAas.

_AT

1

OrBer: N= -100% = 25% .

16. Kakne Bumel mapooOpa3zoBanus Bbl 3Haere? Jlaiite ompeneneHue
YAEIBHOM TEeTJIOTH Tapoo0pa3oBaHusl.

3agaya. ['OpH30HTANBHO PACIOIOKEHHBIH HWINHIAP, TEPMETUYHO 3aKPBITHIH
¢ 000MX TOPLOB, pa3/IeNEH MOPILIHEM Ha JBE PaBHbIC YaCTH, JJIMHA KaXKIOH U3
koTopbix paBHa | = 30 cM. B Kakzoil yacTu MMIMHApPA HaXOAWTCS BOAA U €6
nap nipu temreparype t = 100 °C. [Ipu 3ToM Macca BOJIbI B K&XKJIOH M3 YacTel
B 5 pa3 MeHblIe Macchl napa. [lnomiaas monepevyHoro ceueHus MOpIIHS paBHA
S=20cm?% a ero macca M=200r. Ha kakoe paccrosume h cmectutcs
MOPIIEHb Yepe3 JOCTATOYHO OOJBIION MPOMEXKYTOK BPEMEHH, €CITH IIHITUHIIP
MOCTaBUTh BEPTUKAIBHO, a TEMIEPaTypy COACPKUMOIO  LWIMHIPA
MOJACPKUBATh IMOCTOSIHHOW? TpeHue Mexay NOpIIHEM M CTEHKaMH
MWIMHJPA CYUTANHTE MPEHEOPEKUMO MAJIBIM, MOJIYJIb YCKOPEHHS CBOOOHOTO
najgenus npumute paBHeiM  J = 10 M/c?, a HopmanbHOe aTMochepHoe
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naBieHue — p, =10°Ila. OTBeT mpuBeaAWTE B MUIUIUMETPAX, OKPYIJIUB [0
LENBIX.

Pemenue. B TOpu30OHTAIBHO pPacHONOKEHHOM LWIMHAPE TMap SBIACTCA
HACBIIICHHBIM M €ro JaBICHUE PaBHO p,. Korja LWIMHAD CTaBAT
BEPTUKAJILHO, TOPIICHh HAYMHAET OIYCKAaThbCsS, Map B HIDKHEH YacTu
UUIUHApPAa KOHICHCHUPYETCs, a BOJa B BepXHeW uvactu ucmapsiercs. Ecniu B
HWDKHEW 4aCTH NWJIMH/IPA HE BECh Map CKOHACHCHPOBAJICS, a B BEpXHEH JacTH
UWJIUHApPA BCS BOJAA HCHApUiach, TO MPU PABHOBECHU IMOPIIHS JABJICHUE
HEHACBHIIICHHOTO Iapa B BEpPXHEM YacTH UWIMHAPA YMEHBIIWIOCH 0

Mg
BEJIMYUHBI [ = po—?. Ecnu yucino Monedl mapa B KaxJa0W M3 4YacTel

TOPHU30HTAJIBHO PACIIOJIOKEHHOTO LMIMHAPA 0003HAYUTh Yepe3 v, TO YUCIIO
MOJIell BOJBI B 3THX 4YacTsX MO yclioBuio Oymer paBuo V/5. Iostomy
COTJIaCHO ypaBHeHUI0 MenzeneeBa—Kiamneiipona naBneHue B rOpU30HTAIBHO
PAcCIONIOKEHHOM —~ LWIMHAPE  OJDKHO — YAOBJIETBOPSTH  COOTHOLICHHIO
PoSI=VRT , a B BepXHEH 4acTU BEPTUKAIBHOIO HWJIMHAPA YCTAHOBHBIIECECS

JaBieHue p; OylIeT yIOBIETBOPATH COOTHOIIEHMIO p;S(I+h)=12vRT . U3

. PoS/5+Mg
3alKiCaHHBIX COOTHOIICHUN HAXOAUM, UTO h=—"+——="1 .,
PoS —Mg
OTtBeT: h= M-I ~ 64 MM.
PoS —Mg

17. Kakue Buapl mapooOpa3oBanus Bbl 3Haere? J[laiite ompeneneHue
YIIeNIBHO TETIOTHI MapooOpa30BaHHSI.

3agaya. B 3akpeiToM ¢ 000uX TOpLOB LmInMHApe npu Temmeparype 100 °C
HaxOJsATCs Taphl BOABI M TENHUWA, OTHENEHHBIE IpPYr OT Jpyra TJIagKuM
Tsok€nbiM mopinHeM. Korja och nuiuHzapa Obljla TOPU3OHTATIBHOM, 00BEMBI
napa " renus ObUTH PaBHBI IPYT APYTY, a JaBJICHUE BOJTHOTO Imapa ObLIO B
N = 3 pa3a MeHbIIIE JIaBJICHUs HachIeHHOro napa Boasl npu 100 °C. ITocne
TOTO, KaK IWIMHAP TOCTaBHIIM BEPTHKAIBHO, Yepe3 JIOCTATOYHO OOJIBIIOH
MIPOMEXYTOK BPEMEHH IOJIOBHHA Iapa CKOHIeHcHupoBajiach. Ormpenennure
YCTaHOBHUBIIIEECS TaBJICHHWE [ TEIHs B BEPTHKAJIBHO PACIIOIOKEHHOM
HWIMHIpPE, €CIH TeMmIepaTypa B O0EMX 4YacTaX MHIUHApPA BCE BpeMs
mojJepKuBanach HemsMmeHHoi. HopmanbHoe atmocdepHoe aBicHHE
Po = 105 I1a.
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Pemenue. [Tycts p, =po = 10° [1a — gaBIeHME HACHIIEHHOTO Mapa BOJBI IIPU
100 °C, V — 00béMBI Tapa U Teiiis B UCXOJHOM COCTOSIHUH, Vy — YUCIIO MOJICH
napa, a vp — 4Mciao Mojei remus. [lockoibKky naBieHHs U OOBEMBI Mmapa u

oV
Telrsl B UCXOIHOM COCTOSIHUH PaBHBI APYT NIPYTY, TO V. =V = pRT 31ece

T=373K. Tak kak B BEpPTHKAJIbHO CTOAIEM IWIMHAPE 4YacTh Iapa
CKOHJICHCHpOBAJach MPH HEU3MEHHOW TeMIeparype, TO Teluil JOJKEeH
HaXOIWTbCA B BEpXHEH YacTH LWIMHApA, a JaBleHHE B HIDKHEH YacTH
LHWINHAPA JOJKHO CTaTh PaBHBIM po. II0CKOIBKY INIOTHOCTH Mapa BO MHOTO
pa3  MeHplie  TioTHoctd  Boael mpu 100 °C, TOo  0OBEMOM
CKOHJICHCUPOBABILEHCSA BOJBI MOKHO IIPEHEOPEUb, a TOTOMY 3aHSThINA I'eJIreM
. V. (4n-1)V
00BEM MOKHO CUMTaTh paBHbIM Vi =2V TonT o ITosTomy cornmacho
ypaBHeHHI0 MeHnzaeneeBa — KiamelipoHa MCKoOMoOe AaBleHHE TENUs PaBHO
_VeRT _ 2Py
Vv, 4n-1

2py
OTtBeT: p—4 T po ~18,2 kIla.

18. JlaliTe omnpenelieHUe WICAIBLHOTO Ta3a. J3alMIIUTEe ypaBHEHUE
COCTOSIHUSI HWJCANBHOTO Ta3a, YKa3aB CMBICH BXOJASAIIMX B 3TO
YPaBHEHUE BEITUYNH.

3agaya. Hajg ogHOATOMHBIM HI€aNbHBIM Ta30M COBEPIIAIOT IPOIECC, B
KOTOPOM JIaBJICHUE ra3a JIMHEHHO YMEHbBINACTCS C pOocTOM ero oowvema. [pu
V
3TOM OTHOIICHHE KOHEYHOro oObeMa ra3a K HadaJlbHOMY V—2:m:4, a
1
1 .
OTHOIIICHUE KOHEYHOrO JIABJICHUS K HAadaJIbHOMY &:n:E. Haiinure, BO
P
CKOJIbKO pa3 K KONMYecTBO TEIUIOTHI, MONyUYEHHOE Ia30M B 3TOM Tpolecce,
00JIbIlIe U3MEHEHHS €r0 BHYTPSHHEH YHEPTHU.

Peimenne. Pa60Ta, COBCpIICHHAad Tra3soM B pacCMarpuBacMoOM IIpoHecce,

1
A= 5 (p1+ P)(V, =Vy), HU3MEHEHUE BHYTPECHHEU SHEPIUU rasa

3
U =E(p2V2— PVi). CornmacHo mnepBoMy 3aKOHYy TEPMOAMHAMUKH AQ=
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1
E(pl +po) (Vo - V) + g (pV, — pVy) - Hckomoe OTHOIIICHHE paBHO

4P2 Vo 4 Vo P
_ApVo—ApVi+ Vo PV P Vi p_4mn-4+m-n
3(paVz — PiVi) 3(p2.\/2_1J 3(mn-1)
PV

k

OTBeT: K =w=§ .
3(mn-1) 2

19. Jlaiite ompenenenue koddduimenta nonesnoro neiicteus (KIT[)
TEIUIOBOTO JBHraTens. Yemy paBHO MAaKCHMalbHO BO3MOXKHOE
3naueHue KIIJ] rermoBoro nBurareins?

3anaya. VaeanbHblii ONHOATOMHBIN I'a3 COBEPIIAET B TEIUIOBOM JBUTATEIE
mukn 1-2-3-1, B KOTOpoM NaBJieHHE P Ta3a H3MEHSIETCS
C M3MEHEHHEM €ro IJIOTHOCTU P TaK, KaK MOKa3aHO Ha
puc.33, npuuém rpaduk mpomecca 2—3 MpEACTaBISLET
co0OH y4acTOK THIEpOOIIBI, OMUCHIBAEMON YpaBHEHHEM

p=b+£. Ompepenure KIIJI wmkma m. Ortser
p

NPUBEIUTE B IPOLEHTAX, OKPYIJIUB O OJHOrO 3HaKa
MocCJIe 3ansIToM.

Pemenne. CormacHo YCJIOBHIO, HA YyYaCTKE 2—3 3aBUCHUMOCTH JaBJICHUS ra3a
OT €ro IINIOTHOCTH ONHCBIBACTCA 3aKOHOM BHIA

p=b+ k . N3 cucrembl ypaBHeHUH py=Db+ ZL ,
Po

3p0:b+L HaXoJMM, 4TO0 b=-p,, k=4pyp, H
Po

p=p0[—1+4p—°j, Wl p= p0(1+4ij, rie Vo —
P Vo

oobeM rasza B coctosHusXx 1 m 3. Takum oOpaszom, pV-muarpamMma LUKIa
HMEET BUJ, M300paxkeHHbI Ha puc34. . Pabora raza 3a OJUH ILMKI

A:%Z povo(l—%) :pOTVO . I'a3 nmonyuyaer ternoTy Ha y4actke 2—3, a OTAaeT
Tewiory Ha ydactkax 3-1 um 1-2. CrnemoBarenbHO, IOMYYEHHOE OT
1

HarpeBatellss  KOIMYECTBO  TEIUIOTBI  Q, = ng(T3 -T,)+ %4 PoVo (l— Ej .
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VYuuthiBas, 4YTO  COINIACHO  ypaBHeHMIO  MenaeneeBa—Kianelipona,

V 19p,V,
VRT, = DO?O, VRT, =3p,V, , Haxoaum, uro Q, = %. KII/I muxna paBeH
A2
7, 19

OtBer: N= % -100% ~10,5% .

20. Uro Takoe BHYTPEHHSS OSHEPrusl TEPMOTUHAMHYECCKON CHUCTEMbI?
Kakumu crmocobamMu MOXXKHO W3MCHHTh BHYTPCHHIOK SHEPIHUIO
CUCTEMBI?

3anauya. VaeanbHbIii OTHOATOMHBIN T'a3 COBEPIIAET B TEIJIOBOM JBUTATEIIC
nuki 1-2—3-1, B koTOpOM JaBiieHUE P ra3a U3MEHICTCS
C U3MEHCHHMEM €ro IUIOTHOCTH P TaK, Kak MOKa3aHO Ha
puc.35, npuuém rpaduk mporecca 1-2 mpencrabiseT
c000# y4acTOK THIIEPOOIIbI, OMMUCHIBAEMON YPaBHEHUEM

k
p=b+—. Onpenenure KO3GUIUCHT MOJE3HOTO
p

neiicteust  (KII) mwxma m. OtBer mnpuBenuTe B
MPOIIEHTAX, OKPYTJIMB /IO OJHOTO 3HAKA MOCJIC 3arsTOM.

Pemenne. CoracHo YCJIOBHIO, HAa YyYaCTKE 1-2 3aBUCUMOCTH JaBJICHUS ra3a
OT €10 IINIOTHOCTHU OIIMCBIBACTCA 3aKOHOM BHJA

p=b+ k . W3 cucrempl ypaBHeHHUH p,=b+ ZL ,
Po

3p0:b+L HaxXouM, 4YTO0 b=-p,, k=4pyp, H
Po

Puc.36 P=po(—1+4%)} nim D=Po(1+4\\//—j’ rne Vo —
0

o0beM raza B coctosHuu 1. Takum oOpazom, pV-auarpamma LUKIa UMEET

BUJ, u300paxkeHHbII Ha puc.36. Pabora raza 3a OXMH IMKI
A:%Z povo(l—%J :DOTVO . 'a3 monyvaer Temwory Ha yyactkax 2-3 u 3-1, a

oTAacT TCIUIOTY Ha Y4acCTKe
1-2. CJ'IC,Z[OBaTeJ'IBHO, MOJIYUYCHHOC OT HAarpeBaTeyid KOJIUYCCTBO TCIUIOTHI

3 5
Q.= EVR(T3 -T))+ EVR(Tl -T3). VYuurelBas, YTO COINIACHO YPABHEHHIO
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V V
MenneneeBa—Knaneiipona, vRT, =3p,V,, VRT, = p, ?O ,  VRT;=3p, ?0 )

21pyVy
4

2

HaxoauM, 4to Q, =

A
. KIIJ1 nukma paBed n=— .
H 1 p n Q. 21

OtBeT: N= % -100% ~9,5% .

21. CdopmynupyiTe TMEpBBIA 3aKOH TEPMOJUHAMUKH. 3amuIInTe
(dbopMynbl UIsI TEIUIOEMKOCTH HAEAIBHOTO OJHOATOMHOTO Tasza HpH
HN30XOPHOM UM H300apHOM IPOLIECCAX.

3anauya. VaeanbHbIii OTHOATOMHBIN T'a3 COBEPIIAET B TEIIOBOM JBUTATEIS
mukn  1-2-3-4-1, B KOTOpOM J[daBlieHHE [ Taza
H3MEHSETCSl ¢ U3MEHEHHEM €ro TUIOTHOCTH P Tak, Kak
MoKa3zaHo Ha puc.37, mpuuéM rpaduku IporeccoB 2—3
n 4-1 mnpencraBnsoT co0OM  y4acTKW THUIEPOOI.
Onpenenure  KO3IQQPHUIMEHT MOJE3HOTO  JICUCTBUS
o Py 2P, 3P, P (KIIJ) muxma 1. OTBeT mpuBemure B MPOILEHTAX,
Puc.37 OKPYTJIUB /IO OJTHOTO 3HAaKa MOCe 3aIlsTOH.

Pemenne. CorinacHo ycJoBHIO, HA y4acTKe 2—3 3aBUCHMOCTH JIABJICHUS ra3a

k
OT €ro INIOTHOCTH OITMChIBACTCS 3aKOHOM BHIA P=—.

W3 ypaBHeHus 2p, =L HaXoguM, 4TO K=2py,p, U
Po

\Y,
OViBvR Y, vV p=2p,—, wim p=2pov—, rae Vo — oObeM rasa B

0
Prc.38 cocrosHusX 1 m 2. Paccykias aHaOTHYHO, HaXOIUM,

9TO Ha y4yacTke 4—1 maBiieHWe 3aBUCHUT OT 00BEMa IO 3aKOHY P :3povi.
0
Takum oOpazoM, pV-muarpamMma IHMKIA HMEET BHJ, H300paKCHHBIH Ha
puc.38.
PabGoty rasa 3a ofiMH MK, YUCICHHO PABHYIO IIOMIAIH S1234 GUTYphI 1-2—3—
4, ynoOHO paccuuTaTh 1o GopmyIie
1 1 1 1 5pgV,
A=S15, —Spsz ==2pp| 1-= [Vg == po| 1= = |V, = 22020
154 ~ 9253 = Po( 3) 075 po[ 2} 0=,

I'a3 momywaer TermynoTy Ha yyactke 4—1 M oThaeT TEIUIOTY Ha y4yacTkax 1-2,
2-3 u 3-4. CnenoBaTenbHO, IOJNYYEHHOE OT HarpeBareNs KOJIUYECTBO
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3
=V
2

1

TEIIOTHL  Q, = R(Tl—T4)+%4p0(1—§jV0. YuuTeiBas, YTO COIVIACHO

Vo

ypasHenuio Menneneesa—Knaneiipona vRT, =3p,V,, VRT, =Py 3

16p,V,
Po¥o . KIIJI iiuka anizé.

, HAX0/IMM,

gyro Q, =

H

OtBer: N= 6_521 -100% ~ 7,8% .
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IJIEKTPOINHAMUKA

1. JlaidiTe ompenelieHue MarHWUTHOTO MOTOKa. CQOopMymUpyiTe 3aKOH
AIIEKTPOMArHUTHOW WHAYKIINH.

3anauva. IlpoBomouHas KBajpaTHas paMKa MacCcoil M MajaetT, OCTaBasCh B

BCPTHKAIBHOM TMOJIOKCHUHM, B HEOAHOPOJAHOM MATHUTHOM TII0JI€, BEKTOP

Ol®@ ® B ® MHIYKINK KOTOPOTO MEPHEHINKYISPEH IIIOCKOCTH PAMKH

(cM. puc. 39). Uepes HEKOTOpOE BpPEMs CKOPOCTh PaMKHU

®b ® |j@ TepecTacT M3MeHAThCs. OmpefenuTe yCTaHOBUBLIYIOCS
)

CKOPOCTb PAaMKH Vycr, €CJIM M3BECTHO, YTO MHAYKLMS
,¥y® ® Z'® MarHuTHOrO TMONA HapacTaeT o JVHEHHOMY 3aKOHY:
B(z)=By+kz, rme K— mocrosHHBI KOddUIMEHT, a

Puc.39 koopauHatHas ock OZ HampaBieHa BEpPTHKAIBFHO BHH3.
CompoTHBieHHE TPOBOJIOKH, M3 KOTOPOW HM3TOTOBJIEHA pamka, R, cTopona

pamkwu b, yckopeHne ¢cBOOOIHOTO MageHus J.

Pemenne. [Ipu nBrwxeHNH paMKH CO CKOPOCTBIO v Ha KoHIax orpe3koB AC u
O & B DEV BozHuKatoT OJIC wHAyKIMH, O0OYCIOBICHHBIC
o y= (o AcHCTBHEM CHIIbI Jlopennia Ha cBOOOIDHBIE 3apsiibl B

A7 JOBIDKYIIMXCST ~ NpoBOxHMKax.  HampaBnenms — cun
® 1/ Tf; ® Jlopenia B 00oux orpe3kax oanHakoBel: 0T A k C u oT

ztbi-D= v £ Dk E, a Bemuumab! co3gaBaeMbix nMu DJC UHAYKIHH
Zv® mg ® Pas3JINYHBL:
Puc.40 Eac =B(2)vb=[B, +kz]vb,

Epe =B(z+b)vb=[B, +k(z+b)]vb.
OueBugHO, 4YTO Epg >E,c, N03TOMy cymmapHas pabora cun Jlopenua
MOJIOKUTENIFHA TIPH 00XO/Ie KOHTypa MPOTHB YacOBOHM cTpenku. B atom ke
HalpaBIeHUH OydeT Tedb HMHIYKIUOHHBIA TOK, CHJa  KOTOPOTO
Epe —Eac  kvb?

I = = =5 Pesynprupytromas cuiaa Ammepa

2b4

FA=F2—F1=I-b-[(BQ+k-(z+b)]—(Bo+k-z)]=k -V

HanpasieHa BBepx (puc.40). Ilo Bropomy 3akoHy HbroroHa ma=mg-F,.

I[BI/DKCHI/IC paMKHU TPOUCXOAUT PABHOMEPHO C yCTaHOBHBH.IefICH CKOPOCTBIO
Vycr, €CIIM YCKOPECHHME a PABHO HYIIIO.
W3 nocnexguero paBE€HCTBA 11OJIy4yacM OTBET.

39



_ mgR

C 4

2. JlaiiTe ompenencHUE HAMPSHKEHHOCTH JJIEKTPUUYECKOro moms. Urto
Takoe JIMHUM HANPSHKCHHOCTH 3JICKTPUUYECKOrO MOl (CHUIIOBBIC
JIAHAN)?

3amava. /[Ba mapuka Maccoil M KaX[bI MOABEIICHB B OAHOM M TOH kKe
TOYKE HAa HUTIX THHON L . [ITapuku coenvHEHBI OPYr C APYIOM HUTBIO
nmaHoit | m HecyT onMHAaKOBBIE dJEKTpUUYECKHe 3apsibl. Omnpemenure
BEJIMYUHY 3apsafga ( KaXIOoro u3 IMIApUKOB, €CIH U3BECTHO, YTO B COCTOSIHUU
PaBHOBECHSI CUJIbl HATSDKEHUS BCEX TpEX HUTEU oAMHAaKOBBL. HuTH cuuraiite
HEBECOMBIMH ¥  HENPOBOSAIIMMHU. OJEKTpuUUeckas IIOCTOSHHas £q,

ycKopeHue cBoOoHOoTrO TageHus J .

Pemenne. ITycTh O — yron, KOTOPBIA COCTABNSIOT HMTH mmmHOM L ¢
BepTHKANBIO (cM. puc.4l). Torma ycimoBus paBHOBeCHs
IaPHUKOB HUMEIOT BUJT F-T-Tsina=0,
Tcosaa—mg=0, rae T — cwia HaTsDKeHHS HUTH,  —

YCKOpPEHHUC CB060)_IH01"O naaCHUA, F — CHJ1a
KYJIOHOBCKOI'O B3211/IMOI[€I710TBPI$[ IIapUuKOB,

2 .
onpenensemas  popmynoii -t 9 sina=—,
4meg 12 2L

2_)? 2L +1
coso = VAL 17 Otcroma =2l |nggmMg ——
2L 4L2_|2

2L +1

OtBet: =2 |tggMg ——v=—.
Va2 -2

3. Uro Takoe oanekrpomBwkymas cuia (D[C) wucrounuka?
ChopmynupyiiTe yclnoBHS CYLIECTBOBaHHUS IIOCTOSHHOTO TOKa B
IeTIH.

3anaya. [Ipu nOAKIIOYEHUN K UCTOUHUKY MOOYEPETHO ABYX COMPOTUBICHUN
Harpy3k R, =4 OM Hu R, =1 OM BbIIeNSIOIAACA B HUX MOIIHOCTh OKa3ajach

onuaakoBoi u paBHOW N =9 Bt. Uemy paBua 3/IC E ucrounmka?

40



Pemenne. OGO3HAYMB 4epe3 r BHYTPEHHEE COMPOTUBIEHME HCTOYHHKA,
3aIMIIEM MOIIHOCTH, BBUIEJSIONIMECS B HArpy3Ke B MEPBOM M BO BTOPOM
E? E’

N, =——R,. Io yenoBuro N; =N,,

cayyasx, a uMeHHo Nj=————Ry,
g RADT T Ryt

OTKYyJa CIEIYET, UYTO R, (R, +r)% =R, (R, +r)?, WIH \/ﬁl(Rz +1)=Ry (R, +T1).

M3 mnociemHero ypaBHEHMs JIETKO HAaWTH BHYTPEHHEE CONPOTHBIICHHE

N = E'R,  _ E’R,
(Ri+yRiR;)* (R, +yRiR,)’

Bripaxkas u3 omuoro u3 3tux paBeHcTB DJIC uctounmka E, momywaem, drto

E= V(R +R;).
OrtBer: E=\/W(\/E+\/R_2):9 B.

4. Jlaiite omnpeneneHWe IOTCHIMAIA AJICKTPOCTATHUSCKOTO  IMOJIA.
3anumure CBA3b MCKOY Pa3HOCTBIO IIOTCHIIUAJIOB u
HaMPSDKEHHOCTHIO DIIEKTPOCTATHYECKOTO TTOJIS.

ucrounnka: I'=RR, . CrnenoparensHo,

3agauya. B cxeme, mokazanHol Ha puc.42 wiod K AJUTENbHOE BpeMs ObLI

K 3aMKHYT. B MoMeHT BpemeHH t = (0 KJII0Y pa3MBIKAIOT.
ﬁ'_ Onpenennre 3aKkOH HM3MEHEHHS BO BpPEMEHM 3apsja
bls - ; TUIACTHHBI ~ KOHJIEHCATOpa,  MOAKIIOYEHHOH  IpH
r 3aMKHYTOM KJII0Y€ K TIOJIO)KUTENbHOMY IIOJIOCY

O6arapen. OJC Oarapen E, ee BHyTpeHHee
Puc.42 conmpoTuBieHue I, eMKocTb KoupaeHcatopa C.

WupykTHBHOCTH KaTyIIKH L, € conpoTuBieHre MpeHeOpeK MO Maio.

Pemenne. T.k. K104 ObUT JUIMTENIEHOE BPEMsI 3aMKHYT, CHJIa TOKA Yepes3
KaTyIIKy YCTaHOBUJIACh paBHOI | = "+ @ KOHJIeHCaTop ObLI IIOJTHOCTBIO

paspsoxer. [loaromy B MOMEHT pa3MbikaHusi kioda 3Heprusi LC—xonrtypa
LIg

Obuta paBHA IMpenedperast morepsimu B LC—koHTYype, MOXHO

yTBEpKAaTh, YTO IIOCIE Pa3MbIKaHHWSA B KOHType OyIyT IPOUCXOIUTH

o 1
rapMOHHYECKUE KOJIeOaHUsI ¢ 4acTOTOM ®=-—=. [Ipu 3TOM amrumMTyna Oo
2 2

JLC
Jo

KoJIeOaHuit 3apsaga KOHACHCATOpa OIpeACIACTCd U3 paBeHCTBaE=—



YuuTeIBas, 9TO cpasy IOCIE Pa3MBIKAHHS HAlpaBICHHE TOKA Yepe3 KaTyIIKy
HE U3MEHSETCH, MOIy4aeM HCKOMYIO 3aBUCHUMOCTE: q(t) =—g, Sin ot .

EVLC . t

OTBeT: q(t) =———sin —— .
r

JLc

5. Uro Takoe sneMeHTapHBIN dnekTpuueckuil 3apsan? Cdhopmynmpyiite
3aKOH COXPaHEHHS HIICKTPUUECKOTO 3apsa.

3agaya. B BepmmHax MpPaBWIIBHOTO MIECTHYTOJBHHUKA PACIIONIOKEHBI IIECTh
OJIMHAKOBBIX MAaJICHBKMX IIApUKOB, HMMeEromux 3apan ( xaxnapid. Kakoi

TOUYCHYHBIN 3apsia Q HY)KHO MOMECTHTh B IEHTP HIECTHYTOJILHUKA, YTOOBI BCSI

CUCTEMaA 3apsHKCHHBIX TEJI HAX0AMJIaCh B paBHOBGCI/II/I?

Pemrenue. B nosioxeHnn paBHOBECUSI CyMMa CHJI, IEMCTBYIOLIUX Ha KaXKAbIA
3apsa CUCTeMBl, paBHa Hymoo. O003HAUMM 4epe3 a JTHHY
CTOPOHBI ~ IIECTUYTOJPHUKA H  PACCMOTPUM  3apsii,
pacnonoxeHHbli B Touke A (cMm. puc.43). PaccrosHus ot
3TOr0 3apsAna 10 OCTAIbHBIX 3apAJOB CHCTEMBI TaKOBBI:
AO=a, AB=AF =a, AC=AE=l=a+3, AD=2a.
Cornacuo 3akoHy KynoHa ¥ npuHLMIY CyHEpIO3ULINH,
MOAYJIb CWJIbL, JEUCTBYIOLIEH Ha 3apsan (, HAaXOIAIIUiCcS B

Qg g®

Touke A, paBeH

2
F= L q 00560"+2q c0s30° + qQ =0.
Ang, a |2 4a a’

OtBet: g - [f 4Jq~_18q

6. JaiiTe ompenelieHHe MOTEHIMANa 3JIEKTpocTarndeckoro noms. Kak
CBsI3aHA PA3HOCTh MOTCHIMAIOB C HAMPSDKCHHOCTBIO OIHOPOIHOTO
3JIEKTPOCTATHUECKOTO TOJIsA?

3agaya. Cxema, m3oOpakeHHast Ha pucyHKe 44, COCTOHUT M3
YeThlpeX  KOHIEHCATOpPOB,  HCTOYHUKA  IOCTOSIHHOTO
HanpspkeHuss u  kmouya K.  Haiigure orHomeHnue N
ANEKTPOCTATHYECKON HHEPTHH, 3aMIaCEHHOW B KOHAEHCATOPax
nocje 3aMblKaHus Kioua K, K JHepruw, 3amaceHHOH B
KOHJIEHCAaTOpax /10 3aMbIKaHus Kitova, eciu C = 2(C1.

42



Pemenue. Ha prc. 45a n 456 n300pakeHbl SKBUBAJICHTHBIC CXEMBI LICTIH: 10
3aMBIKaHUSA Kioda — puc.4ba, mocie 3aMmplkanms Kimoda — puc.456. Jlo
3aMBIKaHUSl K042 HWMEEeM MapajuleIbHOES COCAMHCHUE KOHJIEHCATOPOB

OJIMHAKOBBIX ANMEKTPOEMKOCTEH

1155 G o,
i C;=—2"2 =-C, . lonHas 31eKTPOEMKOCTH
[ Cz C,

,_4
| | CUCTeMBI N0 3amblkaHus kmoua C —§C1 )

Puc.45 Ilocne 3aMbIKaHUS MMEEM IIOCIIENOBATEIBHOE
' COCIMHEHHE  JIByX  KOHJEHCAaTOpOB ¢
JIIEKTPOEMKOCTEI C,=C,+C,=3-C;. IlonHas 35JIE€KTPOEMKOCTH CHCTEMBI

C,_3

4 _

nocie 3amblkanus kioya C'= Th 2Cl OrtHowenne sHeprui 3apsHKEHHBIX
WI! 9

OaTapeil KoHIeHCaTOpOB N _W =3

(0] th=—,
TBET 8

7. JlaWiTe ompenelieHUe 3JICKTPUYSCKOrO CONPOTUBIICHHS MPOBOJIHHUKA.
UeMmy paBHO CONpPOTHBIIEHHE TIIOCIEIOBATEIbHO U MapajljIeNIbHO
COEIMHEHHBIX TIPOBOIHUKOB?

3amaua. Ksagparnas pamka ACDE 13 TOHKOTO METHOTO MPOBOA MTOMEIICHA
E B CWJIBHOC OJHOPOJHOE MArHUTHOE TMOJie, HMHIYKIUSI
|
Ll

y ¢ KoToporo B mNepreHIuKy/IspHa IIIOCKOCTH PaMKH. B Toukax
A n C K pamMKe MOAKIIOUYEH HCTOYHUK TOCTOSHHOTO TOKa C
Qg DJIC E (cM. puc.46). Bo cKonbKo pa3 N U3MEHUTCS MOJYIb
I ; GBI AMIepa, IeHCTBYIOMICH Ha PaMKy, €CIH MOAKIIOUYHTh
Puc.46 e€ K ITOMy e HCTOYHUKY B Toukax 4 u D? BuyrpeHHum
CONPOTHUBIICHUEM MCTOYHHUKA u CONPOTHBJIEHUEM
HO/IBOJALINX MPOBOJOB MOXKHO IpeHeOpeusb. Cuity Ammepa, AedCTBYONIYIO
HA UCTOYHHMK Y MOJBOJAIINE NPOBOJIA, HE YYUTHIBANTE.

Pemenne. B nepBom cirydae cymma cun Amrepa, IEHCTBYIOIINX Ha CTOPOHBI
AE n CD paBna nymo. Cunsl Amnepa, neiictyromue Ha ctoponsl AC u ED,
coHamnpasiieHbl. [lycTh conpoTuBieHue KaXJIoH CTOPOHBI PaMKH paBHO R, a

eé numHa |. Torna cuna Toka B yuactke AEDC pasna |y =—

3R » & B yuactke AC
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E
— paBHa |2=E. [Nosromy cymma cun Ammepa B NHEpBOM cCllydae paBHa

4EBI
F=01LBlI+1,Bl = 3R Bo BTOpOM cilyyae TOKM uepe3 YYacTKH
E .
ACD n AED opunakoBbl ¥ paBHbl | = R’ a cuiibl Amriepa, eHCTBYIOIIE

Ha OPOTUBOIIOJIOKHBIC CTOPOHLI paMKH CKJIAIbIBAOTCH. CyMMa CHIJI AMnepa B

stom  caysae  pasma  Fp=+(2Fs V +(2Fep = 2Fepv2 = 21BLY2 =

EBI F, 32
= — 2 —_— =,
R v 2 . CnenoBaTeibHoO, A, 1
OTBeT: n =3T 2 1,06.

8. Uro Takoe osnekrtpoaBwxymas cuia (D[C) wucrounumka?
CoopmynupyiiTe ycIoBUS CyIIECTBOBAaHMS IIOCTOSHHOTO TOKa B
LETIH.

3apnauya. HarpeBaTenbHbId 3JIEMEHT, MNOIKIIOYEHHBIM K aKKyMYJSTOpPY C
BHYTPEHHHM COIPOTHBICHHEM I =2 OM, pa3BHBaeT MOIHOCTE N, =50 BT.

HpI/I IMOAKIKYCHNUHA Harpe€BaTCJIbHOI'O 9JICMCHTA K ABYM TaKHUM
AKKYyMYJISITOPaM, COCAMHCHHBIM IOCJICa0BaTCIbHO, BbIACIIACMAas B

Harpesarelle MOIMHOCTh cocTaBuua N, =72 Br. Halinure compoTtusieHue R
HarpeBaTelIs.

Pemrenne. MomHocTh, pa3BHBaeMas ~ HarpeBaTeIbHBIM  AIIEMEHTOM
compoTuieHrneM R , moakmoueHHsM K akkymynsTopy ¢ DJAC E wu

2
E°R
BHYTPCHHUM COIIPOTHUBJICHUCM r, paBHa NIZW' HpI/I IIOAKIIOYCHUU
r+
OTOT0 K€ DJJICMCHTA K JIBYM OAWMHAKOBBIM aKKyMYJIATOpaM, COCAWHCHHBLIM
IIO0CJICI0BATCIBHO, 3HAa4YCHUA SHC u BHYTPCHHETO COIIPOTUBJICHU S

YABAUBAKOTCA. B stom CJIydya€ HarpeBarTeyib pa3BUBACT MOIIHOCTb

4E°R c N, 4(r+R) N, 2(r+R)
= . OCTaBUM OTHOIIIEHHUE. - =~ _.5 , WIHN — = — .

27 (@2r+R)’ N, (2r+R)’ N, 2r+R
BLIpa)KaH nu3 IIOCJICOHET O COOTHOILLICHUA R , noJjry4yacm, qTo
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N, /N, -1

R=2r————.
JN,/N; -1
OrBer. R=2r——-—=1 OM.

9. Yro Takoe OMHYECKOE COIPOTUBJIICHHE MPOBOAHHMKA? 3aIlUIINTE
dbopmyny s pacu€ra CONPOTHUBICHUS OJXHOPOIHON IMPOBOJIOKH U
YKQXKHUTE CMBICI BXOJISAIINX B 3Ty (POPMYITy BEJIMYMH.

3agaua. JIBe OOWHAKOBEIC JaMITBl HakaauBaHUs MomIHOCTBEIO Ni =25 Bt
Kaxaas, paccuuTaHHble Ha HanpsbkeHue U =10B, mnoakitrodeHs
napajjieNbHO K aKKyMyJISITOPY C BHYTPEHHHUM comnpotuBieHueMm =1 Owm.
ITocne Ttoro, kak oAHa W3 JIaMIl Ieperopena, €€ 3aMEHWIM JIAMIION
mormHOCTEI0 N2 = 75 BT, paccunTtanHoil Ha To ke HampspkeHue. [Ipenedperas
3aBUCHUMOCTBIO COINIPOTHMBJICHUS HUTH Hakaja JaMI OT TeMIIepaTypsbl,
ompenenuTe  OTHOmeHHe N kKoadduiumenta Tone3HOro  JACHCTBUS
aKKyMyJIITOpa BO BTOPOM cCiydae K KO3()(UIHMEHTY IOJNE3HOro IeHCTBUS
aKKyMYJISITOpa B TIEPBOM ClTydae.

Pemenne. I1o YCJIOBUIO COIIPOTHUBJICHUEC HUTHU HAKaJla JIAaMIIbl MOXXHO CYHUTATh

U2
MOCTOAHHBIM, IIO3TOMY OHO PaBHO W B InepBoM cCiiydac, Korjia K

AKKYMYJITOPY  IOAKJIKOYCHBI  MMAPpAJUICJIBHO JBE€ OAWHAKOBBLIC  JIAMIIbL
2

MOIIHOCTBIO N1, CONpPOTHBIEHHE LEMU DPABHO Rl:_ZN +I', a Bo BTOpPOM
1
cilyyae, KOTJa K aKKyMyJIATOpPY IOAKJIIOUEHbI MNapajyIeNIbHO JABE pPas3HbIe
U2
nammsl momHOcTaME N1 i Np, conporuBienue nemu papgo Rp = m+ r.
17 N2

KIIJ] n 1r060r0 MCTOYHMKA MO ONPEAETICHUIO PaBEH OTHOIIEHHIO MOIIHOCTH
W,., Bblmenstomeiicas Ha Harpy3ke, Kk wmomHoctH W,, pa3BuBaeMoii

W
HCTOYHHUKOM, T.€. nzwﬂ. HerpyHO yCTaHOBHTH, YTO 3TO OTHOILICHHE

u

MOH.IHOCTCﬁ PAaBHO OTHOLICHUIO COIPOTUBJICHUSA HAIPY3KH RH K IMOJHOMY
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CONPOTHUBIICHUIO LIeNH R, =R, +r . Takum obpaszom, KIIJ] ncrounmka moxer

R
ObITh BBIUMCIEH 1O QopMylre n= 2 # . CrnemoBarenpHO, HMCKOMOE
+r

H

R,—NR,  UZ+2Nyr
orsomenue KITJ{ paBHo n=n—2=( =Ry _ 5 L
n (Ri=NRy U+ (Ny+Ny)r

2
OtBer: n=—2U +2Nyr =0,75
U+(Ng+Ny)r

10. 3anummure 3akon Oma g mmoinHOW mnenu. Kakme coeguHeHUs
UCTOYHHUKOB BEI 3HaeTe?

3agava. IlpsMonuHeNHHBI NPOBOJHUK COTHYT MoJx yrioM 2o =60° u
MOMEIIEH B OJHOPOJHOE MAarHUTHOE IOJie ¢ MHIYKIHeH
B=102Tx, HaIpaBIeHHON MIEPIICHIUKYISIPHON
IUIOCKOCTH MpPOBOJHMKA Ha Hac. llepneHaukysispHoO
OmcceKTpuce yriia Mo U30THYTOMY TPOBOJHUKY JABHUTAIOT
C TIOCTOSIHHOM CKOpPOCThIO V =1M/C TIpOBOASIIYIO
nepeMbluky (cm. puc.47). KakoBel BenmumHa W
Pric.47 HampaBjeHue ToKa |, Tekymero mo oOpa3oBaBIIEMYycCS
KOHTYpY, €CIM IIepeMbluKa Hayajga JBIKEHHE OT
BepwnHbI yriaa? ConpoTHBICHUE €IMHHULIBI JUIMHBI IPOBOIHUKA U EPEMBIYKH
p=10m/Mm.

Pemenne.  Ilnomans,  orpaHuueHHass  KOHTYpOM,  OOpa3oBaHHBIM
HETOABWKHBIM MPOBOAHUKOM M JBWXKYIICHCS NEPEeMbIYKOH, B MOMEHT

1
Bpemenu t paBHa S(t) = EVt 2vttga =Vt tga , a B MoMeHT Bpemenn {+ At

paBHa
S(t+At) =v2(t+At)* tga = v (t? + 2tAt + At?) tg o~ V2 (L2 + 2tAt) tg ot |
CrnenoBaTensHO, 3a Majioe Bpemsi At 1UIOIMIagp, OrpaHHYEHHAs KOHTYPOM,

2
yBEIMYMBAETCAd HA AS =S(t+At)-S(t) =2v°ttga-At. 110 3aKOHY
JNMeKTpoMarHuTHON wHAyKunn Papages B KoHType Bo3HmKaer OJIC

WHIYKIUU, MOJyJIb KOTOpoi E = % =2v2Bttga . COnpoTUBICHHE KOHTYpa
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2vt .
ONpENENsIeTCs BbIPAKEHUEM R=E(1+Sln a)p. Tlo 3akoHy Oma TOK,
a

o E Bvsin a
TeKyllUd B KOHType, |=—=——<—. Hcnonb3ys mnpaBwio JleHua,
R (L+sina)p
HaxO0JIUM, YTO UHAYKIIMOHHBIN TOK TEUET MO YaCOBOU CTPEIIKE.
Bvsin a

OtBeT: | =————<— ~3,3 MA. TOK TEYEeT 10 YacOBOI CTpEiKe.
(L+sina)p

11. Yro Takoe MOTEHIHAN 3JIEKTpocTatmueckoro momsd? Kak cBs3aHa
Pa3HOCTh  MOTCHIMAJIOB C  HANPSHXKESHHOCTBIO  OJTHOPOJIHOTO
AIIEKTPOCTATHYECKOTO TOJIsI?

3agauya. Kongpencarop emkocteio Ci =10 Mx® 3apsamiam OT HCTOYHHKA
nocrosiHHoro Hanpspkenus ¢ J1C E. OTkiIr0uMB KOHACHCATOP OT UCTOYHUKA,
€r0 COSIMHMIIN C He3apsHKeHHBIM KOHAeHcaTopoM eMKocThio C2 = 2C1. [locme
YCTAHOBJICHHSI HANPSKCHUS Ha KOHACHCATOpaX HX OOKJIAAKH 3aMKHYJIH
IMPOBOJHHUKOM C JI0CTaTO4YHO GOHLHII/IM COIMPOTHUBJICHHUEM, B KOTOpPOM
BBIEIIIOCH KonmmdecTBO TerioTel Q = 0,3 k. Onpenenute D/1C nctounnka
E.

Pewmwenue. Ilocie coenvHEHHs KOHJEHCATOPOB HANPSKEHHWS HA HUX
YCTAHOBATCA OAWHAKOBBIMHU, a HUX CYMMapHBIﬁ 3apsad OCTAaHETCA paBHBIM
NEpBOHAYAIBHOMY  3apsifly IEepBOro  KOHJEHcaropa, T.e. U,=U,,

CE
(C,+C,)U, =CE. CnenoBarensHo, U;=—2"——. Tlocine 3aMbIKaHHS
C+C,
KOHACHCATOPOB NPOBOAHUKOM C OOJIBIINM COITPOTHUBJIICHUEM OHU MMOJIHOCTBIO
paspsisITCs, a BBIACIMBIICECS [IPH STOM KOJIHMYECTBO TEIUIOTHI MPAKTHIECKH

OyzeT paBHO 3NMEKTPUUYECKOI SHEPTUH, KOTOPOH 00J1aain KOHAEHCATOPHI 0

2
3aMBIKaHHUS, a HMEHHO, Q= % . VI3 HamuMcaHHBIX COOTHOIICHUI
E_ 2Q(C,+G,)
cnenyer, uto E=——"7—"
C
20(C,+C,)
Orper: E=Y— 1 "2 ~ 424 B,

1

12. JlaiiTe ompeneneHHe 3IIEKTPOEMKOCTH. 3amuiuuTe (GopMmyny s
JIEKTPOEMKOCTH IUIOCKOI'0 KOH/IEHCAaTOopa.
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3amaua. B mnpuBemenHoit Ha puc.48 cxeme BIEKTPOEMKOCTH KOHAEHCATOPA
C=6mMx®, DJIC ucrounnka E=5B, a xmou K

K, _ 3amkHyT. Kakoe MaKCHMalbHOE — KOJNHMYECTBO

¢ R —_|_f5 TerioTl Q MOKET BBIAENUTLCS Ha pesucTope 2R
R nocie  pasMmblkaHus ~— kiao4ya?  BHyTpennee

Puc.48 COTIPOTHBJIEHUE UCTOYHHUKA cuMTanTe

NpeHeOPEKUMO MaJIbIM.

5R
Pemenue. COHpOTI/IBJ'IeHI/Ie LOernu IMmpu 3aMKHYTOM KIIIHOYC K PaBHO ?

H03TOMy 110 pa3sMBbIKaHUA KJIF0O4Ya CHJia TOKA, IIPOTEKAIOIIETO Y€pPE3 NCTOYHUK,

3E 2 2E
a HanpsbKeHHe Ha KoHjeHcarope pasho U =§R| =—.

I —
paBHa 5

=R’

CU? 2CE?
2 25
TEIUIOTHI Ha pe3nucTopax R m 2R mocrne pasMbikaHus KiIf04a B KOJIWYECTBaX,
00paTHO TPOMOPIHUOHANBHBIX WX COMPOTHUBJICHHUAM, T.e. Ha pesuctope 2R
2CE?

75

3amacéHHas B KOHIEHcaTope sHeprus W = BBIIEIINTCS B BUIE

BetenuTcst 1/3 wacte 3roit sHepruu. OTcroma moiydaem, 9Tto Q =

2CE? 6
OtBeT: Q = T 4.107° JIx, nau 4 MxJIx.

13. Uemy paBHa pabota 3nektpuyeckoro toka? Chopmynupyite 3aKoH
Hxoyna—Jlenua.

3agaya. B menu, cxema KoTopoil uzo0paxena Ha puc.49, xmou K cHavaia
JIOCTAaTOYHO JIOJITO yJIEePKUBAIA B TIoJIOKeHHH 1. 3aTem
KIIIOY TIEpeBENH B moiokeHue 2. M3BecTHO, 4To rmocie
3TOTO Ha CONPOTHBICHHWU Ri BBIAEIMIIOCH KOJIMYECTBO
teriotel Q1 = 1 M/Ik. Onpenenure DJIC E ucrounuka.
IMpu pacuerax npumure Ri =100 Om; Rz =200 Owm;
R; = 300 Om; C =120 mMxD.

Puc.49

Pemenne. B MCXOMHOM COCTOSIHMM KOHAEHCATOP 3apAgUTCS 10 Pa3HOCTH
noreHuuanoB E. Ilocne mnepeOpaceiBanmsa kioua K B mosoxeHue 2

KOHACHCATOP MOJIHOCTBIO PA3PAAUTCA U B IICIIH, COCTOSIIeH H3 PE3UCTOPOB
2

Ri, Rz u R3, BBIAENIMTCS KOJWYECTBO TEIUIOTHI Q = ITockonbky B

HOCHC}IOBaTeHBHOﬁ O KOJMYECTBA  TCIUIOTHI, BBIACIIIIOIIMCCA  Ha
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OTACIBHBIX PE3HUCTOpPAX, MPOINOPLHUOHAIIBHBI HWX COIIPOTUBIICHUAM, TO

CE? R, 2Q, R+R,+R
— E= 1. 1 2 3
Q== R, +R, + R, - Orciona C R,
2 R, +R, +R
Otser: E= 29 RitRp+Ry =10B.
C R,

14. Yto Takoe snemeHTapHBIN 3nexTpudeckuil 3apan? Chopmynmpyiite
3aKOH COXPaHEHHS DIIEKTPUUECKOTO 3apsa.

3agava. Tpu oAMHAKOBHIX To4euHbIX 3apsna (=10°Kun ynepxusaror Ha
OIHOM MNpsAMOM TaK, YTO PacCTOSHUE MEXIY IEPBBIM U BTOPBIM 3apsamMu
paBHO 3@, a MEKIY MEPBBIM U TPETHHM 3apsjaaMu paBHO 7a, rae a = 10 cm.
Omnpenenure MHHUMAJIbHYIO PabOTy, KOTOPYIO HYXHO COBEPILIMTH, YTOOBI
MEPEMECTUTh 3THU 3apsibl B BEPIIMHBI NPSMOYTOJIBHOTO TPEYrOJbHUKA C
kateTamMu JumHOW 3a u  4a, T1peomoneBas  JIEHCTBUE  TOJBKO
JJIEKTPOCTATHUECKUX CHJI, CO3[aBAaEMbIX 3THUMHM 3apsIaMH. DJIEKTpUdecKas
HOCTOSIHHAS £ = 8,85:107 12 ®/Mm.

Pemrenue. IloTeniman TOUkM, HAXOSIIEHCS HA PACCTOSHUU I OT TOUEUHOIO
3apsiia , OTHOCHTENHbHO OECKOHEYHO YAaNEHHOW OT HEro TOYKH pPaBeH

3's q
i 0= 2 . CornmacHo NpHUHLMIY CYNEPHO3ULUU
! TCSOT
/ 1
Sf," i 3JIEKTPOCTATUYECKUX nosieu MOTEHIIMA,
i CO03/1aBaE€MblIii IEPBBIM U BTOPBIM 3apsijiaMy B TOUKE 3,
}’"'32{"3 """ 427""*3’ rae YIEPKUBAIOT TpeTuii 3apsin, paBeH
1 1 11
Puc.50 p=— [ 242 ]=—9 .22 a4 norenmman
4ney, \7a 4a) A4mg, 28a

BEpIIMHBI TPSIMOYTOJBHOTO TPEYroJbHUKA C JUIMHOM OCHOBaHus 3a
BoicoTOM 4a (Toukn 3’ Ha puc.50), B KpallHUX TOYKaX OCHOBAHHS KOTOPOIO

HaxXoAsATCA TOUYCYHBIC 3apsaibl q, paBCH Q3 = 2 1 (4—24—%) = 2 1 % .
TEg TEQ

> (9 1 q

Ancea (20 28) T0mega’

[osToMy Hckomasi pabora paBaa A= (3~ @) =
2

q -7
: A=——=51.10
OTtBert: 70meoa Jox.
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15. JlaiiTe ompeneneHHE SIEKTPOEMKOCTH. 3amuIiuTe (QOpMyITy if
AJIEKTPOEMKOCTH TUIOCKOTO KOHIEHCATOPA.

3anauya. B snexTpuueckoil cxeme, MpeAcTaBICHHOMN
Ha puc.51, COTIPOTHUBIICHHS PE3UCTOPOB
Ri=R2=R3=10 Om, 3JIEKTPOEMKOCTh
koHgeHcatopa C=2wmk®, DOJIC HCTOYHUKOB
E:=10B, E»=8B, Es=5B, wux BHyTpcHHHE
COTIPOTHUBJICHUS TIpeHeOpekuMo Manbl. Haibigure
3ap4n ( Ha IIaCTUHAX KOHAeHcaTopa.

Pemenne. Ilo memu Teder MOCTOSHHBIA TOK |, HampaBiieHHE KOTOPOTO
ykazaHo Ha puc52. crpenkoit. [lo 3akony Oma s
y E -E,
MOJTHOW  1IenHn I:—R. Paznocts moTeHManoB
+
1+ R3

Mexay Toukamud 1 u 2 Haxommm u3 3akoHa Oma s
HEOJHOPOIHOI'O y4YacTKa IIENH, COIJIACHO KOTOPOMY
¢, —¢;=F —IR;, a pa3sHOCTh MOTCHUHAJIOB MEKIY

O0KJIagKaMH KOHJICHCATOPa Pa—Pp =01 +E; —p, = IR —E, +E, .
CrnenoBarenpHO, 3apal Ha KOHAEHcAaTope paBeH (=C-(p,—@p)=

=C- ﬂRl—E1+E2
R +Rg
E, -E _
Otger: 4=C- RlTRaRl—ElJrEz =10 6K.H,I/IJH/IIMKK.H.
1T R3

16. Chopmynupyiite 3akon Oma 1 yuactka uenu. [laiite onpeneneHue
OMUYECKOr'0 COIIPOTHUBIICHHUS IPOBOIHHUKA.

3agaya. YueHUK coOpai 3JIEKTPUIECKYIO IIeTb, COCTOAIIYI0 U3 UCTOYHHKA U
MTOJIKIIFOYEHHOTO K HEMY Harpy304Horo pesucropa. [lpu atom conporusienue
pe3ucropa Y4YeHHWK MOno0pan TakuM, 4YTOOBI B PE3UCTOPE BBIICISUIIACH
MaKCHMaJbHO BO3MOXKHAs MOIIHOCTb. BO CKOJBKO pa3 N H3MEHHUTCA
koad¢urment nonesnoro aevicteus (KIIJ) nenn, eciim kK MICTOYHUKY BMECTO
OJTHOTO TTOJIKIIFOYUTH JIBA TAKMX PE3UCTOPA, COSAMHEHHBIX MMapallieIbHO?

Pemenue. Mcnonb3ys 3akon OMa J1s mofHOM nenu u 3akoH Jlxxoyns—JIenua,
HaXOJMM, YTO MOIIHOCTb, BBLICIISIONIASICS B PE3UCTOPE COMPOTHUBICHHEM R,
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E°R
N :m’ rie E — DJIC wucroyHuka, I' — ero BHyTpEeHHee

COITPOTHUBJICHHE. Amnann3 3Toro BBIPpaXXCHHUA IMOKA3bIBAC€T, YTO OHO JOCTHUIAacT

paBHa

MakcumyMa 1ipu R =T . Hanpumep, naxons npomssommyo or N mo R, a
. E7[(R+1)*—2(R+1)R]

HMMEHHO, (R+1) 2 , 1 IpUpaBHUBAs €€ HYJII0, IPUXOIUM K
3anucaHHoMy Bblie ycnosuro. KII/I nenu, onpeaenseMblil Kak 1= , TIe
TI0JTH
2
Noom = Ry — MOLMHOCTL, pa3sBHBacMas HMCTOUHMKOM, DaBeH n= Rar
r 1
I[TorTomy B mepBom cimywae KIIJ M= Tir = 5 a BO BTOpPOM cCiyyae
r/’z 1 n, 2
Ny =————=—. FlckoMO€ OTHOIIIEHUE PABHO N=—%=—.
ri2+r 3 n 3

2
OtBer: N= 3 T.¢. KII/[ yMeHbIIUTCS B TOJITOPA pa3a.

17. Chopmynupyiite 3akoH Kymnona. UYUro Takoe 3ieMeHTapHBIN
3apsan?

3agaya. 3apspkeHHas 4acTHIIa Maccoil M =1 wMr HaxoguTcs B Bakyyme B
JIEKTPUYECKOM TI0JI€ HEMOJBIKHOIO DPAaBHOMEPHO 3apsDKEHHOTO LIapa.
UYactuily yaep>KMBalOT B COCTOSHHMM TIOKOS Ha HEKOTOPOM pacCTOSHUH OT
LIEHTpa mapa, AeicTBys Ha Hee cuioil F = 1 MH. 3aTem wacTuily oTmyckaror,
W OHa HaunHaeT ABUraThbes. [Ipoias OT MCXOIHOIrO MOJOXKEHUS! PACCTOSHHE
s =1wm, 4vactuiia npuodperaer ckopocth V=1 wm/c. KakoBo yckopenue a
YacTUIIBI B 9TOT MOMEHT BpeMeHHn? YacTuia 1 map 3apsbkeHbl OJJHOMMEHHO.

Pemtenne. Ilycte  — 3apsg wactunpl, Q — 3apsng mapa, I — HavyalbHOE
paccrositHue Mexay uactuued u neHrpom 1mapa. Ilo 3akony Kynona
1
ol 90
dney

, A€ & — DJCKTPUUCCKAsA IIOCTOSIHHAs. y‘II/ITBIBaH, 4qTo

MOTCHIMAJIbHAsI SHEPrys JICKTPOCTATHYCCKOIO OTTAJIKMBAHUs 3apsiioB ( U Q,

q
4megX

HaxOoJAIIMXCSl HAa PACCTOSHUM X IpYyr OT Jpyra, paBHa , IO 3aKOHY

COXpaHCHHA SDHEPTUU UMCEM
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m? 1 gQ 1 gQ 1 Qs g

2 4ngy r Amey r+s 4mey r(r+s)  r+s’

1 qQ ro
ITo BrOpOMYy 3akoHy Hsrorona mMa= : >=F . O0benunss
dme, (r+s) r+s
mv*
3alACaHHBIC BBIPA)KCHNUS, TIOIY4aeM, YTO a = 5 -
4Fs
mv* )
OTBeT: a= >=0,25 M/c”.
4Fs

18. Uro Takoe mMOTEHIMAA M pPa3HOCTh MOTeHIManoB? KakoBa CBs3b
MEX]y Pa3HOCTHIO TOTCHIMAIOB W HAMPSHKEHHOCTHIO OJJHOPOJIHOTO
3IEKTPOCTATUYECKOTO MOJIs?

3agaya. 3apsHKEHHYIO YacTHILy Maccoil M = 1 Mr yAep >KHBarOT B COCTOSIHHU
MOKOSI B BaKyyMe Ha HEKOTOPOM pAacCTOSIHUM OT IIEHTpPa HENOABM)KHOTO
pPaBHOMEPHO 3apsHKEHHOTO Iapa, AedcTBys Ha Hee cuioid F =1 wmH. Korma
JacTuy OTIYCKaroT, OHa, HpOfIIlﬂ OT HMCXOOHOTI'O IIOJIOKCHHA pPAaCCTOAHUC
s =1 wm, aBmwkercs ¢ yckopenuem a = 0,25 m/c?. KakoBa CKOPOCTb V 4aCTHIIBI
B 3TOT MOMEHT BpemeHH? YacTuia u map 3apspkKeHbl OJJHOMMEHHO.

Pemenne. HYCTB g — 3apsd 4acCTHIIbI, Q — 3apsa mapa, I — HadallbHOC
pacCTOAHHUE MEXKIAY ‘IaCTHLIefI U LOEHTpOM IHIapa. ITo 3aKOHY KyHOHa
1
oL Q.
47580 r

rac &op — OJICKTpHUYECKasd IIO0CTOsAHHAaA. y‘II/ITBIBaH, 4qTo

MOTEHIHATBHAS SHEPTHS JIEKTPOCTATHYECKOTO OTTAJIKUBaHUs 3apsaoB J u Q,

qQ

HaXOMIIUXCS Ha PACCTOSHUU X IOPYyr OT Ipyra, paBHA Trex’ II0 3aKOHY
TEYX

COXpAaHCHHA SHCPIUU UMCEM

2
mv? 1 1 1 s sr
- .E_ .qQ = . QQ =F . Tlo BTOPOMY  3aKOHY
2 4ngy r Amey r+s Admgy r(r+s)  r+s

1 Q ry
HreroTona ma:—-q—Z:F(—j .
4ney (r+s) r+s

4aFs?
.

OO6beMHsS 3aIMCaHHbIe BRIPAKEHHS, oTydaeM, 9to V =1
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4aFs®
=1 wm/c.

OtBer: V=1

19. Cdhopmynupyiite 3akoH KymoHa W 3aKOH  COXpaHCHHS
ANIEKTPUUECKOTO 3apsja. [1osSCHUTE CMBICT BXOJSIIMX B 3TH 3aKOHBI

BEJTMYMH.
b

3agaua. JIBa OJMHAKOBBIX TOYeuHBIX 3apama (=107 Kn G

HaXOJATCS HA PACCTOSHUSAX a = 1 M OT IeHTpa 3a3eMIIEHHOM q

npoBosieit chepsr pagumyca R =5cm (puc.53). Orpeskw,
npoBenEHHbIE K3 LEHTpa cdepbl K 3apsaaM, B3auMHO L
MEepIEeHANKYJISIpHBL. PaccTodHus OT 3apsAloB M cq)epbl o ) Puc.53
OKpY KaroIuX Tell AOCTATOYHO BeluKku. Onpenenure MoIyib

F cummel, ¢ koTopod 3apsamsl ACUCTBYIOT Ha cdepy. Onekrpudeckas
MOCTOSIHHAS £ = 8,85-10712 d/m.

Pemrenne. IloTeHuman W30IMPOBAaHHON HeE3apsLDKEHHOH cdepsl, IEHTP
KOTOPOM HaxOJUTCS HAa PACCTOSHHUM & OT TOYEUHOIOo 3apsaa (), paBeH

0= a_. [lockonbky chepa 3a3emieHa U HAXOAUTCS B MOJIE OBYX 3apsoB,

4meya

29 Q

TO CIIPaBeJIMBO PaBEHCTBO ——— +————=0. OTcIoJa cienyer, uTo 3apsia
4nega  4mggR

20R
Q, MHIYIMPOBAaHHBIA Ha MOBEPXHOCTU C(ephl, paBeH Q =—T. YuureiBas,

uyto R<<@, MOXHO CcuUMTaTh, YTO 3TOT 3aps] OSKBUBAICHTEH TOYEYHOMY
sapsy Q, Haxomsmiemycs B UeHTpe cdepsl. CrenoBaTenbHO, MOAYIb

HCKOMOM CHJIBI F:\/ F12+F22, rie, B COOTBETCTBMM C 3akoHOM KyroHa,

F, = F, =—<_ . VI3 3anmcaHHbIX BBIPQKEHUH 10Ty4aem, 4ro F=—.
4mega 2mepa
2
RV2 }
Orger: F=1~13.10° j,
2mepa

20. Chopmynupyiite 3akon Oma s ydacTka nenu. Uemy paBHBI
CONPOTHBICHUS TIOCJICOBATEIbHO M MAapaJUIeIbHO COSIUHEHHBIX
MIPOBOJAHHUKOB?
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3agaua. Pesuctop comporuBierneM R =8 OM TNOKIIOUEH K HCTOYHUKY
MOCTOSIHHOTO TOKa C BHYTPEHHUM coIpoTHBIeHHEM I =4 Om. Pesucrop c
KaKUM COIPOTHUBJICHUEM Ry Hall0 MOJCOEAMHUTH MapajuIeIbHO pe3ucTopy R,
YTOOBI MOIITHOCTh, BBIACIISAIONIASACS BO BHEIIHEH 1IETIH, HE U3MEHUIACH?

Pemienue. YcioBue paBeHCTBa MOIITHOCTEH, BBIACISIIOIIMXCA BO BHELIHEH
LIEMU TIPU Pa3HBIX COMPOTUBICHHSIX HArpy3ku Ri um Rp, MOXHO 3amucath B

E°R, E’R,
suge N = > = 5, rie E — OJIC ucrounuka. U3 sToro paBeHcTsa
Re+r) (Ry+r)
RRR? 2
naxoaum, 4uro I =,/RR,. Cnenosarensho: *—=ruR,= _Rrt
R,+R R? _r?
2
Otser: R, = % ~2,7 Om.
R —r

21. Kak omnpezgensercsi paboTa ¥ MOIIHOCTh DJIEKTPHYECKOTO TOKa?
Cdhopmynupytite 3axoH [[xoyns—JIenia.

3agaya. [Ipu noouepeHOM MOJIKIIOUEHHH PE3UCTOPOB C COMPOTUBICHUSIMH
R:1 =9 Om u R2 =4 Om k ucrounuky nocrosiaHoro toka ¢ 3JIC E =10 B Bo
BHEIIHEH [enu BbIOENSeTCsS OIMHAKOBas MOLIHOCTh. Ompenenure BEINYUHY
3Toi MormrHocTHa N.

Pemrenue. YciioBue paBeHCTBAa MOIIHOCTEH, BBIACISIOIIMXCA BO BHEILIHEH

LIEMU TIPU Pa3HBIX COMPOTUBIEHHSIX HAarpy3ku Ri um Rz, MOXHO 3amucatb B
E’R, E’R,

suge N = > = >, rne E — DJIC ucrounuka. OTcrofa cienyer,
Re+r) (Ry+r)

E2
uro I'=4/RR, , a Beiensromasics mouHocTs paBaa N = ————

R+ R f

EZ
OtBet: N = (— =4 Br.

R+ R, f
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OIITUKA

1. Jlaiite onpenencHusi (POKYCHOTO PACCTOSHUS M ONTUYCCKON CHIIBI
TOHKOM JIMH3BI.

3agaua. OnTuueckas cHCTeMa COCTOMT W3 JIByX JHMH3 — coOuparomed ¢
(GokycHBIM paccTossHUEM F =30 CM M pacceMBapolmeid ¢ (OKYCHBIM

paccrosiHueM F, =—-10 CM. I'maBHBIE ONTHYECKHWE OCH JIMH3 COBIAJAIOT, a
paccrosaue Mmexay JuH3zamMu L =20 cm. Ilo3agu paccenBaroniei JIMH3bI Ha
paccTOsIHUM | =1 M OT HEE€ YCTaHOBJEH 3KpPaH, NEePIEHANKYISIPHBII TIIaBHBIM

ONTUYECKUM ocsiM JuH3. Ha coOuparonryro JMH3y NagaeT NapauleibHbIH
IIy4oK cBeTa auaMerpoM d; =15 MM. Ochb Ilyuka COBIAJacT C IVIaBHOM

ONTHYeCKOH ochlo nuH3. Omnpenenurte auamerp d, CBETOBOIO IATHA Ha
JKpaHe.

Pemienne. Xong ogHOro H3 Jy4yeHd, OrpaHUYMBAIOIINX CBETOBOM MYYOK,
nzobpaxxen Ha puc.54. Touka mepeceueHHs TPOAOIDKEHUS — JIyya,
MPEJIOMJICHHOTO COOMparoIel JIMH30M,

I | de—— [ ——»
N Y ] —»> i

', { C OINTHUYECKOM OCBIO CHCTEMBI, JAeT
A:rl' B \.;’L | ¥ [IOJIOKEHNE HWCTOYHMKA CBeTa  JJIA
K A =" pacceMBalOmiei JIMH3BI, HAXOIALICTOCs

B L»l Ha pacCcTossHMM K —L crHpaBa OT Hee.

Y I[lo ¢opmyne ToHKOH paccemBaromien

«— [ —

1 1 1
JIMH3bI HNMEEM — +—==——.
Puc.54 FR-L F |F, |
Ortcroa paccTosiHAE OT PacCEeUBAOIICH JTMH3BI JI0 TOUKH, Il POKyCHpyeTcs
My40K,  TOPOINEANIMA  CHUCTEMY  JIMH3,
Rl (F-L
|55 | F= IRI(R-L) . "3 MOI00HBIX
> IR |+L-F
n T ¥ TPEYTOILHUKOB (pHC.54) CIemyIOT paBeHCTBA:
* n r r h
— [ —) == , —=——. Hcxmouas u3 stux
v A FF R-L F F-I
«— [[—»
L I
Puc.55 pasercts |, Haxomum N, =h - 1—; : 1—E .
1

IloncraBiusiss croma HaWAEHHOE  BBIIIE F, MOJy4aeM OKOHYaTEJIbHO
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L) [ MRIL-R))
F |F (R -L)

3ameuanue. 3amgada MOMyCKaeT Topazno Oojee MPOCTOE pEIIeHHEe, eCiu,
HCXOJS U3 YHCIIOBBIX TaHHBIX, CPa3y Y4eCTb, UYTO 3agHHe (POKYCHI 00enX JINH3
coBMeIIeHbI. PaccMaTprBaeMast cuctemMa JIMH3 PEACTaBIsSeT COO0M TEIeCKOTl,
MOCJIC TIPOXOXKICHUST KOTOPOTO Ta AI0IIHiA TapaJUIeIbHBIA TyYOK BHOBE OyIeT
napaiensHeIM.  COOTBETCTBYIOIIMN XOA Jiyda W3o0pakeH Ha puc.55. U3

[P ¢ F
pucynka 55 BuHO, uto -+ = -2 . OTcrona cienyer, 9to d, = d1|F—2| =5 MM.

1 2 1
Ortser: d, = dl% =5 MM.

1

dZ:dl. 1

2. Jlaiite ompeneneHue cBeToBoro Jyyda. ChopMymupyiTe 3aKOHBI
IPEeJIOMIICHHS CBETA.

3agaua. Otpe3ok 4B, mapalUleNbHBIA TIABHOW OCH COOHMpAromied TOHKOU

B 4 Iy JINH3BI, PACTIONIOXKEH Ha paccTostHud 0 OT OCH TakK, 4To

- Tt 6'1 €r0 KOHIBI yHOaJICHBI OT INIOCKOCTH JIMH3BI HAa
—a paccrosunas @ wu D coorBercTBeHHO (pHC.56).

"—b—’“ Haiiqure mmny | w3o0paxkeHus orpeska, eciu
Puc.56 doxycHoe paccTostane A3kl F u b>a>F .

Pemenne. Uzob6paxenue A'B'orpeska AB pacnonaraercs Ha IpsMOi,
NpOXOASAIIeH Yepe3 MNpaBblil (OKyC JMH3BI M UYepe3 TOYKY IIepeceueHust
B A Cn JIMHUY, HA KOTOPOH HaXOJMTCS OTPE30K, C

: . MIPETOMJISIONIEH MIOCKOCTHIO JIMH3BI (CM.
| ' d\F Bl A puc.57). U3 nonodus AFA/A" u AOCF

B A4 o 1 cmemyer, uwro AF_OF_ F
BN\ | AF CF  JF2.d?
v AI' OTKy/1a JUTHHA oTpe3Ka
=2 2
Puc.57 af - VF F+_d AF. Ilo  ¢dopmyne
o 1 1
TOHKOM JIMH3bI UMeeM: ——+——=-—_ YuureiBas, uto AO=a, AO=F +AF,
AO AO F
=2 2
HAaXOJMM [UIMHY OTpe3ka A'F = % . AHaJOTMYHO MOJyYaeM, 4YTO
a —
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FVF2+d?

JJrHa oOTpe3ka B'F =
P b—F

HOCKOJ’II)Ky HCKOMasA [JIMHa paBHA

| = A'F-B'F, orBer umeer Bux: | = FVF?2 +d? S N |
a-F Db-F

Orser: |=FJF2+d?[—+ 1 |
a-F b-F

3. Kakwe muH3bI Ha3pBarOTCI TOHKUMH? [laiiTe ompenencHus
(hOKyCHOTO PaCCTOSHUS ¥ ONTHYECKON CHIIBI TOHKOW JIMH3BI.

3agaya. C moMouiplo TOHKOHM coOMparoliel JTHH3bI MONyYHITH YBEIUICHHOE B
k=5 pa3 MmHEMOe H300paKeHHE MpPEAMETa, PACIOI0KEHHOTO BOIM3H
[JIABHOM ONTHUYECKOM OCU JIMH3BL. EcCnM paccrossHue MeEXAy JIMH30M U
npeameroMm yBenuuuTh Ha L =10 cMm, To pa3mep W300pakeHUs mpenMeTa
yMeHbIIUTCs B N = 2 pa3a. Onpeznenute GokycHoe paccrosiaue f THH3bL

Pemenne. [TocTpoeHne qByx n300pakeHUN MIpeaIMETa, HAXOSIIETOCS B IBYX

— b —» MOJIO)KEHHUAX OTHOCHTENBHO JIMH3BI,
e AR | nokasano Ha pucynke 58. Ilpu stom
A T— f y4T€HO, 4YTO MO YCIOBUIO IIpU
l— [ —>iea» /, OTNAICHWM TpEIAMETa OT  JIMH3BI
v pasMep M300paXKEHHsI YMEHBIIAETCS.

b, ——»

DTO BO3MOXKHO TOJBKO TOIZA, KOT/a
IPM BTOPOM TIOJIOKEHMH TPEIMETA
€ro M300pakeHHe ABISETCS NeHCTBUTENbHBIM. U3 pucyHka 58 BHIHO, 4TO
h b | |—2=b—2 [TocKONBbKY |—1=k 1/1 |—2=E, T0 by=ka u b2=5(a+L).
| a I a+L I [ n n

[Mpumensst (GOpMyTy TOHKOM JIMH3BI M yYWTBIBAs, YTO TIPH IEPBOM
TOJIOKEHUH  TIPEJIMETA €70 M300pPAKEHHWE SBISETCS MHHMBIM, HMEEM:
1 1 1 1 n

a ka f°

1 N
—————=—_ Hckmouasd H3 OTHX COOTHOIIECHUN a,
a+L k(a+L) f

kL
Haxomum, uto f=—:.
n+1

kL
Oteer: f=——~16,7 cm.
n+1

4. 3anumute ¢GopMyny TOHKOH nHH3BL. UeMmy paBHO yBEIUYEHHE,
aBaeMo€ JTUH30M?
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3agaya. OnTryeckass CHCTEMa COCTOMT W3 JABYX TOHKHX JIMH3, TJIaBHBIC
ONTHYECKHE OCH KOTOPHIX coBmanaroT. llepBas nmH3a — coOuparomas, a
BTOpas — pacceuBatomias. DokycHoe paccTosiHHe coOuparomieil TuH3bl F.
Paccrosane Mexay nuH3zamu paBHO F/2. ToueuHbIi HCTOYHHK CBeTa S
pacITOJIOKEH Ha TIIAaBHON ONTHYECKOW OCH CHCTEMBI Ha paccTosHUM a = 1,5 F
nepen coduparoiiel auH30i. Ero m3o0paxeHue Si, co3maBaeMoe CHCTEMOI,
SBIISICTCS  JICHCTBUTEIBHBIM W HAXOMUTCA Ha paccrosund b=5F 3a
paccenBarome auH30#M. OmpenenuTe OTHOIICHHE N ONTHYSCKON CHIIBI
coOuparomeit TNH3BI K MOIYIIIO ONTHYECKOW CHITBI PACCEHBAOIIEH JIMH3HI.

Pemrenue. XoJ OIHOrO W3 CBETOBBIX JIy4YEH, MCHYIIEHHBIX HCTOYHUKOM,
mokasaH Ha pucyHke 59. [lpu stom

g n3o0pakeHHe Si HUCTOYHHMKA S,
* 7 hopmupyemoe coOuparomiei
—a JIMH30M, HAaXOAUTCSA 3a DTOM JTHH30U
Ha paccTosiHUU b
YIOBJICTBOPSIFOIIEM hopmyiie

. 11 1 aF
TOHKO} JHMH3BI, @ MMCHHO — + TFT D. Orcrioma X= T F- 3F. Dro

paccrosinue npeBbimaeT Ha BenmnyuHy | =X—-05F =2,5F paccrosane mexmy
nua3amu. [loatomy u3oOpakeHue Si SIBJISETCS MHHMBIM HCTOUHHUKOM JUIsI
pacceuBatomieil nuH3bl. llpumeHss i paccewBamoLed JUH3BI (HOPMYITY

11 1 D

TOHKOM JINH3BI _T+B =D, , naxogum, utro Dy =—— u n= X =5.
1

5F "
Oteet: N=5,

5. Cdopmynupyiite 3akoHBI OTpakeHUs cBera. [IpuBeaurte mpumep
MOCTPOEHHUS M300pakeHNsI IPEAMETa B INIOCKOM 3epKale.

3agava. CrexisiHHas Tapeika uMeeT THO cdepuueckodt (opMbl paguyca
R=20cm. B Tapenky nHammmu Bogy. Ha moBepXHOCTH BOJBI [0 HOPMAIH K

HEeW HamnpaBWIM JIyd CBETa TaK, YTO TOYKA MaJcHHUS Jyda oOKa3ajach Ha
paccrosHMM a=5MM OT T1eHTpa BOgHOW moBepxHOCcTH. [lokazaTenb

npenomienus Boasl N=133. Ilox kakum yriaom ¢ K BepTHUKAIU BBHIAACT U3
BOABI B BO3AyX OTPaXEHHBIM OT AHA Tapenku Jyyd cBeta? [lpm pacuerax
YUTUTE, YTO JUIsl MaJIbIX 3HAYEHWM apryMeHTa o, 3aJaHHOTO B paJHaHHOU
Mepe, CIpaBeUTMBO MPUOIIMKEHHOE PaBEHCTBO arcsino .~ a. .
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Pemtenne. Yron nagenus iyya O Ha THO Tapenku onpeaensercss GopMmynon

\ o sina=a/R. Tlo 3akoHy oOTpaxkeHus CBeTa Jyd,

] OTpaX€HHBIN OT JHA TApENKU, COCTABUT C BEPTUKAIIBIO

‘:‘R yron B=2o (cMm. puc.60). Takum sxe Oyner yroiu

g VY MaJeHus Jlyda Ha IOBEPXHOCTb BOAbL. Ilo 3akoHy

k B! “:Ey MIPETOMIICHUS CBETa sinp=n-sinf. Otcrona
Puc.60 (p=arcsin{n~sin(2arcsin %ﬂ ~ Zn%-

OrBer: o= arcsin{n ~sin(2arcsin %H ~ 2n% =0,067pan~3,8°.

6. Kakwme numH3BI Ha3pBalOT TOHKUMH? [laiite ompeneneHus
(hOKYCHOTO PACCTOSHUS M ONTHYCCKOM CHJIBI TOHKOM JINH3BIL.

3agaya. Ha rmaBHOW onTHyYecKod OCHM TOHKOH coOmparomieil JTWH3BI Ha
paccrosiauu 0 =20 cM OT JMH3BI ClieBa OT HEE PACIOJIOKECH TOYCUHBIN
ncToyHuK cBera. CrpaBa OT JUH3BI ITIOMEIICHA IocepeOpeHHas cdepa
pamuyca R =10 cm. Llentp chepsr Haxoautcs Ha pacctosiuuu f =30 cm or
TUH3EL Ha €€ TIaBHOW omTudeckor ocu. Ompenenure QOKyCHOE pacCTOSHHE
nuH3bl F, mpu KoTOpoM u300pakeHHME MCTOYHHKA, CO37]aBaeMoe 3TOM
OINITHYECKON CHCTEMOI1, OyIeT cOBIaaaTh C CAMHUM MCTOUYHUKOM.

Pemenue. [Ipu pemennu 3aga4uu Hy’)KHO PacCCMOTPETH JiBa Cydasl.
a) HM3oOpaxxeHne WCTOYHMKA, CO3/1aBacMO€ JIMH30M, HAXOJUTCS Ha
noBepxHocTH cepsl (puc.61a). Torna, 3anucaB GpopMyiry Ist TOHKOW JTUH3BL,
11 1 d(f -R)
nMeeM: —+ =—. Orcrona momyyaem, 410 F =——=.
d f-R F d+f-R

Puc.61

0) M300pakeHue NCTOYHUKA, CO3/1aBAEMOE JIMH30H, HAXOUTCS B LIEHTPE
cdepsl (puc.616).
1 1 1 d-f
B sTom ciydae umeem —+—=—. Orcroga F,=——.
d f F d+f
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d+f-R d+f

7. CdopmynupyiiTe 3aK0H IPAMOIMHEHHOTO PAaCcCIPOCTPAHEHUS CBETA.
HaiiTe onpeeneHue CBETOBOTO JIyya.

OtBer: F=F =

3agaua. B kpyrioe oTrBepcTHe B HENMpPO3padHOW IIMPME BCTABIIEHA TOHKAs
paccerBaroIIas JIMH3a, PAAUyC KOTOPOH COBMNAJAECT C PaguyCcoOM OTBEPCTHS
R =1cm. Eciiu nepen nmH30# Ha €€ IVIaBHOW ONTHYECKON OCU TOMECTHUTH
TOYEYHBIN UCTOYHUK CBETA, TO HA 3KPAHE, HAXOIAIIEMCS IO IPYTyH CTOPOHBI

OT JIMH3BI HA PACCTOSHUHU b =20 CM, MOSBUTCS CBETIIOE MATHO paamyca I = 4
cM. Ecnu ke, He Tporas 3KkpaH M UCTOYHHK, yOpaTh JMH3Y, TO PaJnyC MATHA

cTaHer paBHbIM [ = 2cm. Onpenenute ontudeckyto cuiny D auH3EL.

Pemenne. Ha BepxHell mnonoBuHe puc.62 MOKa3aHO TMOJIOKEHHE
n300pakeHus Si MCTOYHMKA S B JMH3C J/, a Ha HWKHEU IOJIOBUHE XOJI
KpalfHero Jiy4a OT MCTOYHHKA S Yepe3 OTBEpPCTHE B
umpme 11, Tlockonbky wu300paskeHHe HCTOYHHKA
ABJSIETCSI MHHMBIM, TIO0 (OpPMYyJIe TOHKOW JIHH3BI

11
umeeM  papenctso - =D. U3z  momobus
TPEYTrOJILHUKOB c y4eToM 0003HaYCHUI,
NpUBEJCHHBIX Ha pHUCyHKe 62, cuemyer, dTO
R a 1 n 1l 1 11
B:L, =2 Orcroma —=-%-=, ==—X_= Toxcrasusist 5T
R c+b 1, a+b a bR b ¢ bR b

r,-r
21
COOTHOLICHUA B q)OpMYJ'Iy JIMH3bI, HAXOAHUM D=

O ‘D r2 - rl 10
TBeT. D= =-10 moTp.
bR AP

8. Cdopmynupyiite 3aK0oHBI IpeoMiIeHHs cBeTa. [laiiTe onpenencHus
a0COIOTHOTO ¥ OTHOCUTEIHHOTO TTOKa3aTelNsl MPEIOMIICHHUS.

3agaya. Ha miockyro MOBEPXHOCTh HaXOMSIIETOCs B BO3LYXE MPO3PAYHOTO
noJymiapa, pajguyc KoToporo R, mamaer nepneHIUKYIsSpHO K Hel
napajuIeNIbHBINA My4YoK cBeTa paamyca I << R (cm. puc.63). Ha pacctosuuu 2R
OT IUIOCKOW MOBEPXHOCTH mNojymapa (T.e. mpu x = 2R) pamuyc cBETOBOTO
My4Ka CTAHOBHUTCS PaBHBIM I/2.
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Omnpenenure mokasaTelb NPEJIOMICHUS] MaTepuana, U3
KOTOpOTroO cAenaH noiymap. IIpu pacyerax yarure, 94To
JUIsl MalbIX 3HA4YeHHWH apryMeHTa o, 3aJaHHOIO B
paniuaHHOM  Mepe, CIpPaBEIJIMBO  HPUOIIKEHHOE
PaBEHCTBO sina=tga~a .

Puc.63

Pemenne. Xoa ogHOTO WX KpaWHUX JIydeHd, 00pa3yroImnX CBETOBOW MYYOK,
nokaszaH Ha puc.64. Ilnockyro moBepXHOCTh

;{” HoJyIapa Iy4 nepeceKaeT oe3
) IPEIOMIICHHS], a TIPH BBIXOJZE M3 MOJIyLIapa

B BO3JyX HpesioMisercs Ha cdepudeckont
MOBEPXHOCTH,  TPUYEM MO  3aKOHY
Cuemmuyca sinf=nsina. M3 puc.64  BugHO, YTO YyClIOBHE 3anadu

BBINIOJHACTCS, €CIOM My4oK (oKycHpyercs B TOYKE C KOOPAMHATOU

x = 3R.YuuThiBas, 4TO My40K Y3KH H, CIICIOBATEIBHO, 0. U [} — MaJjble yIJIbl,
r r

nMeeM MPHONMKEHHBIE paBeHCTBA: B~ No., R ra, R ~B-o. Uckirouas u3

aTux paBencte O u B, Haxoaum, uro N=15.

OtBer: N=15.

9. Kakume nwH3Bl Ha3pBatOTCA TOHKUMH? [lpuBenute mnpuUMeps
MOCTPOCHUST  W300paKeHWsI MpeaMmera B coOuparomeid U
pacceuBaroNie JIMH3ax.

3agaua. PaccrosiHme oT mpemmeTra g0 mepeqHero (okKyca cobOmparorien
uH3BI B K = 4 pa3a MeHbIIe, 4eM pacCTOSIHHE OT 3aaHero (hoKyca JHH3BI J10
mo0pakenus. Onpeaenure ypenndeHue [, qraBaemoe TUH30H.

Pemenne. OG03Ha4uMB paccTosiHUE OT MPEAMETa 0 IepeanHero Gokyca uepes
X, TIOJTy4aeM, YTO PAcCTOSIHUE OT IpeaMeTa A0 JUH3BI a= f +X, a paccTosiHHe

—a B, S— | OT JIMH3HI 10 U300paxkeHust b= f +kx (cM. puc.65).

I/ = 1 1 1
[To ¢popmyne nuH3bI UMEEM + =—, rae

X 1 dopy fex fikx T
v g f — ¢dokycHoe paccrostHEe NHH3BL YTIPOCTHB 3TO

Puc.65 \/‘
BBIPaXKECHHUE, IIOJIy4aem, 4TO f=vk-x.
L f
VBenuuenue, 1aBaeMoe JuH30i, [ =—=—= Jk .

I x
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OTBerT: F=\/E=2.

10. 3anumute GopMyny TOHKOM nHMH3BL. Yemy paBHO yBeTUUEHHE,
JaBaeMoe JINH30U?

3anaua. ToYeUHbI UCTOYHUK CBETA S PaCIONOKEH HA PACCTOSHUM a = 2
Sl;c{ cM oT (oKyca coOuparomieil TUH3bI Ha TPSMOH,

1 obpasyromeii yron 0.=60° ¢  rmasmoM

f T onTuueckoil ockro. Ha kakom paccrosuuu | ot

o~ jt BTOPOro (oKyca HaXOAUTCA M300pakeHHe S;

S */a l rnctoyHnka? @OOKYyCHOE pacCTOSHHE JIMH3BI

Puic.66 f=5cm

Pemenne. [loctpoeHne u300pakeHUs] MCTOYHHMKA TPUBENEHO Ha pHC.67.
. 1 1 1

Ucnons3yss ¢opmyny TOHKOH JHH3BI: —————+—=—, HaXxoJuM

f+acosa b f
C baccrosHMe OT JIMH3bI JIO0 HM300pa)KeHUs

b= f(1+ LJ N3 nonobus AOAf, 1 ABCH,
acosa

) e yaisinZa+ f2 I
B _
A

ciaeayer PaBEHCTBO f = b f i

y
Puc.67 Pemas 3anucanHble ypaBHEHUS, MOJy4aeM, 4TO
I —

=—Jf?+a’sin’a.
acosa
f 2, 2.2
Oteer: | =——/f“+asin“a =10,/7 cm~ 24,6 cwm.

acosa

~

11. ChopmynupyiiTe 3aKOHBI OTpakeHHs cBera. [IpuBeauTe mpumep
MOCTPOEHHUS N300pakeH!sI IPEAMETa B INIOCKOM 3epKaie.

3anaua. [lapanienbHbBIH TydOK CBETA MagaeT 10 HOpMaH
Ha TpaHb CTEKISHHOM NOpU3MBbL. YTOJl MpHU BEpILUHE
npusMbl paBeH o =01 paa, mokasaTelnb NOpeIoOMIIeHUs —

crekiia N=15. 3a mnpu3Moil yCTaHOBIEHA TOHKasE —
cobuparornas 1uH3a JI ¢ POKyCHBIM paccTosiHueM F =1 M
TaKk, YTO  TJIaBHas  ONTHYECKas  OCb  JIMH3bI
HEPIeH/IMKYIIPHA BXOTHOW TpaHU MPU3MBI (CM. puc.68). Puc.68
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Ha kakom paccrosHmn X OT IJIaBHOM ONTHYECKOW OCH JMH3BI OyIeT
c(pOKyCHpPOBaH CBETOBOH MyYOK, MPETOMIICHHBINA TPU3MOM?

Vxazanue. ]JIns ympolieHus: pacueToB BOCHOJIB3YHTECh NPUOIIKEHHOM
(bopMynoil sinx~=tgx~x, CIpaBeUINBON IJIl MajblX 3HAYEHUH apryMeHTa X,
3aJaHHOT0 B PaJUaHaXx.

Pemienue. Yron P, Ha KOTOpHIM Mpu3Ma OTKIOHSET MaJarolluii Ha Hee
Oy4oK cBera, omnpexensercs ¢opmynod ¢=B-a (cm
puc.69). 3mecy 3 — yroam mpemoMIICHUS, OMPEaeIIeMbIi
3akoHOM CHemnmyca nsino=sinf, mwm ho=f. Orcroaa
¢~ (n—1Yo . [NapannenbHblil My4OK JIydel THUH3a COOUpaeT

B mobouHoM (hokyce. [Ipu 3TOM JMyd, Maymuii gepes3 eHTp
JIUH3HI, HE MIPETOMIISETCSL. Orcrona
x=F -tgo=F-p~F-(n-Da .

OtBer: x~(n—YoF =5 cM.

12. 3anummute GopMyny THH3BI M TMOSCHUTE CMBICH BXOMSLIMX B HEe
BeNWYUH. UeMy paBHO yBEJIUYEHHUE, 1aBAEMOE JIHUH30M?

3agaua. JleiicTBUTEIBHOE W300pKEHUE MpEAMETa, HaXOMALIEroCs Ha
paccTosHUM @ =8 CcM OT TOHKOW cCOOWpalomei JMH3BI, MOIy4aeTcsl ¢
HEKOTOpBIM yBenmumdeHrneM. llocie mepemelneHust JTMH3BI BIONbL €€ TIaBHOU
OIITHYECKOW OCcH Ha pacctosaue | =4 cM nuH3a 1aeT MHUMOE M300pakeHHe
nmpeaMeTa ¢ TakuM ke yBenudeHueM. Onperenute (POKyCHOE PacCTOSHUE
nuH3EI F.

Pemenne. IlocTpoeHue mAelCTBUTENBHOTO wu300paxkeHus M W MHHMOTO
n3obpaxenus M1 mpemmera [/ mokazaHo Ha pwuc.70. Jlns wmcxomHOTO

. A A MTOJIOKEHUS JIMH3EI HCITOJIb30BaHEI

Vi o a—se——— b ——» CIUIONIHBIE JIMHUHU, IJIS CMEIICHHOro —

TR I’ mrpuxoBeie. Ucmonb3ys o0o3HaueHwUs,

- b"_%:l\‘ ~ ;7 TIPMBEJICHHBIE Ha puc.70, mo ¢opmyine
T 1 1 1

v v TOHKOM JIMH3BI HMeeM: —+—=— (mig
Puc.70 a b F

HCXOJHOIO TOJIOKEHUS JINH36I),

ai—ézé (mns cMEUIEHHOTO €€ TIONIOKEHHWs). YBelIWueHHe NpeaMeTa B

il
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b F
NEepBOM CJjiydac OIIpPCACIACTCA BbIPaXXCHHUEM Fzgzﬁ, a BO BTOpOM

cryqae I} =—= F

————. Yu4urhBasg, 4T0 MO YCIOBHIO [} =T, U3 JTHX
a, F-a+l

BBIp@KEHHUH noayyaem, yro F=a 5

|
OtBer: F =a—5=6 CM.

13. Kakne nmH3BI Ha3pBalOT TOHKUMH? JlaliTe oOmpeneneHus
(hOKYCHOTO PACCTOSHUS M ONTHYCCKOU CHJIBI TOHKOM JIMH3BIL.

3agaya. /IBe TOHKHE JHMH3BI C OJUHAKOBBIMH IO MOIYJIIO (OKYCHBIMU
PAcCTOSIHUSIMH  PACIIONIOKEHbl TaK, 4YTO MX TIJIaBHBIE ONTHYECKUE OCH
cosnagaroT. IlepBas nmH3a sBISETCS pacceuBaroOlled, a BTOpas —
cobuparomeil. Paccrosiaue Mexay JIMH3aMH PaBHO MOAYIIO UX (HDOKYCHOTO
paccrosiHus. IIpenMer pacnosiokeH NEepIEeHIUKYISIPHO TJIABHOM ONTHYECKOU
OCH TIepei pacceuBarolieldl nuH30iH B ee JeBoM (okyce. Ompenenute
yBenuueHue I', naBaemoe 3Toi CUCTEMOM JIMH3.

Pemenne. HOCTpOCHI/Ie u3o0paxenus M npeamera /1, koropoe Jaer cucrema
JIUH3, TT0Ka3aHo Ha pucyHke /1. Buano, 4to
pasmMep  HM300paXeHHs ~ COBMNAJAaeT ¢

pasmepom mpenmera, T.e. | =1. Dror xe
pe3yabTaT MOXKHO MOJIyYUTh IyTEM pacueTa.
PaccenBaromias nuH3a QopMUpyeT MHUMOE

Puc.71 u3obpaxxenue npeamera i Paccrosue by

OT PaCcCEeUBAIONIEH JIMH3BI IO 3TOr0 M300paKeHHsI COrIacHO (HOopMyIie TOHKOM
1 1 1 _F

JUH3Bl ——-—=-— paBHO D =—, a yBenMueHHEe 5TOr0 H300pPAKEHUS
F b F 2

b _1 y

I ZE =§. Nzo0paxenune M1 urpaet pojib HpeaMera jis COOHparoliei

3
JUH3bI ¥ HAXOJWTCS Ha PACCTOSHUU F+b1=§|: or Hee. [lo ¢opmyne

2 1 1
— =— Haxo0JHUM, 4YTO PACCTOSHUE OT JIMH3BI JI0 JaBacMOro €10

—+
3F b,
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n300pakeHnss b, =3F , a yBEIMYEHHE JTOTO H300pakeHHs [, =—2-=2.

VBenu4denue, 1aBaeMoe CUCTeMOW uH3, I'=T; -, =1.
Otser: ['=1.

14. M3o6pasure xom iiydeid B mpu3Me. B dYeM COCTOWT SBJIEHHE
MOJTHOTO BHYTPEHHETO OTPAKECHUS?

3agava. Ilnockoe 3epkaso 3 JBMXKETCS NOCTYNATEIbHO C HEKOTOPOH
8 s v, MOCTOSSHHOM CKOPOCTBIO, BEKTOp KOTOPOW HampaBjeH
1 1
V u *ﬁa MEePIEHANKYJISIPHO TUJIOCKOCTH 3epkana. Ilpenmer [/
7 /7 ABIXKETCS CO CKOPOCTHIO V1 = 1 em/c mox yriom o = 30° k
IUTOCKOCTH 3epKaia, a ero n3o0paxenue # IBUKETCS TOA
yroM 3 =60° Kk rmuiockocTH 3epkana (cM. pwuc.72).
Haitaure Mmoaynpe U CKOpOCTH 3€pKaia.

3
Puc.72

Pemenne. IlockombKy MpOeKIWH CKOPOCTEW TpeaMeTa W HW300pakeHHs Ha
HaIpaBJIeHUE, NapaJlJIeIbHOE 3€pKally, PaBHBI, TO V, COSa =V, COSf3, OTKyZa

cosa
Vy, =V, 5 BBenem HEeNOABMKHYIO KOOPAHMHATHYIO CHCTEMY, HAIPaBUB OCh
cos

OY nmnepneHOuKyIspHO 3epKaly, a Havajo KOOpPJMHAT COBMECTHB C
IUIOCKOCTBIO 3€pKaja B HEKOTOpsIH MoMmeHT Bpemenn t=0. Ecmu | —
paccrosHuE OT mpeaMmeTa 10 3epkana mpu t =0, To B MOMEHT BpemeHH 1
KOOpJMHATHI TpenMeTa W M300pakeHUs CTaHyT PaBHBIMH COOTBETCTBEHHO

y,=l-vitsiha u y, =-l+v,tsinB. IIOCKONBKY 3epKaJlo HaXOIUTCH

MOCepeIMHE MEXIy MpPeAMETOM U H300paKeHHeM, TO €ro KOOpAHWHAaTa B
_YutYu

MOMEHT BpeMEHHM 1 COCTaBUT BEIUYUHY yg—T. CrnenoBareibHoO,

Y, VysinB-v;sina
HPOEKIHs CKOPOCTH 3epkana Ha ock OY pasna Uy = T = -,
vy (cosatgp—sin o)

5 =0,5 cm/c.

OtBeT: U=

15. ChopmynupyiiTe 3aKOHBI IPEIOMIICHUS CBeTa. JlaiiTe onpeneneHus
a0COFOTHOTO ¥ OTHOCUTEIHFHOTO TTOKa3aTelNeil MperoMIeHus.
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3apaya. Vcrounmk cBeta S, HCIyCKAIOMMWI TOHKHN vy

Jqyd, JABWKETCS TOPU3OHTAIBHO HAJX MOBEPXHOCTHIO

Bo#bl B OacceliHe, MPHONMKAsACh K €ro CTEHKE C

MOCTOSIHHON cKopocThio Vi = 0,5 M/c, BekTop KoTOpOi

HepIeHANKYISIpeH cTeHKe. JIyd HampaBieH B BOAY Tak,

yto yron najaenus paseH o = 30°. C Kakoil CKOpOCTBIO

Vo JBIDKETCS 10/ BOJIOM IO BEPTUKAIBHOM CTEHKE Puc.73

Oacceifna ceeroBoe mATHO OT ny4a? [lokaszarens npenomienus Bogs! N = 1,33.

Pemenne. Xox nyya, IpellOMJICHHOTO Ha TPaHUIE pa3liesa BO3AyXa U BOJBI,

n300pakeH Ha puc.74 TpH ABYX TOJOXKEHHSIX HCTOYHHKA. BuaHO, YTO

TOPU30HTAJIBHOE TepeMenieHre AX ICTOYHUKA U BEPTUKAIFHOE MTepeMeIeHIE
Ay cBemioro TSATHa Ha CTEHKe OacceiiHa  CBSI3aHBI

Ax AX
A% COOTHOLIEHHEM Ay =—— rae [ — yron npenominenus. [lo

tgp
: sin o
A 3aKOHY MIPEIOMIIEHUS sinB= Ik CrnenoBatensHoO,
Y
tgp = sinf _ Sina . Ilpy paBHOMEpPHOM ABWXKECHHH 32
Puc.74 cosp  Jn2 _gin2q

BpeMsa Al UCTOYHUK CMECTHTCSA Ha AX=V;At, a CBETJOE IISTHO HAa CTEHKE

vn? —sin?a

Oaccefina — Ha Ay=V,At. OKOHYATENbHO v, = _
Sin

v,. llartHO

JIBHYKETCSA 110 CTEHKE BBEPX.
vn? —sin?a

Otser: v, = i
sina

vy =12 Mm/c.

16. Kakne nmH3BI Ha3bBalOT TOHKMMH? JlaliTe ompeneneHus
(hOKyCHOTO paCCTOSHUS 1 ONTHYECKON CHIIBI TOHKOU JIMH3BI.

3apaya. Ha noBepXHOCTh TOHKOH pacceuBarollel JIMH3bI MaJaeT JIyd CBETa
Ha paccTossHMM a=1cM OT HEHTpa JUH3BI IO YIIOM
oa=0,1pax k ee rTnaBHOW onTHYecko ocu. Haiinure
MOJyTb (DOKYCHOTO PacCTOSIHUS JTUH3BI f, eClii BhImeaImii
W3 JUH3Bl JIyd OTKJIOHSETCS OT TI€PBOHAYAIBHOTO
Hampaeienuss Ha yron [ =0,05pax. Yurure, uyto s

Puc.75 MaJlbIX 3HAYEHHIl apryMeHTa X, 3aJaHHOrO0 B paJuaHHON
Mepe, CIipaBe InBa MpuOKeHHast GopMya tgX =~ X .
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Pemenne. Xon myder uzobpaxen nHa puc.76. Ilpum o)
[OCTPOCHHH  MPEJIOMIICHHOTO B  JHH3E Jyda i .~ aa (O

O
HCIOJIE30BaH BCIIOMOTaTEIbLHBIN Jy4 FO, B‘;"__“'\_\ ;;1 W:B
nmapajyieIbHBINA MaJaroIeMy U MPOXOASIINNA uyepes A TN _
ontuyeckuil nentp muH3el O Oe3 mpenomieHus. | o~
CornacHo M3BECTHOMY  CBOMCTBY  TOHKOH  ¢—|f|—»
pacceuBaromieil  JMH3BI,  MPOJODKEHHS  BCEX P 7/6\
uc.

MapajulebHBIX ~ Jy4el, Tajalomumx Ha  Hee,
mepecekaroTcs B Touke F ¢dokampHON mwiockoctn. C ydeToM TOTO, YTO
(OKycHOE  pacCTOSHHE pAacCeHBAIOLICH  JMH3BI  OTPULATEIBHO, U3
TpeyroibHUKOB AOF u BCF Haxomum, uto ftgoa=a+ ftgla—p), oTkyna

a

fo— &  Omer: f=— 2 2 _20cm
tga—tg(o—B)

tga—tg(a—p) P

17. MoctpoiiTe Xx04 CBETOBBIX Jyueil B mpu3me. B dyem cocrout
SIBIICHHE TIOJIHOTO BHYTPEHHETO OTPaKCHUSI.

3apauya. CTexisiHHAs OpuU3Ma, MOMEPEUYHOE CEUYECHUE KOTOPOU MpeacTaBliseT
€000 PaBHOCTOPOHHUH TPEYTOJIbLHUK, TUIOTHO 3aj/icIaHa
B OTBEPCTHE B BEPTUKAJIBHOW CTEHKE aKBapuyma (CM.
puc.77). Ha 60okoBYyI0 TpaHb MPU3MBI ITyCKAIOT CBETOBOM
Jy4 TaK, YTO BHYTPH MpPHU3MBI OH DPACIPOCTPAHAETCS
MapajuleIbHO €€ OCHOBaHMIO. llepBoHauanbHO IyCTOM
aKBapuyM 3amoNHAKT Bojoi. Ha kakoii yrom 9
[IOBEpHETCS MPU O3TOM Jy4Y, HAYIIUHA B axkBapuyme?

Puc.77
IToka3zarens MPETOMIICHHUS MPU3MBI nnp =141 ,

NOKa3aTeslb IPEIOMIEHUS BOAbl n,=133. OTBET npuBeauTe B rpajaycax,
OKPYTJIUB JI0 LIETIBIX.

Pemenne. Xox nyyeii n3obpaxen Ha puc.78. LLItpuxoBoii inHMEN cpaBa OT
MpU3MBl TIOKa3aH Jy4, BBIXOISAIIMNA M3 TPU3MBI B
BO3[yX, a CIUIOIIHOM JHHHEH — TOT K€ JIIyY,
BBIXOAAIMI W3 mnpusMbl B Body. llo 3akony
IIPEIOMIIEHHSI UMEEM: Ha IPAHULIE «CTEKIIO — BO3IYX»
s'_n—a =N,,,a Ha TPAHHUIIE «CTEKIIO — BOJA» snoy _ Dop
sinp sinB n

B
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) ) (n_ .
Orciona @ =arcsin(ny, sinB), a, =arcsin ~Esinf |, npiew B=30° n

B

. 1
sinp= 5 HckoMplii yroj1, Ha KOTOPBIA IIOBEPHETCA JIyd, =0 —0y .
[ Ny L™
Ortger: J=arcsin T —arcsin 2— ~13°,

B

18. JlaiiTe onpexnencHusi (POKYCHOTO PACCTOSIHUS M ONTUYCCKOW CHIIBI
TOHKOMU JIMH3EL.

3anauya. B oTBepcTHE B BEpTUKAIBHON CTEHKE aKBapUyMa IUIOTHO 3ajeliaHa
TOHKas IIJIOCKO-BBIITYKJIas JIMH3a C q)OKyCHI)IM
paccrossaueM F =20 cm (cwm. puc.79). Ha Bemmykiyro

MOBEPXHOCTh JIMH3BI TAJacT MapajulelbHO €€ TIaBHON
— *ﬁ— ONTHUYECKOM OCH y3KMH IIy4OK CBETa, KOTOPBIH
¢dokycupyercst ~ BHYTpM  NEPBOHAYAJIbHO  IMYCTOTO
akBapuyMa. Eciu akBapuyMm 3alOJHUTh HEKOTOPOM
JKUJIKOCTBIO, TO TOYKa, B KOTOPO#l (POKYCHPYIOTCS JIyuH,
cMecTuTCd Ha paccrossHue Al=4 cm. Ormnpenenure

Puc. 79

nokasatenpb Tpeiomiuenus skuakoct N . Yruel magenus m nmpenomiueHus
Jlydeld CuuTaiTe MalbIMU. YUYTHTE, 4YTO JUIs MaJIbIX 3HAYEHHH apyMeHTa X,
3aJaHHOTO B  pajauaHax, CIPaBeUITBBl  NPHONMKEHHBIE  (DOPMYJIIBI
sinx~tgx=X.

Pemenue. Ha puc.80a mokazan xon jiydeil, NpelOMIISIOIIUXCS Ha IUIOCKOU

" IOBEPXHOCTH, OTpaHHUYMBAIOIIEN

>~ quH3y. Ilycte onuH M3 nydel, uaymux

a >z B B TONNIE JIMH3BL, TagaeT Ha OTy

@ o F+Al nosepxmocts mox yraom Y . Torma B

a A 6 Cllydae BBIXOJA Jlyda M3 JIMH3BI B
Puc.80 BO3/yX (IITPMXOBAs JIMHUS Ha PUCYHKE

80a) mo 3aKkoHY NpEIIOMIICHUS HUMEEM
N, siny=sina, a B cllydae BbIXOJA JIy4ya U3 JIMH3Bl B KUAKOCTH (CILIOMIHAS

nuHMs Ha pucyHke 80a) mmeeM n_ siny=nsinf. 31ech n, — IOKa3aTelb

sina .
MpeIoMIICHHS cTeka. M3 3THX paBEeHCTB MOJIyYaeM, YTo _B =n. Xonx ny4eH,
Sin
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a
MOKWHYBINMUX JIUH3Y, W300paxkeH Ha puc.806. Buano, dro tga=E,

a
tgﬁ=m. ITockonpky MamarOIUi HA JUH3Y MYYOK CBETa IO YCJIOBHUIO
aBngerca  y3kum, To 0<<l, PB<<1. CrnemoBarenbHO, CHPABEIIUBbI
a a o
NpUOIKEHHBIE PaBEHCTBA O~ — , B~ , —~n. OTcroga HaXx0IUM, YTO
F F+Al" B
Al
n=1+—,
F

Otger: N :1+AFI =12.

19. Chopmynupyiite  3akoHBI ~ TpejdoMicHuss  cBera.  Jlaiite
orpesneneHuss a0COJIOTHOTO ¥ OTHOCUTEIBHOTO TIOKasaTelneit

MPETOMIICHHUSL.
3apgaua. Ha cdeprueckyto MOBEPXHOCTh MPO3PAYyHOro MOJyIIapa paauyca
a R=10cm c nokazarenem mpenomicHus N=1,5 mamaer

Jyd CBETa, MApaUICJIbHBIM OCH, IEPIEHIUKYISIPHON

OCHOBAHHUIO NOJNyIIapa M MPOXOASIIEH Yepe3 ero LEeHTp

(cm. puc.81). Touka mameHus dyda HAXOAWTCS Ha

Y paccrosium & = 1 cM oT 3toii ocu. Kakoit yroi y obpazyet

Puc.81 Jyd4, BBINICIUIMA W3 MONylIapa, ¢ HOPMAIBIO K €ro

ocHoBanuto? Ilpu pacuerax yurure, uro a<<R, a s

MajJblX 3HA4YeHWH apryMeHTa X, 3aJaHHOTO B paguaHax, CIPaBeIJIMBO
NpUOITIKEHHOE PaBeHCcTBO SN X~ X,

Pemenne. Xon siyya n3obpaxkeH Ha puc.82, rae o — yroij HageHus JIyda Ha
cepuuecKkyo MOBEPXHOCTh Moiymapa, a [ — yroiu
ImpejgoMyIeHUsT Ha 3Tod mnosepxHocTd. Ilo  3akomny

. 1. a
npenomienus SiNP= Hsm O, WM npuOIMKeHHO P~ '

a a
ITocKOJIBKY axo, TO Bzﬁ 13 pucynka 82 BUIHO,

4TO Yroj ImaJacHus Jiyda Ha IUIOCKYH0 TIOBCPXHOCTb

a n-1
nonymapa paBeH OC—B zET . HOBTOMy 110 BaKOHy HpeJ‘IOMJ'IeHI/Iﬂ Ha 3TOH

a
MOBEpXHOCTH Y ~ N(a—f) . CiaenoBaTenbHO, UCKOMBIN Yroi Y~ E(ﬂ -1).
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a
Otger: Y=~ R (n-1)=0,05 pan.

20. Kakwe nWH3BI HA3BIBAIOT TOHKUMH? 3anumuTe QopMyny TOHKOU
JIMH3BI U TIOSICHUTE CMBICI BXOSIINX B HEE BEIUYMH.

3agaua. Ha paccrosumu f=15M or 00beKTHBa MPOEKIIMOHHOTO aImapara
pacmoyioKeH 3KpaH C pa3Mmepamu 2x3 M. Ha »kpaHe NOIy4yeHO YETKOe

M300paKeHUE TUAIIO3UTHBA, WMeEIomero pasMmepbl 24x36 mm. Ilpu sTOoM

n300pakeHWe 3aHMMaeT TIOJIOBMHY IUIOMIamM JKpaHa. Paccuuraiite
ONTHYECKYl0 cuiny D TOHKOW JHMH3BI, KOTOPYIO CIEIAyeT BILIOTHYIO
MPUCTaBUTh K OOBEKTHBY TMPOEKIIMOHHOTO arapara, HE MEHSAA ero
MIOJIOKEHHUS, YTOOBI YETKOE HW300pakeHHWE TOYHO YJIOKWIOCH B pasMephl
skpaHa. OOBEKTHB MPOCKI[MOHHOTO armapara CYUTalTe TOHKOW JIMH30U.
OTBeT npuBeAnTE B IUONTPHIX, OKPYTIIHUB IO OJHOTO 3HAKa IOCIIE 3aMATOoM

Pemenne. [1o ycnoBuio B3auMHOE pacrloyioKeHHE OOBEKTHUBA M DKpaHa HE
d*® f W3MEHSETCS, a POPMHUPOBAHHUE PE3KOT0 N300paKCHHUS Ha

E JKpaHe JIOCTUTAeTCs B  pe3yinbTare HM3MEHEHUs
paccTosHUs OT [WANo3uTHBAa 10 OOBEKTHBA (CM.
pucynok 83). Kak u3BectHo, nuHeitHOe yBennyenue [,
JaBaeMoe JIMH30H, MOXET OBITh pacCYMTaHo IO

A

1 4
d, 4

Cdl
~
LTSS

y f
v dopmyne I'=— rne d — paccrosHue OT aAMANoO3UTHBA
Puc.83 d

1o a3kl (00bekTHBa), a f — paccTosHEe OT JUH3BI 10
9KpaHa, KOTopoe He u3MeHsercss. M3 GopMynbl TOHKOW JHH3BI CIIEAYET, 4TO

OnTUYECKass cuijia JIuH3bl D = % +% = % (C'+2) . Ilpu CHBUHYTHIX BILUIOTHYIO

TOHKHX JIMH3aX MX ONTHYECKUE CHIIBI CKiaabiBaroTcs. O0o03HauuB yepes Do
ONTUYECKYI0 CHITy OOBEKTUBA TUATIPOCKTOpa, a yepe3 D — onTuueckyro cuiy

n00aBOYHOM JUH3BL, uMeeM: Dj= %(F 0+, D+Dy= %(F +1), oTkyma

1 2000 3000
D=—(I'-T}). VuureiBas, uTo KOHEUHOE yBeauuenne | =——=——~833,
f 24 36
a HayanpHOe [ = % ~ 58,9, naxonum, uro D =1,6 antp.
2000
OtBer: D= % (C-T,) ~16 qurp, e I'= ~833; I, = % ~589.
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21. TlpuBemuTe MpPUMEPH MOCTPOCHUS W300pa)KeHUH, (POPMUPYEMBIX
coOmparomeii W  paccenBaromedi amH3amMH. Yemy — paBHO
YBEIIMYCHHE, TABACMOEC JINH30M?

3agauya. Ha paccrosumu f=10M oT 00beKTHBA MPOEKIMOHHOTO aIapara
pacroyiokeH 9KkpaH ¢ pa3dmepamu 2x3 M. Ha skpaHe moiydeHO dYeTkoe

n300paKeHne UAIo3UTHBa, HMMEIoIero pasmepel 24x36 mm. [lpu stom

n300pakeHne 3aHMUMaeT TOJIOBMHY IUTOMAAn dKpaHa. Ha kakoe paccrosHue
Af  crnemyer mepeMecTHTh MPOCKIMOHHBIA — ammapar, dYToObl YETKOE
M300paKeHUE 3aHAI0 BCIO IUIomanb 3KkpaHa? OOBEKTHB IPOSKIHOHHOTO
arrapara CUuTaluTe TOHKOM JIMH30M.

. o r
Pemenue. JluneiiHoe yBeIMUYEeHUE, JaBaeMoe JIMH30M, 1 :H , OTKyzxa d :? .

3neck d — paccTosiHEE OT JUATIO3UTHBA JI0 JIMH3bL, a f — paccTosiHUe OT JIMH3BI
d » f E no akpaHa. M3 Gopmynbsl TOHKOW JIMH3BI ONTHYECKAs

cwia JuH3bl D= % + 1 = % ('+). Ilo ycnoBwio,

v f
3K E OIITHYECKAs CHJIA OCTAETCS HEM3MEHHOM, HO U3MEHIETCS
N pPacCTOSIHME MEXKAy JIHH30M W 9KpaHoM. [losTomy

v S (I +1) = =S (T, +1) . JIMampoeKkTop CleayeT YIaauTh
Puc.84 f; fy
OT JKpaHa Ha paccrosiHue Af =f,-f; = fl-%. Koneunoe ysenuuenue
1+
2000 3000
pasHo [ = a3 83,3, HauanbHOE yBenu4yeHue I = % =58,8.

L, —T 2000 r
(0] P Af=f 214 I, = ~833; I =—=~589.
TBET 1 1 M, THC 12 24 1 >
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