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1.1.1. 3apaya. Kmun maccoi M=1kr ¢ yrimom o =30° mpu OCHOBAaHHMM TIOKOHWTCS Ha TJIaJKOMN
TOPU3OHTAIFHONW TMOBEpXHOCTH. Ha KIMH mMOmoXwim OpycoKk Maccoi
m = 0,1 kr u ynapoM cooOIIMIN €My HEKOTOPYI CKOPOCTh, HAIpPaBIECHHYIO
BBEepX Mo KiuHy. Haliaure, kakoe KOJIMYECTBO TEIIOTHI Q BBIIEIHIIOCH B
pe3ynbrate TpeHus Opycka O KJIMH, €CIUd H3BECTHO, YTO MaKCHMajbHas
BBICOTa, HA KOTOPYIO MOJHSJICS OPYCOK OT CBOETO HAYaJILHOTO TOJOKEHUS,
h =20 cm. Kosduiment tpenus Opycka 0 HaKJIOHHYO MOBEPXHOCTH KiarHA W = 0,6. MOAy/Ib YCKOPCHHS
CBOGOJIHOTO [TaeHHs IPUMHTE paBHBIM g = 10 m/c%.

Bonpochl. Yemy paBHBI CHJIa TpEeHHUs IOKOS M CHJIA TpPEHUs CKoybxeHus? J[laiite omnpeneneHue
Ko unreHTa TpeHus.

1.1.1. Pemenme. bpycok M KIMH JBUXKYTCS MOJ JEHCTBUEM CHJ, M300paKEHHBIX Ha pHUCYHKe. B
YACTHOCTH, K OpPYCKY MpPHIOXKCHBI: CHIA TSKECTH MY, HOpMambHAs

p
coCTaB/pomas Cujibl pCaKIMH KJIHMHa N u cuna TPCHUA lj‘::_p . B cBow

8
(V) P! E!
ouepesb, Opycok medcTByer Ha kmud ¢ cunmamu N’ m F_ . npuuem, 1o
’ !
TpetbeMy 3akoHy Hetoroma N'=N, F =F . Ob6oznaunm uepes &
0 "Y YCKopeHHe Opycka B HEMOJBMXHOH CHCTEME OTcueTa. B cOOTBETCTBHHU C

3aKOHOM CJIOKCHUA YCKOpeHHfI, 52 50 + 51, rac 50 — YCKOPCHUEC KJIMHA, 51
— YCKOpPCHUC 6pyCI<a OTHOCUTCIIBHO KJIMHA. HpI/IMeHHH K 6pyCKy BTOpOI71 3aKOH HLIOTOHa, HMEEM
m(g0 + g,) = m8 + I\}l) + ll—:lTp , WIH, B TPOEKIHMAX HA OCH KOOPJMHATHOW CHUCTEMBI, HM300paKCHHOW Ha
pucynke, M(a —acosa)=—Nsina—F_cosa, —masina=-mg+Ncosa—F_ sina. VYpasuenune
JBWKEHHS KJIMHA B COOTBETCTBHH CO BTOPHIM 3akoHOM HproTona mmeer Buxg Ma, = N sin o + FTp cosa..
VYuuTeIBas, 4TO MO 33aKOHY CYXOTO TPEHHsSI MOJYJb CUJIBI TPEHHS CKOJIbKECHHS FIp =uN , noixydaem
CIEAYIOUIYIO0 CHCTEMY YPAaBHEHHUIA:

May, coso.—may = Nsina+pN cosa,

ma, sin o =mg—N cosa+puNsina,

Ma, = Nsin o+ pN cosa.

Pemas 9Ty CUCTEMY, HAXOAUM MOAYJIb CUJIbI HOPMAJILHOTO JaBJICHU A 6pyc1<a Ha MMOBCPXHOCTH KJINHA:
mg cos o

T 1+ m(sin? a.+psin ocosa) /M

v !
MOI[y.]'H) CyMMapHoOu pa6OTBI CHJI 'J‘:)Tp u lj_:)_[p PaBCH NPOU3BCACHHUIO MOAYJISA CUJIbI TPCHUSA CKOJIBLXKCHHA Ha
MOTIYIIb TepeMelenust Opycka oTHocuTenbHo KimuHa: | A [=puNh/sino . Yautesas, 410 no 3akoHy

COXPAaHCHUA OBHCPIrurh KOJIUYCCTBO TCIUIOTHI, BBIACIUBIICCCA TIPHU CKOJIBXXCHUHN 6pyc1<a 0 KJIUHY,

umghctga
- , TToJTydaeM, 9To Q = - . -
Q=|A, | yd Q 1+ m(sin? o+ psin o.cosa) / M
Orger: Q = umghctgo ~0,2 JIx.

1+m(sin® o+ psin a.cosa)/ M

2.6.1. 3agaya. B BepTUKaIbHO paCHOJIOKEHHOM I[MJIMHIPUYECKOM COCYAE C IUIOLIAJIbI0 CEYEHUs



S =20 cm? noJ, mopiHeM mMaccol M =4 Kr coaepKuTca UIeaIbHBII OJJHOATOMHBIN Ta3. PaccrosHue
MeXIy mopuHeM u JHoM cocyaa h=1 m. ['a3y coobmmmm kommuectBo Termotel AQ =126 /Ix. Bo
CKOJIBKO pa3 o WM3MEHHUTCS CPEIHEKBAJApaTHYHAs CKOPOCTh MOJEKyN raza? ATMOc(epHOE TaBICHHE
P, =100 xIla, yckopeHue cBOOOAHOrO MajeHHs HpUMUTE paBHbBIM ¢ =10 m/c’. TpeHHe MOPIIHS O
CTCHKH COCYy/Ia CYMTANUTE IPEHEOPEIKUMO MAJIBIM.

Bonpocsl. YTo Takoe BHYTPEHHSS YHEPTUsl TEPMOAUHAMHUYECKOM crcTeMbl? Kakumu crioco6amMu MOXKHO
MU3MEHUTDH BHYTPEHHIOKO SHEPTHUIO?

2.6.1. Pemenme. CpenHekBaapaTU4yHasi CKOPOCTb MOJIEKYJl Ta3a OIpPEICseTcsl BBIPAKCHUEM

3KT
= |—,rne kK —nocrosuuas bonbivana, T — abcomoTHast Temneparypa, M, — Macca MOJIEKYIIBL.
m

0

Cp. KB

T
Cre0BaTeIbHO, HCKOMOE OTHOILIEHUE PAaBHO L= |—>,rme T, U T, — TEMIepaTyphl raza B KOHEUHOM U
T 2 1
1

M
HayaJlbHOM COCTOSIHUSIX. U3 YPaBHCHUS HAYAJIBHOI'O COCTOSAHHUA Ia3a (po +—g hS =VRT1 HaxoauM

y _ (PoS +Mg)h
YHCIIO MOJICH Tasza v = AT . Ilpu HarpeBe ra3 coBepimacT W300apHOE PACHIMPEHHUE, TTOITOMY
1
5 .
AQ = EVR(T ,—T,). llomcraBmsisi croga HaiiileHHOE BBINIE V, TMPHXOAUM K COOTHOLICHHIO:
AQ=§(pOS+Mg)h T—Z—l . OtBert: 0= 1+A=11
2 T 5(p,S + Mg)h

3.5.1. 3apaua. Han 3akperi€HHbIM IPOBOJIOYHBIM KOJBLOM pajuyca R, pacronokeHHbIM TOPU30HTAIBHO,
Ha NpYKUHE TO/IBEIIeHa MaJIeHbKas 3apsbkeHHas OycHHKa (CM. PUCYHOK). 3apsii OyCUHKU
g=1wmkKn paBeH 1Mo MO0 M MPOTUBONOJIOKEH MO 3HAKY 3apsay Koiblia. bycuHka
pacrioyiaraetcsi TOYHO HaJ IEHTpOM Kosiblla Ha BbeicoTe h =R =20cm Ompenenure
MaKCUMAIBHYIO CKOPOCTh Vmax OYCHHKM B Tpoliecce €€ MajbIX CBOOOTHBIX KOJeOaHHH,

il "4 koTophle BOHMKAIOT MOCNE MIHOBEHHOM HeHTpaIM3aluy 3apsiia Kobla. Macca GycHHKY

—q m=9r, XgéCTKOCTL npyxuHbl K = 10 H/M. DieKTpruuecKyro HOCTOSIHHYIO TIPUMUTE PaBHOM

; € = 9-10° ®/m. Vkazanue: 0ns ynpowenust 3anucu omeema 6 oowem uoe UCNoab3yime
pasencmso h =R.

k

Bonpocsl. Kakue xoneOaHus Ha3plBalOT TapMoHMuYeckumHu? UYTo Takoe ammudtyga u - (dasa
rapMOHHYECKHUX KoseOaHmit?

3.5.1. Pemenne. Jlo HefiTpanu3ammy 3apsiia KoJblia MPYKUHA PACTSHYTA MOJ] ISHCTBUEM CHIIBI TSDKECTH MY
U CHIBl DJIEKTPOCTATUYECKOIO IPUTSHKEHUS CO  CTOPOHBI  PaBHOMEPHO — 3apsHKEHHOIO  KOJIbLA

1 ’h .
. = 4 5 q 5 377 C y‘{CTOM paBCHCTBa h n R IIOCJIICOAHIOK  3aIllUCh JICTKO YHpOCTI/ITLZ
ngy (R +h”)
1 q?

Fe Ilocne HCﬁTpEU'IH38.I.IHH 3apdaa KOJIblida ITOJIOKCHHUEC PAaBHOBCCUA 6yCI/IHKI/I CKa4YKOM

B 8\/57580 R%’

F
M3MEHUTCS Ha HOBOE, HAXOALIEECs HA PACCTOSHUM AX = ?e OT IIEPBOHAYAIBHOTO0. B pe3ynbrare BOSHUKHYT



1 q?

——————— ¥ IUKINYECKOM YacTOTOU
8\/57580 kR?

rapMOHHYECKHE KoJiebaHuss OYCHMHKH C aMIUATymon A= AX =

[k
0y = ,|— . MakcumanbHOe (aMIUIMTYJHOE) 3HAYEHUE CKOPOCTU JBIKEHHS OYCHHKHM PaBHO IPH 3TOM
m

1 q2 2

1 q
=Ao =——-\/:. OtrBer: V.. =
e ° 8v2me, kRZ \'m " 82me, VmkR?

% ~0,26 m/C.

4.3.1. 3agaya. Ha paBHOOEIpEHHYIO CTEKISIHHYIO NMPU3MY MaJaeT NIMPOKUN MapayiebHbII

—» A
T Ny4OK CBETa, MEPIEeHIUKYJSApHbIA Tpann AB, mmpuna kotopoit d =5 cM. Ha kakom
4 Dbaccrosuum L ot rpanu AB mnpenomieHHBI NPU3MOI CBET pa3AeNuTCs Ha JBa HE
l nepekpeiBarouxcs nyudka? Ilokaszarens npenomieHust crekia N=15, yroa npu OCHOBaHUH
_’ B

npusmel o =01 pan. Ilpu pacuerax yuyTuTe, 4yTO JIJs MajlbIX YIJIOB, 33JJaHHBIX B pajJMaHaXx,
tgo=sina=a.

Bonpocbl. Chopmynupyiite 3akoH oTpakeHust cBeTa. [IpuBenuTe mpuMep MOCTPOCHUS H300paskeHUs
IpeaMeTa B INIOCKOM 3epKajle.

4.3.1. Pemienne. Kaxxaplii U3 j1ydeld cBeTa, NaJaloluux Ha NPU3MY, IPEIOMIISETCS IBAXIbl: HA epeaHen

K@k %l V] 5 H 3a/iHel ee TpaHsaX (CM. PUCYHOK). 3aKOH MPEIOMIICHHS HA 3TUX TPaHSX,
old/2 u‘ 3allMCaHHBI C y4eTOM MAJIOCTH YIJIOB MaJeHHsS M IIPEIOMIIEHHS, JIaeT

o
L caeqyromue cooTHomenus: B=—, O=ny. Ilockoaeky 7y=0—J3,

n
Md/2 noJydaeM JJis yriia npenomiieHust d 3Hadenue o =a(n—1). U3 pucyHka
o BUJHO, YTO TyYKH CBETa, TMPCIOMJICHHBIC MPHU3MOH, TEPECTaHyT

d
NEPEKPBIBAThCSI HA pacCTOsHUU L, ymoBieTBopsitomieM yciioBuio: L = ~ —. OObeauHss
2tgd 25
d d
3alMCaHHbIC BRIPAXEHUs, HaXoauM, 4To L=——. OtrBer: L=——- 250 cMm.

20(n-1) 2a(n-1)
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1.10.2. 3agauya. Karymky maccoit M =720r u paguycoM BHYTPEHHEro IWIMHApPa R, HMEHOIIyIo
BHEIIHUK paauyc 2R, MomoXwim Ha TOPU3OHTAIBHBIA MOJN W TPUCIOHMIH K
<« BEPTUKAJIBHONH CTEHE, KaK II0Ka3aHO Ha pUCYHKe. Ha BHYTpEeHHUWI IWIMHAD
F ‘ KaTyIIKd HamMoTaiu JErkyto HUTh. Omnpenenure, Npu KAKOM MHUHHUMAaJIbHOM

3HaYCHUU MOyl F crIlbl, TPUITOKEHHOW K HUTH M HAIIPAaBJICHHON TOPU30HTAIBHO
BJIEBO, Karylmika HauyHET Bpamarbca. KoddduuumeHTbl TpeHus CKOIbKEHUs
KaTyIIKKA O TOJI U CTeHY OJMHAKOBBI M paBHbI | = 0,2. YckopeHue CBOOOJHOTO
IMaIeHust pUMATE paBHBM g = 10 M/c%,

Bonpocsl. UYemy paBHBI CHiIa TpPEHHS IOKOS M Cujla TPEHHsS CKoJkkeHus? Jlaiite ompeneneHue
Ko unreHTa TpeHus.

1.10.2. Pemienue. Karymka HaxoIuTCsS B PaBHOBECUH IOJ JCWCTBUEM CHJI, MOJIYJIM M HampaBICHUS
KOTOPBIX ITOKa3aHbl Ha puUcyHKe. 31eck N, u FTpl JICUCTBYIOT Ha KATYILIKy CO

cTopoHbI cTeHsl, N, u F,,, — €O CTOpoHbI 0na, Mg — €O CTOPOHbI 3emmu u F —

CO CTOpOHBI HUTH. [T0CKOIBbKY YCKOpPEHHE KAaTyIIKU JO0JKHO OCTaBaThCs PaBHBIM
HYJI0, TO CyMMa MOMEHTOB M JCHCTBYIOLIMX Ha KATYIIKy CHJI JIOJKHBI OBITh
pasubl Hymo. Ilo 3akony cyxoro tpenms: F_,=p-N,, F_,=p-N,. Nmeem

cienyromryto cucremy ypaBHeHuit: N, —uN,—-F =0, Mg—-N,—-puN,=0 u

Mg+ F Mg — uF
FR=2MR(N1+N2). W3 mepBbIX ABYX ypaBHCHUU CIEAYET, YTO le% u N2=g—}'2l.
1+p 1+p
Mg+F Mg-uF
[MoxcTaBnsas 3TH 3HAUCHUS B TPEThE ypaBHEHHE, moiydaem: F =2M[H . g+2 + 1g LZL j, OTKyJa
+1 +1

F :—ZMgM(lJFH). OtBet: F :—ZMgu(1+u) =4,8 H.
1-2u+3u’ 1-2u+3u’ 1

2.4.1. 3agaua. [Ipu pacuimpeHrH HEKOTOPOTO KOJIHYECTBA aproHa €ro JaBlIEeHUE
YMEHBIIIAETCS TaK, Kak MoKa3aHo Ha P—V-auarpamme (CM. pUCyHOK). Omnpenenure
MakcuManbHoe 3HaueHue Upax BHYTpEHHEH SHepruu raza B mporecce 1— 2.
HavansHble 3HaUeHNUsS 00bEMa 1 naBiieHus raza pasasl Vo = 0,1 MU Po = 5-10* Ta
COOTBETCTBEHHO.

Bonpocsl. YTo Takoe BHYTPEHHSs SHEPTUsl TepMOJANHAMHUECKON cucTembl? Kaknumu croco6aMu MOKHO
WU3MEHUTH BHYTPEHHIOI SHEPTHIO?

2.4.1. Pemienue. 3aBUCMOCTb JABJIICHUS OT 00beMa B mporiecce 1 — 2 onuchiBaeTCst TMHEHHON (QyHKIIHEH
Buga p(V)=b—kV.Ilo ycnosuro p(Vv,)=3p,, p(3V,)=p,, umu 3p, =b—-KkV,, p, =b—-3KV,. 13 sroit

U
U cucteMsl Haxoamm, uto b =4V,, k = & CrnenoBarensHo, P =4p, —%V . st

0 0

3
aproHa, KOTOPbIM MOKHO CHUTATh OAHOATOMHBIM HJICAJIbHBIM I'a30M, U= E pV n

>

o 2V
o 4k 3aBUCHMOCTh BHYTPEHHEH SHEpruu ot o0bema nmeet Bua U =g(4 "AY _Poy, 2.

0



I'padux 3aBucumoctn U (V) m300pakeH Ha pUCYHKE, IPUYEM OH IEpeceKaeT Och aldCIMCcC B TOYKaX
V=0 uV =4V, [loaroMmy MakcuMyM BHYTpEHHEW SHepruu AocTHraercs npu odbréme aprona V = 2V,,.

Maxkcumansnoe 3nadenue U pasno U, = 5-4 PV, - OtBer: U =6pV, =30 x/Ix.

3.6.2. 3amaua. B uenu, nokasanHoii Ha pucyHKe, KoHeHcatop eMkocThio C, =10 ® BHauase 3apsiKeH

L 0 HekoToporo Hampsbkenus U, , a konpencatop emkoctbto C,=10"° @ paspsken.
N3BectHO, 4TO B mporecce KoJeOaHMid, BO3HHKAIONIMX B IEMH TOCTE 3aMBIKAHUS
g C,| KIO4Ya, aMIUIMTy[a HamnpsOkeHus Ha KoHaeHcatope C, oOkasanach paBHOM

U2max

nepBoHayasibHO?  IloTepsiMu B COEAMHMTENBHBIX MPOBOJAX M B  KaTylIKe
UHIYKTUBHOCTH MOKHO IIpEeHEOpeyb.

= =364 B. Jlo xaxkoro HampsbkeHus U, Obu1 3apskeH KoHaeHcatop Ci
1

Bomnpocel. B uem cocTout siBineHue camounaykuuu? Jlaite onpeneneHne HHAYKTUBHOCTH KOHTYpA.

3.6.2. Pemenue. [Tocne 3aMbIkaHus KJIF0Ya B LM BO3HUKAIOT TAPMOHHYECKHE KOJIeOaHUs, B MPOIECCe
KOTOPBIX MPOUCXOJIUT IEPHOAMUYECKas Tepe3apsaKa KOHACHCATOPOB. B KakIbplii MOMEHT BpEMEHU
CyMMapHO€ HaNpsOKEHHWE HAa KOHICHCATOpPaX pPaBHO  HAINPSHDKCHHIO HA KaTyIIKe, KOTOPOE, B CBOIO
ouepenb, onepexaeT 1o ¢ase ToK B 1enu Ha 7t/ 2. B MOMEHT TOCTHKEHHUS MaKCUMAIBHOTO HANpsHKEHUS
Ha KOHJICHCATOpax TOK B IIETIM OOpATHTCS B HYJIb, CIICAOBATECIBHO, BCS SHEPTHs OyAET COCPEIOTOUYCHA B
koHaeHcaropax. [Ipu stom Ha koHneHncarop C, mepereder n3 konaeHcaropa C, HEKOTOpSIH 3apsa (, a

Ha koHzeHcatope C, ocranercsa 3apsny CU, —(. Bemnuuny 3apsga  Ha xosaeHcarope C, MOXHO
HalTH U3 3aKOHA COXPAaHEHMs dHEPIMM B KOHType. II0CKOIBKY B paccMaTpUBaeMblii MOMEHT BPEMEHHU

1 ._(CYU,-a)* ¢
MarHuTHas dHeprus odpaiaercs B Hylb, CIIPAaBEUINBO PaBEHCTBO: ECIU1 = °C + . Otcrona
1 2
q= ZUI&. VuureBag, uyro U, -9 , IoIy4aeM,  4TO omax = % Orcrona
C, +C, C, C,+C,
U, = G+ Co)l e . Oreer: U, = CitColoma 200 B.
2C, 2C,

4.10.1. 3amaya. C TOMOIIBIO TOHKOH COOHMpAOIICH JIMH3BI TOJYYHIM yBelIW4YeHHoe B K =5 pa3
JefcTBUTENbHOE M300paKeHHEe MpPEeAMETa, PacloyIOKEHHOI0 BOJIU3M TJIaBHOM ONTHYECKOM OCH JIMH3BI.
Ecnu pacctosHue MeXIy JIMH30M U NpeaMeToM yBenuuuTh Ha L =1 cMm, To m3obpaxeHue mnpeamera
CTaHEeT MeHblIe B N = 2 pa3a. Onpenenute GOKycHOE paccTOSHUE JTUH3HI F.

Bonpocsl. 3anumuTe GopMyily TOHKOU JIMH3BL. YeMy paBHO yBeJIUYEHHUE, TaBAEMOE JTMH30M?

4.10.1. Pemenme. IlocTpoeHue wuzoOpakeHUN MNpeAMeTa NpHU JBYX €ro MOJOXKEHUSX MOKa3aHO Ha

A ka pucynke. M3 ¢GhopMynbl TOHKOW JIMH3BI CIEIYIOT PaBEHCTBA:
! 1 1 1 1 n 1
—+—=—u + =—. Hckirouas w3 >THUX
a ka F a+L k(a+L) F
kL
PaBEHCTB @, HaX0uM, 4To F = —1 .
n_

OTtBet: F :£ =5cMm.
n-1



