10.1. KonebaHua, MaATHUK:
BapuaHr 1:

e KOCMOHABTbI BbiCaAM/IUCb HA MOBEPXHOCTU NAaHeTbl X Ana cbopa reopmusnmyeckmx ceegeHUn.
JKCNepMMEHT C MaTeEMATUYECKMM MasITHUKOM C AJIMHOM nogseca 50 cm gan 3HaYeHue 4acToThbl
KonebaHmin 0.5 luy. Yemy paBHO YycKopeHWe cBOOOAHOrO NaAEHUA Ha MNOBEPXHOCTU
nccneayemown nnaHetbl? OTBET gaiTe B m/c, OKpyrivMB Ao 6anKanLuero Lenoro.

PeweHue:
MNepuropa KonebaHMn MaTeEMATUYECKOTO MAATHUKA:

T=2n\/z,
g

roe L- annHa noggseca maAaTHUKaE, g- YCKopeHue cBob0aHOro nageHns Ha noBepxHOCTM
nuccneayemoii naaHeTbl. YacToTa cBA3aHa C NepMOAOM COOTHOLIEHUEM:

v=1/T
OTcropa:
g = 4n?Lv? = 4.9348 ~ 5 w/c®
OTBer: 5_M&2

BapuaHT 2:

e [lpocTeWnMM WHCTPYMEHTOM TEeO0/IOTMYECKOM pasBeAKU MOKET CAYXUTb OObIKHOBEHHbIN
MaTeEMaTMUYECKUIN MAATHUK, NOCKObKY M3BECTHO, YTO yCKOpeHue cBob6oaHOro nageHua 3aBuUcuT
OT NJIOTHOCTU 3eMHOM NOPOAbl B OKPECTHOCTU TOYKU NpoBeaeHUA n3mepeHus. Mpu passegke B
rOPHOM MECTHOCTM [eoJIorM MNpPOBE/IM U3IMEPEHME Mepuoaa KosebaHus maTemaTMyeckoro
MaATHMKA ganHoi 50 cm m nonyumnm 3HadeHune 1.41 c. Onpepennte, CKONbKO NPOLLEHTOB OT
NMoJIy4EeHHOro reosioramu 3HaYeHWs COCTaBAAET cpedHee YCKopeHwe cBOb6OAHOro nageHusA
861131 noBepxHOcTM 3emn (9.81 m/c?). OTBeT OKpyrUTe 40 BAMNKANLLIErO LEenoro.
PelwweHue:
Mepunoa KonebaHM maTeMaTUYECKOro MasiTHUKa:

T=2n\/z,
g

roe L- 4nnHa nogseca MaATHUKaA, g- YCKopeHue cBoboAHOro NageHna B OKPECTHOCTAX
nccnepyemon obnactu. OTcroaa:

T2
90 -~ 9°_ 9,988 ~ 0.9
g A4rncL
@100% =99%
9
OTseT: 99
BapwuaHT 3:

o T[lpy NPOABMNKEHUW K UEHTPY 3eMAn YcKopeHue cBO6oAHOro nageHusa npubansmTesnbHo
NIMHEeNHO ybbiBaeT [0 HynAa. Yemy Oyaetr paBHO OTHOWEHWE YacToTbl KosebaHui
MaTeMaTMYecKoro MaaTHMUKa npu npeogoneHmmn 1/3 pacctoaHms Ao LeHTpa 3em/IM K 4acToTe ero
KonebaHnn Ha noBepxHocTM 3eman? OTBET BbipasuTe B NPOLLEHTAX, OKPYrAMB A0 banKanwero
uenoro.



PeweHune:
Mepuog KonebaHUM maTeMaTUYECKOro MasiTHUKa:

L

YactoTa KonebaHui:

V==

T
YunTbiBas, UToO yCKOpeHne cBOBOAHOIro NaAeHUA Ha OA4HOM TPETbEM YacTh NYTU K LEHTPY 3emMan
bynet coctasnatb (1-n)g (rae n — gaHHaA B YC/0BMM YacTb NPEOAONEHHOrO A0 LeHTpa 3emau
pacctosiHMA), TO MOMHO 3anucaTb OTHOLWEHWE YacToTbl KofebaHWU MaATHUKa Ha
COOTBETCTBYIOLLEN I/TYyOUHE K YacToTe KoebaHUii Ha NOBEePXHOCTU Kak:

v
2= /% = /(=) = 0.8165 ~ 0.82 = 82%
0



10.2 AsnKeHME NO OKPYKHOCTU
BapuaHr 1:

o CraHdopackmin Top — NPOEKT KOCMUYECKOM CTaHLMM, KOTOpPaa Morsia Bbl CTaTb OA4HOM M3 NepBbIX
MOCTOSIHHbIX BHE3EeMHbIX KONOHMI YyenoBeyecTBa. CTaHumMA npeacTtaBaset coboli dopmy Topa,
BPALLAIOLLErOCA BOKPYr CBOEM OCM M TeM CaMbiM 06ECNeYMBAIOLLErO MCKYCCTBEHHYIO
rpasuTaumio. Kakmm posxkeH ObiTb nepuod BpalieHua cTaHumu paguycom 1000 m, 4To6bI
obecneunTb rpaBUTALMOHHYIO CUAY, CXOAHYIO ¢ 3emnen? YcKopeHne cBob6oAHOro nageHua Ha
3emsie nonokuTe pasHbim 10 m/cM2. OTBeT BbipasuTe B CEKYHAAX U OKPYraMTe A0 banxaliwero
uenoro.

PelweHue:

MpupaBHAEM LLEHTPOBEKHYIO CUNY CUNE TAMKECTU (MU LLeHTPOCTPEMUTENIbHOE YCKOpeHUue
YCKOpPEHWNIo cBOBOAHOrO NageHus):

,g
2R=g, = |=
) g o R

BbIpa3nm 4acToTy BPaLLEHMA Yepes YI/IOBYIO CKOPOCTb:

21 R
T=—=2nm |—=62,8¢C
w g

OTBeT: 63 C.
BapuaHT 2:

e [lnAa BOCMPOM3BEAEHUA B 3EMHbIX YC/NOBUAX Meperpy3oK, WCNbITbIBAEMbIX B MoJeTe
KOCMOHABTaMM M NMUI0TAaMM BOEHHbIX UCTPeBUTeENEeN, NCNONb3YIOTCA cneumanbHble LeHTpUdyru.
Ha 4enoBeKka, MNOMELLEHHOrO B TaKyl0 UeHTpPUYry, AencTByeT LEHTpobexHas cuna,
BO3HMKAOWAA B pe3ynbTaTe ee BpaweHua. Kakmm pomkeH OblTb nepuoj BpalleHus
TPeHUpoBOYHOM UeHTpudyrn LP-18 ¢ annHoit nnedya 18 metpoB, YTOObI Ha WUCMbITYyEMOrO
OelcTBOBaNa LeHTpobexKHas cuia, B 4 pa3a NPeBOCXOAALLAA CUJY TAMKECTM Ha MOBEPXHOCTU
3emnun? OTBET Bblpa3uTe B CEKYHAAX U OKPYranTe o 6aunKainLwero Lenoro.

n*xg
w’R=nxg, w=
R
2
T=—= =4.219¢
OTtBeT:4 ¢
BapwuaHT 3:
o «leHHU-PapTUHr» — OAMH W3 pPaHHUX TUMOB BENOCUMNEAAd, XapaKTepHOM OCOBEHHOCTbIO

KoToporo 6bl/10 6osblioe NepesHee U Masioe 3afHee Kosieco. BbicoTa nepegHero Kosieca morna
pocturatb 1.6 MeTpoB, B TO BPeEMS KaK BbICOTa 3aJHeEro obblKHOBEHHO cocTasasna 40 cm.
OnpeaennTe, BO CKOMIbKO pas Yallle nepegHero Koneca byaeT BpawaTbcA 3aHEe KONECo Takoro
Besiocuneaa npu ero ABUM»KeHMUM co CKopocTbio 15 m/c. OTBET KpyranTe Ao Lenoro.

PelweHue:

Ecnmn V — ckopocTb Benocuneaa, a v = w/(2m) — vactoTa BpalleHus, TO
w1 vV Wy %4

Vl_E_ZNR' vz_ﬂ_an'



lne R=H/2 — paguyc 6onbLioro Koneca, a r=h/2 — pagnyc maneHoKoro. Monyyaem:
) _ R _ H
V1 B T - h

OTBeT: 4



10.3. TepmoguHamumKa, n3onpouecchbl B rasax.
BapuaHrT 1:

e [IANHHBIA UMINHAPUYECKUIN COCYA, 3aKPbITbI C OAHOM CTOPOHbI, PACNOIONKEH FTOPU3OHTA/IbHO U
pa3geneH HeBeCOMbIM MOPLUHEM Ha ABe YacTu. lMonoXKeHne nopwHs 3adpukcuposaHo. O6beEM
3aKpbITOM 4YacTm cocyga coctasaset 1300 cm®, B Hell HaxoauTcs BO34yX MNOA4 [AaB/NEHMEM
2.1-10° Na. JaBneHune Bo3ayxa cHapyxu — 10° Ma. OnpegennTe, HACKOIBLKO CMECTUTCA MOPLLEHb
OTHOCUTE/IbHO Ha4a/bHOIO MONOXEHMA, €CNU ero OTNYCTUTL? TemnepaTypa BO3A4yxa OCTaeTcs
HeusmeHHon. OTBET nNpMBeAnTE B CAHTUMETPAX, OKPYrIMB A0 b6auKalwero uenoro. Maowaap
ceyeHuna cocyga — 100 cm. MopLlweHb aBukeTcsa 6es TpeHus.

PeweHue:
Mpun cmeLLeHNN NOPLIHA ByAeT NPOUCXOANTb M30TEPMMUYECKOE pacLUMpPEHUE, ONMUCbIBAEMOE
3aKoHoMm boins-MapuoTra:

pV = piV;.

MopweHb byaeT ABUraTbcA A0 TeX NOP, NOKa AaBaeHMe BHYTPM 3aKPbITOM YacTu cocyaa He
cTaHeT aTMmocdepHbIM. Toraa ycTaHOBUBLUMIACA 06beM DyAeT paBeH:

V
Vl = p_,
Po

rae p_0- atmocdepHoe aasneHume.
CmelleHne NopLUIHA COCTAaBUT:

Orsert: 14
BapuaHT 2:

e [INVMHHbIA LMAVHOPUYECKUI cOoCyn, C BO3AYXOM, 3aKpbiTbli C OAHOW CTOPOHbLI, PACMOJIONKEH
rOPU30HTaNbHO M pa3feneH HeBECOMbIM MOPLIHEM Ha ABe 4YacTu. [oplweHb MOXKeT cBob6oAHO
ABUraTbCa BOONb cocyda. B pesynbtaTe HOYHOro nageHua TemnepaTypbl Ha 26 rpagycos
noplweHb CMeCcTUACA Ha 2 cm. [laBneHme B XOo4e npouecca OCTaBasloCb HEU3MEHHbIM.
Onpenenvte yCTaHOBMBLUYIOCA HOYbIO TeMMepaTypy, €CAM WCXOAHbIM 06beM 3aKpbiTon
NOPLHEM YacTu umManHgpa pasHanca 1500 cm’, Mnowaab ocHoBaHMA cocyaa — 65 cm’. OTser
npuseguTe B rpaaycax Lenbcua.

PeweHue:
N30b6apuueckoe cxkatme onucbiBaeTca 3akoHom leii-Jlioccaka:
Vo _ 14
To Ti
Mpu nageHnn TemnepaTypbl 06bemM TaKKe J0/KEH YMEHbLIUTLCA, YTO MOXKHO 3anuncaTb B BUAE:
Tl = TO - AT, V1 = VO — SAx.
Toraa HayanbHOe ypaBHeHWe ByaeT nepenncaHo B BUAE:

Vo Vo—SAx
Ty To— AT’

OTcropa:



VoAT

T1 = 1 OC.
OrBet: 1
BapwuaHT 3:

o  [NMHHbIA UMAMHAPUYECKUI COCYA C BO3AYyXOM MNpu Temnepatype 5°C, 3aKpbITbit C oAgHOWM
CTOPOHbI, PacnoNOXeH TFOPU3OHTA/NIbHO W pPasgeneH HEeBECOMbIM MOPLIHEM Ha ABE 4acTu.
MoplieHb MOXeT cBOBOAHO ABMMaTbCA BAOb cOCyAa. Bo3ayx B cocyze HAYMHAOT HarpeBaTb U
HabnoaaTth 3a nepemelleHnem nopwHs. Kakyio paboTy coBepwwuT ras npu Harpese ao 21°C,
€C/IM Havya/ibHbIi 06bem C BO34yXOM, OFpaHUYEeHHbIN noplwHem, coctasnsan 900 cm®? LasneHune
B XOZle MPOL,ecca 0CTaBaNoCh HEM3MEHHBIM M paBHANOCH 10° Ma. OTBET NpuBeAUTE B AXKOYAAX,
OKpYrnB 40 6anKaliLwero Lenoro.

PeweHue:

N3o06apunyeckoe cxaTme onncbiBaeTca 3akoHoM leit-JlioccaKa:
Vo 14
To Ti

MOHO Bblpa3nTb YCTaHOBMBUJMVICﬂ 06BbemM N U3meHeHne obbema rasa:

Vo= Ve AV =V =V, =V, (Tl 1)
1=Vo T,’ =W 0o="Vo T, .
PaboTta npu nsobapmnyeckom npouecce onpeaenserca usmeHeHme obbema rasa:

A=AV = pV, (% —1)=pV, (:zg ~1)=518~5Ix

Oteet: 5 XX



11.1. PenbcoTpoH
BapuaHrT 1:

PenbcoTpoH — 3NEKTPOMArHWUTHbIA YCKOPUTENb, COCTOAWMIA M3 WUCTOYHMKA MUTAHWA, ABYX
napanfenbHO PACMONIOKEHHbIX METAN/IMYECKUX PESbCOB U MPOBOAALLErO CHapsaAa, KOTOpbIi
3aMbIKa€eT BCIO LLeMb M ABUMKETCA BAO/b PENbCOB NOA AeAcTBUEM cuAbl JlopeHua. PaccuuntainTe,
[0 KaKOM CKOPOCTU pPenbCOTPOH MOMKET pPasorHaTb CHapAh maccbl 1 Kr, ecnv ABMNKYLWMIA
MMMNY/AbC TOKA co3aaeTca nytem ObICTPOM MOJIHOM pPaspafKM KOHAEHcaTopa emKocTbio 16.2
MK®, N3HaYaIbHOIO 3apsAKEHHOro A0 HanpsaxKeHua 30 KB, a KoapPULMEHT Nose3HOro AencTemA
pasBeH 20%? OTBeT npuseauTe B m/c, OKpyrave Ao 6aunkaiwwero uenoro.

PeweHue:

CU? mv?

" -9
v = 30000 /%:30*9 =270 m/c

Orsert: 54 m/c

BapuaHT 2:

PenbcoTpoH — 3N1EKTPOMArHWUTHbIN YCKOPUTENb, COCTOSIWUMIA M3 MCTOYHMKA MUTaHWUS, AOBYX
napaniesibHO Pacro/IOXKEHHbIX METaN/IMYECKMX PEeNbCOB M MPOBOAALLEr0 CHapsaAa, KOTOpbIi
3aMblKaeT BCIO Lenb U ABUNKETCA BAO/b PE/NbCOB NOA AEUCTBUMEM CUbl JlopeHua. OBUKYLWNNA
MMMNYNbC TOKa OObIYHO CO34aeTca MpU NMOMOLLM BbICTPOM MOMHOM pPaspsAKM KoHAeHcaTopa.
PaccunTaiiTe, 00 KaKOro HanpsKeHUA [OO0JIKeH ObiTb WM3Haya/NbHO 3apsKeH KOoHZeHcaTop
€MKOCTb0 16.2 MK®D B 3/1EKTPUYECKON LLENM PENbCOTPOHA, YTOObI pa3orHatb cHapaa maccoi 1
Kr 0o ckopoctu 270 m/c, ecan KoadpduuMeHT nonesHoro aencrema paseH 20%? OTtser
npuBeanTe B KMIOBOJbTAX, OKPYINB 40 6anKalLwero uenoro.

PeweHue:

mv?
uc

12707
0.2 % 16200 * 10~°

Otsert: 150 KB

BapwuaHT 3:

PenbcoTpoH — 3/1EKTPOMArHWUTHbIN YCKOPUTENb, COCTOALUMIA M3 MCTOMHMKA NUTAHWUSA, AOBYX
napanienbHO PaCMOIOKEHHbIX META/I/IMYECKUX PEesibCOB M MPOBOAALLErO CHapAga, KOTOPbIn
3aMblKaeT BCHO Lenb U ABUKETCA BAO/b PENbCOB NOA AeicTBuem cunbl JlopeHua. Mpu TecToBbix
UCNbITAaHUAX cobpaHHOro NbUTENAMM penbcoTpoHa cHapAa, Obla 3anyleH coO CKOPOCTbIO
270 m/c. Onpegennte maccy CHapaga m, ec/iv ABMXKYLMIA MMNY/IbC TOKa CO34aBasncA nytem
ObICTPOM NONHOW Pa3pAAKM KOHAEHCATOPa eMKOCTbIo 16.2 MK®P, M3HaYaNbHO 3apAKEHHOrO A0
HanpaxeHua 30 KB, a KoadPuumeHT nonesHoro perictemA paseH 20%. OTBeT npuBeanTe B
rpammax, oKpyrivMe 4o 6amnKaiiero Lenoro.
uCuU?
12

m =

Oteet:40Tr



11.2. 3ByK, BO/IHbI:
BapuaHrT 1:

e B geMoHCTpauunoHHyto nabopatoputo yHuBepcuteTa roposa N yctaHoBuAM «TpybKy KyHata» —
3KCMEepPMMEHTaNbHbIM Npubop, npeactaBasowMii cobolt npospayHyto Tpyby, OAUH KoHel,
KOTOPON 3anadAH, a B [APYrOM 3aKpeneH AWHAMWK, MOAKNIOYMEHHbIW K reHepaTopy
rapMOHMYECKUX CUTHANOB. B TpybKke HaxoantcAa HebobLIOE KOIMYECTBO NErKOro nopolLuKa. Mpwm
TECTOBOM 3anycke nNpuMbopa Ha AMHAMMK NoAa M FAPMOHUYECKMIA CUIHaN ¢ YacToToin 1715 T,
MopoLloK B TpyOKe nog AeCTBUEM aKyCTUUYECKMX BUBPaLMIM CKONKWACA B y3/1aX YCTaHOBMBLLENCA
CTOAYel 3BYKOBOM BOJHbI, @ Ha BCcen ganHe Tpybbl nomectunock 10 ckonneHuii. Onpegennte
AnvHy Tpybkn. OTBeT NpmseamTe B meTpaX. CKOpOCTb 3BYKa B BO3AyXe CYMTaTh pasHon 343 m/c.
PeweHue:

Ycnosue cToaven BOSIHbI — Ha AJIMHE TPYObl MOMELLAEeTCA Liesioe KOAMYECTBO AJIMH NONYBOH:
Cap 343

A
L=N-=N—=10

2= "7 3230 M

OtBeT: 1 Mm
BapuaHT 2:

e B aeMOHCTpauMOoHHYO nabopaTopuio yHMBepcuTeTa ropogda N ycTaHOBUAM «TPYOKy KyHaTta» —
3KCMNepuMMeHTaNbHbIN NpMbop, npeacTasaalWmMiAi coboii npospayHyto Tpyody, OAMH KOHeLl,
KOTOPOM 3anasH, a B APYromMm 3aKpenjeH AMHaMUK, MNOAK/AIOYEHHbIM K reHepaTopy
rapMOHMYECKUX CUTHANOB. B TpybKe HaxoanTca HebObLLOE KONNMYECTBO IEFKOrO NOopoLLKa. Mpu
TECTOBOM 3anycke npubopa MOpPOLWOK B TPyOKe Noja AeNcTBMEM aAKYyCTUYECKMX BMbBpaLmii
CKOMMWACA B y3/1aX YCTaHOBMBLUEWCA CTOAYE 3BYKOBOW BOJIHbI, @ Ha Bceit AsnHe Tpybbl 1.5 m
nomectuaocb 30 ckonneHuin. OnpegenuTe YactoTy 3ByKa. OTBeT npmuBeanuTe B repuax. CKopocTb
3BYKa B BO34yxe cumtaTtb pasHoi 343 m/c.

PeweHue:
Ycnosue cToavein BoJIHbl — Ha AJIMHE TPYObl MOMELLAeTCA Liesioe KOAMYECTBO AJIMH NOMYBOH:

A Can 343
L=N=;v=N-==30—=3430Tx

2 2L 3
Orset: 3430 'y
BapuaHT 3:
e Crapwuii MNOMOLWHMK KanuTaHa "MeTeopa" — TypuCTMYECKOrO cygHa, Kypcupylowero no

®durHCcKoMmy 3anmBy mexay lNeteprodom m BacnabeBCKMM OCTPOBOM — 3aCKy4yaB, CTasl CYMTaTb
y4apbl BOAH 0 60pT. 33 1 MUH Npu ABUXKEHUM CyAHaA HaBCTpeyy BOJAIHAM OH HacuuTan 120
yaapos, B 06paTHy0 CTOpOHy — 72. 3Has, 4To cKopocTb «MeTeopa» coctasasana 16 m/c,
onpeaenute pacctoaHne mexay rpebHamu sonH. OTBET NpMBeauTeE B MeTpax.
PewweHue
CocTaBUM cUCTEMY YPaBHEHWI MO YCNOBUIO:

NBCTp A= (UK + UB)t

NnonyT A= (UK - UB)t
Bbipasnm n3 BepxHero ypaBHEeHMA CKOPOCTb BOJIHbI
v, = v — NBCTp/1

t

NOACTAaBMM B HUXKHEEe ypaBHEHUE CUCTEMDbI

1= 2yt
NnonyT + NBCTp



A =10mM

o

OtBeT: 10 M



11.3. dneKTpocraTuKa:

BapuaHrT 1:

B BepwMHax pPaBHOCTOPOHHErO TPEYroJibHMKA Pacho/OXKeHbl MOJIOXKUTE/IbHbIE  3apAgbl
04MHAKOBOM BenMuMHbl. OQUH U3 3apAA0B 3aTEM 3aMeHWUIM Ha BABoe BO/bLINI 3apAg, TOro Ke
3HaKa. HaillguTe oTHOLWEHWe HaNPAKEeHHOCTEN 3N1EKTPUYECKOTO NO/A B LLEHTPE TPEeyro/ibHMUKa 40
W nocne 3aMeHbl 3apaja.

PelweHue:

M3HaAYanbHO cuUcCTEMA CMMMETPUYHA OTHOCUTE/IbHO LLeHTPa TPeyrosibHMKA — 3/7eKTpuYeckue
nons 3apsafios, CKAaAbIBasack (BeKTopHO), AatoT 0. MOCKONbKY Hac MHTepecyeT OTHOLIEHUE «A0»
M «nocne», U Tak KaK 3aMeHa O4HOro M3 3apsafoB AeflaeT Nojae B 3TON TOYKE HEHYNEBbIM, TO
NCKOMOe OTHoLeHMe byaeT paBHo 0.

OtBet: 0

BapuaHT 2:

B BepluMHax KBaapaTa PacrnosfioXeHbl OAWHAKOBbIE MO BEAUYMHE MOJIOMKUTE/bHbIE 3apAdbl.
OaunH u3 3apagos ybupatloT. HallauTe OTHOLUEHWE HaMpPAMKEeHHOCTEN 31eKTPMYEecKoro noas B
TOYKe nepeceyeHus anaroHanen Keagparta 40 M Nnocse Toro, Kak ybpanu 3apaa.

PeweHue:

M3HayaNbHO cMCTEMA CMMMETPUYHA OTHOCUTENbHO LLEHTPA KBaZpaTa — 3/eKTpUMYeckue noas
3apAfoB, CKnaapiBanch (BekTopHo), AatoT 0. MOCKO/bKY Hac MHTepecyeT OTHOLIEHUE «A0» U
«nocse», U TaK KaK 3aMeHa OAHOro W3 3apAgoB AefiaeT MnoJjie B 3TOM TOYKE HEHYNEeBbIM, TO
MCKOMOE OTHOoLeHMue byaeT pasHo 0.

OtBeT: 0

BapwuaHT 3:

B BepwwuHax MpPaBWIbHOIO LWECTUYTO/IbHUKA PaCMo/IOXKEHbl OOWHAKOBblEe MO  BEJIMYMHE
NOJIOXKUTe/IbHblE 3apsaabl. OAuH U3 3apagos youpatoT. Haiaute oTHOLWEHWE HanpsAXKeHHOCTEen
3/1EKTPUYECKOrO NOAA B TOYKE NepeceyeHnn 601blMX AMaroHanei WecTuyroibHMKa 40 U nocie
TOro, KaK ybpanu 3apsga,.

PeweHue:

M3HaYyanbHO cucTema CMMMETPUYHA OTHOCUTE/IbHO LLeHTPa LWeCcTUYroNbHUKA — SN1eKTpuYeckue
nons 3apsaoB, CKNaaplBanck (BekTopHo) AatoT 0. MOCKoIbKY HAac MHTepecyeT OTHOLWEHNE K40» U
«nocse», U TaK KaK 3aMeHa O4HOro W3 3apAgoB AesiaeT MnoJjie B 3TOM TOYKE HEHyNeBbIM, TO
NCKOMOe OTHoLeHMe byaeT pasHo 0.

Otset: 0



10-11.4 KnHemaTuKa, paBHOYCKOpPeHHOe ABUXKeHue
BapuaHrT 1:

e Ha Kpalo BepTUKanbHOro obpbiBa BbICOTOM 8.8 M OT NOBEPXHOCTM 3EeM/IN HAaXOAUTCA MAY ANA
ronboa. Mocie yaapa KAOWKOW MAY Npuobpen HayalbHYO0 BEPTUKaibHYO ckopocTb 20 m/c,
HanpasneHHyto BBepx. Kakolt bblna ropnsoHTaibHas CKOPOCTb MAYa, ecam mad nposieten 110 m
Mo ropusoHTann 4O COMPUKOCHOBEHMA C MOBEPXHOCTbID 3eMAN? TpeHWeM MsYa O BO34YX U
pasmepom msava npeHebpeyb. OTBeT npuBeaute B m/c, OKpyrnves Ao GauKalluero uesnoro.
YcKkopeHue cBobogHOro nageHuns npumute pasHoim 10 m/c%

PeweHue:
MN3meHeHWe BEPTUKANBbHOM KOMMNOHEHTbI CKOPOCTM OT BPEMEHM:

vy(t) = Vyo — gt
MN3meHeHWe BbICOTbI OT BpeMEHMU:

gt
h(t) = hO + Uot— T

Haxoaum oTcloga Bpems noneTa, Korga Tefo onyctuaock Ha semnto (h=0):

vyo + ’Uyoz + Zgho

g

t =

[OpWn30HTaNbHAA CKOPOCTb:

L L
Ux0=?=g—=25M/C

Uy0+ Vy02+2gh0
OtseT: 25 m/c

BapuaHT 2:

e Paboune c nupca 3abpacbiBaloT MELLKK € rpy30M Ha nanyby cyaHa. Boicota nanybbl coctagnset 2
m. C Kakoro Hambonbllero pacctoAaHMA 4O cyAHa paboume cmoryT 3abpacbiBaTb MELIKM Ha
nany6y, ecan 6yayTt 6pocatb uMx nog yrnom 70° K ropuM3oHTYy C HadanbHOWN ckopocTbio 7 m/c?
TpeHMem MeLIKOB O BO3AYX U UX pa3smepamu npeHebpeub. YcKopeHue cBOOOAHOrO MageHus
npumuTte pasHbiM 10 m/c’. OTBeT NpuBeAUTe B MeTpax, OKPYIMB 40 GAVKaLIEro Lenoro
3HaYeHuA.

PeweHue:

HavanbHble BepTKanbHasA M FOPU3OHTa/IbHbIE CKOPOCTHU:
Vyg = VgSINQ, Uy = VC0SA
M3meHeHwue BbICOTbI OT BPpEMEHMU:

gt’
h(t) = Uyot— T

Haxogum otcroaa BpemMA NoneTa, Koraa 1es10 0CTUTaeT BbICOTbI I'Ial'IY6bI hoi



Vyo T /vyoz —2gh,
)
Vyo+ |Vyo2—2gho
)

Hamnbonbliero paccrtoAaHnAa oo nany6b| KOpa6ﬂﬂ. OTcroga makcMmanbHoe paccrtoAaHne:

voSina+/vo2sina?-2ghg,
=2,008=2m

g

bonbwee 3HavyeHue BpemeHun t = 6yp,eT COOTBETCTBOBATb MNPOXOXAEHUIO

L =v,t = vycosa

OtBeT:2 M
BapwuaHT 3:

e TeHHWCHbIA MAY OTOMBAOT pPAKETKOM HA BbicoTe 45 cm OT 3emMAuM C BepTMKaNbHOWM
cocTtasfiAloLLen ckopoctn 6 m/c, HanpasneHHoW BBepX. Kakoh MUHUMaIbHON rOPU30HTaIbHOM
COCTaB/IAIIOLLEN CKOPOCTU AONXKEH 061a4aTb TEHHUCHbIN MsY, YTODbI NepeneTeTb CETKY BbICOTOM
1 m, pacnonoxeHHyo B 11 M No ropmM30OHTAM OT NONOXKEHUA MAYA B MOMEHT yAapa PAKeTKOM?
TpeHMem maYa O BO3AyX M ero pasmepom npeHebpeub. YckopeHue csBobogHoro nageHus
npumuTe pasHbIM 10 m/c’. OTBET NpUBEAUTE B M/C 1 OKPYIAUTE 40 BAMNKAILIErO LEenoro.
PeweHue:

N3meHeHue BbICOTbl OT BPEMEHM:
2
gt
h(t) = ho + vyot— T,
rae hg- BbICOTa OTCKOKA MAYa OT PaKeTKM.

Haxogum otcroaa BpemMA NoseTa, Koraa 1esio HaxoauTCA Ha BbICOTE CETKU h12

Vyo T vaoz —29(hy — hy)

g

t =

MWHUManbHaA ropM3oHTaIbHAA CKOPOCTb, MPU KOTOPOI MAY NEePEeNeTUT CETKY:

L L
Uxo =7 = g =10 m/c

Vyot /Vyoz—ZQ(fh-ho)

Otser: 10 m/c



10-11.5 AMHamuMKa, 3aKOHbI COXPAHEHUA:
BapuaHr 1:

e [py3 maccoi 1.1 Kr 3aKpensieH Ha }KeCTKMX HEBECOMbIX Kayesnax afnHoli 1 m. Kauenu tonkatot B
TeueHue BpemeHn 0.4 ¢ c cunon 8.7 H. Ha Kakoli MaKCMManbHbIMA Yros OTKAOHATCA Kayenun ot
BEPTUKAAM Nocae 3TOro Ton4ka? OTBeT npuBeguTe B rpagycax M OKpyrivte Ao 6auKanwero
uenoro. Pasamepamu rpysa no CpaBHEHUIO C AJIMHON Kayeneh M CMeLLeHMEM Fpy3a 3a Bpems
AeNcTBMA cnnbl NnpeHebpeydb. CunTaTth yCKOpeHMe cBOBOAHOIo NaaeHus pasHbim 10 m/ch2,

PeweHue:

Mo 3aKOHY M3MEHEHUA UMNYJIbCa A1A Kavenei noa aencramem cunol F:

=Ft 0="Ft i
p —po = Ft, mv = Ft, v—m,

F4e v — CKOpOCTb Kayenel B HAXKHEN TOUKe.
Mo 3aKOHY COXPAHEHMA SHEPTUN KMHETMUYECKAA SHEPTUA B HUMKHEN TOYKE NEPEXOAUT B
NOTEHUMANbHYIO B BEPXHEN:

mv?

E =E,, =mgh = mgL(1 — cosa)
3/1eCb Mbl OTCYUTBIBAEM MOTEHLMA/bHYIO SHEPTUIO OT HUMKHETO MOJIOMKEHWNA Kayenei, nosTomy
BbicoTa byaeT pasHa h = L(1 — cosa)

Monyyaem:

4 v? _q (Ft)?
COSA= 2720l "~ 2gLm?

2
Orser: arccos (1 — L)z) =60°
2gLlm
BapuaHr 2:

e [lnactmanHoBbIM WapKK Mmaccoi 100 r nogselleH B6M3M NMOBEPXHOCTM CTO/MAa Ha HEBECOMOIA
HEpPaCTAXUMOW HUTU AJMHOW 2 M. LLIapMK OTKAOHAIOT OT MOJIOXKEHUA paBHOBECUA Ha yron 60°
TakK, YTO HWUTb OCTAETCA NPSAMOM, @ Ha ero MecTo NomeLLatoT 6pyc maccoli B AecaTb pa3 6onbLuei
Macchl WwapuKa. LWaprK oTnycKaloT. B HUXKHEN TouKe CBOEro ABUMEHWA LWapUK NpuannaeT K
bpycy, a HUTb c/ieTaeT ¢ KpenJsieHus. MNocne 3Toro Hpyc BMecTe C WapUKOM CKOJIb3AT MO CTOAY,
3amegnascb cunok TperHna 1.1 H. Onpegennte, Kakoe paccTosiHWe NporaeT 6pyc C LWapMKomM 40
NoJIHOM OCTaHOBKWU. OTBET NpmMBeamUTEe B CAaHTUMETPAX M OKpyrauTe A0 6/aMKauero uenoro.
Pasmepamu wapuka n bpyca no cpaBHEHUIO C OJNHON HUTKM NpeHebpedb. CunTaTb yCKOpeHue
cBobOAHOro NnageHus pasHbim 10 m/ch2,

PeweHue:

Mo 3aKOHY COXpaHEHMA SHEPIUM NOTEHLMANBbHAA SHEPTUA WapPUKA NEPexomT B KNHETUYECKYIO
2

mv

E =E,, =mgh = mgL(1 — cosa),v = /2gL(1 — cos @),

F4e v — CKOPOCTb WapuKa B HUXKHEN TOYKe.
Mpu Heynpyrom yaape MMnynbC CoOXpaHAeTca. M3 3aKkoHa CoXpaHeHUa MMMyAbCca onpeaennm
CKOPOCTb Bpyca C LWapuKom u:

v \/ZgL(l —cosa)
= 1 = = =
P = Dbo, mn+Du=mv, u 1 ]



KuHeTuyeckas sHeprua 6pyca ¢ Wapukom nepeiigeT B paboTy Cubl TPEHUA:
e 2 m(n + 1)u?
Tp? 2
NoacraBnm cKOPOCTb U:
o m(n+ Du? m(n+1)2gL(1 —cosa) mgL(1— cosa)

2F 2F m+1)2 ~  (n+1)F

mgL(1-cosa) _

OTBerT: =8 cm
(n+1)F —

BapwuaHT 3:

e [lnacTmanHoBbIM WapWK maccoi 200 r noaBelleH B6AM3M NOBEPXHOCTU CTOMIA Ha HEPACTAXKMMOIM
HUTU ganHoli 1.6 m. LLUapuK OTKNOHSAIOT OT NONOXKEHUSA paBHOBecMA Ha yron 60° TaK, YTO HWUTb
OCTaeTCA NPAMOM, @ Ha ero MecTo NOMELLLAOT TAaKOM e NAACTUAMHOBDLIN WapuK. MepBbli WapuK
OTMYCKAtOT. B HUXKHEN TOYKe ABUKEHWUA CBOEro ABMMEHWA MEPBbIN LWAPWK CAUMNAETCA CO
BTOPbIM, U OHW BMECTE NPOAOJIKALOT ABUKEHNE Ha HUTU. OnNpefennte MakCMMaabHYO BbICOTY,
Ha KOTOPYIO OHM NOAHMMYTCA. TPEHUEM N Pa3MepPamMu LLIAPMKOB MO CPAaBHEHUIO C AJNHON HUTK
npeHebpeyb. CuntaTth ycKopeHue cBoboaHOro nageHna pasHbim 10 m/cA2.

PeweHune:
o 3aKOHY COXpaHEHUA IHEPTNM NOTEHLUMAIbHAA SHEPTUA WAPUMKA NEPEXOAUT B KUHETUYECKYIO
2
mv

E =E,, =mgh = mgL(1 — cosa),v = /2gL(1 — cos @),

['oe v — CKOPOCTb LWapKuKa B HUXKHEN TOYKE.
Mpw Heynpyrom yaape Mmnyabc coxpaHsaeTca. M3 3aKkoHa coxpaHeHUs MMMYbCa Onpeaeanm
CKOPOCTb ABYX LUAPUKOB U:

v \/ZgL(l —cosq)

2 2

/3 3aKOHa COXpaHEHWs SHEPIUM ONpPeaesMM BbiCOTy h,, Ha KOTOPYIO NOAHUMYTCA LAPUKK
2mu®  mv?

2 = =
mgh, > 2

P = Do 2mu=mv, U=

Moacrtasnm CKOPOCTb U

mgL(1 — cosa) B L(1 - cosa)

nghz = 2 ) 2 4
L(1-cosa)

OrBeT: =20 cm



10-11.6. 'mppocraTuka

BapuaHrT 1:

B cocyn nocnepoBaTenbHO HANMBAOT XMUAKOCTU TpeX TUNOB ¢ naoTHoctamu 1300, 1050 » 900
Kr/m>. JUOKOCTM Npu STOM He nepemelLnBatOTCA U 06pasyioT Tpy cioA. TOALWMHA CPeaHero
CNoA XMAKOCTM cocTaBuaa 8 cm. B cocysg 3aTem MoOMeLLaloT CNAOWHOM MPAMOYIOAbHbIN
napannenenunes, Bbicotoin 15 cm Takum 06pasom, 4TO ero OCHOBaHME MapPaNNEeNbHO FpaHMLLAM
pasgena *ugrocTtei. Onpegennte MMHUMaNbHYIO MJOTHOCTb NMOMELLEHHOTO B KUAKOCTb TENa,
npu KOTOpOM OHO 6yaeT nnasaTtb, nepecekasa obe rpaHuubl pasgena xuakocrtei. Ob6bem
napannenenunena MHOro MeHblle 06beMa KaxKaoM KUAKOCTH, a TO/ILLMHAE BEPXHETO N HUXKHEro
CN0EB NPEeBbLIWAET BbICOTY Napannenenvnesa.

PeweHue:

p3

p2 h2 h

pl

0603HaunMm rybuHy norpy»eHus B cnom 1 u 3 kak Ah; u Ah; cootBeTcTBeHHO. Toraa BTopon
3aKOH HbloTOHa 3anuLeTcs Kak:

mg = p1gAhyS + p,gAh,S + p3gAhsS.

3pech S- naowaab OCHOBAHMA napannenenvnesa. YUnTbiBasa, YTo macca tena m=p,V, roe V-
obbem Tena, a Py— €ro NAOTHOCTb, MOYYNUM:

PogV = p1gAhyS + pgAh,S + p3gAhsS.
MNoacTtasus V = Sh:
Pogh = p1gAhy + pogAhy + p3gAhs.

MpeaenbHbIV CyYai, Koraa Teso nepecekaeT O4HyY rpaHULy paszena, U b KacaeTcs BTOPOW
rpaHuLbl MPU MUHMMAILHOM 3HAYeHUM NJIOTHOCTU Tena Py peannsyeTcs, Korga BeandmHa h;=0.
BTopoii 3aKoH HbloTOHa nepenuwieTcs B BUAE:

pogh = p2gAh, + p3gAhs,
rae h=Ah, +Ah;. OTCloAa@ MOMKHO BbIPa3uTb:

Aho,+ h—Ah
0= p24h; P;( 2) = 980 kr/m’

OTtsert: 980

BapuaHT 2:

B cocya nocnepoBaTenbHO HANMBAOT XMUAKOCTU TpeX TMNOB ¢ naoTHoctammn 1600, 1100 1 800
Kr/m>. JUOKOCTM Npu 3TOM He NepemelLvBatoTCA U 06pasyioT Tpy cios. TOALWMHA CPeaHEro
CN0s KMUOKOCTU cocTaBuaa 16 cm. B cocyn 3atem MOMELLAOT CMOLWHON MNPAMOYrOJibHbIN
napannenenuneq sbicotoin 20 cm TakMm 06pas3om, YTO ero OCHOBaHME NMapaneNibHO rpaHuLAaM
pasgena xugkocteit. Onpegennte MakCMMasbHYH NJOTHOCTb NOMELLEHHOro B KUAKOCTb Tena,
npu KOTOpOM OHO b6yaeT nnaeaTtb, nepecekasa obe rpaHuubl pasgena xuakocreit. Ob6bem



napannenennnea MHOro meHblue obbema Ka)KLI,Oﬁ XKNOKOCTH, a TO/ZILLIMHA BEPXHETO U HUXKHETO
C/10€B npesBbiWaeT BbICOTY Napanaenenunnena.

PeweHue:

p3

p2 h2 h

pl

0603HaunMm rybumHy norpy»eHus B cnon 1 u 3 kak Ah, u Ah; cootBeTcTBeHHO. Toraa BTopon
3aKOH HblOTOHA 3anuLLEeTCA KakK:

mg = p1gAhyS + p,gAh,S + p3gAhsS.

3pech S- naowaab OCHOBaHMA napannenenvnesa. YUnTbiBasa, YTo macca tena m=pyV, roe V-
0bbem Tena, a p— €ro NAOTHOCTb, MNOJIYYNM:

pogV = p1gAhihyS + p,gAh,S + p3gAhsS.
MNopactasus V = Sh:
Pogh = p1gAhy + pogAhy + p3gAhs.

MpeaenbHbIV CNyyaid, Koraa Teao nepecekaeT o4Hy rpaHULy pasgena, U nlb KacaeTca BTOPOW
rPaHNLLbl NPU MUHUMANbHOM 3HAYEHUK NJIOTHOCTM TeNa po PeannsyeTca, Koraa seandmHa hsz=0.
BTopoii 3aKoH HbloToHa nepenuweTcs B BUAE:

pogh = p1gAhy + pgAhy,

rae h=Ah, +Ah;. OTCloAa@ MOMKHO BbIPa3uTb:

0 — PzAh2+P}i(h_Ml2) — 1200 Kr/M?:

OTtsert: 1200
BapuaHT 3:

e B cocyn nocneposatenbHO HANMBAIOT MUAKOCTU Tpex TUNOB ¢ naoTHoctamu 1500, 1045 n 950
Kr/m>. *KUAKOCTM NpW 3TOM He NepemellnBaloTcA U 06pasytoT Tpu cnoA. ToNWMHA cpeaHero
Cnos KumpKoctn coctasmaa 10 cm. B cocyn 3atem NOMELLAOT CMOLWHON NPAMOYFOJibHbIN
napannenenunes Bbicotoit 18 cm TakMm 06pa3om, YTO ero OCHoBaHME MNapannenbHO rpaHuLLaM
pa3sgena xuakocrei. OnpegennTe NAOTHOCTb MOMELLEHHOTO B XKMAKOCTb Tena, Npu KOTOPOM
OHO byzeT nnaBaTb TaK, YTO B BEPXHEM WM HUXKHEM cnoe byayT HAaxoAUTCA paBHble YacTu ero
obbema. Becb 06bemM napannenenunesa MHOro MmeHblle 06beMa KaxKaoM KUAKOCTH, a TOALWMHA
BEPXHEro M HUKHEro C/10eB NMpeBbIlWaeT BbICOTY Napannenenunesa.

PeweHune:



p3

p2 h2 h

pl
0O603HaunM rnybuHy norpy*eHua B ciion 1 n 3 kKak Ah, u Ah; cooTBeTcTBeHHo. Torga BTopoi
3aKOH HbloTOHa 3anuLweTcs Kak:
mg = p1gAhyS + pgAh,S + p3gAhsS.

34ecb S- naowaab OCHOBaHMA Napannenenunesa. YUnTbiBas, YTo macca Tena m= pyV, rae V-
obbem Tena, a Py— ero NA0THOCTb, MOYUYNUM:

pogV = p1gAhihyS + pgAh,S + p3gAhsS.
MNoactasus V = Sh:
Pogh = p1gAhy + p2gAh, + p3ghAhs.

B cnyyae, Korga ob6beMbl Tesa, HaxoAsAWMEcs B BEPXHEM M HUNKHEM C/0AX KUIAKOCTH,
oAnHakoBbl (Ah,=Ahs), ByaeT cnpaBeannBo:

pogh = (p1 + p3)gAhy + prgAhy,
roe h=20h;+ Ah,=0h,+20hs. Torpa:

(h=Ahp)
(p1tp3)——+p;Ah
Po = s ; 22 = 1125 kr/Mm®

OtBeT: 1125



10.7 NMOCTOAHHDbIN TOK:

BapuaHr 1:

Y BaHM ecTb CTapblii amnepmeTp MOCTOAHHOrO TOKAa C npedenom usmepeHua Toka 1 A. Ona
yBEeAMYEeHMA 3TOro npegena BaHa pewunn ucCnonb3oBaTb MMEOWMIACA Yy Hero Habop
COBPEMEHHbIX PE3UCTOPOB C Ma/ibiMm conpoTuseHnem. MNMoakatoumMB oaMH Takoi pesnctop R1
napannensHo amnepmetpy, BaHA 3ameTun, 4To Npeaen n3mepeHua amnepmeTpa yBeandmaca B
2 pasa. [lpy noaKnto4YeHMN BMeECTO Hero pesnctopa R2 npegen uamepeHua ysenmumnca B 3
pasa. Bo cKonbKo pa3 yBenuMuuTca npeaen UsMepeHus, ecnm K amnepmeTpy napansienbHo
nogknoumTb 6GaTapeto M3  ABYyX pesnctopoB R1, coeguHEHHbIX MapannenbHo, W
nocneaoBaTeNbHO COeAUMHEHHOTO C HUMMK pe3nctopa R2? OTBeT oKpyrauTe Ao baukanwero
uenoro.

PeweHue:

MycTb 3HavyanbHO Npeaen usmepeHusa amnepmeTpa bbin paseH I, a conpoTuBneHne
amnepmeTpa paBHoO r, Torga Ha Hem byaeT HanpsaxeHune U = [ * r. Mpu nogKkno4eHUM
pesnctopa R napannenbHO amnepmeTpy, CyMMapHbIA TOK B Lenu byaeTt paBeH:

U r
I=IO+IR=IO+_=IO(1+E)

R
[ns nepsoro, BTOPOro (1 TpeTbero A8 BapuaHToB 2 1 3) pe3nUCTOPOB MMEeM:
I 14 T R r R T R r
I R, P Tn—1""2 T m—1""% k-1
batapes B yc/10BMN MMeET CyMMapHOe COMpOTUBEHME:
Ry =11 p .
ET2 T 2n—-1) "m-1
CnepnoBaTtenbHO:
PR !
X =—= _—=
I Ry 1 n 1
2n—-1) m-1

OtBer: 1 + % =

2(n—1)+m—1

BapuaHT 2:

Y BaHuM ecTb CTapblil amnepmeTp C nNpefenom M3MepeHusa MOoCTOAHHOro Toka 1 A. [na
yBennMdyeHuMAa 3Toro npegena BaHA pewmn uMcnonb3oBaTb MMEOLWMIACA Yy Hero Habop
COBPEMEHHbIX PE3UCTOPOB C MajibiM COMPOTUBAEHMEM. [OAKNIOYMB OaUH Takoin pesuctop R1
napannenbHoO amnepmeTpy, BaHa 3ameTun, 4To Npegen usMmepeHua amnepmeTpa yBeandmnaca B
11 pas. Mpun nogkaoyYeHN BMeCTO Hero pesnctopa R2 npeaen mamepeHua ysenmumnaca s 21
pa3, a pe3anctopa R3 — B 61 pa3. Bo cKONbKO pa3 yBennuuTca npenen MaMepeHua, ecnm K
amnepmeTpy napannenbHo noaxkMouMTb 6ataped M3  nNociefoBaTe/lbHO COEAMHEHHbIX
pesnctopos R1, R2 n R3. OTBeT OKpyranTe 40 Lenoro.

PeweHue:

MycTb M3HaYanbHO Npesen usmepeHua amnepmetpa bbin paBeH Iy, a conpoTuBaeHUe
amnepmeTpa paBHO r, Toraa Ha Hem b6yaet HanpaxeHune U = I * r. Mpn nogKkntoueHnm
pesnctopa R napannenbHoO amnepmeTpy, CyMMapHbIA TOK B Lenu byaeT paBeH:

=y 41y = Io+ 2= Io(1 4+
— 10 R — 70 R_O( R)

[na nepsBoro, BTOPOro (M TpeTbero AN BapuaHToB 2 U 3) pe3ncTopoB NMeeM:

Loiv L R= R, =
n_IO_ Rll 1 — ] 2 —



baTapes B yc/10BUM MMEET CyMMapHOE COMNPOTUBAEHME:

T N T N T
n-1 m—-1 k-1

RE:R1+R2+R3:

CnepoBaTenbHo:
=14 =1+ !
T TR 1T 1 1
n-1 m-1 k-1
1
Omer: 1 + ——F—F =7

n-1 m-1 k-1

BapwuaHT 3:

Y BaHuM ecTb CTapblit amnepmeTp C nNpeaesom M3MepeHuss MocTosHHOro Toka 1 A. [Ona
yBEAMYEHMA 3TOr0 npegena BaHA pewmn uCnonb3oBaTb MMeOWMIACA Yy Hero Habop
COBPEMEHHbIX PE3NCTOPOB C MasibiM conpoTuBaeHneM. MNoaKnouMB 0aMH Takol pesnctop R1
napannensHo amnepmeTpy, BaHA 3ameTun, 4to npegen namepeHnsa amnepmeTpa yBesIMUYnICA B
5 pas. MNpun nogkntoveHnn BMeCTo Hero pesunuctopa R2 npegen nsmepeHusa yseanumaca s 7 pas, a
pe3unctopa R3 — B 13 pas. Bo CKONbKO pa3 yBeAMUUTCA Npeaen U3MepeHus, ecin K amnepmeTpy
napasi/ie/ibHoO MOAK/IYMUTL BaTapelo U3 napassieslbHO coeAnHeHHbIX pesnctopos R1, R2 n R3.
OTBeT OKpYrAnTe A0 Lenoro.

PelweHue:

MycTb M3HaYanbHO Npesen usmepeHuna amnepmetpa bbin paBeH [, a conpoTuBaeHUe
amnepmeTpa paBHO r, Toraa Ha Hem 6yaet HanpsxeHune U = I * r. Mpu nogKkntoueHnm
pe3uncTtopa R napansiesbHO aMnepMeTpy, CYMMapPHbIN TOK B Lienn byaeT paBeH:

U T
I:IO+IR:IO+_:IO(1+§)

R
[ns nepsoro, BTOPOro (1 TpeTbero A8 BapuaHToB 2 1 3) pe3nucTopoB UMeeM:
1 14+ r R r R r R r
IO Rl 1 n - 1 2 m - 1 3 k - 1

baTapes B ycN10BUM UMeeT CYMMapHOe COoMnpoTuBeHue:

1 1 1 1_n—1 m—1 k—l_n+m+k—3

—=—+—+—= + +
Ry Ry R; R3 r r r r
CnepoBaTenbHo:
IZ r
x=—=1+—=14+n+m+k—-3=n+m+k—-2
Iy Ry

OtBe:n+m+k —2 =23



11.7 NMepemeHHbI TOK, HarpeB BoAbl:
BapuaHnt 1

e HarpeBaTesnbHbIi 3N1EMEHT C HEU3BECTHbLIM COMPOTUBAEHMEM MOAKNOYEH B Lenb NepeMeHHOro
TOKa C amnauMTygon HanpsxkeHus 50 B 1 yactotolt 50 lu. dnemeHT nomewaloT B COCyA CO
cMecblo BOoAbl M nbga obwen maccor 1100 r npu Temnepatype 0 °C. Yepes 16 muHyT
TemnepaTtypa Boabl B cocyae crtana pasHoh 10 °C. Onpegennte BeANYUHY COMPOTUBAEHMA
HarpeBaTe/sibHOro snemeHTta. OTBET NpuBeAUTE B OMaX, OKPYriMB A0 6auKaliwero uenoro.
HauyanbHoe maccoBoe cooTHolleHWe Boabl M nbaa B cocyae 6bino 10:1. YaenbHaa Tennota
nnasneHna nbaa pasHa 334 KOXK/Kr, Tennoemkoctb Bogdbl pasHa 4200 x/kr*°C.
TennoobmeHOM C OKpyXKatoLLen cpeaoin n CTEHKaMK cocyaa npeHebpeysb.

PelweHue:
KonnyectBo TennoTbl, BblAENMBLUEECA HA PE3UCTOpe, YW/A0 Ha NNaB/ieHWe Nb4a U pPas3orpes
BOAbI:
Q = AAm + C(m + Am)AT
MOLWHOCTb, BblAENAOWAACA HA Pe3NCTOpe, paBHa:

_Un_Q
2Rt
OTKyaa
R Up Ut
2P 2(AAm + C(m + Am)AT)
OtBet: 15 Om
BapuaHT 2:

e HarpeBaTesnbHblli 31€MEHT C HEM3BECTHbLIM COMPOTUBAEHUEM NOAKOYEH B Lenb NepeMeHHOro
TOKa C aMnanTyaon ToKa 5 A n yactotoii 50 My, dnemeHT NomMeLLatoT B COCYZ, CO CMECbO BOAbI U
Nbga obwei maccon 2100 r npu TemnepaTtype 0 °C. Yepe3 2 MUHYTbI TemnepaTypa BOAbl B
cocype crtana pasHon 10 °C. Onpegenute BeNMYMHY COMNPOTMBAEHWUS HaArpeBaTesibHOro
anemeHTa. OTBET NpUBeSMUTE B OMaX, OKPYIAnB A0 bauKanwero uenoro. HayanbHoe maccoBoe
COOTHOLLEHWe BOAbI U ibAa B cocyae 6bino 20:1. YaenbHaa TenaoTa NaaBaeHUs nbaa pasHa 334
KIK/Kr, TennoemkocTb Boabl pasHa 4200 Ox/kr*°C. TennoobmeHOM C OKpy3KatoLLein cpeaoi u
CTeHKamM cocyza npeHebpeyb.

PeweHue:
KonnuyectBo TennoTbl, BblAe/MBLUIEECA HA PE3UCTOPE, YWAO Ha MNAaB/feHMe Niba W pa3orpes
BOAbI:

Q = AAm + C(m + Am)AT

MOLLHOCTb, BblAENAOWAACA HA pe3ncTope, paBHa:
2R Q
P = = —

2t
OTKyAaa
R 2P 2(AAm + C(m + Am)AT)

T2 12t

OtBeT: 81 OMm



10-11.8 AnHamuKa

BapuaHr 1:

K BepTMKanbHOMY LIECTY NMPUKPENAIT METANIMYECKU WwapuKk maccor 400 r Ha naeanbHOM
PE3NHOBOM XryTe »EcTKoCTbio 50 H/M ¢ HauanbHOM AnnHon 4 cm. LLIapuK Ha sKryTe HaumMHaoT
BPaLLaTb C MOCTOAHHOM YrIOBOM CKOPOCTbIO W BOKPYF JIMHMM wWecTa. Mpu Kakoit MUHUMaNbHOM
YINI0BOM CKOPOCTM BpPALLEHMA W LAPUK OTOPBETCA OT MOBEPXHOCTM wWecTa? Paguyc wapuka
MHOrO MeHblle AJIMHbI KryTa. YcKopeHue cBo60AHOro nageHua cuymTaTb paBHbiM 10 m/ch2.
OTBseT npueeauTe B pag/c, OKpyrane Ao 6/auxKailuero uenoro.

Mopckaska (6yper npuBepgeHa B ycnoBum pna 10ro Knacca): KOCMHYC Manoro  yrna
NPUBAMKEHHO paBeH 1, CUHYC MAfIOro yrna — CaMomy yray.

PeweHue:

BTopoli 3aKkoH HbloTOHa B NPOEKLUUM Ha OCK X,y EC/IN YTON HEHYEBOA:

{F;,np sina = Fyg

E

{np COS @ = mg

Moactasum F, = k(1 —ly), Fy = mw?r = mw?lsina :
{ k(l—1y) = mw?l
k(l—1y)cosa =mg

LLlapuk oTopBeTCA OT WwecTa npu o4yeHb manom yrne cosa = 1, Torga (I — ly) = mg/k v

» _kl-1l) g g
W= —=—=

ml 1~ lo+mg/k
. ’L -
OTser: lormg/k =9 Paa/c

BapuaHr 2:

K BepTMKanbHOMY LIECTY MPUKPENAAT MeTaN/IMYecKMid WapuKk maccolt 250 r Ha naeanbHOM
PE3NHOBOM XryTe »ECTKOCTbio 16 H/M ¢ HauanbHOM AnnHon 8 cm. LLIapuK Ha sKryTe HaumMHaoT
BpaL,aTb C MOCTOAHHOW YI/I0BON CKOPOCTbIO W BOKPYT JIMHMM WecTa. [pn Kakoit MUHMMaNbHOM
YINI0BOM CKOPOCTU BPALLEHMA W KryT nopsetca? Pasmepamu wapuka npeHebpeyb. YCKopeHue
cBoboAHOro nageHua cumtaTb pasHbim 10 m/ch2. OTeeT npuseaute B pag/c, OKpPyrave Ao
6aumxKanwero wenoro. NB: KryT pBeTcs, KOr4a ero A/iMHa CTPeMUTCS K 6ECKOHEYHOCTH.
PeweHue:

BTopoi1 3aKoH HblOTOHA B NPOEKLLMM HA OCK X,y €C/IU YFO HEHYNEBO:

{F;,Hp sina = Fyg
Epp cosa = mg

MNoactasum K

vmp = k(1 —1p), Fyg = mw®r = mw?lsina :

{ k(l— 1) = mw?l
k(l—=1y)cosa =mg

M3 nepBoro ypaBHeHUa Haxoaum [:

,_ kg
"k —mw?

Mpu w? = k/m 3HameHaTenb byaeT paBeH Hy/Il0, TOrAa AMHa XryTa | 6yaeT pasHa
6ECKOHEYHOCTH, T.€. XKryT NopBeTca (Npu NPUBANNKEHNM YACTOTbI K 3STOMY 3HAYEHWIO ANNHA



Xryta 6yaet HeorpaHWUYEHHO pacTu, a yron a byaet ctpemuTbes K 90, T.e. JKryT BCTaHeT
rOPU30HTa/IbHO).

OrBet: w = /k/m=8 paa/c

BapwuaHT 3:

K BepTUKanbHOMY LIEeCTy NPUKPENAAIOT META/INYECcKUiA Wwapuk maccoir 200 © Ha NpPYKUHKe
®écTkocTbio 25 H/m. Koraa WwapuK MOKOWTCA, OJ/IMHA MPYKUHKM paBHa 8.1 cm. [pyKUHKY
BPALLAOT TaK, YTO LWAPUK ABUNKETCA C MOCTOAHHOMN NMHENHOM ckopocTbio 1 m/c. Yemy npu sTom
6yneT paBHa A/MHA MPYKMHKK? Pasmepamu wapuKka npeHebpedb. YckopeHue cBob6OAHOrO
nageHusa cumtatb paBHbiM 10 m/chr2. OTBeT npusBeanTe B CaHTUMETPax, OKPYrAvWB Ao
6aunkaiwero uenoro. NB: oueHUTE HAYaNbHYHO ONHY NPYKUHKK.
BapuaHT 3:
Korga wapuk nokoutca, umeem:

mg = P;/'l'lp = k(L - lO)
Hangem oTciopa [y = L — % <« L. Mpu yncnax B yCNOBUM HaYanbHaA AJIMHA NPYXUHKN MHOTO

MeHbLLe ero yaamHeHus. MpeHebpexkem el U B Aa/ibHeNLEeM.

BTopo# 3akoH HbloTOHa B NPOEKLMM HA OCU X,y €C/IN YION HEHYNEBOM:
{F;,Hp sina = Fyg

Eppcosa = mg

Moactasum F, = ki, Fyg = mv?/r = mv?/(Isina) :

muv?

klsina = —
lsina

klcosa =mg
YMHOXMM nepsoe ypaBHeHWe Ha kil sin a , a BTopoe Bo3Beaem B KBaApaT:
{kzl2 sina? = mv2k
k%12 cos a? = m?g?
Cnoxum ABa ypaBHEHMA U NOJYYUM:

k%12 = mv?k + m?g?, l=

OtBeT: 12 cm



