MoOCKOBCKHM TOCYAAPCTBEHHBIA YHUBEPCUTET MMeHU M.B. JlomoHOCOBa
Omummuana «Jlomonocos 2019/2020» no ¢usuke

3akmrountenbHbii dtamn 11t 10-x — 11-x kiraccoB

Bapuant Nel

1.1. 3agaua. bpycok Maccoit M CKOJB3UT C MOCTOSHHOM CKOPOCTBIO MO TJIaJAKOMY CTOJY U COBEpIIaeT
yhpyroe coyaapeHue c¢ OpyckoM maccoil M, KOTOpbI NpuKperuieH

k M v, L ~ JOCTaTO4HO JUTMHHOW MPY>KMHOU K HEMOJABUKHOM CTEHKE (CM. PUCYHOK).

< [Tocne ynapa 6pycok maccoit M IBHXKETCS B OOpaTHOM HAalpaBiIeHHUH, a
s (Ll

Opycok maccoii M HauyMHaeT coBeplIaTh TAPMOHUYECKHE KOJICOAHUSI.
N3BecTHO, uTO Yepe3 Bpemsi, paBHoe 7/12 nepuoaa konebanuii, Opycok maccoit M moraan 6pycok Maccoi
m. Haliqute oTHOmeHne N =M /M macc 3TUX OpyCKOB.

Bonpocsl. [laiite onpeneneHus HMMIyiIbca MaTEpUAIBbHOM TOYKM M CUCTEMBbl MaTEpUAIbHBIX TOYEK.
CoopmynupyiiTe 3aKOH COXpaHEHUS HMITYIIbCA.

Pemenue. Ilycte HawanpHas CKOPOCTh Opycka maccoil MpaBHa V. Mcnonb3yst 3aKOHBI COXpPaHEHHS

UMITYJIbCa U MEXaHHYECKOW SHEPTUU TPU YIPYroM yiape, HaXOIUM, YTO IOCIIE COYIApEHHUs MOJYIH

o M-m 2m
ckopocTteil OpyckoB M u M coorBeTcTBeHHO paBHBI V=——V, U U=——
M +m M +m

HCIIOJIB30BaTh KOOPAWHATHYIHO CHUCTEMY C HAYaJIOM B TOYKEC COYHAApPCHUSA 6py0KOB U OCBIO OX,

V,. bynem

HafpaBleHHOW BmpaBo. Torja 3akoH JBMXKEHUs Opycka maccoit M

X s XM U K
/ﬁtf’-”’?“\‘ 1OCJIe COYAapeHus uMeeT BHI X, =——Sinot, rme 6021/—, k —
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KCECTKOCTb IPYXHWHBI. COOTBETCTBEHHO 3aKOH JABHXKXCHU 6pyCKa m

ONpeAeNsieTcs  BBIPAKECHUEM X,=Vt. Bsemem 0003HaueHUs

2m v, M-m v,
A=———— V=——-— t=0t. Torga 3akoHbl JABWKECHUS OPYCKOB MOXXHO 3amucaTh B BHUE
M+m o M+m o

Xy (t)=—Asint u X, (t)=Vt (cM. pHCyHOK, e H300pa)KCHbI 3aBHCHMOCTH XM M Xm OT BPEMEHH).

VYcioBue, npu kotopoM Opycok macco M goroHur Opycok Maccoli M B MOMEHT BpPEMEHHU T,

7 2n In
onpeneisercs paBeHCTBOM Xy, (T,) =X, (T,). YuuTbBas, d4ro T,= e e HAXOJUM, 4YTO
®
n= M =l+£ ~1,273. OtrBer: Nn~1273.
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2.1. 3apaya. B ropu30HTaIBHO PACIONOKEHHOM OTKPBITOM C OJIHOM CTOPOHBI IMJIMHAPE MEXKIY THOM M
TJIAJKUM TIOJIBFDKHBIM TTOPITHEM HAaXOAMTCSl BIKHBIA Bo3ayX mpu Temmeparype t =100 °C. Ilpu sTom
NOpLIeHb pacnoiaraercss Ha pacctosHur h=35cM or nHa mwiamHApa. LunmmHAp ycTaHaBIMBAIOT
BEPTUKAIBHO, MOJICPKUBAS TEMIIEPATypy CHCTEMBI TOCTOSHHOW. Uepe3 HEKOTOpoe BpeMs IMOpIIEHb
3aHUMaeT HOBOE ITOJIOXKEHUE PAaBHOBECHS, CMECTHBIIMCH OT MEPBOHAYAIBHOTO MOJIoXKeHust Ha Ah =5 cm.
Onpenenure maccy Am cKoHAEHCUpOBaBIeics Boabl. Macca mopmas M = 10 kr, miomaas monepeaHoro
CedeHHs IMIHHAPHIecKoro cocyaa S = 100 cm?, armocdeproe nasnenne Po = 10° ITa, MonsipHas Macca
BofsI [] =18 r/Moms. Moydh yCKOPEHHsI CBOGOZHOTO MajeHHs cumraiite paBHbIM ¢ =10M/c’, a

YHUBEPCAIBHYIO T'a30BYI0 MocTosiHHYIO — R = 8,3 Jx/(Momb K).



Bonpocel. Uto Takoe HachlleHHbIN nap? Kak 3aBUCAT JaBiI€HHME M IUIOTHOCTH HACBHIIMIEHHOTO Iapa OT
TeMnepaTrypbl?

Pemenne. Eciin xonmdgecTBo CyX0oro Bo3ayxa 0003HAYUTh qcpes 8, Ha4aJIbHYIO MAacCCy BOIAHOI'O IIapa
uepes (m+Am), JaBJICHUEC CYXOro BO3AyXa B TOPU3OHTAJIbHOM HUIUHAPE YCPE3 pc1, a JABJICHUC

BOOAHOI'O IIapa B I'OPU3O0HTAJIbHOM HHUJIHUHAPE 4YE€PE3 py, TO COTIACHO YCJIOBHIO 3aadu pcl +pP, = pO'

CormacHo ypaBHenuto MenneneeBa—Kianeiipona BeimonHstoTCs cooTHoweHus: P,Sh=9RT n

m+Am
p,Sh=——RT, rne T =t+273. Ilpu ycTaHOBKE IUIMHAPA B BEPTUKAIBHOE NOJOXEHHUE TOPIIEHb
1)
cMecTuTcsl BHU3 Ha pacctosinue Ah. IIpeneOperas o0bEMOM CKOHICHCHPOBABIICHCS BOJBI, JUIS 3TOTO

caydas monyuum: P,S(h—Ah)=9RT, p,+p,, = % + Py, P, S(h—Ah)= Mer , T7Ie Pc2 — JABJIEHUE
w

CYXOro Bo3ayxa B BCPTUKAJIbBHOM HWIHMHAPE, pPyp; — AABJICHUC HACBIIICHHOTO IIapa, PaBHOC po, TAK KakK

t =100 °C. V3 noay4eHHBIX COOTHOIIECHHUH CIIEyeT, YT0 AM = P,SAh—Mg(h— Ah)].

M
RT[

OtBer: AMm= P, SAh—Mg(h- Ah)] ~012r.

el
RT[

3.1. 3apava. Ha rinaakoit TOpU30HTaILHON MOBEPXHOCTH PACIIOIOKEHO JIETKOE HEMPOBOAIIEE KOJIBIIO,
Ha KOTOPOM Ha OJIMHAKOBBIX PACCTOSHUSX JIpYr OoT apyra 3akperuicHbl N = 100 ogrmHAKOBBIX MaJICHBKUX
OycuHok Maccamu M = 10 Mr, Hecymmx Kaxaas 3apsa q = 107 Ku. Komp11o HaxoauTcst B OJTHOPOTHOM
MOCTOSTHHOM MarHUTHOM TioJie, nHAyKius By = 100 Ti xoToporo HampaBieHa BepTHKAIbHO. CBEpXy HaJl
KOJIBIIOM 3aKperieHa KHHOKaMepa. YacToTy CheMKHU N, U3MEPSAEMYIO B YHCIIE KaJIpOB B CEKYHIY, MOXKHO
TUTABHO MEHSATH. [1ocie BRIKITIOUEHUST MATHUTHOTO TIOJIST KOJIBIIO HAYAJIO BPAIAThCs, M €T0 CTaT CHUMATh
Ha KuHOMIEHKY. [IpM kakoM MakcUMalbHOM 3HA4Y€HWH N KONbI0 B (uimbMe OyneT ocTaBaThCs
HenoBIKHBIM? CymTaliTe, YTO JUIMTEIHLHOCTH O3KCIO3MIIMH KaXJO0ro Kajapa MNpH CheMke (ribMa
MpPEeHeOpeKUMO Mara.

Bomnpocel. [laliTe omnpeneneHue MarHUTHOTO IOTOKAa. B 4eM COCTOUT SIBIEHHE 3JIEKTPOMArHUTHOM
WHIYKIIAN?

Pemenne. Ha kaxxayro 3apspkeHHYI0 OYCUHKY A€MCTBYIOT CHIIBI HATSDKEHUS KOJIbIIA, CUITBI KYJIOHOBCKOTO
OTTAJIKMBAHUS OT OCTAJIbHBIX OYCHHOK M CHJBI CO CTOPOHBI BHXPEBOTO HJIEKTPUYECKOrO MOJI,
BO3HUKAIOIIETO0 NMPU M3MEHEHWU MarHUTHOTO MOTOKA 4epe3 IUIOCKOCTh Kojbua. g kaxaol OycMHKH
CyMMa CHJI HATSDKEHMS KOJbLla M CHJI KYJIOHOBCKOTO OTTaJKMBaHUS paBHA HyI0. Buxpesoe
JEKTPUYECKOE T0JIe, HANpsKEHHOCTh E KoTOporo HampaBiieHa MO KacaTeabHOW K KOJIbIY, BBI3BIBACT

. AD
BpalcHHUEC KOJibLa. IIo 3daKOHY OJJICKTPOMArouTHOU UWHIAYKIIHUHU (3a1<0Hy (Dapa/:[eﬂ) E=—A—t, Trac

E=E-2ar — DJIC uanyknuun, ® =B - nr? — MarHUTHSBI OTOK, MPOHU3BIBAIOIINI KOJBIO, I' — pagnyc

AB
konpla. Hmeem E~2nr=—E-nr2. Ilo BTOopoMy 3akoHy HploToHa g Kaxaoil OyCHMHKH

mMrAo =qE At. Ilpumenss 3axkon ®apajnes, OTCI0[a MOIy4aeM, 4To Aw® :—ZiAB. CrnenoBaTenbHo,
m
_ 9B,
KOHEYHasl yIj0Basi CKOPOCTh KOJIbLA M = om
m

[TockonbKy Kamepa IPOU3BOIUT ChEMKY € YACTOTOM N KaJpoB B CEKYHAY, IPOMEXKYTOK BPEMEHH MEXKTY
kaapamMu paBeH 1/Nn cekynapl. Eciu 3a 3TO BpeMsi KOJbIIO MOBOPAYMBACTCS HA YroJ, KpATHBIH
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N pamguad, TO B (HIbME 3apsasl Ha KOJbLe OyayT Ka3aThCs HEMOABIKHBIMH. Takum o00pas3oM,

Wy = @k un= 9N _ GBoN ,rae k=1 2,3, ---. MakcumasnbHoe 3HaueHue N cooTBeTcTByeT K =1.
N 2nk  4nmk
OtBer: N= GB,N ~8ct

4mm

4.1. 3apaua. Tonkas coOuparomas iuH3a ¢ (QokycHbIM paccrosHueM F =10 cM co3maer Ha 3KpaHe
4EéTKOe W300paKEHHE TOYECYHOTO HCTOYHMKA CBETA, PACIOJIOKECHHOTO HA TJIABHOM ONTHYECKOW OCH
JauH3BL. PacctosiHMe OT JIMH3BI 0 TOYeuHOro uctouynuka d =25 cM. JIMH3Yy CMECTHIM B HaIpaBlICHHH,
HepHeHANKYIApHOM e€ onThdeckoil ocu Ha paccrosHue h =3 cm. Ha kakoe paccrosiHue L HYXHO
NePEeMECTUTh HCTOUYHHUK CBETa, YTOOBI €r0 N300pakeHNE OCTAIIOCh B TOH K€ TOUKe SKpaHa?

Bonpocsl. 3anummre GopMyiTy TOHKOW JTUH3BI M IOSCHUTE CMBICI BXOSIIUX B Hee BemmduH. Uemy

paBHO YBCIMYCHUC, [aBACMOC JIMH30M?

Pemenue. HYCTB f— pacCTOAHUC OT JIMH3bI JO 3KpaHAa. HpI/I NEpEMCIICHUN JIMH3bI 3TO PACCTOAHHEC HC
MCHACTCA. CHCI[OB&TCJII)HO, PaCCTOSAHNEC OT HCTOYHHUKA CBETA OO0 JIMH3bBI

A .

n TOXE HC OOJIDKHO MCHATBHCS, MHAYC HAa 3KPaAaHC HC IOJIYUYUTCA €ro YCTKOC

" : n300pakeHne. 3HAYUT, UCTOYHHK HY)KHO MEPEMECTHUTh MEPICHIUKYISIPHO

| IR T R ONTHYECKOW OCH B Ty K€ CTOPOHY TaK, YTOOBI JIyd, HIYIIHHA depes

L o [ ONTHUYCCKUI IIEHTP JHMH3BI MMOMagal B Ty JXK€ TOYKY Ha JKpaHe (CM.
3 d+

d s S pucyHok). M3 mogo6usi TpeyroJbHUKOB MOIYYUM %sz Banuiem

dh

dbopMyIy, TOHKOM TUH3HL:

1 1 1
— +— = —. Pemas cucremy u3 1B ABHCHUH, IMOJy4HUM, uTO0 L =—.
i 7 F y YX'yp yd =

OtBer: L= % =75 cm.

Bapuant Ne2

1.2. 3apaua. bpycok Maccoil M CKOJIB3UT C TIOCTOSTHHOW CKOPOCTBIO IO TJIAJIKOMY CTOJIY U COBEpIIAcT
yIpyroe coyjaapeHue c¢ Opyckom maccoi M, KOTOpbI NpHUKperieH

k M » m A0CTAaTOYHO JJIMHHOUW MPYKUHOU K HEIMOJABUKHON CTCHKE (CM. pl/IcyHOK).
il [Tocne ymapa 6pycok mMaccoit M IBHXKETCS B OOpaTHOM HAINpaBiICHHUH, a
SN Opycok Maccoit M HayMHaAeT COBEpIIATh TAapPMOHUYECKHE KOJICOaHWSI.

W3BecTHO, uTO Yepe3 Bpemsl, paBHOEe 5/8 mepuoza kojebanuii, Opycok maccoit M noruan 6pycokx Maccoi
m. Haiinute oTHOmenue N=M /m macc 3Tux 6pycKoB.

Bonpocsl. Kakue konebanusi Ha3pIBaloTCs rapMoHuueckumu? Jlaiite onpeneneHus aMIauTyasl U (asbl
rapMOHUYECKUX KOJIeOaHM.

Pemenne. Ilycts HawanbHas cKOpOCTh Opycka maccol MpaBHa V,. Vcnomnb3ys 3aKOHBI COXpAaHEHUS
UMITyJbCa M MEXaHWYECKOM SHEpPruu IpH YOPYroM ynape, HaxoJIuM, YTO MOCJIe COyIapeHHs] MOIYJIH

Xm s XM CKOpOCTCﬁ 6pyCKOB mu M COOTBCTCTBCHHO PABHBI V=—V0 u
Xm 2TTETTN M +m
7 2m
0 Ty >’C u= M—VO . BYI[GM HCIIOJIb30BAThL KOOPAWHATHYKO CHCTCMY C
+m

Ha4yaJloM B TOYKE coynapeHusi OpyckoB m ockto OX, HampaBieHHOU



o u .
BIIpaBo. Torza 3akoH ABMXEeHMs Opycka maccod M mocie coymapeHus uMmeeT BUI X,, = ——Sinot, rae
o

k

®= IR k — sxecTkocTh IpyxkuHbl. COOTBETCTBEHHO 3aKOH JBHKEHHMs Opycka M ompejessercs

2m v M-m v
— .0 yv=—__".20 rt=ct. Torna 3aKoHbBI
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JBWKEHUsT OpyCKOB MOXHO 3ammcath B BuAe X, (t)=—Asint u X (t)=Vt (cMm. pucyHok, Tae

BblpakeHHEM X, =Vi. BBenem oOo3HaueHus A=

n300pakeHbl 3aBUCUMOCTH XM U Xm OT BPEMEHH). YCIIOBHUE, IPH KOTOPOM Opycok maccoii M nmoronut
Opycok Maccoil M B MOMEHT BPEMEHH T,, ONPEIEIICTCS PaBeHCTBOM Xy, (T,) = X,,(T,) . YuuthBas, 4to
5 2n_ 5n M 42

— , HaxommM, 9yTo N=—=1+——~136. OtBeT: N~136.

Ty =®
8 o 4 m 5n

2.2. 3agaya. B ropuzoHTalIbHO PacloONIOKEHHOM OTKPBITOM C OJHON CTOPOHBI LIMJIMHAPE MEXAY THOM U
TJIQJKUM TIOJIBFDKHBIM TTOPIITHEM HAaXOIMTCS BIKHBIA Bo3ayxX mpu Temmeparype t =100 °C. Ilpu sTtom
HOpILIEHb pacrojiaraeTcst Ha pacctosaud h=35cm or gHa 1wuHApa. LuauHIp ycTaHaBIMBAIOT
BEPTUKAJIBHO, MOJJICPKUBAs TEMIIEPATypy CHCTEMBI MOCTOSHHOW. YUepe3 HEKoTopoe BpeMs MOPIICHb
3aHsUT HOBOE TIOJIO’KEHUE PAaBHOBECHS, a TI0J] TOPITHEM CKOHJICHCHpoBaiack Boga maccoir Am = 0,1r. Ha
Kakoe paccrosiuue Ah cmectuiicst mopiieHb, ecnu .Macca mopirds M =10 kr, miomaas MonepeyHoro
CcedeHMs WIMHAPHYecKoro cocyaa S = 100 em?. ArMocheproe masnenue po = 10° I1a, MomsipHas Macca
BOAbl W =18 r/Monb. Moaynb YCKOpeHHs CBOOOAHOIO TaJeHUsA cuuTaiTe paBHbIM ¢ =10 M/CZ, a

YHHUBEPCAIBHYIO T'a30BYI0 MocTosiHHYI0 — R = 8,3 Jx/(Momb K).

Bonpocel. Kakue Bumsl mapooOpasoBanusi Bbl 3Haete? [laiite ompeneneHue yaeNbHOW TEIJIOTHI
napooOpa3zoBaHMUs.

Pemenne. Eciu KOMMYecTBO CyXoro Bo3jayxa 0003HAUMTh depe3 9, HadallbHYI0 MacCy BOISHOTO Tapa
yepes (m+Am), JIABJIEHUE CYXOT'0 BO3[yXa B TOPU3OHTAIILHOM UIWIMHAPE 4YEpe3 pci, a JIABICHHE
BOJSHOTO Iapa B TOPU30HTAIBHOM LMIMHAPE YEPE3 py, TO COMNIACHO YCIOBMIO 3a1aud P, + P, = P,-
CornacHo ypaBHenuto MenneneeBa—Kuaneiipona BeimonHstoTCs cooTHomreHus::  P,Sh=9RT un

m+Am
p,Sh=—RT, rne T =t+273. IIpn ycTaHOBKE LWIMHIPA B BEPTUKAIHLHOE TOJIOKEHHE MOPIICHb

i

CMCCTHUTCS BHHU3 Ha paCCTOAHHC Ah. HpeHe6pera51 00BEMOM CKOHI[eHCI/IpOBaBH_IeI\/’ICH BOJbI, HJIA 3TOIO

cimydast momyanum: P.,S(h—Ah)=9RT, p,+p,, = % + Py, P, S(h—Ah)= Mer , TTIe Pc2 — JdaBIICHHE
n

CyXOro Bo3ayxa B BCPTUKAJIbBHOM HWIIHMHAPEC, pPyp — AABJICHUC HACBIIICHHOTO IIapa, PaBHOC pp, TAK KakK

t=100 °C. U3 momy4eHHBIX COOTHONICHWH ciemyer, 4ro Am= %[pOSAh —Mg(h- Ah)] , OTKyaa
h= AmRT +pMgh . OrBer: Ah= AMRT -+ pMgh ~4,7 cm.
r(poS +Mg) 1(p,S +Mg)

3.2. 3apauya. Ha rmaakoit TOpU30HTAIBLHON TMOBEPXHOCTH PACIIOIOKEHO JIETKOE HEMPOBOSIIEE KOIBIIO,
Ha KOTOPOM Ha OJIMHAKOBBIX PACCTOSHUSAX IpYr OoT apyra 3akperuieHbl N = 100 ognHaKOBBIX MaTeHbKUX
OycuHOK Maccamu M = 10 mr, Hecymmx Kaxkaas 3apsn =107 K. Kounbiio HaxXoauTcst B OMHOPOAHOM
MOCTOSIHHOM MarHUTHOM I0Jie, MHAYKIUs By KoToporo HampaBieHa BepTUKaibHO. CBEpXy HaJ KOJIBLIOM
3aKperyieHa KMHOKamepa, KOTOopasl MPOM3BOAUT CHhEMKY € yacToTo N =8 xaapoB B cekyHay. [locie
BBIKJIFOUEHUSI MATHUTHOTO TOJIS KOJIBLIO HA4ajo BpPalaThCs, M €r0 CTalld CHUMATh Ha KUHOIUIEHKY. [Ipu
KaKoOM MUHHMaJIbHOM 3HaueHHH By koib1o B punbme OyneT octaBaThesi HemoABWXKHBIM? CuuTaiite, 4yTo
JUTUTETTFHOCTD YKCIO3UINH KAXKIOTO KaJpa IMpU CheMKe riibMa MpeHeOpeKuMOo Maa.



Bonpocsl. ChopmynupyiTe 3aK0OH IEKTPOMarHUTHOM MHAYKIIUH U TipaBuiIo JleHa.

Pemenne. Ha kaxayro 3apspKeHHYIO0 OYCHHKY JCMCTBYIOT CHIIBI HATSKEHUS KOJIbLIA, CHITBI KYJIOHOBCKOTO
OTTJIKMBAHUSA OT OCTAJIbHBIX OYCMHOK M CHJIBI CO CTOPOHBI BHMXPEBOTO 3JIEKTPUYECKOIO IOJI,
BO3HHKAIOIIETO NMPU W3MEHEHHH MAarHUTHOTO MOTOKa 4Yepe3 IUIOCKOCTh KOJbIa. JIs Kaxmoil OyCHHKH
CyMMa CHJI HaTSDKCHMsSI KOJIbLIa M CHJI KYJIOHOBCKOTO OTTAJKHMBAHMA paBHAa Hy0. Buxpesoe
AJIEKTPUYECKOE I10JIE, HANPSKEHHOCTh E KOTOpOoro HampaBiieHa MO KacaTelbHOW K KOJbILY, BBI3BIBAET

. AD
BpaiieHue koinbla. [lo 3akoHy aieKTpoMarHuTHOM uHAyKIHMH (3akoHy Papanes) E=—-——, rae

At
E=E-2ar — DJIC unnyknuun, ®=B- nr? — MarHUTHBI OTOK, MIPOHU3BIBAIOIINMI KOJBLO, I — pagnyc

AB .
koibla. Hmeem E~2nr=—E-nr2. I[Io BropoMy 3akony HbroToHa mns Kaxaod OyCHHKHU

g

MrAom =qE At. Ilpumenss 3akon @apajes, 0TCI0/la MOJIy4aeM, 4To Aw :—Z—AB. CrnenoBaTenbHO,
m
_ 9B,
KOHEYHAs YIJI0Basi CKOPOCTh KOJIbLA Mg = om
m

ITockonbpKy Kamepa NPOU3BOIUT CbEMKY C YACTOTOM N KaIpOB B CEKYHIY, IIPOMEKYTOK BPEMEHU MEXKIY
kaapamMu paBeH 1/n cexynapl. Eciu 3a 3TO Bpemsi KOJBIIO [MOBOPAYMBACTCS HA YroJl, KpPATHBIN

T
W paiuaH, TO B CI)I/IJ'ILMC 3apsabl Ha KOJbLC 6y,ZLYT Ka3aTbC HEMNOJBM)KHBIMHU. Takum 06p2130M,

Wy = % kuB,= %—T\]Ikn ,tae k=1 2,3,---. MunumaneHoe 3HaueHue By coorserctByer K =1.
q

Otser: B = 4nmn ~100 Ta.
aN

4.2. 3agaua. Tonkas coOuparomas JduH3a ¢ (OKYCHBIM paccTtossHueM F =15 cMm co3gaer Ha sKpaHe
4€TKOoe M300pakKeHHE TOYEYHOrO0 HCTOYHMKA CBETa, PACIOJOKEHHOTO Ha TJIABHOM OMNTHYECKON ocH
auH3bL. PaccTtostHue oT MUH3BI 0 ToyeyHoro ucrounuka d = 30 cM. VICTOYHUK CMECTHIIM Ha PAaCCTOSIHUE
L =8 cM B HampaBlieHHH, MEPICHIUKYIIpHOM e€ onThueckoil ocu. Ha kakoe paccrosaue h Hy)HO
NepEeMECTUTh JINH3Y, He MOoBopaunBas e€, 4ToObl M300pakeHHWE MCTOYHHKA OCTAJOCh B TOM K€ TOYKE
JKpaHa?

Bonpocsl. Kakue nuH3bl HaspiBatoT ToHKuMH? [laiiTe ompeneneHne (OKyCHOro pacCTOSHUS H

ONTHYECKON CHIIBI TUH3EI.

Pemenue. UToObl m300pakeHWE HMCTOYHUKA OCTAIOCh B TOM K€ TOUYKE OKpaHa, JIMH3Y HYKHO
MIEPEMECTUTD BIOJIb IJIOCKOCTH, NEPIIEHIAMKYIIAPHON TJIABHOM ONTHUYECKON

n ocu. Ilpum »TOM NMHMS, COETUHSAIONIAS WCTOYHUK W €r0 H300pakeHHe
: npoiiieT Yepe3 ONTHUECKUH IeHTp JUH3Bl (CM. pUCyHOK). M3 momoOus

*——-;— ---- * ---------- L | EEEE Ty d+

B/ G O ] f _ f

7 K = Rt 1t TPEYrOJIbHUKOB ITOJIYyYUM COOTHOILIEHUE P rae f — paccTosiHHe

1
d oA ,| . 1 1 1

v OT JIMH3bI 0 3I<paHa. 3aHI/IHIeM ypaBHeHI/Ie TOHKOMW JIUH3BI. E-i-? = F .

. LF LF
Pemas cucremy u3 1ByX ypaBHEHUil, HaiijeM, 4yTo h = i OtBer: h=—=4cMm.



Bapuant Ne3

1.3. 3apgaua. bpycok Maccoil M CKOJIB3UT C TOCTOSHHOW CKOPOCTBIO O TJIAJKOMY CTOJIYy U COBEpIIACT

yhpyroe coyaapeHue c¢ OpyckoM wmaccoil M, KOTOphIi NpuKperieH

k Mo, o i JOCTaTOYHO JIMHHOM NPYKHHOH K HETOJBUKHOH CTCHKE (cM. pUCYHOK).

<« [Tocne ynapa 6pycok maccoil M IBHXKETCS B OOpaTHOM HaIpaBJICHUH, a

TSI Gpycok Maccod M HaumMHaeT coBepiiaTh TAPMOHHYECKHE KOJeOaHWs.

N3BecTHO, 4TO Yepe3 Bpemsi, paBHOE 2/3 nepuoaa konebanuii, Opycok maccoir M mornan Opycok maccou
m. Haitnute oTHOmIeHne N =M /m macc 3Tux OpycKoB.

Bonpocel. Kak onpenensercs noreHUualbHas 3HEPrysi? 3alMIIUTE BBIPAXKEHUS JUIsl MOTEHLMAIbHOU
SHEPruu TeJia BOJIM3H MOBEPXHOCTU 3eMJIU U MOTEHIINAILHOM SHEpruu 1eopMUpOBAaHHON MPYKUHBI.

Pemenue. Ilycte HauanbHas CKOPOCTh Opycka mMaccoil MpasHa V. Mcnonb3ys 3aKOHBI COXpPaHEHHS

UMITyJIbCAa U MEXAHWYECKOM 3HEpPruu MpH YOPYroM yraape, HaxoJIWM, 4TO IOCIE COYIapeHUs MOAYIH

. M-m 2m
CKOpPOCTCHU 6pyCKOB m nu M COOTBCTCTBCHHO PAaBHLI V= —Vo n u= —Vo . Byz[eM
M+m M +m

UCMOJIb30BaTh KOOPAMHATHYIO CHUCTEMY C HayaJloM B TOYKe coynapeHus OpyckoB u ocbto OX,
HanpaBJIeHHOW BIpaBo. Torma 3akoH IBWXKeHUs Opycka maccoili M mocne coymapeHus umeeT BUI

u . k
X Xy =——Sinot, rme ©=,—, K— IXECTKOCTb  HNPYKHUHBI.
Xn LTI 0] M
0O //7; > p COOTBETCTBEHHO 3aKOH JBIJKCHHs Opycka M  ompeaenseTcs
)
X ( ! 2m v,
M BeIpaXeHHeM X, =Vt. Bsemem o0o3znauenms A=—— —,
M+m o
M-m v :
\ :M—-—O, T=ot. Torga 3aKoHBI IBIKEHUsI OPYCKOB MOYKHO 3alucath B BHIE Xy, (1) =—AsinT u
+M

X, (t) =V1 (cM. prCYHOK, T/e H300paXKeHbI 3aBHCHMOCTU Xy U Xm OT BPEMEHH). Y CIOBHE, TP KOTOPOM

Opycok Maccoi M poroHur Opycok Maccoii M B MOMEHT BPEMEHH T,, ONPEAEISIETCS PaBEHCTBOM

Xy (T0) = X, (t,) . YuursiBas, uro 1, = O)EE = 4n , HAXOJIUM, 4TO N = M =1+ﬂ ~1,413.
3 o 3 m 4

OtBer: N~1413.

2.3. 3agaya. B ropuzoHTalbHO PacloiIOKEHHOM OTKPBITOM C OJHON CTOPOHBI LIMJIMHAPE MEXAY THOM U
TJIaIKUM TIOJIBFDKHBIM TIOPIIHEM HAaXOAWTCS BIAKHBIN Bo3nyx mpu temneparype t =100 °C. IIpu stom
HOpIIeHb pacrnojiaraercss Ha pacctosauu h=35cM or nHa uwiamHApa. [{WinMHApD yCTaHABIHMBAIOT
BEPTHKAIILHO, TOJJICPXKUBAsi TEMIIEPATypy CHUCTEMBI IOCTOSIHHOW. Yepe3 HEKOTOpoe BpeMs MOpIIeHb
3aHSUT HOBOE IMOJIOYKCHUE PABHOBECHsS, CMECTHUBIIMCH OT MEPBOHAYAIBLHOrO MOokeHus Ha Ah =5cwMm, a
II0J] TTOPIITHEM CKOHJeHCcHpoBaiack Boga maccoir Am = 0,1 r. KakoBa macca nopuas M, ecnu mutoniajp
[OIIEPEUHOr0 CeYeHHs LHIMHApHIeckoro cocyaa S =100 cm’. AtmocdepHoe nasnenue pPo = 10° Ila,
MossipHass macca Boabl [ = 18 r/Mmonb. Moaynb ycKopeHHs CBOOOJHOTO TAJCHUSI CUMTANTE pPaBHBIM
g =10m/c?, a yHEBepcanbHyIO Ta30Byi0 mocTosHAyo — R = 8,3 Ji/(Mons K).

Bomnpocsl. Uto Takoe TemmepaTtypa kunenus? Kak 3aBUCUT TeMIiepaTrypa KUIIEHUsS OT 1aBJICHUS?

Pemenne. Eciu KOIM4ecTBO CyXoro BO3ayxa 0003HAYUTD yepe3 3, HAaYaJbHYK0 MAacCy BOJSHOTO Tapa
gepes (m+Am), JaBJICHUE CYXOro BO34yXa B TOPHU30HTAJIBHOM HUIMHAPE 4YCpPe3 pc1, a4 TABICHUC

BOJISHOTO Iapa B TOPU30HTAJIBHOM IMJIMHJAPE Yepe3 py, TO COMNIACHO YCIOBMIO 3a1auud P, + P, = P,-

CornacHo ypaBHeHHi0 MeHzaeneeBa—Kianelipona BbIMONHAIOTCS cooTHomeHus: P,Sh=9RT wu



_m+Am

p,Sh=——RT, rme T =t+273. [Ipu ycTaHOBKE IHUJIMHAPA B BEPTHKAIHGHOE MMOJOXEHHE TTOPIICHb
1)
cMmectuTcst BHU3 Ha pacctosinue Ah. [IpeneOperas o0bEMOM CKOHIECHCHPOBABIICHCS BOJBI, JUISI ATOTO
M m
coydast noxyaum: P,(h—Ah)=SRT, p,+p,, = ?g + Py, P, S(h—Ah)=—RT, rue pe, — naBienue
1)

CyXOoro Bo3ayxa B BEPTHUKAJIbHOM HWIHMHAPE, pyy — AABJICHHUC HACBIIICHHOI'O IIapa, paBHOC po, TaK KakK

t=100 °C. U3 momy4yeHHBIX COOTHOIICHUH ciexyer, 4yto Ams= %[pOSAh —Mg(h- Ah)] , OTKyZAa
M = up,SAh — AmRT  Ortser: M — up,SAh—AmMRT ~109 k.
ug(h—Ah) ng(h—Ah)

3.3. 3agaya. Ha ragkoil rOpu30HTaIBHOM MTOBEPXHOCTU PACHOJIOKEHO JIETKOE HEMPOBOSAILEE KOJIBIIO,
Ha KOTOPOM Ha OJIMHAKOBBIX PACCTOSHUAX JAPYr OT JApyra 3akperuieHbl N OJMHAKOBBIX MaJeHbKHX
OycuHok mMaccamu M = 10 mr, Hecymmx Kaxaas 3apsn ( = 10"" Ku1. Konblio HAXOUTCS B OJIHOPOJTHOM
HOCTOSIHHOM MarHUTHOM noJje, uaaykuus Bg = 100 Ta koToporo HanpasieHa BepTHKalIbHO. CBepXy Haj
KOJIBIIOM 3aKpeIlUIeHa KMHOKamepa, KOTopas MPOU3BOIUT ChEMKY C 4acTOTOM N = 8 KaapoB B CEKyHIY.
[Tocre BBIKIIIOUEHHSI MArHUTHOTO TOJIs KOJILIO HAYaJlo BpalaThes, U €ro CTajld CHUMAaTh HAa KHHOIUIEHKY.
[Tpu xakom MHUHUMaNBHOM 3HauYeHUH N KOJBIO B priibMe OyAeT ocTaBaThCsi HENOABMKHBIM? CuunTaiire,
YTO JUIMTEIbHOCTh SKCIO3UILINHU KaX0T0 Kajjpa Ipu CheMKe (HriibMa NpeHeOpeKMMOo Maja.

Bomnpocskl. Uto Takoe nnayktuBHOCTH? Yemy paBHa DJC camonHaykuuu?

Pemenune. Ha KaKAYH0 3apsAKCHHYIO 6YCI/IHKy HCﬁCTBYIOT CHJIbl HaTAKCHUS KOJIbLA, CUJIbI KYJIOHOBCKOI'O
OTTAJIKMBAaHUA OT OCTAJIbHBIX 6yCI/IHOK U CWIbl CO CTOPOHBI BHXPCBOI'O IJBJCKTPHUYCCKOI'O II0JIA,
BO3HHUKAOOICTO IMPU U3MCHCHUU MAIHUTHOI'O IIOTOKA 4Y€pe3 INIOCKOCTH KOJIbIA. I[J'I}I Ka)KHOﬁ 6YCI/IHKI/I
CymMMa CHJI HATSKCHHUA KOJbIA W CHUJI KYJIOHOBCKOI'O OTTAJIKMBAaHUS pPaBHA HYJIO. BI/IXpCBOG
QJICKTPHUYCCKOC TI0JIC, HAIIPAKCHHOCTDb E KOTOPOI'0 HaIlpaBJICHA I10 KacaTeIbHOH K KOJIbIY, BBI3BIBACT

. AD
BpamieHue Kousblia. [lo 3aKOoHY 2JIEKTPOMAarHUTHOW WHAYKIWHU (3akoHy Dapanes) E:—E, rae

E=E-2ar — DJIC uanyknuun, ® =B - nr’ — MarHUTHBIA MOTOK, MPOHU3BIBAIOIINI KOJBLO, I' — pagnyc

AB
Koipla. lMmeem E~2nr=—E-nr2. Ilo BTOopoMy 3akoHy HbloToHa a1 Kaxaoll OyCHMHKH

mrAm =qE At. Ilpumensas 3axkon ®apanes, oTCrofa MOJY4aeM, 4To A® =—2iAB. CrnenoBarensHo,
m

9B,

2m

ITockonpky Kamepa IpOU3BOAUT CbEMKY C YACTOTOM N KaJpOB B CEKYHAY, IPOMEKYTOK BPEMEHU MEKIY

KaapamMu paBeH 1/Nn cexynapl. Ecmu 3a 3TO BpeMmsl KOJBIO TMOBOPAYMBACTCS HAa YroJl, KpPaTHBIN

KOHCYHAas YTIJI0BasA CKOPOCTh KOJIbIIA Wy =

T
N paauaH, To B (uiIbMe 3apsbl Ha Kojblle OyayT Ka3aThCs HEMOABMKHBIMU. Takum o0pazom,

0y = %k u N= %Tr?kn ,rne k=1, 2,3,---. MuaumanbHoe 3HaueHre N cooTBeTcTByeT K =1.
o=
OtBer: N = Ammn =100.
aB,

4.3. 3apaya. ToHnkas coOuparomias JMH3a CO3JAaeT Ha H3KpaHE YETKOe H300paKEHHE TOUYEHHOTO
MCTOYHUKA CBETA, PACIOJIOKCHHOTO HA TJIABHOM ONTHYECKOM OCH JIMH3BL. PaccTosHMe OT JHMH3BI 1O
ToyeyHoro ucroyHuka O =24 cm. HMcrounuk cmecTwnum Ha paccrosHue L =6cM B HampaBiieHHH,



MEePIEHANKYIISIPHOM €€ TJIaBHOM onTHYeCcKo och. YTOOBI H300pakeHne HCTOYHMKA OCTABAJIOCh B TOH ke
TOYKE PKpaHa, JINH3Y CABUHYIHN Ha pacctosiaue h = 2 cMm. Uemy paBHO (OKyCcHOE paccTostHUE THH3bI F?

Bonpocsl. [IpuBenuTe npuMepsl MOCTPOCHUS H300paXKEHUH B COOMpAIOIIE 1 pacCeUBarOIIeH JINH3aX.

Pemenne. YToObl n300pakeHHEe UCTOYHUKA OCTAJIOCh B TOW K€ TOYKE DKpaHa, JIMH3Y, KaK U UCTOYHUK,
$ HY)KHO [epeMeliaTh BJOJb IUIOCKOCTH, NEPIEeHIUKYISIPHONH TIJIaBHOM

n >
| ONITUYECKOHN ocH JHMH3BI. [IpH 3TOM JIMHUS, COCTUHSIONIAS HCTOYHUK U €ro
| o o o
¥‘._.._._.._.__+.__ ........ Aressgzas n300pakeHue, MPOUJIET ONTUYECKU IIEHTP CMEIIEHHOM JMH3BI (CM.
~~~~~~ X d+
L rF : pHUCYHOK). 13 0001 TPEYTOJIbHUKOB TOTYYHUM, YTO ! = f ,rae f —
d ¢ f h L
v paccTosiHHE OT JMH3BI 10 JKpaHa. 3aluileM ypaBHEHHE TOHKOW JIMH3BI:
1 1 1 N hd hd
7 + 7 = = Pemas cucreMy u3 1ByX ypaBHEHUM, HalimeM F = T Oteer: F = T =8cm.

Kpurtepun onenku

3agaya oneHuBaeTCs MAKCHMAaJIBLHO B 15 0a/10B

1. 3agaya BoBCe He penianach — () 0aJJI0B.

2.3agaya He pelleHa, HO C/eNaH TOSCHSIONUA PUCYHOK (ecnu Tpedyercs), YaCTHYHO CHOPMYIUPOBAHEI
HeoOXoauMbIe (pr3udecKkre 3aKoHbI — 1 — 5 6as110B.

3.3amaya He pelleHa, HO MPaBWILHO CHOPMYJIUPOBAHBI (PU3UUCSCKHE 3aKOHBI W IMPABUIIBHO 3aIllMCaHbI
OCHOBHBIC ypaBHEHUsI, HEOOXOIUMEIE IS pelieHust 3a1au — 6 — 10 6ansios.

4. 3amaya perreHa, HO JIOMYIIEHBl HE3HAYNTEIbHBIE TorperrHocT — 11-14 6ansos.

5. 3amaya pereHa MOJHOCTHIO U TIOMYYeH MMPaBUIIbHBINA OTBET — 15 6asioB.

TeopeTudeckuii BONpoc oneHnBaeTcs MaKcMMaabHo B 10 6anios

1. OtBeT 1O CymIecTBY BOIPOCA MOIHOCTHI0 OTCYTCTBYET — () 6aJ1JI0B.

2. OTBeT SIBJISETCS HEMOJIHBIM (J1aH OTBET TOJIBKO Ha OJIHY 4acTh Bompoca) — 1 — 5 Gana.

3. OTBeT sBIAETCS HEMOJMHBIM (JaHbl (JOPMATBHO OTBETHI HAa BCE YAaCTH BONPOCA, HO OTCYTCTBYIOT WIIM HE
MIOJTHOCTHIO TTPHUBEIEHBI HEOOXOANMEIE MOsICHeHH) — 6 — 9 6an10B

4. Otser sBiseTcs oaHBIM — 10 6a110B.



