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, KOTOphI NpuKperieH

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

< [Tocne ynapa 6pycok maccoil M IBHXKETCSl B OOpaTHOM HaIpaBJICHUH, a
s (Ll

Opycok maccoii M HauyMHaeT coBepIIaTh T'APMOHUYECKHE KOJICOAHUSI.
N3BecTHO, uTO Yepe3 Bpems, paBHoe 7/12 nepuoaa konebanuii, Opycok maccoit M moraan 6pycok Maccoi
m. Haiiqute otHOmEeHne N =M /m macc 3TUX OpyCKOB.

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

Pemenne. Ilycth HauambHas CKOPOCTh Opycka Maccoil M paBHa V,. Mcrosib3ys 3aKOHBI COXpaHEHUs

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

o M—-m 2m
ckopocTeli OpyckoB M wu M coorBeTrcTBeHHO paBHBI V=——V, U U=—"—
M +m M +m

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

V,. bynem

HampaBlIeHHOW BmpaBo. Torjga 3akoH JABMKEeHUs Opycka maccod M

Xin s XM u K
//j'f(:- nocie CoyjapeHus uMeer BHA X, =——Sinot, rie o=,/—, k -
0 H AN Q) M

KCECTKOCTb IPYXHWHBI. COOTBETCTBEHHO 3aKOH JABHXKXCHU 6pyCKa m

ompefensercss  BelpakeHneM X, =Vt. Bsemem  0003HaueHUA

2m v, M-m v,
A=—— V=——— t=wt. Torma 3akoHsl JBMXKEHUS OPYCKOB MOXHO 3aIlMCaTh B BUJIC
M+m M+m o

Xy (t)=—Asint u X, (t)=Vt (cM. pucyHOK, rae u300pakeHbl 3aBUCHUMOCTH Xy M Xm OT BPEMCHH).

Vcnosue, npu kotopoM Opycok maccoi M 1oroHut Opycok Maccod M B MOMEHT BPEMEHH T,

7 2n In
ompezensieTcss paBeHCTBOM Xy, (1) =X, (T,). YumtbBas, uro T1,=0- RPN HaXOJUM, 4YTO
®
n= M :1+£ ~1,273. OtBer: N~1273.
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2.1. 3apaya. B ropu30HTaIBHO PACIONOKEHHOM OTKPBITOM C OJIHOM CTOPOHBI IMJIMHAPE MEXKIY THOM M
TJIAJKUM TIOJIBFDKHBIM TTOPITHEM HAaXOIMTCS BIKHBIA Bo3ayX mpu Temmeparype t =100 °C. Ilpu sTom
NOpLIeHb pacnoiaraercss Ha pacctosHur h=35cM or nmHa mmiamHApa. LunmmHAp ycTaHaBIMBAIOT
BEPTUKAIBHO, MOJICPKUBAS TEMIIEPATypy CHCTEMBI TOCTOSHHOW. Uepe3 HEKOTOpoe BpeMs IOpIIEeHb
3aHUMaeT HOBOE ITOJIOXKEHUE PAaBHOBECHS, CMECTHBIIMCH OT MEPBOHAYAIBHOTO MoJIokKeHust Ha Ah =5 cm.
Omnpenenure Maccy AM ckoHIeHCHUpoBaBIeiics Bobl. Macca noprrast M = 10 kr, mioniaab monepeqHoro
ceueHusl IuIMHApHueckoro cocynaa S =100 oM, atmocepHoe naienue Po = 10° [Ta, MomspHas Macca
Bojbl [ | =18 r/mMmonb. Moayne yckopeHHs CBOOOAHOTO NajeHus cuuTaiite paBHbIM (¢ =10 m/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

BOIAHOI'O IIapa B I'OPU3O0OHTAJIbHOM HUJIHUHAPE 4YE€PE3 py, TO COTIaACHO YCJIOBHUIO 3aJadu pc] + pn = pO'

CornacHo ypaBHenuto Menneneesa—Knaneiipona BeimonHsAw0TCs cooTHoweHus: P, ,Sh=9RT nu

m+Am
p,Sh=—RT, roe T =t+273. Ilpu ycTaHOBKE LMIMHAPA B BEPTUKAIBHOE NOJOXXEHHUE TOPIIEHb
1)
cMmecTuTcst BHU3 Ha pacctosinue Ah. [IpeHeOperas o0bEMOM CKOHICHCHPOBABIICHCS BOJBI, JUIS 3TOTO

ciaydas nomyuum: P,S(h—Ah)=9RT, p,+p,, = % + Py, P, S(h—Ah)= m RT, rae pPe; — AaBiacHUE
u

CyXOoro Bo3ayxa B BEPTHUKAJIbHOM HWIHMHAPE, pyn; — AABJICHHUEC HACBIIICHHOT'O IIapa, paBHOC pp, TaK KakK

t =100 °C. V3 noay4eHHbIX COOTHOIICHHH CIIeAyeT, YT0 AM = R—Lfl_[pOSAh —Mg(h- Ah)].

OtBer: Am=——[p,SAh—Mg(h —Ah)] ~012 r.

u
RT[

3.1. 3apava. Ha rinaakoit TOpU30HTaILHON MOBEPXHOCTH PACIIOIOKEHO JIETKOE HEMPOBOAIIEE KOJIBIIO,
Ha KOTOPOM Ha OJIMHAKOBBIX PACCTOSHUSX JIpyr oT apyra 3akperuicHbl N = 100 ogrmHAKOBBIX MaJIeHBKUX
OycuHok Maccamu M = 10 Mr, Hecymmx Kaxjaas 3apsia q = 107 Ku. Komp11o HaxoauTcst B OJTHOPOTHOM
MOCTOSTHHOM MarHUTHOM TioJie, nHAyKius By = 100 T koToporo HampaBieHa BepTHKAIbHO. CBEpXy HaJl
KOJIBIIOM 3aKpericHa KHHOKamepa. YacToTy CheMKH N, U3MEPSEMYIO B YHCIIC KAJPOB B CEKYHY, MOXKHO
TUTABHO MEHSATH. [1ocie BRIKIIIOUEHUSI MATHUTHOTO TIOJIS KOJIBIIO HAYAJIO BPAIATLCs, M €r0 CTaIl 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 OYCHMHOK M CHJBI CO CTOPOHBI BHXPEBOTO HJIEKTPUYECKOIO MOJI,
BO3HUKAIOIIETO0 NMPU M3MEHEHWU MarHUTHOTO MOTOKA 4epe3 IUIOCKOCTh Kojbua. g kaxaol OycMHKH
CyMMa CHJI HATSDKEHMS KOJbLla M CHJI KYJIOHOBCKOTO OTTaJKMBaHUS paBHA HyI0. Buxpesoe
AJEKTPUYECKOE T0JIe, HANpsKEHHOCTh E KoTOporo HampaBiieHa MO KacaTeabHOW K KOJIbIY, BBI3BIBACT

. AD
BpalcHUE KOJibLa. IIo 3dKOHY OJJICKTPOMAroHuTHOU UWHAYKIHUU (38.KOHy CDapa/:[eﬂ) E:—E, rac

E=E-2ar — DJIC uanykmuun, © =B- nr® — MarHUTHSBI OTOK, MPOHU3BIBAIOIINI KOJBIO, I' — pagnyc
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konpla. Hmeem E-2nr:—E-nr2. Ilo BTOopoMy 3akoHy HploToHa g Kaxaoil OyCHMHKH

MrAm =gE At. Ilpumenss 3akon @apajnes, OTCIoAa MOJIy4aeM, 4To Awm = —ZiAB. CrnenoBaTenbHO,
m
_ By
KOHEUHas YIJI0Basi CKOPOCTh KOJIbLIA (g = o
m
[Tockonbky Kamepa MPOU3BOIUT ChEMKY C YACTOTOM N KaJpOB B CEKYHAY, TIPOMEXKYTOK BPEMEHH MEXKIY

KajpamMu paBeH 1/N cekynapl. Eciu 3a 3TO BpeMsi KOJBIIO MMOBOPAYMBACTCS HAa YroJ, KpaTHBIN



2n
N pamguad, TO B (HIbME 3apsasl Ha KOJbLe OyayT Ka3aThCs HEMOABIKHBIMH. Takum o00pas3oM,

0y = @k hNn= M = ABoN ,rne k=1, 2,3 A . MakcuMaibHOE 3HaYeHHUE N cCOOTBeTCTBYeT K =1.
2nk  4nmk
OtrBer: N= qB,N ~8 ¢
4dtm

4.1. 3apaua. Tonkas coOupatomas iuH3a ¢ (pokycHbIM paccrosHueM F =10 cM co3maer Ha 3KpaHe
4EéTKOe W300paKEHHE TOYECYHOTO HCTOYHMKA CBETA, PACIOJIOKECHHOTO HA TJIABHOM ONTHYECKOW OCH
JauH3BL. PaccTtosiHMe OT JIMH3BI 0 TOYeuHOro uctouyHuka d =25 cM. JIMH3Yy CMECTHIIM B HaIpaBIICHHH,
HepHeHANKYIApHOM e€ onThyeckoil ocu Ha pacctosHue h =3 cm. Ha kakoe paccrosiHue L HYXHO
NePEeMECTUTh HCTOUYHHUK CBETa, YTOOBI €r0 N300pakeHNE OCTAIIOCh B TOH K€ TOUKe SKpaHa?

Bonpocel. 3anummure GopMyily TOHKOW JTUH3BI M MOSCHUTE CMBICI BXOSIIUX B Hee BenwuuH. Uemy

paBHO YBCIMYCHUC, [aBACMOC JIMH30M?

Pemenue. HYCTB f— pacCTOAHUC OT JIMH3bI JO 3KpaHAa. HpI/I NEpEMCIICHUN JIMH3bI 3TO PACCTOAHHEC HC
MCHACTCA. CHGI{OB&TGJH)HO, pacCTodHnueC OT HCTOYHHUKA CBCTA OO JIMH3BI

A .

n TOXE HC OOJLDKHO MCHATBCS, MHAYC Ha 3KPaHC HC IMOJYUYUTCA €TO0 YCTKOC

g : n300pakeHne. 3HAUYUT, UCTOYHUK HYXKHO TEPEMECTHTH MEPIECHANKYISIPHO

| IR T R ONTHYECKOH OCH B Ty JXK€ CTOPOHY TaK, 4YTOOBI JIyd, WAYLIIMH depe3

L o . ONTHUYCCKUI IIEHTP JHMH3BI MMOMagal B Ty JK€ TOYKY Ha JKpaHe (CM.
N d+

d i S pucyHOK). M3 1momo0usi TPeyroJbHUKOB MOJTYYHM %:Tf 3anuiiem

dh

(bopMyiy, TOHKOH JINH3BIL:

. Pemias cucremy u3 AByX ypaBHEHMH, MOIy4uM, uyto L = =

11 1
_+__
d f F

OtBet: L= d—Fh =75 cm.

Bapuant Ne2

1.2. 3apgaua. bpycok Maccoil M CKOJIB3UT C TOCTOSSHHOW CKOPOCTHIO TIO TJIaJIKOMY CTOJIY W COBEpPIIAST
yIpyroe coyjaapeHue c¢ OpyckoM Mmaccoid M, KOTOpbI NpHKpervieH

k M » m A0CTAaTOYHO JJIMHHOUW MPYKUHOU K HEIMOJABUKHON CTCHKE (CM. pI/ICYHOK).
il [Tocne ymapa Opycok mMaccoil M IBHXKETCS B OOpaTHOM HaIpaBJICHUH, a
SN Opycok Maccoit M HauMHaeT COBepIIaTh TaPMOHUYECKHE KOJEOaHUSI.

N3BecTHO, 4TO Yepe3 BpeMs, paBHoe 5/8 nepuoaa konedaHuii, 6pycok maccoir M noruan 6pycok Maccoi
m. Haiiqute oTHOmIEeHHe N =M /m macc 3TUX OpyCKOB.

Bonpocsl. Kakue konebanusi Ha3zpIBaloTCs rapMoHuueckumu? Jlaiite onpeneneHus aMIUIMTYIbl U (a3bl

TapMOHHUYCCKUX KOJICOAHMIA.

Pemenune. Ilycte HadanpHas CKOpPOCTH Opycka mMaccod M paBHa V. Mcnonb3yst 3aKOHBI COXpaHEHHS
UMITYJIbCca ¥ MEXaHWYECKON SHEPTruu MpU YOPYroM yaape, HaXOIuM, YTO TOCJE COYAApECHHS MOIYITH

Ny M-m
X s XM CKOpPOCTEHN 6pyCI<0B M u M COOTBETCTBEHHO paBHBl V=——V, H
/ﬂ’7¢’—"‘—'-"\ M+m
i 2m
0 T, ’T u :mvo. bynem wucnonp3oBaTh KOOPAMHATHYKHO) CHUCTEMY C
XM

HAYaJIOM B TOYKE coyaapeHuss OpyckoB W ockto OX, HampaBieHHOU



o u .
BIpaBo. Torzna 3akoH ABMXKEeHUs Opycka maccod M mocne coymapeHus umeer Bup X,, =——Sin ot, rae
™

k

®= M' k — skecTkocTh mNpyXuHBL. COOTBETCTBEHHO 3aKOH JIBMDKCHHS Opycka M ompenesnsercs

2m v M-m v
— 2 V=——."% 1t=pt. Torga 3aKoHbBI
M+m o M+m o

ABIDKGHMSI OpyCKOB MOXHO 3amucath B BHAe Xy, (t)=—Asint n X, (t)=Vt (cm. pucynok, rue

BeIpakeHUeM X, =Vt. Benem o0o3HaueHus A=

U300pakeHbl 3aBUCUMOCTH XM U Xm OT BPEMEHH). Y CJIOBHUE, NPH KOTOPOM Opycok mMaccoii M nmoronut

Opycok Maccoil M B MOMEHT BPEMEHHU T,, OIpEAesieTcsl paBeHCTBOM Xy, (T,) = X, (T,) . YuuThIBast, uro
5 2n_ 5 M 442

— , Haxoaum, uto N=—=1+——~136. OrBer: N~136.

Ty =0 —-
8 w 4 m 5n

2.2. 3agaya. B ropuzoHTalIbHO PacloONIOKEHHOM OTKPBITOM C OJHON CTOPOHBI LIMJIMHAPE MEXAY THOM U
TJIAJKUM TIOJIBFDKHBIM TTOPIITHEM HAaXOIMTCS BIaKHBIA Bo3ayxX mpu Temmeparype t =100 °C. Ilpu stom
HOpILIEHb paciojiaraeTcst Ha pacctosaud h=35cm or gHa 1wimHApa. LWauHAp yCcTaHABIMBAIOT
BEPTUKAJIBHO, MOJICPKUBAS TEMIIEPATypy CHCTEMBI TMOCTOsSHHOW. Uepe3 HEKOTOpoe BpeMs IMOPIICHb
3aHsUT HOBOE TIOJIO’KEHUE PAaBHOBECHS, a TI0]] TOPITHEM CKOHJICHCHpoBaiack Boaa maccoir Am = 0,1 r. Ha
Kakoe paccrosiuue Ah cmecrtuiicst mopiieHb, eciu .macca mopiras M =10 kr, ioniaas MonepeyHoro
CcedeHMs WIMHAPHYecKoro cocyaa S = 100 em?. Atmocheproe masnenue po = 10° [1a, MomsipHas Macca
BOAbl W =18 r/Monb. Moaynb YCKOpeHHs CBOOOAHOIO TajeHUsA cuuTaiTe paBHbIM (=10 M/Cz, a

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

Bonpocel. Kakue Bumsl mapooOpasoBanusi Bbl 3Haete? [laiite ompeneneHue yaeNbHOW TEIJIOTHI
napooOpa3zoBaHusl.

Pemenne. Eciu xonmuecTBo CyxXoro Bo3ayxa 0003HAYNUTH qepe3 9, Ha4YaJIbHYIO MacCCy BOISAHOI'O I1apa
qucpes (m+Am), AaBJICHUC CYXOr'0 BO3AyXa B TOPU3OHTAJIBbHOM MNUIMHAPC YCPE3 pPc1, a4 AABJIICHUC

BOIAHOI'O IMapa B TOPU3OHTAJIBHOM HUJIIMHAPE 4YCPE3 py, TO COTIIACHO YCIIOBUIO 3aJiadyun pc] + pn = pO'

CornacHo ypaBHeHnuto MenneneeBa—Knaneiipona BeimonHsA0TCA cooTHomeHus: P, Sh=9RT nu

m-+Am
p,Sh=—RT, roe T =t+273. Ilpu ycTaHOBKE IMIMHAPA B BEPTHKAIBHOE MOJOXEHHE TOPIICHb
1)
cMecTHTCsl BHU3 Ha pacctosiuue Ah. IlpeneOperas oObEMOM CKOHAEHCHPOBABILIEHCS BOIBI, ISl ATOTO

ciaydas momyanm: P,S(h—Ah)=9RT, p,+p,, = % + Py, P, S(h—Ah)= m RT, rae pe; — maBieHue
u

CyYXOro BoO3ayxa B BCPTUKAJIbBHOM HWIIWHAPE, pPyn; — AABJICHUC HACBIIICHHOTO IIapa, PAaBHOC pp, TAK KakK

t=100°C. M3 momy4eHHBIX COOTHOIICHHH cieayer, 4yto Am= % [pOSAh —Mg(h —Ah)], OTKy/a

he AMRT + uMgh Orper: AN — AMRT + uMgh

: ~ 4,7 cMm.
1(p,S +Mg) 1(p,S +Mg)

3.2. 3apauya. Ha rmaakoit TOpU30HTAIBLHON TMOBEPXHOCTH PACIIOIOKEHO JIETKOE HEMPOBOSIIEE KOIBIIO,
Ha KOTOPOM Ha OJIMHAKOBBIX PACCTOSHUSAX JIpYr OoT apyra 3akperuieHbl N = 100 ognHaKOBBIX MaTeHbKUX
OycuHOK Maccamu M = 10 mr, Hecymmx Kaxkaas 3apsy =107 K. Kounbiio HaxXoauTcst B OMHOPOAHOM
MOCTOSSHHOM MarHUTHOM TIoJie, MHAYKIHS By koToporo HampasiieHa BepTuKanbHO. CBEpXY HaJ KOJIBIIOM
3aKpeIUicHa KHHOKamepa, KOTopas MPOM3BOAMT CHhEMKY ¢ 4acTOoTOM N =8 kaapoB B cekyHay. [locne
BBIKJIFOUEHHSI MATHUTHOTO TIOJIsL KOJIBIIO HAyajao BpallaThCs, U €ro CTajld CHUMaTh Ha KUHOIUICHKY. [Ipu
KaKOM MHHHMaJIBHOM 3HaueHUU By Koib1lo B prsibMe OyneT ocTaBaThCsl HEMOABIKHBIM? CUuuTaiiTe, 9To
JUTUTEITFHOCTh YKCIMO3UINH KaXKIOTO KaJpa MpU CheMKe GuiibMa MpeHeOpeKuMo Maa.



Bonpocsl. ChopmynupyiiTe 3aKOH 3JEKTPOMarHUTHOM MHAYKIIUH U TipaBuiio JIeHma.

Pemenne. Ha kaxayro 3apspKeHHYIO0 OYCHHKY JCMCTBYIOT CHIIBI HATSKEHUS KOJIbLIA, CHITBI KYJIOHOBCKOTO
OTTJIKMBAHUSA OT OCTAJIbHBIX OYCMHOK M CHJIBI CO CTOPOHBI BHMXPEBOIO 3JIEKTPUUYECKOIO IOJI,
BO3HHKAIOIIErO MPU W3MEHEHHH MAarHUTHOTO IMOTOKAa 4Yepe3 IUIOCKOCTh Konbla. Jlms kaxmoil OycHHKH
CyMMa CHJI HaTSDKCHMsSI KOJIbLIa M CHJI KYJIOHOBCKOTO OTTAJKHMBAHMA paBHAa Hy0. Buxpesoe
AIIEKTPUYECKOE 110JIE, HANPSIKEHHOCTh E KOTOpOro HampasiieHa MO KacaTeIbHOM K KOJIbIY, BBI3bIBACT

. AD
BpaiieHue koinbla. [lo 3akoHy nayieKTpoMarHuTHOW WHAYKUMU (3akoHy Dapazes) E:_E’ rae

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

AB .
konepua. Hmeem E-2nr:—E-nr2. [Io BropoMy 3akony HpbroToHa g Kaxaol OyCHHKH

mrAm =gE At. Ilpumenss 3axkon ®apajes, OTCr0Aa MOIy4aeM, 4To Aw® =—21AB. CrnenoBaTenbHO,
m
_ 0By
KOHEUHas YIJI0Basi CKOPOCTb KOJIbLIA (g = o
m

[TockonpKy KaMepa IPOU3BOIUT ChbEMKY C YACTOTOM N KaJIpOB B CEKYH]Y, MPOMEKYTOK BPEMEHU MEKIY
KaapamMu paBeH 1/Nn cekynapl. Eciu 3a 3TO BpeMmsi KOJBIIO [MOBOPAYMBACTCS HA YroJl, KpATHBIN

2n
W pamuaH, TO B (uiabMe 3apsjabl Ha KOJbIE OyIyT Ka3aThbCs HEMOABHXKHBIMU. TakuMm 00pasoM,

®y = @k u B,= Am—mkn, rne k=1 2,3, A . MunumansHoe 3HaueHue By cootBercTByeT K =1.
N gN

Ortser: B, = 4mmn ~100 Tx.
gN

4.2. 3agaua. Tonkas coOuparomias JduH3a ¢ (OKYCHBIM paccTostHueM F =15 cM co3gaeT Ha SKpaHe
4€TKOoe M300pakKeHHE TOYEYHOrO0 HCTOYHMKA CBETa, PACIOJOKEHHOTO Ha TJIABHOM OMNTHYECKON ocH
auH3bL. PaccTrostHue OT MUH3BI 70 ToyeyHoro ucrounuka d = 30 cM. MICTOYHUK CMECTHIIN Ha pacCTOSIHUE
L =8 cM B HampaBieHHH, TEPICHIMKYIAPHOM € onThyeckoi ocu. Ha kakoe paccrosiHue h Hy»)HO
NepEeMECTUTh JINH3Y, He MOoBopaunBas e€, 4ToObl M300pakeHHWE MCTOYHHKA OCTAJOCh B TOM K€ TOYKE
JKpaHa?

Bonpocsl. Kakue nuH3bl Ha3piBatoT TOHKMMH? JlaiiTe onpeneneHue (QOKYCHOIO pacCTOSIHUS U

ONTHYECKON CHIIBI TUH3EI.

Pemenue. UToObl n300pakeHWE HMCTOYHUKA OCTAJIOCh B TOM K€ TOUYKE OKpaHa, JIMH3Y HYKHO
[IEPEMECTUTD BIOJIb IJIOCKOCTH, NEPIEHIANKYIIIPHON TJIABHOM ONTHUYECKOM

n ocu. Ilpum »TOM nNMHMS, COENUHSIONIAS WCTOYHHK U €ro u300paxkeHue
: npoiiieT Yepe3 ONTHUECKUH IeHTp JUH3BI (CM. PUCYHOK). M3 momoOus

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

B/ G O ] f _ f

7 K = Rt 1t TPEYIOJIbHUKOB IIOJIYy4YUM COOTHOILIEHUE Z_ 7 rae f — paccTosiHHe

1
d oA ,| . 1 1 1

v OT JIMH3bI O0 3KpaHa. 3ar[1/11]1eM ypaBHeHHe TOHKOU JIHUH3BI. g+7 = F

LF LF
Pemas cucremy u3 1ByX ypaBHEHUil, HaiijeM, 4yTo h = - OtBet: h= q =4cm



Bapuant Ne3

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

yIapyroe coyaapeHue c¢ OpyckoM Mmaccoil M, KOTOphI NpuKperuieH

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

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

LTI Gpycok Maccod M HaumHAeT coBepiiaTh TAPMOHHYECKHE KOJeOaHUs.

N3BecTHO, 4TO Yepe3 Bpemsi, paBHOe 2/3 nepuoaa Konebanuii, Opycok maccoir M mornan Opycok maccou
m. HaiiguTte otHOmIeHHe N =M /m macc 3TUX OpyCKOB.

Bonpocel. Kak onpenensercs noreHUualbHas 3HEPrysi? 3alMIIUTE BBIPAXKEHUS JUIsl MOTEHLMAIbHOU
SHEPruu Tella BOJIM3H MOBEPXHOCTU 3eMJITU U MOTEHIIMATLHON SHEPTUH 1e(OPMUPOBAHHOM MPYKUHBIL.

Pemenne. Ilycth HauanbHas CKOPOCTh Opycka Maccoidl M paBHa V,. Mcronb3ys 3aKOHBI COXpaHEHUs

UMITYJIbCA U MEXaHWYECKOM HHEPrUU IIpU YIPYIOM YyJape, HaXOAUM, YTO IIOCJIE COYAAPEHHS MOLYIHU

. M—-m 2m
CKOpPOCTCHU 6py0KOB m nu M COOTBCTCTBCHHO PAaBHLI V= —VO n u= —VO . By,[[eM
M +m M+m

UCIIONIb30BaTh KOOPAMHATHYIO CHCTEMY C HayaJloM B TOYKe coyaapeHus OpyckoB u ocbio OX,
HalpaBJieHHOW BmpaBo. Torjga 3akoH JABM)KEHUs Opycka maccol M rmocne coyaapeHuss UMEEeT BHJ

Xy X Ui K
ms XM Xy =——Sihot, rme o©=,/—, K— KECTKOCTb IPYKHUHBIL.
Xm 2TETTS (O M
19) //7; > p COOTBETCTBEHHO 3aKOH JBIJKCHHs Opycka M  ompeaenseTcs
0 T
X 2m v,
M BeIpakeHueM X, =Vt. Bseamem o06o3Hauenus A=——— —,
M+m o
M-m v, :
= Mam o T=wt. Torga 3aKoHBI IBIKEHUsI OPYCKOB MOXKHO 3amucarth B BHIE Xy, (1) =—Asint u
+M o

X, (t) =Vt (cM. pucyHOK, riie n300paKeHbl 3aBUCUMOCTH XM M Xm OT BpEMEHH). Y CIIOBHE, IPU KOTOPOM

Opycok maccoi M poromur O6pycok mMaccoii M B MOMEHT BPEMEHHU T,, ONpPEIEISIeTCS PABEHCTBOM

Xy (1) =X, (T,) - YunThIBas, 4to T, = ®- 2.2n = an , HAXOJIUM, 4TO N = M =1+ ﬁ ~1,413.
3 o 3 m 4n

OtBer: N~1,413.

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
HOpIICHb pacrnojaraercss Ha pacctosHur h=35cM or nHa umiamHApa. [{unmmHAp ycTaHABIHMBAIOT
BEPTHKAILHO, TOJJIEPXKHUBasi TEMIIEPATypy CHUCTEMBI IOCTOSIHHOW. Uepe3 HEKOTOpoe BpeMs MOpIIEHb
3aHSUT HOBOE TOJIOKCHUE PAaBHOBECHS, CMECTHBIIMCH OT MEPBOHAYAIBLHOTO MojokeHuss Ha Ah =5cwMm, a
II0J] TTOPITHEM CKOHJeHCcHpoBanack Boaa mMaccor Am = 0,1 r. KakoBa macca nmopuras M, ecnu mutoniazp
[OIIEPEYHOr0 CeYeHHs LIIMHApHIeckoro cocyaa S =100 em®. AtmocdepHoe masnenue po = 10° Ila,
MoJsipHass macca Boabl [ = 18 r/Mmonb. Moaynb ycKopeHHs CBOOOJHOTO TAJCHUSI CUMTANTE paBHBIM
g =10 m/c?, a yHEBepCanbHYIO Ta30ByI0 MocTosHAYIO0 — R = 8,3 Jl/(Mos K).

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

Pemenne. Ecniu komm4ecTBO cyXxoro Bo3jayxa 0003HauMTh yepe3 9, HayaJlbHYI0 Maccy BOJSHOIO mapa
yepes (m+Am), JTaBJICHUE CYXOr0 BO3JlyXa B TOPU3OHTAIBHOM LMIUHApPE Yepe3 p.i, a JaBJICHUE

BOOAHOI'O IIapa B TOPU3OHTAJIbHOM HUJIHMHAPE 4YC€PE3 py, TO COTJIIACHO YCJIIOBHUIO 3ajjadyu pcl + pH = pO'

CormacHo ypaBHeHmioo MenneneeBa—Kianeiipona BemonHAIOTCS cooTHomeHus: P,Sh=9RT n



m-+Am

p,Sh=—RT, rae T =t+273. Ilpu ycTaHOBKE IMIMHAPA B BEPTUKAIBHOE MOJOXXKEHHUE TOPIIEHb
1)
cMecTuTcst BHU3 Ha pacctosinue Ah. [IpeneOperas o0bEMOM CKOHICHCHPOBABIICHCS BOJBI, IS 3TOTO
M m
ciaydas nomyaum: P, (h—Ah)=9RT, p,+p,, =?g+ Pos P.,S(h—Ah)=—RT, rae pc, — AaBicHUE
1)

CyXOoro Bo3ayxa B BEPTHUKAJIbHOM HHUIHWHAPE, pyy — AABJICHHUEC HACBIIICHHOT'O IIapa, paBHOC pp, TaK KakK

t=100°C. M3 moay4eHHBIX COOTHOIICHUH cieayer, 4to Ams= %[pOSAh —Mg(h —Ah)], OTKy/1a
M = MpoSAh — AMRT . OtBer: M = Mp,SAN — AMRT ~10,9 kr.
ug(h—Ah) ug(h—Ah)

3.3. 3agaya. Ha ragkoil rOpu30HTaIBHOM MTOBEPXHOCTU PACHOJIOKEHO JIETKOE HEMPOBOSAILEE KOJIBIIO,
Ha KOTOPOM Ha OJIMHAKOBBIX PACCTOSHUAX JAPYr OT JApyra 3akperuieHbl N OIMHAKOBBIX MaJeHbKHX
Oycunok mMaccamu M = 10 mr, Hecymmx Kaxaas 3apsn J = 10" Ku1. Konblio HAXOUTCS B OJIHOPOJTHOM
HOCTOSIHHOM MarHUTHOM noJje, uaaykuus Bg = 100 Ta koToporo HanpaBieHa BepTHKaJIbHO. CBepXy Haj
KOJIBIIOM 3aKpeIlUIeHa KMHOKamepa, KOTopas NMPOU3BOIUT ChEMKY € 4acTOTOW N = 8 KaJpoB B CEKyHIY.
[Tocie BBIKIIOUEHHS] MArHUTHOTO MOJISl KOJIbIIO HAYaJlo BPAIaThCsl, U €0 CTaJld CHUMAaTh Ha KHHOIUICHKY.
[Tpu xakom MHUHUMaNBHOM 3HauYeHUH N KOJBIO B priibMe OyAeT ocTaBaThCsi HENOABMKHBIM? CuunTaiire,
YTO JUIMTEIBHOCTh HKCIO3ULIUMHU KaXKJOI0 Kajpa IpH CheMKe (puiibMa peHeOpexkuMo Mana.

Bomnpocel. 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 CHIbl CO CTOPOHBI BHXPCBOI'O OJJICKTPUYCCKOTO II0JIA,
BO3HHUKAIOWICIO IIpU U3MCHCHHHW MAIrHUTHOI'O IIOTOKa 4YC€PE3 IIOCKOCTHb KOJIbIIA. HJ’IH Ka)K,HOﬁ 6YCI/IHKI/I
CymMMa CHJI HATSOKCHHUA KOJbLA W CHUJI KYJIOHOBCKOI'O OTTAJIKMBAaHUS paBHA HYJIO. anpeBoe
QJICKTPHUYCCKOC TI0JIC, HAIIPAKCHHOCTDb E KOTOPOI'0 HaIlpaBJICHA I10 KacaTelIbHOH K KOJIbIY, BBI3BIBACT

. AD
BpamieHue kousblia. [lo 3aKkoHY dIeKTpOMarHUTHOW WHAYKIUU (3akony Dapanes) E:_Tt’ rae

E=E-2ar — DJIC uanykmuun, ® =B- nr® — MarHUTHBI [OTOK, MPOHU3BIBAIOIINI KOJBLO, I' — pagnyc

AB
Koipla. lMmeem E-2nr:—E-nr2. Ilo BTOopoMy 3akoHy HbloToHa ans Kaxaod OyCHHKH

MrAm = qE At. Ilpumenss 3akon @apazes, 0TCI0/la NOJIy4aeM, uTo Aw :—ZiAB. CrnenoBaTenbHO,
m

B
KOHCYHas YTJIOBasA CKOPOCTh KOJIbIIA g = % .
m

HOCKOHbe KaM¢epa Mporu3BOAUT C’BéMKy C 4acTOTOH N KaZaApoOB B CCKYHAY, IPOMCIKYTOK BPEMCHHU MCKAY
KaZlpaMu paBCH 1/n CCKYH/BI. Ecmun 3a 310 BpEMs KOJIBIO ITOBOPAYMBACTCA Ha YIoOJl, KpaTHBIfI

T
N paauaH, To B (uiabMe 3apsibl Ha KOjJblle OynyT Ka3aThbCsi HEMOJBMKHBIMU. Takum oOpaszom,

®y = %k u N = 4n_mkn ,rne k=1 2,3, A . MunumanbHoe 3HaueHue N cootBeTcTByeT K =1.
0
dmn
OtBer: N = =100.
qB,

4.3. 33)13'-[3. Tonkas co6npa}omaﬂ JIMH3a CO3JJa€T Ha OJKpaHC€ YCTKOC I/1306pa)KCHI/IG TOYCYHOTI'O
HCTOYHHKA CBCTA, PACIOJIOXKCHHOI'O Ha IJaBHOM OIITHYECKON OCH JHH3BL PaccTosHue OT JTHH3BI 0
toyeuyHoro ucrounnka d =24 cm. MCTOYHHMK CcMeCTHIH Ha pacCcTodHuc L=6cMm B HaIlrpaBJICHUHU,



MEePIEHANKYIISIPHOM €€ TJIaBHOM ONTHYeCKO ocH. UTOOBI M300pakeHNe NCTOYHHUKA OCTaBAJIOCh B TOU JKe
TOYKE PKpaHa, JINH3Y CABUHYIHN Ha pacctosiaue h = 2 cMm. Uemy paBHO (OKyCHOE paccTOstHUE JTHH3bI F?

Bonpocsl. [IpuBenuTe npuMepsl MOCTPOCHUS H300paXKEHUH B COOMpArOIEei 1 pacCeuBaroIIeH INH3aX.

Pemenne. YToObl n300pakeHHEe UCTOYHUKA OCTAJIOCh B TOW K€ TOYKE DKpaHa, JIMH3Y, KaK U UCTOYHUK,
$ HY)KHO [epeMellaTh BJAOJb IUIOCKOCTH, NEPIEeHIUKYISIPHONW TJIaBHOM

n o
| ONTUYECKOM ocH JuH3bI. [Ipu 3TOM JIMHUSA, COEQUHSIONIAsE UCTOYHUK U €ro
| o o o
*.._.._._.._._i.__ ........ Aressgzas n300paXkeHue, TMPOUJIET ONTUYECKU IIEHTP CMEIIEHHON JIMH3BI (CM.
~~~~~~ i< d+
L rF : pHUCYHOK). 13 m0o001s TPEYTrOJIbHUKOB TOJTYYHM, YTO ! = f ,rae f —
d ¢ f h L
v paccTosiHuEe OT JIMH3bl /10 9KpaHa. 3aluIleM ypaBHEHUE TOHKOM JIMH3BL:
I 1 1 . hd hd
7 + 7 = ik Pemas cucreMy u3 1ByX ypaBHEHUM, HaligeM F = T Otser: F = T =8cm.

Kpurtepun onenku

3agaya oneHuBaeTCs MAKCHMAaJIBLHO B 15 0a/10B

1. 3anaya BoBCe He perranach — () 0aJJI0B.

2.3agaya He pelleHa, HO C/eNaH TOSCHSIONUA PUCYHOK (ecnu Tpedyercs), YaCTHYHO CHOPMYIUPOBAHEI
HeoOXoauMbIe (pr3udecKkne 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 JIOMYIIEHBI HE3HAYNTEIbHBIE TorperrHocT — 11-14 6ansios.

5. 3amaya pereHa MOJHOCTHIO U TIONMYYeH MPaBUIIbHBINA OTBET — 15 6asioB.

TeopeTudeckuii BOpoc oneHnBaeTcsi MAaKCMMaabHo B 10 6amios

1. OtBet 1O CymIEeCTBY BOIPOCA MOIHOCTHIO OTCYTCTBYET — () 6as1710B.

2. OTBeT SIBJISETCS HETIOJIHBIM (J1aH OTBET TOJIBKO Ha OJ{HY 4acTh Bompoca) — 1 — 5 Gania.

3. OTBeT sBIAETCS HEMOJMHBIM (JaHbl (JOPMATBHO OTBETHI HAa BCE YAaCTH BONPOCA, HO OTCYTCTBYIOT WIIM HE
MOJHOCTBIO NPUBEICHBI HEOOXOANMBIE TIOSICHEHUS) — 6 — 9 0aJ1J10B

4. Otser sBiseTcs oaHBIM — 10 6a110B.



