10 kaacce
Bapuant 3

1. (6 6an0B) J[Ba OMHAKOBBIX MAJICHBKUX IIAPUKA JBMKYTCS BIOJb OJHON
BepTuKanu. [lepBblif mapuk MOAOPOIIEH € TMOBEPXHOCTH 3eMIId C HadaJIbHOU
CKOpPOCTBIO Vo, BTOPOH IIapUK OJHOBPEMEHHO C 3allyCKOM I1€PBOro OpOLIEH BHU3 C
HAYaJIbHOM CKOpPOCThIO U ¢ BhICOTHI H. B TOuke BcTpeunm MpOMCXOAUT aOCOIIOTHO
ynpyruii ynap. Onpeznenure, Kakyl0 CKOPOCTb OylneT MMEThb BTOpPOW IIApUK B TOT
MOMEHT BPEMEHH, KOTJja IEPBBIM MapuK yrajaeT Ha 3eminto? CuuTanTe, 4To

Vo> gH >u,
r7ie g — yCKOpeHue CBOOOHOTO MaICHHUS.

Bo3Mo:xHOe pemieHue. 3anuIeM YpaBHEHHS Il IEPBOTO U BTOPOTO IAPUKOB
JUISl ABVMKEHHUS 10 COyNApEHMUS:
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3nech h; — BbICOTa, HA KOTOPOW CTOJKHYJHUCH IAPUKH, T1 — BpPeMs IOJeTa
IIAPUKOB JI0 CTOJIKHOBEHUS, § — YCKOpPEHUE CBOOOIHOTO TafieHust. M3 3Tux ypaBHeHUIN
CJIeyeT, YTO
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BricoTa, Ha KOTOPOW CTOJIKHYJIMCH IIAPUKH, PABHA
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Ha 3701 BBICOTE NPOEKLIUU CKOPOCTEN IIAPUKOB ONPEAEIISIOTCS KaK
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CoynapeHue mapukoB adCONIIOTHO YIIPYTO€, TO3TOMY MPOEKIIUU UX CKOPOCTEN
MoCJie COyAapeHus MO 3aKOHAM COXPAaHEHMS UMITYJIbCa U MEXaHUYECKOW HHEPTuu ¢
YYETOM PaBEHCTBA MACC IIAPUKOB OMPEAEITISIIOTCS KaK
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Monyiab CKOPOCTH MEPBOTO MIAPHKA Y MOBEPXHOCTH PACCUUTHIBAETCS MO 3aKOHY
COXPAaHEHHUs MEXaHUUYECKOM 3Hepruu u OyAeT paBeH

Vii =+u?®+2gH.

Bpemsa monera mepBOro mapuka OT TOYKM COYJApEHHUSI 10 TMOBEPXHOCTH
ONPENEISACTCSA U3 YPABHEHUS
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11 =V +9711.

[To/ICTaBUB B 3TO ypaBHEHHE PACCUUTAHHBIE PAHEE DJIEMEHTBI, OIYUUM:
Ju?+2gH —u H
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CkopocTh BTOPOTO IIApUKa B MOMEHT BPEMEHHU, KOT/1a MEPBBIA IaPUK KOCHETCS
MOBEPXHOCTH, OYJIeT paBHA

Vo =Vy1 — gty =Vo+u—+u?+2gH.
Omeem:V,, =Vy+u—/u? + 2gH .

Kpumepuu oyenueanusn

BoinoiHeHne bann
YyacTHUK HE MOPUCTYNal K 3aJaHUI0 WM BBIIOJHWI €ro ¢ 0
CaMOro HavaJia HEBEPHO
3anucaHo BhIpaXKEHUE JIJIsl BICOTHI CTOJKHOBEHUSI IIAPUKOB 1
3anucaHo BBIp@XKEHHE IS CKOPOCTEM IIapUKOB IOCIe 2
CTOJIKHOBCHMS
3anrca”o BBIPAXKEHUE JJIs1 pacueTa BpEMEHH IM0JIETa 1
3anucaHo BRIpaKCHHUE JJIs pacueTa CKOPOCTH BTOPOTO ITapuKa 1
[IpousBeneHbl HEOOXOAUMBIE TMPEOOpa3oBaHUS U TOJIYYCH 1
OKOHYAaTEJILHBINA OTBET
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2. (4 6anna) KyOouueckwii 6ak ¢ )KECTKUMU CTEHKaMU, JITTMHA
pebpa kotoporo coctaBiser a = 0,9 M, pasnensercs TOHKHM
JErKuM HeaeOopMHUpPYEMbIM TMOPIIHEM, IEPEMEIIAIOIIMMCS B
BEPTHKAIBHOM HarpaBieHuun Oe3 TpeHus. llepBoHauanmpHO Oak
IIOJIHOCTBIO 3aIlOJIHEH METWJIOBBIM cnupToM. Kakoe kosnmuecTBo
BEILECTBA UJEATBHOIO ra3a HY’KHO 3aKayaTh B MPOCTPAHCTBO Ha
MOPIITHEM, YTOOBI MOPIIEHb CABUHYJCS Ha paccrosiaue Ah = 0,9 mm? TemmnepaTypsl
ra3a u ClipTa OJIMHAaKOBBI, MOCTOSIHHBI U paBHbI t = 17 °C. 3HaueHne yHUBEpCaIbHOM
razoBoii moctossHHON R = 8,31 JIx/(K-mMomp). CrkumMaeMoCcTh cripTa (OTHOCUTEIIBHOES
U3MEHEHHUE 00beMa IpU H30TEPMUYECKOM YBEJIWYEHUHM JABJICHUS) COCTABIISAET
¢ =810 IIa™.

Bo3mo:kHoe pemenme. [Ipy ABMKEHHWW TOPIIHS OTHOCHTEIHLHOE W3MECHCHHE
o0beEMA cocTaBIIET
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HavanpHO€ paBiieHME chnupra HAa BEPXHIOK KPBIIIKY OTCYTCTBYET, IO
OKOHYAHUU 3aII0JHEHMS Fa30M MPOCTPAHCTBA HAJl MOPIIHEM JABJICHUE TaM COCTABUT
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Bocnosb3oBaBuics ypaBaenuem Kinarneitpona — Menaeneesa, 1Uisi KOJIMYECTBA

BEIIECTBA MOIYYHUM:
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Kpumepuu oyenusanusn

BbinosiHeHue bann
Y4yacTHUK HE NPUCTyNal K 3aJaHUI0 WU BBIIOJHUI €ro ¢ 0
CaMOro Hayajia HEBEPHO
[TonydeHo BbIpaKeHue JJIsi OTHOCUTEIBLHOT'O U3MEHEHHUs 00beMa
[TosryyeHo BhIpaK€HUE JJ1s1 1aBJIICHUS
[ToyueH oTBET B 00IIIEM BUIE
[TonrydeH OKOHYATEIBHBIM OTBET B BUJIE YHCIIA
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3. (6 6annoB) B ropu3oHTAILHOM HEIOJBM)KHOM IMJIMHAPUYSCKOM COCY/IE,
3aKpBITOM MOpIIHEM Maccoit M, Haxonutes ra3. ['a3 HarpeBaroT, PU 3TOM MOPIIECHb
JBUYKETCS U3 COCTOSIHUS MTOKOSI paBHOYCKOpPEHHO. KomuecTBo TenioThl, COOOUIEHHOE
razy 3a IMPOMEXKYTOK BpeMeHH T, paBHO Q. Ompenenure ycCKOpeHHE MOPIIHS.
BuyTtpennsis sneprusi ogHoro moiig raza paBHa U = CT. TemnoeMKocTbiO cocyaa H
nopiHa npeHedpeys. C BHEIIHENH CTOPOHBI MOPILIHS BaKyyM.

Pewenue. 110CKONBbKY TOPIIEHb JABUXXETCS PAaBHOYCKOPEHHO, TO IMPOILECC
n300apHbIiA. B cCOOTBETCTBUY C EPBBIM HAYAJIOM TEPMOJIUHAMUKA

Q = pAV + vcAT .

31ech P — naBiieHHe raza, V — ero o0beM, v — KOJMYECTBO BEIIeCTBA ra3a.
B cootBeTcTBUU ¢ ypaBHeHHeM Kianeiipona-Meneneena

pAV = vRAT .
[To Teopeme 00 U3MEHEHUU KUHETUYECKOW SHEPTUU
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B okonuaTenbHOM dhopme nmoryyaeM
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Kpumepuu oyenueanus

BbinoJsiHenune baju
VYyacTHUK HE TPUCTYMNal K 3aJaHUI0 WJIA BBITOJIHUI €T0 C 0
CaMOro HavaJjia HEBEPHO

3anucaHo BbIpaXXEHUE JIJIsl IEPBOr0 Hauaja TePMOAMHAMUKHU
3anucaHo ypaBHeHue Knaneiipona — MeHnieneena
3anucana TeopeMa 00 U3BMEHEHUH KHHETUYECKON YHEPTruu
[IpousBenensr  HeoOXoaumble MpeoOpa3oBaHMs, TMOJIYYEH
OKOHYATEJIbHBIA OTBET

Bcero 6as10B 6
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4. (4 6anna) [Tpu nBMKEHHUU B BO3IIyXe HA MY JICHCTBYET CHJIa COPOTUBIICHUS,
MPONOPIUOHANIBHASL  KBaApaTy CKOpocTH. HemocpencTBeHHO mepesn  yJIapoMm
BOJICOOMMCTa MSY JIETeNl TOPU3OHTAIbHO, UMesl yckopeHue a;. Ilocie yaapa msiu
IIOJIETEJ BEPTUKAIBHO BBEPX C CKOPOCTHIO V2 M yCKOpeHHUEM ay. OnpeienTe CKOpoCTh
Ms4a HEMOCPEACTBEHHO IEPE]] yIAPOM.

Bo3mo:xHOe pemieHue. 3anuiieM YpPaBHEHUE CBA3U YCKOPEHHUS Msda M €r0
CKOpPOCTH B TOPU30HTAJIbHOM JBUKCHHH:
F,  kV?

a, =
m m

3nech F1 — cumma comporuBieHusi, M — macca Ms4a, K — KoapduIMeHTt
nponopuuoHanbHOCTH. [locne ynapa M4 mosneTes BBEpX, HA HETO JEHCTBYIOT CUIIbI
TSKECTH U CONPOTHUBIICHUS, HalpaBieHHbIe BHU3. Ero yckopenue npu 3ToM Oyjaer
paBHO

maq .,
kVi+mg V2 Vit myg (V2>2 N
a = = = a —_— .
2 m m 1 4] g
OKOHYATENBHO MOJIy4aeM
a
V]_ = VZ !

a—g’



a

az—g'

Omeem:V, =V,

Kpumepuu oyenueanus

BoinosiHeHune bana
YyacTHUK HE MPUCTyHal K 3aJaHUI0 WM BBIOJTHWI €ro C 0
caMoro HayaJjia HEBEpHO
3anucaHO BBIPAXKEHUE [JII YCKOPEHUS B TOPU3OHTAIBHOM 1
1oJIeTe
3anucaHo BbIpaKEHHUE JJIsl YCKOPEHUs B BEPTHUKAJIBLHOM MOJIETE 1
[Tpon3sBeneHb HEOOXOUMBIE MPEOOPA3OBAHMS U MTOTYUYEH OTBET 2
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5. (6 6annoB) JIBe oaMHAKOBBI IPOBOAIINE cHepbl HAXOAIATCA Ha OOJIBIIOM
PACCTOSIHUM JIPYT OT Apyra U UMEIOT NoJoKUTeNnbHbIe 3apsabl Qi u Q2. HezapsxeHHbIi
METAJUTMYECKUM IIapUK Ha HEMPOBOJSILEM IOJBECe MOJHOCIT K MEpBOW cdepe u
KacaroTcs e€. 3aTeM HIapHK MOAHOCAT KO BTOpoH cdepe u kacarotcs e€. [locie aToro
3apsAl IIapuKa okasaics paBHbIM (.. Haiigute 3apsim BTOpoil cepbl mocie Bcex
MaHUMY IS,

Bo3mooscnoe pewenue. Ilycts saextpoemkoctd chep paBHel Ci, a
AIEKTpOeMKOCTh Imapuka paBHa C. Ilocie conmpuKOCHOBEHHS Iapuka ¢ TIEPBOM
chepoit ero 3apsij] CTaHET PaBHBIM

g = Q1
1 — C )
1+—+
C

W3 3akoHa coxpaHEHUs 3apsia s COMPUKOCHOBEHHS IIapUKa CO BTOPOM
chepoit moayunm:

— !
71 +0Q2:=q2+Q;.
[ToTeHuuansl BTOpoi chephl U MaprKa Ipu CONPUKOCHOBEHUHU PABHBI, IOATOMY

Cq, = C1Q; .
Torpga MmoxeM 3anucarhb:
0 = Q1
1= —ph7-
Q2
14+—==
qz

ITomyyuM ypaBHEHHUE:
7 —(Q2-2q2)Q;— q2(Q1 + Q2 —q2) =0
Pemenue 3Toro ypaBHeHus:

Q; Q3
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. Q2 Q2
Omeem: (), —?—qzi T+Q1q2.

Kpumepuu oyenuganusn

BoinosiHeHune bana
YyacTHUK HE MOpUCTYNal K 3aJaHUI0 WM BBIIOJHWI €ro C 0
caMoro HayaJjia HEBEpHO
3anucaHo BbIpaXeHue s 3apsiaa i 1
3anucaHo BbIpaXEHHUE JIJIsl 3aKOHA COXPaHEHUs 3apsiia 1
3anucaHo BBIpAKEHHE JUIsI PABEHCTBA IOTEHIMAIOB TMIPU 1
CONMPUKOCHOBEHHH IApHKa U chephl
[IpousBenensr  HeoOxomumple MpeoOpa3oBaHMs, TMOTYYCH 3
OKOHYATEJIbHBIA OTBET

Bcero 6as10B 6

6. (4 6an1a) 3a coOuparolel TOHKOW JIMH30H ¢ (POKYyCHBIM paccTosiHieM F B ee
doKyce MepneHIuKyYIIPHO €€ ONTHIECKOW OCH PaCIOJIOKEH IIOCKUi dKpaH. [lepen
JUH30M Ha TJABHOW ONTHYECKOW OCH Ha paccrosHud 0 > F oT JuH3bI mOMeIieH
TOYCUYHBI MCTOYHUK CBeTa. Paamyc CBeTOBOro msATHA Ha JKpaHe paBeH D'
Onpenenure AUaMeETp JTUH3HI.

Bo3moxHoe pemenue. Paccmorpum ueprex. U3
yepTeka U3 no100Ms TPEyTroJIbHUKOB, 00pa30BaHHbIX JTy4YOM
U TJIaBHOW 1 TOOOYHOM OCSIMU, BUJIHO, YTO
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Omeem: D =D7'd.

Kpumepuu oyenusanusn

BoinosiHeHue bann
VY4yacTHUK HE NPUCTyNal K 3aJaHUI0 WU BBIIOJHUI €ro ¢ 0
CaMoro Hayajia HEBEPHO
[TocTpoeH yepTex
PaccmoTpensl mo100HbIE TPEYTOJbHUKH
[TpousBeaeHb HEOOXOAMMBIC MPeO0OPa30BAHUS U TOJIYUYEH OTBET
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