[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0
NHbopmaums o Bnagenbue:

®OKO: A6aynkepumoB McMann 3asuposuy MNHOBPHAYKU POCCHUU

HomxkHoctb: Oupektop dunnang Y 8 r.lepbeHt
[ata noanucanua: 08.04.2025PICPATIBHOC IQCy1apCTBCHHOC OIOPKETHOE O6paSOBaTeJII>HOG

YHMKaNbHbIA NPOrPaMMHbIi KNHoY: YUPEKICHUE BBICIIIETO O6p3.30BaHI/ISI
03f389fd2faa331f3feb49e53d0b7b8aa29e1114

«IATECTAHCKHII TOCYJAPCTBEHHBI YHUBEPCUTET»
®unman B 1. JlepOente

®OH/J ONEHOYHbLIX CPEACTB
10 JUCHHUILINHE

OVY/]1.09 ®u3uka
OTtaenenne CIIO

Oo0pa3oBaresibHasi NPOrpaMMa Mo CHeUaJbHOCTH

38.02.01 DxoHOMMKA U OyXTaNTEPCKUN y4eT (IO OTPacIIsiM)
dopma oOydeHwus:
OuHas

CraTtyc TUCUMIUIMHBL: BXOJUT B 0011€00pa30BaTEIbHBIN UK.

HepOenT, 2024



®onp onleHouHbIX cpeAcTB no aucuurumae OY /.09 «Dusuka» cpenHero
MpoeCCHOHATTEHOTO 00pa30BaHMs IO MPOTPAMME MOATOTOBKU CIICIIHAIMCTOB
cpeaHero 3BeHa (Ha ©0a3e OCHOBHOro oOmiero oOpa3oBaHus) 0a30BOM
MOATOTOBKHU cocTaBiieHa B 2024 roy B cooTBeTcTBUM ¢ TpeboBaHusmMu GI'OC
CIIO no cnenmansHocTH 38.02.01 «OKOHOMMKA U OYXTAITEPCKUN yUET)
ot 5 depans 2018 roma Ne69

Pazpabotuuku: npenoaasarenu otaeneHus CI1O

®oH/ O1eHOUHBIX cpeacTB no aucuuinHe « OY J1.09 ®usuka» onodpeH:
HAa 3ace/IaHnu yueOHO-MeToaudeckoi komuccuu gpuuana 'Y B r. lepOente

oT «23» siuBaps 2024 r. mpoTtokoa Neb

[Ipencenarens 3usipoBa A.JL.
( noonucw)

Ha 3aceflaHuu y4eOHO- MeToinueckor komuccuu dunuana JII'Y B r. Jlepbenre
oT «23» suBaps 2024r.nporokoi Ne 3

[Ipencenarens I'amumos P.P.
(noonucs)

PenieH3eHT (3kcmepr):
ST >

"

y ﬁ( /f[‘yﬁ(«ﬂ B/ Ny

j!é« Y. papek no 787 DYa. cue e J A
/= S pbE nagweresariue opeanuzayuu (nodnuts) Bamuntia H.0.

{34 }Q‘éo.ifjémocniz; pykoeooumens)

\=2sMUT. o3




Gl WN -

KPUTEPUU OHEHKMU 110 JUCHUIIJINHE
KOMILIEKT 3AJTAHUH JIJISI KOHTPOJIbHOM PABOTBI

COJIEPXAHHUE

JIACIHIOPT @OHJIA OHEHOYHbBIX CPEJACTB 1O JUCHUIIJIMHE
.TPEBOBAHUSA K IPEAMETHBIM PE3YJIbTATAM OCBOEHUS




1. HMACHOPT ®OHJA OOEHOYHBIX CPEACTB

no aucnumiande OY .09 ®U3UKA

1.1. OcHoBHBIE CBe/IeHUS O AUCIHUIITIHUHE
OO6m1ast TPyI0€MKOCTh TUCIUIUIMHEI COCTABIISET /2 aKaJeMUIECKUX YaCOB.

By paboTsr

1 cemecTp ouHoOe

Oo6mast Tpy10éMKOCTh

72

KonTakTHas padora:

50

Jlexumu (JI)

16

[IpakTuueckue 3anstus (113)

34

Koncynpranuu

[IpomexyTodHas arTecTarus (3a4er,
PK3aMCH)

CamocrosiTesibHas padora:
- camocmosamenvbHoe uzyueHue pazoenos
(nepeuuciumn);

18

- camonoo2omoska (npopabomka u
noemopenue Mamepuana u Mamepuana
VuebHUKO08 U yueOHbIX NOCOOUl,

- H0O20MOBKA K npakmu4yecKum 3aHAmuim,

- H0020MOBKA K PYOEHCHOMY KOHMPONIO U
m.n.)

nuddepeHnpoBaHHbIi 3a4eT)

Bua uToroBoro KOHTpoJIs (3a4eT, IK3aMeH,

1.2. TpeGoBaHus K pe3yjbTaTam 00yYeHUsi 0 TUCUUILINHE, GOPMBI HX
KOHTPOJISI U BU/bI OLIEHOYHBIX CPE/ICTB

Ne [ KontpoJsmpyembie pa3aeiibl (Tembl) [Hammvenoanume — (NeNe 3aganmii |Cnoco0
AUCHUITHHBI OLICHOYHOT'0 KOHTPOJISI
cpeacTBa
1. [Ipeamet PU3MKHN. KoHnTposnpHas B1,B2
OCHOBHbIe paboTtaNel. pabora C

1T.N Npop.K




2. [MonekynsapHasa (usnka n [IpakTHyecKas B1,B2 [THCEMEHHO
TEPMOJMHaMUNNKa pa60Ta
3. |OcHOBEI 3N1IEKTPOANHAMUKN CamocrositennbHas  [B1, B2 Tecr
pabota pabora

2. KOHTPOJIBHBIE 3AJJAHUSA U UHBIE MATEPHUAJIBI OHEHKHU

3HAHUI, YMEHUI, HABBIKOB U (WJIH) ONBITA 1eATeJIbHOCTH,

XapaKTepu3youue 3Tanbl ((OpMHUPOBAHNUS KOMIIETEHIIUI B IIpoiecce

ocBoeHus qucuuminabl OY/1.09 ®usuka.

2.1. KonTpouabHasi padora Tema: KunemaTuka
KonTtpouabnas padora Nel

BAPUAHT 1

1. CxopocTh TiepBOro aBTOMOOUIIST OTHOCHTENBHO BTOoporo 30 km/4, a otHocuTenpHO 3emiu 120 km/4.

4.

Omnpenenure CKOPOCTh BTOPOI'0 aBTOMOOMIIS OTHOCUTENBHO 3€MIIH, €CJIM aBTOMOOMIIN
JBIOKYTCS] B OZJTHOM HallpaBJIEHUH.
Ha pucynke nanbl rpaduku ckopocteit AByx Ten. OnpenenunTe:

a) HAaYaJIbHYIO U KOHEYHYI0 CKOPOCTH KaX10r0 U3 Tell;
0) C KaKUM YCKOPEHHUEM JBUTAJIHChH Tela;
B) HaAIHIINTE ypaBHEHUS CKOPOCTH U TIEPEMEIICHUS TS

KaXJIOTO Tela.

[{upkoBOW apTUCT NpH MAJACHUM C TPANEIMA HA CETKYy HMeN

ckopocth 9 M/c. C KakuM yCKOPEHHEM MPOXOJHII0 TOPMOKEHHE,

€CJIM JI0 TIOJTHOM OCTAaHOBKH CETKa MPOorHyJack Ha 1,5 m?

Benocuneauct nmpoexan 80 m 3a nepsbie 10 ¢, a cnenyromume 50 M 3a 5 ¢. HaiimuTe cpeiHiO0 CKOPOCTh
BEJIOCHUTIC/IUCTA.

5. Onpenenute riryOuHy yIIebs, €CJIM KAMEHb MAacCOU 4 KT TOCTHUT ero 3a 6 c.

BAPUAHT 2

1. Ilo mpsmoii gopore B OJHY CTOPOHY ABMKYTCS JIETKOBOW M TPY30BOM aBTOMOOHIIN CO CKOPOCTSIMHU

72 xm/4 1 54 xM/4 cooTBeTcTBEHHO. Ol peaennTe CKOpoCTh IPY30BOI0 aBTOMOOMIIS
OTHOCHUTEJIBHO JIETKOBOTO.



2. Ha pucyHnke naHbl rpa@uKd CKOpPOCTEH IBHXKCHHMH JBYX TEJl.
Onpenenure:
a) CKOPOCTH IBIXEHHS IIEPBOTO TETA,
0) HaYaIbHYIO M KOHEYHYIO CKOPOCTH JIBHXKEHHS BTOPOTO TEIIa;
B) YCKOpEHHE JBIKEHUS BTOPOTO TENa;
I') 4epe3 CKOJIBKO CEKyHJ o0a Teia NpHOOpenH OJUHAKOBYIO
CKOpOCTB;
1) HaMUIIATE YPAaBHEHUS CKOPOCTHU M IEPEMEIICHUS ISl KaKI0T0
Tena.
3. Ilyns B cTBOJIe aBTOMAaTa KanamHuKoBa IBUKETCS ¢ YCKOPEHUEM
616 m/c?. KakoBa CKOPOCTb BBIIETA ITYJIH, €CIH JuinHA cTBoa 41,5 cm?
4. Camoner yBemuumi 3a 12 c.ckopocth oT 240 km/4 1o 360 kM/4. UeMy paBHO TiepeMeIieHre
caMoJIeTa 3a 3TO BpeMst ? ¢ KaKUM YCKOPEHUEM JIBUTAJICS CaMOJIeT?
5. JIBYOKEHUS IBYX MOTOIMKJIMCTOB 3a1aHbl YPaBHEHHUAMH X = 15 +t2, x = 8t. Onmcarh IBHKCHHE
K2XKJ0T0 MOTOIIMKJIMCTA, HAUTH BPEMS M MECTO BCTPEUH. 3AIHIIUTE 3aBUCIMOCTh CKOPOCTH TeJia
ot Bpemenu & (t).

Pabora Ha 45 muH.

Kputepuu onenku:

- OIIEHKA «OTJIMYHOY» BBICTABIISICTCS CTY/ICHTY, €CJIH BEPHO BBITIOJHEHO 5 3aaHHUS |
- OLIEHKA «XOPOIIIOY» ,eCJIH BEPHO BBIMOIHEHO 43a/IaHMUS,;

- OIICHKA «YJOBJIECTBOPUTEIILHOY,ECIIH BEPHO BBIOJHEHO 2 WU 3 3aJIaHHUs

- OIICHKA «HEYAOBIETBOPUTEIIBHO»,ECITH BEPHO BBITIOJHEHO MEHee 2 3aIaHui

IIpakTnyeckas padora

Bapuant 1
1 .HaiiTi cuny rpaBUTaIlMOHHOTO MPUTSHKEHHUS, JEHCTBYIONTYI0 MexXay 3emiel u CoHIleM, eclii Macca
3emuu paBHa 6" 1024 kr, a Macca conHIa 2-10% kr. Paccrosaue ot 3emum 1o Comama 150406 kM.
2 . Kakyio ckopocTh JOJDKEH MMETh CIYTHHK 3€MJIM, YTOOBI JBHUTAaThCS BOKPYT KPYIOBOM OpPOHUTHI Ha
BBICOTE, paBHOM MoJjioBHHE paguyca 3emin ? Macca 3emin 64024 xr, paguyc 3emuu 6400xm.
3 Tenexka C MECKOM KaTHUTCS CO CKOPOCTBbIO 1 M/C 1o ropu3oHTanbHOMY IyTH Oe3 TpeHus. HaBctpeuy
TEJIe)KKE JIETUT LIap MacCod 2 KI' ¢ TOPU3OHTAIBLHOM ckopocThio 7 m/c. Illap mociie monagaHusi B ECOK
3acTpeBaeT B HEM. B Kakyro CTOpPOHY M ¢ KaKOW CKOPOCTBIO MOKATHUTCS TeNleKKa IOCiIe CTOJIKHOBEHHUS C
mapom? Macca Tenexkn 10 kr.
4 . Cuna cOnpOTHBIICHUS IIBH)KEHHUIO 3JeKTpoBo3a coctasisieT 4 kH. Haiinure cunmy Taru, eciam ero
yckopenue cocrasnser 0,1 m/c?, a macca pana 90 T.
5 .Ympspkka co0ak mpu IBMXKEHWU CaHEH 1O CHETY MOXKET JEHCTBOBATH ¢ MakCUMalbHOU cuitoit 0,5 kH.
Kakoil Maccbl caHu ¢ rpy30M MOXKET IepeMeIlaTh YIPsDKKa, IBUTasCh PaBHOMEPHO, €Ciii KO3 (PUIHEHT
Tpenus paseH 0,1

Bapuanr 2
1 .C xakoil cuoi NPUTATUBAIOTCA IPYT K ApYry aBe KHUrM Maccoil 300r. kaxpaas, HaxoIsIuecs Ha
PaccTOsSIHUM 2 M JIpyT OT apyra?
2 .Yewmy paBHa nepBasi KOCMUYECKasi CKOPOCTh JUIst JIyHBI , €ClTi ee Macca U pajiiyc COCTaBIISIET TPUMEPHO
7-1022xr 1 1700KkM COOTBETCTBEHHO?
3 .Haiitn yanmunenue 6ykcupHoro tpoca ¢ skectkoctbio 0,01 MH/M npu 6ykcupoBke aBTOMOOHIIS Maccoi
B 2 T ¢ yckopenueM 0,5 m/c?,
4 . TpakTop , cuia TAru KoToporo Ha kproke 15 kH, coobmaer npuneny yckopenuto 0,5 m/c? . Kakoe
YCKOpEHHE COOOLIUT TOMY K€ MPHIEIy TPAKTOP , Pa3BUBAIOIINI TATOBOE YCUIINE
60 kH?
5 .C noxku maccoii 200 kr npsiraet B HanpaBJieHHH Oepera MaIbYuK Maccoi 40 Kr.co CKOpOCThIO

20 m/c. Haiitu ckopocts Jioaku. OnpeaenTh HalpaBieHue CKOPOCTH.

Kpurtepun ouenku:
- ONCHKA KOTJIIMYHO» BBICTABJIACTCA CTYACHTY, CCJIM BEPHO BBIIIOJTHCHO 5 3aI[aHPII>'I ;



- OIIEHKA «XOPOILIO» ,eCJIM BEPHO BHIIOJIHEHO 43aqaHuM;
- OIICHKA «YJOBJIETBOPUTEIHLHO»,ECIIH BEPHO BBITIOJIHEHO OT 2 /10 33aaHui ;
- OIICHKA «HEYJOBJICTBOPUTEIHHOY,ECITH BEPHO BBITIOJHEHO MEHee 2 3aaHHi

3aKoHBI COXpaHEHHUs B MeXaHHUKE.

Bapuanm 1
1. lap maccoii 100 T cBOOOAHO yIai Ha TOPU3OHTAIBHYIO IIOIAJIKY, HMEs B MOMEHT yJapa CKopocTh 10
M/c. HaiimuTe n3aMeHeHne NMITyIbca Ipu aOCOIOTHO YIIPYTOM yaape.
2. Ha Baronerky maccoii 2,4 T, IBHKYIIIEHCs co ckopocThio 2,0 M/C, CBepXy BEpTHKAILHO HACHIAIH TIECOK
Maccoit 800 kr. OmnpeaenuTe CKOPOCTh BATOHETKH MOCJIE 3TOTO.
3. C mnorunst Beicotoit 20 M nagaet 1,8M104 1 Boabl. Kakas mpu 3TOM coBepmaercs padora?
4. Omnpenenure NOTSHIMATBHYO YHEPTHIO MPYKUHBI )KecTKOCThIO 1,0 KH/M, eciin M3BECTHO, UTO CKaTHE
npyXuHbI 30 MM.
5. Kakas paboTta coBepiaeTcs JIOMIa 160 Py pAaBHOMEPHOM MepEeMENICHNH 110 PETbcaM BarOHETKH MacCon
1,5 T Ha pacctosaue 500 M, ecu koadduiueHt tpenus pasex 0,008?

Bapuanm 2
1. Ompenenute MOIE3HYIO MOIIHOCTH JABHUTATEINS MOTOIMKIIA, €CIH Ipu ckopocTu 108 km/4 ero cuna TiIru
paBHa 350 H.
2. MarepuanbpHas Touka Maccoit 1 kr umeet ummyisc 20 kr*m/c. Onpenenute e€ CKOPOCTb.
3. CHapsin maccoir 20 Kr, ABIKYIIMHCS B TOPHU3OHTAIBHOM HampaBieHHH co ckopoctbio 0.50 xm/c,
nomnajaaeT B miatgopmy ¢ neckom maccoi 10 T u 3acTpeBaeT B mecke. UeMy paBHA CKOPOCTH IIaT(OPMBI
MOCIIE CTOJIKHOBEHUS?
4. Kaxkas pabota coBepIuaeTcsi Ipy HOJHITUH C 3eMJIM MaTepranoB, HEOOXOJUMBIX [UI IIOCTPOUKU KOJOHBI
BBICOTO# 20 M C IIOIIA/IbI0 monepedHoro cedenus 1,2 M2? InoTHOCTH MaTepuana pasHa 2,6403 kr/me,
5. Ompenenute , ¢ KaKOW CKOPOCTBIO HA0 OPOCHUTH BHU3 MU C BBICOTHI 3 M, YTOOBI OH IOJIPHITHYN Ha
BBICOTY 8 M.

Kpurtepun onenku:

OLCHKA «OTJIMYHO» BBICTABJIACTCA CTYACHTY, €CJIM BEPHO BBIIIOJIHEHO 5 SallaHI/Iﬁ ;
- OLIEHKa «XOpOILIO0» ,eCIIN BEPHO BBIIOJIHEHO 43aaHN;

- OIIEHKA «Yy/J0BJIETBOPUTEIHHO»,ECIIM BEPHO BHIMIOIHEHO OT 2 10 33a7aHui ;

- OIIEHKA «HEYJJOBJIETBOPHUTEIILHOY,ECIIH BEPHO BHIITOJHEHO MEHEe 2 3a/IaHNi

Bapuant Nel

1 .Yemy paBeH 00beM OJIHOTO MOJIS HJICATLHOTO ra3a NP HOPMAITBHBIX YCIOBHUSIX.

2 . IIpu temmeparype 30 °CnasneHue raza B 3aKpbiToM cocygie Obi1o 85 klla. Kakum Oyner nasieHue
npu Temnepatype - 40 °C.

3 .M30annoHa co cxKaThM BOJOPOJOM BMECTUMOCTBIO 20 JI. BCJIEACTBUE HEUCIIPABHOCTH BEHTHJISI YTEKACT
ra3. Ilpu Temmepatype 10 °C manomerp mokaspiBaeT naBinenue 8 Mlla. Ilokazanue maHomeTpa He
m3menmnock u pu 20 °C. Onpenennre Maccy BBITEKAIONIETO ra3a.

4 . CKOJBbKO YacTuI] BO3yXa HAXOJUTCSA B KOMHaTe miomaapio 40 M 1 BEICOTON 4M Tpu TemrepaTtype 25
C° u gaBinennu 752133 Ila.

5 .Haiinure naBimeHue, KOTOpoe OKaspiBaeT 45 T. HeoHa mpu Temmeparype 273 K, eciam ero oobem
cocrtasmseT 1 1.

Bapuant Ne2

1. Ompezienute WIOTHOCTH Kuciopoa rnpu temmnepatype 47 °C u nasinennn 500 103 ITa.

6 .B3akpbITOM cocyzie BMECTHMOCTBIO 2 JI cojiepkutcs 12 kr kucnoposa . Halitu naBnenue kuciopoaa npu
temmnepatype 15 °C.

7 Ilpu xonuentpauuu raza 2,4 -10 cpeanss kuHeTnueckasi Heprusi ero mojekyn pasHa 10 J[x. Kakoe
JIaBJICHIE OKa3bIBACT ITOT I'a3 U KAKOBa TeMIlepaTypa ?

8 .Bpumcnuthe naBneHue omHoro moiss , 3aHuMarouiero npu temneparype 300 K obvem 3 1. mpu
HOPMAJIbHBIX YCJIOBHSIX.

9 .T'a3 cxar nzoTepMudecku oT oobema 10 1 10 oObema 15 1. [lapiieHue mpu 3ToM Bo3pocio Ha 6 kl]a.
KaxoBo ObL10 HauaabHOE AaBjeHHUE ?



Kpurepun onenku:

- OILIEHKA «OTJIMYHO)» BBICTABIIAETCS CTYJCHTY, €CJIM BEPHO BBINOJIHEHO S 3aJJaHuS |
- OLIEHKa «XOpOILI0» ,eCIIU BEPHO BBIIOJIHEHO 43aJaHN;

- OILIEHKA «yJ0BJIETBOPUTEIHLHO»,ECIIM BEPHO BHIMIOIHEHO 33a/1aHuii ;

- ONLCHKA «HCYAOBJICTBOPUTCIBbHO»,CCJIN BEPHO BBIIIOJIHCHO MCHCC 2 3aﬂaHHﬁ

Tema 5. . OcHOBBI TEPMOTUHAMMKH.

Bapuantl

1 .Tlpu u306apHOM pacummpeHuu rasa Ha 0,5 M® emy ObLIO MepeIaHo 0,3 M/l TertoTsl. Berauciure
HU3MEHCHUE BHYTPEHHEH SHEPruHM ra3a, eciu ero aasierue pasuo 200 1 0°[1a.

2 . BHyTpeHHss 3HEPTHUs BOAOPOJA , HAXOAIIETOCS IPU TeMIIepaType 400K , cocraBnser
900K I>x.KakoBa Macca 3toro raza?

3 .KIIJ rermoBoro neuratens paBeH 45%. Kakyro remneparypy uMeeT XOJIOIUIBHUK ,eCITH TeMITepaTypa
HarpeBaTtens pasHa 227 °C.

4 . Aspocrar oobemom 600m® HamosHeH renmem noa aaiaenuem 1 5(I" 10° TTa. B pesynbrare COTHEYHOTO
HarpeBa Temrieparypa B adpocrare nogusiack oT 10 °C mo 25°C. HackoiapKo yBeIHMYMIAChH BHYTPEHHSS
sHeprus raza’?

5 .Tennosas mammuna umeetr makcumansHoe KII/I 50 % .Onpenenute Temmneparypy XOJOJUIbHUKA ,eCITH
Temneparypa Harpeparens 820 K.

Bapuant2

1 .TI'a3, 3armMmarommii 00vemM 22 1. mox gasieHuem 100 -103 Ila 6w marper ot 80 °C go 110° C .
Omnpeaenure paboTy paclIMpeHus rasa, eciy AaBJICHNUE HE H3MEHUIIOCh.

2 .KakoBa macca a3zora npu tremrieparype 30 °C, eciu ero BHYTpEHHsS SHepTus cocTaBisieT 2,6 M/x?

3 .Uemy paBHa Temrieparypa XoJIOAWIbHUKA mapoBoi Typounsl, KI1J] koTopoii 60%, a HarpeBarenb nMeeT
temnepatypy 490 °C.

4 Kakoe KOJIHYEeCTBO BOJSTHOTO TIapa HaJ0 BIYCTUTH B KACTPIOJIO, YT00BI HarpeTh 3.1 Bos! oT 20 °C go 60
°C.

5 .Jasnenue rasa B umuHape cocrasuiio 0,8MlIla npu Temnepatype 200 °C. Ilocne n30XOpHOTO
OXJIKICHHMS JAaBlieHue yMeHbImIoch 10 250 kl1a. Haiinure n3ameHeHue BHyTpeHHeH sHepruu 1 kr rasa, ero
KOHEYHYIO TEMIIEpaTypy, KOJIHUECTBO TEIUIOTHI, OTAAHHOE T'a30M, M COBEPLICHHYIO TIPU 3TOM paboTy.

Kpurtepun ouenku:

- OIIEHKA «OTJIMYHOY» BBICTABIISETCS CTYJCHTY, €CJIM BEPHO BBIMOJIHEHO S 3aaHuii;
- OLEHKAa «XOPOILI0», ECIIN BEPHO BBIIOJIHEHO 43aJaHN;

- OIICHKA «YJOBJIETBOPUTEILHOY, €CIIM BEPHO BHIIOIIHEHO 2 - 3 3aJaHUH;

- OIIEHKAa «HEYJIOBJIETBOPUTEIbHOY, BEPHO BBIITOJHEHO MEHEe 2 3aaHui

Pazgen 6 OcHOBBI 3J1eKTPOAMHAMHKH.
Bapuant Nel.

1. DnexTpoH, ABUrasich B 3JEKTPHUECKOM TIOJeE, M3MEHsIeT CBOIWO ckopocTh oT 200 kM/c 1o
10000xm/c . Uemy paBHa pa3HOCTH MOTSHIMAIOB MEXK/Y Ha4aJIbHOM M KOHEYHON TOYKAMU Iy TH?

2. B 0HOPOIHOM DIIEKTPHYECKOM TI0JIE HAXOAUTCS NbUInHKa Maccoi 40-108 rp. o6nanaer 3apsaom
1,6 *10Kn. Kakoil m0mKkeH OBITH 10 BEIMYUHE HAINPSKEHHOCTH II0JIS, YTOOBI MBUIMHKA
ocTasnach B IIOKOE.

3. JIBa To4euHsIX 3apana 6,6 *10° Ki u 1,3240®Kn naxoaures B Bakyyme Ha paccrosHuu 40 cM
IpyT ot apyra. KakoBa cuia B3auMOJEHCTBHS MEXITY 3apsiaaMu?

4. TloyeMmy KOHJEHCATOPHI, MMEIOIIHME OJIMHAKOBBIE EMKOCTH, HO PACCUMTAHHBIC HA pPa3HbIC
HaNpPsKEHUS. UMEIOT HEOANMHAKOBbIE pa3Mephl?

5. Kakyro miomaab IOMKHB MMETh TUIACTHHBI TIOCKOTO KOHJIGHCATOpA JUIsl TOrO 4TOOBI €ro
AJNIEKTPOEMKOCTh ObUTa paBHa 2 MK®D, eciau MEeXIy TIIACTHHAMU ITOMEIIASTCS CIION CIFO/BI
tonmuHok 0,2 mm? (e =7).

BapuanTt Ne2.

1. Uemy paBHa pa3HOCTh MOTEHIIUAIOB MEX/Y IBYMSI TOUYKAMH IJIEKTPUUYECKOTO MO, SCIH MPH
epeMeIneHrr MeX Ty HumH 3apsna 640 -3 Kir coepmraercs pabora B 30 mIx?

2. Ha Ttoueunslii 3apsa B 2 HKII, OMEIIEHHBIH B 3JIEKTpUYecKoe moie, AercTByeT cuna 16 MxH .
UeMy paBHA HaINPSHKEHHOCTH B JAHHOW TOYKE TIOJIS?



3. BoruucnuTe crity B3aMOICHCTBUS MEXKAY IBYMsI IAPUKAMU, HAXOASIIMMUCS Ha PACCTOSHHUU 5
CM JIpYT HAOT Jipyra B Bo3ayxe, umetromue 3apsasl 10 HKn u - 15 uKin cooTBeTcTBEHHO.
4. Tlowemy mnpuOOpBl IS DJIEKTPOCTATHYECKHX ONBITOB HE WMEIOT OCTPBIX KOHIIOB, a
3aKaHYMBAIOTCS OKPYTIEHHBIMHU MMOBEPXHOCTAMU?
5. Tlnockuii konaeHcarop umeet miomas miactur 2000 cm?. Paccrosuue Mexay miactuHamu 0,5
MM. K ogHO#l u3 00KJIamoOK M3HYTpU MpUiieraeT IUIaCTHHA AWAJIEKTpuKa TommmHoi 0,3 MM
TUDIIEKTPUYECKON  mpoHuIaeMocTeio?  OcTambHOE MPOCTPAHCTBO MEXAY OOKIaJKaMH
KOHJIEHCAaTOpa 3alloJHEHO BO3AyXoM. OnpenenTh eMKOCTh KOHACHCATOPA.
Kpurepun ouenku:
- OIICHKA «OTJIMYHO» BBICTABIIICTCS CTYACHTY, €CJIM BEPHO BBITIOJIHEHO 5 3a/1aHNS;
- OIIEHKA «XOPOIILIO», €CJIM BEPHO BHIOJIHEHO 43a1aHus;
- OIICHKA «YJOBJICTBOPUTEIHHOY, €CIIM BEPHO BBIITOJIHEHO 2-33a/1aHuM;
- OILIEHKAa «HEYIOBJICTBOPUTEIHLHOY, €CITU BEPHO BBHIIIOJIHEHO MEHee 2 3aaHui

Tema 8. D1eMeHTHI KBAHTOBOM (PM3UKH

Bapuant Nel.

1. Onpenpenuts uMmyibe GpoToHa ¢ sHepruerd pasHor 1,2' 1018 k.

2. BpUuCIATH ATUHY BOJIHBI KpacHOM rpaHuibl (hoTodddexTa 1 cepedpa.

3. Ompenenure HaMOOMIBIIYIO CKOPOCTh IEKTPOHA, BBUIETEBIIET0 U3 [IE3Us IIPH OCBEILCHUHU €r0 CBETOM
JmumHOH BoHEI 3,31 * 10-7 M. PabGoTa BeIx0ma paBHa 2 3B, Macca anmekTpoHa 9,1-10 -31kr?

4. Kakyro MakCUMaJIbHYIO KHHETHUECKYIO SHEPTHIO UMEIOT 3JIEKTPOHBI, BRIPBAaHHBIE U3 OKCUAA Oapus , IpH
o0ydenun cBeToM yacroroid 1 [1I'?

5. Haiitu paGoTy BbIXOza 3JI€KTPOHA C IOBEPXHOCTH HEKOTOPOTIO METaJlIa, €CIU MPH 00JIyYeHUH 3TOr0
MaTepurana XKelThIM CBETOM CKOPOCTh BEIOMTHIX DJIEKTPOHOB PaBHA 0,28 -10° m/c. Jlnuua BOJHBI
JKENTOro ceera paBHa 590 HM.

Bapuant Ne2,

1 . Onpenenute kpacHyto rpanuiy ¢hotodddexra mis xamus.

2 . Onpenenuts HEPTUIO (HOTOHOB, COOTBETCTBYIOMINX Hanbonee MIuHABIM ( X = 0,75 MKM) 1 Hanbomee
KOpOoTKUM (X= 0,4 MKM ) BOJIHaM BUAMMOM YacTH CIIEKTpa.

3 .Kakoil 11uHBI BOJIHBI HAJI0 HAMPaBUTh CBET HA MOBEPXHOCTH II€3Us, YTOOBI MaKCHUMaJbHAasi CKOPOCTh
¢dorornemenToB ObLTa 2 MM/ ?

4 Y InvHEHHBIH METANTUYECKUH IapHUK 00Ty4aroT MOHOXPOMAaTHUECKHM CBETOM JITTMHOM BOJIHBI 4 HM. [lo
KaKoro MMOTeHIMaNa 3apsaaurcs mapuk? Pabora BeIxona u3 HuHKa paBHa 4 3B.

5 .BbluncnuTe MaKCUMaJIbHYIO CKOPOCTB 3JIEKTPOHOB, BRIPBAHHBIX X METaJUIA CBETOM C JUIMHOW BOJIHBI
pasHoii 0,18 Mxm. PaGora Beixona pasna 7,2 +10% JTx

Kpurtepun ouenku:

- OIIEHKA «OTJIMYHO)» BBICTABIISETCS CTYJICHTY, €CIIM BEPHO BBIINOJIHEHO S 33/1aHMUS;
- OLEHKA «XOPOILI0», ECIIN BEPHO BBINOIHEHO 43a1aHM1S,

- OIIEHKa «Y/0BJIETBOPUTEIHHO», €CIIM BEPHO BBIIIOJHEHO 2-33a1aHuil;

- OILIEHKA «HEYJOBJIETBOPHUTEIILHOY, €CIIH BHIIIOJIHEHO MeHee 2 3a/laHuil

2.2. TecToBbIC 32IaAHUS:

«MexaHnka»
1 .MckyccTBeHHBIN CIyTHUK o0panaeTrcs BOKPYT 3eMJIM 10 KPYropoii opoute paauycom R



¢ nepuoaoMm odpamenusi 1 cyt. KakoBbl myTh U nepemMenenne cnyriuka 3a 1 cyr?
A. TlyTp 1 nepeMenieHre OIMHAKOBBI U PaBHBI HYIIIO.

b. IlyTts 1 nepemMeliieHre 0OIMHAKOBBI U paBHBI 2nR.

B. IlyTh u nepemerienue oJIMHaKOBBI U paBHbI 2R.

I". Iyt 2nR, nepememenue 0.

M. Iyt nR, nepememienue 0.

E. ITyts nR,nepememnienne 2R.

2. C kaKkuM yCKOpeHHeM JIBHKeTCH Opycok Maccoii 10kr moa neiicteuem cuiibl SH?

A. 50 m/c?
B. 25 m/c?
B. 2 m/c?
I'.0,5m/ct

3. MoTopHasi JI0OIKa ABUKETCS 110 TEYEHHI0 PEKH €O CKOPOCTHIO SM/c, a B cTOsiUeil BoJe co
cKopocThio 3M/c. UeMy paBHA CKOPOCTH Te€YeHUE PEKH?

A.1wm/cB.1,5 M/cB. 2 m/cI".3,5 m/c

1.1 cam MHOTOKpPaTHO CKMMATh NPYKUHY, TO OHA HATPeBAaeTCsl, TAK KaK:

A. moTeHUuaNbHas SHEPTUs NPYKUHbI IEPEXOUT B KHHETUUECKYIO

b. xuHeTn4eckas 3Heprus NpyKUHBI IEPEXOAUT B IIOTEHLIUAIBHYIO

B. "yacTe 3HEpruM NpyXUHbI IEPEXOIUT BO BHYTPEHHIOIO €€ DHEPIUIO

I'. mpy»uHa HarpeBaeTcss IpU TPEHUH O BO31yX

5 .IMaccaxxup JudTa HAXOAUTCS B MOKOE OTHOCHUTEIbHO 3eMJIH €CJIN:

A. mudt nagaer

b. nudt nBuxkeTcss paBHOMEPHO

B. madt nBmxercs BBepx ¢ yckopenuem 9,8 m/c2

I'. H1 IpU KaKOM U3 BBILIENIEPEUNCIIEHHBIX YCIOBUN

6 .Ilo kakoii U3 GopMyJ MOKHO PACCUNTATH KHHETHYECKYI0 SJHEPIHI0 IBUKYIIErocs Tesa:

7.Ecam As ecTh nepeMelieHue Tejla 3a CKOJIbKO YIOIHO MaJIblii HHTepBaJ BpeMeHnu At, To

KaKasl BeJINUMHA onpe/e/isieTcs OTHOIEHUeM ' -

A. Ilyteb. nepememenneB. CkopocTh TOIBKO MPSIMOIMHENHOTO ABUKEHUS.

I'. MraoBeHHast CKOPOCTh JIt00or0 aBIKeHus /. Yckoperue

8. Ecum 0003HaYUTH Au H3MeHeHHEe CKOPOCTH 32 CKOJIbKO YIO/IHO MaJIbIii
HHTePBaJ BpeMeHH At, TO TaKkasi BeJIMYHHA ONpe/esisieTcsi OTHOLIeHneM Av/At?

A. YBenuueHue CKOpoCTH.

b. YMeHb1IEHHE CKOPOCTH

B. Yckopenue Tonbko paBHOMEPHOI'O ABUKEHUS 110 OKPYKHOCTH.

I'. Yckopenue m000T0 ABHKCHUS

9 .ABTOMOOM/Ib HAYMHAET NPSAMOJIMHEIHOEe PABHOYCKOPEHHOE IBHKeHHe U3 COCTOSIHUA
nokosi. Kakoii nyTs 0yaet npoiiaen 3a 1 MUH Py IBHKEHUH € YCKOpeHHeM 2M / ¢27?
A. 1wmb. 2 MB. 120 mI'. 1800 m/I. 3600 ME. 7200 m

10 .Kakoii nyTh NpoiieH caM0J1eTOM /10 OCTAHOBKH, €CJIH €ro yCKOpPeHHe B mpolecce



TOPMO:KEeHHUs1 ObLI0 paBHO 6 M/C2, a CKOPOCTHL B MOMEHT HayaJjia TopMoskeHus 60 m/c?

A. 600 mb. 300 MB.360 MI".180 m

11. UckyccTBeHHBIH CIYTHUK 00pamiaeTcsi BOKPYr 3emJiu 1o Kpyrooii opoure paguycom R ¢
nepuoaom odpamenns 1 cyt. KakoBbl myTh 1 nepeMeinense cnyTHuKa 3a 12 u?

A. IlyTb 1 nepemMerieHyre 0OJUHAKOBbI U PaBHBI HYIIIO.

b. [1yTs u nepemenienre OJuHAKOBBI U paBHBI 2nR.

B. IlyTh u mepemerieHne oJuHaKoBbI U paBHBI 2R.

I'. ITyts 2nR, nepememnienue 0.

M. Iyt NR, nepememenwue 0.

1. Ilyts nR,nepememenue 2R.

12. Ecsin 0003HaYMTh | -myTh, S - mepeMelieHue Tejia 3a Bpems t, At u AS - nyTh U
nepemMelleHNe TeJIa 3a CKOJbKO YTOHO MaJIblii HHTepBaJ BpeMeHHn At, To kakoii ¢opmyJioi
onpeaeisieTcss MTHOBEHHAsi CKOPOCTH TeJa?

A. I/ th. s/tB. As/Atr. Al/At

13 .ABTOMOOWJIb HAYMHAET MPAMOJIMHEHHOE PABHOYCKOPEHHOE IBHKEHHE U3 COCTOSTHUSA
nokos. Kakoii myts Oyaer npoiinen 3a 0,5 MuH npu 1Bu:keHun ¢ yckopenuem 0,4m / ¢2?

A. 0,05 mb. 0,1 MmB. 12 mI'. 180 m/I. 360 m

14 .Kakoii nyTh npoiiieH caM0JIeTOM 10 OCTAHOBKH, €CJIU €ro YCKOpeHue B nmpoiecce
TOPMO:KeHus1 ObLJIO paBHO 4 M/C2, a CKOPOCTH B MOMEHT HavaJia Topmoskenus 40 m/c?

A. 400 mb. 200 MB.160 MI".80 M

15.Yes0BeK HIET €O CKOPOCTHIO 5 KM/4 OTHOCUTEIHLHO BaroHa 1oe3/1a 110 HANPABJIEHUIO ero
JABHMKEHHSI, T0€3]] IBUKETCHA CO CKOPOCThIO 20 KM/4 oTHOCHTEIBLHO 3eMin. C Kakou
CKOPOCTHI0 YeJI0BeK JIBHAKETCS OTHOCUTEIbHO 3eMiin?

A. 5 xm/ub. 20 kmM/uB.25 km/ul.15 km/ 4

16. KakoBo HanpaBJ/ieHHe BEKTOPa YCKOPeHHs IPH PABHOMEPHOM /IBHKEHHMH TeJIa 110
OKPYKHOCTH?

A. Tlo HampaBieHUIO BEKTOpa CKOPOCTH

b. IIpoTuB HanpaBieHUs! BEKTOPAa CKOPOCTH

B. K nenrpy okpyxHocTH

I'. Ot ueHrpa OKpy>KHOCTH.

. Yckopenue paBHO HYJIIO.

17 .ABTOMOOMIb HA IOBOPOTE ABHAKETCH MO0 OKPYKHOCTH paauyca 10 M ¢ mocTOSsHHOM 1O
MOYJII0 CKOpocThIo S5 M/c. KakoBo neHTpocTpeMuTebHoOe ycKOpeHue?

A. 0 m/¢?

Bb. 2,5 m/c"

B .50 m/c"

I.250 m/c?

. 2 m/c?
18 .C xakuM mepmoaoM I0/:KHA BPAIATHCS Kapyceab paanycom 6,4 M 1151 TOro, YTo Obl
HEeHTPOCTPEMHUTEIbHOE YCKOPEeHHe YeJI0BeKa Ha Kapycesn 0bL10 paBHo 10 m/c2?
A.5¢b.0,6cB.16cl.4c/.25¢
19 . MakcumajibHOe YCKOpPeHHe , ¢ KAKMM MOKeT ABHUraThCsl aBTOMOOM/Ib HA MIOBOPOTe,
paBHO 4M/c2 . KakoB MUHMMAJILHBIH PainyC OKPYKHOCTH, 110 KOTOPOH MOKET ABUIATHCS
aBTOMOOMJIb HA TOPHU30HTAJIBHOM Y4aCTKe IYTH CO CKOPOCTBHIO 72 KM/4?
A. 18 mb. 1300 MB. 5 mI'. 100 m
20.Ye0BeKk naeT €O CKOPOCTHIO 5 KM/4 OTHOCHTEJILHO BAaroHa 10e3/1a NPOTHB HANIPABJIeHUSA
ero JIBUKeHMSs1, M10e3]1 ABUKeTCs €O CKopocThio 20 kM/4 oTHOcUTENbHO 3eMuiu. C kakoii
CKOPOCTHIO YeJIOBEK JABUKETCS OTHOCHTENbHO 3eMiiu?



A. 5 xkm/ub. 20 xmM/uB.25 km/ul.15 km/ 1

21 .Cuasbl F1u F2 npuiioxkeHbl K 0HOI TOYKe TeJia, yroJ Mexkay BekTopamu Fiu F2 paBen
900. Uemy paBeH MOIYJIb PABHO/IEiCTBYIOIIEH dTHUX CHJI?

A.Fi-F2b. F2- FiB. Fi+ F2

' V'FP + FZ?

J. VF12 -F22

22 .Ha TeJjio co cTopoHbI 3eMJIH JelicTBYeT cuiia npuTs:keHusi. Kakoe u3 npuBeeHHBIX
HUKe YTBeP:KIeHUI CipaBelJIuBO JJsl CHJIbI, JeHCTBYIOIIEH CO CTOPOHBI 3TOI0 TeJia Ha
3emunro?

A. F2=FLB. Fo<<FiB. F2=0I". Fo»F*. F2=-Fi

23.B kakHX cUCTEMAaX 0TCYETA BBINOJHATCA Bee 3 3akoHa MexaHuku Hblotona?

A. TolbKO B MHEPLHAJIBHBIX CHCTEMAaX

b. Tonpko B HEMHEPLIHUAIBHBIX CUCTEMAX

B. B unHepiuanbHbIX U HEUHEPLHUATHHBIX CUCTEMAX

I'. B m100BIX crucTeMax oTcuera

24 .Kakasi u3 nepe4ncJeHHbIX eIMHUIL SIBJIsIeTCS eIMHNIeli u3MepeHnsi padoTbl?

A. Jlxxoynbb. BartB. HetotonI. [1ackans/]. Kunorpamm

25 .Kakas ¢usuyeckasi BeJuuuHa B Mexaynapoanoii cucreme (CH) usmepsiercs B Barrax?
A. cunab. BecB. Pa6oral’. Momnocts/[. JlaBnenue

26 .HakJ/joHHasi IJIOCKOCTH J1aeT BHIMTPBINI B cuJie B 5 pa3. KakoB npu 3ToM BBIUTPBIII WIH
NMPOUTPHINI B PACCTOSTHUH?

A.Ilpourpsiu B 5 pasb. Bemurpeim B 5 pa3zB. He maet He Bbmurpeiina Hyu npourpsimal .

BoIUrpsIil WK MPOUTPHIII B 3aBUCUMOCTH OT CKOPOCTH JABUKEHUS

27 .Koubko0e:xen Maccoii 70 Kr ckoab3uT 10 Jabay. KakoBa cuiia Tpenus aeiicTByomas Ha
KOHBKOOE:KIA, ec/IM KO3 (PHIMEHT TPEHHUS CKOJIbKeHUsI KOHBKOB 110 J1bay paBeH 0,027
A.0,35Hb. 1,4 HB.3,5HI". 14 H

28 .CnopTtcMeH cTpeisieT U3 JyKa no Mmuienn: Cuiia TSZKeCTH eiiCTBYeT Ha CTpeJry:

A. KOr/ia CIOpTCMEH HaTATHBAET TETUBY Jiykab. Korja cTpena HaXOauTCs B MOJIETE

B. xorya crpena nomnajsaet B MUILIEHBI . BO BCEX 3TUX MOJOKEHUSIX

29 . Ili0T paBHOMEPHO ILILIBET MO peKe co cKkopocThio 1,6 M/c. UesioBek HaeT MO MJIOTY B
NPOTHBOMOJIOKHYIO CTOPOHY €0 cKOpocThIo 1,2 M/c. KakoBa ckopocTh YesloBeKa B cCUCTEMe
0T4eTa, CBA3aHHOI Oeperom?

A.2,8m/ch. 1,2 M/cB. 1,6 m/cT". 0,4 m/c

30 .Ha3oBuTe eqMHUIY H3MEPEHUS CUJIbI?

A. JIxoynsb. KynouB. HetotonI'. KenbBun

31 . Kakas ¢pusuyeckasi BeJIMYNHA SIBJISIETCH BEKTOPHOI?

A.Maccab.IlyteB.Bpemsal'. Cuna

32 .Ha3oBuTe eTHHHUIY H3MEPEHUSI MOITHOCTH?

A. T'epub. BartB. I'enpul". ®apan

«MouJiexyasipHas ¢puznka»

1./1Ba Tes1a pa3Hoii TeMIiepaTypbl NPUBEJIH B KOHTAKT. Tensoo0MeHn Mexxy HUMM:
A. HEBO3MOXEH

b. BO3MOEH TOJIBKO TP IPYTUX JTOMOJIHUTEIBHBIX YCIOBUAX

B. Bo3MoskeH 6e3 BCIKUX AOMOJHUTENbHBIX YCIOBUH ['. cpein 0TBETOB HET MPaBHIIBHOTO

2.Ec/in m0J102KUTH Orypell B COJIEHYI0 BO/LY, TO Yepe3 HeKOTOpPOe BpeMsi OH CTAHET COJIEHbIM.
12



Bui0epure siBjieHHe, KOTOpPOe 00513aTeJIbHO NPUAETCH HCIO0JIB30BATH NPH 00bSICHEHUH 3TOT0
SIBJICHMS:

A. mudpdy3usb. konBekmsaB. xumMudeckas peakuusl . TEIUIONPOBOIHOCTD

3.IIpu kakoii TemMnepaType MOJIEKYJIbl MOTYT IOKHAATH IOBEPXHOCTH BOABI?

A. Tosbko nipu Temneparype kuneHusb. Tonapko npu remmneparype Boiie 100°C

B. Ttonbko npu temneparype Boie 20°CI. npu m060i Temnepatype Boie 0°C

4. Temneparypa ra3za paBHa 250 K. CpeHsisi KHHeTHYeCKAsl JHEPIrHsi MOJIeKYJI ra3a npH 3ToM
paBHa:

A. -5-i0-" Ik

B.5107 Ik

B. 5m10/Ix

E 51011 [lm

5 .Koraa HagyTblii ¥ 3aBSI3aHHBIH IAPUK BHIHECM HA YUY MOPO3HBIM 1HEM OH
YMEHbIIWJICH B pa3Mepax. ITO MOKHO O0bSICHUTD!

A. yMEHBIIMIIUCH pa3Mephl MOJIEKyYIb. yMEHbIINIACh KUHETUYECKAsk SHEPT I MOJIEKY T

B. ymenbimumnock yncio Mosekyil'. MOJIeKyJIbl paclaluch Ha aTOMBbI

6 .Ilpu pa3padoTke HOBOIr0 ABTOMOOWJISI HEOOXOUMO PelIaATh CJIeAYIOILIYI0 IKOJIOTHYECKYI0
npoodJemy:

A. yBEIMYUTH MOIITHOCTD JABUTaTeNsIb. yMEHBIIUTH TOKCHUYHOCTD BBIXJIOMHBIX Ta30B

B. ynydmuts koMpOpTHOCTH canoHal . yMEHBIIUTE pacxo/1 TOIINBA

7 .Temmnepartypa nepsoro TeJa - 5°C, Broporo 260K, a tperbero 20°C. KakoB npaBuIbHbIH
NMOPSIIOK MepeYyHcIeHUsi 3TUX TeJl 0 BO3PACTAHUIO TeMIlepaTypbl?

«JIEKTPHUYECTBO»
1 .Kakas u3 ¢popmys BbipakaeT 3akoH Ky.ona:

2 .Cuaa peiictByromas Ha 3apsaa 0,00002Ka B snekTpryeckom noJie, pasua 4H.
HanpsizkeHHOCTB 10J1€ B TOM TOYKe paBHA:

A. 200000H/Knb. 0,00008H/KaB. 0,00008Ki/HT". 5 « 10-6Ki/H

3 .Hcrounuk Toka ¢ /[C 18 B umeer BHyTpeHHee conporunienne 30 Om. Kakoe 3Hauenue
Oy/JeT UMeTh CHJIA TOKA MPH MOAKJIIOYEHHH K 3TOMY HCTOYHHUKY Pe3UCTOPA COMPOTUBJIEHUEM
60 OMm:

A.0,9 ABb. 0,6 AB. 0,4 AT". 0,2 A

4 .Kakoe yTBepiKaeHHe (COTJIACHO PUCYHKA) SIBJIAAETCS NPABUIbHBIM.

A. gactunsl 1 1 2 oTTankuBaeTcs, 4acTUIBl 2 ¥ 3 IPUTATUBAIOTCS, YacTUIIBI 1 U 3 OTTANIKUBAETCS
b. vactuier 1 u 2 mpuTAruBaroTCs; YacTUllbl 2 U 3 OTTAIKUBAIOTCS, YacTUIbl 1 1 3

OTTAJIKABAIOTCS

B. gactunbl 1 u 2 oTTaNKUBAIOTCS; YaCTULIBI 2 M 3 IPUTATHBAIOTCS, YaCTHIIBI 1 U 3 MPUTATHBAIOTCS
I'. qactuiiel 1 v 2 MPUTATUBAIOTCS, YACTHIIBI 2 U 3 OTTAIKUBAIOTCS, YaCTULIBI 1 U 3 IPUTATUBAIOTCS
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5 .Kak u3MeHHTCS CHJIa KYJIOHOBCKOI0 B3aUMOJelCTBUS IBYX TOYEUYHBIX JIeKTPUYECKUX
3aps/10B eCJIM PacCTOSIHUE MeK1y HUMM YBeJU4YUTH B 3 pa3za?

14



A. yBennunres B 3 pazab. ymensmutces B 3 pazaB. yBennuutcs B 9 paz
I'. ymensutes B 9 pas
6 .Ilo kakoii U3 OPMYJ MOKHO PACCUUTATH HIEKTPOEMKOCTH IIOCKOI0 KOHeHcaTopa?

A.c-C,+c,+..+C1 2 JIT

b.C=-
M

I'. C = gBur

7 . EnnHMLel H3MepeHus 3JIeKTPUYeCKOro 3apsiaa B cucreme C/ siBisiercs:

A. xynonb. 6pacnetB. xonwel . amyner

8 .Uemy paBHa cHJIa TOKA B pe3UCTOpe CONpoTHBJIeHHeM 2 OM, ec/ii HaNPsXKeHHe Ha ero
KoHnax 2 B:

A.2AB.1AB.4AT''15A

9 .KakMMHU HOCHUTEJISIMH 3JIEKTPHYECKOI0 3aps/ia CO3/1aeTCs TOK B )KMIKOCTAX:

A. anextpoHamub. nonamuB. apipkamul’. 1100bIMU 3apsSyKEHHBIMU YaCTULIAMU

10 .Ilpu nanpsikenun 20 B yepe3 HUTH 3JIeKTPUYECKOH JJamMIibl TedeT TOK 5 A. CKoJIbKO
TeNJIa BbIACJUT HUTH JIAMIIbI 32 2 MHMH.

A. 2400 JIxb. 12000 1xB. 200 IxI". 40 [Ix

11 .Kak y3HaTh, 4TO B IaHHOI TOYKe NPOCTPAHCTBA CyIIeCTBYeT dJIeKTpH4yecKoe 1moJie?
A. IOMECTUTH B 3Ty TOUKY MarHUTHYIO CTPEJIKY U [IOCMOTPETh, OPUEHTUPYETCS JIU OHA

b. noMecTuTh B 3Ty TOUKY 3apsii U IOCMOTPETh AEUCTBYET JIM HA HETO CUJIA DJIEKTPUUECKOTO MOJIS.
B. momecTuTh B 3Ty TOUKY JIaMITy HaKaJINBaHUS U IOCMOTPETh, 3aTOPUTCS JIM OHA

I'. 3TO Henb3s ONpeIeNUTh IKCIIEPUMEHTAIILHO, T.K. 110JI€ HE IEUCTBYET Ha HAllli OPTaHbl YyBCTB
12 . Ha3oBuTe eIMHUIY H3MePEHHS 3JIeKTPOEeMKOCTH:

A. mutpb. M°B. ®apanl’. kumorpamm

13. B cnupaJjm 3JieKTpu4ecKoi IVIMTKU TeveT TOK cuiloil 3A npu Hanpsikenun 300B.
Cko0/1bK0 3Heprum norpedaser minrTka 3a 15¢?

A.4501xb. 20001xB. 135001:xI". 90001k

14. B 3y1eKTpryecKoM YaiiHUKe NPU HarpeBaHNH BO/JbI IPOMCXOAUT NpeodpasoBaHme:

A. 3JIEKTPUYECKON IHEPIHH B KHUHETUUECKYIO SHEPTHIO

b. BHYyTpeHHEN DHEPTUHU B IJIEKTPUUECKYIO SHEPTHUIO

B. anexTpudeckoil SJHEpruy BO BHYTPEHHIOIO SHEPTHUIO

I'. BHyTpeHHEN YHEPTUH B KHHETUYECKYIO SHEPTHIO

15 .ConporuBieHue pe3ucTopa yBeau4uiau B 2 pa3za. Kak npu 3ToM nu3mMeHujIach cujia
TOKA, MPOTEeKAI0IIas Yepe3 3TOT pe3ucrop?

A. ymMeHpImmIIach B 2 pazab. yBenmmunnacek B 2 pa3aB. He m3menmnacel . yBenmumnace B 4 pasa

16 .HocuTeJasiMM TOKAa B MeTAJLIIAX SIBJISIOTCS:

A. nonsib. 31ekTpoHbIB. AbIpkul . TH00bBIE 3apsKEHHBIE YaCTUIIBI

17 .Ha3oBuTe eqUHUIY H3MEPEHHUS CHJIbI TOKA:

A. HptoToHb. amnepB. BonbTl. OM

18 .I'a3oBblii pa3psja 3T0:

A. mpoliiecc IpoTeKaHus TOKa B )KUAKOCTIXD. mporecc nporekanus Toka B ra3zax

B. mpouecc npoTtekanus Toka B Bakyymel . ynap MosHuN

19 . Kakmue 3apsikeHHbI€ YACTHIIBI IEPEHOCAT 3JIEKTPHYECKHUI TOK B IOJYNPOBOJIHNKAX
A. 311eKTpOHBI U HOHBID. 3JIEKTPOHBI U JBIpKKUB. HENTPOHBI .TONBKO HOHBI

20 . Ot 4ero He 3aBHCHT CONPOTHBJIEHNE MPOBOHUKA?
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A. Temnieparypsbib. pazmepsiB. Mmatepuanal . Hanpsixenus
21 . Kakoii npu0op CJIYKHUT JJIsi H3MePeHUs1 COMPOTHUBJIeHUS?
A. omMmetpb. BartmeTpB. amnepmetpl’. Jlunamomerp

Kiroun npaBuiibHbIX 0TBETOB K (pOHAY OLIEHOUYHBIX CPEACTB MO
AUCHUIIHHE:

OVY/]1.09 ®u3uka.

Kuroun k paszneay: «Mexannkay

Pazne 2 «]|4ex|1H [a5 |6 U 8 9 10 11 (12 13 14 15 16

r r B B [r |a r r I 0 e B r 0 B B
17 (18 |19 20 21 |22 23 | 24 25 |26 27 28 |29 130 31 32
0 0 r r [r I a a |r a r r r B r 0

Kurouu k pasgeny:

«MoJiekyasipuas

dusukay»

1 2 3 4 5 |6 |7 8 9 |10 |11 |12 13

B a 00 0 B 0 ar a B a

Kutoun k paszaeny: «/1eKTPU4€CTBO»

1 2 3 4 5 6 [7 8 9 10 11

0 a |r r B B |a 0 0 0 0

12 13 14 15 16 17 18 19 20 21
B B B a 0 0 0 0 r a

1. Cuna, BO3HUKAIOIIAs B pe3yJibTaTe AedopManuy TeJia M HAIPABJIEHHAsI B CTOPOHY,
NMPOTHBOMOJIOKHYIO TlepeMelleHUI0 YACTHII TeJla, HA3bIBAETCS:

+A. cunoit ynpyroctu. b. cunoit Tspkectu. B. Becom tena.

2. ®opmyaa, Bbipaxkawimasn || 3akon Herotona?

A.P =ma-+b.a = F/mB.F = pNF.F = Gm"/R2

3. Ilo kakoii popmMy.e onpeaesiioT CHIy TKecTH?

+A.mg. b. k Al. B. vt.

4. Yenosek, macca koToporo 80 Kr, Aep:KUT Ha miieyax Memok Maccoii 10 kr. C kakoii cuioii
JABHUT YeJOBEK HA 3eMJII0?

A.800H. b. 700H.  +B. 900 H.

5. UYemy mpuMepHO paBHA CHJIa TAKeCTH, IelicTBYIOLIasi HA MY Maccoi 0,5kr?
+A.5H.b.0,5H. B.50 H.

6. Temno maccoii 500 r cB00OAHO MaKaeT ¢ HEKOTOPOI BHICOTHI. B MOMEHT majieHHsI Ha 3eMJII0 €ro

KHHeTH4eckas 3Heprus pasHa 100 x. C kakoii cKOPOCTBIO yNaJio Teao?
A. 400 m/c. +B. 20 m/c. B. 45 m/c. T'. 300 m/c.
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7. Omnpeaennrte KHHETHYECKYI0 JHEPruIo Teja Maccoii 200r, KoTopoe IBUAKETCS €O CKOPOCThIO
72m/c.

A.5184 Ix. b. 5000 [x. B. 5185 H. +T". 518,4 H.

8. Kakyio maccy rpy3a Hy»KHO NOTHSITb HA BBICOTY 2 M, YTOObI OH 00,1312 3Heprueii 62500 Ix?
A. 3000 /Ix. B. 4125 k. +B. 3125 JIx. I'. 150 JTx.

9. Cosepuaercst i1 padoTa 1 ecJIu 13, TO KAKOro 3HaKa?

Ipumep: I'ups yacoB Becut 5 H u onmyckaercs Ha 120 cm;

+A.A>0.5.A<0.B.A=0.

10. Cosepiuaercs Jiu padoTa U €CJI4 A4, TO KAaKOro 3HaKa?

Ipumep: I'py3 maccoii 120 kr noganmaioT Ha BeicoTy 50 cMm;

+A.A>0.5.A<0.B.A=0.

11. Cogepiuaercsi Jiu padoTa 4 ecJiM 1a, TO KAKOro 3Haka?

Ipumep: Kuury maccoii 400 r nogHuMAaiOT Ha BBICOTY 1 M;

+A.A>0.5.A<0.B.A=0.

12. BejauunHy paBHYIO NPOU3BeIEHHUIO MACCHI TOYKH HA €€ CKOPOCTH HA3BIBAIOT:

A. Nmrirynibcom cubl. b. PaboToi cHiter TsbKeCTH.

+B. Imnynscom matepuanbHoi Touku. I'. Cuioil TpeHus.

13. Cuna TSAroTeHHs - 3TO CHJIAa 00YCJIOBICHHAS:

+A. I'paBUTAIIIOHHBIM B3aUMOJICHCTBUEM.

b. OnexTpoMarHuTHHIM B3aUMOACHCTBUEM.

B. U rpaBUTalMOHHBIM, 1 AEKTPOMATrHUTHBIM B3aUMOACHCTBUEM.

14. B kakux eqununax B CU namepsiercsa kod(puuueHt ynpyroctu teaa?

A. H/xwm. B. lus/cm. +B. H/m. T'. H*m.

15. Kro BnepBbie y0equics B CyI[eCTBOBAHMHN Xa0THYECKOT0 IBUKEHHS MOJIEKYJI?

A. @.Ileppen. +b. P.bpoyn. B. A.Qitnmreitn. I'. JL. bonbuman.

16. Yemy paBHa nocrosinnas boabumana?

A. 1,3 * 10% kr/moms. b. 1,38 *10%° K/[Ix.

+B. 1,38 * 10 2 JIx/K. I'. 1,3 * 10-!2 mons/kr.

17. 3nayenue TeMmepaTypsl no mkajie KenboBuna onpenessiercs no gopmy.ie.

A.T=1-273.b. T=273t. +B. T=t+ 273.T. T=273 - t.

18. Yemy paBHO umcJio ABoraapo?

A. 6 * 10* Mos. B. 6 * 10% Mo, + B. 6 *10% monp-*. T'. 6 * 10% moms-1.

19. Kak Ha3bIBaKOTCH SBJIEHHS, 00YCJI0BIEeHHbIE H3MEHEHHEM TeMIlepaTyphl Tejaa?

A. Dnexrpuueckue. +b. Temnossie. B. Maruutasie. ['. Mexanndeckue.

20. SIBieHHe MPOHUKHOBEHHS MOJEKYJI OJJHOTO BelIeCTBA B MEKMOJIEKYISIPHOE MPOCTPAHCTBO
APYroro Ha3pIBaeTcst

A. Konseknus. b. [lepopmanus. B. Judpakuust. + I'. Tuddysus.

21. 3HaveHue TemmepaTypsl o mkajie Lleabcns, cOOTBETCTBYIONIEE AGCOTIOTHOI TeMmiepaType
10 K, paBHo:

A. - . tb. - .B.- LT

22. BpoyHOBCKHUM JBUKEHUEM HA3bIBAeTCs

A. yropsiioueHHOE IBIKEHHUE CIIOEB XKHUJIKOCTH (MITK rasa).

b. ynopsinouenHoe ABMKEHUE TBEPABIX YaCTHII BEIIECTBA, B3BELICHHBIX B )KUIKOCTH (MJIH Ta3e).

B. KOHBEKLIMOHHOE IBMKEHHUE CIIOEB KUIKOCTH IPH €€ HarpeBaHMU.

+I". XaoTHYeCKOoe ABMKCHIE TBEPABIX YACTHI] BEIIECTBA, B3BEIICHHBIX B )KUIKOCTH (FUIH Ta3e).

23. YkauTe mapy BellecTB, CKOPOCTh 1M (PY3uH KOTOPHIX HAM0O0JIbLIAS IPU NPOYMX PABHBIX
yCJIOBHUSAX:

A. PactBop MemHOTO Kymopoca u Boja. +b. [lapet agupa u Bozayx.

B. CunroBas u megHas riactuabl. . Boma u coiupr.

24. W3MeHeHMe TeMIEepaTypbl 0003HAYAETCS ...

+A. At=t2-ti. b. At= Q/cr. B. At=t2+ti. T". At=to/ti

25. YaeabHas TeNJ0eMKOCTH BellleCTBa 0003HAYAETCS.

+A.c.b. A. B.q.T.Q.

26. KoamuecTBo Tem10ThI, MOJTYyYeHHOE TEJIOM NP HATPEBAHNYU PAaCCUNTHIBAETCS MO hopmy.e.
+A. Q=em(tz-t). B. Q=gm. B. m=p-V.

27. Kaxkas u3 ¢popmya Beipakaer 3axkoH Oma [1J1s1 NoJIHOH uenu?

A. Q=IUt. b. I=U/R. B. E=A/q. T". P=IU. +/1. I=E/(R + ).

28. Kakyio MomiHoCTH moTpedssier 1amna conporuBiaeHnem 10 Om, BKJIIOYEHHAS B ceTh



Hanpsekennem 220 B?

+A. 4840 BT. b. 2420 Bt. B. 110 Bt. I'. 2200 Br. /1. 22 Br.

29. DieKTpUYECKHM TOKOM HA3bIBAETCH...

A. TennoBoe IBU)KEHHE MOJIEKYJI BEIIECTBA.

b. XaoTnuHoe nBMXEHUE AIEKTPOHOB.

+B. YnopsnoueHHoe 1BHKEHUE 3aPSKEHHBIX YaCTHII.

I'. becniopsano4uHoe TBM>KEHUE HOHOB.

. Cpenu 0OTBETOB HET IIPABUIILHOTO.

30. Coraacho 3akony Jlzkoy.s - JIeHna, KOJM4eCTBO TeNJIOTHI, Bbl1e1sieMoe MPOBOHMKOM C

TOKOM NPONOPUHOHAILHO.

A. cuiie ToKa, CONPOTUBIICHUIO, BPEMEHH.

+b. KkBagpaTy cuibl TOKa, CONPOTHUBJICHUIO M BPEMEHH.

B. kBazmpaty HanpsKeHUs1, COMPOTUBIICHUIO H BPEMEHH.

I'. xBagpaTy cOnpoTUBIIEHUS], CHJIE TOKA U BPEMEHH.

J. HampsDKEHMIO, KBaIpaTy COMPOTUBIICHUS U BPEMEHHU.

31. ConpoTuBiieHHE ABYX N0CI€10BATEIbHO COeTMHEHHBIX IPOBOHNKOB PABHO.

A. CONPOTHUBIIEHHUIO OHOTO U3 HUX. +b. cyMMe X CONPOTUBIEHUII.

I'. pazHOCTH MX conpOTUBICHUM. [I. TPOU3BEACHUIO COITPOTUBIICHUN.

E. Cp€au OTBETOB HET MPaBUIILHOTIO.

32. Kakas ¢opmyJia Beipa:kaet 3akoH Oma 1J1s1 yyacTka uenu?

A. lI=g/t. B. A=IUt. B. P=IU. + T". I=U/R. JI. R=pl/S.

33. Cuay ToKa Ha yyacTKe LelH U3MEPSIoT.

+A. Ammepmerpom. b. BomsrmerpoMm. B. Ommerpom. I'. ManomeTpom.

H. IuHamMoMeTpoM.

34. MoIHOCTH TOKA B Pe3HCTOPE paccUUTHIBaeTcH o gopmyJie:

A. A=Pt. +b. P=IU. B. R=pl/S. T'. S=nd2/4.

35. ConporusjieHne MPOBOJHUKA 3aBUCHUT OT.

A. Cusl Toka B mpoBoaHuke. b. HampsiokeHust Ha KOHIIaX MPOBOHUKA.

+B. Ot marepuana, U3 KOTOPOro U3TOTOBJIEH IPOBOJHUK, OT €0 JUTMHBI U IUIOMAAN TOIIEPEYHOTr0

cedeHus. I'. Tonbko ot ero mmHEL [I. TOIBKO OT MIIOMaAXA MONEPEUYHOTO CEYECHHS.

36. KakoBo Hampsi:KeHHe HA y4acTKe IelH MOCTOSIHHOT0 TOKA € JIEeKTPUYECKUM
CONPOTHBJIEHUEM

2 Om u nipu cuJjie Toka 4 A?

A.2B.b5.05B.+B.8B.1T.1B. /1. 4B.

37. Padoty ToKa 3a J11000if NPOMEKYTOK BpeMEHH paccYUThHIBaeTcs no gpopmy.ie:

A. R=pl/S.E. P=IU.+B. A=Pt.r. S=nd2/4.

38. HampstkeHne Ha y4acTKe MOKHO H3MEPHUTB.

+A. Bonetmerpom. b. Amnepmerpom. B. OmMmmerpom. I'. ApeomeTpom.

39. TeJio OpoureHo mMoa yriioM K ropu3oHty. KakoBa TpaekTopus IBH:KeHHUs TeJja:

A. mpsimast uaust b. BuHTOBast tuHUMs +B. [1apabona I'. okpy»x)HOCTB

40. Ilpomecc mepexoaa BellecTBa U3 5KHIKOT0 COCTOSIHUSI B TBEpP/10€ HA3BIBAETCS:

A. xuneHue b. mapoo6pazoBanue B. [lnaBnenne +I'. kpucTamm3anms

41. SIBaenHme, KOTJA TeJa MOCJIe HATHPAHUS HAYUHAKOT MPUTATHUBATH K cefe Ipyrue Teja

Ha3bIBaeTCH:

A. ®orocunrezom. b. Y napHoit nonuzanueii. B. ®orosddextom.

+ I'. Onexkrpuszanueil.

Bonpocbl no ¢pusuke 111 BUKTOPUHBI 1 BapuaHT

e [loBbllIeHHE TEMIIEPATYPhI JJAHHOTO TEJIa WK MaTepUalia

. [IpucriocobieHue [ist HAOJIIOICHUS MEJIKHX MTPEIMETOB HA OCHOBE JIMH3BI
. OCHOBHAsI €TMHUIIA PACCTOSHUS

. DIIEKTPUUYECKUH pa3psijl KaK MPUPOIHOE SIBJICHUE

. 'a3000pa3Hoe cocTOsIHKME BOIBI

. PasHoI1BETHOE ONTHYECKOE MPUPOIHOEC SIBIICHUE

. TB€pnoe cocTosiHrEe BOJIbI

[ ]
0NN B WN

. I3mepsieTcst B 1KOYJIIAX

e 9. Pycckwuii n3o0perarens paano

e 10. [IBmxKeHuE Tela Mo OKPY>KHOCTU

e 11. Pycckuii n3o0peraTenb JamIibl HaKaJIMBaHHS

e 12. IIpeoOpazyeT MEXaHUIECKYIO SHEPTHIO B DJICKTPUUECKYIO



13. TIpo3paunblii 00BEKT cO cHEePHUUECKOI TOBEPXHOCTHIO

14. Paznen ¢pu3HKH, H3ydaromuii BOIIPOCKHI paCIIpOCTPAHCHUS CBETA

15. Aurnuiickuii yu€Hbii, chOpMyIMPOBABILINI 3aKOH BCEMUPHOTO TSATOTCHHUS
16. Ero crkopocts — 343,3 MeTpa B CEKyHIY

17. Ona ompezenseT rpaBUTAIIMOHHBIC B HHEPITHOHHBIE CBOMCTBA 00BEKTA

18. Enuauma u3MepeHns OCBEIEHHOCTH

19. Enuania n3mepennust o0bEmMa

20. JIBmkeHUE Tena Mo ISHCTBUEM CHUJIBI TSDKECTH (ITPH OTCYTCTBHH BIUSHHUS PYTUX
CYIIIECTBEHHBIX CH)

21. CtpemieHue BUKYIIETOCS TeJla COXPAHATh IBUKEHHE

22. 4-e arperaTHoe COCTOSIHUE

23. Boiparonuiicsi u3HMK cepOCKOT0 MPOUCXOKACHUS

24. Cuna, ¢ KOTOPOU TeJI0 BO3ICHCTBYET Ha OMOPY

25. IIponece nepexoaa U3 ra3000pa3HOr0 COCTOSHUSA B )KUAKOE

26. Ero ckopocTs — oko1o 300 ThIC. KHWJIOMETPOB B CEKYHTY

27. cTOYHHK TOKA B DJCKTPUICCKON IETTH

28. [IpocTpaHCcTBO, 3aHUMAEMOE KaKHM JTHOO BEIIESCTBOM

29. I1yTh, 0O KOTOPOMY JBUKETCS TEIO

30. BemecTBo, criocoOHOE yMEHBIIATH MIIOTHOCTH BO BPEMST OXJIAXKICHUS

31. Pa3nen ¢pusuku, 3aHUMAFOIIUANACS MEXaHUYECKUM JBKeHUEM Tei 32. CayKUT JUId U3MEPCHHUS
IUIOTHOCTH XUAKOCTHA

33. 3aMKHYTHII Y4aCcTOK DJIEKTPUUECKON LermH
34. BemecTBo, IJI0X0 MPOBOJISAIIEE TETJIO UK ANEKTPUUECKUN TOK
35. ONTUYECKU AIIEMEHT, PaCcKIIa IbIBAIONIUI 0SBl CBET Ha COCTABJISIONINE

OtBeTtnl 1. HarpeBanue 2. ayna 3. metp 4. MmoJiHud S. nap 6.paagyra 7. aén 8. padora 9. ITonos 10.
Bpamenue 11. Jlogpirun 12. reneparop 13. imH3a 14. ontuka 15. Hpr0TOH 16. 3ByK 17. Mmacca 18. jq1oke
19. simTp 20. nagenue 21. nnepuus 22. nuasma 23. Tecia 24. Bec 25. konaeHcanus 26. cset 27. 0aTapest
28. 00BbéM 29. TpaexkTopus 30. Boxa 31. kunematuka 32. apeometp 33. koutyp 34. uzosasrop 35. [Ipuzma

Bonpocs! no pu3uke 1151 BAKTOPHUHBI 2 BAPUAHT
. [IpensaTcTBYET MEPEMEIICHUIO COMPUKACAIOIIMXCS TEJI OTHOCUTEIBHO JIPYT APyTra
. HanMenbImas yacTuia BemecTra, COXpaHsonas ero CBoicTBa, CoOCTosIIas U3 aTOMOB
. CoCcTONT U3 IPOTOHOB U HEUTPOHOB
. YCTpOoHCTBO, MPOMyCKAKOIee TOK TOJIbKO B OJJHOM HANPABICHUH
. Enununa s usmMepenust paboThl, TEIIOTH K DSHEPTUH
. Mex 1y HIKHEH rpaHuliell BUIMMOTO CIIEKTPa ¥ BEPXHEH IPaHUICH PEHTTEHOBCKOTO U3TyYCHHSI
. OTHOIIIEHME U3MEHEHUS CKOPOCTH KO BPEMEHH, 32 KOTOPOE OHO TPOU3OIILIO0
. Kpacusoe onruueckoe siBieHue B HeOe
. BeriecTBo, yMeHbIIIaM0MIEe CBOO TNIOTHOCTh MPH OXJIAXKICHUN
. Enununa amst uaMepeHust MOIHOCTH
. OcHoBHAas eIMHAIIA UTHHEI

03N L W —

—_ = = \O
N = O

. Onrtudeckuii ipuOOp JIj1si HAOIIOICHUS 3BE3]T U IJIAaHET

—_
W

. IIyTb, IO KOTOPOMY JIBUTaeTCs TENO

_.
N

. T'a3000pa3HOe COCTOSTHKUE BOJIBI

—
9]

. Haxom/ch;[ B aTOMHOM sA4p€ U 06na11aeT TTOJIOKUTECIIbHBIM 3aps10M

—
(o)

. MaIHI/IHa, mnmpespanaroniasd MEXaHNYCCKOE JIBUKCHUE B SJICKTPUIYCCTBO

—
\]

. HaXOJII/ITCH B aTOMHOM AAp€ U HE UMECT DJICKTPUUCCKOI'O 3apsjia

—_
o9

. AHTHUACTHUIIA DJIEKTPOHA

—
Ne)

. IIpucniocobiieHue ¢ JIMH3aMU JUIsl KOPPEKLIUU 3PEHUS]

]
je]

. ITpocTpaHCTBO, 3aHUMAEMOE BEIIECTBOM

(\
—_

. CranmapTHas eguHUIA 00BEMA

. [Ipo3paunoe Te10 co cheprudecKuMH MOBEPXHOCTIMHI

. ChopmynupoBall 3aKOH BCEMHPHOTO TATOTCHHS

. Omnpenensier UHEPIMOHHBIC U TPAaBUTAIIMOHHBIE CBOWCTBA 00BEKTa

. [Iponiecc mepexoaa n3 ra3000pa3zHOro B KUIKOE COCTOSIHUE

. Enquanna ocBenéHHOCTH

. [Ipucniocobienne 1is HAOFOICHUST MEIIKUX MPEIMETOB Ha OCHOBE c(pepruecKoil TUH3BI
. Hayka o cunax, AeiicTBYIOIINX Ha ABMXKYIIUECS B BO3IIyXe Tela

. UeTBépTOE arperaTHOE COCTOSIHUC
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e 30. BemecTBo, III0X0 MPOBOAIIEE TETUIOTY HIIH SIEKTPUUECKUI TOK

e 31. PackiagpiBaeT OeJblil CBET HA COCTABIIAIONINE
OtBeThI:
1. Tpenue 2. mojiekyJia 3. sapo 4. 1Mo 5. 1xK0yJb 6. yiabTpaduoset 7. yckopenue 8. paaxyra 9. soaa 10.
BatT 11. meTp 12. Teneckon 13. Tpaexktopus 14. nap 15. nporon 16. reneparop 17. neiitpon 18.
no3uTpoH 19. ouku 20. 00bEM 21. qutp 22. imH3a 23. HeroTon 24. macca 25. konaencanus 26. aiokc 27.
ayna 28. aapoannamuka 29. niaasma 30. nzoasarop 31. npusma

Bonpocekl ¢ oTBeTamMu K 3a4eTy

buier 1.
Bomnpoc 1.

[peamer mexanuku. IpocTpancTBo U Bpemsi B Mexanuke HpioTona. Cucrema orcuéra. Kunemarunka
MaTepUaJIbHON ToukHM. 3akoH JBMKeHHMsl. CKOpOCTb, YIJIOBasi CKOPOCTb, YCKOpEeHHe, YIJIOBOe
yYCKOpeHue.

MexaHnka —HayKa O IBW)KEHUH U paBHOBecuu Tell. [Ipu mocTpoeHnn Teopun (pU3MKa 3aMEHsIET peabHbIe
OOBEKTHI UX UCaTHU3UPOBAHHBIMH MOJEISIMH. J[BHKEHNE — 3TO N3MEHEHNE OTHOCUTENHLHEOTO MTOJI0KECHNUS Tea
C TEYCHHEM BpeMEHU. Brepsble nmpuHUMIBI MexaHUKH chopMmyiupoBanHbl HproToHOM B «Marematnieckux
Hayanax HaTypainbHOH ¢Qunocopum». Temo wam cucrema Teln, OTHOCHUTEIBHO KOTOPBIX OMPEACIICTCS
TIOJIOKEHUE OCTAJbHBIX Tel Ha3bIBaeTcCs MpocTaHcTBeHHOW cucteMoil orcueta (IICO). B kauectBe IICO
MOJKHO B3SITh IPOHM3BOJIBHOE TBEPIOE TEJIO M CBS3aTh C HUM KOOPAMHATHBIE OCH, HANpHUMEp, AEKapTOBOM
cuctembl koopauHaT. CyIecTByeT ABa BUIa KOOPAMHATHRIX cucTeM: 1) mpaBas, 2) neBast. OnpeaesnstoTcs OHU
C MOMOIIBIO NpaBuIia OypaBuuKa.

IIpoctpanctBo (10 Hpl0TOHY) — 3TO COBOKYIHOCTH (PM3MYECKOTO TEIAa U BO3MOKHBIX €T0 MPOAOIIKECHUI.

Bpems — 310 mokazaHue KaKuxX-TO 4acoB (1101 4acaMy IOHUMaeTcs J1I000€ TeJI0 WU CUCTEMA Tell, B
KOTOPBIX COBEPIIACTCSI MEPUOJMUECKII MPOLIECC,CTY KaIUK 17151 U3MEPEHHsI BpEMEHH ).

MarepuanbHasi TOUKa — 3TO TEJO, Pa3Mepbl KOTOPOTO MPEHEOPEKUMO MaJlbl, YTO B pacCMaTpUBAEMOM
JBIDKEHUH UX MOXKHO HE IPUHUMATh BO BHUMAHHUE U CUUTATh, YTO BCE BEILIECTBO TEJIa KaK Obl COCPEIOTOUCHO
B OJTHOH TOouke. MaTepuaibHasl TOUKa — 3TO a0CTpaKIys, HUAcaTM3UPOBaHHBIN 00pa3 peaabHO CYIIECTBYIOIINX
Tel.

JIBI>KeHnEe MaTepUaIbHON TOUYKH OyAET OIHMCAHO HOJTHOCTBIO, €CIIM U3BECTHO €€ MOJIOKEHHE B JIH000H
MOMEHT BPEMEHH OTHOCHUTENIFHO BBIOpaHHOH cucTeMbl oTcueTa. IlonHoe onucanne IBMXEHUS] CBOANTCA K
HAXOXICHHUIO Tpex KoopauHat: X = X(t); y = y(t); z = z(t); uinm kK HaXoKAEHHUIO BEKTOPHOH QyHKImu I = r(t).
AX  X(t+ At) - x(t)

V. = 222
AL At
. AX L X(T+ A) — X(t
V =/im— = /im ( ) —X(®) — MIHOBEHHAsl CKOPOCTb.
At—)O& At—0 At
[Ipou3sBoHAs CKOPOCTH MO BPEMEHH HA3bIBAETCS YCKOPEHHEM MaTEepPHATbHON TOUKH:

dv  » d’x = AV v(t+ AL) —v(t
a=—=V(t)=—5 =X, azflm—:élmM

dt dt A0 At A0 At

[TonsiTHe yriaoBast CKOPOCTh U YIJIOBOE YCKOPEHUE OTHOCSITCS K CIIy4aro JBUKEHUS MATEPUATIbHON TOUYKHU IO
okpy>kHOCTH. [Tonoxenue Touku M Ha OKpY>KHOCTHU 33JJa€TCSl YIIIOM O, KOTOPBII COCTaBISIET PaInyC-BEKTOP
Touku M ¢ Hem3MeHHBIM HampaiieaneM OX. [Ipon3BoiHas 3TOro yriia 1mo BpeMEHH Ha3bIBACTCSI YTIIOBOM

o
cKopocThio ®: @ = — . Ecim @ = CONnst, To qBIKEHUE paBHOMEPHO. V=0/27T — 4rciio 000pOTOB B €HHUILY

dt

BpeMeHH (4acToTa oOpaiieHus).
IepBas pU3BOIHAS YTIIOBOM CKOPOCTH M BTOpas MPOM3BOIHAS YTJIa TI0 BPEMEHH — 3TO YTIIOBOE

(:) do d’a
CKOpEHHe: @ = — = )
yerop dt  dt?

S’=(r)*o+(a’)*r=m*r
S=(0*r)’=r*o’+r’ *o=r¢ (TaHr€HIUATBHOE YCKOPEHHE)+V*®) (=V2/I — IIEHTPOCTPEMUTENLHOE).

[Mponuddepenurpyem S=rxo. Mo BpeMEHH U MOIy4aeM:



Bormpoc 2.

Crosiune AKYCTH4Y€CKHE BOJIHDI. AKycrnqeche p€30HaATOPbI.

[Ipu HanOXeHnn PacTIPOCTPAHSIIONIUXCSA HABCTPETY MOHOXPOMAaTHYECKUX BOJH OMHAKOBOI YaCTOTHI,
aMIDTUTYIBI (HAlpUMED, TIPSIMOM U OTPaXEHHOM ) 00pa3yIOTCs CTOSIHE BOJTHBL.
s(t,x)=Acos[w (t-x/c)]-Acos[ w (t+x/c)]=2Asin[ @ x/c]sinw t
B kaxxno#i Touke TOPUCXOIUT TapMOHHYECKOe KoJeOaHue ¢ YaCTOTOH , IPUIEM aMIUTATY1a 3aBUCUT OT
MOJIOKECHHUS TOUKH 10 3aKOHY: A(x)=2A|sin[wx/c]|
AKycTHYeCKasi BOJIHA — 3TO MEPHOJNYECKOE BOZMYIIEHUE TUNIOTHOCTH CPEJIBI, PACIIPOCTPAHSIOIIEeCs B Cpe/ie
CO CKOPOCTBIO 3ByKa. [lepronuyueckue BO3MYIICHHUS IIOTHOCTH CPeIbl HA3bIBAIOTCS aKyCTHYECKUMHU
KoneOaHusIMHI. AKyCTHUECKHE KOoJleOaHus OBIBAIOT MPOAOJILHBIMU (KOJIeOaHMsI BOIb HATIPABICHHSI
pacnpocTpaHeHHS BOJIHBI) U TIONIEPEIHBIMU (KOJIe0aHUs B IJIOCKOCTH, TIEPIICHANKYIISIPHOM HAITPaBICHUIO
pacnpocTpaHeHUS BOJIHEI).
Crosiuasi aKkycTHYeCKasi BOJIHA — 3TO aKyCTHUYECKas BOJTHA, KOTOpas SIBISIETCS CYNEepHO3UIHel IPSIMON 1
OTpa)kKeHHOW BOJIHBI B OTpaHWUYEHHOH cpefie. Pactipenenenne aMImmuTy bl CTOSYeH BOHBI (ITyYHOCTH H Y3JI6I)
3aBHUCHT OT (PM3UUYECKUX MAPaMETPOB CPEIbl U TPAHUIHBIX YCIOBHH.
AKYCTHYECKHUI Pe30HATOP — 3TO YCTPOICTBO, IpeIHA3HAUCHHOE IS TIOTYYEHHS PE30HAHCA aKyCTHYECKHX
KosieOaHuil B cpefie, 3alOoNHSIONMEH YCTPOUCTBO. AKYCTUUECKUH PE30HATOP UMEET Pl COOCTBEHHBIX
PE30HAHCHBIX YaCTOT, KaXK1asi U3 KOTOPBIX UMEET COOCTBEHHYIO TOOPOTHOCTH M, COOTBETCTBEHHO, 3aTyXaHHE.
Psin konebanuii Ha pe30HaHCHBIX YaCTOTax PE30HATOPA HAa3bIBAIOTCS MOJAMHU PE30HATOPA.
PacnipocTpaHeHHbIE IpUMEPBL:
1. KamepToH — yCTpOMCTBO AJIsl HACTPOHKH MY3BIKaJIbHBIX HHCTPYMEHTOB, H3/IA0IIee 3BYK, BHICOTA
KOTOpPOTO COOTBETCTBYET OJHOW M3 CEMH HOT MY3BIKAIFHOTO psma.. Jas KaMepToHa BaXKHBIM
SIBIISIETCSL HE TOJBKO Joiroe ( Majoe 3aTyXaHHe) U YUCTOe 3BYYaHHE, HO U BO30YXKIEHHE TONBKO
OJTHOM M3 MOJ 3TOT0 pe3oHaTopa. iMeHHO (hopMa KaMepTOHA TIO3BOJSET BO30YXKAATh KOlleOaHme
TOJIBKO OJTHOW MOJIBI C BBICOKOH TOOpOTHOCTHI0. OcTaibHBIE MOIBI HMEIOT HU3KYIO TOOPOTHOCTD
KoJeOaHuil.
2. KapueBslii pe3oHATOpP — 3TO YCTPOWCTBO, Iie B KAUECTBE aKyCTHUECKOW CpeAbl MCIONB3YeTCs
IIACTUHKA KPUCTALTHYECKOTO KBapa. [lmacTuHka Xopoio oTIonMpoBaHa, TpaHl BEITIOTHEHEI C
BBICOKOW CTCICHBIO MapaJuIeIbHOCTH. [IJIMHBI BOJIH COOCTBEHHBIX MOJ KOJIeOaHUH OMHMCHIBAOTCS
YPaBHEHUEM
L =nAi,/2,
/i€ Ap- JJTMHA BOJHBI, KOTOpAsk MOXKET UCIIBITHIBATE PE30HAHC MPH JIJTMHE pe3oHaTopa L, N — menoe dwnco.



Bbuaer 2.

Bomnpoc 1.
HNuepumnanbublie cucteMmbl oTcuéra. IlpeodpazoBanus I'anunes. UHBapuaHThI 3TOro npeodpa3oBaHusl.

Cucrema otcuéra, B KOTOPOU BCe CBOOOTHBIE Tella ABIKYTCS MPSIMOIMHEWHO W paBHOMEPHO HA3bIBACTCA
HHepIHAIbLHOM.

YTBep:xaeHue BOepBbie BhickazanHoe I'. ["anuneem, 0 TOM, 4TO BO BCEX MHEPIUATBHBIX CUCTEMAaX
KOOpJMHAT MEXaHWYECKHE SBJICHHSI IPOTEKAIOT OJIMHOKOBO, Ha3bIBAETCS PUHIIMIIOM OTHOCHTEIIBHOCTH
lanunes. B nanpHeiiieM B pe3ynbTraTte U3yUeHUI APYTUX SIBICHIM, B YACTHOCTH AJIEKTPOMArHUTHBIX,
CIPaBEUIMBOCTh 3TUX TMOJIOCHUH ObLIa IPU3HAHA JIJIS JIIOOBIX sIBIICHUH. B TakoM 001eM BUie OHO Ha3bIBACTCS
MpuHOUTIOM OTHTcUTeNnsHOCTH CTO niw MpocTo MPUHIIUIIOM OTHOCHEITEHOCTH

IIpeodpazoBanus I'anuies. PaccmoTpuM cucteMy oTcuera, 100 HETIOABIDKHYIO, THOO TBIKYIIYIOCS C
MIOCTOSIHHOM CKOPOCTBIO U C €UHBIM BpeMeHeM. J[J1 3TUX CUCTeM CIpaBeAIMB MPUHITUI OTHOCUTEIILHOCTH
Tanunes. Umeercs cuctema orcuera K u cucrema orcuera K, KoTopast IBHAKETCS CO CKOPOCTBIO V
OTHOCUTENBHO cucteMsl K.

K

7 Enunoe Bpems t K

Xy;zt « X5y 25 t7]

dusnyeckas CynHOCTh 3TOT0 MPeo0pa30BaHUs COCTABISIET IPUHIUI OTHOCHTENbHOCTH [ ammes

1. t=t

2. AA = AN’ (anuHBI OTPE3KOB OJIHU H TE XKeE).
Crenyromuye npeo0pa3oBaHus OTPAKAIOT MEXAHUYECKUI MPUHIMII OTHOCUTEIBHOCTH!

X=x-vt; y=y, zZ=z; t=t

OGpatHble TpeoOpasoBanms: X =X +vt; y=y, z=2z; t=t
(M3 HIX MOXHO TIONYYUTH 3aKOH CIIOXKEHHS CKOPOCTEH )
VYpaBHEHHS, OCTAIOLINECS HEU3MEHHBIMH IIPU TIEPEX0e OT OJHON CHCTEMbI OTCUETa K IPYrOH, Ha3bIBAIOTCA
HHBAPHAHTHBIMH.
CoOpbITHS1, OTHOBPEMEHHBIE B OJTHON CHCTEME, OHOBPEMEHHBI U B IPYTOH, T. €. YTBEpKICHHE 00
OJHOBPEMEHHOCTH JIBYX ABYX COOBITHI NMEET a0CONIIOTHBIN XapaKTep, HE3aBUCHUMBINA OT CUCTEMbI KOOPAUHAT.
JinHHa — uHBapuaHT npeodpaszoBanuil [amunes. JmuHHOM ABIOKYIIErocs CTEPXKHS Ha3. PACCTOSTHUE MEXTY
KOOpJMHATaMH €ro KOHIIOB B HEKOTOPBIH MOMEHT BpeMeHH. Clieflys U3 3TOro0 MHBAPHAHTHOCTH JUTMHHBI JIETKO
JIOKa3bIBaeTCsl.
WuTepBan BpeMeHU SBJI. MHBapUaHTOM IipeoOpa3oBannii ['ammmmes (At=t—t;=t’>—1’1=At’)
Croxenue ckopocreil nomyvaercs uz auddepenmnpoBanus Gopmyr npeodpazoBanus [ ammmes.
YckopeHre HHBapUaHTHO OTHOCUTENLHO TipeoOpa3oBanuii ["ammues. DTo yTBepKICHUE TOKAa3bIBACTCS
mudhepeHIMupPOBaHUEM ITPE00Pa30BaHUI CKOPOCTH U YUUTHIBasI, 9TO At=At’.



Bormpoc 2.

Jdedopmanmn Tes. Tunsl nepopmanmii. Kodppuumnr Iyaccona. 3akonsl I'yka 111 ogHOOCHOT O
pacTsuKeHMs U caBura. Cesi3b MeskaAy MoayJasiMu casura u FOura.

Hedopmanuu Tes. ONbIT MOKA3bIBACT, YTO MOJ JCHCTBUEM MNPUIOKEHHBIX CHJ Tela B TOW WM HMHOMN
CTENEHH MEHSIOT CBOIO (GopMy M 00BEM, YTO Ha MHKPOCKOIIMYECKOM YPOBHE O3HA4aeT OTHOCHUTEIHHOE
CMEIIEHNE aTOMOB, COCTaBIIIONINX TeJo. Takue U3MEHEHHs HasbIBaloTCs Aedopmanusamu. B ciaydae TBepabIx
TN pa3IuyaroT IBa NPEAETbHBIX ciydas: Aedopmanuu ynpyrue U aeopMaliy MiIacTHUYECKue. Y HPYruMH
Ha3bIBAIOT AeopMalry, UCUE3AOUINE MOCIE NPEeKpalieHns AeHCTBUA NpuiIokeHHbIX cuil. IliacTunyeckumu
WM OCTATOYHBIMU Je(hOpMaLMsIMI HA3bIBAIOT Takue JeopMaliy, KOTOpbIE COXPAaHSAIOTCS B TeJle, MO KpaiiHei
Mepe YacTH4HO, U IIOCJIe MPEKpAIleHUs NeHCTBUS BHEIIHUX NPUIOKEHHbIX cui. Ecnu Hampsbxenue (cuia,
OTHECEHHasl K eIMHHIIE TUTOLIa 1) He TIPEBOCXOAUT Tpeiena ypyrocTy, TO BOZHUKatoUIas qeopmarust Oyaer
ympyroit. s ymobcTBa onmucanus AedopManuii MBICJICHHO pa3oObeM Tello Ha (U3NIECKH Maible 0ObEeMBI
(uHorma wx OynmeM Ha3bIBaTh YacTUIBI), COJEpIKAallie, OIHAKO, OONBIIOE 4YHCIO aroMOB. B orcyTcTBHE
negopManuii aTOMbl HAaxXOOATCA B COCTOSIHUM TEIUIOBOIO DPAaBHOBECHS, a BCE Mayible O0BEMBI — B
MEXaHMYECKOM paBHOBecHH. Toraa cymMMma CHJI U MOMEHTOB CHJI, JEHCTBYIOLIMX Ha BBIAEICHHBIH 00BEM CO
CTOPOHBI IPUMBIKAIOLINX K HEMY IPYTUX 00bEMOB, OyleT paBHA HyIO. VI3MEHEeHHUs MONOKEHUH aTOMOB MPH
negopManusIx OPUBOIAT K TOMY, YTO B Te€JIe BO3HHKAIOT BHYTPEHHHUE CHUJIbI, WM BHYTPEHHHE HAIPSDKECHUS,
CTpEMSIIUECS. BEPHYTH TEJIO B COCTOSIHUE paBHOBECHS. TOJNBKO COCEIHUE aTOMBI MJIM MOJIEKYJIBI 3P (eKTHBHO
B3aMMOJEHCTBYIOT APYT C APYIOM.

Tunsi nedpopmauuii. Koappunuent Iyaccona. [Ipu Bcem MHOrooOpasuu ciydaeB MpOU3BOJIBHYIO
nedopMaIlrio Tejaa MOKHO CBECTH K IBYM 3JIEMEHTApHBIM JepopManusM — pacTsHKEHUIO (CKATUIO) U CABHTY.
[Ipu pacTsbkeHHH pe3WHOBOTO MIHYpa ero NonepedHbli pazMep d yMeHbIaercs 10 BennauHsl di. Takoe
norepeyHoe cxatue xapakrepusyercs mapamerpom € =(d:1—d)/d=Ad/d. ITpogonbHbIi pasmep u3MeHseTcs Ha Al
u xapakrepusyercs Benuuunoi €=(li—1)/I=Al/l. OnpITHEIM yTEM yCTaHOBIICHO, YTO OTHOIICHUEK €1 K €
MPUOIU3UTEIHFHO OANHAKOBO JUIS Pa3HbIX AedopMaLuil OAHOTO U TOro e Marepuana. [loaromy B Teopun
YOPYrocTH MaTepHual xapakTepusyercs koadduuuenrom Ilyaccona:

u=—(e./e)

[Noncunraem uncnernnoe 3HaueHue kodhduimenTa [lyaccora? UToObl OTBETHTH Ha STOT BOIPOC, IOJCIATAEM
HW3MEHEeHHEe 00beMa Pe3MHOBOTO MIHYpa:

V=Id?, Vi=hdi?=I(1+8)d*(1+&,)*= [packpoem ckobru u npenebpezém &2, 2¢€., e6.2] N(1+s+2¢,)

ANN=V1-V)V=zet+2e,=6(1-24).

3akonbl I'yka. B pszae npakTiuuecky BaKHBIX CIIy4aeB HANPSDKEHUS ONPEENSIOTCS TOIBKO AeopManysiMu.
Takwue Tena Ha3bIBaIOTCS A0COIOTHO YIIPYTUMH TEJIAMH, WK YIPYTUMH TeJlaMH. 3aMedaTeIbHbIM CBOWCTBOM
TaKUX TeJl SIBJISICTCS CIIOCOOHOCTH IMOJIHOCTHIO BOCCTAHABIIMBATH CBOIO (POPMY IOCIIE CHATHSI BHEIIHUX YCUIINA,
MPUKIIAIBIBAEMBIX K Tely. PaccMoTpuM, HanpuMep, pacTsbkeHue (MK CKAaTUE) CTEPKHS MO/ ICHCTBUEM CHITBI
F, npunosxeHHOM nepneHuKyIsIpHO K TOPLEBOH IpaHu ¢ Iuomaapko ceuenus S. [Ipu nocienoBaTensHOM
BO3PacTaHWU HArpy3KH BHaudaneneopMaly pa3BUBaOTCS PABHOMEPHO T10 JUIMHE CTEP)KHS M PacTyT
nponopironanbHo Harpyske: €=(li—1)/I=F/SE=0/E. Bennunna ¢ =F/S Ha3biBaeTCsi HOpMaIbHBIM
HanpsHDKEHUEM B TOPIIEBOM CeUeHHHU cTepKH. [IpomopiinoHansHOCTh JedopMaIuii € COOTBETCTBYIOIIM
HanpsDKeHUsIM BbIpakaeT 3akoH ['yka. E — moxynbs FOnra. 3akon ['yka oKOHUATENIbHO 3alMCHIBAIOT B BUIE
e=o/E.
OMBIT MOKA3bIBAET, YTO ATOT 3aKOH BBHIIIOJIHSETCS JIMIIb B ONPEJICICHHOM WHTEpBajie HanpsykeHuit. [Ipn
HEKOTOPOM HaIpsDKEHUHM TOSBIISETCS 3aMETHOE OCTaTOYHOE yIUIMHEHHE. DTO HANPSIKEHUE S HA3bIBACTCS
npeaenoM yrnpyroctu. 3akoH ['yka BBITOTHSIETCS TOJIBKO B HaCTH 00JIACTH yNPYrocTH — 00JIacTu
nponopunoHansHocTH. [1pu Bo3pactanuy Harpy3Ku HaOMIOAAETCS SIBJICHUE TEKYyYEeCTH, T.€. POCT Y UIMHEHUS
o0pasiia MpH MOCTOSTHHOW Harpy3Ke , Ha3bIBaeMOi mpeenioM TekydecTd. OTMETHM, 4TO T€UCHHE MaTepraa
MIPOMCXOJUT PABHOMEPHO IO BCEH JJIMHE CTEPIKHS. 3a mpeaeaMy 00JIaCTH TEeKY4eCTH JajbHenIee
yIUIMHEHHE CTEePKHS COMPOBOKAaeTcs yBenuueHneM . OnHako aedhopmanuu OyayT pacipeneneHbl yKe
HEOJMHAKOBO IO JJIMHE CTEPXKHS — B HEKOTOPOM MECTE MOXKHO 3aMETHTh 0Opa3oBaHue melku. [Ipu
HaNpPsHKEHUH Gm, Ha3bIBAEMOM IPEJIENIOM TIPOYHOCTH, B TOM OCJIA0JICHHOM CEUYEHHHU TIPOUCXO/IUT Pa3phIB.
AHaJIOTHYHBIMY 0JTaJAI0T U JeopManyy ciBura. Bodiactu nponopiuuoHaabHOCTH CBSI3b MEXKIY
nedopmarreli 1 KacaTeabHBIM HanpsukeHneM 3amaércst cootnomenueM: y=F/(GS)=c./G, rae c.=F/S —
KacaTeJIbHOe HanpsbkeHue, a G — MOIyJb C/ABUTA.
YcranosuM 3aBucuMocTh G ot E. OOparuM BHUMaHKE Ha TO, YTO KBajpaTtHas rpanb ABCD mnapaienenumena
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FPuc. 1.7

(puc. 1.9), wHaxopsmerocs BHYTPH paccMaTpUBAcMOro KyOwKka, mpeBpamaercs mpu jaedopMmanud B
pomOuueckyto rpanb A’B’C’D’. CoBepieHHO SCHO, YTO IapaUICJCIMIIC] HCIBITBIBAET CIABHTOBYIO
nedopMaluio, a ero 00beM IpH dTOM IMPAKTHYECKU He W3MeHseTcs. BemuunHy yria ciBUra oL MOXKHO JIETKO




cBs3ath ¢ nedopmanueii ymmHenus e=Al/l u xoapduumentom Ilyaccona p=—ei/e. U3 tpeyronpauka A'OD’
CJIEyEeT, UTO:

IMockombky b <<1, T0

B nocneaneii popmyiie yureHo, uto ey << 1. Cuna F, pactarusaroras kyouk (puc. 1.10), cozgaer
HopManbHOE Hanpspkenne 6=F/I2. D1o nanpskenne nepenaercs na rpanu AB u BC napasienenunena, 0OJHaKO
CHJIBI, ICHCTBYIOIINE HA KOKAYIO U3 FPaHel, IMEIOT HE TOJIBKO HOPMAJIbHYIO K TPaHH, HO U HAallPaBICHHYIO

i

g = s e

—[} =1 + i 1122y
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BJOJIb T'paHU COCTaBJIAIOIIYTO F'r. KacaTeﬂLHoe HaIMpsKCHUEC OKAa3bIBACTCA IIPU 3TOM paBHLIMZ

1 /4
= ?a-ll cosZ o
o, =— =" =— (1.24)
-1 -1 2
[Mockonbky nedopmanuu € B popmyie (1.23) npornopumoHaabHbI HAPSHKEHUSIM, a 6=20+, T0: a.=2(1+p)c./E.
CpaBHuBas mocieHee paBeHCTBO ¢ cooTHomeHueM Y=F/(GS)=c6./G u yuutsiBas, uTo y=tgo~a., moay4aem To,
gro uckaimm: G = E /2(1+p).




Bbuaer 3.

Bompoc 1.
IlonsaTHe Macchl, UMNYJbca, cliIbl B MexaHnke HbloTona. 3axkonbl Hbl0TOHA M MX MHBApPHAHTHOCTH
OTHOCHUTEJILHO Npeodpa3oBanuii I'annes.

Macca:

1) Besikoe Teno oka3bIBaeT COMPOTHBIICHHUE TIPH MOMBITKAX H3MEHUTHh MOYJIb WM HalpaBlieHHE €r0 CKOPOCTH.
DTO CBOMCTBO TeI Ha3bIBAECTCS MHEPTHOCTHIO. Macca - Mepa WHEPTHOCTH.

2) M3omupoBaHHas cucTeMa — CHCTEMa TeJ, HACTOJNBKO YAAJCHHBIX OT BCEX OCTaJbHBIX TEN, YTO OHH
MIPaKTHUYECKN HE OKa3bIBAIOT ICHCTBUS Ha pacCMaTPUBAEMYIO CHUCTEMY.

PaccMoTpuM H30TMPOBAaHHYIO CHCTEMY M3 JIBYX MaTepUATBHBIX TOYEK (MX CKOPOCTH MHOTO MEHBIIIE
CKOPOCTH CBETA). AV1,AV7 - TIPUPAIIECHUS CKOPOCTEH M.T. 32 OAMHAKOBBIA At. I3 ommbITa: miAVi=—M2AVo, TAC My,
M2 - TOJIOKUTENbHBIC BEIMUYMHBI, HE 3aBHCALINE OT XapakTepa B3aUMOJCHCTBUS MEXKIY M.T., OT AViH AV, a
3aBHCAIINE TOJBKO OT caMux M.T. Torma mi, My — MHEPTHBIE Macchl M.T. | u 2.

Hmnynsc: P=M-v - UMITyJIbC M.T. IMITyJIbC CUCTEMBI M.T. - P=P1+P2+...+Pn

Cuna: Cuna - mo0asi mpuYrHa, H3MEHSIOMAs UMITYJIBC JBIDKYIIETOoCs Tena (Mepa B3auMOIEHCTBUSA).
OnHO M3 KOMUYECTBEHHBIX onpeneneHuii: mr''=F.

3akonnl HeloTOHA:

[. CymiecTByIOT Takue CHCTEMBI OTCYETa, B KOTOPHIX M30JIMPOBAHHAS TOYKA JIBMXKETCS MPSIMOJIUHEHHO H
paBHOMEPHO (MHEPIUATILHBIE CUCTEMBI OTCUETA).

1. (ypaBHeHuUs qBIDKeHUS M.T.): (mv)'=F. (B 1co)

III. Cunbl B3aMMOAEHCTBUS ABYX M.T. PaBHBI [0 MOJYJIIO, IPOTHBOIIOIOXHBI 110 HAIIPABICHUIO U IEUCTBYIOT
BJIOJIb IPSIMOM, COCUHSIOLIEH UX.

B 3aMKHYTO# CHCTEME M3 ABYX M.T. P1+P2=CONSt (13 m1-AV1=-Mp-AV2) = P1'=- P2’ = F1=- F;
Crnencrue u3 Il (3aKoH coxpaHEeHUs UMITyIIbCa 3aMKHYTON cucTeMbl M.T.): (1), Tae (2) - moaHast BHYTPEHHSS
cuiia, IeHCTBYIOIIAs Ha j-TYIO YaCTHIy CUCTEMBI M.T.,

(3) - mosHast BHENIHSAS CHITA, IEUCTBYIOIIAS HA j-TYIO YaCTHIy CHCTEMBI M.T.

Torna (4)=(5)
Hneapuanmnocmes:

S - uco, S’ nBwxketcs otHOcuTeNbHO S ¢ V (V<<C).
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3aMKHYyTasi cHCTeMa — 3TO CUCTEMa, YAAIEHHAS OT OCTAJIbHBIX TEJl, HA KOTOPYIO HE OKa3bIBAETCA JICHCTBUE.
PaccmoTpum M301MpOBaHHYIO CUCTEMY U3 ABYX Mat. Touek, mociie B3auMOIECUCTBUSA UX CKOPOCTH U3MEHATCA
Ha AV1 AV2
Bekropsr OyayT cBszanbl Tak: m1V1 =-m2V2, koadgunments M1,m2 Ha3pIBalOTCSI MaccaMu
Omp. BenmmurHaa MV = P Ha3bpIBa€TCS MMMYJIbCOM MaTEPHATEHON TOUKH, UMITYJIEC CHCTEMBI — 3TO CyMMa
HUMITYJIbCOB BCEX €€ ToueK. MITynbCc 3aMKHYTOM CUCTEMBI U3 ABYX TOUEK HEU3MEHEH.
Cuna.
[ox cunoii B Mexanrnke HproToHa npuHMMAaETCs Jito0asi MPUYMHA U3MEHSIOIIAst UMITYJIbC JIBHXKYIIETOCS Tea.
Paccmorpum MHepumanbHyto cucteMy oTcuéTra:
dp/dt = t/dt*(mv) = F

Bennuuna Ha3bIBaeTCS CUIIOMN, IEMCTBYIOIIEN HA TEJIO, OUEBUIHO, CUJIa — BEKTOPHAs BEJIUYMHA.
Bropoii 3akon Hetorona: Takum o6pazom B 1.C.O. nousBogHast UMITyJIbCa 110 BPEMEHHU paBHA CHIIE
JEHCTBYIOLIEH Ha TEJO.
Paccmotpum e Touku B 1.C.O.:

P1+p2=const,ciemorarensuo dpl/dt + dp2/dt =0
Cneposarensno F1 =-F2, roe F1 u F2 — cuiibsl B3anmoaencTBus
Tpetuii 3axoH HetoToHa: To ecTh cuiibl B3aUMOACHCTBUS ABYX MaT. TOYeK paBHBI IO BEIUYUHE U
MPOTUBOIOJKHBI 110 HAMpaBJIeHUO. JIeHCTBYIOT OHUM IO MPAMOM, COSTUHSIIONIEN 3TH JBE TOUKHU.

Tk r=r +Vt, t=t’
dr/dt =dr’/dt+V =dr’/dt’ + V.
V =V’ + V — 3aK0H CJI0KEHUS CKOPOCTEeH



dv/dt =dv’/dt=dV/dt,a=a’
Cuc. Otcuéra, ABUraronascs paBHOMEpHO U npsmoianHeHo oTHocuTensHo U.C.O. — aBnsercsa 1.C.O.
Tak kax F=F’ ciemoBaTenbHO cHTla HHBapHAaHTHA OTHOCHUTENRHO MpeoOpa3oBanuii I ammes. Y ckopeHne Toxke
WHBap.
CrenoBatenpHO, ypaBHEHHSI MeXaHUKH HbI0TOHa WHBapHaHTHBI OTHOCUTENBHO Mpeolp. [anumes.

Bompoc 2.

Kunerunueckasi 3Heprus Teépaoro resaa. Teopema Kéuura.

Orp. PaboTO# CHJIBI Ha TIEPEMEIIICHUH HAa3bIBACTCS TTOSKIIHS STOM CHIIBI HA HATIPABICHUE TIEPEMEIIICHUS,
yMHOXKeHHas Ha niepemenienue. dA = FdS = FdScosa.
Ecmu cnoskuth Bee aneMeHTapHbie paboThl M IIEPEHTH K Tpe/iely, yCTpeMuB K O JUTHHHBI BCEX IIEMEHTapHBIX

HepeMeIleHHtil, a UX 9UCIIO K o, TO TaKOMH mpesien 0603HauaeTcst cuMBooM: A = f(Fds) , ¥l Ha3.
L

KpUBOJIMHEHHBIM HHTETpajioM BekTopa F Bromb Tpaektopun L. DnemeHTapHas paboTa pe3yIbTUPYIOMIEeH 2-X
WJIM HECKOJIBKMX CHJI paBHA CyMME 3JIEMEHTAPHBIX Pad0T 3THUX CHUIL

F=dp/dt, ds=v dt = A=I (v dp)=[p=mv, v dp=mv dv, ckamspHOe IpOU3BEICHIE CAMOTO Ha ceOs paBHO

, 1 mv2 v’
KBaJIpary JIMHHBI|=MV/2. A1p=m JVdV = =
v2

y Peub UAET 0 paboTe NpHU NepeMeIICHUH

MaTepHaabHON TOUKH K3 nooxkeHus 1 B monoxenune 2. Benmmunna K=(Mv?%/2)=p%2m na3. KUHETHYECKOH
SHEpPrUei MaTepruanbHON TOUKH. PaboTa CHITBI TpH TIepEeMEIIeHNH MaTepHalTbHOM TOYKY PaBHA IPHUPAIICHUIO
KHMHETUYECKON 3HEepPTUH 3T0i Touku. KuHeTnueckoit aHeprueil cucteMbl Ha3. cyMMa KUH. 3€. M.T., U3 K-X 3Ta
crcTeMa COCTOUT.

Kak nmpeoOpa3oBrlaeTcs KHHETHIECKAs SHEPTHSI U3 OJHOM CHCTEMBI B IPYTyr0? CKOPOCTH CBSI3aHBI
cootHomeHueM: V=V'+V = (Mv?)/2 = (mv’?)/2 + (MV?)/2 + mv’V

i K =K>+(mV2)/2+(p’V), rae p’=mvV’ — UMITyJIbC MaTepHAIbHON TOUKH B CHCTEME S,

OT0 cripaBeIMBO U IJIsl CHCTEMBI M. T. (MBI MOKEM PacCMOTPETh HX T10 JIBE)

K=K’+(mV?)/2 + m(VVv’)/

910 Teopema Kénura:

Kunernueckas OHEpPTrrd CUCTEMBI M. T. paBHa CYMMC KHH. SQHEPTUU BCEM MacChl CUCTEMBI, MBICJICHHO
COCPENOTOUYEHHOM B €€ LIEHTPE MACC U IBUXKYILEICS BMECTE C HUM, U KMH. SHEPTUU TOM K€ CUCUTEMBI B €€
OTHOCHUTEIILHOM JBM)KEHHH 10 oTHOMI. K mocTynatesibHO ABMXKYIIEHCS] CHCTEME C HauaJIoM B LIEHTPE Macc.



Buaer 4.

Bompoc 1.
3akoHbI ONMUCBHIBAKIINHEC HHAUBUAYAJTbHbIC CBOMCTBA TeJ: 3aK0H BCEMHUPHOI'O TATOTCHHUS, 3AKOH FyKa,
3aKOHBI IJId CHJI CYXO0r'0 M BA3KOIo TpeHus.

3aK0H BCEMUPHOI0 TATOTEHHS. DTHM 3aKOHOM ONPECIIeTCS cuia F mpuTshKeHUs MeXKAYy TOYCUHBIMU
TeJIaMH, HaXOASAIMMUCS Ha PACCTOSTHUM [ IPyT OT Apyra, B Buje: F=Gmima/r?,

3akon I'yka. /st nedopmupyemoro, Teia npu yupyrux aehopMarisx B 001acTé MPOMopIHOHATEHOCTH: F=—
kx.

Cyxoe Tpenue. Cria Cyxoro peHus IOKOSI BO3HHUKAET Ha TOBEPXHOCTH JBYX CONPHKACAIONINXCS Tell M PaBHA
Pa3HOCTH CHUIJI TIPUIIOKEHHBIX K TenaM. Ecliu 2 MOBEpXHOCTH IBUIKYTCS, TO CHJIA CYXOTO TPEHUS
MPOIOPITUOHATIFHA CUJIE HOPMAJIBHOTO JIABJICHUS.

Cuia BA3KOro TpeHusl. B cirydae CHITBI CyXOro TPSHHS IPU CUJIA, MCHBIITUX CHITBI TPSHHSI CKOJIBKECHUS 2
MOBEPXHOCTH HE JIBUKYTCS OTHOCUTEIBHO JPYT IPYTa, a BCIy4ae BSI3KOTO TPEHHS KakoBa Obl HH ObLIa cria —
BO3HUKHET JIBIDKEHUE, TPHYEM ISl MaJIX CKOPOCTEH CHUIIS BA3KOTO TPEHHUS IPONOPIIMOHAIBHS CKOPOCTH, a Ha
0OJIBIIUX CKOPOCTSX € KBajpary.

Bompoc 2.
AkycTnyeckue BOJHbI. CBSI3b MeKAY [aBJeHHeM, IIOTHOCTbIO, CKOPOCTBI0 U CMeLleHHeM YaCTHL
BO3/1yXa B BOJIHe. UHTEHCMBHOCTh AKYCTHY€CKOIl BOJIHBI.

3ByKoOBbIe (AKyCTHYeCKHE) BOJIHBI - YIIPYTUE BOJIHBI B BO3/IyX€, YaCTOThHI KOTOPBIX JIeXKAT B mpeaenax ot 20
1o 20 000 konebaHMil B CEKyHY.

K # ra3pl 06121a10T TOIBKO 00BEMHON YIIPYTroCcThIO. B HUX BO3MOXKHBI TOJBKO TPOOILHEIEC BOJTHBI.
PaccMoTpum ydacTok rasa, ceueHus s, JUTHMHBI dX.

Py s +— [ ——>Puax s

po S dx 8%S/ot? = [Px - Px+dx] S
pPo 02S/ot? = - oPlox
[Tpu ManbIx H3MEHEHHSX TABJICHHS Y MTOJOKCHUS Po:

dP=(0P/0p),0 dp=c? dp

-0P/ox=-c? ddplox=—c? 0l0X[po (-0S/0X)]=C?po 0>SIOX?
0°Slot? = ¢® 0SIox?,  ¢*= dPIop, ipu p=po
3aBHUCUMOCTH OT TEMIIEPATYPHI:
P=pRT/u P=const p’ v=C,/Cv dP/dp=y const p*i=y Po/po =
= C?=y Po/po=y RT/u

[lycte mutockass akycTHUYecKass BOJHAa BO30ykaaercss OECKOHEYHOW IUIACTHHKOHM, KoJeOomencs B
HaINpaBJIeHNH X 110 3aKkoHy & = X, SIN(27t/T) .

Torna BosHa pacnpocTpaHseTcs TaKKe B HAIIPABICHUH X, CMEIIEHUE YaCTHII, JIeKaIIUX B JI000H MIOCKOCTH,
. . X
HOPMaJIBHOM K 3TOMY HAIPaBJICHHUIO, IPOUCXOINT 10 3-Hy: & = X, Sin(t —=).
c
OTHOCHUTENIFHOE H3MEHEHHE TOJIIMHBI CIIOS, JISKAIIEro MEXAY IBYMS OCCKOHEYHO ONM3KMMHU IUI-TSIMH:

os

X X
=-—"Lwcosao(t--).
C C

OX
DTOMY U3MEHEHHIO PACCTOSHUS COOTBETCTBYET TAKOE JKE€ OTHOCHTENBHOE U3MEHEHHE 00bEMA, 3aKIIOUEHHOTO
ov 0 X X
MEXKIy ABYMSI IUI-TAMH. — = __§ =—"Lwcosw(t-) (5)
Vo OX C C
0 c
CkopocTh yacTuir: U = % = X,@COSw(t ——) . (6)
X
ov
U3 (5)u(6)= u=Cc— )
Vo
dv/vo=—dpl po (8)
dp/dp=y po/po
U3 (8),(9) = Ap=yp dp/p=ypulc=pcu, T.x. (1). (10)

NHTEeHCMBHOCTh.  3BYKOBas BOJHA HECET ¢ COOOM MOTCHIHWAIBHYIO DJHEPTHIO - DHEPTHIO YIIPYTOM
nedopmali raza M KHHETHYECKYIO0 JHEPTHIO ABIKYIIMXCS dYacTWIl Tasza. lloacumraeT MOTEHIMANBHYIO
SHEPTHIO, 3aKIFOUCHHYIO B 3JeMeHTe o0beMa SAX. Eciu oTHOCHTENbHOE CKaTHe B Ciioe ecTh M=0dV/Vo, TO 1Mo
(10) cunma, neficTByroMIas HA CTEHKY ILIOMATH S, ecTh SAP=ynp. IIpn U3MEHEHUN OTHOCHTEILHOTO CKATHS Ha



dn crenka nmepemernaercs Ha AX- dn u mpu 3ToM coBepinaeTcs pabora dA=S-AX-yp-n-dn.
n
u=SAxypInd n= SAxyp%

T[I10THOCT SHEpPrUuHu YIpyToii AedopMaiuu my=yp /2 (14)

KuHeTHuecKas JHepTHs 3TOT0 ke o0beMa T=p SAXU?/2 1 IIIOTHOCTh KMHETHUECKO# YHEprHH m1=pu’/2. 13 (7)
BHJIHO, YTO ®u=07. TOra MIOTHOCTH BCEi YHEPTUH 3BYKOBOW BOJIHBI 0=yP-N2 T.K. 1| MEHAETCS KaK COS, TO 1
MeHseTCs KaK COS2, 3HAYHT 1 2cp=10%/2, Oep=y P170°/2. T.X. (7) BHIMOMHAETCS IS BCIKHX MTHOBEHHbIX 3HAUEHHIA
A3 ¥ 1, TO OHO CIpPAaBEUIUBO U JNIs AMIUIHTYAHBIX 3HAUEHHH M = 0cp=(4Po)’c/2y p, rae APo - aMIIuTyaa
3BYKOBOT'O JIABJICHUSI.

DOHeprusi, KOTopas IajaeT 3a eIUHMI]y BPEMEHHM Ha EJWHUIly IUIOMIAZH, HOPMAIBHONH K HANpaBIICHUIO
pacnpocTpaHeHHs 3ByKOBO# BOJIHBI, Ha3bIBACTCS HHTEHCHBHOCTBIO 3BYKOBOW BOJIHBI.

MHTeHCHBHOCTH 3ByKa |=m¢p C=(4p0)°C/2y p==(Apo)4/2p C (m. k. c>=y plp)

VHTEHCHBHOCTD 3BYKa U3MEPSIETCS B K/CM>-C.



buaer 5.

Bomnpoc 1.
HUMmnyabc cucteMbl Tej. 3aKOH COXPaHEHHMsI MMIYJbCA CHCTEMbI TeJl M €ro CBsi3b € OJHOPOJHOCTHIO
npocrpancTBa. Teopema o nBuskeHun nearpa macc. [Ipumepsl.
CMT Ha3. U30JUpOBAHHOM €CIIM OTCYTCTBYIOT BHEILIHUE CHUJIbI.
HazoBeM MMIYJIBCOM WM KOJHYCCTBOM JIBMKCHHUS MATCPHATBHOW TOYKU BEKTOP, PABHBIA MPOM3BEICHHIO MACCHI
TOYKH Ha €e CKOpPOCTh: P=m-v
UMnyabpcoM WM KOJHMYSCTBOM JIBIDKCHHS CHCTEMbI MATEPHAJBHBIX TOYEK HA30BEM BEKTOPHYIO CYMMY
HMMITYJIbCOB OTACIBHBIX MaTEPHATBHBIX TOUEK, N3 KOTOPBIX 3Ta CHCTEMa COCTOUT:
3akoH coxpaHeHUsl UMIYJbca. VIMITyIbC M30IMPOBAHHON WIIM 3aMKHYTOM CHCTEMBI 2-X MaTepUaIbHBIX
TOYCK COXPAHACTCS, T. €. 0CTabTCSl HEM3MEHHBIM BO BPEMCHH, KAKOBO ObI HH OBLIIO B3aWMOJICHUCTBUEC MEXKITY
HAMHUM. DTO YTBEP)KICHHE CIPaBEUIMBO TAKXKE M JUISI N30JIMPOBAHHOM C. M. T., COCTOSIIEH U3 CKOIb YTOTHO
OOJIBIIIOTO YKCIIA M. T.
3anumeMm TpeTudd 3akoH HplOTOHA 11 3aMKHYTOM CHCTEMBI, COCTOSIIIEH W3 MPOU3BOJILHOIO YHKCIA
MaTepUAJIbHBIX TOYEK.

FiO+F 0+ +Fnd=0, )
rae Fn® — nonnas BHyTpenHss cuna., AeficTByIOIIas Ha n-HyI0 Touky. OGO3HAUMM jajee CHMBOIAMU
F1®,F,®,... BHemHMe cuibl , AeiicTByIONMUE HA MaTepUaIbHbIe TOUKU CUCTEeMBbI. TOrJia Ha OCHOBAHUM BTOPOTO
3akoHa HBIOTOHA MOXKHO 3amucaTth
op, i
_ W (e)
—=FK"+F
a@t
P, (i) (@)
I

C110:XMB NOWIECHHO 3TH ypaBHEHUS U NPUHSB BO BHUMaHKe cooTHoweHue (1) Halinem

0
a(pl + Pyt Pp)=F9+F® 4 +F®

P _pe

ot

e p- UMIyisc Beeil cuctemsl, F®-papHoselicTByomas Beex BHEIIHMX CHI, AelcTByromas Ha Hee. IlycTh
Tereph TeOMEeTpHYecKasi CyMMa BCEX BHEINHHMX cwil paBHa Hymo (Hanpumep 3amkHyTas cucrema). Torma
(dp/dt)=0, uau p=const.

3aKOH CcOXpaHEHHsS HMITyJIbca SIBISIETCS OTPaKEHHEM (QYHAaMEHTaJIbHOTO CB-Ba MPOCTPAHCTBA - €ro
OJZTHOPOJTHOCTH.

Teopema o qBM:KeHHH HeHTpPa Macc. L[. M. JBWKeTcs Tak, Kak JBHrajgach Obl MaTepHalbHas TOYKa C
Maccoit m non ﬂeﬁCTBHeM TAaKHUX K€ 110 BEJIMYUHE WU HAIIp. CHUIIL. Ha YCKOPCHUC 1. M. BIIUAIOT TOJIbKO BHCUITHUEC
CHUJTBI.

Teopema 0 ABM:KEHHH LEHTPa Macc. B HEpeIATHBUCTCKOW MEXaHUKH MMITYJIbC CUCTEMBI P MOXKET OBITH
BBIPAXKEH Yepe3 CKOPOCTh €€ LeHTpa Macc. L[eHTpoM Macc WK IIEHTPOM HHEPIMH CHCTEMbl HA3bIBACTCS TaKast
BooOpakaemMasi TOUYKa, paaMyc-BeKTOp R KOTOpOil BBIpakaeTcs 4depe3 paauyChl-BEeKTOPBI  Iyl2,...
MaTepualbHBIX TOYEK Mo GopmyIie

R=(mqri+mory+...)/m , roe m=mi+my+... .Ecnu npoaudd. BeipaxkeHue mo BpeMeHH U yMHOXHTh Ha M TO

mR =m, +m,r, +... .
MTOJTYYUTCS: o 22 ",V =R -ckopocTh IIeHTpa Macc cucteMbl. TakuM oGpazom, p=mV.
mV =my,+mv, +...,

oV

HOZLCTaBI/IB 3TO B (2) mE = F(e) L[CHTp MacCC CHCTCMbI JBUIKCTCA KaK MaTCpHaibHasA TOYK4, Macca

)

KOTOpPOH paBHa CyYMMapHOW Macce BCEH CHUCTEMBI, a JEHCTBYIOIIAs CWJIA - T€OMETPUYECKOW CyMME BCEX
BHEUIHMX CHJI, JACHCTBYIOIIMX Ha CHUCTEMY. B penITHBHCTCKOM ciyyae MOTATHE 1. M. HE SBISIETCA
WHBapUaHTHBIM MTOHATHEM, HE 3aBHUCSIIEM OT BBIOOpa CUCTEMBI KOOPAMHAT, M TIO3TOMY He mpuMensiercs. Jis
MaTepUalIbHON TOYKH 3. C. UMITYJIbCA O3HAYAET, YTO B OTCYTCTBUM BHEIIHUX CHUJI OHA JIBMIKETCSI C IOCTOSHHOM
CKOpocThIo 1o psiMoit muHKuA. (st CMT B HEpEeNSATUBICTCKOM ClTydae 3aKOH YTBEPKAAET, UTO II. M. TBHIKETCS
PaBHOMEPHO U NPSAMOJIUHENHO.

ITox 0IHOPOAHOCTHIO MPOCTPAHCTBA IOHUMAETCS SKBUBAJICHTHOCTh BCEX TOUEK IMPOCTPAHCTBA JPYT APYTY.
JTO0 03HaYaeT, YTO €CJIM UMEETCS HEKOTOpasi M30JIMPOBAaHHAs CHCTEMA, TO Pa3BUTHE B HEH HE 3aBHUCHUT OT TOTO,
B TOYKax KaKoil 006JacTH MPOCTPAaHCTBA 3Ta CHCTEMA JIOKAJIM30BaHa. BN Bce TOUKHM CUCTEMBI CMECTUTH Ha A,
TO B COCTOSHUM CHUCTEMBl HHYEr0 HE H3MEHHUTCS, T. €. pabora BHYTPEHHHX CHII cucteMbl =0. Ar

ZZ F i = 0= VAr _Zz Fij = %ZZ(FI s F ji) =0. BBuay HE3aBUCHMOCTH  B3aMMOJCHCTBUI
i i i

KaXJI0¥ U3 map To4uek JApyr ¢ apyroM = Fij+F;i=0. = 3akoH co3paHeHUs] UMITYJIbCA U30JIHPOBAHHON CHCTEMBI
MaTepUaidbHBIX TOYEK OOYCJIOBICH (YHIAMEHTalIbHBIM CBOWCTBOM TpoctpanctBa B MCO — ero
onHopogHocTH. OTCIOa MOXHO 3aKJIIOYUTh, YTO C OJHOPOAHOCTBIO MPOCTPAHCTBA CBSI3AH U MPUHIUI
OTHOCHUTEIHHOCTH.



Bormpoc 2.

Kpyuenue BasnoB. Moayb kpyuenusi. [IpyHUIun 1elicTBUSI KPYTHIbHBIX BecoB. ONBITHI ¢ KPYTHILHBIMH BeCaMH.

Kpyuyenne BanoB. [lepopmaruu ciBura BO3HHUKAIOT NPU CKPYYMBAHWM BAJIOB MAallMH U MEXaHH3MOB.
KOTJa TOCPEICTBOM Baja mepenaéTcs BpamaTeIhbHOE YCHIIME OT OOHOW YacTH MexaHu3Ma K mapyroi. Ha
PUCYHKE M300pakeHb! 1ehopMUPyeMBbIi Basl U edopMaIis CABUTa 3JIEMEHTAPHOTO 00beMa. YTOJ O 3aBUCUT
OT YJJICHUs 3TOro o0beMa oT ocu Basia. KacaTenbHbIe HANPsKEHUsS Gy, OTBETCTBEHHBIC 3a TU JchOopMaIlvH,
CO3/1af0T B CeUSHNMMOMEHT YIPyTHUX CHJI, PaBHBIN

R
Myp=[rof.= J.rJTGS = J.rG727m3r
0

31ech y4YT€HO, YTO IUIOMIAIh JJIEMEHTApHOTO KONbLa paamyca r W mmpuHOW dr paBHa dS=2mrdr, a
o:(N=y(rG.

U3 ycnoBusi paBHOBecHs] YacTH Baja, HaXOJsIIEHCs, HampuMep, BBIIIE OT PacCMaTpPUBAEMOI0 CEUCHHS,
cienyer, uto  Mynpy=M, 1 Myyp HE 3aBUCUT OT BHIOOpA CEUCHHUS Bajla.

3aBucuMOCTh Y(r) IOJKHA OBITH JIMHEHHOW (yHKIMEH oT paccrostHus T, T.e. Y(r)=K-r, roe Kk MOXHO
OTIPEIENIUTh U3 IPEABIIYIINX YPAaBHECHHUH.

R 4
Mymy=M = 272Gk j rior = %k.
0

CaBuroseie nedopmaliiu

2M
y(r)=——;r. (1)
7GR

OHHM TIPOIOPITMOHATHFHRl MOMEHTY BHEIIHHX CHJI U OOpaTHO NPOTNOPIHOHAIBHBI YETBEPTOH CTEIEHU
paauyca R. M3 mocienHero COOTHOIICHUS JIETKO MOJCYMTATh Yrojl KpydeHHs &, Ha KOTOPBIA MOBEPHETCS
BEpXHEE OCHOBAHUE CTEP>KHS OTHOCUTEIBHO HIKHETO. VI3 0UeBMAHOIO HEPABEHCTBA

! y(R)=R-9 c yuerom (1) Haxomum

4
ly(R) M 7GR .
9=—"—==— tne B=——— - MOAyJb KpyuYCHHUs, 3aBHUCSAIINIA OT pa3MEpPOB Bajla U MOJIYJIsSI CIBHIra
R B 2/
MaTrepuana, u3 KOTOPOTO BaJl M3rOTOBJEH. [[JIs co3/IaHus )KECTKUX BaJIOB HEOOXOAMMO YBEJIMUHBATH JUAMET]
Y COKpaIarth JUIMHY. MOXHO B34Th TpyOy.

B psne ciaydae, Ha000pOT, UCTIONB3YIOT BaJIbl, U3rOTOBICHHBIE B BUAEC TOHKAX HUTEW, HANPUMEp, HUTH
moABeca KpPYTWIbHBIX BecoB, wucnonb3oBaBmuxca 1. KyjgoHoM B omblTax 10  HCCIEI0BAaHUIO
3JIEKTpOCTaTHUeCKOro B3aumoericteus u I1. H. JleOeneBsiM — B OmbITax Mo M3MEPEHUIO JaBJICHUS CBeTa. B
STUX OIbBITaX TOHKHE KBAPLEBHIC HUTU 3aKPYUYMBAJIUCh HA 3aMETHBIC YIJIBI MIPU ACUCTBUU HUYTOXHO MAJIbIX
MOMEHTOB CHJI, 4TO 00€CIIEUMBaIO BEICOKYIO YYBCTBUTEILHOCTh KPYTHUIIBHBIX BECOB.



Buaer 6.

Bompoc 1.

JBuskeHue TeJ1 ¢ nepeMeHHO Maccoil. YpaBHeHue Memepckoro. ®@opmyJia [{noakoBckoro.

JIBuKeHUe TeJl ¢ mepeMeHHOIi MacCoii.

YpaBHEHHUE ABIKSHUS TEJ C IEPEMEHHOM He coJepKaT HUUero NPUHIUITHAIBHO HOBOTO 110 CPAaBHEHUIO €
3akoHamMu HpI0TOHA, U SBIIAIOTCS UX cIeACTBUAME. HO OHM IpencTaBIsItOT OO0JIBIIOI HHTEPEC B CBS3H C PAKETHOM
TEXHUKOMU.

BeiBenieM ypaBHEHHUE JBIKCHUSI MaTepUabHON TOUKH C IEPEMEHHON Maccoi Ha MpUMepe JABMKEHHS PAKEThI.
ITycts M(t)-Macca makeTsl B IPOU3BONIBHBIA MOMEHT BpeMeHH t, a V(t)-ee CKOpoCTh B TOT e MOMEHT. IMITyJibC paKeThl B
9TOT MOMeHT OyzeT mv. Crycts dt Macca U CKOpPOCTh pakeTsl Tony4at npupamerne dm u dv( dm-otpunarensbHa).
Nmmynec paketsl craneT (M+dm)(v+dv). Croma Hago 1o6aBUTh UMITYJIBC JBHXKEHHS ra30B, o0pasoBasiuuxcs 3a dt. Ou
paBeH dMyasVras —Macca U CKOPOCTH Ta3a, 00pa3oBaBinuxcs 3a dt. Berunrtas U3 CyMMapHOTO HMITYJIbca CHCTEMBI B MOMEHT
t+dt ummmybC cucTeMbl B MOMEHT t, HalizieM mpupanieHue 3Toi BeamanHbl 3a dt. Oto mpupaimenue pasuo Fdt, rme F —
reoMeTpHYIecKasi CyMMa BCeX BHEIIHUX CHJI, TEHCTBYIOIIHX Ha PaKeTy.

(m+dm)(v+dv)+dMyasVras-mv = Fdt

Bpewmst dt ycrpemum k Hyiro. [Toatomy, packpbiBas ckoOku, oropacsisaem dmdv. JTanee dm+dm;=0 U Voru=Vias-V
€CTh CKOPOCTh MCTEYEHHs ra30B OTHOCHTEIBEHO pakeTbl. Torna

mdv = Vo,dm + Fdt , nemst ma dt

m(dv/dt) =vem(dm/dt) + F 1)

UneH Vors(dm/dt) — peaktuBHast cuna . Ypasaenue (1)-ypaBHeHre MeIIepcKoro Wik ypaBHEHHE IBUYKEHHS TOUKHU C
NIEPEMEHHOM MacCOH.

ITycts Teneps y Hac F=0, Torna mdv = Vordm.

JlonmycTuM, 4TO paKeTa JBUKETCS MPSAMOJIUHENHO B HAIIPABJICHUY, IPOTUBOIIOJIOKHOM CKOPOCTH Vory. TOrna
NPOCKIHUS Vory HA HAIIPABICHHUE IBIDKCHHA OyIeT —Vor. Torma

dv/dm = -(Vors/m)

ITycTh cKOPOCTB ra30BOM CTPYH Vorn TOCTOSIHHA, TOTIA

V= - Vorw J(dM/M) = - Vo In(M) + C

3nayenue C ompenensiercs Ha4albHBIMU yCIOBUSMU. Eciu, B HayanpHBII MOMEHT BpEeMEHH CKOPOCTh pakeThl =0,
a Macca = My, Toraa 0 = - Vor IN(Mg) + C , otkyna C = Vo IN(Mo). CrenoBatensHo @ V = Vory IN(M/Mg) 1im

mO/m:ev /v ota . (2)

VYpaerenue (2) — popmyna Llnonkoeckoro. OHa crpaBeiinBa sl HEPEIATHBUCTCKUX JABIKCHUNA (VU Vorn << C)

PensituBucTckas Gopmyna uMeer BuUL

mO 1+ ﬂ ¢/ 2Vomy
=| —— , e B=v/c.

m \1-p8



Bormpoc 2.
OcHOBBI THApPOo- U A3POCTATUKMU. 3akon ITackaus. Pacnpeneﬂeﬂne JaBJIeHUIl B MOKos e Ccs KUJIKOCTH,
HaXo/silIelicsi BO BHEIIHEM CHJIOBOM IoJIe.

[lon meficTBHEM BHEITHUX CHJI B JKMAKOCTSX M ra3axX, Kak M B TBEPHBIX TeJaX, MOTYT BO3HHKATh BHYTPCHHHUE
HaTpsDKCHUs. PaccMarpuBasi XKUIKOCTH M Ta3bl KaK CIUIONIHBIC CpPEIbl, Mbl OTMETHM, YTO JKHJIKOCTH, HE UMeEs
OTpeNeICHHOW (HOPMBI, COXPAHSIOT MPAKTHYCCKH HEU3MCHHBIN 00beM. BO MHOIMX BaKHBIX CIIydasiX HX MOXHO
paccMaTpuBaTh Kak HeC)KuMaeMble. ['a3bl ke He UMCIOT HU ONpeeIcHHON (GOpMBbI, HE (PUKCHPOBAHHOTO 00BEMA.

B &HUIKOCTU TIPU CXKATHU CHJIBI OTTAIKUBAHUS MEXITy MOJICKYJIAaMH MOTYT OBITh BeCbMa 3HAUUTEIbHBIME. [10 3TO
MIPUYMHE TOBOPST HE O PACTATUBAIOLINX U CIBUTOBBIX HANPSDKEHUAX Gij, @ O JaBJICHUSX Pij= — Cijj KaK 00 OTpUIATENIbHBIX
HanpspkeHusiX. COBOKYITHOCTD JJaBJICHUH Dij, ACHCTBYIOMIMX Ha TUIOLIAKH, TIEPIICHANKYIISIPHBIE OCSM KOOPJIUHAT U
OTPaHUYMBAIONINE KyOUUYCSCKHIA DIEMEHT JKUIKOCTH, HA3bIBACTCS TCH30POM JABJICHHH.

B mokosiiieics Win MEAJICHHO ABMKYIIECHCS HKUIKOCTH TAHTCHIHANbHbIC HAanpsuKeHus Pij (i#]), cBs3aHHbIe C
BSI3KOCTBIO OTCYTCTBYIOT.

3akon [Mackans.

Ecmu mpereOpeds cuitaMu TATOTSHHS, ISHCTBYIOMUMHI Ha KaXXIbIH JIEMEHTapHBIH 00BeM KUIKOCTH, TO U3
YCIIOBHSI PABHOBECHSI 3TOTO 00beMa CIIeIyeT, 9TO

P11=P22=P33=p @

IIpu 3TOM naBneHue P, BO3HUKAIOLIEE BCIEACTBUE BHEIIHETO BO3AEMCTBYS, SBISETCS CKAISIPHON BETMYMHON U
OJIMHAKOBO BO BCEX TOYKaX 00beMa, 3aHATOTO IMOKOSIICHCS KUAKOCThI0. Y cioBre (1) aBToOMaTHIeCKH o0ecTieunBaeT He
TOJIbKO PAaBCHCTBO HYJIIO CYMMBI CHUJI JaBJICHUS, IIPUJIOKCHHBIX K JAHHOMY 061)eMy, HO U PaBCHCTBO HYJIIO CYMMAapHOTO
MOMEHTA 3TUX CHIIL.

JIns moxazaTenbCcTBa ATOTO YCIOBUS PACCMOTPUM HETIOJBUKHYIO KUAKOCTD, TOMEIEHHYIO B IIUITUHAPUIECKHIA
COCY/I C TUIONIAIbI0 OCHOBAHUS S1, 3aKPBITHIA CBEPXY MOPIIHEM.

-

Ecnl nanasuts Ha nopiiens cuinoit Fi, TO B JKUAKOCTH GYLyT CO3MaHbI BHYTPEHHHUE HATIPSHKEHYS (IaBICHHU).
PaccMOTpUM yCITOBHUSI paBHOBECHS SJIEMEHTAPHOTO 00beMa JKHIKOCTH, HMeroIero popmy Kyouka. Ha eauuuiy ero
MOBEPXHOCTH OyIeT NeWCTBOBATh CxkuMaromias cuia fii=—piini, HampaBneHHas MPOTUBOIIOIOKHO HOPMAITH Nj K i-0¥
MOBepXHOCTH. [10CKOIBKY CHIIBI, ISHCTBYIOIINE HA TIPOTHBOIIOIOKHBIC TPAHH KyOUKa, PABHBI 10 BETHYHHE, TO P11=F1/S:.
PaBeHCTBO MABIEHHIA P11 U P22 CIICIYET U3 YCIOBUSI PABHOBECHSI TIOJIOBUHBI KYOUKa, BBIICIICHHOTO 00JIee TEeMHBIM I[BETOM
U u3006paxxeHHOro Ha gparmenrte. Jleiicteurensro, f11= f2; = f /(2)%5. TlosTomy p2o=p11. PaccmarpuBas paBHOBecHe
9JIEMEHTAPHBIX 00BEMOB B PA3JIMYHBIX TOYKAX KUAKOCTH, IIOJTYyYHM YCIOBHE!

pii=p=F1/S1

KOTOpPOE SBISIETCS MaTEMaTHYECKHM BbIpakeHHeM 3aKoHa [lackais.

Eciu paccMOTpeHHBII COCY COSANHUTD IPH IIOMOLIM TPYOKH € IPYTHM LUIMHIPUYECKAM COCYIOM C ILTOLIABI0
OCHOBaHHSA Sy, TO MPU OTKPBIBaHUHU KpaHa K BHYTpeHHHE HANPSDKEHHS B COOTBETCTBUHM ¢ 3aKOoHOM [lackais nepeaamyTes
BO BTOPOIf cocya. Ha mopieHs, 3aKphIBaIOIIMNA 3TOT COCY I, )KUAKOCTH OyJeT JaBUTh BBEPX C CHIION

Fo=pS2=(F1/S1)S:.

KunakocTs BO BHeLIeM MoJIe.

PaccMOTpuM HampsKEHNUS, BOSHUKAIOIIHE B )KUIKOCTH, HAXOMSIICHCS B TI0Je BHEITHUX CHIL.

ITycts k dnmeMenTy xuakoctu oobemom dV=dxdydz npunosxena Buemmsist cua FAV ( F — mioTHOCTH CHith).

> Z

»
B pe3ng@)3}mxammlx BHYTPEHHUX HAIPIKEHHIT Ha HIKHIOKO IPaHb KyOHKa ¢ KOOPAMHATOH X 1
wiommaasto dydz B MOIOKXUTETFHOM HATIPABJICHUH OCH X JefCcTByeT cuna nasienus p(X,y,z)dydz, a Ha BepxHIOIO rpaHb —

p(x+dx,y,z)dydz. TTpu paBHOBeCHH KyO@Ka BBIMOJIHACTCS PABCHCTBO

p(x,y,z)dydz — p(x+dx,y,z)dydz ¥ Fxdxdydz = 0

AHaIOTHYHBIC PABCHCTBA 3aMMCHIBAIOTCS 110 ABYM JPYTHM OCSIM

p(x,y,z)dxdz — p(x,y+dy,z)dxdz + Fydxdydz = 0

p(x,y,z)dxdy — p(x,y,z+dz)dxdy + F,dxdydz = 0

PasnenuB yieBble 1 paBbie YaCTH PABEHCTB Ha AJIEMEHTAPHBIA 00beM MOJIy4aeM YCIIOBHE PAaBHOBECHS B BHIC
aubd. ypaBaenuii : - dp/dx + Fx=0; -dp/dy + Fy=0; -dp/dz + F, =0

Orcroa creyer, 4To AaBICHUE HE OCTACTCS MTOCTOSHHBIM U U3MEHSIETCS B TPEX HAMPABJICHHUSX, 0 KOTOPBIM
JICHCTBYET BHEIIHSS cuiia. ECIT BBECTH BEKTOP IpajMeHTa AaBICHHUS

grad p = Vp = dp/dx e, + dp/dy ey + dp/dz e, , rne ex, ey , €, — eIMHUYHBIC BEKTOpPA BOJb Oceil koopauHar : - grad
p+F=0.

[puMepoM CITyKUT KUAKOCTH B MMOJIE TSHKECTH 3eMIIH. PacckaszaTh Mpo cOOOLIAIOIINECs COCYABL.



buaer 7.

Bompoc 1.
Padora cuibl. KOHcepBaTI/lBﬂble U JUCCUNIATUBHBIC CUJIbI. Kunernueckasi IHEepPrus MaTepﬂaJ’IbHOﬁ
TOYKH U CUCTEMbI MATCPHUAJIbHBIX TOYCK. HN3MeHeHHe KMHETHYECKOMH JHEPIUM NMPHA COBECPIICHUU
padoTHhI.

Pabotoii crtel F Ha mepemernennn dS Ha3sIBaeTCs MPOIKIUs FS Ha HallpaBIeHHE TepEMEIIEHIS,
YMHOXXEHHas Ha camo nepemertenune: dA = Fds = F*ds*cosx , rae X — yros Mexay Bekropamu F u ds.
Bennunna dA Ha3bIBacTCs 3JeMEHTAPHOMN paboTOMH.

Korga maTtepuanbHas TOUKa, ABUTasCh O KPUBOJIMHEUHON TPACKTOPUU, TPOXOIUT IMYTh KOHEUYHOU JIUHBI,
MOJKHO MBICIIEHHO Pa30UTh 3TOT MMyTh HA OECKOHEYHO MAalTbIe 3JIEMEHTHI, Ha KOKIOM U3 KOTOPhIX cuia F

nocrosinaa. Materpan A = I(Fds) naet paboTy cuibl F B1osb KprBOii L.
L

Ecniu F=F1+ F2, 1o Fs = Fls + F2s u Fsds = F1sds + F2sds , T.e. dAA=dAl + dA2 u A=Al + A2,
F=dp/dt, ds = vdt. 4= j (vdp)
ITo onpeneneHnio UMIysbca P = MV, moaromy Vdp = mvdv. dv — aseMenTapHoe npupaiienue Bekropa V. Eciu

MBI YCJOBHUMCSI MTOHKATD TIOA U [UTHHY BEKTOPA V, TO OYEBUAHO V*V = U*U. Tuddepenuupys moayuum : udu =
vdv

‘< mus ;)
A12=m.|‘udu= 2L
2
ul
2 2
mu p
rae Ul — HauanbHasi, aU2 — KOHEeYHasi CKOPCTH TOYKU. Bennunna k = T = 2—
m

Ha3bIBAETCS] KHHETHYECKOH dHepruel MarepuanbHoi Touku, A12 = K2 — K1.

Kuneruueckoii 3Heprueit cucteMpl Ha3bIBaeTCAd CyMMa KHHETHUECKUX SHEPTUil MaTepUaIbHBIX TOUEK, U3
KOTOPBIX 3Ta CHCTEMa COCTOUT, 1lox A12 Hamo MOHUMATECYyMMY PabOT BCeX CHIT (KaK BHYTPECHHX, TaK U
BHEIIHUX) EHCTBYIOIINX Ha MaTepUalbHble TOUKH CUCTEMBI. Takum 00pa3om, paboTa Bcex Cull,
JIEHCTBYIOLIUX HA CUCTEMY MATEPUAJIbHBIX TOUEK, PaBHA IPUPALICHUIO KHHETUYECKON SHEPT U 3TOH CUCTEMBI.
KoHcepBaTUBHBIMHU Ha3. CHJIbI, 3aBHCAIIME TOJIBKO OT KOH(UIYypaluu CHUCTEMBI, U paboTa KOTOPBIX IIO
mo0oMy 3aMKHYTOMY KOHTypy paBHa 0. Bce cuibl, He sBIsIOIIecs KOHCEPBATUBHBIMH, HAa3bIBAIOTCS
HeKOHcepBaTUBHbIMU. K HHM OTHOCATCS Tpexie BCEro AUCCHNATUBHBIE CHIBL. /JluccunamueHviMu
Ha3bIBAIOTCA TAaKWC CHIJIIBI, ITOJIHAs pa60Ta KOTOPBIX IIpHU JIFOOBIX JABMKCHUAX B 3aMKHYTOI\/'I CHUCTEME BCCEria
oTpuuaTenbHa. IIpuMepoM MOXET CIyXHThb CHJIa TPEHHS WM CHJIBI CONPOTUBICHUS B JKUAKUX U
ra3o0o0pa3HbIX cpefax. Bce 3TH CHIIBI 3aBHCAT HE TOJIBKO OT KOH(UIypauuu Tell, HO U OT UX OTHOCHTENIbHBIX
CKOPOCTEH, KpOME TOIO OHM HAIIPaBJIEHBI IPOTHUB JIBM)KECHHUS TEIa.



Bormpoc 2.
Pacnpenesenne TemmepaTrypbl M JaBJeHHMA aTMOcC(epHOro Bo3Ayxa ¢ BbIcOoTOH. Bapomerpmuuyeckast
(popmyua.

o Mepe yBenu4IeHUs BHICOTHI IABJIICHUE U TUIOTHOCTh MOHOTOHHO YOBIBAIOT, a TEMIIEpaTypa MOHOTOHHO
yOBIBACT JUINb B HIDKHEM JICCATUKUIIOMETPOBOM CJIOE, & B 00JI€€ BEICOKUX CIIOSIX MEHSETCS HEMOHOTOHHO.
[MapameTpsl aTMOCc(hepbl 3aBUCAT KaK OT Teorpad@uyeckoro MmojoKeHUsI MeCTa, TaK M OT BPEMEHH TOJ1a.
CroHast BBICOTHAs 3aBUCHMOCTh TEMITEPATyPbl aTMOC(EPBI €CTh PE3yJIbTAT COBMECTHOT'O TIPOSIBIICHUS
MPOIIECCOB TEIIOMACCONEPEHOCa, MHUIIUUPYEMBIX n3ryueHuem ComHIa.

ATMocdepa JenuTCs  Ha  OTHENBbHBIE ydacTKW. HipkHuE  cinodi  atMocdepbl,Ha3bIBACMBII
Tporocdepoit,conepxkut 80% maccel aTMocdepsl, TOYTH BECh BOISHOW Map M OOJNaka W XapaKTepU3yeTcs
CWIBHBIM BEPTHKAILHBIM MepeMemnBanueM. CBepxy Tpomocdepa OrpaHHYECHAa TPOIMONAay30H, TJe
TeMIlepaTypa MEHSETCS O4YeHb Mayio. Bwimie pacmoioxkena crparocdepa,rie TeMIeparypa MOBBIIIACTCS, H
3aKaHYMBACT IMOBBIIATHCS B CTpaTomnayse. Boiiie Haxomutcs Me3ocdepa, Tae TemIiepaTypa OINsTh MajacT.
Brimie maxomutest Tepmocepa, B KOTOpol Temmeparypa omsath pacteT mo 600-2000 K. Jlns BbrancieHus

dp

U3MCHCHUA aTMOC(bepHOFO JTaBJICHHS C BBICOTOM BOCITIOJIb3YEMCA YCIIOBUEM PABHOBECUA — —— = —

p dx
CBs13b MEK/Iy JaBJICHUEM H IUIOTHOCTBIO 3a[1aCTCsl yPaBHEHHEM COCTOSIHUS HICaIbHOrO rasa p = p—, T. K.

BJIMSIHUE BIQXKHOCTH HA IJIOTHOCTH BO3/yXa CYIL. JIUIIb B TPOIHMKAX HA TIOBEPXHOCTU M OIOKa <2%.

14
ITonyuaem yp-ue P —L.
p dx RT (x)
KoTtopoe MokHO pOMHTErpupoBaTh, €Ciii U3BeCTHO T(X).
B kauecTBe rpy0oro npuOIMKEHHS MOXKHO HCIIOJIb30BaTh CpeiHee 3HaYeHue Temmeparypsl 250 K.
_Hgx _r
Huterpupys noyanm Gapomerprdeckyio G-1y: p = p,e X7 = pe .

_ ugx -
- RT _— H,
ITo sTOMY K€ 3aKOHY M3MEHSAETCS M IUNIOTHOCTD BO3AyXa: P = p,€ =p.e °.

. RT
IIpuBesieHHas BLICOTA (BBICOTA HA KOTOPOH laBnenue najgaetr B € pas): H, = — = 7,4xm.

HE
100 | O
i) oy
0 Rk
HMA
7 T

H, km H, &m _

JET0

JETO

M 0

{
2 250 0 0 107 oI

T, K P. Tla
Puc, 2 16




buaer 8.

Bompoc 1.
Paodora KOHCEPBATUBHBIX CHJI. HOTeHIll/IaJ'leafl JHEeprusi. 3akon COXpaHCHHUA MEX. JHEPIUU CUCTEMBI
TEJ H €ro CBfA3b ¢ OAHOPOAHOCTBIO BPEMECHHU.

Bce cuibl (B MaKpOCKOITUYECKON MEXaHUKE) MPUHATO Pa3eiisaTh Ha KOHCEPBATUBHBIC U
HEKOHCepBaTUBHBIC. ECITM CHITBI B3aMMOIEHCTBUS 3aBUCT TOJIBKO OT KOHPUTYPAIINH MaTepHAIbHBIX TOUEK
CUCTEMBI (OT UX KOOPJUHAT) M paboTa STUX CHJI IPU NIEPEMEIICHUN CHCTEMBI U3 TPOU3BOJILHOTO HAYAJILHOTO
TMTOJIOXKEHUS B TIPOU3BOJILHOC KOHEYHOE MOJIOKEHUE HE 3aBUCUT OT ITyTH MEPEX0J1a, a ONPEACIIAETC TOIBKO
HaYaJIbHOW M KOHEYHOU KOH(HUTypaIfeil CHCTEMBI, TO TaKHe CHITBI Ha3bIBAIOTCS KOHCEPBATHBHBIMHU.

Ilycth cuctema u3 monokeHus 1 mepria B monoxenne? mo mytd 132. IIpu atom OyaeT coBepiiera pabora
A132. Ecnu Ol cucTeMa mepelinia B moJiokeHue 2 1o mytu 142, To coBepiieHHas padora Obuia Obl paBHA
A142, ITo onpenencHuIo KoHCepBAaTUBHBIX ¢l A132 = A142 . Tak Kak CHIIBI 3aBMCST TOJIBKO OT
KoH(purypanun cuctembl, To A142 =-A241. Takum ob6pazom, A132 + A241 = 0. Ho cymma A132 + A241 ects
paboTa, COBEpIIICHHAS CUJIaMU, KOT/Ia CUCTEMa BEPHYJIACh B UCXOIHOE MmoJnkeHue 1.B aToM citydae roBopsT o
paboTe 1o “3amMKHyTOMY IIyTH”. Pab0Ta KOHCEpBATUBHBIX CHJI 110 3aMKHYTOMY IyTH paBHa HyJt0. [I[pumepamu
KOHCEPBATHUBHBIX CHJI MOTYT CITy’KHTB CHJIA TSDKECTH U BCE IIEHTPAIBLHBIC CHITBL.

4

Kakoe-n100 nmpon3BobHOE MOJI0KHNAE CUCTEMBI YCIOBHO IpUMeM 3a HyseBoe.PaboTa, coBepiraemast KOHC.
Cunamu 1pu nepexozie CUCTEMbI U3 PaCCMaTPHUBAEMOI'0 MOJIOKEHHUS B HYJIEBOE, Ha3bIBACTCS IOTEHIHATIBHOM
sHeprueiicucTeMsl B epBoM nosnoxxkeHuu.[loreHnpanpHas sHeprus npu GUKCHPOBAaHHOM HYJIEBOM ITOJIOKEHUN
3aBHCHUT TOJBKO OT KOOPAMHAT MaTepHAJIbHBIX TOUEK CHCTEMBbI. IHBIMU CJI0BaMU, TIOTCHLIUAILHASI SHEPTUS
cucremsl U siBisiercst pyHKIHMEH TOIBKO €€ KOOPAUHAT.

[loreHnumanbHas SHEPTHUsA CUCTEMBI ONPEAETICHA C TOYHOCTBIO A0 KOHCTaHTHI. [lycTh cucTema nepuuia u3
nonoxenus 1 B monoxkenue 2 no mytu 12. Paboty A12 MOXHO BBIpa3uTh Yepe3 NOoTeHIanbHbIe 3Heprun Ul u
U2. TTycTh nepexoj1 CoBEpIlieH uepe3 HysieBoe nojoxenue 0, mo mytu 102,

Al12=A102=A10+ A02 = A10 + A20. Ilo onpenenernnto UL = A10+ C 6 U2 =A20+C
Taxum o6pazom A12 = U1 — U2, T.e. pabota konc. Cun paBHa yObLIM NOTEHIIMAILHON SHEPTHH.
Ta e pabota MOkeT OBITh BEIpaXKEHA uepe3 MpUpalieHie KWHETUIeCKOi SHepTru:
A12 =K2 - K1 . IlpupasauBas momyunm:K1 + Ul =K2 + U2
Cymma kuH. U ot sHepruit Ha3piBaeTcs noiaHou sueprueit E. E1 = E2, winn E =K + U = const
B cucreme ¢ oTHUME TOJIBKO KOHC. CHJIaMU TIOJHAsE SHEPTHsI OCTaeTCs HEM3MEHHON. MOTryT MPOMCXOANTh
TOJILKO MIPEBPALICHHUS SHEPT Ui, HO TIOJHBIN 3a11ac U3MEHUTHCS HE MOXKET (3aKOH COXp. SHEPTUH).



Bormpoc 2.
3akoH ApxmMmena. YCJOBHSI YCTOHYMBOIO INIABAHWS TeJ HAa IOBEPXHOCTHM W BHYTPH KMIKOCTH.
BozayxoniaBanme.

Ha Tena, morpyeHHbIe B KHJKOCTb, JEHCTBYET BBHITAIKMBAIOIIAS CWJIA, HAMpaBIICHHAS BEPTHKAIHHO
BBepX. OTa cuiia SIBISETCS PE3yJIbTaTOM JEHCTBUS cuil JaBiieHus. BriTankuBaromias cuna Fa, HazpiBaeMmast
cuIIol Apxumena,MoKeT ObITh MOJCUYNTAHA MPH yUYEeTe paclpeliesiCHHsI JaBICHUS 1O TITyOUHE M OKa3bIBACTCS
paBHOM Becy BBITECHEHHOHN XHIKOCTH. M3BINeu€éM W3 cocyla C KHUIKOCTBIO TENO, 3aTeM JONbEM Tyna
KHUIKOCTH (TOM ke). MBIAETHM MBICICHO TPaHMIBI TeJla B KHUIKOCTU M MOWMEM, UTO cyMMa JCWCTB. CHJI Ha
KHUJIKOCTh BHYTPH YCIOBHBIX TpaHuI] =0 = ApXHMenoBa cuiia paBHA BECY BBITECHEHHOMW KHIKOCTH. LleHTp
Macc TIOTPYKEHHOI'O Tela MOXKET HE COBMazaTh C LEHTPOM 00beMa. DTO HECOBIAJCHHE MMEET OOJIbIIoe
3HAYEHUE JUI1 YCTOWYMBOTO TUIABAHMS Tell, MOTPYKEHHBIX B JKUJIKOCTH (B KOpaOIECTPOCHHUH HCIOIb3YeTCs
TEPMUH OCTOMIUBOCTD ).

Jnst Ten, TiaBalomyX HA MOBEPXHOCTH JKUAKOCTH, IIEHTP MX TSKECTH BCerAa OyAeT pacloyioKeH BhIIIe
HeHTpa o0bema, MOTPY>KeHHOTO B JKUAKOCTb, U OCTOMYMBOCTD IIABaHUS JOCTHUTaeTCsl BEIOOPOM MOI00ArOIIEH
(dbopmbl Kopabiis U ero 3arpy3ku. B cynoctpoenun GopMy CyJHA C YIETOM €ro 3arpy3KH pacCUMTHIBAIOT TAKHM
00pa3oM, 4TOOBI METalEHTP HaXOIWJICS BBIINIE LIEHTpa MacC CyaHa . DTOT METAUEHTpP SBISETCS IIEHTPOM
KPUBHU3HBI KpUBOH , TPOXOISIIMH yepe3 ILEHTphl OOBEMOB MOTPYKEHHBIX 4YacTeld KopIyca
KOPaoIIsl.,CMEHSIFOIIUX IPYT APYyTa MPH ero OOKOBOW Kauke.

BozayxoniaBanue. A>pocTaThl — JIETATENBHBIC anapaThl Jierde Bo3ayxa. OHM MOICPKUBAIOTCS B
BO3yXe ONronaps NIOALEMHOM CHIIE 3aKITIOUSHHOTO B 000JIOUKE a3pOCcTaTa raza ¢ INIOTHOCTHIO, MEHBIIEH
TUIOTHOCTHU BO31yXa (BOJOPO/, TEHi, CBETHIILHBIH ra3). ASpOCTaThl, MpeIHA3HAYCHHBIC IS MTOJIETOB B
cTpatocdepy, Ha3bIBAIOTCS CTPATOCTATAMHU. ADPOCTATHI JENATCS HA YIPABIIIEMbIC, WIN TUPHKAOIH,
cHaO)KEeHHbIE IBUTATEISIMH, M HEYTpaBisieMble. Heynpapinsiemble a3pocTaThl HCIIONB3YIOTCS Il CBOOOAHBIX
MOJIETOB 10 BeTpy ( cBOOOAHBIE a3pocTatsl). s moaséma Ha Gosbinue BeicoThl V nopsaka 100000-800000
M. KoHCTpyKIms a3pocTaTa BKIIIOYaeT 000JI04Ky, COAEPIKAIIYIO JETKMI Ta3, TOHA0IY IS pa3sMElIeHHUs
SKUTIAXKA U alMnapaTypsl H MOJBECKY, KPETSIyto TOHI0Ty K o0onouke. [logpemHas cuna 1 M.xy0. Bomopoaa y
3€MHOM MOBEPXHOCTH paBHa NpuOym3uTenbHo 1,15 kI, a remus — 1 kI'. MI30BITOK OIbEMHOMN CHIIBI
ypaBHOBeNMBarOT OamiactoM. O00I0UKA 3aMOTHSIETCS JUIh YACTUYHO, U OTO TIO3BOJISAET 3allIUTUTh €€ OT
nepeHanpspkeHus. [Ipu mogbeMe 1Mo Mepe YMEHbBIICHHS TaBJIeHUs aTMoc(hephl JIeTKUi ra3 B 000J1049Ke
pacmmpsieTcs, OAHAKO MObeMHasl CHJIa OCTAETCsl MOCTOSIHHOM. J[Js cIycKa OTKphIBaeTCsl ra30BbIi KiallaH B
BepxHe# yacTi 000m04ky. [logbpeMHas cuiia MaaaeT, U a3pocTaT onyckaercs. [IocKONbKyY aBieHue
aTMocdepbl HAYMHAET PACTH, TO 000TUKa CHOBA TepseT (hopMy mapa. [Ipu npu3eMiieHHH Macca JIETKOro rasa
BCET/]a MEHbIIIE er0 HaYallbHOIM Macchl. YTOOBI PENOTBPATUTH yAap TOHIOJBI O 3eMITIO U3-32 MaCHUS
MOJTbEMHOM CHJIBI, HEOOXOIUMO TIepe]l TIOCAIKOW YMEHBIIUTh MACCy adpocTaTa. ITO JTOCTUTASTCS

i fE Puc. 2.12

m
*mg 18

Puc, 28 Puc. 20 Pue. 200
cOpacbIBaHUEM OCTAIOIIETOCs OasacTa.



Bbuier 9.

Bompoc 1.
Coynapenne Tes. AGCOTIOTHO YyNpyruii U Heynpyruii ynapel. IlpumMeHeHne 3aKOHOM cOXpaHeHHs JJISI ONMCAHMSA
CTOJIKHOBEHHS Te.l.

AOCOJIIOTHO HEYNPYTrHM YAAapOM, Ha3bIBAaeTCsl CTOJIKHOBEHHME ABYX TeJl, B pe3yJbTaTe KOTOPOTO OHU COEAMHSIOTCS
BMECTE M ABMXKYTCS JaJbIIE KaK OJTHO TEJIO.
CrankuBatomyecs Tena AeopMHUPYIOTCS, BO3HUKAIOT YIIpyTrue cuibl U T.1. OAHAKO eclv yaap Heynpyrui To,
B KOHIIC KOHIIOB BCC 3TU NPOLCCChI NPCKpAIlIatOTCA, U B ILaJ’ILHGﬁHIGM oba TCJa, COCAUHUBIINCHE BMECTC,
JBIKYTCS KaK €IUHOE TBEPAOE TENO.

V1 V2

|l

ma ma
PaccmoTpuM aGc. Heynpyruii yaap Ha IpuUMepe CTOJIKHOBEHHS ABYX LiapoB. IlycTb OHM OBMXKYTCS BIOJB MPSMOM,
COeMUHAIOMEH HMX LEHTPBI, CO CKOPOCTSIMH Vi M V2. B 3ToM cilydae roBOpAT 4TO ynmap SIBISCTCS YEeHMPATbHLIM.
O0603H29nM 3a V 00IIyI0 CKOPOCTH IAPOB MOCTE COYAAPCHUS. 3aKOH COXp. MMimynpca naér:
m1v1+m2vZ:(m1+m2)V = V:(m1v1+m2v2)/(m1+m2)
KuH. sHepruu cucteMsl 10 yaapa u nocie: Ki=1/2(mvi2+myv?)  Ko=1/2(mi+my)V
[Tob3ysiCh 3TUMHU BBIPAK. MOTyYaCM: K1-Ko=1/2(V1—V2)(V1-V2)
rae W =mimy/(mi+mg—  npuBencHHast Macca mapoB. Takum 00pa3oM, npu CmoaKHOBeHUU 08YX ADCOTIOMHO
Heynpyaux uwiapog Npoucxooum nomeps KUuH. dHepeUu MAKPOCKONUYECKO20 OBUJICEHUs, PABHASL NOI0GUHE
npoussedetus NpUEeOEHHOL MACChl HA K8AOPAM OMHOCUMENbHOU CKOPOCHIUL.
AOCOJIIOTHO YNPYTMM YIapoOM Ha3bIBa€TCsS CTOJKHOBEHHE TENI, B PE3yNbTaTeé KOTOPOTO WX BHYTPEHHHE
sHeprun He MeHstoTcs. [Ipumep: CToNKHOBEHHE OMITBSIPAHBIX MIAPOB U3 CIIOHOBOM KOCTH, IIPH CTOJKHOBEHHSIX
aTOMHBIX, SJEPHBIX YacTHll. PaccMOTpMM LEHTpPaJIbHBIM yaap JBYX ILIApOB, ABHUXKYUI-CS HABCTPEUY HAPYT
ApYTY:
(M1v12)/2+(mz V22)/12=(M1us?)/2+(mz Uz2)/2
.
M1Vi+MaVo=Mali+MmaUs

ul=[(m1-my)vi+2myv2]/(my +my)
u2=[(mz-m1)vo+2myvi]/(ms+my)
I[IpK CTONKHOBEHUH JBYX OOMHAKOBBIX aOCOIKOTHO YIPYIHX IIAPOB OHU MPOCTO OOHEHUBAOTCS CKOPOCTIMH.

Bomnpoc 2.
CranmnonapHoe IBUkeHHUe KUAKOCTH. JInHuM n TpyOkH Toka. PacnipenesieHue naBjieHUi U ckopocTeii B
JKMKOCTH, TEKYIIeil o TpyOe nmepeMeHHOro ceyeHus. YpapHenue bepnysim.

PaccmoTpuM cTanmoHapHOE T€YEeHUE )KUIKOCTH B KAKOM-THOO0 KOHCEPBATUBHOM CHIIOBOM II0JIE, HAIIPUMED, B
nojie cuwie TSHKeCTH. IIpuMeHMM K 3TOMY TEYEHHIO 3aKOH COXpaHEHUs 3Hepruu. llpm 3TOM MOTHOCTHIO
npeHedperacM TEMJI000MEHOM MEXIY JKUAKOCTBIO W cpelloid. BbuiennM B KUAKOCTH OECKOHEYHO Y3KYIO
TPYOKy TOKa M pacCMOTPHM YacTh XHUIKOCTH, 3aHuMaroryro 00éM MNDC. Ilycts 3Ta yacTh nepemectuinach
B OeckoneuHo Onuzkoe monoxernne MiNiDi1Ci. Beramcnum pabory A, coBepliaeMyr IMPH 3TOM CHIaMHU
nasneHus. JlaBieHue, aelcTByIollee Ha OOKOBYIO TIOBEPXHOCTh TpPYOKM TOKa, TEPIEHAUKYISPHO K
MepeMEIICHUIO U paboThl He coBepiaeT. [1pu nmepemeniennu rpanuibl MN B monmoxxenne MiN; coBepiaercs
padorta A1=P1SiL1, rne Li=MM ;- Benuuuna nepemenicnus. Beens 00béM AjV=S;1L1,ee MOXHO IpPEJICTaBUTH B
Bue A1=P1AV: wmun A1=P(Aim/p:), tae Aim- macca xuakoctd B oobeme MNN:M;i. Tlpu nepemenieHun
rpanuiel CD B monmoskenue rpanunbl CiD1 kuakocTs coBepiiaer paboTy mpotuB gaBinenus Po. Jlns Hee,
paccykias aHaJOTHYHO, HaiiméM Ao =Pa(Aom)/p, , e Aom- macca xumkoct B 06beme CDD1C1. Ho ecin
IBIDKEHHE CTAallMOHApHO, TO Macca Xuakoctd B oO0beme MiNiDC He wu3MeHUTCs, ClieI0BaTENIbHO
Aim=Aom=Am, nonyuum A=A1-A,=(Pi/p: -P2/p:) Am. Drta pabora = npupamieauio AE mojaHO# 3HEpruu
BBIJICJICHHON YacTH >KMAKOCTH. BBHIY cTanmmMoHapHOCTH TeueHHs SHeprus xuukoctu B oobeme MiN1DC ne
n3menunack. [loatomy Benmmunna AE= pasHocTu 3Hepruil Macchl XuAKocTH AM, B nojoxeHusx CDD1Cy u
MNN:1M;. Haxogum AE=(g,—€1)AM, T1e € - MoTHAs SHEPTHs, MPUXOIAIIANCS HA SAMHUIY MACChl KUIKOCTH.
ITpupaBuss AE x A u cokparuB Ha AM monyunMm: €+P1/ =g, +Po/p, . Otcrona ciemyer, 9To BAOIH OAHOM U
TOW JK€ JIMHHUM TOKA MOPU CTAMOHAPHOM TEYCHHM WJCATbHON JKHIKOCTH BenumunHa g+P/p ocraéres
NOCTOSIHHOU: &+P/p=B=const-smo omuowenue nasvisaemcs ypasnenuem bepryiiu. OHO CIPaBEIITMBO U IS
CKUMAaEeMBbIX KHIKOCTeH. TpeOyeTcs ToIbKO, YTOOBI )KUAKOCTE OblTa HACATbHOMN, 8 TeUCHHE- CTAMOHAPHBIM.
Jlunus, xacamenvHas KOMOPOU YKA3bl@Aem HANpAasieHue CKOPOCMU Yacmuybl JHCUOKOCMU, HpOXoosuell 8
paccmampusaemvlii. MOMEHM BpeMeHU uepe3 MOYKY KAcanus, Hasvieaemcsa Junued mokxa. Ecnm mone
CKOpOCTEH, a CleJ0BaTEeIbHO, COOTBETCTBYIOLINE €My JIMHUU TOKa HE MEHSIOTCS C TEYEHHEM BPEMEHH, TO
JBIDK. )KUIKOCTH Ha3bIBACTCS CIMAYUOHADHBIM WU YCIMAHOGUGUEMCSL.

Bo3pmeM mpon3BObHBIN 3aMKHYTHIH KOHTYp C M yepe3 KaXXIylo TOUKY €ro B OWH M TOT )K€ MOMEHT BpEeMEHH




npoBenéM MuHUM Toka. OHU pacroyiokarcss Ha HEKOTOPOH TpyO4aToll MOBEPXHOCTH, HA3bI6aeMOl TPYOKOi
TOKa. Tak Kak CKOPOCTH YacCTHII )KUAKOCTH HAIPABJICHBI 110 KACaTEILHBIM K JIMHHUSAM TOKa, TO TPH TCUYCHUH
KHUIKOCTh HE MOXET IepeceKaTh OOKOBYIO ITOBEPXHOCTh TPyOKM TOka. Macca *KHMIKOCTH, MPOTEKaromas 3a
Bpems dt yepes monep. ceyenne Tpyoku Oymer: dm=pvSdt. Eciu B3sath 22 ceuenns S1=Sy, T0: p1v1S1=paV2Sy,
€CJIM KUAKOCTh HE COKMMaeMa, TO Pi=p2 momydutcst: (Vi/V2)=(S2/S1). CKopocTh MKHUIKOCTH B OJHOW M TOH ke
TpyOKe TOKa TeM OOIIbIIe, YeM yiKe TOIIepedHOe CeUeHUE TPYOKH.



Buaer 10.
Bompoc 1.

Heunepuuanbublie cucteMbl 0TcuéTta (HUCO). Onucanne nBuxenns Mmatepuajibnoii Touxku B HUCO.
CuJibl HHEPIUH: IEPEeHOCHAs, IEHTPOOeKHAA U KOPHOJINCOBA.

Heunepuuanbubie cucrembl orcuéta (HUCO). HUCO nHazpiBaeTcs cucTeMa, IBIDKUINASLCA YCKOPEHHO
OTHOCcUTENbHO MHepIuanbHOW. CO cBsi3aHa ¢ TeIOM OTCYETa, KOTOPOE, MO OMNpPENEICHUI0, IPUHUMAeTCs 3a
adcomotHO TBEPmoe. Omp 2: B CO, B KOTOPBIX UMEIOTCS CHIIBI TATOTCHHS W B K-X HE BBITIOJNHAETCS 1-BIH 3-H
HzroTona, nas. HUCO.

Onucanue au:xenuss mat. Toukn B HUCO. Uto0Osl omucath aBuxkeHue B Hekotopodt CO, HE0OX0auMo
Pa3bSICHUTH COAEPKAHHWE BBICKA3bIBAHWS O TOM, YTO TAKHE-TO COOBITHS INPOU3OLUIM B TaKUX-TO TOYKAX B
TaKHue-TO MOMEHTHI BpeMeHH. J{i1st aToro Hano, uroOsl B CO 3 eaunoe Bpemsi, Ho B HUCO eanHoro BpeMeHH B
ykazaHoM §7 yueOHuka MarBeeBa cMbIciie He cymiecTByeT. lloHSTHE AMUTENBHOCTH IPOLIECCOB,
Ha4YMHAIOIMXCA B OJHOM TOYKe, a 3aKaHYMBAIOIIMXCS B JPYTOM, TEPSET CMBICIH, MOCKOJKY CKOPOCTh XOJa
4acoB B pa3iMYHBIX TOUYKAX pa3inyHa. Takke TpyAHO ONpENeNnuTh MOHATHE AJTMHHBI ABMKYIIErOCs Tena, eClin
HE SICHO, YTO TaKO€ OJTHOBPEMEHHOCTb B B PA3JIMUYHBIX TOUKAX. DTHU TPYIHOCTH MOKHO YaCTUYHO OOONTH, €CIIH
IPUHATh BO BHUMAaHKUE, YTO MHTEPBAJI COOCTBEHHOTO BPEMEHHUH HE 3aBHCUT OT ycKopeHus. [loaTomy aHammsa
MPOCTPAHCTBEHHO-BPEMEHHBIX COOTHOIICHUH B HEKOTOpoH OeckoHeuHo Manoil obmactu HUCO wmoxHO
BOCIIOJI30BAaThCSl MPOCTPAHTCBEHHO-BpEMEHHBIMU cooTHomeHus MU MCO, koTopast OBUXKIETCS C TOM Ke
CKOpPOCTBIO, HO 0€3 YCKOpEeHHs, KaK U COOTBETCTBYIoMIas OeckoreyHo Manas oomacte HUCO. Takas UCO Has.
COHpOBOX(ILaIOHIeﬁ. PaaCMOTpI/IM ABWXCHUA C MaJIbIMU CKOPOCTAMHM, KOTAa BCC 3TU TPYAHOCTU HEC BO3HUKAIOT
Y MOXHO HCITOJIb30BaTh NpeoOpa3zoBanus [ammmmes, cuuTas, 4To MPOCTPAaHCTBEHHO-BPEMEHHBIE COOTHOLICHUS
¢ HMCO TtakoBsI ke, Kak ecin 0bl oHa Ob11a MCO.

Cuabl uHepunuM: mepeHocHass U kopuosaucopa. B HUCO 3 yckopenus, KoTopele HE CBS3aHBl C CHJIAMHU
Takoro xe xapakrepa, kakue uszpectHol B M1ICO. B HUCO, Tak ke Kak U B HMHEPLHUAIBHBIX, YCKOPEHUSA
BBICBIBAIOTCSl CUJIAMHU, HO HAPsSAy € «OOBIYHBIMUY» CHJIAMH B3aUMOAEUCTBHS 3 emé M CHIIbl 0CO00H MPUPOHI,
Ha3bIBaGMMBbIE CHJIAaMHM MHEpLUH. 2-0i1 3-H HetoToHa dopmynupyercs 0e3 n3MeHEeHus, HO Hapsdy € CHIIaMH
B3aMMOJICHCTBUS HEOOXOUMO y4YecTh CHIIbI MHEepUUU. CHITbI HHEPUUH OepyTCsl TAKUMH, YTOOBI 00ECTICYUTh B
HUCO Te ycmoBus, koTopeie (hakTHuecKn UMeroTcs. 2-oi 3-H Heiotona B8 HUCO: ma’=F+F,,., rone a’ —
yckopenue B HUCO, F — «oObrunbIe CUITBDY, Fuy — crtbl uHepinu. llepeHocHas cuila WHEpIHUW HampaBlieHa
MPOTHBONONIOXKHO TiepeHocHoMy yckopenuto HUCO u paBHa Fux= — mag. PaccMoTpuM cuiibl MHEPLUHU BO
Bparatomeiics CK:

Fun=m(a’—a)=m(-a¢—ax)=mmn?R-2m[wo V’]=F+Fk. Fis= M®?R — nearpobexuas cuna uaepuun. Fx=—2m[o Vv’]
— CWIa WHEPUUH CBs3aHHAas C KOPHOJHMCOBBIM YCKOpeHHEM Has3bpiBaeTca cuioi Kopuonmuca. Ona
NEPIEHINKYJIISIPHA TIOCKOCTH, B KOTOPOIl JIe)KaT BEKTOPHI YIJIOBOM M OHTOCHUTENBHOM ckopocTed. Ecnu atn
BEKTOPHI KoJMHeapHsl, To Kopronncoso yckoperue payHo 0.



Bormpoc 2.
JBukenne BsA3Koil :xkuaAKocTH. CHibl Bsi3koro Tpenus. KoagduumnaT BaskocTu. Teyenne BA3KOH
JKUAKOCTH 10 TpyOe. @opmyaa Ilyaseiiis.

Cuibl BA3KOro TpeHusl. HpIOTOH yCTaHOBWIJI OMBITHBIM ITyTEM, YTO NMPH CKONBKEHHUH JPYT OTHOCHTEIHHO
JIpyra IBYX MapajuIeNbHBIX IUIOCKOCTEH, MPOCTPAHCTBO MEXIY KOTOPHIMH 3allOMHEHO XHIKOCTBHIO, CHIIBI
BSI3KOTO TPEHUS MPEMSTCTBYIOT 3TOMY CKOJBKEHHIO (puc. 4.1). DTa cuia mpomopuuoHalbHa IUIOMANN S U
HW3MEHEHUIO CKOPOCTM Ha €OUHMIY [UIMHBI B TIONEPEYHOM HampamieHuH h/v (TpaineHTy CKOPOCTH B
HAINpaBJICHUH, MEPICHAMKYJSPHOM [BIKCHUIO) M 3aBUCUT TAaKKe OT BA3ZKOCTH Kuakoctu M. F=puSv/h.
h?<<S. Ba)XHO OTMETUTH, YTO YACTHIIBI KMIAKOCTH, NPUIIETAOIINE K BEPXHEH IIACTUHE, IBUKYTCS BMECTE C
HEI0 CO CKOpPOCTBhIO V (YBIIEKAIOTCA IIACTHHOW). HampoTwB, dYacTHIBI >KHAKOCTH BOMW3W HWKHEU
(HemoABMXKHOMN ) TINTACTUHBI HAXOJATCA B MOKOe (MPWJIMMIAIOT K miactuHe). [lpeactaBuM, 4To KUAKOCTh MEXKILY
IJIACTHHAMHU COCTOWT W3 TUIOCKHX IMapalIeNbHBIX CIIOEB, ABIDKYIIUXCS paBHOMepHO (puc. 4.2). HerpymHo
MOHSTH, YTO KaXKIBIN BBIIIENIEKAIININ CIION yBJIEeKaeT 3a coOOW HKHHMU cocemHuil cioit ¢ cunoir F. B cBoro
ouepenb, 3TOT HWKHUW CIOW TOPMO3MUT JBH)KECHUE BEPXHErO CJIos ¢ TOM ke cwiod. Ha kaxaplid cioi
JNEHCTBYIOT CBEpXY M CHM3Y JIBE DPaBHBIE, HO IPOTHBOIOJOKHO HampaBieHHble Cuibl. CKOpPOCTH CJOEB
BO3pacTaeT OT HWKHETO CIIOSl K BepXHEMY JIMHEHHO (puc. 4.2), a CHIIBI TPeHHs, NEHCTBYIONINE HA KaXIbI U3
CJI0eB, OJUMHAKOBBI. Kak pe3ynpTaT, ycuiue NpUIOKEHHOE K BEpXHEH IUIacTUHE, MepelaeTcsl Ha HHUKHIOIO
IJIaCTUHY.

Teuenne BsaA3Koil :xuaKocTH. YpapHuenue Hasoe-CTokca.

JIiist aHaM3a TeUCHHUS BA3KOM KHMIKOCTH B ITPABYIO YacTh ypaBHeHus Arokerus p(dv/dt)=F—drad p
HE00X0MMO T0OABUTH CHITY BSI3KOTO TPEHUS, MPUIIOKEHHYIO K eIUHHUIE 00beMa KUAKOCTH. [ TpOCTOTHI
OTpaHUYUMCS PACCMOTPEHHEM TEUCHUS JKUAKOCTH B HANIPABJICHUH OCH X, TIPH 9TO €IMHCTBEHHAS KOMIIOHEHTA
CKOPOCTH VxOyZIeT 3aBHCETh OT MOMEPEYHOi KoopauHatel y (puc. 4.3). Ha BepxHtoto rpanb dxdz KyOuka
dxdydz (ock z neprieHAMKYIISIPHA TIIOCKOCTH YepTexa) B coorBeTcTBHU ¢ F=(uSv/h) B HanpaBieHun ocu X

. \'
JENCTBYET yBIIEKAIOIAsl CHIIA; F;X = udxdz—= , @ Ha HIJKHIOIO TPaHb TOPMO3SILA:
y+dy
" dvy .
=— . PaBHOIEHCTBYIOMIAs CHII BI3KOTO TPEHUS, TIPHIIOKEHHAS K BBIICIICHHOMY KYOHKY,
F dXdZd PaBHoz€lCTBYOMAS C 3KOT'O Tpe O)KCHHa CIICHHO 6
y
2
9 99 FT d VX
paBHa F.=F’ +F , a cuna, NpuiIoKeHHas K eJMHAYHOMY 00beMy, coctaBur [ = = .B

" dxdydz H dy?

001IeM cltydae cuiia BSI3KOTO TPEHHUs, BOOOIE ToBopsi, UMeeT TpU KOMIOHEHThI: T.={fw, Ty, .}, rie fu=pAvy,
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f.y=pAvy, f,=pAv,, roe A= ? + — omneparop Jlannaca, 1 cokpamenus 3anucu. Eciu reneps
X
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KOMITOHCHTBI CUJIbI TPCHHUA TOACTABUTH B IIPABBIC YaCTHU ypaBHCHHﬁI

JUISl COOTBETCTBYIOLIUX KOMIIOHEHT CKOPOCTEH, TO MBI ITOJIyYUM CUCTEMY YPaBHEHMM r'UAPOAUHAMUKY BA3KON
XKHUJIKOCTU. DTU TPH yPaBHEHHUS MOTYT OBITh 3allCaHbl B BUJIE OJHOTO BEKTOPHOTO ypaBHeHus: HaBbe-CTokca:

Jo, §+vgrad v =F —gradp+ pAv

TeueHune BA3KOM KUAKOCTH N0 TPyOe. Dopmyna Ilyazeiias. Eciu Mbl OACOEAMHUM TOHKYIO
TOPHU30HTAJIBHYIO CTEKIISIHHYIO TPYOY C BIasHHBIMH B HE€ BEPTUKAILHBIMH MAHOMETPHUUECKUMHU TPYOKaMH
MIPY TIOMOLIH PE3MHOBOTO LIJIAHTa K BOAOIPOBOAHOMY KpaHy (puc. 4.6). [Ipn HeO0IbIION CKOPOCTH TEUESHHUS
XOPOIIIO BUIHO MOHMKEHUE YPOBHS BOJIbI B MAHOMETPHUYECKUX TPYOKax B HampasieHuu tederus (h 1>h 2>h s
). DT0, B CBOIO OYepelb, yKa3blBaeT HA HATMYKE TPalMeHTa IaBICHUs BOJIb OCH TPYOKH — CTaTHYeCKOe
JIaBJICHUE B )KUJKOCTH YMEHBIIAeTCsA M0 NOTOKY. [Ipy paBHOMEpHOM NPSMOIMHENHOM TEUEHUH KUAKOCTH
CHUJIBI aBJIEHUS YPABHOBELIMBAIOTCS CUIaMU BsI3KocTU. YpaBHeHHe HaBbe-CToKca U1t 3TOrO ciryydast
3alAIIETCS B BUJE:

-grad p+uAv=0. (4.12)
Pacnpenenenue ckopocTeil B HONEpEeYHOM CEUCHUN TIOTOKA BSI3KOM )KMIKOCTH MOKHO HaOMI0JaTh Ipy ee
BBITEKaHUH U3 BEPTUKAIBLHON TPYOKH yepe3 y3koe oTBepctue (puc. 4.7). Ecnu, HanmpuMep, IpHu 3aKpHITOM



kpane K HamuTh BHaYasle HEMOAKPAIICHHBIH TIIHIICPHH, a 3aTeM CBEPXY OCTOPOXKHO JTO00ABHUTH MOIKPAIIICHHBIH,
TO B COCTOSIHUU paBHOBecHs IpaHuIia pasziena I” Oyaer ropusonTanbHoil. Ecin kpan K oTKpbITh, TO TpaHuila
npuMeT (hopMy, TOXOXKYIO Ha mapaboyons BpamnieHud. [IpupaBasieM HyITI0 CyMMY CHJI BSI3KOCTH U JaBJICHUS,
JEHCTBYIONINX Ha [WJIMHIPHYCCKUH 00beM KHUIKOCTH panuyca r u jmHon dx (puc. 4.8):

(p(X) — p(x+dx))mr2+u2rrdx(dv/dr)=0 (4.13)
OTMeTHM, 4TO paBHOJICHCTBYIOIIAs CHJI IABJICHHS HAIPaBJIcHA 10 MOTOKY (BIIOJIb OCH X), & CHJIa BSI3KOTO
TPEHUSI, TPUIIOKEHHASI K OOKOBOI MOBEPXHOCTHU BBIJICJICHHOTO IWJIMHJPAa — MPOTUB MOTOKA, TIOCKOJIBKY
dv/dr<0. IIpousBens coxparmienne u pazaenus (4.13) Ha dx, momygaem:

—(dp/dx)+2udv/(rdr)=0 (4.14)
Bennunna rpaauenta nasinenus dx/dp B (4.14) He 3aBHCHT OT paguyca I, T.K. JaBJIeHHE p=p(X) U B
MOTIEPEYHOM CEUCHHH X=CcOonst He MEHSAETCS. DTO MO3BOJISIET TPOUHTETPUPOBATS (4.14):

r Vv

%J'rdr = 2y_[dv:> v(r) = _1dp
dx s 0 4y dx
[ToTok BeKTOpa CKOPOCTH Yepe3 MOMEePEUHOe CeUCHUE TPYOhI, I 00BEM KUAKOCTH, IPOTEKAIOIICH uepes
CCYCHUE B CIMHUILY BPEMEHU (Ha MIPAKTHKE YIOTPEOJISIOT TEPMUH «PACXOJT KHUIKOCTHY ) OKa3bIBACTCS

(R* —r?) (4.15)

R 4
7R d
pasubiv: N, = IVdS = jv(r)Zzz'rdr SAN B o .
0 8u \ dx
JIJ1sl IpaKTHYECKKX IENEH PAaCcX0l JKUIKOCTH ONpPenesioT o dopmyie [Tyaseits:
4
N = ﬂR pl — p2
v
8u I

3neck pacxon Boasl Ny IpOopIroHalieH pa3HOCTH JaBIIEHUH pi— P2 Ha KOHIAX TPYOBI ITHHOM 1.



buaer 11.

Bompoc 1.
Ipoctpanctio u Bpemsi B CTO. Ilonsitust coobITUSI U mHTepBajia. Kitaccupukanus HHTEPBaJIOB.
JIBa coObITHS TPOUCXOAAT B pa3nuuHbIX Toukax CK omHOBpeMeHHO, eCli OHM IPOUCXOMAT B OJUH U TOT )K€
MOMEHT BpemeHu o yacam 31oit CK. B kxax10it U3 Touek MOMEHT COOBITHSI (PUKCUPYETCSI IO Yacam,
HaXOJAIIEMCSl B COOTBETCTBYIOIICH TOUKE. ByieM cuuTarh, 4T0 COOBITHSI MPOU3OIILIH OJJHOBPEMEHHO B
"enoasrkHoit CK B MOMEHT 1o B TOUKax X1 U Xo.

X! — X —Vt, | ! — X, — Vi,

=0 - oy =2 "0

' \/1—v2/§:2 N1—v?/c?
= (v/c?)

t =

V1—v?/c?



Bormpoc 2.
JlamrnHapHoe 1 TypOy/1eHTHOe TedyeHne ;KkuaKkocTu. Yncio Peiinosbaca.
Yucno PeliHonzca Takxke onpeaensieT OTHOCUTENBHYIO pOJlb

f y a MHEPLHHU U BA3KOCTH: IIpU OoubIKX ynciax PeliHomnbaca Gosee
Ba)KHA POJIb MHEPLIUH, IPU MaJIbIX — BA3KOCTU.CHUIIbI BA3KOCTH,
__________________ ""|__>> y BO3HHMKAIONIUE B MOTOKE, 0OPATHO MPONOPLHMOHATLHBI KBAPATY
h e XapaKTePHOTO MONEPEYHOTO pasMepa MOTOKA 1 MPOTOPLHOHATLHEI
: o m oo oo oo ; CKOpoCTH. JlaBieHUs p1 U p2 110 pa3HbIE CTOPOHBI H30THYTOI
, TPYOKH TOKa OyyT pasHble. BO3HMKAIOMIMIA TPaMeHT JaBIECHHS

CBSI3aH C YCKOPEHUM YaCTHII KUJKOCTH YPAaBHEHHUEM:
. p(dv/dt)=—grad p
. 5~ H Lj (4.6) s wactuner: Fy—grad p+uAv=0 = cuibl BI3KOCTH 3HAYUTETHHO
dy h MEHbIIE CHII HHepIHU. B o01iemM cikyae cuiibl HHEPIHUU 00paTHO
MPONOPIMOHABLHBI OMEPEYHOMY pa3Mepy MOTOKA U MPOIOPIHMOHATBHBI KBapaTy ckopoctu. Re=pvh/p —
yrcio PeiiHonbaca, XxapakTepu3yloliee OTHOIIEHHE CHIT HHEPLUH K CHUJIaM BSI3KOCTH. Re>1 = kuaKocTh
. ] MOXXHO paccMapTHBATh KaK HEBS3KYIO.
JlaMuHApPHBIM HA3BIBACTCS TAKOE TEUCHNE KHUKOCTH, KOTAA €€ YaCTUIIBI JIBUTAIOTCS
BJI0JIb TPAEKTOPH MapayUIeNbHBIX cTeHaM TpyObl. OCOOEHHOCTHIO JIAMUHAPHOTO
TEUEHUS SABISIETCS €T0 pecyasapHocms. JlaMuHapHOE TeUeHUE MOKET U3MEHHTCS TOIBKO
BCJIE/ICTBUY TIOCTOPOHHUX BO37eicTBHM. [Ipn OONBIINX CKOPOCTSX JIaMHHAPHOE
TEUCHNE CTAHOBHUTCS HEYCTOHYMBBIM U IepexoauT B TypOynenTHoe. TypOyienTHOe —
3TO TeYCHHUE, THAPOINHAMUYCCKUE XapaKTEPUCTUKH, KOTOPOTO H3MEHSIOTCS OBICTPO M HEPETYIISIPHO —
¢GykTupyrot. [Ipn 1aMuHApHOM TEYEHHH CHITBI BA3KOCTH CTIIaXKUBAIOT OOKOBBIE IBIDKCHUS KHUKOCTH,
BO3HUKAIOIINE BCIEACTBHE (MIYKTyallii 1 HEPOBHOCTEH CTEHOK TpyOBI. [Ipn HemocTaTouHOM BAZKOCTH
citydaifHble OOKOBBIE TBMKEHHUS KHUIKOCTH YCHIMBAIOTCS, CIOCOOCTBYSI TEM CaAMBIM BOSHUKHOBEHHUIO
TypOyneHnTHocTH. [lepexon OT TaMHUHAPHOTO TEUEHHS K
TYpOYJIEHTHOMY TIPOUCXOAUT IIPU HEKOTOPOM YHCIIe
<v>? PeiiHomnbaca, MONy4YUBLIEM HA3BAHUE KPUTUYECKOTO:
(Re)xp=(pVR/WW)«p. 3Hauenune (Re)kp CHIBLHO 3aBUCUT OT
<y ¢dopmbl BXOIHOH yacTu TpyObl. [Ipu ycTaHOBUBIIEMCSE
TypOyJIECHTHOM TE€UEHHH CKOPOCTh B JAHHOW TOUKE
» CIIydaifHBIM 00pa3oM MEHSETCSl COBPEMEHEM, OJTHAKO CPEIHSSA
Pue. 412 “V*  CKOpOCTB V HalpaBJieHa BJOJIb OCH TPyObl. OHa ocTaercst
MOCTOSIHHOM TI0 CEYECHHUIO TPYOBI, U TOJILKO B OUY€Hb TOHKOM MTOTPAHMYHOM CJIO€ CIIaAaeT JI0 HYJIS Y €€ CTEHOK.
Jlnist TypOyJIEHTHOTO TEYEHHS KUAKOCTH 110 Tpybe P1—P2=Kp<Vv?>I/R, re k — Ge3pasMepHbIii THAPaBINYECKUi
kod(pduiment. J{yis TaMUHAPHOTO TedeHus: P1—P2=8u<V>I/R?. TIoBbIIEHHE CKOPOCTH MPOKAYKH KUIKOCTH IO
TpyOaM Tpu TypOyJIEHTHOM TeUEHHUH TOTPeOyeT 3HAYUTEILHO OOJBIIHTO YBEIMUEHHS Nepenaia JaBIeHHH,
4eM IpH JIaMHHapHOM. DOpMyITBl MOKHOOOBETMHUTD B OJIHY, €CJIH IIPHHSATD, YTO Oe3pa3MepHBIi
rupaBIndeckuii K03 uimeHt B 3aBUCHT OT unciia Peitronbaca: K=Ko+(8/Re). Torma npu Re>Rey,
k03¢ ¢unment k=Ko, u Teuenue TypoynentHoe. Hanporus, pu Re<l1 k~8/Re , u nepBast hopmyia nepexoaut
B0 2-y10. Ha puc. (4.12) uzo0OpaxkeH rpaduk 3aBUCUMOCTH Ieperajia IaBjIeHHs B TPyO0ax OT CKOPOCTH TCUCHUS.
[Ipu cBOGOAHOM TaMUHAPHOM TEUESHUH JKUJIKOCTH (B OTCYTCTBHE HANPABIISIOMINX IOBEPXHOCTEN)
Pa3BHBAIOTCS HEYCTONYMBOCTH, U JAMUHAPHOE TEUEHHE ITEPEeX0IUT B TypOyaenTHoe. Ha puc. 4.13.
MIpeICTaBICHO H300paXkeHNe CTPYH KuAKocTH (ducio PeitHonbaca Re = 250).

Puc. 4.4

Puc. 4.5

b DD,




Bbuer 12.
Bomnpoc 1.

IIpeodpa3oBanus Jlopenua. UHBapHaHTHOCTH HHTEPBaJa IIPU ITUX Npeodpa3oBaHuax. CodcTBeHHOE
Bpems. CoOcTBeHHAs JJIMHHA.

IIpeodpazoBanus Jlopenna o00CHOBaHBI Ha MPUHIIAIIE OTHOCHTEIBHOCTH (Y TBEpIKICHUE BIIEPBbIC
BbIcKazaHHoe I'. ['anmuieeM, 0 TOM, 94TO BO BCEX MHEPIMAILHBIX CHCTEMaX KOOPAMHAT MEXaHUYCCKUE SBICHHUS
MIPOTEKAIOT OJTMHOKOBO, HAa3bIBACTCSI IPUHIIUIIOM OTHOCUTENbHOCTHU [ anunes. B nanpHeleM B pe3yabTaTe
W3YYEeHUHN APYTUX SBIEHI, B 44CTHOCTH 3JIEKTPOMArHUTHBIX, CITPABEIIIMBOCTE 3THX MTOJIOCHHUH ObLTa MTpH3HAHA
TUTS TEIOOBIX SIBJICHHHA. B TakoM 001eM BHie OHO Ha3bIBASTCs MPUHIMIIOM oTHTcuTeasHocTH CTO mmm mpocTto
MIPUHIIAIIOM OTHOCUEIIEHOCTH) M MIPHUHIIUIIA IIOCTOSIHCTBA CKOPOCTH CBeTa (HE3aBUCHMOCTH CKOPOCTH CBETa OT
CKOPOCTH MCTOYHHKA M CKOPOCTH HaOIIofaTesNs. TO TOCTYIaT).

OaHOPOAHOCTH MPOCTPAHCTBA: HAYAJIO CHCTEMBI KOOPIUHAT MOKET OBITh MOMEIIEHO B JIF000 TOUKe 1
BCE TEOMETPUUCCKHIE COOTHOIICHHUS MEXKTY JIFOOBIMU TE€OMETPHUUESCKUMHU OOBEKTAMH IPH 3TOM COBEPIICHHO
OJIMHAKOBBI C TEMHU, KOTOPBIC ITOJIy4aIOTCs TIPY TIOMEIICHUN Hadaia KOOPAHHAT B JIIOOYIO IPYTYIO TOUKY.

HM30TpONMHOCTH MPOCTPAHTBA: B KAKIIOH TOUKE MPOCTPAHCTBA MOYKHO OpHeHTHpoBaTh oc CK
MTPOU3BOJIBHBIM 00pa3oM. [Ipu 3TOM COOTHOIICHHS MEXTy TECOMETPHUSCKUMH O0bEKTAMH HE MMMEHIOTCS.

OAHOPOAHOCTH U U30TPOITHOCTH BPEMEHHU ABJISETCS €ro IiaBHbIMU cBoiicTBamu B CO.

OIHOPOIHOCTH BPEMEHM: STO OJIMHOKOBOCTh PA3BUTHS M I3MEHEHUS TaHHOW (DU3MUECKON CUTYaIlnU
HE3aBHCHMO OT TOTO, B KAKOH MOMEHT 3Ta CUTYIOIHUS CIIOKUIIACh.

W3 0THOPOAHOCTH MPOCTPAHCTBA M BPEMEHH CIICIYET, YTO MPEOOpa30BaHUs JJOJKHBI ObITh TMHEHHBIMHU.
xX’=01(x,y,z,1),

y’=D(x,y,z,1),

2’=®3(x,y,z,1),

t’=d4(x,y,z,1).

W3xons n3 M30TPOIMHOCTH ¥ OJJTHOPOTHOCTH MPOCTPAHTBA, MBI MOYKEM KaK YTOJHO MTOBAPAYHBATH U
cmemath ocu CK. opueHTHpyeM OCH TakK:

K
Enunoe Bpems t K
Z 7
y v .
—>
Hauano xoopaunart: [Tycts B t=0 X=y=7=0 coBnamaer c X’=y’=2"=0 , torna A5=0

y’ =alx +aly + a3z + a4t;
7z’ =blx + b2y + b3z + b4,
T.x. ocu Y,Y’ u Z,Z’ napamnensnsl cien: y=0 y’=0, z=0 z’=0
0 =alx + a3z + A4t;
0 = blx + b2y + b4t; uro Bo3mMoskHO JumI pu al=a3=a4=0
0=B1=B3=84 Cnen. y’=ay u 2’=az
y=y’/a z=z’/a  Ttak kak macmTab B C.K. m3MeHsTCS 0IMHAKOBO, 3HAYNT a=1/a , 3Ha4uT a=1.
CnenoBatensHo Y'=Y; Z=2’.
IIpeodpa3oBanus Ans X U t: Benencreue muHEHHOCTH TpeoOpa3oBaHuil:
X'=a(x—Vt) = x=a’(X "+Vt)
Hoxaxkem, uto o’=a. [lycTh HekoTOpwIi cTepkeit mokoutcs B cucteme K’: X2 —X1'=l. B cucreme K on
JBIKETCS = X1 =a(X1—Vto), X2 '=a(X2—Vto) = X2 —X1=(X1 X2 )/o=l/cx..
ITycTth Temeph TOT ke cTepxkeHb B cucteMe K u umeet B Helt anmuny |. = Xo—X1=I|. B cucteme K’, mpunsroit
3a HEMOJIBUKHYIO, 3TOT CTEPIKEHB JIBUTACTCA C V. = X1=a (X1 +vot’), Xo=at'(x2 +vo t’)
= X2 —X1'=(X2—X1)/a’. CormacHo NPUHIUIY OTHOCHUTEIBHOCTH 00€ CHCTEMbl PABHONPABHBI W JIIMHHA
OJHOTO M TOTO K€ CTep)KHSA, ABHMXKYIIETOCS B 3THX CHCTEMax C OAMHAKOBOH CKOPOTHIO, NTOJDKHA OBITH
o0HakoBa = o’=a.. Bocnosib3yemcst mocTyaaToM CKOpocTH cBeTa: X '=ct’, x=ct. =

ct’=a t(c-v), ct=a t'(c+v) = ozzj/ /1—V2 o2 = vt'=a)-x"=xla)-a(x-Vvt)=avt+x((V/a)-a) = t'=

_ 2
0. t+§ i—l _t—(v/cT)x

) X—=vt , ,
= , X'= Y=y, =7
2 2 /.2 2 A2
via J1-v?/c Vvi-v?/c

3aMEHOI! IITPYXOBAaHHBIX 2JIEMEHTOB Ha HEIITPUXOBAHHBIC U N3MEHEHUM 3HaKa CKOPOCTH.

WuBapuantoM mpeoOpa3oBanuii JlopeHIa sBJI. MPOCTPAHTBEHHO-BPEMEHHOH HHTPEBAJ HJIM TPOCTO
uHTepBai. VHTepBanoM Mex Iy Toukamu (X1, Y1, Z1, t1) u (X2, Yo, 22, t2) Ha3. BenuyuHa
— 2 2 2 (2 2
$=(X1X2) "+ (y1-Y2) “+(21-22) —C"(tr—12)

Ob6patHble peoOpa3oBaHUsl MOTYYaIOTCS



— 3Ta BenuuuHa uMmeeT Bo Bcex CK OAHO U TO ke 3HAYCHUS, T. €. SBJI. MHBAPUAHTOM MNpeodpa3odaHmii
Jlopenna.

$?>0 = uHTepBaJ IPOCTPAHCTBEHHONOIOOHEIIA.

$?>0 => uHTepBaJI BPEMEHHUIOIOOHBIN.

$?=0 = uHTepBan HYJNEBOH (TakoH MHTEpBal J CYINIECTBYE MEKIY COOBITHUAMH, KOTOPBIE MOTYT OBITH
CBSI3aHBI CUTHAJIIOM, PACTIPOCTPAHSIOIIUMCS CO CKOPOCTBIO CBETA).

Bpewmsi, koTopoe m3mepsercs o yacam, CBS3aHHBIM C IBIDKYIIEHCS TOUKOHM, Ha3. COOCTBEHHbIM BpeMeHeM
9TOM TOYKH.

JliinHHa, KOTOpas W3MEpseTCss NMPUOOPOM, CBS3aHHBIM C JIBIDKYIIMMCS CTEP)KHEM, Ha3. a0COJIOTHOM
JJINHHOM.



Bormpoc 2.
OO0Texanue TeJ uaealbLHOH U BA3KOIl :xkuaKOCTHIO. [lapanokce Jdesambepa. JIoGoBoe conpoTuBiieHue.
Cunia 1000B0OT0 CONPOTHBJICHUS NMPH 00JBIINX U MAJIBIX YHcaax PeiiHoaaca.

B3aumoneiicTBue Tela ¢ MOTOKOM HAeadbHOH »xuakocTu. Eme HpioroHoM Obuta cdopmysampoBaHa
MOJTyYMBIIas Ha3BaHUE YJIAPHOM Teopwsi, Oa3upyromasics Ha MPEACTaBICHUH BO3yXa B BHUJIC OTHCIBbHBIX HE
CBSI3aHHBIX JPYT C IPYrOM MaTepHallbHBI YacTuil. COTJIACHO 3TOW TEOPWH CHIIA JABIICHUS BO3AYIITHOTO MTOTOKA
Ha IUIOIIAKY S, HAKIIOHEHHYIO [0/ yIJIoM a (yIJoM aTaku) K HallpaBs JIEHHIO OTOKa, paBHa: F=pSv2sin?a. Dta

v F ¢opMyna IIErKO TMONydYaeTcs, €cClIMd TOJACYNTaTh HWMITYJIbC HEYNPYTHX YAapoB
— e COCTaBISIIOIIMX €€ MaTepualbHbIX 4YacTull. OTNbITHAas TpoBepKa 3TOH (OPMYIEI
o [0Kasajia, 4TO OHA HEBEPHO ONKUCBLIBAET 3aBUCUMOCTL CUJIbI F oT yria ataku. M Tobko

P 4,18 MIPH CKOPOCTAX TIOTOKA, 3HAYUTEIHFHO OONBIINX CKOPOCTH 3ByKa, Gopmyrna HeroToHa

OKa3bIBaeTCs CIpaBeATuBOA. Momenb BO3AyXa KaKk COBOKYITHOCTH JWCKPETHBIX YACTHI] SBISIETCS HEBEPHOW.
PeanbHbie jke CHIIBI MOTYT OBITH MOACYHMTAHBI Ha OCHOBE THIPOAMHAMHYECKOTO MOAXOA, YYHUTHIBAIOIIETO
oO0TeKaHHe Tena ABWKYIIMMCS MOTOKOM KOHTHHYalbHOH cpeabl. IlycTh B OBMXKYIIEMCS CO CKOPOCTBIO Vo
MTOTOKE TIOMEIICHBI TMCK U MIap OJWHAKOBOro pamuyca r (puc. 4.19). B nentpe nucka touke K, HazpiBaemoit
KPUTHYECKOH, MOTOK ocraHaBiuBaercs (v = 0), W [AaBieHUE, COTJACHO YpaBHEHHIO bepHymnu, paBHO:
Pk=Po+(pVo#/2). U3-3a moBopoTra Tpy6ok Toka Ha 90° napnenue B
JpyruX TOYKaX Ha MMOBEPXHOCTH JUCKA OYyAET TaKUM Ke, KaK U B
touke K. [TorToMy, ecnu mo3anu OUcCKa NaBlIEHUE PaBHO Po , TO
HOTOK JelcTByeT Ha auck c cuioil  Fi=(P—Po)nri=pvo?S/2.
lMunpoamaamuyeckas cuna F , KoTopas MOXKET TPaKTOBAaThCS Kak
CWJIa JI0ODOBOI0 CONPOTHBIEHHUS TPH ABIKEHHH TUCKa CO
CKOPOCTBIO Vo B TTOTOKE, BABOE MEHBIIIEC CHJIbI, BEIYUCIIIEMON Ha
ocHoBe ymapuoii Teopuu ((1) mpu sin a=1). Eciiu Teneps B MOTOK
MOMECTHTh IHap, TO IO YyIAapHOW TeOpuH Ha Hero Oyner
JNeHCTBOBaTh Ta K€ CuWila, 4Yro W Ha Juck. llpum
THJIPOJAMHAMUYECKOM TOJXO0JIe dTa cuiia OyJeT OTCYTCTBOBATh
BoBce.  JIeMCTBUTENBHO, INpPU  CHUMMETPUYHOM  IIOTOKE
oTHOcUTENbHO ceyeHust O1 O JaBiIeHUS B OPOU3BOIBHON TOUKE
M u cummerpudHOi Touke M' OyAyT OXMHAKOBBI, TTOCKOJBKY
OJIMHAKOBBI CKOPOCTH MOTOKA B 3TUX TOYKaX. PaBeHCTBO HYIIIO
pe3ynabTHPYIOIIEH  CHJIBI  MpH  IUIaBHOM  (O€30TPHIBHOM)
00TeKaHUM WIeabHOW JKHIKOCTBIO IIapa, MWIMHIpPA U JpYyTHE.
HasbIBaeTCs mapajnokcoM Jlanambepa. JlapiieHue B JI000H TOYKE
MOTOKa BOJHM3M TIOBEPXHOCTH MIapa MOXXHO pPacCUUTATh,
HOIB3ySCh ypaBHeHMeM beprysm: pPk=pot+(pVo*/2)—(pv?/2). Ha
puc. 4.20 wu300pakeHO pacrpeneieHne W30BITOYHBIX CHII
JaBIeHUS Gp=P—Po, ACHCTBYIOIMX M0 HOPMAIHA K MOBEPXHOCTH Pue. 4,30

Fu —¢y»:, apa. OTCyTCTBHE CHII B TOYKaX A M AT €CTh pe3ysbTal PaBEHCTBA CKOPOCTEil B
ATUX TOYKAX UCXOMHON CKOpOCTH moToka. [lpu Gompmmx umcnax PeitHonmca cuna
J000BOTO COIPOTHUBIICHUS OOYCIOBIIEHA PAa3HOCTHIO JABIECHWH, a MPU MajbIX —

<> BSI3KOCTBIO.
Teso B moToke Bs3KoH »kuakocTu. Jlodosoe comporuBiaenue. [loTok
peanbHOM JKMAKOCTH WM Ta3a JEHUCTBYeT € HEKOTOpOM CHiIod Ha Teno,
L MOMEIIEHHOE B 3TOT HOTOK. [Jii OCECUMMETPUYHOTO Tejla C OChbI0 CHMMETPHH,
0 10 WTTTWTTTRe ganpaBiIeHHOW BIOJB MOTOKA, 3Ta CHJIa Takke OyIeT HalpaBjeHa BIOIL MOTOKA.
fue a2 Ona monyunia Ha3BaHHE CHJIBI J1000BOro conpoTubjeHus. OCHOBHBIC
¢u3nUecKkue NpUUUHBI BOSHUKHOBEHHS JIOOOBOTO CONMPOTHBIICHUS! MOXXHO YCTAHOBUTH HanOoJIee MPOCTO, €CIN
paccMoTpeTh 00TeKaHHE MOTOKOM Iapa pamuyca r. Ha puc. 4.21. n3o0paxeHa 3aBUCUMOCTb CHJIBI JIOOOBOTO
CONpOTHUBJIEHHs OT uncna Peitnonsaca. [lpu Manbix ckopocTsx TeueHus, korma Re<10? Fi~v, T. k. Ha map
JIEHCTBYIOT CHIIBI BS3KOCTH, BO3HHKAIOIINE BCJICACTBUE CYNIECTBOBAHUS TOHKOTO IMOTPAHUYHOTO CIIOSI BOH3H
nosepxnocty mmapa (d=r/(Re)V?). Tlpu Takux CKOpPOCTSAX IMPOMCXOAUT JIAMHUHAPHOE (CJIOUCTOE) TEYEHHE
KHUJIKOCTH. BHE 3TOTO CI0S peaib Has )KUIAKOCTh TeUET TaK JKe, KaK M ujeanbHas, 00TeKas Imap CHMMETPUIHO.
HaoGopot, npu uncnax Re ~ 1 ToBOpUTH O HMOTpaHMYHOM CIIO€ HEKOPPEKTHO, T.K. TPaMEHTHl CKOPOCTH
CYIIECTBEHHbI B 00JAcTH, pa3Mepbl KOTOPOH 3HAa4YMTENbHO Oonblille paamyca mmapa. [Ipu Mansix dwuciax
PeiiHosb/ica cuna 1000BOTO CONPOTUBIIEHHMS ISl MIapa ToauuHsercs 3akony Crokca: Fi=6rurv. Ilpu Re>10?,
CUMMETpPHS 00TCKaHUs HApyIIaeTcss — TO3aH I1apa MPOUCXOAUT OTPHIB TUHUH Toka (puc. 4.22). IIpu Takmx
CKOPOCTSIX TOTPAaHUYHBIN CJIOW CTAaHOBUTCS OYE€Hb TOHKHM, a IMOTEpPEYHbIE TPaTUEHTHl CKOPOCTH B HEM —
OonpmmMu. CuIlbl  BSI3KOCTH, KOTOpBIE MPH O3TOM BO3pPACTAIOT, TOPMO3AT MABMXKCHHE 4YaCTHUIl CPEIBL,
JIBIOKYIIMXCS. BIOJb MTOBEPXHOCTH IIapa, HACTOJBKO, YTO OHM HE B COCTOSHUHW TOJTHOCTHIO OOOTHYTH IIap.
XOTsl TeYeHWe B TOHKOM IIOTPAHHMYHOM CJIO€ OCTaeTCsl JIaMUHAPHBIM, TMO33[H Iapa o0pa3yloTCs BHXPH.
CummeTpus naBnenuii B Toukax A m A’ mapymaerca. Fj=Cx Spv%2, rne Cx — koadduiment 1060B0ro

g




COINPOTHBIICHUS Ul Tena JaHHOW Qopmbl. OOIACTh KBaJApPaTUYHOM 3aBHUCHMOCTH cuibl F oT ckopoct v
MPOCTHpPAeTCs BIUIOTH 10 umcen Peiinombaca Re~10°. Tlpu GosbIIMX CKOPOCTSX MOTPAHMYHBIN  CIIOM
HOCTENEeHHO TypOynmsyerca, u npu Re=3 10° oH monHOCTBIO TypOysneHTeH. [ JaMHHApHOIO M
TypOyJNeHTHOro OOTeKaHMs Tel MOXKHO HCIOJIB30BaTh €AMHYI0 (OpMyily Ajisi pacyera CHIbI JIOOOBOTO
conporusienus: F=Cx(Re)Spv?/2, B KoTopoit Ko3p HUIHMEHT JT060BOr0 COMPOTUBICHHS TOJDKEH 3aBUCETH OT
CKOPOCTH TaK, KaK 3TO M300pakeHo Ha puc. 4.23.
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