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CuctemaTtumka NoHSTUNR,
n3yyaemblx B rnaBe
(nocnegoBaTenbHOCTb
B3aMMOCBSI3N).
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MoTtuBauus. ®

OnucbiBatoTCcs pasnuyHble
cuTyauum, obobLiaemble
BOMPOCaMu, OCHOBaHHbLIMU Ha
paHee MonyYeHHbIX 3HaHUSIX.

UccnepoBaHue.

MpakTnyeckme pabotbl. MoryT
BbINOSHATLCS MHAUBUAYANBHO 1
B rpynnax. Cosgaertcsi cBsA3b
MeXay paHee U3yYeHHbIM U U3y-
YaeMbIMV B aHHbIA MOMEHT
martepuanamu.
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MpakTuyeckasa pa6ora. ®—————
OkcneprMeHTanbHasi AesTernbHOCTb
yJaLLyxcs no U3yvaeMon Teme.

MpumeHeHue. OnbITbl 1 3a4aHVA AN 3aKpen-
TNEHUs1, NPUMEHEHUSI 1 KOMMEHTUPOBaHUS Ma-
Tepuana n3y4yaemou Tembl.
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OCHOBblI KHHEMATUKW

OcBovB MaTepuarbl 3TOM rnaBbl —
Bbl CYMEETE:

e OOBACHUTB pasHULYy: Mexay maTtepuanbHOM TOYKOM U Te-
fom, MyTeM U NepeMeLLeHneM, paBHOMEPHbLIM 1 paBHoMNe-
PEMEHHbIM NPSAMONMHEVHBIMU ABUKEHUSMU;

 MOCTPOUTL M NPOAHaNM3npoBaThb rpadrkn paBHOMEPHOIO
1 paBHONEPEMEHHOIO MPAMOMNUHENHBIX OBWKEHUN;

e 0O6BACHUTL CBOOOAHOE MageHMEe 1 OBMKEHWE Tena, OpoLUeH-
HOro BEPTMKAIbHOro BBEPX;

e COCTaBUTb U PELLINTb KAYECTBEHHbIE U KONMYECTBEHHbIE 3a-
Aaun OTHOCSILLIMECS K CreayoLLMM OBMKEHUSIM maTepuarnb-
HOM TOYKM: MPSIMOSIMHENHOMY PaBHOMEPHOMY, MPSIMOMW-
HelHOMY paBHOMNEPEMEHHOMY 1 PABHOMEPHOMY ABUXKEHUIO
MO OKPY>XHOCTY;

e MOCTPOUTL rpacduKnN 3aBUCUMOCTU (PU3NYECKMX BESNYVH,
XapaKTepusyoLLMx NPsSIMOSNIMHENHOE paBHOMEPHOE, NPSIMO-
NMHENHOe paBHOMEPEMEHHOE [OBWKEHUS MaTepuarnbHoW
TOYKM N ee paBHOMEPHOE ABMKEHUE MO OKPY>KHOCTH;

e ONpefennTb SKCNEPUMEHTANbHO 3aBUCUMOCTbL Mexay dou-
3U4ECKMMM BENUYMHAMM, XapaKTePU3YHOLLMMUN NPSIMONn-
HerHoe paBHOMEpPHOE, NPSIMOSIMHENHOE paBHOMEPEMEH-
HOEe N paBHOMEPHOE OBWXEHUS MaTepuarnbHOM TOYKM MO
OKPYXXHOCTH;

® [IPUBECTU MNMPUMEPLI MEXaHNYECKOIro ABMXEHNA N €ro BUO0B
B MOBCEOHEBHOW XW3HWU, a Takke npumMmepbl NPUMEHEHUA U
npuHUUNbI p860TbI yCTpOI7ICTB, BCTpevyaemMblX BaMn MeXa-
HA3MOB.
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IIpsimonuneiinoe ] Kpusonuneiinoe
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Bun Bun Bun
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MEXAHI/ILIECKOE ABWXEHWE U ETO ONMUCAHUE

BeposaTHo, Bbl cribllany aT1 3HaMeHUTbIE
BbIpa)KeHWs ApeBHErpeyeckoro gunocoda
I'epaknuta Odecckoro (554-

Mpw OTCYTCTBUM Apyra Ha MecTe 3apa-
Hee [JOroBOPEHHOI BCTPeUM Bbl, Cpasy
‘ MO3BOHMB €My MO TenedoHy, crpaLlu-
483 . oo Ha) Bce Te4eT, BCE  pagre: ‘e Tbi?. [pyr, MpeAcTaBvs
3MeHseTes”, “HeBO3MOXHO cebe MeCTO BCTpEeuYW, MPOCWUT BAaC:
ABaX[L! BOVTI B OAHY 1 TY Xe e R R
PeKy . e Yto BbI gymaete 0 (pM3NYECKOM
* Kakos cmbicn 3TMX Bbipa- cMbicre BblpaxeHuii “I'ae Tbi?” n
KeHnn? “CToii Ha MecTe”?

Mccneposanve-1, OcTPOB COKPOBHII

3agaya 1: 13 pomana P.CtueHcoHa “OcTpoB COKpoO-

BUII” BBI 3HAETE, YTO JIETEHAAPHBI MOPCKOM mupar

karuTaH DIMHT MECTO 3aXOPOHEHHsSI COKPOBHMII Ha

OCTpOBE 0003HAYMI Ha KapTe CIEAYIOMIM 00pa3oM:

“...Buvicokoe depeso Ha naeue Iloosopruoti Tpyowl. B non-

OeHb npotimu 8007b MeHU 0epesa cmo Qymos, NOGEPHY8

Ha 3anad npoumu ewje decsimo cadicerell. Konamo 0es-

HOCMO O10UM08 2nyounoui” (a).

MoskeTe JIi Bbl ONPEEIUTh MECTONONIOKEHNE COK-

posum (1 ¢yt = 30,48 cm, lcaxens = 213,36 cm,

1 motim = 2,5 cm)?

O0cyzkneHue pe3yJbTaToB:

e MoyKeTe JI Bbl, IO OTOBITHS Ha OCTPOB, ONPEEIUTH 110 KAPTEe MECTO 3aXOPOHEHHS COKPOBHUII?
Yro 1151 3TOr0 HEOOXOAMMO CHENIATH?

Ocmpos
COKposULY

Jleusicenue sBNsSETCS ONHUM M3 OCHOBHBIX CBOWMCTB HETPEPHIBHO W3MEHSIO-
ielicss MaTepuu B OKpyskaroiiem Hac mupe. Camoil mpoctoit (hopMoii JABHIKEHUS
SBISICTCSL MeXAHUYUECKOe OBUdICEeHe.

o Mexanuueckoe 0guxyceHue — 31M0 USMEHEHUe NON0NCEHUs. Mead OMHOCUMENbHO
Opyaux mei 8 npoCmMpaHcmee ¢ medeHuem epemetu.

e Hayka, usyuarowjas 3aKkOHOMEPHOCMU MEXAHUYECKO20 OBUNCEHUs U NPULUHbL €20
BO3HUKHOBEHUS, HA3LIBAEHICS MEXAHUKA (0M 2peyecKkozo crosa mekhane — “mawuiu-
Ha”, “mexanuzm”).

o OcnosHasn 3a0aua MexaHuKu — onpeoeieHue NOI0NCeHUs meid 8 NPOU3BOIbHbILL
MOMeHm 8peMeHU.

Jlnst perieHuss OCHOBHOM 3a/1auy MEXaHMKH HEOOXOJMMO OIPE/ICIUTh, KaK J[BU-
JKETCs TEeN0, KaK MEHSETCsI ero TOJ0XKEeHHe ¢ TeYeHHeM BpeMeHH. [lpyrumu cio-
BaMH, HEOOXOJIMO YCTaHOBHTH CBsI3b MEXIy (DU3MYCCKUMU BEIMYUHAMH, XapakK-
TCPUIYIOMIUMU MEXaHUYCCKOC IBUKCHUC.

e Pazoen Mexauuku, u3yyarouull MexaHuyeckoe 0suxicenue mei 6e3 yuema npuduH
BO3HUKHOBEHUS D020 OBUNCEHUsl, HA3bIGAEMCS KUHEMAMUKOI (0Mm 2peyuecKozo
cnosa kinematos — “0sudicerue”).

OnHUM U3 CaMBIX TMPOCTHIX BHIOB MEXAHHUUYECKOTO IBWKEHUS SBIIAETCS TOCTYIIa-
TEJILHOE JIBHKCHHUE.
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e I[locmynamensnwim Ha3bl8aemcs 08U CEHUe MeNd, NpU KOMOPOM 6ce e20 MOoYKU
08UICYMCSE OOUHAKOBO.
[Mpu mocTynaresHOM JIBIKECHUY Tella MpsMast JIMHUS, TPOXOJIAIAst Yepe3 JIBE ero

[POM3BOJILHBIE TOUKH, OCTAETCS MapajlIeIbHON CBOEMY  (b) PN
HIEpBOHAYAILHOMY TI0JI0%kKeHM0. Hanpumep, mocryra- .-"‘a'.l

TENPHBIM SIBIISIETCS ABIYKEHNE YEMOJIAHA, TTOKA3aHHOE AY

Ha pucyHke (b). Tak kak mpu MOCTYMaTEILHOM JBIKE- W

HUM BCE TOYKH TeNla JBUKYTCS OIMHAKOBO, TO TaKOE B
JIBIDKEHHE TeNa MOKHO TIPEICTABUTE KaK JIBIDKEHHUE O Lol -
HOM ero Touku. [Io 3Tol npuynHEe B MEXAHUKE UCIIOJb- \ ﬁ

3YIOT HJCUTU3HPOBAHHYIO (PU3HIECKYIO MOJIEIb, HA3bl-

BaEMYIO MamepuanrbHol MoyKol. -
Buumanue! 35ech croBa “B J1aH-
e Teno, pasmepamiu. KOmMOpPO20 6 OAHHBIX YCIOBUAX MOJIC- | ypix YCIOBHAX” 03HAYAIOT, UTO OfI-
HO npeHeOpeyb, Ha3bIBaAION MAMEPUAILHOI MOYKOHL. HO H TO JK€ TeJIO B OJHMX YCIOBHAX
Jns onpeienienns monoKeHus MaTepUaIbHOM TOY- | MOPKHO NPHILITD 34 MATCPHAIILHYIO

v 6 TOYKY, a B IPYTUX HEJIb3. HaHpI/I-
KN B IPOU3BOJBHBIM MOMCHT BPCEMCHU BBIOHMPACTCA Mep, TaK Kak pajyc 3emiu B 24

meno omcyema. 000 pa3 MeHbIE PACCTOSHHUS OT
o Tenom omcuema Hasvisaemcs meio, OMHOCUMENbHO | 3eMH 1o ColHIia, TO 3emiTio npu
KOMOPO20 U3YHAeMCs Q6UdICeHIE MAMEPUATHHOL mouKy, | MPP<CHIH BOKPYT COIIIA MOXHO
TIPUHATH 3a MATEPUAIIBHYIO TOYKY.
Teno orcuera BEIOMpPAETCs IPOM3BOIBHO, M OHO YC- | Onyako TIPH M3yHeHHH BIKEHHS
JIOBHO CUMTAETCs HENOJBWXHBIM. Hampumep, 3a Teno | camonera, aBToMoOMs, KocMude-
oTcueTa MOXXHO TNpuHATH CoJHIle, 3eMIII0, BUIUMbIC | CKOrO KOpalist M IPYTHX OTHOCH-
TEJIbHO MNOBEPXHOCTU 3eMJ'II/I, 3CM-

3BE3/IbI, BAT'OH M0E€3/14, B KOTOPOM BBI €JIETE, U APYTHE.

HOU miap HEIb3d CUHUTATbL Mare-
Ecnu Teno orcuera BBIOPaHO, TO MONOKEHUE MATE- | pyasbHoi TOUKO.

pHATBHON TOYKHM OTHOCHUTEIBHO HEr0 MOXHO OIpejie-
JIUTH TIPA TIOMOIIA METOJIA KOOPOUHAM,, WA METOJIA PAOUYC-6EKMOPU.

OnpeneneHne MOJI0KEHUSI MATEPUAIBLHON TOYKHU IPU NMOMOIIH METOIa KOOP-
nuHAat. [locie BeIOOpa Tena oTcyeTa Kakas-Tiu00 TOYKa 3TOrO Tesla MPUHUMACTCS 32
HAYauo OTCYETa, MPOBOJSITCS KOOPAWHATHBIC OCH, U TIOJIOKCHHUE JIFO00H MaTepralib-
HOU TOYKHU OMPEAEIICTCS STUMHU KoopauHaramu. Kak 3To jenmaercs, BbI M3ydaid Ha
ypokax mMareMaTtuku (CM.: MareMaTuka 5). Harpumep, orpeaeum mojioxKeHle aBTo-
MOOMJIS Ha TIPSIMO¥A JTopore (¢).

(ch

A B

i A

¥ ¥ ¥ ¥ ¥ >
=300 O 300 60 Q00 1200 X, wm

- ol o)
- (S g

X X

[ 3TOr0 JOCTaTOYHO MPOBECTH BAOJB AOPOTH OIHY KoopauHaTHyo ock OX. 3a
HavyaJbHYI0 TOUKY OTCUEeTa Ha KOOpAMHATHOH ocH (Touka O) BO3bMEM AEpEBO, pac-
Tyliee Ha 0004YKMHE A0poru. B 3ToM ciydae MoI0oKeHUEe aBTOMOOWIISL ONpeNesIsieTCs]
10 ero KoopauHaTe X. BripaBo 0T Hauaia KOOpIUHAT BbIUUCIIIEMAs KOOPAUHATA [10JI0-
JKUTENIbHA, a BJIEBO — OTpHUIaTeNbHA. lIpeamonoxuM, 4To B Ha4albHBIE MOMEHT

OCHOBbI KWHEMaTUKN 11



BpEeMEHH (7 = ()) aBTOMOOMIIbL HaXOIWIICS B ToUke ¢ KoopauHaToir —300 M. 1o ero
HavalbHas KOOpAMHATa Xq (Touka A): X9 = —300 M. ABTOMOOWIIB, ABUTASICH BIIOJIb
OCH X, B MOMEHT BPEMEHU ¢ OKaxkeTcsl B KoopauHate X = 1200 m. [lonoxxenue aBTo-
MOOWIISL B JTFOOOW MOMEHT BPEMEHH MOKHO OTIPE/ICITHUTh, 3HAas 3aBUCUMOCTh KOOPIH-
HaThl OT BpeMeHu X = x(t).

Ecnu Terno jBrkeTcs Ha IUIOCKOCTH (HarpUMep, KOHYMK PYYKH 110 Oymare, JIoJKa 1o
03epy), TO Yepe3 BRIOPaHHOE TEJO OTCYETa IPOBOJIITCS 1Be KoopauHaTHbIE ocl OX u OY.
I[NomoxxeHne TOYKH Ha IITOCKOCTH OTPEIeNsIeTCsT KOOprHaTaMu X 1 y. Hanprumep, koopu-
Hatel Toukn M: x = 5, y = 4; xoopauHatel ke Touku N: x = — 3,y = 3 (d).

Takum o0Opa3oM, 3aBUCUMOCTh KOOPJIMHAT JBIKYIIETOCS Tejda OT BPEMEHU
x =x(t) u y = y(t) onuceiBaeT ABMKEHNE MATEPHAILHOM TOYKH Ha IIOCKOCTH.

JLtst ompeieieH sl TTOJIOKEHHS Tejla B IPOCTPaHCTBE (HAIIPUMED, PHIOBI B BOJIE,
camoJieTa B HEOE) C TEJIOM OTCUETa CBS3BIBAIOT TPEXMEPHYIO CHCTEMY KOOPAMHAT.
B Takoii cucreme monoKeHue Tea OMPEaesIeTCsl TpeMsl KOOPAUHATAMU — X, Y U Z

(e).
(d)

Ni-3,%

ME.4

bl iR e W, .

=

A4 219 1 1 3 4 5
=1
-3

® 4

Omnpejesnenne MoJIOsKeHHsI MaTePHATBLHOH TOYKH MeTOA0M
paauyc-BeKTOpa. M
® Bexmop, coeOuHAIowul Ha4anlo KOOPOUHAm ¢ MamepuaibHoll 7 |
MOYKOl, HA3b16AEMCS PAOUYC-8EKNOPOM.

Panuyc-BekTop 0603HauaeTcst OykBoil 7. Ero miuHa (MOIyJib) /
OIIPE/IeIISITCSl PACCTOSHHEM OT Hadajda KOOpAMHAT 10 MaTe- sl
puansHoi Touky (f). Pagnyc-BekTop MCHonb3yeTcs, eCiii H3Bec- / {

TEH €ro MOJyJIb U HalpaBleHHE B MPOCTPAHCTBE. 3aBUCUMOCTh f |
pajryc-BeKTOpa OT BpeMeHH T (t) OTHCHIBAET JBHXEHHE MaTe- {

PHAILHOM TOUKH. o ¥ X

YtoObl IMETH MOJHOE NPECTABICHUE O MEXaHMYECKOM JIBIKCHHH MaTepHaIbHON
TOYKHU (110 MPSMOM JIMHWH, Ha IUIOCKOCTH WM B IPOCTPAHCTBE), HEOOXOIMMO yCTa-
HOBHUTb, KaK M3MEHSIOTCS] €T0 KOOPIMHATHI C TeUeHHEM BpeMeHH. [ aToro Heooxo-
M TIpUOOp, N3MEPSIOIINIA BpeMsl (4achl, OOBIMHO MCIIOJIB3YETCs CEKYH/IHAsI CTPEIIKa
9acoB), NPU IIOMOLINM KOTOPOTO ONPEACIISIOTCSI KOOPANHATH MaTepUaIbHOM TOUKU B
HavyaJlbHBIM MOMEHT t(, B TIOCJIEIyIOIINE€ MOMEHThI BpeMeHHU tq, t5, t3 U Ip.

Taxum 00pa3om, MEXaHHUECKOE JIBHKCHNE MaTePUAIbHON TOYKH U3ydYaeTcs OT-
HOCHUTEIILHO BBIOPaHHOW cucmeme omcyema:
eTeno omcuema, cucmema KOOPOUHAM, CEAZAHHAA C DMUM MENOM, U NPUOOp 04
omcuema gpemenu 06pazyiom emecme CUCHEMbl OmMcUemd.
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NMpuMmeHeHune. UccnepoBaHue-2 (@
OmnpenesnnTe KOOPAUHATHI MATEPUATBbHOM
TOYKHU

3agaua: Ha pucyHke n300pakeHO JIBHKCHUE _H

KOHUYHMKa Mapkepa 1o jgocke (g). Omnpenenure P
KOOp/ANHATH KOHYMKA MapKepa B MOMEHT ol
BpeMeHu ty, =0 (B Touke A), B MOMEHT '1\.
BpeMeHH t; = 2 ¢ (B Touke B) u B MOMeHT A "-5_\ :

BpeMeHu t; = 4 c (B Touke C).

O0cy:kaeHune pe3yibTaToB: P

e Uro HE0OXOANMO 3HATH JUIS ONMCAHHS Me- %‘ *
XaHMYECKOTO JIBIDKSHHUsI KOHYMKA MapKepa = |0
o jocke?

o Kak BbI ONpeieNnuiii KOOPANHATH KOHYMKA MapKepa [UIsl TPeX pa3HbIX MOMEHTa BpeMeHU?

IIpuMeHeHne B MOBCeTHEBHOM KU3HNU:

1. CxOIBKO KOOPAMHATHBIX OCEH CIEAyeT UCIIOIb30BaTh IS ONIPEACIICHNS IePEMEIICHUS TPaKTO-
pa B mone? OTBeT 00OCHYHTE.

2. Moxerte 1 BBl IPHUBECTHU NTPUMEPHI OCTYNATEIFHOTO JABMKCHUS U3 TOBCETHEBHOM KN3HH?

IIpoBecTH caMmooueHKY:

1. Kakue noHsaTHs NOBTOPWIM Ha ypoke? UTo U3 3TOro Bbl XOPOLIO MOHSIIM, @ YTO OCTAI0Ch BaM
HE SICHBIM?

2. Ilpu KaK¥UX yCIOBHUSIX OJHO H TO K€ TEIO0 MOKHO IPHHATH 32 MAaTEPUAIbHYIO TOUKY, a TPU KAaKUX
Henb3a? [louemy? MoskeTte Jin BBl IPUBECTH TPUMEPHI?

3. [ToueMy BO3HHKaeT HEOOXOAMMOCTh IIPUMEHECHUS CHCTEMBI OTCUeTa?

4. Kakyro cucteMy KOOpJHHAT CIIEAyeT UCHOIB30BATh IS H3YUEHHUS MOJIOKEHHS Tella B IPOCTPaH-
CTBe (HampuMep, JeTsnield B HeOe ITHIIEI)?

“v

YTO Bbl Y3HAJIU? 3anumure B paboueM JIMCTKE ONpPEAeTICHUs Ul HIDKEIPUBEICHHBIX TTOHITHI:
“MeXaHH4ecKoe JBIDKEHHME, ‘“‘MeXaHHKa”, “OCHOBHas 3a/Jaya MEXaHHKH , “KHHEMaTHkKa”, “TIoCTy-

CLINT3 2 ¢, 9

MaTeJIbHOC ABMKCHUE ', MaTEpUaJibHAs TOYKa TEJIO OTCUECTa , CHUCTEMa orcuera”.

m nYTb Y NEPEMELUEHUE

ABTOBYC CO LUKOMbHUKamMu oTnpasuscs B nyTe B 8°° us
Baky ¢ nnowaan Asaansir.

e MoXHO Nnu TOYHO onpeaenuTb, Kyaa Aoexan asTobyc B "-\q\_
10°°, ecniv oH 3a ABa Yaca npowen paccTosiHue 135 km? “ LIJamaXbl pe
Mouyemy? \\. 1& ' —

e MoxeT nu aBTo6yc cHoBa BepHyThca B 10°° Ha nno- e
waab Asagnbir?

e [locTaToO4HO NM AnNsA onpeAerieHNsi KOHe4YHoro nono-
XEHUA Tena 3HaTb ero HadanbHoOe MONIoXKeHMe U NPon-
OeHHbI NyTb? OTBET 060CHyWMTE.

ﬁ
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Nceneposanme-1. OaMHaKOBbBI JIU YTH
MEKIY AByMsI MyHKTaMu?
Pecypcbl: TpaHCTIOPTHAS KapTa IOPOT MEKITY
ropoaamu baky — 3ararana (a), HUTb, JUHEHKa
WITH KYPBUMETD.
e A6MOMOOUIBHAS DOPO2A
= = = - JKenesnooopooichvlii nymo
m—— BO30YWHObII NYMb ok N . i
Xon ncciaenoanus: 1. VizmepbTe npy NOMOIIY HATH U JIMHEHKH JUTHHY aBTOMOOMIIBHOTO, JKelle3-
HOJJOPO’KHOT'O U BO3JYILIHOTO MyTel Mexay ropogamu baky — 3aratana. 2. Bolpazute noisydeHHble
3HAYEHHS B KWIOMETPaxX Ha OCHOBE MacIitaba KapThl 1 3alUIINTE B COOTBETCTBYIOIINX KIETKaX Ta0-
muusl 1.1 (mepenumure TabuuIy B pabo4Hii INCTOK).
Tabnuya 1.1.

TpancnopTHbIH MyTh ABTOMOOMIIBHBIH MyTh JKene3Ho10poKHbIH MyTh Bosgymmslii myth
Paccrosnne mexy
Baky — 3aratana (xm)

O0cyxxaeHue pe3ybTaToB:
e Kakoii u3 Tpex TypHuCTOB, IyTEIIECTBYIOMMX U3 baky B 3ararana, COOTBETCTBEHHO Ha aBTOOYcCe, TI0-
e3/le M camoJere, Mpoexan MeHsllee paccrosaue? Kto m3 HuX mpoexan Oosnblnee paccTosHue?

Be1 3Haere, uto J11000# BUT ABMKEHHS COBEPIIIACTCS 110 ONPECIICHHON Mpaekmopuil.
o Tpaekmopus — 5mo JuHUs, KOMOPYIO ONUCHIBAEH MAMEPUATbHASL THOYKA NPU C80-
em 08udicenul 8 OAHHOU cucmeme omcdema. Jta JIMHUSL MOXKET ObITh U HEBUIUMA,
HanpuMep, TPACKTOPHsI JIBHKECHUS PBIOBI B BOJIE, CAMOJIETa B HeOE, IMYEIIbI B BO3TyXE
U JIp., KOTOPBIE MOXHO TOJILKO BOOOpa3uth. [1o Gpopme TpackTopru MeXaHUIECKOE
JBIDKECHHE JACTHUTCS HA NPAMOIUHEHOe U KPUBOTUHEHOE.
o Jlsuoicenue, mpaexmopus Komopoco npeocmasisiem coool npamylo JTUHUIO OMHO-
CUMENbHO OAHHOU CUCTEMbl OMCYEmd, HA3bIBACTNCS NPAMOIUHEUHBIM O8UINCEHUEM
(b), a osudicenue, mpaexmopus komopo2o Kpusas JuHusl, — KPUGOIUHEUHbIM (C).
o Jlnuna mpaexmopuu 08UNCEHUs. MAMEPUATLHOU MOYUKU, HA3bIBAEMC S HPOUOEHHbIM
nymem. [lpotidennviii nymo A6711emcsi NOAOICUMETbHOU CKATAPHOU BeTUYUHOU, 0003~
Hauaemcs Oykeot I, edunuya ee usmeperusi 6 CH — 1 .

=

(b) psimonuneiinoe dguicenue (¢) Kpusonuneiinoe ogusicerue

JIJ1s1 TIOJTHOTO OTIMCAHUSI IBFDKCHUSI MAaTEPHATLHON TOYKH HEOOXOJUMO OTIPEIeTIUTh
W3MEHEHHUE ero TIOJIOKEHHS B TIPOCTPAHCTBE C TCUCHUEM BPEMEHH, T.€. ONpeoeumy u3-
MeHeHUe KOOPOUHAM MAMEPUATbHOL MOYKU, VU KE UBMEHEHUE €20 Paouyc-6eKmopa.

o [I3menenue nio00U usuueckoll GeIUUUHbl PAGHO PA3HOCHU €20 KOHEUHO20 U HA-
uaIbH020 3HAYeHUll U 0003nauaencs snakom A (6ykea epeu. anrgasuma) neped 3moti
BEUUUHOU.
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. o
H3meHenne KOOpIMHAT MATePHAIbHON TOUkH BO (d) y& ——  Tpaexmopus
BpeMsl IBI:KeHus]. V3MeHeHre KooparHaT MaTepHaTLHOM . \ \ :
TOYKH BO BPEMsl JBWKCHHSI MOXKET ObITh, KaK ITOJIOMKH- ;
TEeNBHBIM, TaK W OTpHIATelNbHBIM. Harpumep, mpesmono-
UM, YTO MYpPaBel, IBUrasCh 10 MMOKa3aHHON HAa PUCYHKE
TpaekTopu, ornaaaeT u3 Touku M B Touky N (d). Tak kak
KOOP/IMHATA MYyPaBbsi 110 och X yBEIUUUBaETCS (X > Xp), TO
W3MEHCHUE KOOPAWHATHI TI0 3TOH OCH OYAeT ITOJIOMKH-

TeNbHBIM: Ax =X —Xp> (. Koopnunara e MypaBbsi 10 OCH i) v e
Y ymensmaercs (y < )y, TMOITOMY H3MEHEHHE €ro
KOOP/IMHATEHI TI0 3TOM OcH OyeT oTpunarenbHeM: Ay =y — < 0.

W3menenne paimyc-BeKTOpa MATEPHAILHOH TOUKH BO BpeMst (o) '4 . Tpaekmopus
ABIKeHust. Ha ciie/iyronieM pucyHKe IpeICTaBIeHbI PaIny C-BEKTO- e e
PBI 7 U7 HAYAILHOTO U KOHEYHOT'O TIOJI0KEHHUSI, MATEPHAILHOM TOY- £ /

Ku (MypaBbsi) COOTBETCTBEHHO (€). BEKTOp AT, COETMHATOIIMI KOHIIBI N L
STUX PaJINyC-BEKTOPOB M, Ha3bIBAIOT nepemeujeruen NaHHOH MaTe- ‘17 AF N
PUATLHON TOYKH 33 MPOMEKYTOK BpeMeHu f. COINIACHO MpaBUITy 0
CIIOJKEHHS BEKTOPOB (CM.: Martemaruka 8): 7y + A7 = 7. U3 nocuen-
HETO BBIPOKEHWS Tonydaercss, AT =7 —Toums = A7 =7 — 7,
7€ S — [epeMEIEHIE MaTePUATLHON TOUKH.

¥
"
"'-\

-
7

o Ilepemeugenue — 5mo HanpasieHusblll OMpPe30K NPSAMOU, COeOUHIIOWUL HAYATbHOE
NONOJACEHUE OBUICYUICLCS MAMEPUATLHOU MOUKU C €€ KOHEeUHbIM NoJodceHuem. lle-
pemeujeHue — 6eKMoOpPHAs GeIUUHA.

o BexmopHuas éenuuuna — 5mo 6eiuduHd, Onpedensemds, Kpome Yucio8o2o 3Hd-
yenust (MOOYJsL), makdice u HanpasieHuem.

K BekTopy mepemernienus, Kak BEKTOPHONH BEIUYMHE, MOKHO MPUMEHUTH H3-
BECTHBIC ACUCTBUS HaJ BEKTOPAMH — CJIOKCHUE U BBIYUTAHHE BEKTOPOB, OIpele-
JIEHHWE Pe3yJIbTUPYIOIIETro BEKTOpa METOJIOM TPEYTOIbHUKA U TTapajliesiorpaMma.

Enununeit usmepenus nepemenienus, kak u mytu, B CU sBusieTcst MeTp, OJJHAKO,
MepeMeIICHIe UMEET OTIMYAFOIINNACS (PU3UUECKUN CMBICI: nepemeujerue noKasbl-
6aem, HA KaKoe paccmosinue U 8 KaKoM HanpasieHuu U3MeHUu1I0Cb HaydabHoe Nojlo-
JHCeHUe MAMEPUATLHOU MOYKU 30 OAHHbBIL NPOMEICYMOK 8PEMEHU.

=

Buumanue! TOJIBKO IPpH MPSIMOIUHERHOM IBIDKCHUH 0€3 N3MEHCHUsI HAIIPABICHUH, MOJIYJIb ITepeMe-
MICHUSI PAaBEH MPOMICHHOMY MyTH, BO BCEX OCTAIBHBIX Clydasx (NP U3MCHCHHU HAIPABJICHHS
MPSIMOJTMHEHHOTO JIBYDKCHHS, KPUBOJHMHEITHOM JIBIDKCHUHU) TPOWUICHHBINH IMyTh OONbIIE MOJIYJIS
nepeMenieHus (e).

® ©® M. ! o

l - —
M » ——oN
2 Mamepuanvhas mouxa npouwna paccmosinue | om
Mamepuanshas mouxa npowna paccmosnue | MOYKU M 0o mouxu N no npsamoil iunuu, a 3amem no
om mouxu M 0o mouku N no npamoii aunuu. B MOl Jice TUHUU 6EPHYLACH HA3A0 8 MOUKy M. B asmom
omom cryuae npoiidennsiii nymo pasen mo- CV4A€ MAMEPUATLHAS MOUKA NPOULTA TLYIMb, PAGHbIL
oymio nepemewsenus: s = L. 21, a modynv nepemewenus pasen nymo:

§=MN+NM =0, s=MN+NM =2l

OCHOBbI KUHEMAaTUKKN 15



Ecmu npu osuscenuu mamepuanvroti mouxu na nnockocmu  (h) y a N )
U3BECHIHbL €20 HAUANbHble KOOPOUHAMbL U 6eKMop nepe-
Mewjenus, mo MONCHO Onpedenums KOOPOUHAMbL KOHEUHO20
nonoxcenus mouxu. Hanpumep, npednonoscum, umo mame-
puanshas mouxa cosepunna nepemewgenue § = MN. Onyckast
nepnenouxynapvl Ha ocu OX u OY uz nauana u KoHya 3mozo y
6exmopa, noayuaem npoekyuu nepemewjenus. Sy u sy (h). Kax
BUOHO U3 PUCYHKA, MU NPOEKYUU PABHBL PAZHOCHIU HAYATLHBIX U
KOHEYHbIX KOOPOUHAM MAMEPUATLHOU MOYKIL

Sy =X—Xo, Sy=Y— Yo

>
O| %o D¢
x |
D E——_—
NMpumeHeHune. UccneposaHune-2 - Iy
OJQMHAKOBBI JIM IYTh U NepemMenienue? (1]
3agaya. BenocunenucT ABHKETCS 110 KPYyTrOBOMY BeJIOTpeKy pazuycom 80 M. Ak .

OH crapryer u3 Touku A. Onpenenure MmyTh U HepeMeleHHe BEIOCUIIEANCTA
IIpU IEPBOM NMPOXOKIACHUH ToUkH B (i).

Jlano: Pemenne Brruncnenue
r=80m | Ilpoiinennslii myTh l; paBeH aauHe 1y =3,14-80m = 251,2Mm,
-7 ayru: l; = mr. s =2-80m = 160Mm.
517 Mo/1yib epeMelleH s JKe paBeH

JIMaMEeTPy OKPYXHOCTU:S; = D = 2r.

O0cyzkaeHue pe3yJbTaToB:
e UeM oTIIMUAIOTCS My Th U MIepeMenienue?
o UeMy paBHBI IPOHACHHBIN ITyTh U MOJLYJIb IEPEMEIIICHHSI BEJIOCUIIEANCTA ITPY ABMKCHUH U3 TOUKH
A B Touky C?
e Uemy OynieT paBeH MPONACHHBIN ITyTh H MOIYIIb IIEPEMEIICHNS BETOCUTISNCTA, COBEPIINBILETO
OJTMIH TIOJIHBIH 000POT M BEPHYBIIETOCS CHOBA B TOUKY A?
o M4, OpormeHHbIH ¢ 6anKoHa (13 TOUKH A), MajaeT Ha 3eMIII0, B TOUKY \ﬂ‘\l*
B. Mosxere 1 BBl CXeMaTHYECKH TI0Ka3aTh MPONICHHBIN UM MyTh U -
nepememenue (k)? { t_lq %
IIpumeHeHHEe B MOBCEAHEBHOM KU3HU: =
ITo xakolt n3 MPUBEIEHHBIX B UCCIEA0BAaHUM 1 CXEM TypHCT, MyTelIecT- X
Byrouwii n3 baky B 3ararainy, coepmaet nepememenue? Ilouemy?
IIpoBecTn camooneHKy: B
1. Kakne onpenenenust ObIIH ITOBTOPEHHBI Ha ypoke? UTo BaM B 3TO BpeMst
cTao OoJsiee MOHATHO, @ YTO OCTAIOCH HE SICHBIM? @
2. B xakoM ciy4ae NpONAEHHBIM MyTh paBeH MOAYJIIO MEpEeMEIeHUs?

[Ipusenute mpumep. _{
3. MoseT 11 NpONHIeHHBIN MyTh paBHATbCA Hyt0? [louemy? / -
4. MoxeT 1M MOJyNb HepeMelleHHs IBHXKYIIErocs Tella PaBHATHCS b ¢
nymo? [louemy? [IpuBenute npumep. —_—]
5. Kaxk, crnemyst mpaBuity TpeyroiabHHUKA, ONpeesieTcs pe3yabTHPYIOIast
BekTopos ( d, b, ©) (q)? Kak, ciexys npasumily napajuienorpamma,
OTIpeIeNsAeTCs pe3yIbTHPYIOIas 3THX BEKTOpoB? IIpescTaBbTe cCXeMaTHUECKH COOTBETCTBYIOIINE
TIpaBHiIa.

ELIT3

YTO BbI Y3HAJIN? [aiite onpeneneHust (GU3MUECKUX TOHATHI U BEJINUHH: “TPaeKToOpHs”’, “Ipoii-
JICHHBIH Ty Th”, “TlepeMelnenne”, “cKasipHasl BelIMUNHA”, “BEeKTOpHAs BEIMINHA .

>

16



o

m nPFIMOJ'IVIHEVIHOE PABHOMEPHOE ABWXEHUE. CKOPOCTb

ABTOMOOWb ABWXETCSt MO NPSIMONUHENHON Yactn goporu Mampxkurabyn-r'aHmpka aBTtobaHa

Baky-lasax Tak, 4To 3a kaxgbin 1 yac npoxogut nyTb 90 km, 3a 30 MUHYT — 45 kM, 3a 15

MUHYT — 22,5 kM, 32 10 MUHYT — 15 kM, 3a 5 MUHYT — 7,5 kM, 32 1 MUHYTY — 1,5 KM 1 T.4.

e YTO MOXHO cKa3aTb O CaMOM CKOPOCTM aBTOMOOUNSA U ee U3MEeHEeHUn?

e YTO HeoOXxoauMo 3HaATL ANA onpeaerieHUs NONoXXeHUA aBTOMOOUISi B NPOU3BOJb-
HbIA MOMEHT BpeMeHU?

Nccneposanne-1. HcciieqoBanue NPsAMOJIMHEAHOIO IBMKEHHS () (a)

apukKa | =

OfopynoBanme: NWIMHAPUYECKas TOJICTOCTEHHAs CTEKJSTHHAS

TpyOKa 3aKpbITasi C OTHOT0 KOHIIA, BOJIA B JOCTATOYHOU CTEIIEHN Ha- i

CBIIIEHHAsI CaXxapoM (BHICOKOKOHIIEHTPUPOBAHHBIN pacTBOp caxapa —

1 1), Mapkep, CeKyHIOMep, MeTaJUIM4ecKuil mapuk (2—3 mrykn),

JIMHEHKa, IMTaTHB.

Xoa ucciie10BaHusA:

1. 3akpenure TpyOKy BEpTHUKAIBHO HA IITATHBE, HAIOIHHUTE €€ BEICO-

KOKOHIIEHTPHUPOBAHHEIM PacTBOPOM (a).

2. OmycruTe mIapuK B pacTBOp. BKimounTe cexyHIOMep Mpu IpoXo-
JKAEHUM LIapHKa 4yepes3 3apaHee OTMEUCHHYI0 Touky A. Ompene-
nure mnepemenenus AS;, AS,, AS;.., OTMeuas MapKepoM Ha
CTEHKE TPYOKH, MOJIOKEHHE IIApHUKa, JBMKYIIErocs BEPTHKAIbHO, 32 PaBHbBIC MPOMEXKYTKH
Bpemenu At, = At, = At; = -+ = 5c.

3. 3aHecuTe NMOJyYeHHBIE Pe3yIbTaThl B COOTBETCTBYIOIINE KIETKU TaOauLb! 1.2 ¥ BEIYMCIUTE CKO-

pocTh miapuka (mepeHecure TabIuily Ha pabo4YHil TUCTOK).

Tabnuya 1.2.

AT,
AT

— e e

‘1[ —_— — -

IIpomesxy Tk BpeMeHH At = 5c¢ At, = 5c¢ At; = 5c¢ At, = 5c
Moyib niepemertieHust As; = -+ As, = - Asy = - As, = -
Moy b CKOpoCTH Asy As, As, As,

O =— =. Uy =— =.. U3 =— =.. Uy =— =
LA 27 At 37 Aty * T AL,

4. TIoBTOpHTE OIBIT CO BTOPBIM TAKHM K€ IIAPUKOM, YMECHBIIHUB PABHBIC TIPOMEIKYTKH BPEMEHH, U
OIIpe/IeINTE COOTBETCTBYIOIIHE [TEPEMEILICHHS.
O0cy:xaeHue pe3ybTaToB:
e Kaxue nepemenieH s COBEPIIAIOTCs IaPUKOM 32 PaBHBIC IPOMEKYTKH BpeMeHN?
e MOXHO JI TOCJIe MPOBEJICHHBIX BBIYMCICHHH CKa3aTh, YTO IIAPHK COBEpPIIACT PaBHOMEPHOE
npsiMostHeiHOoe 1BIKeHne? OTBeT 000CHYHTe.

N3 xypca @usuku VII knacca Bam U3BECTHO, YTO PABHOMEPHOE MIPSIMOJIMHEHHOE
JIBUKEHHE SIBJISIETCSA CaMbIM IIPOCTBIM BHIOM MEXaHHUYECKOTO JIBUKECHHS.
e [Ipamonuneitnoe pagnomepnoe osuiicenue — 3mo 08uUlceHue no NPIMOoU JUHUU,
npU KOMOPOM MAMEPUATLHASL MOUKA 30 PAGHbLE NPOMEIICYMKU PEMEHU COBEPULAEH
00UHAKOBbLE NEPEeMEeUIeHISL.
o [Ipu npAMONUHEUHOM PABHOMEPHOM OBUMNICEHUU MOOYIb U HANPABIEHUE CKOPOCU
C meuenuem 6pemeny He UsMeHsomces: U = const.
e Cxopocmu npu NPAMONUHEHOM PAGHOMEPHOM OBUIICCHUU AGNAEMCA NOCIOAHHOU
Qusuueckou erUdUHOU, PAGHOU OMHOWEHUIO NepeMelyeHls MamepUualbHoll Mo4Ku
KO 8peMeHiL,3a KOMopoe 9Mmo nepemeujeHue Oblio CO8ePUEeHO:

—

o=2 (1)
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(®)

1 o o
Taxk kaKk oTHOIIEHUE ? B q)OpMYJ'Ie ABJISICTCA IMOJIOKUTCIIbHOU CKAJIIPHOW BCJIN-

YHHOI, TO HAIIPABJIEHHE BEKTOPA CKOPOCTU U COBIAJAET C HAITPABICHUEM BEKTOPA
nepeMenienus S. Eqununa nsmepenus ckopoctu B CU — memp 6 cexynoy:

[s] 1m M

[V]=—F=—=1—-

[t] 1c C

Eciu cKopocTh U M3BECTHA, TO MOYKHO OIIPEENIUTH MEPEMENICHUE S MaTepUaIb-
HOW TOYKH 3a TIPOMEXYTOK BPEMEHH ¢ TIPU NMPSIMOJIUHEHHOM PAaBHOMEPHOM JIBUKE-
HUH:

Ss=0v-t (1.2)
o [Ipu npsAmMoIuHetHOM PABGHOMEPHOM OBUINCEHUU NPOLOCHHBIU MelOM NYMb PAGEH
MOOYIIO NepemMenenus:

Il=s=vt (1.3)

Tak kak ypaBHEHHE B BEKTOPHOM BHJE MOXXHO 3aMEHHTH alreOpandecKIMH
YPaBHEHHUSMHU B MPOEKIIMSIX BEKTOPOB, TO JIJISl BEIUMCIICHHUS [IEPEMEIICHHS HCIIOIb-
3YIOT He (popMyIty, BRIPAKEHHYIO Yepe3 BEKTOPHI, a (opMyJly, COJEpKaIyo B ceOe
MPOEKIIMKM BEKTOPOB Ha KOOPJMHATHBIC OCH. [lpu NpsSMOTMHEHHOM IBMIKEHUU
MOJIO’KEHUE MAaTepUaAIbHOW TOUKH OIpeJeNsieTcsl OIHOM KoopAuHATON X, onpeens-
FOTCSl IPOEKIIUK BEKTOPOB CKOPOCTH U MIEPEMEIICHUSI MaTEPUAIbHON TOUKH HA 3Ty
0Ch ¥ YpaBHCHHE peIIaeTcs B ATUX npoeknusx. [loaTomy Beipakenue (1.2) MOKHO
3arMcaTh B MPOCKIHUAX TIepEMEIeHUs B CKOPOCTH Ha och OX:

Sy = Uyt (1.4)
MOoHO TIOAY4YUTh (HOPMYJITY JJIsi BBIYUCICHHUS KOOPMHATHI TOYKU X B TPOU3BOJIb-
HBIA MOMEHT BpeMeHH (cM.: Tema 1.2):
X = Xg + Sy, X = Xg + Ut (1.5)
Beipakenue (1.5) sBISCTCS ypasHeHuem NPIMOIUHENHO2O0 PABHOMEPHO20 OBUINCEHUS
mena. Ecnu MatepuaibHasi TOUKa JIBUKETCS TI0 HATIPABIICHUTO

)
; —" BBIOpaHHON KoopauHaTHOH ocu OX, TO MPOEKIHs CKOPOCTH
: i cauTaeTcs monoxutenbHoi (b), ecrnu e ABMKETCS MPOTHB
| Uy i HAarpaBJIeHUsI KOOPAUHATHON OCH, TO MIPOEKIUSI CKOPOCTH CUH-

X TaeTcsl OTPULATEIBHOM (¢).
W3 dpopmymer (1.5) onpenensercss BBIpaXEHHE IS MPOEK-
IIUH CKOPOCTH:

B} X=X
E‘ : Uy = TO (1.6)
i B U3 dopmyuist (1.6) cTaHOBUTCS SICHBIM (DPU3UUECKHUN CMBICI
— . CKOPOCTH: NpOeKyusi cKopoCmu HA OCb PAGHA USMEHEHUIO
U, <0 ' npoexyuu coomeemcmeyrowei KOOpOUHAMbL 34 COUHULY
X =Xg — Uyl epemeni.

Ilpotioennsiti nymo u KOOpoOuHama MamepudaibHoU mou-
KU NpU NPAMOTUHETHOM PAGHOMEPHOM OBUNCEHUU AGTIOMCSL TUHEUHOU (yHKYUell
om epemenu (d). Cxopocmov odice A81semMCcA NOCMOAHHOU BEAUUUHOU, NOINOMY
epapuk cropocms — epemsi 6yoem npedcmasisims coO0U IUHUIO, NAPATIETLHYIO OCU
BPeMEHU — CKOPOCb MAK020 0BUICEHUsL He 3a6ucum om epemen (e):
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(d (e ®
N 7 x ) -,3__':__, fv. = L T

fu,= (v.>0)

l:.: Y h é" ! -
oxl oo RSP ARE

fv_<0)

I'paduk KoopauMHaTa-BpeMs IIPH PaBHOMEPHOM JBMIKCHUH 00pa3yeT OIpe/ereHHbIH
YTOJI C OCBIO BpeMeHH. TaHTeHC ATOro yria paBeH MPOSKIMU (MOIYII0) CKOPOCTH MO

A
ocu ox (f): tga = Tx = Uy.

lNMpumeHenme. Ncanepoeanue-2, llpumennTe u3ydeHHoe /151 pellieHUsI 3a1a41
3agaya. /Ipa BenocHIeINCTa OJJHOBPEMEHHO HAaYasl IBUKEHNE HABCTPEUy JpyT (@
JIPYTY BJIOJIb PSIMOM JIMHUM U3 TyHKTOB A 1 B, paccTosiHne Mexxy koTopbiMu 90 v v

M Ar— -— A
kM. CKOpOCTh TIEpBOTO BEJIOCUIIEHUCTA 3 =, CKOOCTb BTOPOTO BENIOCHICNCTA g 4=

1,5% (g). Onpenenure: a) KOOpAMHATY M BpeMs t; BCTPEUYM BEJOCUIICINCTOB; b) mpoiineHHbIe

BEJIOCHIIEANCTAMH TTyTH M COBEPIICHHBIE MMM TIEPEMENICHUs] K MOMEHTY BCTpEuM; €) BpeMs i,
TIpOIIIE/IIIee C Hadana ABIKSHIS IO MOMEHTA, KOT/[a PACCTOSTHIE MeX Ty HUMH cTajio 10 km.

JlaHo:

/=90 kM = 90000 m
v = 3%; Uy, = 1,5%.
a) t1—? xq,%-7 b) U1, ,=75,1,542-7 ¢) t,—?

Pemenne
a) [Ipu pemeHny 3a1a9u COOTIOACTCS CIEAYIONMIAS TOCIEI0BATEILHOCT - ;
JIeWCTBUI: (h) ey BT
I neiicrBue. Bridupaetcs cucrema koopauHaT OX ¢ HaYaIoM 0 A B X

KOOpIUHAT B Touke A u pucyercs cxema (h).
II neiicTBHe. YpaBHEHHE IBMKCHUS 3aITUCHIBACTCS B OOIIEM BHIC: X = X + Uyt.
IIT peiictBue. Ha ocHOBaHUM yCIIOBUS 3aJlaudl YpaBHEHUs ABMKEHUs BEJIOCHIIEANCTOB 3alUChI-
BAaIOTCSI B OOIIEM BUJIC: X1 = Uyt = 3t; Xy = Xo— Uy, t = 90000 — 1,5 ¢.
IV peiicrBue. KoopauHaThl BEJIOCUIIEUCTOB MPU BCTPEUE PaBHBL: X1 = X5. DTO PaBEHCTBO pelIaeTcs
mt = tg:

3t; = 90000 — 1,5¢4,

90000

4,5t; = 90000 = t; = TC = 20000c = 5,6 yaca.

V neiicrBue. ,HJ'IH OIMPEIACIICHUS KOOPAWHAT X1 X, BCTPEYU BEIOCHUIICAUCTOB HCO6X0,Z[PIMO pe-
LINTh YPaBHEHUS UX ABUMKCHUS JI1 BDEMEHU ty:

M
X1 = Uty = 3:- 20000c = 60000Mm = 60 kM;

Tak kak x, = x4, 70 X, = 60 KM.
b) Tak kak 1o yC/IOBHIO 33124l BEIOCHIIEAUCTBI JIBIKYTCS MPSIMOIMHENHO U 0€3 N3MEHEHUS
HarpaBJIeHNs IBWKEHHs, TO IPOHIEHHBIN My Th paBeH MPOEKIMU (MOJLYJII0) EPEMEIEHUs:
Ly =510 = X1 = x0; L = S2x = X2 — Xo.
¢) Bpewms t,, mpomresiee ¢ Havaa JBIKEHHS 1O MOMEHTA, KOT/Ia MEXIy HUMH ocTaioch 10 K,
BBIYHCIISIETCS] IO HIKETIPUBEICHHOMY PABEHCTBY:
X1 — Xy = 10000 M wummu letz — Xo— Uthz = 10000 m.
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O0cy:kneHue pe3yJbTaTOB:

e Kakoe paccTostHUE TIPOIIEIT KaX[bIil BEIOCHIIETUCT 10 BCTpeuu?

e Uepes kakoe BpeMst IOCIIe Havalla IBIKEHHS PacCTOSHNE MeXTy Benocureuctamu oy et 10 km?

IIpumMeHeHne B MOBCeTHEBHOI KU3HU:

e ABTOOYC, IBUTAsICh CO CKOPOCTHIO 90 %, 3a 20 cekyH[I coBepIIaeT nepeMelieHue, paBHoe Iepe-
MEIIEHHIO JIETKOBOT'O aBTOMOOHJISL, KOTOpoe TOT coBepiraet 3a 10 ¢. Onpeennte CKOpoCTh Jier-
KOBOT'O aBTOMOOMIISI.

IIpoBecTn caMoo1eHKY:

1. Kaxwue onpeznenenus 6bu1M NOBTOPEHE! Haypoke? UTo BaM B 9TO BpeMs CTasIo 0oJiee MOHITHO, a
YTO OCTAJIOCh HE SCHBIM?

2. YpaBHEHHE JIBIKCHUSI MAaTEPUAIBHON TOYKH UMEET BU X = X + Uy t. UTo HEoOX0aMMO 3HATh
JUTSI OTIPEJIENIEHHS €€ MOJIOYKEHHUST B TIPOU3BOJIbHBIN MOMEHT BpeMeHn?

3. Ha pucynke mpezcraBieHbl rpadUKy 3aBUCUMOCTH KOOPIMHATA-BPEMsI MaTepHalbHOMH TOYKH,
JIBUXKYIIEHCS 110 OCH X.

xd xh xh xd
P
0 0 t
N1 L/ t \ 4
0 : N
t
o Kaxoii rpauk moka3pIBaeT ABIKEHNE MAaTEPHAIbHON TOUYKH Yepe3 Hadyalo KOOpIHHAT?

o Kaxoii rpaduk rnokassiBaeT IBHKEHHE MaTEPUAIbHOI TOUKH IIPOTHB HAIIPABICHUS OCH X?
e Ha xakom rpaduke X ¥ U, UIMEIOT IPOTUBOTIOJIOKHBIE 3HAKH, @ Ha KAKOM OJJHHAKOBBIE?

4. Tlemexox W BEJOCHICAMCT ABHKYTCS HABCTPEdy IPYT APYry. 3aBUCHMOCTH KOOPMHATHI
nenrexosia ot Bpemenu x = 13 + 2t, a Benocuneaucra x = 27- 5t. TIpencraBpTe 5TH 3aBUCH-
MOCTH Ha OTHOM rpaduke U ONpeaennuTe BpeMs HX BCTPEUH.

YTO Bbl Y3HAJIN? [laiite onpenencHus GU3MUECKUX MOHATHNA M BEJIUYMH: “‘CKOPOCTH”’, “paBHO-
SRS

MEpHOE TPSAMOIHMHEHHOE IBIKEHHE , “IPOEKLHUs CKOPOCTH MO OCH’, “IlyTh, NIPOWACHHBIN NPH paB-
HOMEPHOM TIPSIMOJIMHEHHOM JBIKCHUH .

nPFIMOJ'II/IHEVIHOE HEPABHOMEPHOE OBWXEHMUE.

YCKOPEHUE
Ha npakTvike NpsSIMONMHENHOe paBHOMEpHOe * MoxHo nu onucatb HepasHoMep-
ABWKeHWe HabrogaeTcs oueHb peako. Cko- Hoe ABMXeHue C NomMolublo ypas-
POCTb ABWXYLLEroca aBToMobuns, noesaa, ca- HEHUW NPAMONMHEUHOro paBHO-
MOMeTa, YacTel MexaHuaMa v T.4. MOXET 13- MepHoro ABwxeHus? Yto ansa
MEHSATLCS 1 N0 BENUYMHE, U MO HaNpPaBneHuIo. 3TOro HYXHO 3HaTL?
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Uccneposanme-1. Uro o3HauaeT GLICTPOTA H3MEHEHHSI CKOPOCTH?
3agaya: Camorner, TOTOBSIIMIICA K B3JIETY, HAXOAWICS B TOYKE A B3JI€THOH moiochl. CKOPOCTh

M
camosieTa uepe3 5 CeKyHJ I1ocje Hayasa IBIKEeHHs paBHa U = 18 - (B Touke B), a uepes 10 cekynn
M o
paBHa v, = 30— (B Touke C) (a). Yemy paBHO H3MeHEHHE CKOPOCTH (Av; 1 Av,) Ha B3NETHOU MO~
C
JI0ce camolieTa, cooTBercTBylolee yuactkam AB u BC? B xakoM uHTepBalie BpeMEHU IIPOUCXOIUT

HauOoJbIlIee M3MEHEHHE CKOPOCTH?
U
2 —i
Ic

(@

=i

A
Jano Pemenue Brruncnenue
tozo_)l)o:O AUlzl)l_Uo
ty =5c » v, =18m/c Av, = v, — g
t,=10c - v, =30M/c Aty =t — t,
Avy—?Av,—? Aoy 00, Az =t~
Aty At,

ObcysneHne pe3yJbTaTOB:
o Ha KakoM y4acTKe B3/I€THOH MOJIOCH U3MEHEHHE CKOPOCTH caMosieTa Gosbue?
o B uem pusnueckuii cMbIcI H3MEHEHHSI CKOPOCTH Tella ¥ HACKOJIBKO BaXKHO 3TO 3HATH?

o [Ipamonunetinoe 0gudicerue, npu KOMOPOM 3d PAGHbIE NPOMENCYMKU 8PEMEHU Md-
MepUaIbHAas MOYKA Cogepuidenm pasuvie nepemeweHus, Ha3vleam nPAMOAUHEl-
HbIM HEPAGHOMEPHBIM OGUNCEHUEM.

[Ipu TakoM JBMKEHUU YHCIOBOE 3HAYCHHE CKOPOCTH HE OCTACTCSI HEU3MEHHBIM,
MTO3TOMY JIJIsl OTIMCAHUsI HEPAaBHOMEPHOTO JIBMKSHHUS TIOJIB3YIOTCS TOHATHUSIMU CPeo-
Hell 1 MZHOBEHHOIU CKOPOCHIU.

Cpeonsna ckopocme.

o Cpeonsisi ckopocmb HEPABHOMEPHO O8UIICYULEUCS MAMEPUATLHOU MOYKU HA OAH-
HOM yYacmke mpaeKmopuy paena omHoueHuIo ee nepemeweHus Ha 9mom yiacmre

KO 6pemeru coeepulerusl 5moeco nepemewenus:

B _ S
Cp_t

(1.7)

o Cpeonsis nymesast CKOPOCHb MAMEPUATLHOU MOYKU NPU HEPABHOMEPHOM OBUICEHUU
PasHa OMHOWEHUIO 8Ce20 NPOUOEHHO20 NYMIL KO 8PEMeHU, 3ampaieHHOM)y HA NPOXOC-
OeHue 5mMo20 nymu.

= L5, (1.8)

UCp tos

CpeHHSISI CKOpPOCTH MaTepHaHBHOﬁ TOYKH, ,HBH)KyHIeﬁCS{ CO CKOPOCTAMHU Uy, Uy, ..., U, Ha ydaCTKax

nytuly, Ly, ..., [,;3a IpoMeXyTKH BpeMeHHty, ty, ..., t,,, COOTBETCTBEHHO, BEIYHUCIISICTCSI TAK:
L Lt L+ .+l
=St (]0)

Uy = =]
P tys byt tat tty

_ ot vt L topty, (1'10)

Yep = ti+ tot by
Ecmm t; = t, = ... = t, = t, To u3 ypaBuenus (1.10) momydaercs
Vg = AT L2t on “2; it} (1.11)
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Meznogennan ckopocme.
o CKopocmb MamepuaibHoOU MOYKY 8 OAHHbINL MOMEHN 8PEMEHU Wi 8 OAHHOU MOYKe
mpaexkmopuu Ha3vlearon MZHOBEHHOUL CKopocmblo.
Menosennas ckopocmv 6 HeKOMOPOU MOYKe GISIeMCsl 6eKMOPHOU 8ETUHUHOU U ONpPede-
Aemcsi Kak npeoeil OMHOUeHUst 00CMAMOYHO MA020 NEPeMeuyeHuUs. (A§) Ha yuyacmke
mMpaeKmopuu, SKuOUArOwWell 3my Mmouky, K MAioMy HpoMexcymky epemeHu (At),
3AMPavenHomy Ha smo nepemeuenue (npu ycrosuu At — 0):

. A

o= lim —. (1.12)

At—0 At
N o

I'ne © — MraHoBeHHasi CKOPOCTb MOCTYNATEIBLHOTO JIBMXKEHUSI MaTepUATIbHONU TOUYKH.
C TeyeHWeM BPEMEHH MIHOBEHHAS CKOPOCTh MOXET YBENHYHBATHCA, YMEHb- A Us (b)
MIAThCSl ¥ M3MEHATh HampaBlieHue. HanpapieHre MTHOBEHHOM CKOPOCTH B JaH-
HOH TOYKEe TPaeKTOPHHU COBIAJIAET C HAIPABIEHHEM KacaTeIbHON K TPAEKTOPUH
B 9T0# Touke (b). [Ipoekuns BeKTopa MTHOBEHHOW CKOPOCTH B MPSIMOYTOJIEHON !

CHUCTEME KOOPAMHAT paBHA IEPBOM MTPOU3BOAHON KOOPIUHATHI 110 BPEMEHHU: Dy
Ax dx

Uy = AIZI_POE == x’(t). (1.13)

Yckopenue. bvicmpoma uzmenenuss MeHOBEHHOU CKOPOCMU NPU HEPABHOMEPHOM
08UIICEHUU NO GEUYUHE U HANPABTICHUIO XaPAKMEPU3Yemcsl 6eKMOPHOU (husuuecKoll
BEIUYUHOU, HA3bIBACMOU YCKOPEHUEM.:

e Vckopenue — amo usuueckas éenuyuna, pagHas OMHOUEHUIO USMEHEHUs CKO-
Ppocmu Ko 8peMetU, 3a KOMopoe 3mo U3MEHeHUe NPOUIOULIO:
L DTy _ AD
= =i (1.14)
Ecau usmepenue BpeMenn HauuHaeTcsi c Hynast At =t —0 =t , to:
L BTy  AD

aszT. (115)

Hanpasnenue yckopenus coenadaem ¢ nanpasnenuem eexkmopa Av.

J51s IpOCTOTHI 3/1eCh U B TIOCIIEAYONIeM OyJIeT pacCMaTpUBaThCs TaKoe HEpaBHO-
MEpHOE TPSMOJIMHEWHOE JBHKEHUE MaTepUAIbHOW TOYKH, IPH KOTOPOM 3a JFOOBIC
paBHBIEC TIPOMEKYTKH BPEMEHH ITPOUCXOIUT OJTMTHAKOBOE M3MEHEHHE CKopocTH. Takoe
JIBIDKEHUE HA3BIBACTCS PUGHONEPEMEHHBIM OBUNHCEHUEM.

o Pagnonepemennoe 0guicenue — 3mo 0gudicenue, npu Komopom 3d odvie pagHule
NPOMEXCYMKU BPeMeHU NPOUCXO0Um 0OUHAK0Boe u3MeHenue ckopocmu. Ilpu pas-
HONepeMEeHHOM OBUICEHUU 3HAYEHUE U HANPABTIeHUe YCKOPEHUS. He MEHAIOMCS:
-7, AD
d =—==— = const. (1.16)
(© ¢

Axp [Ipn paBHONEpPEMEHHOM JABHMKCHHH MPOEKLUS YCKOPEHHUS Ha
a,>0 T00YI0 OCh, HAPHMED OCh X, TAKIKE MIOCTOSTHHAS:
Ux—Vox
a, = ——— = const. (1.17)
t
a, =0 DTO0 3HAYHUT, YTO NP PABHOIIEPEMEHHOM JIBU)KEHUH I'papUK 3aBH-
¢ CHMOCTH YCKOPCHHS OT BPEMCHH IPEJCTABISCT COOOH MpSIMYHO
a, <0 JIMHUIO, MApaJIebHYI0 OCH BPEMEHH, — IIPOCKIHS YCKOPEHHS Ha
BEIOpaHHYIO OCh OT BPEMEHH He 3aBUCHT ().
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e

L

M
B CH 3a eounuyy ycropenus npunam 1 = —YcKopenue maxozo pasnonepemern-
HO20 08UMCEHUS, NPU KOMOPOM MAMEPUANbHAA MOYKA 3a 1 ceKYHOY usmeHsem coio

M
ckopocmo Ha 1—:
C

[Av] 1m/c M
[a] = [At] ¢ c?

3Haere M BbI? Yckopenue — 00Ha u3 Haubonee 3HayUMbIX 8eIUYUH, UCHOTbIYEMbIX 8 Qu3U-
Ke u mexuuxe. H3gecmmo, umo npu nocmeneHHOM MOPMOAICEHUU ABMOMOOUNA, A6mobyca u
noe30a naccaxcupbvl He Yy8CmMeEYIom ouckomgpopma, oonaxo npu  (d) :
Pe3KOM MopModceHu Ol HUX BO3HUKAEM Cepbe3Hds Ondc-
HOCMb. 3HAUUM, 8AJNCHO He NPOCMO U3MeHeHue CKOPOCmu, d
bvicmpoma uzmenenuss ckopocmu. [l KOHmMpoas 3a usMeHe-
HUeM CKOpOCU MAWUH U MEXAHUIMO8 UCHONb3Yemcs npuoop,
usMepsaowull yckopenue — axcerepomemp (1am.: accelero —
“yexopsaro” u epeu.: metreo — “usmepsio”’) (d).

MpumeHeHune. Uccneposanve-2. Yemy paBHa cpeIHsisi CKOPOCTh?
3agava: BesocuIeancT MepByro MOJOBUHY MPSIMOIMHEHHOTO MyTH MPOXOAUT C HMOCTOSHHOW IO

M o M
MOAYJIIO CKOPOCTBIO 4— , @ BTOPYIO IIOJIOBHHY — C INOCTOSHHOU IO MOIAYJIIO CKOPOCTBHIO 6—.
C c

Onpenenure CpeHIO CKOPOCTh BEIOCUIIEANCTA HA BCEM Ty TH.

Jlano Pemenue
U1=4M/C Ucpzizﬁ.
v, = 6M/c @0 Gl l l
—7 Tlockomeky [, = - = vst;, TO t; =—.
Ucp : Y 4 2 151 1 20,
1
AHaJOTHYHO: t, = —.
20,
l l 1 2010,
Takum obpazom: U, = - = = =2tz
P p =T LT T IR T o,
201 20y 20109
Brrancnenue

O0cy:xaeHue pe3ybTaToB:

o Kaxkoii popmyioit orpenensercsi CpeHssi CKOPOCTb Ha ITyTH, COCTOSIIEM U3 IBYX PAaBHBIX yYaCTKOB?

o Kakoii popMymoii onpenensercsi CpeaHssi CKOPOCTh BEOCUIIEANCTA, IBHKYIIETOCS B TEUCHHUE IBYX
PaBHBIX TOCIEIOBATENFHBIX MPOMEXKYTKOB BpeMeHH (t; = t,), COOTBETCTBEHHO, CO CKOPOCTSIMHU
U U Uy?

IIpumeHeHHe B MOBCEIHEBHOM KU3HU:

o Kakyro CKOpoCTh M3MEpPSICT CIIHAOMETP aBTOMOOWMIIS: CPETHEOKO MM MTHOBEHHYI0? OTBET 000CHYHTE.

IIpoBecTH caMOOLEHKY:
1. Kaxwie noHsITHsI TOBTOPHIIH Ha ypoke? UTo 13 9TOro Bl XOPOIIIO MOHSUIH, @ YTO OCTATIOCh BaM HE SICHBIM?

2. YeM oTaMHArOTCS JPYT OT JAPYyra CPeIHss IyTeBas CKOPOCTb U CPEHss CKOPOCTh NepeMeIeHus?

3. KakoB u3mueckuii CMBICI yCKOpeHHUs?

4. Yemy paBHBI, COOTBETCTBEHHO, YCKOPEHHs IPU PABHOMEPHOM M HEPAaBHOMEPHOM ITIPSIMOJIMHEITHOM
nsrxenun? Iouemy?

5. Kak HampaBJjieH BEKTOP YCKOPEHHUS aBTOMOOMIIS, €CIIM OH HaUMHAET NPAMOJIMHEHHOE IBIDKEHNE U3
cocrostHus mokosi? [louemy?

6. Kax HampaBJieH BEKTOpP YCKOPEHHUs aBTOMOOHJISL, €CJIM OH HauMHaeT TOpMOo3uTh? TToyemy?

YTO Bbl Y3HAJIU? [laiiTe onpeeneHus CIeayIOMUN MOHATHIA: “IpSIMOJIMHEITHOE HEpaBHOMEPHOE
JIBIKEHHE”, “CpeJHsIsl CKOPOCTh”, “MTHOBEHHAsl CKOPOCTh”, “‘yCKOpeHHue”, “‘paBHONEPEMEHHOE JIBU-
KeHue”.
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EED CkorocTh 1 NEPEMEILEHME NPY NPSIMONUHENHOM
PABHOMEPEMEHHOM ABVWXEHWM

CamorneT OBWXETCS MO B3JIETHOM MOMoce B HAanpaBneHuy KOOPANHATHOR OCK X
C NOCTOSIHHBIM YCKOPEHUEM a,, = 6632.

e YeMy paBHO M3MeHEeHMe CKOPOCTU camorneTa 3a KaxAayl ceKyHay?

o KakoB rpacdhmk 3aBMCMMOCTM NPOEKLMM YCKOPEHUSA OT BPEMEHM OIS 3TOro ABMKEHUA?

e OT yero 3aBUCAT MPOEKLUUN CKOPOCTM M MNepeMelleHUsi Npu NPSIMONIMHENHOM
paBHONepeMeHHOM ABMXeHMn? Kak 3To MOXHO onpeaenutb?

Uccneposanmne-1. OT 4ero 3a-  (y) (b)

BHCHT CKOPOCTH NpPH paBHOIe- =0

PeMEHHOM JABHKeHUn? \Q i = ‘/f

3amaua. Ha pucynke npesicrasien - f #- .\\l"' ‘e

HIapUK, ABWXKYIIUIiCS paBHOIIEpe- 0 = N

MEHHO BHH3 W BBEPX I10 HAKJIOH-

HOMY >keo0y ¢ HadalbHOH CKO-

pocteio Uy (a m b). Hapucyiire

MPOEKIMU yCKopeHuit Ha ocu OX

JUIst 000MX JIBIKCHUH M oIpesie-

JIMTE UX 3HAKH.

O0cynuTe pe3yabTar:

e Kak MOXXHO 3ammcath B BEKTOPHOM BHAE (OpPMyJy CKOPOCTH LIAPHKa, ABHKYIIErOCsS PaBHOIIE-
pemenHo?

e MoskeTe J1 3amucarh B 001ieM Buje GopMyity MPOEKINH CKOPOCTH LIAPUKa, JBHKYIIETrOCs PaBHO-
MIEPEMEHHO BBEPX M BHHU3 [0 HAKJIOHHOMY Ke00y?

e YeMy paBHa MPOEKIMs YCKOPEHHMS LIapuka B Touke N B 00IIeM BHAE, ABHKYIIErocs paBHOIEpe-
MEHHO BBEPX € HAYaJILHOM CKOPOCTBIO U MO HAKJIOHHOMY Kej00y?

(74

CxopocTh NpH paBHONEPEeMEHHOM NMPSAMOJINHEHHOM ABHKeHHH. 13 popmyItsr
(1.14) BUAHO, YTO €CJIM M3BECTHBI YCKOPEHHE d M HAYallbHAsi CKOPOCTh Tela Vg, TO
MO>KHO OIIPEENIUTh €r0 CKOPOCTH B JIF000H MOMEHT BPEMEHH:

V=71, + dt, (1.18)
WIN €€ IPOEKIHIO Ha OCh X!
© vt v Uy = Upy + ayt. (1.19)
03 | : 1 Ecnu HavanbpHas CKOpOCTh paBHA HYJIO (Ug, = 0), TO:
""""" . Uy = Qyct. (1.20)
#f-"f ' W3 3Tux BBIpaKEHHU BHUIIHO, YTO CKOPOCTH NPU paBHOIIEpE-
Vo I.f" 5 MEHHOM JIBMDKCHUH SIBIISICTCS JIMHEHHOW (QyHKIMEH OT Bpe-
| ; Mmenu. ['paduk 3aBHCUMOCTH CKOPOCTH OT BPEMEHH — IpsiMast
v © U juaus, npoxojdmias yepe3 Hayago KOOPJAMHAT (MM yepes
Uy 4 Ugy )- DTa INHUS, B COOTBETCTBUH C YBEIINICHUEM U YMEHb-
Vox |'~~_L_ a, <0 LIEHHEM CKOPOCTH, HalpaBJieHa BBEPX WJIM BHU3 ().
M Ilepememnenne npu paBHONepeMEHHOM NMPSMOJIMHEITHOM
e o, 2 ABMkeHMH. Dopmysly sl OnpesesieHysl TIepeMelieHns Tpy
5. ;

PaBHOIIEPEMEHHOM JIBIKCHMH MOXKHO BBIBECTH Ha OCHOBE
gt Tpaduka ckopocTb-Bpems. IIpoeKiiis nepemMeIleH s paHa Iio-
i GUTYphl MEKITy rpadukoM U, (t) U OCBIO BpEMEHH.




Ha npuBeneHHbIX rpadukax — 3TO 3alITPUXOBaHHAs! (hurypa Tpamnemnuu (cMm: ¢):
se =2 (1.21)
WJIM B BEKTOPHO# hopme:
§=" 1 (1.22)
Eciu B ocieiHo0 popMyity BMECTO D IOCTaBUTh Bhipaxkenue (1.18), To nomyunm

00001IeHAYI0 (POPMYITy TIEpEMEITICHUS IS PAaBHOIIEPEMEHHOTO JIBIKCHHUSI:

. U+ Dy + (0 + at) . 1.,
§= t= -t = Dot + = dt>.
2 L2 L)
S =Tt + E&tz' (1.23)

Taxum oOpazom, popMyia MPOSKIUHK ITepeMeIIeHIs (HalpuMep, Ha OCh X) TIPU paB-
HOIIEPEMEHHOM HPSMOJIMHEHHOM JIBH)KEHUH OyAeT:

2
Gt (1.24)

2 b

Sy = ont +

a hopMyJ1a KOOPIMHATHI:
a,t?

(1.25) 5.4 @
2
(1.23) sBnsiercs hopMyIoif IepeMerIeHns Ipu paBHOIIEepe-
MEHHOM JBMJKEHHH B BeKTOpHOH dopme, a (1.24) u (1.25) | sy =
00001eHHBIMH POPMYJIaMH KOOPAWHATHI U IPOCKLIUH Tepe- [/
MEILEHHsI, COOTBETCTBEHHO. Eciin MarepuasibHas TOuKa Ha- / /

YUHACT JIBI)KCHUE U3 COCTOSIHUS TIOKOS (Ug, = 0), TO:
a,t?

Sx == (1.26) 0
Kak BugHO U3 QOpMyIIBI, MPOCKIUS TTEPEMEIICHHS MPH
MPSIMOJIMHEHHOM PaBHONEPEMEHHOM JIBM)KEHUM MPOIIOPIIUOHAIBHA KBaJIpaTy Bpe-
MeHH (S,~t2), u ero rpaduk mpejcTaBiser coboil mapabomy, NPOXOAIIYIO Yepes
Havayo koopawHart (d).

x=x0+l)0xt+

B HEKOTOPBIX ClTy4asx BOZHHKAET HEOOXOANMOCTE ONPEACIUTD IIepPeMEIeHIe MaTepHATbHOM TOUKH,
He 3Hasl BpeMs ¢, MpoILIeAlee OT Havaua JBIDKeHHs. Takyio 3ajady MOXHO PEIIUTh TOTJa, KOraa
M3BECTHBI YCKOPEHHE, HaYalbHOe M KOHEYHOE 3HAYCHUsI CKOPOCTH. J{Jist moydeHus 3T0i (HOpMyJIbI
u3 BelpaxkeHus (1.19) nomydaem t:
Uy — Upx
t=——.
ax

OT0 BBIpaXKEHHUE MOCTaBIsIeTcs B hopmyiry (1.21):
_ VoxtUy  Ux—Upx

X
2 Ay
[Tocne mpocThIX Mpeobpa3oBaHUi MOTyYaeM:
2— 03
Ux— Uox
Sy = : 1.27
= (1.27)

JIJ1s1 IPOEKIMH KOHEYHOH CKOPOCTH MOMyYaeM: Uy = 1/ U3, + 2a,s,.  (1.28)
Ecnu nBkenne HaUMHACTCSI U3 COCTOSTHMS MOKOS (Ug, = 0), TO MPOEKINN NepeMeneH s 1 CKOPOCTH
OyayT paBHBI:

%

7 (1.29)

Uy = +/20,Sy. (1.30)

Sx =
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PaBHOycKopeHHOe U paBHO3aMe/lJIeHHOe JIBUKeHHsI. PaBHOIEpEeMEHHOE JIBIIKE-
HHE T10 XapaKTepy MOXKET ObITh UITH PAGHOYCKOPEHHbIM, WU KE PAGHO3AMEONEHHBIM.
o [Ipu pasroyckopennom 08udicenur 6eKmopsl Uy U A umerom 00UHaKo8ble Hanpas-
nenus. B amom ciyuae snaxu y obeux npoekyuil Ugy U Ay UIU NOTONCUMENbHDLE, UTU
ace ompuyamenvrvle. Eciu mamepuanvhas mouxka HAYHem O08UCEHUE U3 COCHO-
sHust noxost (Vg = 0), mo HezasucumMo om HAnpagIeHus: OBUICEHUs], OHO 60 BCEX
cayyasx 6yoem pagHOYCKOPEHHbIM.
e [Ipu pasnozameonennom OBUICEeHUU BEKMOpbL Uy U A UMEIOM RPOMUEONONONC-
Hble Hanpasnenus. B omom ciyuae npoekyuu Uy, U A, UMEIOM NPOMUBONOIOICHbIE
BHAKU, eCiu OOUH U3 HUX OMPUYATNENbHbIU, MO 0PYeol — NOJONCUMENbHbIIL.
B Tabmune 1.3 gansr GopMyIIbl B COOTBETCTBYIOIINE IPAdUKH PABHOYCKOPEHHOTO U
paBHO3aME]JIEHHOT'O MPSIMOJIMHEHHOTO JIBUKCHUSI.

Tabnuya 1.3.
Ilpsamonuneiinoe pagHoOycKopeHHoe OsuiiceHue
Ux = Uy T ayt, LN L Y
Uy = Ayt
Uy = —Ugx — axt,
Uy = —axt, L, v,
a,t?
Sy = Ugxt + b
2 = 0
a,t? t
Sy = —UDpxt — 2
N a,t?
S, = 3
* 2

Tpumeuanue: Tak Kak S,~t2(Uy, = 0), TO OTHOIIEHHE TIPOEKIIHiT TEPEMEIEHHs PABHO OTHOMIEHHIO
KBAaJIpaTOB COOTBETCTBYIONIMX MPOMEKYTKOB BPEMEHHU:
o @ @ad — $2.42.42. .42
157 S ? 02 Sy = (2 652 (58 o 22,

OTO COOTHOIIEHUE MHOT/IA HA3bIBACTCS ‘npasuno nymeul .

Ilpsamonuneiinoe pagnozamediennoe 0suiceHue

Y 5 A
at’

= Yox T v,=v,—at =pt——
Uy = —Ugx T axt, . \ 8 =u,l ]
axt? Yol v,,~0 Y| / v, >0

Sy = Doyt — 5 a, =0 uf-:’[}
at? 0 : > 0 »
Sx - UOxt iz 2 I:i-l t'g t Uu_q = E] t
a,> >0 :
L a.- z
~Uy v,=-v,tat 8,=—0,t + 521-
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NMpumeHeHne. UccnepoBaHue-2 Ox 5
Mo:keTe 11 NOCTPOUTH COOTBETCTBYOIIHE rpaduku?
3amaua: Ha pucyHke naH rpaduk 3aBUCHMOCTH IPOEKIMH CKO-
POCTH MaTepUaIbHOM TOUKH OT BPEMEHH JUI paBHOIIEPEMEHHOTO
IPSAMOJIMHEHHOTO ABMXKEHHUS. B COOTBETCTBUU € 3TUM rpad koM
MOCTPOHTe TpaduKy 3aBUCHUMOCTH MPOEKIUH NepeMeIIeHUs U
YCKOPEHUSI MaTepHANbHOI TOUKH OT BPEMEHH.

O0cyxaeHue pe3yabTaToB:

e Kak Ha ocHOBe TpaHiKa 3aBHCUMOCTH MPOEKIHH CKOPOCTH OT
BpEMEHH, OBLIN OTIpe/ieTIeHbI COOTBETCTBYIONIHE IPahHKU 3aBH- Sy
CHMOCTH TIPOEKIIHIT epeMeIeHNs X yCKOPEHNUS OT BpeMeHH?

e Kak Ha ocHOBe rpaduka 3aBUCHMOCTH IIPOCIHU CKOPOCTH OT
BPEMEHH MOXKHO OIpPEIEIUTh PABHOYCKOPEHHOE 3TO UM paB-
HO3aMEAJICHHOE ABUXKeHUe?

Ilpumenenne B OBCEIHEBHOM KH3HU: 0 oty ts

e Uemy paBHA NPOEKIHsS CKOPOCTH aBTOMOOWIIS IIPU TIPSIMOJIH-
HEIHOM [BIDKEHMH C HAuyaJIbHOH CKOPOCTBIO Uy, = 15% u

Dox

~
N

A

oo

o~
N

M
YCKOpPEHUEM a, = 2 — B MOMEHT BPEMCHH t = 20 c?

IIpoBecTH caMooueHKY:

1. Kakue noHsTHS NOBTOPUIIM HA ypoke? YTO U3 3TOr0 BBl XOPOLIO
HOHSIJIH, @ YTO OCTAJIOCh BaM HE SICHBIM? 0

2. Ilpoekunsi cKOPOCTH aBTOMOOWIIS TIPU MPSIMOJIMHEHHOM paBHO- &
HepeMEHHOM JBIKCHUH U3MEHSETCs 10 3aKOHy v, = 21 — 7t. B
COOTBETCTBUH C ITHUM:

a) OCTPOiTe Tpad K 3aBUCUMOCTH MPOEKIMU CKOPOCTH OT BPEMEHH;

b) onpenenurte NpoeKIUU HaYaIbHONH CKOPOCTH U YCKOPEHNUS aBTOMOOIIS;

C) OIIPEe/IeNTUTE XapaKTep PAaBHOIIEPEMEHHOTO IBIKCHUS;

d) onpenennTe, Mpu KakOM 3HAYEHUU ¢ AaBTOMOOMIIL OCTAHABIIMBACTCS;

€) 3aIUIINTEe YpaBHEHNE JIBHKEHUST aBTOMOOMIIS.

~y

1
1
1
I
1
1
1
I
1
1
1
1
1
1
I
1
1
1
I
1
1
L
1
1
1
[}
1
]
1
1
1
1
[}
1

YTO Bbl Y3HAJIU? [aiite ompeneleHUs] U3yYCHHBIM IMOHATHAM M TOCTPOWTE TpauKH 3aBH-
CHMOCTH TIPOEKIIUH CKOPOCTH OT BPEMEHH, NMPOCKIUK MEPEMEILCHHS OT BPEMEHH U MPOCKIMH YCKO-
PEHHS OT BPEMEHH Ha OCHOBE COOTBETCTBYIOIIUX YPAaBHEHHH.

e [IPOEKT e [locTpoiiTe KapTy MOHATHS “TIPAMOJMHEHHOE paBHONEPEMEHHOE ABIKEHUS (Kak
obpazen cmotpure: 1 rmaa “Kapra monsaruii”).
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NMPAKTUYECKASA PABOTA
“NPABUIO NYTEN” 0N PABHOYCKOPEHHOIO ABUXEHUA

Heab: HayduThCS ONMPENENsATh “NpaBHIIO MyTel” (OTHOLICHUE IyTei) paBHOYCKOPEHHOI'O
JIBIDKEHHS [IApUKa, KaTSIIEerocst N0 HaKJIOHHOMY JKeJo0y.

Oo0opynoBanue: xxenob ["anmes, mapyk, MeTaIMYecKuil mumHIp (13 Habopa “ynenpHas
TEIUIONPOBOIHOCTD ), METPOHOM (MJIM CEKyHJOMEp), U3MEPHUTENIbHAs JICHTA, INTATHB C
MYy(TOH 1 38KUMOM.

Xoa ucciie0BaHMS:

I atan. U3mMepenne yckopeHusi ABMKEHHUSI IAPUKA.

1. XKenoO 3akpenurTe HAKIOHHO B IITATHBE TaK, YTOOBI OH 0OPA30BHIBAJ C MOBEPXHOCTHIO
HeOobION yroi. J{iIsi OCTaHOBKM JIBMXKYIIETOCs IIIAPUKA B HW)KHEHW 4acTu jkelioda rnome-
IaeTCsl METAJUIMYECKUH ITMIIMHAP. METPOHOM HacTpauBaeTcsl TakK, YTOOBI OH 32 OIHY MH-
HyTy coBepmnia 120 ynapos.

2. [ITapuk OTITyCKAIOT C BEpXHEH YacTy keno0a, ¥ B TOT )K€ MOMEHT BKIIFOUAIOT METPOHOM.
Haxuton xeno6a He0OX0ANMO OTPETYJIMPOBATH TAK, YTOOBI MIAPHUK CTOJIKHYJICS C HIITHHIPOM
Ha 4-M ypmape MerpoHoMma. JIist 3TOTO citydas BpeMsl JBIDKCHHS Imapuka t = 2c, a
npoiinenHoe UM paccrosaue s = 132 cm + 1cm.

3. Monynp yCKOpEHHUS IIapHKa, HAUWHAIOIIETO JBIDKEHHE U3 COCTOSHHS Mokos (vy = 0),

2s
BBIYHCIIACTCA IO popMye a = =

II 3ran. Onpenesienue “npaBujia nyrei”.
. at?

1. Hen3MmeHsist ycIOBUiA, OIBIT TIOBTOpsieTcs, | 1o (opmyse | = =~ BBIYHCIIAIOTCA TIyTH,
IIPOH/IEHHBIE IAPUKOM, COOTBETCTBEHHO, 32 [10CJIEI0BATEIbHbIC IPOMEKYTKU BPEMEHH t =
lct,=2ct;=3c t,=4c.

2 3 4
2. IlonyuyeHHbIE BBIPQKEHHSI OTMETHTE B JIAHHOW TaOJIUIIE U ONIPE/ICIINTE, YEMY PAaBHO OTHO-
IIEHUE PONUICHHBIX MyTeH — “IpaBuio myTen”:

l]_: lz: l3: l4 = e 7
M
Homep; || Hucllo yxapar a4, LM t,c Lily: Lyily = -2
OITbITA METPOHOMA ©
1 ~0,66

AW N~

2
3
4

3. O6o0mmTe MOTy9IeHHBIE Pe3yIbTaThl U3 OTIBITA.
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o

m C:BOEOELHOE NAOEHUE TENA

¢ KakoB xapakTtep ABu-
XeHusa Ten, naparoLwmnx
¢ BbicoTbI? Moyemy?

¢ Kakoi BaXXHbIN pe3ynb-
TaT ObIN NOny4eH u3
npoBeAeHHbIX Manu-
neem 3KcnepumMeHToB?

B koHue XVI Beka ntanbsaHcKum
yyeHbln Manuneo Manunen nposo-
AVN NPOCTbIE 9KCMEPUMEHTbI, KOTO-
pble npuBeny ogHoOMy G6onbLLoMy
OTKpbITUIO. OH OQHOBPEMEHHO
‘ cbpacbiBan MpaMOPHbIA LLapuK
Maccor 80 Kr 1 MyLUKETHYO Myrito
maccow 200 r ¢ HaknoHHoM HaLuHK
B uTanbsHckom ropoge Nusa, n on-
pefenun, Y4To OHW NagatoT Ha
3eMI0 C OQNHAKOBbIM
YCKOPEHUNEM.

0 0

[

N () &

MUccneposanme-1. KakoBa mpuynHa oTHOBPEeMEHHOT0 MageHust Tesr?

OoopynoBanue: TpyOoka HeroToHa, Hacoc KaMoBCKOro, pe3MHOBBIH LIUTAHT.

Onucanue npudopa: mpyoxa Horomona — smo moncmocmennas wupoxas F)

cmexannas mpyoxa, OnuHol okono 1 M, 3anasamuas ¢ 00HO20 KOHYUA U

umerowas Kpau Ha Opy2om Konye. B mpyoxy nomewerno mpu mena pasHulx

pazmepos u seca: Opodw, npooxa u nepo nmuywt (b).

Xoa ucciie10BaHuA: ==

1. IIponabmronaiiTe mocieOBaTENFHOCTh MaJCHUs TEJN HA JHO TPyOKH,
HaXO}lﬂH.leﬁcﬂ B BEPTUKAJIBHOM ITOJIOKECHUH, IPHU NEPEBOPAYUBAHUU €€
Ha 180° (cM: a).

2. IToacoequHKUB KpaH TPYOKH K HAacocy, OTKa4aiTe U3 Hee BO3/IyX. 3aKpbIB
KpaH, TTOBTOPHUTE OMBIT ¥ POCIEAUTE MPOIECC CBOOOJHOTO MaACHUS TEI
Ha HO TpyOKH (b). [

O0cyxaeHue pe3yabTaTOB: el

e Uro HeoObIYHOTO HAOMIOACTCS MPH MAZCHUH TNl HA JTHO TPYyOKH mocie %(_/

TOTO0, KaK U3 Hee OTKadaslk BO3ayX? (a) (b)

e K kxakoMy BBIBOJy O XapakTepe IBIDKCHHS MOKHO MPHHUTH U3 OMbITA

CBOOOIHO MaJAIONIHUX Ten?

Ha 3emite cBoGoHOE MafieHe — Hanboliee pacpoCTPAaHEHHOE PaBHOTICPEMEH-
Hoe aBwkeHue Teil. Ce0600HO0e nadenie — 3TO NMaJACHNE TEJ, IOHATHIX HaJl IIOBEPX-
HOCTBIO 3emutr, 6€3 OIOpPHI U TI0IBECA.

o C60000H0O€e naoenue — 3mo 08udCeHuUe mejl n0O OCUCmMEUeM MOAbKO CUNbL MANCE-
cmu. Omo 0udiceHue A6I51emcst PAGHOYCKOPEHHbIM ¢ YCKOPEeHUeM g 6e3 HauaabHol
ckopocmu (Vg = 0).

Briepsrie cBoOOHOE TajieHne ObLTO M3Yy4eHO B KOHIE X VI Beka HTaNbIHCKHM
yuenbiM [ammiieo [amuneem. Mccnemyst NBHKGHHE pa3HBIX IHAPUKOB (M3TOTOB-
JICHHBIX U3 JIEPEBa, *kKelle3a U CJIOHOBOW KOCTH) IO HAKJIOHHOM TIOCKOCTH, OH OIpe-
JICJIAT, 94TO ATH TeNa, OTIUYAIONIUECs IPYT OT JApyra 1o Macce, ABMKYTCS C OJIH-
HAKOBBIM YCKOpPEHHEM. BbUIO YCTaHOBIICHO, YTO MPH M3MEHCHHWHU YIJia HAKJIOHA
IUIOCKOCTH, 3HAUCHHUSI YCKOPEHHUH I BCEX TPEX TEJI OCTAITCS OJUHAKOBBIMHU.
BreiBoa, nonyuennsiii [anmuneem: 3emns ecem menam, HAxoO0Awumcs 6 OAHHOU
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uacmu ee noeepxHocmu, 00061/{46161’}1 00UHAK080€E YCKOpeHue. HpOBeI[eHHBIe n3Me-
peHuA MMOKa3ajinu, 4YTO 3TO YCKOPCHUEC, HA3bIBACMOC YCKOpeHUem 600001020 naoe-

M
HUs1, ¥ IOBEPXHOCTH 3eMiiH paBHO =~ 9,8 = B mocnenytromeM, 3 MHOTOYHCIICHHBIX
M3MEpEeHHH, OBIJIO ONpPEe/IeNIeHO, YTO 3HAUEHNE YCKOPEHHS CBOOOTHOTO MaJeHHs Ha
M M
noxtoce 3eMiu paBHo=~ 9,83 —» @ Ha OKBaTOpE ~ 9,78 =

To =0 v [ D=0 lieKTop YCKOpEHHsI CBOOOIHOTO Tajie-
Of-r-9---- S HUsI g BCET/Ia HAIPABJICH BEPTUKAIBHO BHH3,
lg I lg i K 1ieHTpy 3emutn. [Ipu cBOOOIHOM MajieHUN
iU TEIO JIBIDKETCS paBHOYCKOpeHHO. [Ipn aTom

v | h | HaTpaBJICHUE YCKOPEHHsI CBOOOTHOTO Taje-

Yo o HUSl COBMAJACT C HAMpaBJICHUEM BEKTOpA

X ckopoctu. Ecim BhIOpaHHass KOOpAWHATHAS

- | O 0Ch HaITpaBJICHA BIIOJIb ABFKCHHS, TO TIPOCK-

Y (c) (d) 1Sl YCKOPEHHUS Ha OCh OYJIET UMETBh TTOJIOKH-
TeJbHOE 3HavYeHue (¢).

OMBITHI TOKA3BIBAIOT, YTO U TeJIa, OPOIICHHBIE BEPTUKAIHHO BBEPX, ABIIKYTCS C
YCKOpPEHHEM CBOOOTHOTO TTafieHus. Tak, Tena, OpoIeHHbIe BBEPX, IBIKYTCS paBHO-
3aMe yIeHHO. Eciu BeIOpaHHas KOOpIMHATHAS OCh HAIIPaBIICHA BJIOJIb JIBUKCHHUS, TO
MIPOEKIINST YCKOPEHHSI Ha OCh OYJIET MIMETh OTPUIATEIIbHOE 3HAUCHHE, TaK KaK Hall-
paBJICHUE BEKTOPA YCKOPEHUS CBOOOTHOTO MMaieHUs OyIET HAIIPaBICHO IPOTHB OCH
koopauHat (d).

Takum 06pa3oM, Kak py CBOOOTHOM IMAJCHUU Tella, TaK U MIPU JBHKCHUU Tea,
OpOIIIEHHOTO BEPTHUKAIBHO BBEPX, ITOJHOCTHIO BBIMTOJIHSIOTCA (DOPMYIIBI, TOTY-

YeHHBIE Ha MPEBIIyINX ypoKkax (cMoTpu: Tabmuma 1.4).
Tabnuya 1.4.
Kunemaruueckue ypaBHeHUs.
PaBHOIICPEMEHHOT O ABUKE-
HUS: BEKTOP U MPOCKI U

S

©nl
<
=

CBo0O0HOE NazieHne Tena ¢ JlBnxeHue Tena, OpOIIEHHOTO
BBICOTHI h BEPTHKAIBHO BBEPX

Tak kak mpu IBMXKEHHHU TeJla BEPTHKAIBLHO BBEPX WITH BHH3
NepeMenieHne PaBHO ITyTH A, TO AT MPOCTOTHI 3aMUCH
YPaBHEHUH NPUHHAMAIOTCS Uy, = U,Sy, = h 1 Uy, = Uy:

0="7 +1gt v= v, —gt,

== = V=1, + gt 2

S = Dot + = gt? a § P 12 b= _gtt

2 _ gt® U = ypt 7

vy = Fvoy gt S L P
2 g | Tak kak CKOpPOCTb TeNa MpU JOCTHU-
T st” Ipu vy =0 JKEHUM MAaKCHMAabHOM  BBICOTHI
2 gt? nosieta pasHa HyJo (v = 0), To:
v=gt h="5" vy = gt.

TeBopueckoe npumeHeHune. Uccneposanue-2. MoikeTe M 10Ka3aTh?
JlokazkuTe, 4To: 1) Bpems moabeMa Tela, OpoIIeHHOT0 BEPTHKAILHO BBEPX HA MAKCHMAIBHYIO BBI-

COTY ompezessiercs: GopMmyJIoit:
Uo
tno,crbema =—

g
prneuauue: npumume 60 6HUMAaHue, 4mo npu oocmudiceHul mena MaxkCuUMaibHOU 8blcomsl, e2o

KOHeYHasl CKopochib pasHa HYJ0.
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2) MakcHMalbHasl BBICOTA TI0IbeMa Tejla ompe/aessieTcss GopMyIIon:

e = 2
max — Z_g ’
3) BpeMs majieHusl Teia onpeneseTcs GopMyIIOi:
_ |2k
thnagenus = g ;

4) KoHeuHass CKOPOCTb CBOOOIHO MAJAIONIEro Tela B MOMEHT yJapa O 3eMIII0 ONpeNelseTcs
thopmyoii:
Ukon = Zgh;
Ipumeuanue: npunsms 60 snumanue, umo vy = 0.
5) BpeMs IajJeHus Tela Ha MOBEPXHOCTh 3eMIIM PAaBHO BPEMEHH I0JbeMa ero Ha MaKCHMAJbHYIO
BBICOTY: tnauel—mn = tno;rbema .
OO0cy:kneHne pe3yJibTaToOB:
e [TocTpoiite rpaduky 3aBUCUMOCTE: CKOPOCTH OT BPEMEHH U TIEPeMEIIEeHUS OT BPEMEHH UL Tela,
CBOOOJTHO MaJIAIOIIETO C BBICOTHI /1.
e [locrpoiite rpadukyu 3aBUCUMOCTEH: CKOPOCTH OT BPEMEHM M BBICOTHI OT BPEMEHM Ul Tela,
OpPOILICHHOTO BEPTHKAIBHO BBEPX.

IIpnMeHeHMe B MOBCEHEBHOM KU3HU:
e Kaxaplil pa3, Koraa UIET A0XK/b, HAOIIOAACTCS CIeyIONIee: Kauist 0K/, PO/ paccTosIHIe
o M o
MeXay oOmakoMm m 3emield 2 KM, MagaeT Ha HAC co CKOpocTbio 7 — 8—. C Kakoil CKOPOCTHIO
C

najgany Obl Ha Hac Kaluld, ecia Obl He OBUIO CONPOTHBIICHUS BO3IyXa M Obuta JH OBl Takas
CKOpOCTb OMacHOH [yt Hamel sxu3Hu? [louemy?

IIpoBecT caMoOOLEHKY:
1. Kakne monsTust moBTOpUIN Ha ypoke? YTo U3 3TOr0 BBl XOPOIIO MOHSIIH, @ 9TO OCTAIOCh BaM HE
SICHBIM?
2. Teno cBoOomHO MagaeT ¢ BBICOTH 45 M (V) = 0,8 = 10%, COIIPOTHBJICHNE BO3IyXa HE YUUTHI-
BaTh). Onpenenure:
a) Uemy paBHO Bpems aJieHus Tena?
b) Uemy paBHa KOHEYHast CKOPOCTb Tena?
¢) Ha kxaxoii BEICOTE OKa)KeTCsl TeJI0 B MOMEHT BpeMeHH t = 2,5 ¢?
3. Berumcnute myTh, IPOHAIeHHBIA CBOOOHO MafaromyM Teitom 3a 1 ¢,3a2 ¢c,3a3cudc (vy = 0,
g=10 Cﬂz, CONPOTHBIIEHHE BO3/IyXa HE YUUTHIBATh). 3aIIOMHHTE TOJIydeHHbIE YHCIIa, B TaJbHEHIIIEM

OHHU HOHa[[065{TC$[ JJIA YCTHOT'O pEHICHU ONIPEACIICHHOI'O TUIla 3a1a4.

YTO Bbl Y3HAJIN?

1. HamummTte KOpOTKOE OOBSACHEHME NAHHBIX (M3MUECKHX MOHATHI: “cBOOOIHOE TManeHue”, “yc-
KOpEeHHEe CBOOOIHOTO TTaIeHUS .

2. Harmmure ypaBHEHNUS ABMYKEHHUS Tella, TAIAIOIIET0 C ONPEAEICHHON BEICOTHI, U TeIa, OPOIIeHHOTO
BEPTHKAILHO BBEPX.
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1.7 OTHOCI/ITEJ'IbHOCTb MEXAHUYECKOI'O ABWXEHUA

,D,Ba aBToMOOMNA OBWXYTCA NO LLOCCe CO CKOPOCTAMU
KM KM
v; = 60— 1 v, = 90—, COOTBETCTBEHHO.
yac yac
e B kakoMm cny4yae npousonayT HaubonbLuMe NOBpPEeX-
AEHUs NPU CTONIKHOBEHUU 3TUX aBTOMOOUNen: ecnu
OHM ABMWXKYTCS HaBCTpe4y Apyr Apyry, unv npuv yaa-
pe c3aau epywym B TOM JXe HanpasfieHUM aBTo-
mo6unem? Mouyemy?

Wccnepoeanme-1. [loyemy Tes10 00.1a1a€T pa3HBIMH 110 MOAYJIbIO CKOPOCTAMHU?

3agaua 1: Dckanatop METpO NOAHMMAET CTOSIIHMX HA €ro CTYNEHbKaX MacCaKMPOB CO CKOPOCTHIO

3 M/c. OuH U3 TTACCaKUPOB TTOAHUMAETCS B HAIIPABICHHHN IBIKEHHUS ICKAIATOPa CO CKOPOCTHIO

2,5M/c OTHOCHTEIbHO Hero. YeMy paBeH MOIYIb CKOPOCTH MacCakMpa OTHOCHTENBHO 3eMin?

Uemy OyzmeT paBeH MOJYJIb CKOPOCTH ATOTO MAacCaKMpa OTHOCHUTENIBHO 3EMIJIM, €CIIH OH OyneT

JIBUI'aThCsl BHU3 B HANIPABJICHNH, TIPOTHBOIIOIOKHOM JIBIKEHHUIO ICKAIaTopa ¢ TOU JKe CKOPOCTHIO

(Pusuka — 7 knace, “OTHOCUTENBLHOCTD IBHKEHUS)?

O0cy:xkaeHue pe3y/IbTaToOB:

e [Touemy /It MOJYJISi CKOPOCTH MAcCaKMUpa OTHOCHTENIBHO 3eMIIM  [OJTYYalOT Pa3HbIe 3HAUCHHUS
[IPH €r0 ABMKEHUH 10 M HPOTHB HAIIPABJICHUS ABH)KSHHUS dcKanaTopa?

e K xakoMy BBIBOJLy 00 aOCOJIFOTHOM 3HAUEHUH CKOPOCTH MOXKHO MPUITH?

Kax BBl yke 3HaeTe, MOJOKEHUE MAaTepUATbHONW TOYKHU (WA Tela) B IMPOCT-
paHCTBE 3aBUCUT OT BHIOPAHHOW CHUCTEMBI OTCUETA, TO €CTh OTHOCHTEIBHO Pa3HBIX
CHUCTEM OTCUETa MOJIOKEHHE MaTepHUANbHON TOUYKH MOXKET OBITh pPa3HbIM. DTO 03-
HaYaeT, YTO IOJIOKEHHE Tejla B MPOCTPAHCTBE OTHOCHTENbHO. OTHOCHTENFHO HE
TOJIBKO TIOJIOKEHHE Tella, HO U €T0 JIBIKEHHE:

o [lepemewyenue u CKOpocms meid 8 paziuiHblX CUCHEMAX OMcuemd, OBUNCYUIUXCSL
omuocumenvho opye opyeda, 6yoym umems paziuyHvle 3HA4EHUsL.

HccnenyeM OTHOCHTENBHOCTD JBMIKEHUS IPU IOMOLIM PEIICHHUS HUKEIPUBEACH-
HOW 3aJ1a4N.

3amauya 2. /[Ba pribaka HaxoAATCS Ha IJIOTY, JBHIKYIIEMCS MO TCUCHHUIO PEKH (a).
OpuH u3 ppIOAKOB, CHIS Ha SIILUKE, JIOBUT PBIOY, IPYroi ke ABMKETCS MEpIeHIU-
KyJIIPHO HAIPaBJICHUIO JBIDKEHHS IUIOTA C OAHOIO €ro Kpasi Ha JIpyroil.




r

o

Omnpenenure nepemMeIeHne u CKOPOCTh BTOPOTO Phl0aKa OTHOCHUTEBHO HAOIFO-
JIaTells, CTOSIIEro Ha Oepery.

Pemenne. Vccrnenyem nBmKeHHE BTOPOro phldaka ¢ pa3HbIX mo3unuid. C 3Toi
IEJTBIO UCTIONTB3YEM JIBE CHCTEMBI OTCUETA:

Henoosuscnaa cucmema omcuema (XOY) — ceszannas ¢ nabmooamenem Ha
bepezy. Ona Henood8UICHA OMHOCUMENTbHO el

IHoosusxncnasn cucmema omcuema (X'0'Y) — cesazannas ¢ cudswum pouloOakom.
OHa ceéa3aHa ¢ nIOMoM, OBUNCYUUMCS CO CKOPOCMbIO meyeHus peku (CM: a).

Cussiuii peidak SBJISETCS TEJIOM OTCYeTa B JBMIKYIIICHCS cucTeMe otcyeTa. EMy Ka-
’KETCSI, YTO €r0 TOBAPHIIL IIEPEXOIMT C OHOTO Kpasl IIIOTa Ha APYTOH CO CKOPOCTBIO Uy M
COBEPIIIAET MEPEMEILIEHHE S;. B 3T0 BpeMs IJIOT BMECTE ¢ CHJISIM PHIOAKOM COBEPIIAET
TIEPEMEILIEHKE S, CO CKOPOCTBIO U, OTHOCUTENLHO HAOJIOIATENIS B HETIOIBMYKHOM CHCTEME
orcyera. TakuM 00pazoMm, TO TIPABIUTy CIOXKEHHS JIByX BEKTOPOB METONIOM Iapaj-
JIeIorpaMMa TOJTydaeM, YT Pe3yJIbTHPYIOIeE TIEPEMEIICHIE S BTOPOTO PhIOaKa OTHO-
CHUTEJILHO HETIOBMKHOM CHCTEMBI OTCUETA PABHO CyMME IIEPEMEILIEHHI S1 1 S .

§=3 +3, (131)

Ecnun xaxxayro u3 nByx cTopoH Belpaxenus (1.31) pazaennm Ha BpeMsi IBUKCHHS
t, TO MOJIy4YHnM:
&6

t t
OTcrozia IOJIYINM 0000UjeHHbI 3AKOH CILONCEHUSI CKOPOCMELL:

U= "0 + Uy (1.32)

| Yy

e Cropocmb Oeudicenus mena (U) OmMHOCUMENbHO HENOOBUICHOL CUCIEMbl OM-
cuema paena 2eomempuuecKkoll (6eKmopHotl) Cymme ckopocmu 3mozo meia (0y) om-
HOCUMENbHO NOOBUICHOT CUCIEMbL OMCYema U CKOpocmiu (Uy) NOOBUICHOL Cucme-
Mbl OMHOCUMENILHO HENOOBUNCHOU.

Hcmonb3yst 3aKOH CIOXKEHHSI CKOPOCTEH, BBIYHCIISIETCS CKOPOCTh MIATAOIIEro 0
MOBEPXHOCTH TIJIOTA Phi0aKa OTHOCHTENIBHO HAOMI0aTeNs, cTosmero Ha oepery. Kak
BHJIHO TI0 YEPTEXKY, CKOPOCTH Uy U U, MEPIEHIUKY-

JIAPHBI IPYT K IPYTY U 00pasyroT KateTsl psiMoyronsao- 1 (b) i

ro TpeyronsauKa AOAB, a rumorenysa 3Toro Tpeyroib- A~

HHKa 00pa3yeT pe3yIbTupyomLyto ckopocts (b). ITo Teo- [

peme Iludaropa uis YMCICHHOTO 3HAYCHMS CKOPOCTH ,a_-"’f T )

MeeM: B X
L= Uf + U%.

Teopueckoe npumeHenune. Uccneposanue-2. [Iposepka 3axkoHa “CJi0:KeHHe CKOpPOCTei”.
3anaua 3: BenocuIeauet JBUKETCS 10 NPSMOJIMHEHHOMY YUaCTKy JIOPOTH €O CKopocThio 10 M/c, 3a
HUM B TOM K€ HATIPABJIECHAH JIBIIKETCSI MOTOLHMKIIKCT CO CKOPOCThIO 25 M/ ¢ (¢). Onpenenure:

a) MOJIyJIb CKOPOCTHU Up1 MOTOLMKJIMCTA OTHOCUTENBHO BEJIOCHUIIEIHUCTA,;

b) MOZYJIb CKOPOCTU Dy, BEJIOCUIIEAUCTA OTHOCUTEIHHO MOTOLMKIIUCTA.
Ipumeuanue: 3anuwume opmyny cnodicenus 6ekmopog ckopocmu. Pewume ypasnenue 6 npoexyusnx
ckopocmetl Ha koopounamuyio ocb OX (eMm: ¢ u d).
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3agauya 4. BenmocumeamcT ¥ MOTOLMKIIHCT JBWKYTCA C JaHHBIMH CKOpOCTSMH (cM.: 3amada 3)
HaBcTpedy Apyr Apyry. OIpeaenuTe MojLyJlb CKOPOCTH Uy, BEJIOCHIEIUCTA OTHOCUTENBHO MOTOLMKIIMCTA.,

Ipumeuanue: 3anuwume gopmyny crodxicenus 6ekmopog ckopocmu. Pewume ypasuenue 6 npoex-
Yuax cKopocmetl Ha KOOPOUHAMHYIO 0Cb 0X (CM: e).

a7 9
5,
-

0 X

D,

"X
X
2
v,

X <
X

O0cy:xkaeHue pe3y/1bTaToOB:

o Kak MOXHO OMpEIENUTh MOJIYIb CKOPOCTh Up; MOTOLMKJIMCTA OTHOCHUTENBHO BEJOCHIIENCTA,
3HAsi CKOPOCTH MOTOIIMKIINCTA U BETOCUTIEANCTA, ABMKYIIUXCS B OTHOM M TOM K€ HANPaBICHUN
OTHOCHUTETBHO 3eMIn?

e Kak MOXHO OTMpPEIENUTh MOJYJb CKOPOCTh Uy, BEJIOCHUIIEIMCTA OTHOCHTEIHFHO MOTOIHUKIIHCTA,

JBIDKYIIUXCS HaBCTpedy Apyr apyry? OTer obocHYyHTE.

IIpumMeHeHNe B TOBCeTHEBHOI KU3HU:

o Kak MOJKHO OIpeIeNTUTh CKOPOCTh NMacCaKHpa OTHOCUTEIIHLHO 3eMIIH, 3Hasi CKOPOCTh MacCaKHpa
OTHOCHTEBHO JBIIKYIIETOCS M0e3/1a H CKOPOCTD TT0€3/1a OTHOCHTEIHEHO 3eMIIn?

IIpoBecTn caMoOLeHKY:

1. Kakue noHATHs NOBTOPUWIN Ha YpoKke? YTO U3 9TOr0 Bbl XOPOLIO MOHSIM, a YTO OCTAJIOCh BaM HE
SCHBIM?

2. Yro o3HayaeT BelpakeHUE “MexaHudecKoe JBIKEHNE OTHOCUTENBHO ?

3. Yto moxpasymeBaeTcs MO HETIOABM)KHON M MTOBIKHON cUCTeMaMu oTcueTa’?

4. Kaxk BeIpaxkaeTcst OOIINiT 3aKOH CII0KEHHS CKOPOCTEN?

5. OTHOCHUTENIBHO KaKMX HEOECHBIX TeJ, COOTBETCTBEHHO, OTIPEIEIIETCs MOI0KEHHIE TeJl Ha OCHOBE
TEOICHTPUYECKOTO M TEeIHOICHTPUYIECKOro MupoBos3perus? Oteer obocHyiite. Kto oc-
HOBATEJN STUX MUPOBO33PEHUI?

6. MoTopHast J10/1ka Ha ITyTh U3 OJTHOTO ITyHKTa JI0 APYTOTO, TUIBIBS IO TEYSHUIO PEKH, 3aTPAunBacT BpeMs,
paBHoe 40 MUHYyTaM, a IIPY IBW>KEHUH TIPOTHUB TeUeHHs peku 3atpaunBacT 1 yac 10 munyT. Uemy paBeH
MOJTyJTb CKOPOCTH JIOJIKW OTHOCHTEITBHO BOJIBI, €CITH MOJTYJIb CKOPOCTH TE€UEHHsI pekH 8 km/dac?

YTO Bbl Y3HAJIN? [laiite onpeneneHus] HUKEIPUBEICHHBIX MMOHATHI: “HenoosudicHas cucmema
omcuema”, “noosudicnas cucmema omcuema’, ‘“OMHOCUMENIbHOCMb OBUNCEHUS, “3AKOH CILOJMCEHUS
ckopocmell”.
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m PABHOMEPHOE ABWXEHUE MO OKPYXHOCTH

Ha npeablgynx ypokax Bbl O3HAKOMUITMCh C pasfnuMyHbIMU BUAAMU MPSAMONIMHENHOrO ABU-

XEHUS1, C BeNUYMHaMU, XapakTepu3yoLLMMK 3TU ABWXKEHUS, U ONPEeaenumun, Kak U3MEHSTCS

3TV BENUYUHBI CO BPEMEHEM.

e Kakoe 13 gBuxeHu, NPAMOSNIMHEHOE paBHOMEPHOE U NPSAMOSIMHENHOe paBHomnepe-
MeHHOe, UMeeT YCKopeHue, a kakoe HeT? MNMouemy?

¢ YT0 XapakTepusyeT yckopeHue Npy NPSAMOSIMHEMHOM NOCTynaTeNbHOM ABWKEHUM:
ObICTPOTY U3MEHEHUA MOAYNST UMW HanpaBneHUsi CKOPOCTU, UNN 06enx BeSIMUYUH cpa3sy?

e Y10 XapakTepusyeT yCKopeHue npyu paBHOMEPHOM ABUXEHUU MO OKPYXKHOCTU?
BbickaxuTe cBOM NpennonoXeHus.

Haubonee npocToli BUII KPUBOJTUHEHHOTO JIBMYKEHUS] — 9TO ITUPOKO PACTIPOCT-

paHEHHOE B IIPHUPO/JIC U TEXHUKE JIBHKCHUE IO OKPYKHOCTH (CM.: (pru3mKa-7, TEMBI:
1.6 u 1.7). BpameHre To4ek MOBEpXHOCTH 3eMJIH BOKPYT CBOEH OCH, TOUEK YaCOBBIX
CTPEIIOK, TOYEK aBTOMOOMIIBLHBIX KOJIEC U JIP. SIBIISICT-
cs JBWKEHMEM MO OKpykHocTH. Teopetnueckas u ()
MPAKTHYECKAsl BAXKHOCTh U3yUCHUS JIBUKCHHUS IO OK-
PYKHOCTH 3aKJIIOYACTCSI B TOM, YTO MPOU3BOJIBHYIO
KPUBOJIMHEHHYIO TPACKTOPHUIO MOXHO TPEJCTABHUTH
KaK CyMMY JyT OKPYXKHOCTEH pa3HBIX pajiycoB (a).
Camblii TPOCTON BUA JBUXKEHUSI IO OKPYKHOCTH —
3TO PABHOMEPHOE O8UMNCEHLLE.
o PagnomepHoe 08udiceHUe NO OKPYHCHOCTIU — MO
08uUdICeHUe, NPU KOMOPOM MOOVIb CKOPOCHIU MAMEPUATbHOU MOYKU 8 KANCOOU
moyKe 5MOU OKPYICHOCMU OCmaemcs HeusmeHHbiM. Takoe IBHKCHHE Xapak-
TEpHU3YeTCs CIEAYIONIIMMH BETHINHAMI:

Ilepuox oOpameHust — 5mo 8pems, 3ampavenHtnoe Ha 0OUH NOJIHbLIL 000POM Ma-
MePUAIbHOU MOYKY NO OKPYHCHOCTIU.

-

) fpaekmopu}z

t
T=—.
N

I'me T — nepuon obOpamenusi, N — 9UCIO MOJHBIX 000POTOB MAaTePUAIBLHONW TOYKH
3a BpeMs t. 3a edunuyy nepuooa obpawenus 6 CU npunsma cexynoa: [T] = 1c.

YacToTa o0pamieHust — 9mo yucio 060pomos MamepudibHol MOYKU NO OKPYHC-
HOCMU, COGEPUIACMBIX 30 eOUHUYY BPEMEHU.

V=—
t

I'me v—vacrora obpamieHus (nHOTMAa 0OO3HAUaeTCsl OyKBOU m). 3a edunuyy uac-
momuwt oopawenusi 6 CU npunsam 1 eepy — vacmoma makxozo oopauenus, koeoda meio
3a ceKyHOy cosepuiaem 0OUH NOJHbLIL 000POM.:

1
[V] =E=C_1=1FL[.

Ilepuoo u yvacmoma obpawerus 06PAMHO NPONOPYUOHATLHBL OpYe OpYey:
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DTO 03HAYAET, YTO BO CKOJIBKO Pa3 YMEHBIINTCS YacTOTa 0OpaIieHus1, BO CTOJb-
KO )K€ Pa3 yBEIMYHUTCS MepHoj oOpaleHus, U Ha000poT.
® A YroJ1 I0BOPOTA — 510 Y201, HA KOMOPWIll NOBOPAYUEAEM-

: PR
o -~
# \._1 €Sl paouyc-6eKmop npu OBUNCEHUU MAMePUAIbHOU MOYKU NO
[ © |\ OoKpydcHocmu. Yeon nosopoma usmepsemcs OmMHOUWEHUEM
Al Oé——=A
| R | Onumbl Oy2u OKDYIUCHOCMU MENHCOY HAYANbHBIM U KOHEUHbIM
% J/ paouyc-eexkmopamu Kk paouycy okpyacrnocmu (b):
u o
Y =7
R

I'me ¢ — yrom moBopota, | — juinHa JTyTH, COOTBETCTBYIOIIAS YTy ITOBOpOTa, R —
panuyc OKpYKHOCTH. Yenwbl nosopoma paouyc-eeKmopa MamepuaibHOU MOYKU,
0BUIICYWENICS. PABHOMEPHO NO OKPYICHOCHU, 34 PABHbBIE NPOMENCYMKU BPeMeHl
00UHAKOBYL.
YToJ MoBOpoTa SABIAECTCS CKAISIPHON BEIIMIUHOW, eNUHAIA eTo u3Mepenus B CU —
paouan: [@] = 1pan.
e [ pao — smo y2oin nosopoma paouyc-6eKmopd, cOoOmeemcmeayiouull oyee, OauHd
KOmopot pagna paouycy okpysichocmu (I=R).

YrioBasi CKOPOCTb — 9M0 PU3UUECKAs BEIUYUHA, UMEPAeMAs. OMHOUECHUEM
yena nogopoma K NpoMediCymKy 6pemeHru, 3a KOmopoe 3mom HO80POm COBEPULEH

w=—
t

Yenosas ckopocms mamepuanibHol moyku, pagHOMEPHO OBUNCYWEUC NO OKPYHC-

HOCMU, C MeyeHueM 6peMeHU ocmaemcss HeuzMeHHou (w = const). Enunuia

yriaoBoii ckopoct B CU — paduan 6 cexynoy:
[w] = 1222
c
e 3a eounuyy yeno6ou CKOpoCcmu NPUHAMA Yeno8asi CKOpOCHb MAaKo20 pPasHO-
MePHO20 OBUCEHUS NO OKPYICHOCMU, NPU KOMOpom 3a 1 cekyHOy paouyc-eekmop
MamepuanbHol MOYKU NOBOPAUUBAEMCsl HA y2oa 6 1 paduaH.

MartepuanbHas TOYKa, ABIKYIIAsACS PaBHOMEPHO MO OKPY)KHOCTH, 32 BpeMms,
paBHoe mnepuony obpamenust (t = T), coBepiiaeT OJMH HOJHBIA 000POT, 32 3TO
BpEMsl paJlyc-BEKTOp MOBOpauuBaeTcs Ha yron ¢ = 27m. [loatomy npu paBHOMep-
HOM JBWDKEHUH TI0 OKPYXKHOCTH MEXIY YTJIOBOW CKOPOCTHIO M TEPHOAOM 00Opa-
IeHNs (4acTOTOM 0OpaIleHus ) UMeeTCsl CBSI3b!

~D 2m
(© : w=-0= 2mv.

Jluneiinast ckopocth. Crxopocmb O8udiceHusi mame-
PUATLHOU MOYKU NO OKPYICHOCIU HA3bIBAEMCS IUHEUHOTL
ckopocmpio. JIuHeiHas CKOPOCTh MAaTEPUAIbHOM TOUKH,
pPaBHOMEPHO JIBUXKYIIEHCS 10 OKPYKHOCTH, OCTaBasACh M0~
CTOSIHHOH 110 MoayJito (0 = const), HeNPEPbIBHO U3MEHSI-
€TCsl TI0 HANpaBJICHUIO U B JIOO0H TOYKE HampaBiIeHa IO
KacaTeIbHOH K TPaeKTOpHUH (C).




- @
Yucnennoe 3nauenue TUHEHOU CKOPOCMU NPU PAGHOMEPHOM OBUICEHUU NO OK-
PYAHCHOCU PABHO OMHOWEHUIO NPOUOEHHO20 NYMU KO 8PeMeHU, 3ampavyeHHOMY Ha

eco npoxoofcdeHue:

l
L=~
t

MarepuanbHasi TOYKa, IBUTasiCh pABHOMEPHO 10 OKPY>KHOCTH, 32 BPEMsI, paBHOE
nepuoay obpamenus (t = T), IpOXOAWUT ITyTh, paBHBIA JuMHE Kpyra: [ = 2mR.
[TpuHsB 3TO BO BHUMaHKUE B (POPMYJIC TMHEHHON CKOPOCTH, MOTYYHM BBIpaKEHHUE,
CBsI3BIBAIONIEE JTMHEWHYIO CKOPOCTH C YTIIOBOH CKOPOCTHIO:

_27TR_ R
U—T = wR.

LenTpocTpeMuTe/ibHOE YCKOpPeHUe. BricTpoTa M3MEHEHHUST HAIIPABIICHUS JIH-
HEHHOW CKOPOCTH MPHU PAaBHOMEPHOM JIBUKCHUU 0 OKPYKHOCTH XapaKTEPU3yeTCs
(u3nYeCcKOl BEIIMYMHON HA3BIBAEMOU YEeHMPOCTPEMUMENbHbIM, WA HOPMATbHBIM,
yeKkopenuem. Bexmop yenmpocmpemumenvHoeo, unu HOPMAIbHO20, YCKOPEHUs 8
10001 MmouKe MmpaeKmopuu Hanpasiex no paouycy K yeHmpy okpyaicrocmu (CM.: ¢).
Mooyavs yenmpocmpemumenvHo2o YCKOPeHus: MamepuaibHOU mouKu npu pagHo-
MEPHOM OBUNCEHUU NO OKPYICHOCMU PABEH OMHOWEHUIO K8AOPAMA TUHEUHOU CKO-

pocmu K paouycy oOKpYHCHOCMUL:

1)2

a = ?
TeBopueckoe npumeHenue. UccneposaHve. Mokere Jin 10Ka3aTh?
Jokaskure, 4ro:
1) nuHeliHast CKOPOCTH MPU PAaBHOMEPHOM JIBHIKEHHH TI0 OKPY)KHOCTH CBSI3aHA C YaCTOTOH oOparie-
HUS HOpMYyITOit:
v=2mVR.
2) TEHTPOCTPEMHUTENHEHOE YCKOPEHHE MPH PAaBHOMEPHOM JBIDKCHHH MO OKPYKHOCTH CBSI3aHO C
HEePHUIOM U YaCTOTOH 0OpaIlieHHsI M YUCIOM 000POTOB 10 (hOpMyIIam:
4m?R 2 2 472 N?
T; a = 4m“v-R, a=t—2
3) HEeHTPOCTPEMUTEIBHOE YCKOPEHHE TIPH PABHOMEPHOM JIBHIKCHUH 10 OKPYKHOCTH CBSI3aHO C yTI-
JIOBOH U JIMHEHHOMH CKOPOCTBIO HOPMYIIOii:
a=uwv.

OO0cyskneHne pe3yJbTaToOB:

e [locTpoiite rpadguku 3aBUCHMOCTH JHMHEWHOH CKOPOCTH MaTepHalbHON TOYKH, PaBHOMEPHO
JBIDKYILIEHCS IO OKPYKHOCTH, OT Pajilyca OKPY>KHOCTH, TIEPUOA M YaCTOTHI OOPAICHUS.

o [TocTtpoiiTe rpadh KK 3aBUCUMOCTH LIEHTPOCTPEMHUTEIFHOTO YCKOPEHHSI MAaTePUaIbHOM TOUKH, PaB-
HOMEPHO JBIDKYIIEHCS MO OKPY>KHOCTH, OT paJryca OKPY>KHOCTH, TIEPHO/A U 9aCTOTHI oOpare-
HUSL

I[IpumeHeHne B NOBCEIHEBHOM KU3HN:
e JlinHa CEeKYHJHON CTpEJIKU Hapy4dHBIX 4acoB 2 CM, a JUIMHA MUHYTHOH cTpenku 1,5 cm. Konen
KaKOM U3 CTPEJIOK JABMKETCS ¢ OOJIBIINM LEHTPOCTPEMHUTEIbHBIM YCKOPEHUEM U Ha CKOJIBKO?
e ['1e B OBCEIHEBHOH >KU3HU MOYKHO BCTPETUTHh PAaBHOMEPHOE JBIKEHHE IO OKpyxHOcTH? UTo
MOJKHO CKa3aTh O TIEPHO/IE B YaCTOTE UX OOparieHus?
IIpoBecTn camooLeHKY:
1. Kakue noHsaTHs OBTOPUIN HA ypoKke? UTo U3 3TOro Bbl XOPOLIO HOHSIIN, @ YTO OCTAJIOCh BaM HE
SICHBIM?
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2. ITouemy ycKOpeHHUE IIPH PABHOMEPHOM ABMKEHHH TeJla 110 OKPY>KHOCTH HAa3bIBACTCS LIEHTPOCTpE-
MUTEJBHbIM, WM HOPMAJIbHBIM yCKOpPEeHHEeM?

3. BoluucauTe MOIyJb LIEHTPOCTPEMHUTEIBHOTO YCKOPEHHUs: 3eMJIH, Bpalatoleiics Bokpyr CoiHia
(pamuyc opoutsl 3emmu R = 1,5 - 108km).

4. C xaxoli JImHeitHOH cKopocThio Bpamaercs 3emunst Bokpyr CoinHna (paguyc opouTsl 3emian R =
1,5 - 108km)?

YTO Bbl Y3HAJIU? [laiite ompefencHus HIKEIPUBEICHHBIX IOHATUI M BEIUYUH: “yroJI OBO-

pora”,

LLINTS CEINNTS

7, “yrioBast CKOPOCTH”, “JHMHEHHAs CKOPOCTH”, “IEHTPOCTPEMHUTEIBHOE YCKOpEHHE”, “TepHo.

ELIT3

BpaleHus”’, “4yacToTa BpaleHus .

* [IPOEKT  IToctpoiite “KAPTY IOHSITHUI” paBHOMEPHOr0 IBHKEHHS 10 OKPYHKHOCTH.

1.1.

1.2.

1.3.

1.4.

Ormpeenute KOOpJAMHATHI MaTepHalbHOM Touku Ha rmiockoctd XOY, 3Has, yTo
MOJIyJIb €0 pajnyc-BeKTopa, oopa3yromiero ¢ ockio OX yron 30°, paBeH 5 M.
KoopaunaTe! marepnanbaoit Toukn M paBHbl Xy = 1M Uy, = 1,5 M, a xoopau-
HaThl TOYKH N paBHBI Xy =3 M U Yy = —2 M. Onpexnenwure:

a) MOIIyTTb BEKTOPA, COSAUHSAIOMEro TOYKH M 1 N;

b) mpoexiun sToro BekTopa Ha oct OX u OY;;

C) YTOJl MEeXKIY 3TUM BEKTOpoM 1 ockio OX.

BekToph! d n b B3auMHO TIePIEeHUKYJISIPHBI (pric. | ).
Omnpenenure:

a) pe3yIBTUPYIOLIHIA BEKTOP;

b) MOIyJb pe3yIbTUPYIOIIETO BEKTOPA.

puc.1 o

; -

v

Omnpenenure MPOSKIUU MPEICTABICHHBIX HA PUCYHKE (pric.2) BEKTOPOB HA KOOPIH-
Hatubele ocu OX u OY.

puc.2
1

Y
0
8
6
4
2
(0]

2 4 6 8 1012 14 16 18 X

1.5. CnopTcmeH, Oerast BO BpeMsi TPEHHPOBKH 110 KPYTOBOM TPaeKTOpUH paauycoMm 60 M,

npodexan 10 xpyros. OnpezienuTe myTh, MPOHICHHBIN crIopTCMEHOM. YeMy paBeH
MOJIyJIb ero nepeMerneHus (r = 3)?
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1.6.

1.7.

1.8.

1.9.

o M KM K
1.10. BeIpa3ure 3HaueHUs yKa3aHHBIX CKopocTel B —: vy = 180—; v, = 24—
C 4ac "

1.11.

1.12.

1.13

1.14.

1.15

OmnpenennTe MPOHACHHBIC IIyTH W MOJIYJIH TIEPEMEICHHS KOHIIA YaCOBON CTPEIIKH YacoB
JUTMHOM § CM, COOTBETCTBYIOIIME MPOMEKYTKaM BpeMeHHu t; = 3 4aca; t, = 6 yacos; t3 =9
4acoB; t4= 12 yacoB (m = 3).

Tenexxku M u O HaxomSITCA B COCTOSHUM ITOKOSI, a TeJleskka N JIBMIKETCS OTHOCH-
TeapHO 3emit (pric.3). UTo MOKHO cka3aTh O MoJioskeHuu Tenexek M u O B cucteme
OTCYETA, CBSA3AHHOU C TEJIEKKOM N?

puc.3 M

Bce tpu Tenexku M, N u O 1BHXKYyTCS B OIMHAKOBOM HAMNPAaBJIEHUU U C OJMHAKOBOU
CKOPOCTBIO OTHOCUTENBHO 3eMJIU (pric.4). UTo MOKHO CKa3aTh O MOJIOKEHUH TEJIEKEK
M u O, B cucTeme oTcuera, CBI3aHHOM C TEJICKKON N?

T

puc.4 = M = N 8 0

Benocunenuct nemketcst co ckopocthio 10 M/c cHavana 3 KM Ha ceBep, a 3aTeM 4 KM
Ha BocToK. Onpenenure:

a) BpeMsi, 3aTPaYCHHOC BEJIOCHIICMCTOM Ha BECh IIPOMICHHBIH MyTh;

b) MomyIs ero mepeMeInieHus.

M
’

MUH

KM M
U3 = 167, Uy = 120?
v M
DyTOOIHUCT MepeMenaeTes 1Mo MO0 ¢ OCTOSHHOM CKOPOCTBIO U = 5 — cHavasa Ha
C
tor l; = 20 ™, 3arem Ha 3anan [, = 40 M, a notom Ha ceBep l3 = 30 M.

Omnpenenure: a) MyTh, NPOHICHHBIN (QyTOO- puc.5
mucToM;  b)  MOAymb  ero mepeMemieHus; o, KM

C) BpeMs, 32 KOTOPOE OH BEPHETCS B MEPBO- ”E‘J’é

HayaJbHOE MOJIOKEHHE MO MPSMOH JIMHUH C ol

TOH K€ CKOPOCTBIO. + [

Ha pucyHke naH rpaduk 3aBUCHMOCTH IPO- i . | : . _
€KUM CKOPOCTH MAaTepUaIbHOW TOYKH OT F -t ? 3 Ec
BpeMenu (pric.5). ONUImUTe JIBUKEHUS, COOT- b R i |
BeTcTByIomme rpaduky. Onpeaenure: a) Mo- 60T i 1

NlyJb TiepeMelleHus; b) myTh, poiiieHHbIH 3a 2 P

MIPOMEXYTOK BpeMeHH 0—4 4acoB; C) MOIYb
€ro yCKOpEHHsI.

. Beprosner nerur u3 baky nHa “Hedrsiabie Kamuu”. Mojtyiib ero ckopocTd OTHOCHTEIEHO
Bo3ayxa v; = 108 kM/4ac. Mo/1yiib CKOPOCTH BETPa, YIOIIEr0 POTHUB HAIIPABJICHHS
JIBYOKEHHMS BepToJieTa, U, = 10 M/c.

Onpenenure: a) MOJYJIb CKOPOCTH BEPTOJIETa OTHOCHTEIIHHO 3EMIIH;
b) ero mepemernienme oTHocuTenpHO 3emim 3a 30 MuH. HapucyiiTe cxemy TBIDKEHIIS.

Pemnte mpeablIyIyo 3a1ady JUls CiTydasi, KOTZa BETep JyeT B HANPaBJICHHUH, TIep-
MCHIUKYJISIPHOM HAIIPABJICHHIO ABIKEHUS BepTosieTa. Hapucyiite cxeMy IBIKCHUS.

. [Moe3n, nmpubimkasch K CTaHIUH, B TEYCHUE 2-X MHUHYT YMEHBILIAET CKOPOCTh C
v = 72 kM/9ac 110 Hyis. OnpesenuTe HalpaBiIeHUEe U MOJLYIIb YCKOPEHUS IT0e3/1a.
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1.16. Ha ocHoBe rpaduka (puc.6) 3aBUCUMOCTH TPOCK-

puc.6
LUK CKOPOCTH MPAMOJIMHENHOTO IBHYKEHHS aBTO-
MOOWJISI OT BPEMEHH OIIPEJICIIUTE €ro: an

a) CKOpPOCTb, COOTBETCTBEHHO, B MOMEHTBI BPEMEHHU 20

t1=5C, t2=18C,t3=22,5C;

b) cpeaHIo CKOPOCTh Ha BCEM Iy TH; -

C) MPOCKITUIO YCKOPEHIS B KOHIIE 15-1 CeKyHIBI.

%5 1015 20 25 0 te

o M
1.17. KameHb OpocaroT BepTHKAIGHO BBEPX C BBICOTHI 10 M ¢ HayanbHOW CKOpOCThIO 30 -.
[

OmnpenenuTe TPOHICHHBIA yTh M INepeMelieHre KaMHs 3a 4 ¢ (CoIpoTHBICHHE
M

BO3/lyXa HE y4uThIBaTh; g = 10 )
C

1.18. KameHp, majaronwii B KOJIOEL, JOCTUTaeT €ro JHa Yepes 4 C.

1.19.

1.20.

40

Onpenenure: puc.7
a) TIIyOMHY KOJIOALA;

b) ckopocTh kKaMHsI B MOMEHT yJlapa 0 JHO Kouojua (co-
MIPOTHUBIICHUE BO3yXa HE YUNUTHIBaTh; g = 10 c%)'
MOTOLMKIINCT B IMPKE COBEPLIACT BPAILATEIBbHOE JBHKE-
HUE 110 CTEHE IMJIMHAPHYECKOH (QopMbl paguycom 4 M

(puc.7, Buja ceepxy). OnpeaenuTe ero JMHEUHYIO U YIIIo-
BYIO CKOPOCTb, 3Has 4TO LICHTPOCTPEMHUTEIIEHOE YCKOPEHHUE &

M
MOTOIIMKINCTA 25 .
C

Huamerp xoneca Benocunena 0,5 m. Kakoit goinkHa ObITh
M

4acTOTa BpAIICHHS KOJIeca, YTOOBI CKOPOCTh Benocureancta Opma 10— (r = 3)?
C

(conmpoTuBIIEHNE BO3/yXa HE YUUTHIBATD).



OCHOBblI AUHAMUKHW

OcBouB Matepuanbl 3TON rnaBbl —
Bbl CYMEETE:

e 00BACHUTL NPMYNHYy BO3HUKHOBEHUA COCTOAHUA MOKOA Tesa UIn
ero I'IpFIMOJ'II/IHGVIHOFO paBHOMEPHOro AOBWXeHud, OEMOHCTPUPO-
BaTb MPOCTbIE€ OMNbITbl MO 3TUM ABJIEHUAM;

e KOMMEHTMPOBATb U 000CHOBbLIBaTb OMbITaAMM NnpU4nNHY NM3MeHeHnA
CKOpPOCTHK Tena,

® YCTHO M3naratb OCHOBHblI€ 3aKOHbl AWMHAaMWKWU, 3arnCbiBaTb Bblpa-
Xawuine nx d)OpMyJ'IbI n ob6obLaTtb crneacTeus U3 3TUX 3aKOHOB,

e pasninyaTtb ypaBHEHUA OBUXEHUA B ANHAMUKE OT ypaBHeHvu7| aBu-
XEeHNA B KNHEMATUKE,

® COCTaBJIATb U peLlaTb Kormm4eCTBeHHbIE N Ka4YECTBEHHbIE 3a4ayn C
NMPUMEHEHNEM 3aKOHOB HbloTOHa;

e 00BACHUTL BO3HUKHOBEHNE CONTHEYHOM CUCTEMBI U NPUYNHY BO3-
MO>XXHOCTU CyLLEeCTBOBAaHUA TEJT HA MOBEPXHOCTU 3EMHOIO LUapa;

e YCTHO M3Jarartb, 000CHOBLIBaTb OMbITaMN U NPUMEHATL B NoBCeO-
HEBHOW XXWN3HU yCInoBuUA paBHOBECUA TeJT;

e pasnuyaTtb CUMbl: MOKa3blBaTb HAa CXEMEe TOYKYy MPUIIOXKEHUS U
HanpaBneHue, 3anucbiBaTb OPMYySy 3aBMCMMOCTU CUIbl OT
PU3NYECKNX BENNYUH;

e yKasaTb NPUYUHBI, U3MEHSIIOLLNE XapaKTep MEXaHUYECKOro ABuXKe-
HWUS, NPUBECTU NPUMEPBLI Pa3NINYHbLIX BUAOB MEXaHU4YeCcKoro ABu-
XXEHWS1 N3 MOBCEAHEBHOW >XN3HW; MOHSTb MPUYMHY NPOUCXOASILLNX
SABMNEHWI N NPUBECTU NPUMEPDLI X MPUMEHEHUS B NpUHLUMNE paboT
pasnunyHbIX NpMOOPOB N MEXAHN3MOB.



“Kapta noHstun” gnsa |l rnaBbl

OCHOBHOM OCHOBHO#1
TIPUHIIAT HPUHLHATL

[Ipuunna Cuna XapaxkTepucTHKu ‘[ Pesynbrar ]
Onpenensercst e T ~ o
— —_ €JI0 MoNyYaeT CTacTCs B
akoHaMu Cuita TsbKeCTH <
YCKOpEeHHne pPaBHOBECHUHU
-
I e N N — Bug —'  YcioBus
( ) Dopwmyrna Bo3zneiictByer
I 3akon HetoToHa |« Ha MOABEC M g VYcroitunBoe
oropy.
\ J/
s N Heycroituusoe

Cuna Jebopmupyercs

YIPYroCTH

II 3akon HeroToHa

bespasznuunoe

Bun j
®@opwmyia XapaKTepPUCTHKA
s 2 Pacrsxenue
Wmnynsce cunbl MOMEHT CHIIBL.
) . Eﬂnﬂnua HSMepe_
HH B CUCTEMC
( ) CU HBIOTOH-METp
I11 3akon HerotoHa |« L, Cuina (H-m)
TpeHHs
\ J p
Kpyuenue
e B B
nn  dopmyna . ]
3akon BecemupHoro | PaBHozelcTBy
CnBur
TATOTCHUS
\ J

TopmorxeHnue,
JieiiCTBUE COMpPO- IIpaBuno

3axoH ['yka [oxkos
THUBJICHUS MOMCHTOB
\ 4
CKOJIBKEHHS =
Bcenennas, BosunkHoBenue ConHeqHoM
cucTeMsl, GOpMUpOBaHNE 3eMHON CHCTEMBI
Kauenus

XapaKTepHCTHKa ———————— XapaKTepUCTHKa
\4
Ciina, eMHHI H3MEpe- Vckopenue, equHNALA U3MEPEHUS Macca, eqununa usme-
B CU — memp Ha cexynoy 6 penus B CU — kuno-
usi B CU — noromon (H) 5
xeaopame (M/c?) epamm (Kr)
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o

EXEW OcHoBHAS 3ANAYA IMHAMUKM. CUNA.
PABHOLEACTBYIOLIAS CUTNA. MACCA

Kak Bbl yxe 3HaeTe, MPUYMHON M3MEHEHWS CKOPOCTW [BWXEHMS MNPOM3BONbHOro Tena

ABMNAETCA B3aMMOLENCTBME €ro ¢ Apyrumn tenamu (cm.: msuka-7).

e J[lomKHO N Teno noaBepraTtbCA AEACTBUIO CUI, NMPUINOXKEHHbIX K HEMY APYrumu
Tenamu, 4ToObl HAXOAUTHLCA B COCTOSAAHMM MOKOS UMW ABUraTbCA MPAMOSIMHENHO U
paBHOMEpPHO?

e [lomkHO N1 Teno B3aMmoaenMcTBOBaTb C APYrMMU Teramu, YToObl ABUraTbCs paB-
HOYCKOPEHHO?

o Kakoe cBOMCTBO Tera MOXeT urpatb BaXHYI0 porfib MPU U3MEHEHUMU ero NoroXeHusi
B NpocTpaHcTBe?

o Kak MoxHO onpenenuTb, U3MEHAETCH UITN HeT NMOoJIoXKeHUe Tera, eCnv OHO HaxoauTcs
noa BO3AeNCTBMEM HECKONbKMX OAHOBPEMEHHO AeNCTBYHOWMX cun?

Wccnepnosanmne-1. YUrto o3HayaeT 3aMeHa CHJI paBHO/eHCTBYIOIIEH ?

O6opynoBanne: Hadop “TIpndops! No craTnke”, Mapkep, JIMHEHKa.

Xoz uccie10BaHus.

1. 3akpenuTe OJMH M3 KOHIIOB MPYXKHUHBI, B3sTOH U3 Habopa “TIpubopsl mo cratuke”, ¢ MOMOIIBI0
MarHUTHOTO 3aKMMa Ha MeTaJuIndeckoil ruiactuHe. Kosblio Ha cBOOOJHOM KOHIIE MPYXKHUHBI
pacTsruBaeTcsl AByMsl JHHAMOMETPAMH TaK, YTOObI 00pa3yst ApyT ¢ APYrOM MPsSMOi yroi, OHH
MOKAa3bIBAJIM PACTSHKEHNSI COOTBETCTBEHHO Ha 3 U 4 neneHusl.

2. OT™MeTbTe KOHEUHOE MOJIOKEHHE KOJIbIA TOUKOH, a MOJIOKSHUS] ANHAMOMETPOB IITPHXAMH.

3. OnuH U3 TMHAMOMETPOB YIAJINTE, a APYToi MOTSHUTE TaK, YTOOBI KOJIBIIO COBIIAJIO C OTMEYEHHOM
TOuKOi. OTMETHTE Ha MJIACTHHE IITPUXOM HOBOE IIOJIOKCHUE IMHAMOMETpA.

4. Y nanurte qUHAMOMETp U IIPOBEHUTE TPU IITPUXOBBIE MIPSMbIE JTUHHU, IPOXOIAIINE Yepe3 OTMe-
YEHHOE I0JIOKEHHE KOJIbIIa U JMHAMOMETPOB. Ha 3THUX JHMHUAX, COOTBETCTBECHHO IIOKA3aHUSIM
JIMHAMOMETPOB, IIOCTPOHTE TPU BEKTOPA C OAMHAKOBBIMU JICICHUSMHU.

5. Mcrionb3ys [eicTBUS HaJ BEKTOPAMH, TIPOBEPHTE BEPHOCTH ONPEACTICHHS HATTPABICHUS 1 MOy IS
PE3yNBTUPYIOIETO BEKTOPA.

3 Oenenus 3 Oenenus 3 Oenenus

4 oenenus | \) 4 oenenue |

|4 oenenusa

O0cyxaeHue pe3yabTaToOB:

o3 CyMMBI KaKIX CHJI TOTyYHIIaCh Pe3yIbTHPYIOIAst CHIIA, U CKOJIBKUM JICJICHUSIM COOTBETCTBYET
€ro MoJyJib?

eI ]o kakoii popMyIie MOXKHO MaTeMaTHIECKH OIPENSIHTE MOy Ib Pe3yIbTUpYTommel cuibl? Hackombko
€T0 3HauCHHE, TIOTyIEeHHOE U3 3TOH (POPMyIIBI, COOTBETCTBYET pe3yibTaTaM SKCIIepUMeHTa?

W3yuuB yueOHbII MaTepuan pazaena “Kunemaruka”, BbI HAy9UITHCH pa3iinyaTh paB-
HOMEPHOE M PAaBHOYCKOPECHHOE IBIDKEHHUS, a TAKKE 3aIlkcaTh JUIl HUX ypPaBHEHUS
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JBIDKeHns. OTHAKO OCTAIOCh HEBBIICHEHHBIM, M0 KaKOW NMPUYHHE BO3HUKAECT PaBHO-
MEpPHOE WJIA PaBHOYCKOPEHHOE JIBIKCHHE. JTOT BOIPOC MU3y4yaeTcs B paszeie Mexa-
HUKH, Ha3bIBAEMOM OUHAMUKOIL.

o Jlunamuxa (no-epevecku dinamikos — “‘cunvnoitl ”, “mownoiii”’) — pazoen mexanuxu,
UBVUAIOWULL NPUYUHBL, ONpeOeNaIouue XapaKmep OB8UNCEHUs,, d MAKICce KaK MU npu-
YUHBL USMEHSIOM XAPAKMEDP O8UNCEHUSL.

o OcHogHas 3a0a4a OUHAMUKY — ONPEOeumsb XapaKmep OBUNCEHUs. Meld 8 COOMBEem-
cmeuu ¢ deticmsyiouell Ha He2o CUNON, Uil HA0OOPOMm, NO XapaKmepy 08UNCEHUs med
onpeoenumy, Kakas Cuia 0eticmayen Ha Heeo.

[Tonsitue “cuna” gBnsieTCs OCHOBOIOJArAIOMIUM B TuHaMuke. Cuiia — BEKTOpHAs
(dusrueckas BeJIMYKMHA, XapaKTePU3YHolias ICHCTBUE OHOIO TeJIa Ha JPYTOe U SBJISHO-
I1asCcsl MepoU 3Toro jeiicTBus (cM.: pusuka-7, ctp. 30). Hampagienue BekTopa CHibl
COBIIAJIACT C HAIPABIICHUEM JICHCTBUSI TEJa, & €T0 MOJIYJIb BBIPAKAET KOJTMIECTBEHHYIO
Mepy JIercTBusl.

I"oBopst 006 ompeneneHHoit crite, HE0OXOIUMO YETKO TIPEACTABUTD:

® 1Ha Kakoe meio Oelcmayem d5ma CUNd Uil K KaKOMY mejty OHA NPULOXCeHa?

® K KaKotl mouke mejid, UMeruje2o onpeoesieHHble pazmepbl, NPUKIabl8aemcs 3ma cuia?
e Jelicmaue KaKoeo mena oHa xapaxmepusyem?

® 800./1b KAKOU JTUHUU U KYOAd HANPAGIEeHA 3Ma cuia?

® yemy paser eé Mooyiv?

[Ipn meficTBUM Ha TENIO HECKONBKUX CHJI MX JEHWCTBHE 3aMEHSETCS OJJHOM paBHO-
JIEHCTBYIOIIIEH CUITOM.

o PagHooeticmayowas cuia — 3mo 6eKMOpPHAs CYMMA 8CeX ClU, OetiCMBYIOUUX Ha MeJlo:
Fi+F+F+F,..=E,

Hanpumep, eciii Ha MaTepualbHYIO TOYKY JCHCTBYIOT JIB€ B3aMMHOIICPIICH]IU-

KyJSIpHBIC CHUIBI [/ 1 F, TO OHH MOTYT OBITh 3aMCHEHBI BEKTOPOM CHIBI F (a).

Moystb otoit cunst: F = |/ FE + F2.

[ SRR Eciti ke Ha TeNo neficTByIoT Jie cutbl 71 F2 1101 Tpo-
M3BONBHBIM yriioM @ (b), TO MOfylb paBHOEHCTBYIO-

1IeH CUJTBI OTIPEIENAETCS Ha OCHOBAHUH MeopeMbl KOCU-

(a)
Hycog (cM.: MaTeMaTHKa-9): F = \/ F2 + F% + 2F,F,cosa.

VYckopeHue nmpuoOpeTacTcst TEIOM MO ACHCTBHEM CH-
JIBI, TIO3TOMY B IWHAMUKE TTOHATHE “YCKOpPEHHUE MMEeT
0oJlee 3HAYUMBII CMBIC].

o [Ipuobpemenue meiom ycKopeHus npoucxooum 6 pe-
3YILMAme e2o 83auUMO0eUCmaUs ¢ Opy2uMu meiami.
W3BecTHO, YTO omHoulenue YCKopeHuu 08yX 63aumo-
Oeticmeylowux mei pasHo 0OPAMHOMY OMHOUEHUIO UX
macc (em.: pusuka-7, crp. 38):

a; m;

a, my’
DTO COOTHOIICHUE MEXKIY YCKOPECHUSIMH M MAacCaMH B3aUMOJICHCTBYIOIMINX TEI
MOKET OBITh MCIIOJIB30BAHO JUIsSL ONpejeieHust Macc Ten. Ho s aToro cHadana

(b)
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CJIEAyeT BBIOpaTh €IMHMILY MacChl — IPUHATh Maccy KaKoro-Iu0o Tena 3a 3TajloH.
3aTeM Tesno, Maccy KOTOPOro He0OXOUMO OIPes €IHUTh, IPUBECTH BO B3aUMOECH-
CTBUE C TEJIOM, IPUHATHIM 3a 3TaJoH. Jlanee, U3 COOTHOLIEHHS MEKIY YCKOPEHUAMU

1 MacCaMM 3THUX TEJI OIIPCACIIACTCA HEU3BECTHAA Macca TEia:

Ayr _ my —am.=m Ayr
- = My " —
ar My A

Xoa ucecyie0BaHus:
1. ITomecTrTe APYT MPOTHB JAPYTa JBE TEICKKHU C TIOMEIICHHBIMA Ha HUX pa3sHOBecaMu B 1 Kr (Macca,

2.

N pumeHeHue. UccnepoBaHune-2

OmnpenesieHue Maccol

OOopynoBanue: Tenexka (2 IMT.), ATATOH Micihl
(pasnosec B 1 kr), uccneayemoe Teno (pasHosec I 2
WM 3 KT), IEMOHCTpallMOHHas uHerKa (1 M), ceky H-
JIoMep, TIPY’>KUHA, HUTh, 3QKUrajKa, MapKep.

{c)

YCIIOBHO TPHHATASI 32 3TAJIOH) U 2 KT, HA TOPH30HTAIBHOM I71a/iKoi noBepxHocTH (¢). [TomectrTe
MEXKJy TEJICKKAMU CXKATYH0 HPYKUHY, ICPEBA3AHHYI0 HUTBIO, U OTMETbTEe TOUKoH “0” cepeauny
MIPYXKUHBL.
[lopoxrure HUTH U OJAHOBPEMEHHO BKJIIOYMTE CeKyHIoMep. M3mepbTe JIMHEHKON NpOeKLIuH
nepeMeleHus (IpOoHACHHBII yTh) TENEXKEK 3a ONPECICHHBIN MPOMEXYTOK BPEMEHH ¢ U BbI-
YHCITUTE YCKOPEHUE JABMKCHUS 110 KHHEMAaTHIeCKUM (opMyiam:

at? 2s

S=—]/ —2a=—.
2 t2

3. OmpenennTe HCKOMYIO MacCy U3 COOTHOIICHNUS yCKOPEHNH U Mace IBYX B3aUMOIEHCTBYIOIINX Tel,

TIPOBEPHTE, COOTBETCTBYIOT JIM TTOJyUeHHbIE 3HaYeHNsI Macc 2 KT (WiH 3 KT).

4. 3anmmuTe Bce pe3ynbTaTsl B Tabmuiy 2.1.

Tabnuya 2.1
M M
Ne My, KT Sy, M Sypy M a, = Ay = t,c My, KT
1 xr (2 kr)
1 xkr (3 kr)

AN AW

O0cy:xaeHue pe3y/1bTaToOB:
e B pesynbrare AeHCTBUS KaKO PaBHOJCHCTBYIOIICH CHIIBI TEJIEKKH MOIYUYHIN ycKoperue? Mo-

JKETEC JIM IOKa3aTh CXEMAaTUYCCKH TOYKY IPUIIOKCHUS U HAIIPaBJICHUE 9TOU CHIIBI?

o Kakue enie cuiibl ACHCTBYIOT Ha Testexku? Kakue u3 HUX apyr Apyra ypaBHOBeInBaoT? Moxere

JIA TI0Ka3aTh CXEMATUYCCKU 3TH CHIIBI?

IIpuMeHeHUe B OBCEIHEBHOM JKU3HU:

Kaxkue npuMeps! 13 MOBCETHEBHOM )KU3HH O POJIH MACC B3aMMOACHCTBYIOIIHNX TeJ B IPUOOPETSHUN
0O0JBIIErO (MM MEHBILIETO) YCKOPEHHUS BBl MOXKETE MPUBECTH?

Ouenure CBOM 3HAHHUS:

1.

Kaxkwue monsiTust moBTOprItK Ha ypoke? UTo 13 3TOro BbI XOPOIIO TOHSUIH, & YTO OCTAIOCh BaM He
SICHBIM?

. B uem oTniume uHAMUKY OT KUHEMATHKU?

. Kaxumu ¢pusndeckMu BelnmmanHaAMK XapaKTepU3yeTCsl B3aUMOJISHCTBHE MEXTy TelaMu?
. UTo HEOOXOIMMO 3HATH IS ONIPECIICHUS ISUCTBUS CHIIbI Ha Tesio? OTBeT 000CHYHTE.

. UTo 03HavaeT paBHOJCHCTBYOIAs BCEX CUII, ICHCTBYIOLIMX HA TEI0?

. Kakyto ponp BeIOTHAET Macca B MPOOPETEHUH TEIIOM YCKOPEHUs?

YTO Bbl Y3HAJIU? 3anummvre B paboveM JHCTKE OTPEIe/ICHHS HIKCSTTPUBEACHHBIX TOHITHIA: “1u-
HaMMKa”’, “OCHOBHas 3aJaya AUHAMUKM’, “cuia”, “paBHOJEHCTBYIOIIAs cuia”, “yCKOpEHHE B JUHA-

CLITS

MuKe”, “macca’.
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m HBI/I)KEHI/IE NO UHEPLUWUMU: | 3akon HBIOTOHA

(@ Bo3moxHO, BO BpeMsl MeTHUX KaHWKyn Bbl Habnoga-

T UMW CaMU NEPEXMNII OMUCAHHbIE HUXKE ABMEHUS:

a) BenocuneamcT PaBHOMEPHO ABWKETCH MO
npsiMow fopore;

b) BenocmneaucT NbiTaeTcs yaepxaTb BENOCU-
nea B COCTOAHUU MOKOA, HE KacadACb HOramu
3emMnu;

C) n3-3a HeBHUMATESIbHOCTU BernocunegucTt He

He 3aMevaeT, KaK Kofleco Benocunega cran-

KMBaeTCA C KamHeM, U nepenetaeT uepes

BHE3anHO OCTaHOBMBLUMIACA Benocunes (a).

e Y10 sABNsieTCA MPUYMHON pPaBHOMEPHOro ABWXEHUS Beriocunegucta Mo MNpsiMow
popore?

e Y10 ABNSAETCA NPUUYMHON COXPaHEHUsA BEeNnocunegucToM COCTOSIHUS paBHOBECUA Ha
Benocunege, 6e3 kacaHus 3eMnv Horamu?

o [louemy BerniocuneaucT Npu BHe3anHoOM OCTaHOBKe Beflocuneaa nepeneraert Yepes Hero
B HanpaBrieHUn ABMKeHUsA ?

Wccneposanmne-1. Iloyemy coBepuIeHbI pa3Hble epeMelnenus?

Oo6opynoBanue: xen06 ["annes, METaJUIMIECKUIA MIAPHK, TIIACTHHA U3 OPrCTEKIa, rpydas
HakauHast Oymara (Homep 12—16), XJIONMKOBast TKaHb, INTATHB C My(TOH U 3aKUMOM.

Xoa uccieoBaHus: 3aKpeHTe 5KeNI00 B ITaTHBE MO yriioM 30° K TOPH30HTAIBHON TOBEPXHOCTH.
[Tponabmoaiite Tpy citydast IBYKSHUS MApUKa IO TOPU30HTAIBHON ITOBEPXHOCTH TOCIIE TIPOXOIK-
JICHUs HAKJIOHHOTO yJacTKa U MoAyMaiTe O MPUINHAX YBUJCHHOTO.

I coryuaii: aBrkeHHe MIapuKa MO HAXKAAYHON Oymare Ha rOpU30HTaIbHOI moBepxHOCTH cToua (b);
II cayuaii: qBIDKEHME IIApUKa 10 XJIOMKOBOI TKaHM Ha FOPU30HTAJILHON MOBEPXHOCTH CTONA (C);
I cayuaii: 1BIKEHHUE IIAPHKA TI0 TUTACTHHE U3 OPICTEKIIA Ha FOPH30HTAIBHON MOBEpXHOCTH cTona (d).

(b) M"“\ Obcyxmenne

pe3yJIbTaToB:

e [lo xaxoif moBepx-
HOCTH IIAPHK,
MOXKHO CKa3aTh,
JIBIDKETCSI PAaBHO-
MEpHO, a [0 KaKon
€ro CKOpPOCTb YMEHbB-
mraercsi? [Touemy?

46



o

OCHOBY TMHAMHUKH COCTABIISIIOT TP 3aKoHa HproTOHA. DTH 3aKOHBI — pe3yJbTaT 00-
OOIIEHHUSI MOHOTOUYHCIICHBIX HAOMIOACHHH 1 SKCTIepUMEHTOB. [lepBoe 06001IeHre OrbI-
ToB nposen [T amnel, sxummii B XVII Beke. B pesynbrare sKcrniepuMeHTOB, aHAIO-
TMYHBIX TIPOBECHHOMY BaMH HCCJICIOBAHUIO, OH CHOPMYITHPOBAT NPUHYUN UHEPYULL:
e Ecnu na kakoe-1ubo meno 0eticmgyiom opyaue meia ¢ CUIAMu, KOMNEHCUpYIouju-
Mu Opye opyea, mo 3mo meno aubo HAXo0umcs 6 noKoe, aubo 0BUICEMCsl PaAGHO-
MEPHO U NPAMOJIUHEUHO.

Wccneposanmne-2. Kakue cujibl KOMIEHCHPYIOT (YPABHOBEIIMBAIOT) AeiicTBUA APYT Apyra?
3anaya: Ha pucyHke mpencTaBieHbl TPU Teja: MOJBEIICHHBI Ha HUTH MOKOSIIUICA MIapHK (e),
paBHOMEpHO JeTsmuil BepTonéT (f) U paBHOMEPHO MBMKYIIMUCS MO MPSIMOJIMHEIHON TOPU30H-
TaNbHOU jopore Benmocuneauct (g). C KaKMMHU TeTaMu KaX[bId M3 HHUX, B3STHIA B OTIEILHOCTH,
HaXOJHUTCS BO B3aUMOJIENCTBHN?

MO)KeTe JIX BbI CXEMATHYECCKHU ITOKaA3aTh ﬂeﬁCTBHe ATUX CUJI (ll_]'lﬂ l'[pOCTOTbI TO‘IKy l'[pl/I_]'IO)KeHI/IH CUul
CMECTHUTE B LIEHTp Tena)?

0] ® ®

O0cyxaeHue pe3yabTaToOB:
e B yeMm npuunHa HAXOXKICHHUA TeJla B COCTOSHHUU ITOKOS HJTH PABHOMEPHOTO ABHKCHUS?
e Kaxue cuiibl, JeCTBYIOIINE HA TEJI0, KOMIIEHCUPYIOT IpyT apyra?

Cchuasice Ha npuHIUN nHepnuu [ammnes, Hetoton chopmynuposan [ 3akox

JMHAMHKH, Ha3bIBAEMbIH Takxke [ 3axonom Hoiomona:
e Cywecmgyiom makue cucmemuvl Omciema, OmHOCUMeENIbHO KOMOPbIX Meld CoXpa-
HAIOM C80€ COCMOSIHUE NOKOSL WU PAGHOMEPHO20 NPAMOIUHEUHO20 OGUICEHUS NPU
OMCYMCMBUU BCAKO20 6HEUIHE20 8030€UCMBUS HA HUX, UTU eClU OKA3bledemble Ha
meno Oelicmausi KOMREHCUpylom opye opyaa.

Cucrema orcuera, OTHOCHTEIHHO KOTOpOH BhImonHsAeTcs | 3akoH HeloToHa,
Ha3bIBaCTCA uHepyuarvrou cucmemou omcyema (MCO). C noctaToqHO OONBIION
TOYHOCTBIO CHCTEMBbI TeJl, HAXOISIIMXCSI B COCTOSHUHM IOKOSI WJIM PAaBHOMEPHOTO
MPSIMOJTMHEHHOTO ABMKEHUS OTHOCUTENBHO 3eMJITH, MOKHO CYATATh HHEPIIHATIHHBI-
MU cucTeMaMu oTcuera. Hampumep, cucremy oTcueTa, CBA3aHHYIO C pAaBHOMEPHO U
MPSIMOJIMHENHO JABMYKYIIMMCSI JOKOMOTHBOM, MOKHO THPUHATH 3a MHEPLUUAIBHYIO
CHCTEMY OTCYeTa.

OTMeTHM, YTO MOHATHE “WHepLUalbHas CUCTeMa OTcueTa’” SBISIETCS HaydyHOU
abcrpakuueil. B peanbHON KM3HM TaKOH CHCTEMBI HE CYIIECTBYET, IOTOMY YTO B
HPUPOJE TET B COCTOSHUM A0COJIIOTHOTO TTOKOS HET.
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Wccneposanne-2. MNMpumenenune. [loueMy HUTh pBeTCsl B Pa3HBIX MeCTax?

Oo0opyaoBaHMe: METAIUTITYECKUI IMIHHAP | KT ¢ KPIOYKaMH Ha OCHOBAHMSIX, HUTh, LITATHB, KAPAH/IALIL.

Xop ucciie10BaHus:

1. IloxBechTe NUIMHIP K IUTATUBY, KaK II0OKa3aHO HA
pucynke (h). /s co3nanus 0IMHAKOBBIX yCIOBUI
oOpaTtuTe BHHMaHHE HA TO, YTOOBI JUIMHA HUTCH,
NPUBSI3aHHBIX K BEPXHEMY M HIDKHEMY KPIOYKaM
LWINHAPOB, ObUTM OxMHAKOBBL Jlsd mpenoTBpa-
IICHUS MAJACHUs [MINHAPA HA I0JI, BO BpeMs 00-
pBIBa HHUTH, €r0 KPENKO IPUBS3BIBAIOT BTOPBIM
HIHYPOM K OCHOBAHHMIO TTOJIBECA.

2. YyTh-4yTh NPUIOAHUMUTE BBEpPX KapaHMAII, BJIe- =l£=l
THI B CBOOOIHBIN KOHEI] HIDKHEH HUTH, M PE3KO
notsiHUTE ee BHU3. OOpaTuTe B 9TO BpeMsl BHUMaHHUE Ha TO, Kakas u3 HUTel obopsercs (i).

3. 3ameHHMB 00OOpBaHHYIO HUTh HOBOH, NMOTSHHTE PYYKy BHHU3, MEIUICHHO YBEIMYMBAs IPHKIIA-
IpIBaeMyto cruty. OOpaTuTe B 9TO BpeMsl BHIMaHUE Ha TO, KaKas U3 HUTEH (BEPXHsIs WITH HYDKHSIS)
obopaercs, 1 00CyaUTE IPUYUHY HAOIIOAAEMBIX SBJICHHUIA (j).

O0cy:xaeHue pe3y1bTaToOB:

e [ToueMy Npu pe3KOM PBIBKE PY4KH BHU3 OOPBIBACTCS HIKHSSA HUTh?

e [Ipy nmocTeneHHOM, O4Y€Hb MEUICHHOM AEHCTBUM Ha KapaHIall OOpBIBACTCS BEPXHSS HHUTh, HA

KOTOpO# moaBemeH nuiansap. [louemy?
e KakoBa cBs3b 3THX 9KCIEPUMEHTOB ¢ | 3akonom HeroToHa?

0]

Ipumeuanue. Ipunsme 60 sHUMAHUE, KAK NPOAGIS-
emest UHepMHOCb Mead U poib NPOOOINCUME b~
Hocmu deticmaust men Opye Ha opyea.

I[IpuMeHeHUe B MOBCEIHEBHOM KU3HU:

HagepHo BBI HaOIO1aH TAKOW IIUPKOBOW HOMEp: Ha
Ipyab, TOPU30HTAIBHO JIEXKAIIEro Cujiada YKIIaJIbl-
Baercst HakoBaIbHs (50-60 Kr), a €ro aCCUCTEHT HAHO-
CHUT CWJIBHBIN yap MosoToM 1o HakoBanbHe (k). s
cuiaya TakoM yaap He IMpeCTaBIIsieT HUKAKOM orac-
HOCTH, OJJHAaKO OH BCE BpPEeMs OCTEPEraeTcsi, YTo IS
€ro IpyJHON KIETKH MOXXET BO3HHKHYTH CEPhe3Has
OTIAaCHOCTB. B 4em 3akimrodaercst 3Ta onacHOCTH?

IIpoBecTH caMOOLIEHKY: Uy )
1. Kakue mousTust nmoBropuin Ha ypoke? Uro u3
9TOTO BBl XOPOILO MOHSIH, @ YTO OCTAJIOCh BaM - -
He SICHBIM?

1 1
1 1
2. Ilouemy mHoraa I 3akon HploTOHa Ha3bIBaroOT ! I R
1
3aKOHOM MHEpIHU? 0 i I 45
L 1 .
3. Ha pucynke gaH rpaduk 3aBUCUMOCTH MIPOESKIUU

CKOpoCTH Temna oT BpeMenH (/). B kakom mpome-
JKYTKE BPEMEHHU CHJIBI, JACHCTBYIOLIME HA TEJoO,
KOMIIEHCUPYIOT IpyT Apyra?

~
iy
~
N
~+
w
=y

YTO Bbl Y3HAJIM? Hanummre KOPOTKOE 3CCE O HIKENPUBEACHHBIX MOHATHSX: “TIPUHIMI HHEpP-

99 ¢

iy, “mHepLMaibHas cucTeMa otcyera”, «“ I 3akon Hprorona”.
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EXED OcHosHOM 3AKOH AVHAMMKM: Il 3akon HBIOTOHA

BcnomHute cBomn owlyuieHmna npn nageHnn B 3uMHee BpemMa roga.

¢ Ha kakyo noBepxHOCTb NagaTb ropa3fao onacHeun: Ha 3amep3Luyto 3eMIIo
unu B cyrpo6 pbixnoro cHera? NMouyemy?

HasepHoe, Bbl He pa3 Buaenu no TeneBn3opy, Kak noXXapHbie cnacarT nogen.

° I'quemy noau, cnpbirmBas € BbiICOTbl HECKOJTbKUX aTaxen Ha TYyro
HaTﬂHyTblﬁ TeHT, He nNony4YarlroT HUKakKmnx HOBPE)KAGHMIZ?

Uccneposanme-1. KakoBa 3aBUCHMOCTh MKy YCKOPEHHEM U CUI0i?

O0opynoBanue: TpuOOMETp, OJIOK, HUTh, OPYCOK, THHAMOMETP, TEICIKKA, HAOOP TPY3UKOB (110

1 H), cexynnomep, BeCbl U pa3HOBECHI.

Xoa ucciieioBaHus:

1. [TomecTrTe Ha CTONIE TOPU3OHTAIBHO TprOOMeETp. [10/105KUB Ha €T0 TOBEPXHOCTH TENICKKY, TIO-
MecTHTe Ha Hee Opycok. OJUH U3 KOHIIOB JUHAMOMETPA COCMHUTE C TEJICKKOH, a K IPYroMy
KOHITy IIPUBSKATE HUTH U TepedpockTe ee uepe3 6iok. [TonBecuB k cBOOOTHOMY KOHILy HUTH
Ipy3, BKIIOUHTE cekyHaomep. Onpenenure cieayomne BeIMIHHbl U 3allUIINTe Pe3yIbTaThl
n3MepeHui B Tabmuny 2.2 (a):

a) IPOMEXYTOK BPEMEHH t; 3aTpaueHHBIH TEIeKKOH Ha IEPEMEIICHNE Sy ;
b) pesynbTupyromtyio cuiy F ., TEHCTBYIONTYIO Ha TENEKKY, O MOKa3aHHUSIM JUHAMOMETpA.

2. INoxBecuB BTOPOW Ipy3 K HMEpPBOMY Tpy3y, IIOBTOPHUTE OIBIT: OTMETHTE B TAOJMIIC 3HAUYCHHE
MIPOMEIKYTKa BPEMEHH t,, 3aTPAUYEHHOT0 TEJIE)KKOH Ha ITO XKe TIePEMEIICHHUE Sy, U Pe3yIbTHPYIO-
uyto cuity F,,, TIeHCTBYIONIYIO Ha TEJIEKKY.

2s
3. Beraucnmte 1o opmyiie a = 7z YCKOPCHHS A1, M Ay, COOTBETCTBYIOIIHE 000UM CITydasiM.

Tabnuya 2.2
Ne Sy, M M, xr m, Kr t,c Ay, = F,H
c
1 Sy = M= m; = iy = A1x = Fiy =
2 Sx = M= my = t; = Azx = Fiy =

O0cy:kaeHue pe3yabTaToOB:
e KaxoBa 3aBHCHUMOCTb MEXIY PE3YJIbTHPYIOIIEH CHIION, NeHCTBYIONIEH Ha TEIEeKKY, U TOIy-
YEHHBIM €10 YCKOpeHneM?

W3 uccnenoBanus ObUIO BBISICHEHO, YTO YCKOPEHHUE Tella JAHHON MacChl IPSMO-

MIPOTIOPLIMOHAIBHO PE3YIbTUPYIOLIEH CHIle, ACHCTBYIOIICH Ha TENO:
a; F
a; Fz.

C npyroii CTOpOHBI, TeJla C Pa3HBIMU MacCaMH TIOJ] JCHCTBUEM OTHOU M TOM JKe
Pe3yIABTUPYIOMICH CHIIBI MOTYYalOT pPa3Hble YCKOPEHUSI — YCKOPEHUs Tell 00paTHO-
MIPOTIOPIIMOHANIBHBI UX MaccaM:

a; my
a, my
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HetoToH riccnmemoBan 3Ty 3aBUCUMOCTB, U 000OIIHII ee B BHJIE 3aKOHA. JTOT 3a-
KOH, Ha3bIBaeMbIl 1/ 3axonom Hotomona, BRIpaXKaeTcs CIEAYOUUM 00pa3oM:
® B unepyuanbHoll cucmeme omeyema yCKopeHue, noayuaemoe meiom, npsamo nponop-
YUOHATILHO pasHoOelicmeyiowell ciie U 00pamHo NPONOPYUOHATLHO MACCe IMO20 Meld:
5

=t 2.1

a=— (2.1)
HnJIn

mad = F. (2.2)

DTOT 3aKOH MOKHO BBIPA3UTh U TaK: PAGHOOCUCMBYIOuas Cuil, 0etucmaeyiouux Ha

meno, pasra npou3eedeHuIo Macchl mena Ha e2o yckopeuue: F = md.
W3 11 3axona Hetorona onpenensiercs enununa cuibl B CU — noromon:
o] HblIOmMOH — >MO cuia, NooO delicmauem Komopou meao maccou I ke nouryuaem
M KI'*Mm
YCKopeHue 1C—Z: [F] = [m]la] =1 = = 1H.
Cuna sBJjisieTcsi IPUYHUHOI M3MeHEeHUsI CKOpPocTH ABM:KeHus1! Kak n3BecTHO
13 KUHEMAaTHKH, YCKOPEHHUE Tejla — 3TO OBICTPOTA U3MEHEHUS €r0 CKOPOCTH:
- -
U — Uy
a=—— (2.3)
At
[IpunsaB BO BHUMaHue 3TO BhIpakeHue Bo I 3akone HproToHa, nomyyum:

m- (00— 1)

=F,
At
BLIHOHHI/IB HpeO6pa30BaHI/Iﬂ, HOquI/IM:
MOl _ By 2D — F o (2.4)

At
BenuunHa MO — Ha3bIBAETCS UMNYAbCOM (UNU KOTUYECEOM OBUNCEHUS) Meq.

o Umnynbc — 6ekmopHas pusuyeckas eeluduna (UHaue Ha3vleaemdas KOIuiecmseom
MEXAHUYECK020 OBUNCEHUS), PABHAS NPOU3BEOEHUIO MACCHL Med HA €20 CKOPOCHb.
Obosnavaemes 6yk60tl P:
p=mv (2.5)
Enununna usmepenus umimysibca B CU:
KT " M
[p] = [m] - [v] = 1 ——.

II 3axoH HproTOHA Tak)Ke MOXKHO BbIPA3UTh U YEPE3 UMITYJIbC:
o U3meneHue umnyabea (KOIuiecmaa O8UNCEHUsT) meid npoucxooum 6 HanpaeieHuu
pasHooelicmayioueli Cuibl U NPONOPYUOHATbHO DMOU CUJLe:

A(mD) = FAt  (2.6)
HpOI/I3B€,I[6HI/I€ CWJIbl Ha BpEMA €C HeﬁCTBHX F At uvasweiBaercs UMNYITbCOM CUJIbL.

HanpasieHnue umiynbca CUIIbL, TAKXKE SIBISIIOLIENCS BEKTOPHON BEJIMUMHOM, COBIIAIAET
C HarpaBJICHUEM BeKTopa cuibl. Enununeit ummysisca cuisl B CU siBistercst:
KT " M
[FAt] =1H-c=1 .
c
Taxum o6pazom, 1l 3akon HeroToHa 00001mMI BaXKHBIHA (HaKT JUHAMUKH:
e Jleticmeue cunbl npuGOOUM K USMEHEHUI0 CKOpOCmu mead, m.e. K O3HUKHOGEHUIO
VCKOPEHUs.
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Mpumenenne. Uccnepnosanne-2. Ilposepum BTOpoii 3akoH HeloToHAa.

3anaua: Teno Maccoi 5 Kr 3a MPOMEXYTOK BPEMEHHU 3 C U3MEHMIIO CKOPOCTh € 2 % 1o 4 %
Omnpexenure:

a) YCKOpEHHE Tea,;

b) MOy Ib PaBHOICHCTBYIONICH CHIIBI;

C) UIMITYJIbC CHJTBI, JCUCTBYIOIIEH Ha TEJO;

d) nepemerenue Tena 3a BpeMsi, B TCYCHUE KOTOPOTO MPOU30IILIO U3MEHEHUE CKOPOCTH.
O0cyxaeHue pe3ybTaToB:

o [o xaxoit hopMyJie onpenenin ycKopeHue tena?

e UeMm omiinvaeTcs paBHOJCHCTBYIOIIAS CHJIA OT MMITYJIbCa CHJIBI, JCUCTBYIOIIAS HA TEIO?
o Kax BBI OTIpEeNICNININ TIepeMelieHue Tea?

IIpuMeHeHue B NOBCEIHEBHOM JKU3HU:
Ha pucynke mpeacTaBieHbl HamlpaBlIeHHs CKOPOCTH M YCKOpEHHMs Jetsmiero Bepronéra. Ompe-
JIeJIUTE HAIlpaBJIEHUE IEHCTBHSI paBHOJAEHCTBYIOIIEH CHIIBI U UMITYJIbCA CHIIBI.

| 2
IIpoBecTn camo0LeHKY:
1. Kakue noHaTyust HOBTOPUIM Ha ypoke? UTo u3 3TOro Bbl XOPOILO MOHSUIN, @ YTO OCTAI0Ch BaM HE

SICHBIM?
2. MoxHo i Ha ocHoBe (dopmymnbl 11 3akona Herotona md = F cxa- F
3aTh, YTO PABHOAEHCTBYIOIIAs CHIIa 3aBUCHT OT MAcChl Tena U ero  ~*
yckoperusi? [louemy?
3. Kak 3anumercs Il 3akon HeproTtoHa, ecnu Ha TeIo OJHOBPEMEHHO
OyyT eHiCTBOBATH YETHIPE CHIIBI — 15"1, ﬁz, ﬁ3 u ﬁ4? a

4. MoseT M CKOpPOCTh Tejla MMeTh HampaBlIeHHE MPOTHBOMOJIOKHOE ()
HaMpaBJICHUIO paBHOAEHCTBYIoMmEH cuibl? OTBeT 00OCHYHTE HpH-
Mepamu.

5. Yro BeIpakaeT TAaHI€HC YIJ1a @ Ha MIOKA3aHHOM IpaduKe 3aBUCUMOCTH TIPOEKIIMH PaBHOICHCTBY-
FOILEH CHJIBI OT TIPOCKIIMH YCKOPEHHS?

Ay

YTO Bbl Y3HAJIN? 3anummure B paboveM JMCTKE ONPeIeTeHUs HIDKEIPUBEACHHBIX MOHATHI: “OTHO-
nreHre yckopenuid tena ...”, “Il 3akon HeroroHa”, “mmmymnsc”, “UMITynbe ciitbl”, “1 HBIOTOH”, “paBHO-
JeHiCTBYIOIIAs CHITa, IEHCTBYOIIAs Ha TENO™.
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@&XB [1:iicTB1E M NPOTUBOAENCTBME: Ill 3akon HHIOTOHA

Ha pucyHke n3obpaxeHbl ABe oaMHAKOBLIE NOAKWU, Npuyanveatowme Kk Gepery: 3To 4OCTU-
raeTcd C NOMOLLbK HaTArMBaHUA KaHaTta. TaK, NOAOYHUK B nepBon nogke TAHeT 3a o4AuH
KOHeL, kaHaTa, OpYrol KOHeL, KOTOPOro NpuKpenseH kK ctonbuky Ha 6epery. JTogovHKK BO BTO-
poi nofke TSHET 3a KOHel, kaHaTa,
3a [pYro KOHEeL, KOTOpOro TsHEeT
yenosek Ha bGepery (a). Kaxabin 13
HUX MpYKNaabiBaeT K KOHLY KaHaTa
OOVHaKOBYIO CUMYy.
e Kakasi n3 nogok 6bictpee
npuyanur K 6epery?
Mouemy?

Wccneposanume-1. Yro npoucxoaur
€O BTOPBIM T€JIOM NPH B3aUMO/IeiicTBHH
€ro ¢ nepBbIM TeJI0M?
OGopyaoBaHue: IeMOHCTPALMOHHBIN JHHA-
MoMmeTp (2 1mT.), mTaTuB ¢ MyQTOif (2 mrT.).
Xoa wuccaenoBanus: JluHamomerpsl 3a-
KpPEIUIAIOTCS Ha IITATUBAX BJOJIb TOPU3OH-
TanbHOH ocu. COeMHUB KPIOYKH JTMHAMO-
METPOB, LITATHBBI JABUTAlOT B MPOTHBOIIO-
JIOXKHBIX HampaBieHusx (b).
[pocnexure B 3TO BpeMs 3a:

a) TIOKa3aHUAMH JUHAMOMETPOB;

b) HanpaBlieHHEM CMELICHUS CTPEIIOK JUHAMOMETPOB.

O0cyskaeHue pe3ybTaToB:

© YT0 MOJKHO CKa3aTh O MOJYJISIX CHUT TIPH B3aHMOJICHCTBIN AUHAMOMETPOB APYT C IPyroM?

o K kakoMy BBIBOJTy O HAIPaBJICHUAX CHJI ACHCTBHS U MPOTUBOACHCTBHS MOXKHO TIPUIATH, HAOIIO1ast
HAaIpaBJICHHs] OTKJIOHEHHS CTPEJIOK THHAMOMETPOB?

BbImonHuB nccnenoBanye, Bbl YCTAHOBHIIM, YTO TPU JISUCTBUH JUHAMOMETPOB APYT
Ha JIpyra CUJIbI B3aMMOICHCTBHS 110 MOJTYJIIO PABHBI, a 110 HAIIPABJICHHIIO POTHBOIIOJIOXK-
HBI (CTPETIKH OTKJIOHSIOTCSI B IIPOTHUBOIIOJIOKHBIC HATIPABIICHHS ):
S 5
F, =-F,. (2.7
Ot0 paBeHCTBO BelpaxkaeT /Il 3axon Hviomona:
® B unepyuoHanbHou cucmeme omceyema Cubl, ¢ KOMopulMu 08a meia 0eticmsyiom
opye Ha Opyed, pasHbl NO MOOYJH U HANPAGIEHbL NO OOHOU NPAMOL 8 NPOMUBO-
HOJIOJICHbLE CIOPOHDL.
10T 3aK0H HBIOTOHA MOKA3bIBAET, YTO NPH B3aMMOJACHCTBUH TEJ APYT C IPYroM
CHJIBI BCETJa BO3HMKAIOT MOMApHO. DTO 03HAYAET, YTO €CIIH Ha MPOU3BOJILHOE (IIEPBOE)
Teno OyeT NeCTBOBATh ¢ ONPENENICHHONW CHIION JIpyroe (BTOpoe) TeJo, TO U MepBoe
Oyzer nefcTBOBaThH Ha BTOPOE TEJIO € TOM %Ke MO MOAYJIFO CUIIOH, TOJIBKO HAITPABIICHHOMH
npotuBomoioxkHo. CornacHo Il 3axony HpioTOHa, 3TH CHIIBI COOOLIAIOT TEIaM yCKO-
PCHUS B IPOTHBOTIONIOKHBIX HATIPABICHHSX:
mid; = — maa:. (2.8)
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['ne m;n m> — Macchl B3aMMOJISHCTBYIOIUX APYT C IPYTOM TeII, COOTBETCTBEHHO,

aju a> — yckopenus 3tux tei1. 13 11 3akona HeroToHa mostydaem Clie 1y oInii BEIBO/:
o Cunvl 83auUMOO0€UCMBUSL BOZHUKAIOM OOHOBPEMEHHO U UMEIOM 0OUHAKOBYH) NpU-
pooy. Hanpumep, cunvl 63aumooeiicmsus, 803HuKarowue nNpu ynpy2om CMoJKHO-
6eHUU mei, 00a UMeOm INEKMPOMASHUMHYIO NPUPOOD) .
o Cuubl, 603HUKAIOWUE NPU 83AUMOOCUCMEUU mel, NPUKAAObI8AIOMCA K PA3HbIM me-
JAM U NOIMOMY He MO2ym YPAGHO8ewUeams opye opyed, mo ecmb HUK020d He
Komnerncupyiom opye opyea. Komnencuposams deticmsust opye opyea mMocym moib-
KO CUbl, NPUTONHCEHHBIE K OOHOM) MeT).

Mccnepoeanme-2. Mpumenenne. Kakoe yTBep:kieHne BepHo?

3amaua: Ha pucyHKe IIpe/iCTaBIIeHbI Ba CIIydast:

a) MaJbuvk TSHET BepeBKY, PUKPEIUICHHYIO K CTeHe. B 3To Bpemst AMHaMOMeTp, 3aKperuIeHHbIH Ha
BepeBKe, MokasbiaeT cuity B 650 H (I);

b) Masbuuk TSHET BepeBKy, 3aKHHYTYIO Ha IICI0 JIoay. B 3To BpeMs tuHaMOMETp, 3aKpeTUICHHBIH
Ha BepeBKe, okasbiBaeT cuity B 650 H (II). MiccnenoBas n3o0pakeHus, 00CyIUTE BOIIPOCHL:

OO0cy:xkaeHue pe3y/1bTaToOB:

e B kakoM cirydae Malb4MK IPHKIaIbIBACT ropasao 0ojee OONBIIYIO CHITy: NIPU HATSATHBAHHU Be-
PEBKH, 3aKpEIUIEHHON Ha CTEHE WIIM BEPEBKH, 3aKUHYTOH Ha mieto jomann? [Touemy?

o MoxeTe JI1 M0Ka3aTh TOUKY [IPUIIOKEHHS U HAlpaBJICHUE JISWCTBUS CUJI, BOSHUKAOIIMX B TIPE/-
CTaBIICHHBIX B3aUMOJCICTBUSX MAIBUUK — CTEHA M MAJIBYMK — JIOLIA/Ib?

IIpumeHeHHe B NOBCEeHEBHOM KU3HU:

1. Ecniit BBI HaGro1a)n My1aBaHue phIO B BOJIE, BCIIOMHUTE, Kak PbI0a MepeMenaeTcs B Boje, 0Topa-
ChIBas BOAY IIaBHUKaMU. Kak BOZHUKAIOT CHJIBI ISUCTBUS U IPOTUBOICHCTBHS, 0OECIICUNBAIOIIIE
IUTaBaHUE PBIOBI, B CHCTEME OTCUETA, CBI3aHHOM ¢ Heit? UTo MOKHO CKa3aTh O TOYKE MPUIIOKCHUS,
HAITPaBJICHUSAX U COOTHOIICHUH MEKTYy MO ISIMH 3THX CHIT?

2. MoskeTe Ju mpuBecTH npuMepsl npuMmeHenus 11 3axona HeroToHa B SBIEHUSIX, BCTpEUaEMbIX
BaMH B IIOBCEIHEBHON KU3HU?

IIpoBecTn caMoOLeHKY:

1. Kakne monsTus moBTOpHIM Ha ypoke? YTo U3 3TOro BHI XOPOILIO MOHSIIHN, @ YTO OCTAIOCh BaM
HE SICHBIM?

2. Yto 00ImIero n 4eM OTINYAIOTCS MEXKIy OO0 CHIIBI, BOHHUKAIOIINE B Pe3yIbTaTe B3anMOACH-
CTBUS IBYX Ten?

3. MoryT 11 KOMIIEHCHPOBATh APYT Apyra CUJIbl, BOSHUKAIOIUE B PE3yJibTaTe B3aUMOJACHCTBUS
ten? [Touemy?

4. Kakyto npobiemy pemraer 1l 3akon HpioToHa, KOTOpYIO HE MOIJIM PEIIUTh MPEIBLAYIIHE BA
3axkoHa?

YTO Bbl Y3HAJIU? Hanummure KOPOTKOE 3¢Ce MO CIAEAYIOMNM TeMaM: “IeHCTBHE — IPOTUBOACHCT-
Bue”, “IIl 3axon Herorona”.
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m 3AKOH BCEMUPHOI'O TANTOTEHUA

B Tabnuue npeactaBieHbl 0p6VITaJ'IbeIe CKOpPOCTHU

nnaHeT U KaprukoBbix nnaHeT ConHevyHon cucre- [TnaneTer 1 OpburanbHas ckopocTh
mbl. Wccnegys aTy wHdopmaumio, ¢ NerkocTbio LAHROEELY e B
MOXHO OnpeaennTb, YTO HebecHble Tena 3Town TUIAHCThL
CUCTEMBI, BNM3KO pacnonoxeHHble kK ConHuy, nme- Mepkypuii 47,87 172 332
10T 6onee BbICOKYHO OpOUTarbHY CKOPOCTb. Benepa 35,02 126 072
e [louemy HeGecHbIe Tena, ABUrasiCb C Takon 3emitst 29,78 107 208
G6onbLon CKOPOC;'bIO, He nokupatot Con- Mapc 24,13 36 868
HEeUYHYI0 CUCTEMY? Tepepa 17.88 64 363
Op6uTanbHas ckopocTb JlyHbl BOKpYr 3eMJ'vII/I, no IOnuTep 13,07 47 052
CpaBHEHMWIO CO CKOPOCTSIMU U3 NOBCELHEBHOM U3~ Carvon 9.69 34 884
HW, TaK e o4yeHb Bonbluas: ~3682,8 km/yac. Op- v b 6’81 1516
HaKo 3Ta CKOPOCTb BO MHOIO pa3 MeHbLUe CKOpOCTH pan J
3emnu Bokpyr ConHua. Henryn 5,43 19 548
e [loyemy JlyHa, NOKMHYB OKOJI03€MHYI0 OpoOuUTY, IL1yToH 4,67 16 812
He BpalyaeTcs oTaensHO BoKpyr ConHua, Kak Xaymea 4,48 16 128
KaprnukoBas nnaHeTta? Makemake 4,41 15 876
e Moyemy Mbl He 4YyBCTByeM B3auMHOe MNpu- Dpuia 3,44 12 384

TAXEHUe OKpyXarLmx Hac Ten?

Br1 3HaeTe, uTo Bee Tesa BO BeeneHHOM, MMeroIne Maccy — 3B€3/1bl, TAJIAKTHKH,
CornHIle 1 TUTaHETHI, Tesla 3eMHON CUCTEMBbI, MOJIEKYJIBI, aTOMBI U IPYTHE, B3AHMHO
MIPUTATUBAIOTCS IPYT K APYTY C CUJION, Ha3bIBaeMOU cuou msazomenus (WA epa-
sumayuonHou cunoiu). Mccnenosas, OT KakuxX BEMUYMH M KaK 3aBUCHT dTa CHJIA,
Hcaax HproTOH CHOpMYTUPOBAIT 3aKOH 8CEMUPHO20 MASOMEHUA.

o Mesicoy m100bimu 08YMs MAMEPUATLHBIMU MOYKAMU OCUCMEYem CUld 63AUMHO20
NPUMAICEHUS, NPAMO NPONOPYUOHANLHAS NPOUZBEOCHUIO UX MACC U 0OPaAmMHO Npo-
NOPYUOHANbHAS KEAOPAMY PACCMOAHUL MENHCOY HUMU:

mgim
F=aG % 2.9

I'ne F — Moaysb cuiibl TSAroTeHus (TpaBUTALUM), #71; U 72 — MacChl MaTepuallb-
HBIX TOYEK, 7' — PACCTOSIHUE MEX 1y HUMHU, G — KO3 PULIUEHT TPOHOPLUOHAIBHOCTH,
HA3bIBAEMBIN NOCMOAHHOU 8CEMUPHO20 MAOMeHUs (epasumayuy) I TPOCTO —
2pasuUmayuOHHAs NOCMOAHHAS.

T Imlm] T " kr2’
e [ pasumayuonHas NOCMOAHHAA YUCIEHHO PAGHA CUle NPUMAICEHUs OpY2 K Opyay
08YX MAMeEPUATbHBIX MOYeK Maccamu no 1 ke Kaxcowlll, eciu paccmosHue Mexncoy
HuMu pasro 1 m.

UucneHHOE 3HaUEHHE IPaBUTALIMOHHOM MOCTOSIHHON ONBITHBIM ITyTEM ONpPEEITHII
anrmmiickuii yaensrii ['eapu Kapenmum (1731-1810) B 1798 rogy. Oto 3HaueHne
OJTMHAKOBO JTS BCEX TEJ BO BceneHHo BHE 3aBHCUMOCTH OT MX pa3MepoB U Macc:

2
G=667-107120 (2.10)

Kax BugHO, umcieHHOE 3HAUYEHHE TPABUTAIMOHHOW MOCTOSHHON OYCHBH MAo.
[TosTomMy Mexy T€laMu C OTHOCUTEIBHO MaJIbIMU MacCaMM CHJIa IIPUTSHKEHUS HE

. . Fl- 2 H- 2
EI[I/IHI/H_[a IpaBUTALIMOHHOUN MOCTOSIHHOU B CU: [G] = LF1 [T ] =1 -
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YyBCTBYETCS. DTa CUJIa IPUHUMAET OLyTUMbIC 3HAYEHUS IPU B3aUMOJICHCTBUU TEI
C O4YeHb OOJNBIION Maccol, HapuMep, MEXKAY 3BE3I0H M IUIAHETOH, IUIAHETON U
CITyTHUKOM H T.J.

Cua npuTSHKEHUS MY ABYMS IPOU3BOJIbHBIMU TEIAMU, HE SIBJISIFOILUMUCS Ma-
TEePUATLHBIMUA TOYKAMH TPHU JAHHBIX YCIIOBUSX, TAKXKE OMpeAeIsieTcst GopMyIIon 3a-
KOHA BCEMUPHOTO TATOTCHHSI. B 3TOM ciyuae 3TH Tela paccMaTPUBAIOTCS KaK COBO-
KYITHOCTh MaTEpUATbHBIX TOYEK, BBIYMCISIOTCS CHIIBI MPUTSIKCHUS MEXKIY BCEMU
MaTepUaTbHBIMHU TOUYKAMHU dTUX TEJ, PE3YJIbTAThI BEIYUCICHIUH CYMMHUPYIOTCS B OTTpe-
JIEJISTFOTCS CUJIA TIPUTSKCHUSI MKy STUMH TellaMu. Takue BIYUCICHUE TPECTaBI-
sIeT COOOH CIIOKHYI0 MaTeMaTHuecKyro onepanuto. OmHako gopmyna BeemupHoro
TATOTEHUS JIETKO TPHMEHSETCS IS Tell Mapooo-
pasHoit PopMBIL. 3a pacCTOSTHUE MEXKIY TEIaMHU TIPH
9TOM NPUHUMAETCA PACCTOSHUE MEXAY HUX LEHT-
pamu (a). [ToaTOMY [UTSI BEIYHCICHHUS CHITBI TPUTSI-
KEHHSI MEXKIy TPOU3BOJBHBIM TEJIOM W 3emiieit
MOKHO HPHMEHHUTH (OpMYJTy 3aKoHa BcemupHoro (2 r
TATOTeHUs. B 3TOM ciydae paccTrosiHEe MeXIy HUMH OepeTcs J0 IEeHTpa 3eMiIu:
r =R + h. Cuibl B3auMOJCHUCTBHS MKy 3eMIICH U TEIIOM, F"n u Fz] HallpaBJIEHBI
BJIOJIb JIMHUW, COSIUHSIOIIEH ATH Tea.

Cornacno I1I 3axony HproToHa 1312 = —ﬁ21, UX MOJYIIU PaBHBL:
Fi; = F;; = F.
mM
F=aG Rin? 2.11)

I'me R — pamgmyc 3emHoro mapa, M — macca 3eMii, /i — pacCTOSIHHE OT TIOBEpPX-
HOCTHU 3eMJIM JI0 IIEHTpa Teja, BAOIb paauyca. Jis Tes, HaXoAsmuxcs Ha TTOBepX-

HOCTHU 36MJ‘II/I (h:O), 3aKOH BCEMUPHOT'O TATOTCHUS 3alIMCbIBACTCA B BUJC!
mM
F —_ G ?.

HN3mepeHue rpaBUTAIIMOHHON MOCTOSIHHOM
C oroit nensto [.KaBeHauin ucnons3oBaln kpymuibHble 8echl.
CxeMa BecoB [OKa3aHa Ha PUCYHKE: Ha KOHIIAX CTePIKHsI ITHHOM
2 ) OH YCTaHOBWJI JIBA CBUHIIOBBIX IIAPUKA Maccoru mom = 729
2 KOKIbI M JAWaMEeTpOM NpHOMM3UTENbHO 5 cm. CTepkeHb _'ﬁ
MOJBELIEH Ha YIPYrod HUTH. Y KaXJIO0ro IIapuKa pa3MecTHIn
0OJIBIIME CBIHIIOBBIE MIAPEI MaccaMy 110 m =158 ke.
B pesynbraTe NmpUTSHIKEHHS MEXTY OONBIINMH M MAJIBIMH
IIapaMi HHTb 3aKpyYHBAeTCs HAa OYEHb HEOONBIION Yrod.
VYron moBopoTa ompenesnsieTcs IepeMelleHHeM IO IIKaje
CBETOBOI0 ‘‘3alUMKa’, OTPaKEHHOTO OT IUIOCKOrO 3epKaja,
3aKpEIICHHOT0 Ha HUTH, (D).
3Hasi yroj MmoBOPOTa, MOXKHO ONPEAEIUTh CHIY YHOPYrOCTH Fyup, BOSHHKAIOIIYIO B Pe3yjbTare
3aKkpyunBaHus HUTH. CHIa yIpyrocTH ypaBHOBEIINBACT CHITYy NPUTSHKEHHS MEXIy IIapamMu, T.e.
9TH CHJIBI PABHBI 110 MOIYIO: Fynp= Finszomenus.
Takum 00pa3om, y9IeHSIH, TI0JICTAaBUB H3BECTHBIC BETMYMHBI B ()OPMYITy 3aKOHA BCEMUPHOTO TATOTEHHS,
TIOJTYYFUT JUTSI TPABUTAIIHOHHOH TIOCTOSTHHON 3HAUEHHE, OYCHB OJIM3KOE K €0 COBPEMEHHOMY 3HAUCHHIO:
Frarorenus * r? 11 H - m?
[¢] = — =6,754-10 —

(b)
Hcemounuk
cei‘ma

. Ynpyeas
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Mpumenenune. UcaneposaHne. YMeeM JIM MbI IPHUMEHSITh 3aKOH BCEMHPHOT'0 TSATOTeHHsI?
3amava: OnpenenuTs Ha OCHOBE MH(OPMAIMH, TIPUBEICHHON B TaOIHIE, MEXKITYy KaKUMH JBYMS
HEOECHBIMHU TEJIAMH MOJYJIb CUJIBI IIPUTSKEHHS] HAUOOJIBIIHMH, @ MKy KaKMMH HAaUMEHBIIHIA?

HeGecHoe teno [ Macca HebecHoro Tena Paccrosiane Mex 1y HeOeCHBIMU TeTaMu
A m Teno A Teno B
B 4m B | I5R Teno C
C 2m C | 20R 5R
D 3m D | 10R 10R 25R

O0cyxneHue pe3ybTaToB:
e OT 4ero 3aBUCHUT CHJIA IPUTSHKEHHUS MEXKITY TeIaMu?
o K xakum pe3yjbTaTaM NPUILIA ITOCIE BBIUHCIICHHI?

HpnMeHeHne B NOBCEIHEBHOI KU3HM:
Kakwue SIBJICHMA, Ha6ﬂ}0):[aeMBIe B HOBCCHHCBHOﬁ JKU3HU, YBUCHHBIC I10 TEJIICBU30PY WUJIN U3BECTHLIC
U3 Ipyrux UCTOYHUKOB, OOBSICHSIOTCST 3aKOHOM BCEMHPHOT'O TATOTCHUS?

IIpoBecTn camooueHKY:
1. Kakne moHsTHs TOBTOPHIN HA ypoke? UTo U3 3TOTO BBl XOPOIIO MOHSIH, a YTO OCTANIOCh BaM He
SICHBIM?
2. JIBa HEOECHBIX Tella Maccoi My U My, Ha PACCTOSIHUH 7" APYT OT ApPYyra, B3aWMOICUCTBYIOT C
CHJION, TI0 MOAYJII0 paBHOU F. Yemy OyAeT paBeH MOIYJb CHIbI MPHTSHKEHUS MEXKIY STHMHU
HeOSCHBIMH TeJIAMH TIPH YBEITHMUYESHUH PACCTOSIHUS My HUIMH B JiBa pa3a?

. F,
3. YeMy paBHO OTHOILIEHHE MOJLYJICH CHII B3AUMHOT'O TIPUTSDKCHUS F—1 JIByX MaTE€PHAJIbHBIX TOYEK C
2
Maccoil my = 16 kru m, = 4 kr? [louemy?

4. C kako#l cuioi npuTAruBaroTcs Apyr K apyry 3emis u Jlyna (macca 3emun 6 - 1
Jynst 7 - 1022 kr, paccrosiuue Mesxay Humu 384 000 km)?

02% kr, macca

YTO BbI Y3HAJIU? 3anumute B pabodyeM JTUCTKE 3CCE Ha CIEAYIOIINE TEMbI: “3aKOH BCEMHUPHOTO
TaroTeHUs’, “BceMupHas rpaBUTalMOHHAs TNOCTosHHAs, “‘M3MepeHue BCEMHMPHOW TIpaBHTALIMOHHON

TH

TIOCTOAHHOM .
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m CI/IJ'IA TAXECTWU. HANMPSAXXEHHOCTb IPABUTALIMOHHOIO MOJIA

BapoH MioHxray3eH gaet Hay4Hyto

MHCbOpM?LWIIO 0 cBoeM “Gornbluom” oT- = Wrxenep — He Be-
KpbITUK: “... 3 NPOBEAEHHbIX Uccre- U3HeCMeH — |

_ putca! BepTukans-
[OBaHUN st onpeaenus, YTo oKasbl- 3T0ro 6bITh HE HOCTE 30aHMA MDO
BaeTcs, BCe 34aHusi Ha NoBEpXHOCTU  MoxeT! Tak Kak Ha A p
3eMIu NoCTPOEHbI HAKIMOHHO, Kak BCE 3AaHMs BEiﬁjlegE?oszBgiﬁ'l“&
lMn3aHckas 6alHsa. 3To ¢ NerkocTbio [eiicTByeT cuna

MOXHO MPOBEPUTE MPA MOMOLLA NPUTSDKEHUST 3eMnn

NPOCTON TPEYronbHOM NUHENKN. Tonb- .

KO Ha momiocax u skeatope spavms /1 970 AGNCTBUE Ha-

NOCTPOEHbI OTHOCUTENBHO NPSMO.” npaBneHo K LeHTPpY
Bbicnywas 310 “oTKpbITUE”: 3emnu.

HaKIIOHHbIE, TO OHU
Obl ynanu.

Apud (yvenuk 10-ro
knacca) — A Ha
100% 3Hato, 4YTo Ha
BCe Tera Ha NnoBepx-
HOCTK 3emMnu, B TOM
yucne Ha 3aaHus,
OencTByeT cuna
TsXKecTn. dTa cuna
coobLaeT um ycko-
peHune cBobogHOro

nageHus.

¢ Kakoe, no-satuemMy, npegnonoxeHne npaBunbHoe:
GapoHa, busHecmeHa, MHXeHepa unu Apuca?

Wccneposanme-1. Kak HanpagJleHa CUJIa TSAKeCTH M YCKOPeHHe, cood1aeMoe TeJTy 3Toi ciiloi?
3amaya: Ha pucynke npeacTaBiIeHb! OJTOKSHUS MIapuKa, ABIKYIIET0Cs 110 BBITYKJION W BOTHYTOI
MTOBEPXHOCTH, B Pa3HbIC MOMEHTHI BpeMeHH ().

Kakumn nudpamu 0603Ha4eHb! Harl-

paBJIEHHs CHJIBI TSDKECTH, IEeHCTBYIO- ()

10
1Ieil Ha MIapuK, ¥ YCKOPEHHs CBOOOI- -
HOTO TaJIeHust, COOOIIAeMOro Iapu- ) - a0 B
ik - s/ 1
/ i
8 ! I\.
xaiimmm tenam? [Touemy?

Ky 2TOi cuoit? "
12 By [ 14
13
o UT0 sBJISICTCSA NPUYMHON BOSHUKHOBEHUS CUJIBI TSHKECTU?

O0cy:xneHue pe3y/bTaToB:
o Kax BbI Jymaere, K KakomMy Tejly IIapUK HpPHUTS-
e K xakoli Touke MpUKIaAbIBAETCS M KaK HaIlpaBlieHa cuia TshkecTr? UeMy paBeH MOy b CHIIBI

ruBaeTcsi cuibHee: K 3emuie, ConHIly win OJu-

Kax BbI 3HACTEC, MO COBPEMCHHBIM HAaYYHBIM IIPECACTABJICHUAM B3aUMHOC IIPUTSI-
JKEHHE MEXTy TeJIaMH OCYIIECTBIISIETCS TIOCPECTBOM 0COOOTO BUJ/Ia MATEPHH — IPa-
BHUTAIIMOHHOTO TOJIsT (cM: u3uka-6, ctp. 77; dusuka-7, crp. 40). Kaxmoe Teno Bo-
KpyT ce0s co3aaer rpaBuTalionHoe noje. Kak u npyrue pusnueckue mossl, rpaBu-
TAI[MOHHOE I10JIC UMEET CBOIO CHIIOBYHO XapPaKTEPUCTHKY — HANPSICEHHOCMb 2pa-
BUMAYUOHHO20 NOJIA.

e Hanpsoicennocms 2pasumayuoniozo nos — d1mo 6eKMopHas usuieckas ee-
YUHA, PABHASL OMHOWEHUIO CUTbL RPUMSIICEHUs., OeUCMBYIOWell HaA MaAMeEPUATbHYIO
MOYKy (meo) 8 epasumayuoHHOM noue, K e20 Macce:

o

F
. (2.12)

gom
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['1ie g — HaNPSHKEHHOCTh TPABUTALIMOHHOTO TOJIS, 71 — MAcCa MaTEPUATLHON TOUKH
(Tena), F - cuna NPUTSDKEHUS, ACHCTBYIOIIAs HA MATEPUAIbHYIO TOUKY B [PaBUTA-
[IMOHHOM TIOJIE.
OT 4Yero 3aBHCHT MOJY.JIb HANMPS:KEHHOCTH TPABUTALIMOHHOTO 110JIs1?
Uto0OBI OTBETUTH HA ATOT BOIIPOC, OMPEAESINM MOIYJb HANPSKEHHOCTH TPaBH-
TAI[MOHHOTO TMOJIS ISl TPOU3BOJILHON TOYKH Ha MOBEPXHOCTH 3€MJI M Ha BBICOTE /1
OT MOBEPXHOCTH 3EMJIN:

E M
_ _semad R? —
B0 =y m GRZ' (213)
mM
F R+h)Z M
gn=h =R oGt (214

30ect Fiowm u Fj — cunvl npumsdicenust Ha nogepxnocmu 3emau u na gvicome h

coomeemcmeenno, M — macca 3emnu, R — paouyc 3emnu .
e Mooynb HanpsAMCeHHOCMU 2pAsUMAYUOHHO20 NOAS 8 HEeKOMOPOU MOoYKe Npsamo
NPONOPYUOHANIEH MACCe UCMOYHUKA OAHHO20 NOJL U 0OPAmMHO NPONOPYUOHATIEH
K8aopamy paccmosiHus 00 Mo moy-

(b) I Ku. Mooyns Hanpsidcennocmu epasu-
g, 2 MAYUOHHO20 NONS HE 3A6UCUM  OM

Eos / Maccel mend, NOMEWEHHO20 8 IMO
8\ 802 none. Bexmop nanpsicennocmu epa-

BUMAYUOHHO20 NOJISL 8 NPOU3BOJILHOLL

. MoyKe Nois HANpaegieH 800J1b paouyca

g, . K YeHmpy UCMOUHUKA NoA (b). B oan-
e HOU MOouKe 2pasumayuoHHo20 Mol
X MOOYIb U HANPAGIEHUe HANPSICEH-
HOCMU 2PasUmMayuOHHO20 NOJisl CO8NA-

N oaiom ¢ MOOYieM U HANPAaGIeHUeM yc-
KOpeHUsl c60000H020 NAOCHUS.
o Bos SIBasiioTesl JM HANPSIZKEHHOCTH

g
00 5 rpaBUTAIMOHHOIO TOJS U YCKO-

peHue cBOOOHOIO MaJeHUsI OJHOI U

TOi JKe BeJIMUYMHOM ?
Hanpﬂmcennocmb zpagumauuonnozo noJisi Ha HOMGIIIGHHOG B FpaBI/ITaHI/IOH-
Hanpasiena 6001b paouyca K YeHmpy ucmo4HuKd

nors. HOE II0Jie TPOM3BOJILHOE TENO AeH-
CTBYET CHJIA TIPUTSDKEHHS CO CTOPOHBI
WCTOYHUKA M0JIs. B pesynbTare Teno nomyyaer yckopenue (yCKopeHHe CBOOOAHOTO
najieHust), HalpaBJICHHOE K LHEHTPY MCTOYHMKA MOJs (HampuUMep, UEHTPY 3eMIIn).
DTO yCKOpEHHEe COOOMIAeTCs TeNy AEHCTBYIOMIEH Ha HETO CuUIol maAxcecmuy TPaBu-
TAI[MOHHOTO ITOJISI.
o Cuna mscecmu — 3mo cund, ¢ Komopou 3emis (nianema) npumseueaem mend.
Cuna msxcecmu pasHa NpoU3BeOeHUI0 MAcCCvl meid, NOMEWEHHO20 6 2Pasuma-
yuoHHoe noje 3emau (nianemovl), Ha YCKOpeHue c60000H020 NAOEHUSL:
S

F,=mg.  (2.15)
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Cuna TsKECTH Beeria IPUIIOJKEHa K LICHTPY Macchl TeJla M HallpaBJieHa BEPTUKAIBHO
BHU3 (MEPHEHIUKYISPHO K TOPU3OHTAILHON MOBEPXHOCTH) K LEHTPY 3eMiH (Tuia-
HETHI) (C).

(©
1 mg
— —|
= Tlosepxnocmo 3emau =
nig mg

U3 BbIIIECKA3aHHOTO SICHO, UTO NOHAMUS “HANPSIHCEHHOCMb 2PABUMAYUOHHOZO0
nona” u ‘“‘yckopenue c60000H020 nadenus’”’ umerom pasHulil QUIUYECKUL CMBICI.
Tax, nanpsceHHOCMb 2PABUMAYUOHHO20 NOJISL NOSAGNAEMCS 8 CVYde 803HUKHOBE-
HUSL NOJISL, 4 YCKOpeHue c80000H020 NAOEHUsl BO3HUKAEM 6 pe3yibmame 0elicmeus
CUTbL MAACECNU NPU NOMEWEHUU 8 MO NOJle NPOU3BOIbHO20 med (npodHoe meino).

Mpumenenme. Mccneposanme-2. OT 4ero 3aBHCHT HANPSIKEHHOCTh TPABUTALIMOHHOIO 1M0JIs1?

O0opynoBanme: JIMHENKa, IITAHTCHIUPKYJIb.

Xoa uccaenopanus: Mccienyiite TekCT U pUCyHOK b M ompeaenuTe COOTHOIIEHHE MEXIY MO-

IyJISIMU HaIIPSHKCHHOCTEH TPaBUTALIMOHHOTO 110JIs 3€MJIH B PA3HBIX €r0 TOUKaX.

O0cy:xaeHue pe3ybTaToOB:

e OT 4ero 3aBUCHUT HANPSDKEHHOCTh IPAaBUTALMOHHOTO MOJIs?

e Ur0 0011Ero U B UM pa3yinyue MeXIy HOHATUAMHU “HAIPSYKEHHOCTh IPAaBUTALIOHHOTO MO U
“ycKopeHne cBOOOTHOrO maaeHus?

IIpumeHenne B moBceHeBHOI KH3HN: Kak MOXHO OOBSICHUTH MPHYMHY BO3HHKHOBEHHS TIPH-

JIMBOB M OTJIMBOB B MOPSIX 1 OKeaHax Ha 3emire?

IIpoBecTH CAMOOLIEHKY:
1. Kakue noHsTHs ITOBTOPHIIN Ha ypoke? UTO U3 3TOr0 Bl XOPOIIO MOHSIIM, @ YTO OCTAJIOCh BaM He
SICHBIM?
2. Kak u3MEHHTCS MOy YCKOPEHHUs CBOOOHOTO MaJIeHHs1, COOOIIAEMOTr0 CHIION TSHKECTH Telly
IIpU YBEIMYEHUH MacChl ATOro Tena B 4 paza?
3. YckopeHne CBOOOIHOTO TafeHHs, NEHCTBYIOIIAs Ha TeJlo, MOMEIICHHOE B JAHHYIO TOUYKY
IPaBUTALIOHHOTO MOJIS, PaBHO 7 Cﬂz Uemy paBeH MOMYJIb HANPSHKEHHOCTH I'PaBHTALIOHHOTO

TI0JTS B TOM e Touke?
4. KakoB rpaduk 3aBHCHMOCTH HANpPsHKEHHOCTH TPABUTALIMOHHOTO OIS OT paccTosHusA? Moxkere
11 ©300pa3uTh 3TOT rpaduk?

YTO Bbl Y3HAJIU? 3amumure B paboueM JHUCTKE OMPENEeNCHHUs HIDKECIPUBEICHHBIX ITOHSATHIL:
“HanpspkeHHOCTh I'PaBUTALIMOHHOIO NOJs”, “Moyiib HalpsKEHHOCTH I'PABUTALIMOHHOIO HOJA .70,
“Cuna tsokectr”, “Cuita TSDKECTH paBHa...”, pa3nnaue B GU3NUECKUX CMBIC/IAX HOHATHH “HalpsDKeH-

HOCTb IPaBUTALOHHOTO MOJIS” U “yCKOPEHUE CBOOOHOTO MaIeHUs .
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Bec v HEBECOMOCTB

BapoH MioHxray3seH BbICTynus €
Hay4HbIM JOKNafoM O CTPOUTENb-
CTBE HEOBLIYHOrO MHOTO3TAXHOrO
34aHUA: “...BeC NEPEBEPHYTLIX He-
B6ockpeboB, KOTOpbIe A MOCTPOI, €
NpubnnxeHNeM K LieHTpy 3emnu
6ynert yMeHbLIaTECA. A B LIeHTpe
3eMnu XkuTenu 3gaHus 6yaoyT Ha-
XOAMUTBCS MONHOCTHK B COCTOSHMN
HeBecoMoCTH .

BusHecmeH — A gymato, 4TO HY O KaKOn HEBECOMOCTM
B LIeHTpe 3emnu pa3roBop uatn He moxeTt. Haobo-
poT, Tam noamn 6yayT MeTb O4eHb OOrbLLON BEC.

WHxeHep — HaBepHoe,
Ansa cnycka Ha nudpTe K
LeHTpy 3emnu noHa-
[0BUTCHA HECKONBKO

. OHeWn.

BricnywaB 3ToT Aoknag ...

&

Apwud (yuenuk 10-ro knacca)
— A Ha 100% yBepeH, yTo C
npubnmxeHnem Tena K
ueHTpy 3emnu oHo byaet
npuTarnMBaTbCst ¢ 6eckoHeY-
HO 6OMbLLOI CUION 1 Noan
OCTaHyTCsl Tam HaBceraa.

¢ Kakoe, no-Bawemy, npeanonoxeHue npaBuiibHoe: 6apoHa,
Ou3HecMeHa, MHXeHepa unu Apuda? OTBeT 060CHYHTE.

Uccnepoeanme-1. OnuHaKoB JIM BeC acTPo-
HaBTa Ha Bcex Tejax CotHeYHoli cucTeMbl?
3agaua 1: Bec actponasra Maccoil 70 kr Ha
3emie paBern 686 H. M3menutcs mu Bec acTpo-
HaBTA, €CIIN OH BCTAHET HA BECHI HA TOBEPXHOCTU
napyrux ten ConHedHo# cuctemsl (a)? Jlmst mc-
CJICIOBAHMS IAaHHOW IpOOJIIEMBI MOXKHO BOC-
M0JIb30BAThCsl COOTBETCTBYIOMICH HHpOpMaIeit
o tenax CONHEYHOW CHCTEMBbI M3 TaOJIHIbI (CM.:
tabimna 2.3).

IIpumeuanue. Kax Bbl 3HaeTe, BeC Tea Ha TOPU-
30HTAJIBHOW TOBEPXHOCTH B COCTOSIHUH ITOKOSI,
YHUCJIEHHO PaBeH CUJIe TSKECTH, JAEUCTBYIOIEH
Ha 310 Teno: P =mg (cm.: pusmka-7, ctp. 49).

; Ypan
(a) 36.7‘1..71}1 _ Camypn
Meprypuii R R \;"

Mapc Henmyn

Benepa
FOnumep

Jlyna
TInymon

-

§ -9
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Tabnuya 2.3. Hexomopwie xapakmepucmuxu men Conneunoul cucmemsl
Tena Yckopenue cBo0OI- CpeaHee pacCcTosiHUE OT Macca Junametp
ConHeyHO# | HOro HajeHus Ha Io- Connna (x10**kr) | okBaropa
CHCTEMBI BEPXHOCTH (M/C?) (x10° kM) (kM)
Mepkypuit 3,7 58 0,33 4880
Benepa 8,8 108 4.8 121
3emuist 9,8 150 6 12 756
Mapc 3,8 228 0,6 6 800
OmuTep 23,5 778 1877 142 800
CatypH 11,5 1426 562 120 660
Ypau 9,8 2 869 86 50 800
Hentyn 11,6 4496 102 49 600
CounHiie 27,4 ~1 989 000 ~1 392 000
Jlyna 1,6 — 0,074 3476
O0cy:xaeHue pe3yJbTaTOB:
o Kak u3MeHsieTcst Macca aCTpOHABTa Ha MOBEPXHOCTH Tesl COTHEUHON CHCTEeMbl?
o Ha noBepXHOCTH Kakoro HeOECHOT0 Teja BeC aCTPOHABTA HAMOOBIIH (HanMeHbIi)? [Togemy?

Bec.
® Bec —omo cuna, c KOmopoti meio 6ciedcmeue npumsice- (b
Hus K 3emne Oeticmeyem Ha onopy uiu noogec. Bec Tena
06o3HauaeTcst 6ykBoil P. TOYka MPHIOKEHHS Beca HAXo-
JUTCSI Ha oriope (Wi rmojaBece). Bec HampasieH nepreHu- (0]
KYJISIPHO MTOBEPXHOCTH OTIOPBI MJIK BJIOJIB ToJiBeca. B 3aBu-
CUMOCTH OT COCTOSHUS T€ja €ro BeC MOXKET H3MEHSIThCS mg )
WM OCTaBaThCsl HEM3MEHHBIM.

Cayuaii, Korja Bec Tejia He MeHsieTcsl. Eciu meno na-
X00umcst 8 COCMOSHUU NOKOSL UL OBUNCEMCS NPAMOTU- P
HEUHO PABHOMEPHO NO 20PU3OHMANLHOU NOGEPXHOCIU, MO
e2o eec He usmensemcs. [louemy?

Coenacno 111 3axony Hetomona, éec mena oeticmeyem Ha Xy
Onopy u paser no MoOYMo u NPOMUBONOLONHCEH NO HAN-
PAGIenuIo cune peakyuu onopol N. Cuna peaxyuu npunosicena K camomy meny (b):
P=-N (021 yoobcmea mouka npunodcenust Cuibl peakyui ONopsl CMeujaemcs 8
yenmp mena).

Ecnu meno na noosece naxooumcs 6 cocmosiHuu NOKosi Ui Mecme ¢ no08ecom
08UdICEMC ST NPAMOJIUHEUHO PAGHOMeEPHO, Mo, coeracho 11l 3axony Hviomona, eec
9Mo20 mead, Oelucmsylouwull Ha nodeec, paser No MOOYIO U HANPAGIEH NPOMUEO-
NONOJICHO CULE HAMAIICCHUS. HUMU T. Cuna namsasrcenus npukiadbléaemes K Camomy
meiny (cM: b): P=-T.

Cormacno 11 3axkony HeroTOHa, ypaBHEHHE NBIKCHUS TS TEIA, HAXOSIIIETOCS B
COCTOSIHMH TIOKOSI MJIM MPSIMOJMHEMHOTO PaBHOMEPHOTO JBMKCHUS HA TOPU30H-
TaJbHOI OIIOpE, 3AMUCHIBACTCS B BULE: ma = F.

[lpyHrMas BO BHMMaHHWE, 4TO PE3yJbTUPYIONIAas CHJa paBHA BEKTOPHOW CyMMme
CHJIBI TSDKECTH M CHJIbI PEAKI[K OTIOPbI, YPABHEHHUE JBMKCHHSI IPUMET BHUJI:

md=mg+N. (2.16)

-

=l
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Jnist pernennst ypaBHEHUS] BBIOMPAETCSl OCh KOOP/IWHAT, OTIPEIENSIOTCS TPOSKITNI
BEKTOPOB CHJI Ha 3Ty OCh U, IPUHSIB BO BHUMAHUE 3HAK MIPOCKITNHA, 3aMUCHIBAIOT UX B
ypaBHeHHE. 3a TOJOXHUTENbHOE HamnpanieHue ocu OX BBIOMpaeTCs HaIpaBJCHUE
JercTBUS chitbl TspkecTH (cM: b). YuuTeiBas 3HaUeHHS TMPOEKINN CHIT Ha ATY OCh U
PaBEHCTBO HYJIO ycKopeHust Tena (@= 0) B COCTOSIHUM TTOKOSI WITH TPSMOJIMHEHHOTO
PaBHOMEPHOTO ABIKEHUS, TIOTyYUM YPaBHEHHE ABIKCHUS TeJla B CIIEIYIOIIEM BUJIC:

0=mg—N (2.17)

Otcrofa BUIHO, 9TO BEC Teja, HAXOJMSIIErocs B COCTOSHUM TOKOSI WM TIPSIMO-

JUHEWHOTO PaBHOMEPHOTO JABIKCHHUS, YUCIICHHO PABEH MOJIYITIO CHITBI TSDKECTH:
N=P=mg (2.18)

Cuayuaii, Korjaa Bec Tes1a MeHsieTcsl. Eciu meno emecme ¢ onopoti (i ¢ n008ecom)
08udCeMcs ¢ yeKopenuem 4 6 6epMUKAIbHOM HANPAGIEHUU, MO, 8 3a8UCUMOCIIU OM
HAanpaeienus 08UMCEHUs, 8eC Mmeia Yeauiu8daemcs uiu YMeHbUldemcs.

[IpeanonoxxumM, 4TO TEIO BMECTE C OMOPOU JBHUXKETCS BEPTUKAIBLHO BBEPX C
YCKOPEHHEM @, TO €CTh JBHMIKETCS B HAIPABIEHHH, TIPOTHBO-

(€ X4 MOJIO)KHOM HATPaBJICHHUIO JICHCTBUSI CHUJIBI TSDKECTH. Y paBHe-
HHE JIBIDKCHUS Tea B BEKTOPHOI (opMe ocraercs 0e3 n3Me-
HEHUSL:
. L=
[N ma =mg+ N.
Ecnu HanpaBuTh KOOPAWHATHYIO OCh BJIOJIb HAIPaBICHUS
0 a JBIDKEHHSA (C), MOTYUHM:
ma = N —mg (2.19)
Ymg OTcroa BUAHO, YTO BEC Tela, IBUKYIIErOCsl BMECTE C OIO-
—— pO¥i BEpTUKAIILHO BBEPX C YCKOPEHUEM d yBeauuuBaercs. Ta-
KO€ COCTOSIHUE TeJla Ha3bIBACTCS nepecpy3Koll:
P P=N=ma+mg=m(a+g) (2.20)

SIcHO, YTO eciu TeNo BMECTE C OMOPOH OyAeT ABUraThCs B
HanpaBJICHUN ACHCTBUS CHIIBI TSKECTH, TO €r0 BeC YMEHBLIUTCS:
P=N=m(g—a) (2.21)

Cuayuaii, kora Bec Teja paBeH HYJII0 — HEBECOMOCTb. Ecnu meno 0gudicemces
MONbLKO NO0 Oelcmaeuem pasumayuOHHOl CUlbl, MO eCMb e20 YCKopeHue bydem
PABHO YCKOpeHUto c80000H020 nadenus (A = g), mo eec mena Oyoem pageH Hyio.
Takoe cocTostHHE Tela Ha3bIBAETCS He8eCOMOCIbIO:

P=N=m(g—g) =0 (2.22)

Wccneposanue-2. NMpumeHenne. B kakoM cirydae Tesio AeliCTBYeT Ha OABeC ¢ GOJIbIIIei CHiIoii?
3amaua 2. Teno mMaccoil m, MOJBEIIEHHOE HA HUTH, JBHMIKETCS BMECTE C TIOJBECOM C YCKOPEHHEM d.
Orpeienute BEC 9TOTO TeA, €CIU CUCTEMA TEJIO-I0/BEC:
a) 08uUdICEMCsL 8 HANPABIEHUL OCUICTBUS CUTILL TNANCECTIU,
b) Osudicemcs 6 HanpasieHuu, NPOMUBONONIONCHOM Oelicmeuio cunbl msdcecmu. Ilpedcmagome
O0BUDICEHUSL CXEMAMUYECKU, CONPOMUBTIEHUE 8030YXA He NPUHUMAMb 60 GHUMAHUE.

O0cyxneHue pe3ybTaToB:

e UeMy paBeH MOJIYJIb CHIIBI HATSKCHHS HUTH, €CJTH CHCTEMA TEJIO-TIOIBEC IBIKETCS B HATPABICHUH
JIEWCTBHS CHIIBI TSKECTU?
o Kak 3amuchIBacTCs ypaBHCHHUE JBHKCHUS TEJa, KOT/[a CHCTEMa TEIO-IT0IBEC JBIKETCS B HAIIPAB-

JICHUH, TPOTHBOIIOJIOKHOM JACHCTBUIO CUIIBI TSXKECTU?

62



I[IpumeHeHne B OBCEIHEBHOM KU3HN:

[IpencraBeTe cebe, YTO BO BpeMs MMOE3IKM HAa aBTOMOOWIIE B AEPEBHIO BB CTOJIKHYJIHCH C HEOO-
XOIUMOCTBIO TTPOEXATh M0 TOPU3OHTAIBHOMY AEPEBIHHOMY MOCTY 4depe3 MONHOBOAHYIO peky. Ha
BBIBECKE y OOOYHHBI IOPOTH OTMEUCHO, YTO MOCT MOXKET BBIICp)KaTh MAKCHMAIIBHYIO Maccy B 1,3
TOHHBL. Macca aBTOMOOHIISL ¢ BaMU U ¢ rpy3oM paBHa 1300 kr. PuckHere 1 BBI, HE OCBOOOXKIas
aBTOMOOWIIb OT TPy3a, nepeexaTh MocT? C Kakol CKOPOCTBI0 HEOOXOIUMO MepeexaTh MOCT, YTOOBI
ero He pa3pymuTh? OTBeT 00OCHYyiiTe.

IIpoBecTn camooueHKY:
1. Kakue nonsaTus nosropunu Ha ypoke? UTo 13 3TOT0 BBl XOPOIIO MOHSIH, @ YTO OCTAIOCh BaM HE
SICHBIM?

2. B kakux cirydasx BeC Tella U CHJIa TSHKECTH COOTHOCSATCS Kak:
a)P=mg, b)P>mg c)P <mg?
3. JlokaxuTe, 4TO, €CIIU TEJIO ABHIKETCS BMECTE C OIOPOM B HANIPABICHHUH ACHCTBHUS CUIIBI TSDKECTH
¢ yckopenuem d, ero Bec pasen P = N = m(g — a).
4. B KaKoM cIrydae Teno HaXOJUTCS B COCTOSHHN HEBECOMOCTH:
a) CIIOPTCMEH, MPBITAFOIINI C TPAMIUIHHA, 10 TOTPYKEHHS B BOLLY;
b) omycKarnMics Ha 3eMJTEO MAPAIITOTHCT;

¢) maccaxup Judra, OJHUMAIOLIEr0Cs BBEPX;
d) manaromuii ¢ 6aKOHA IIBETOYHBIH TOPIIIOK; OPOIICHHBINA BBEPX M.

YTO Bbl Y3HAJIM? 3anumute B paboyeM JHCTKE ONPEACTCHUS HIKENPUBEICHHBIX MOHSITHI:

[13 9 < CLINTS ELINT3 ELINTS

BEC ', CHJIa PCAKIIMU , CHJIAa HATSIKCHUSA ', TICPErpy3Ka -, HEBECOMOCTH”.
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* [IPOEKTe® C xakoii CKOPOCTBI0 HCKYCCTBEHHBIH CIIyTHUK BBIBOJUTCS B KOCMOC?

3amaua. Kakyro ckopocTb HEOOXOIMMO COOOIIUTE TelTy, YTOOBI OHO, CTaB MCKYCCTBEHHBIM CITYT-
HUKOM IUIaHEeThl Maccod M n pagauycoM R, Bpamanock BOKPYI' HEro 110 KpyroBod opOHTe Ha BBI-
coTte h OT HOBEPXHOCTH IUIAHETHI?

e Ckopocmb, KOMOPYI0 He0OX0OUMO COOOWUMb Mey Y NOBEPXHOCIU NilaHembl, Ymobvl npespa-
Mums €20 6 UCKYCCMEEHHbLI CHYMHUK 2MOU NIAHeMbl, 8pawarouyuiics no Kpyeoeou opbume,
HA3b16a€MCsl NEPEOI KOCMUUECKOIU CKOPOCHIBIO.

JlaHo Pemenue
Macca nianetst — M, Ilpumeuanue. VI3BecTeH XapaKkTep ABWKCHUS: a) KPYroBasi TPACKTO-
paanyc miIaHeTs — R, pHs IBIDKEHUS; b) IMHEHHas CKOPOCTh MOCTOsIHHAsA. B3aumuast cuma

BBICOTA /I OT IOBEPXHOC- | MPHUTSHKEHHS MEXKIY IIAHETOH M MCKYCCTBEHHBIM CITyTHHKOM CO00-
TH IUTAHETHI, HA KOTOPOH | IIaeT CIyTHHKY IEHTPOCTPEeMHTeNbHOE yckopenue (a). Ilostomy

JIBIDKETCS CITy THHK. YpaBHCHHUE JIBUKCHHUS CITyTHUKA 3aIUCHIBACTCS B BUJIC:
v—7? G mM ¢ M
ma=G-—m-a=G——.
(R + h)? (R + h)?

Tak xax HEHTPOCTPEMHUTEIBHOE YCKOPEHUE TEJIa, IBHUKYIIETOCS paB-
2

o U
HOMEPHO IO KPyroBOi opOHMTEe Ha BbICOTE h, paBHO a = aen e O

HOJIy4YHUM CUCTEMY YPaBHCHHUIL:
G M
(R + h)?
a=—-—
R+h
DopMyI1a nepBoit KOCMIYECKOI CKOPOCTH BEIBOAUTCS PEIICHUEM ITOM
CHCTEMBl YPaBHEHUH OTHOCHTENIBHO CKOPOCTH ». MoxeTe i BbI
HOJIYYUTh 3Ty (opmy.y?

(a

O0cy:kneHne pe3yJbTaTOB:

e YemMy paBHa IepBast KOCMHUUECKasi CKOPOCTh, COOOMIaeMast Tey A MPEBPAIEHHs ero B HCKYC-
CTBEHHBI CITyTHHK I1JIAHETHI?

e Kak 3aBHCHT nepBas KOCMHYECKas CKOPOCTh OT MacChl HCCKYCTBEHHOI'O CITyTHHKa?

e Bprupciure nepByl0 KOCMHYECKYI0 CKOPOCTh y HoBepxHocTH 3emin (h < R) u Ha BbICOTE
h =300 m or nosepxuoctu 3emyn. [IpuHATL BO BHUMaHKE, uTO Macca 3emu M = 6 - 10%* r,
a paauyc R = 6400 kM.
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m C UINA YNPYIroCTU

Ha ocHoBe npuHumna

paboTbl apx1MenoBoi
/TeXHMKVI B 80-x rogax
S0 4 XIX Beka napwpxckum
% B Ill Beke 00 Hallen apbl UMpK “®paHKoHK” BriepBbie
LPEBHWE rPEKN ycneLuHo Haqan ASMOHCTPALIIO NYLLKN

CTpensioLWen “KMBbIMU CHapsi-

MCMOJib30Barv B CPaXXeHnsx,

namn’”.
N3roTOBMNEHHYO APXV",MeF'-OM B aTTpaKkuMoHe Nopox 1 ra3 He UCMoSib-
0BOPOHHYH “TEXHUKY. 30Bascs, a BO3HMKAKOLWWUA ObIM U 3BYK
HY>XHb! BbIN TONbKO ANs achdpekTHoN ae-
MOHCTpaLMu.
": \ = Y7o obwere Mexay npuHUMNom paboThbl ApeBHerpeYecko BOEHHOM

TEXHUEM W NYWEX © “XuBbiMKu cHapagamu” B XIX Beke?
« 33 CYeT Yero MOXHO QOOUTLCA Gonee AanbHero 6pocka “cHapsga”

I!' & ATHM OpYHHeM?

Wccneposanme-1. YUro onpesesisieTcsi OTHOLIEHHEM CIJIBI K YIJTMHEHUIO NIPYKUHBI?

O0opynoBaHue: THHAMOMETD, HAOOP TPY3UKOB, JINHEWKA, IITATHB C 3AKUMOM H MY (TOH.

Xon ncciie10BaHNS:

1. 3akpenuB TUHAMOMETp B 3)KMME IITATHBA, JOOCUTUCH, YTOOBI €ro CTPENIKa CTOsUIa Ha HYJICBOM
JICTICHHH.

2. IloaBecbTe Ha KPIOYOK JUHAMOMETpa Ipy3 maccoil m. o mokazanusm 1uHaMoOMeTpa U JIMHEHKH
onpenenuTe Cwiy F; W yainHEHUe MpyXKuHbI X, (a). Pe3ynbraThl 3aHECUTE B COOTBETCTBYIOIIHE
sraeiiky Tadmnpl 2.4.

3. [loBTOpHTE OMBITHI MOCIIEAOBATENHHO JOOABIAA K TPY3y Ha JUHAMOMETPE BTOPOH, TPETHIL 1 YeTBEp-
TBII TPy3bl OIHAKOBOM MAacchl U, onpenenss Cuisl Fy, F3, F, 1 COOTBETCTBYIOIIUE UM YJIUHEHUS
HPY>XKUHBI X5, X3, X, , 3aHECUTE BCE B TAOIMILY.

F, F, F F

4. BeraucimTe Ha OCHOBAaHHH TOJIY4YCHHBIX 3HAYCHUI OTHOIICHHS x— » x— '3 o
1 2 3 4

Tabnuya 2.4 (a) T T

No Cuna, fefictByromas Ha | Y UIMHEHHUE 5 L

- rpy3: F (N) MpY>KUHBL X (M) X =

1 F, = Xy = §

2 F, = Xy, = T
3 F; = X3 =
4 F, = Xy =

OO0cyxaeHue pe3yjabTaToB:
F
o Kaxyro (pu3HUecKyI0 BEINYUHY Bbl ONPEAEIUIN U3 OTHOILICHUS —?
X

e Kak u3MeHseTCs 3TO OTHOIEHHE C yBEJIHMYCHUEM I'py30B Ha AuHaMmometpe? [louemy?

Cuiibl 3JIeKTp0MaFHI/lTHOﬁ NMPUPOALI. I/I3BCCTHO, YTO HaA’3JICKTPHU30BAHHBIC 3JICK-
TPUYCCKUM 3aps oM TEJia IMPUTATUBAIOTCA WM OTTAJIKUBAIOTCA CUJIaMH JJICKTPH-
YECKOI'o Xapakrepa. Ecmm xe DJICKTPHUYICCKUC 3apAaAbl B TCIax 6y,ElyT JABUTATBCA ApYyTr
OTHOCHUTEJIbHO JpyTa, TO AOIOJIHUTECIBHO K JJICKTPUYCCKHUM CHJIaM MEXIY TEllaMUu
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BO3HHUKAIOT MAarHUTHBIE CHJIbL. DTU CHIIBL, IIPOYHO CBS3aHHBIC MEKTY COOOM, HEBO3-
MOYKHO OTJIEJIUTH JAPYT OT ApyTa, HOTOMY YTO OHH JIeHCTBYIOT OZJHOBpeMeHHO. [loaTomy
TOBOPSAIT, YTO B3aUMOJIEICTBIE MEXIYy HadJIEKTPU30BAaHHBIMU TEIaMH IPOUCXOJUT B
pesynbTate ASUCTBUSL Clul DNeKMPOMASHUMHOU npupoosl. CUIIbI YIPYTOCTH U TPEHHUS,
SIBJIFOIIUECS IPUYMHON U3MEHEHUS CKOPOCTH MEXaHUUECKOIO JIBMXKEHHUS Tella, TAKKe
SABJISIIOTCS CULAMU SNIEKMPOMASHUMHOU NPUPOObL.

Cuia ynpyrocTu — 310 CHJIA 3JIEKTPOMATHUTHOM PHPO/bI.

Kak BbI 3HaeTe, m000e TBEpA0E TEJO M0/ ASHCTBUEM BHEIIHEH CHIIBI HCIIBITHIBACT
odegpopmayuro (cM.: pusuka-7, cTp.45).

o Jlepopmavuei nasvisaemcs usmenerue popmul U pazmepos meia noo oelcmeuem
eHewnell cunvl. B pesynbrare geopMaliy IpoOUCXOAUT CMELIEHHE aTOMOB U MOJIEKYJI
OTHOCUTENBHO JPYT APYra: PaccTOSHUE MEXIy aTOMaMH WM YBEIUYMBACTCS, WIH
yMmenbIaercst. Takoe cMeleHNe BbI3bIBACT COOTBETCTBYIOIIECE YBEIMUCHUE UITH YMEHb-
LIEHHUE JEHCTBHS CUII 3JIEKTPOCTATHYECKOTO B3aUMOJICHCTBYS 3apsiIOB BHYTPH aTOMOB
(TIOJIOKHUTENBHBIX SIEP M OTPUIIATEIBHBIX JJIEKTPOHOB). B pesynbrare, B nedopmu-
POBaHHOW YaCTH TeJla BOSHUKAET CHJIa AJIEKTPOMArHUTHON TPUPOBI, ‘‘CTaparorasics’”
BEPHYTH TEJIO B IIEPBOHAYATIEHOE COCTOSIHUE — CUTOU YHPY2OCTHU.

e Cuna ynpyzocmu — 3mo cuid, 603HUKAOWAs. Npu 0eopmayusx meepooeo mena u
oelicmeylowas 6 HanpasieHu GOCCMAHOGNEHUS MENA 8 NEPEOHAUATILHOM COCIOSIHUU.

Ecnu nocne npexpaiiieHus 1eCTBUS Ha TEJI0 BHEIIHEHN CHUIIbI OHO TI0]1 IEUCTBUEM
CHJIBI YIIPYTOCTH MOJHOCTBIO BOCCTaHABJIMBACT CBOIO (POPMY M pa3Mephl, TO TaKast
nedopMmarisi Ha3bIBaeTCS ynpyeou Oeghopmayueli, €Cd Ke 3TO HE MPOUCXOINT,
niacmuveckot oeghopmayuel.

Paznmnuarot cienyromye BUIbI AeOpMALUN: pacmsdiceHue-cocamue, useuo, Kpy-
yenue u cosue. llpu nedopmauun pacmsoicenue-cocamue N3MEHIETCS] PACCTOSTHHUE
MEXIy YacTAMH Tela, a MpH Aedopmanuu cdguea 4acTH Tella CABUIAIOTCS Mapaj-
JISIBHO JIpyT apyry. Jedopmarusi u3rud cOCTOMT U3 KOMOMHAIUU JedopMaiuu
CKaTHsl M PacTsHKEHUSI 9acTe TBepHoro Tena, a aedopmanus KpydeHUs U3 KOM-
ounanuu nedopmanmu cnsura (b).

(b)

Hepopmayusa Hecpopmayus Hepopmayusa Hegpopmayusn
cocamust cosuea useuba KpyueHust
3akon I'yka. /lepopmarius pacTspKeHHE-CKATHE TBEPIOTO TEla XapaKTepu3yeT-
Ci BCIIMYMHaMH, Ha3bIBACMbIMU abconommuvim ydﬂuHeHueM n omHoOCcumeaIbHbIM yd—
JIUHEeHUueM.

Al=1—1,, (2.23)

e=2=h (o0

Tl lo
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3neck lp — HavanbHas, a [ — KOHEeUHas JJIMHA TBEJOTO Teia, Al — ero abcoaoTHOE
VIUIMHEHHE, a £ — OTHOCHUTENbHOE ymnHeHue (ecimu Al<<l[), To Habmomaercs ym-
pyras nedopmarusi). B CU [Al] = 1 metp, [¢ ] — Ge3pa3mepHast BEIUYHHA.

TBepaoe Teso, Haxozsmeecs B JeOPMUPOBAHHOM COCTOSIHUH, XapaKTepU3yeT-
CSl MEXAHUUECKUM HANPSINCEHUEM.
e Mexanuueckoe Hanpsaicenue — d5mo Qu3udeckas GeIUdUund, pagHas OMHOUEHUIO
Mmooyasi cunvt ynpyeocmu (Fynp), 603HuKwieli 6o epems oegpopmayuu, K niowaou
nonepeyHoeo ceuenus mead (S):

o = (2.25)

Ennanna m3mepenns Mmexaandeckoro Hanpspkerust B CU — nackans (Ila):

H
[o] = 1— = 11la (nackanb).
M

e 3akon I'yka: [Ipu manvix depopmayusx MexaHuyeckoe HanpsdiceHue npsamo npo-
NOPYUOHATLHO OMHOCUMENbHOMY YOTUHEHUIO:
o=E-"|e|. (2.26)
E — k03¢ hunpeHT nponopuroHanbHOCTH, Ha3bIBaeMBbIH MoOdyiem FOnea.
o Mooynv FOnza — smo usuueckas 6enuyuna, YUCIEHHO PAGHASL MEXAHUYECKOMY
HAanpsijicenuio, Heooxooumomy Oas yeeaudeHus OJUHbL MOHKO20 CMEPICHS 8 08d

paza. Monyns FOHra 3aBUCHT OT MaTepHaia, U3 KOTOPOTO M3TOTOBICHO TEJO, eu-
auia ero usmepenus B CU — nackanv: [E| = % = 1T1la.
[Ipunss Bo BHUMaHue ypaBHeHus (2.24) u (2.25) B 3akoHe ['yka (2.26), mogydum:

Bop _ gl R = = all (2.27)
0

- =
S I ynp
3nech
ES
—=k (2.28)
lo
Ha3bIBACTCA KOdPPuyuenmom ynpy2o0cmu Uik HCeCmKoCmupio CIMePIHCHSL.
Kecmkxocmy, asnssce k03phuyuenmom nponopyUoOHaILHOCMU MeXHCOy CUON Yh-
pyeocmu u abCOMOMHBIM YOIUHEHUEM, 3A6UCUN OM MAamepuand, u3 KOmopo2o
U320MOBNIEHO MENI0, U €20 2eOMEeMPUYECKUX PAZMEPOS.
[TpunsB Bo BHUManue Gopmyiy (2.28) B hopmyne (2.27), 3akoH ['yka MOXKHO
3ammcaTh CIeIyIOUM 00pa3om:

Fynp = k|Al| (2.29)
OO0BryHO 3aK0H ['yKa umeeT BU:
Fg,np = —kx (2.30)

I'ne x = Al BelpaxaeT abCOTIOTHOE yUIMHEHHUE, a 3HAK MUHYC IIOKa3bIBAET, YTO
CHUJIa yIPYTOCTH HAaNpaBjieHa MPOTHUB HANIPABJICHUS CMEILICHNUS YacTHIl Tesa (IIPOTHB
YATUHEHHS).

Enuuanna nsmepenus xecrkoctu B CU: [k] = =52 =
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JluarpaMma pacTsiKeHust Gk (c)

® Juazpamma pacmsdicenus — omo spagui sagucuvocmu | ]
MEXAHUYECKO20 HANPANCEHUS O OMHOCUMENbHO2O0 YOIU-
Henus meepooeo mena. Ha nuarpamme (c): 3 4
a) yuacTok 0—1 — 5T0 yyacToK, Ha KOTOPOM IIPH MaJIBIX O -~
nedopmarusax MexaHHIeCcKoe HalpsHKeHHe IPSIMO TIPO- ;- e
HOPIUOHAIBHO OTHOCHTEIIBHOMY YIMHEHHUIO, TO €CTh wat-fl
BBITOJIHACTCS 3aKOH ['yKa.
e Makcumanvroe 3nHaueHue MexamuvecKko2o Hanpaxice-

HUsL, npU KOMOPOM euje 8bnoHAemcs 3akon I yka, nasui- i r

6aemcs npeoeom nPOnOPUUOHAILHOCIU (Onpon).

Ha yuactke rpaduxa Beime nudps 1 3akon ['yka Hapymiaercs, HabIroaeTcsl HeluHelHas nedop-

Marus;

b) yuacTok 1-2 — COOTBETCTBYET y4acTKy, Ha KOTOPOM yIpyras aehopManus COXpaHsIeTcs, TO eCTh
TI0CJIe TIPEKPAICHNUS BHEIITHEr0 BO3EUCTBHUS 00pa3el; BO3BPAIIACTCSI K CBOMM II€PBOHAYAILHBIM
pazmepam.

o Makxcumanvroe Hanpsdicenue, npu KOMopoM euje 803HUKAen Ynpyaas 0eopmayus, Ha3bléaemcs

npedeiom ynpyzocmu (0,,,,). Mexanuueckoe nanpsoicenue 60ibuie npeoena ynpy20cmu 6bizbieaem

nracmuyeckyro oegpopmayuio;

C) y4aCTOK 2—3 — MeXaHNYECKOe HAIPSDKCHUE, COOTBETCTBYIONIEE IITACTUIECKOH Ae(opManium;

d) yuactok 3—4 — 5T0 yuyacToK “Texydectn” oOpasma. MexaHHYecKoe HANpPsHKEHHUE (Omex) UMEET
MIOCTOSIHHOE 3HaYCHUE, OTHOCUTEIIHLHOE YATHHEHUE YBEIMIUBACTCS;

€) Y4aCTOK 45 — 9TO y4acTOK C pe3KUM yBEITMYEHNEM MEXaHUYECKOTO HAPSDKEHHUS, COOTBETCTBYET
Pa3pyIICHUIO Tela.

o Makcumanvroe mexanuueckoe Hanpsicenue, npueoosujee K paspyuleHuio meid, Ha3bléaemcs

npeoenom npounocmu (0 ;,,.).

Wccneposanme-2. Mpumernenne. Ilpoeepka 3akona I'yka L em ()
3agaga: Ha pucyHke 1aH rpaduk 3aBHCHMOCTH JUTUHBI YIIPYTON PYXKHUHBI

OT CHJIBI, IPIIJIOXKEHHOH K Hell (d). OnpeennTe )KeCTKOCTb NPy KUHBL. i
O0cy:xkaeHue pe3y/1bTaToOB:

o Kak BbIpakaeTcs 3akoH ['yka?

o C OMOIIIBIO KaKOH (hOPMyYITBI MOJKHO OINPEIEITHTD XKECTKOCTh PYKUHBI?
e OT 4ero 3aBUCUT KECTKOCTb MIPY>KUHBI? ] 2 4 F:}V
IIpuMeHeHUe B OBCEIHEBHOM JKU3HU: ’

Hnozoa ympom no 0opoze 8 WKoy, bl MOdcene yeuoens HeKomopbie NOCIeOCMEUs CUTbHO20 HOYHO2O0

eempa: 6bICOKUE U MOJCMble COCHbL OCMANUCL 8 BEPMUKAILHOM NOJOJNCEHUY, 0OHAKO HA DMOU dice

meppumopuu HeKomopbvie OMHOCUMENbHO HUSKOPOCTble HUHAPLL ObLU CIOMAHD.

e EcTb 11 Kakasg-1u00 CBsI3b 9TOTO SIBIEHHUS ¢ CHilol ynpyroctu? OTBeT 000CHYyMHTE.

IIpoBecTH CAMOOLIEHKY:

1. Kaxne moHsTHS MOBTOPHIIH Ha ypoke? UTO M3 3TOTO BBI XOPOIIO MOHSIIH, @ YTO OCTaJIOCh BaM HE
SICHBIM?

. ITouemy cui1a ynpyrocTs sIBISETCS CUIIOH SIEKTPOMAarHUTHOM NpUpoabl?

. Ot yero 3aBUCHT cHIIa yIPYTOCTH?

. Uro 001ero u 4eM OTIMYAIOTCS MEXAY CO00i MeXaHHYeCKoe HaNpshkeHUue 1 Moy b FOHra?

. IocTpoiite rpaduk 3aBUCUMOCTH MOJYJISl CHIIBI YIIPYTOCTH, BOSHUKAIOLIEH B IPYKUHE KECT-
kocTbio 200 H/M, 0T abGCOMIOTHOTO Y UTMHEHNSL.

[ SNRUS I )

YTO Bbl Y3HAJIU? 3anumure B paboueM JHCTKE ONPEEeNCHUs] HIDKEIIPUBEICHHBIX MTOHSATHIL:
“nedopmanus”, “cuna ynpyroctu”, “MexaHnueckoe Hanpspkenue”, “3akon I'yka”, “momyns FOHra”,
“)KECTKOCTH .
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m CI/IJ'IA TPEHUA.

OBWXEHUE Nopa OEMCTBUEM
CUlbl TPEHUA

[MpoBeguTe NpocTon Ha NepPBbIV B3rNsA4 9KCNEePUMEHT.
Bo3bMuTe ABa fviLia 04MHAKOBOro pasMepa: 0O4HO CBAapeHO B
KpyTyto, a apyroe coipoe. [NpuBeanTte nx oAHOBPEMEHHO BO
BpaLLaTenbHOe ABWKEHNE (3TOT IKCMEPUMEHT MOXHO
NPOBECTU C NOABELLEHHBIMU Ha HATU SNLAMK).

¢ Kakoe s11iLl0 ocTaHOBUTCA GbicTpee: cbipoe unu kpytoe? Mouemy?

Wccnepoeanmve-1. YTo BbI HOMHHTE 0 CHJIe TPeHUS?

3amaua 1: Onpenenure K03(hGUIMEHT TPEHUS CKOJIBKEHUS IEPEBIHHOIO OpycKa 110 TI0BEPXHOCTH
JIEPEeBSHHON JOCKH Ha OCHOBAaHHUHM IIPEJCTaBICHHOW Ha PUCYHKe MH(pOpManuu (a), Omupasch Ha
3HAHMS O cuile TpeHus (cM.: Gpusnka-7: crp. S0 u Tabnuua 2); IPUHATH BO BHUMaHHUE, 4TO KO3 du-

m
LUEHT TPEHUsI CKOJIBXKEHHMs JuIsl iepeBo-aepeBo i = 0,5; g = 10 =

Obcy:xaeniie pesyibTaToB: (a)
o Ot 4ero 3aBUCUT KOI(PPUIMEHT TPEHHUS CKOJIBKEHHUS? R 7
e UeMy paBeH MOJyJIb CUJIBI TPEHUA? M‘@- [ e b it

e Uro Ipounu3onLIo 61)1, eciu Obl OTCYTCTBOBaJla Cujia TpeHI/Iﬂ?

Cuaa tpenns. Cuna TpeHHUs BO3HHMKAeT MEXIy CONPUKACAIOUIUMHUCS JIpYyr ¢
JpyroM TejlaMHM M HalpaBjeHA BJOJb OBEPXHOCTH CONPUKOCHOBEHUS NMPOTHB UX
OTHOCHUTEIHHOTO JBIKEHUS. [IprunHON BO3HUKHOBEHHWS CHIIBI TPEHUS SBISIOTCS
HEPOBHOCTH COTIPHKACAIOIINXCS TTOBEPXHOCTEH M “CHIIBI cLIeTIeHHs” (CHIIBI MpH-
TSDKCHUS) MEXIY MOJIEKYJIaMH 3THUX I[OBEPXHOCTEH. BO3HHMKHOBEHHE TaKHX CHII
MEX]Ty MOJIEKYJIaMH OTIPEIETISET AIEKTPOMArHUTHYIO TIPUPOIY CHIIBI TPEHHUS.

Cy1IecTBYIOT TPH BHUIA CHJIBI TPCHHUS:

o Cuna mpenus CKOAbHCEHUs — Mo CUIA MPeHUsl, BO3HUKAIOWAS NPU CKOJbICEHUU
00H020 mesia no NOGEPXHOCIMU OPY2020 MeJd.

e Cuna mpenus KaueHus — 3mo Culd mpeHus, 603HUKAIOwas, Ko20a 00HO melo
Kamumcs no no8epxHoCcmiL 0py2020.

e Cuna mpenus NOKOA — 5mo CUIA MPEeHUs, BO3HUKAIOWAS MedHCOY MEeNaMU, HaX00s1-
WUMUCA 8 COCMOAHUU NOKOSL OpY2 OMHOCUMENbHO

opyea. Yucnenno cuna mpenus nokos pasna cure (b) AN’

ms2u, HANpagneHHol NapaieibHo NO8ePXHOCMU (f ) -

CONPUKOCHOBEHUSL HENOOBUIICHBIX Tell, U HANpasiie- TP/ nok. Forgru
« o

Ha npomus nee (b).

HpI/I OIPEACIICHHOM 3HA4YCHUU CUJIBI TATHU TEIIO
HA4YMHACT ABUTATBCA U CKOJIB3UTH IO IMOBECPXHOCTU 'mg
JAPYTroro Tejia — BOSHUKACT CHUJla TPEHUS CKOJIbKCHUS.

Yucnennoe snauerue cuiibl MPEHUA CKOJIbIHCEHUA NPAMO NPONOPUUOHATIbHO CUle peaK-

yuu onopbuol (cwze anﬂeﬁuﬂ) U paeHO MAKCUMATIbHOMY 3HAYEHUIO CUJIbl MPEHUSl NOKOA.
max

(Frp')CKOJ'IIﬂKeHI/IH - (FTp')HOKOﬂ - ‘uN (231)
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I'me u — xo3dHUIHEHT TPONMOPIIHOHATBHOCTH, HAa3bIBACMBIH KO3(duyuenmom
mpenusi ckoaviicenus. Kosgpguyuenm mpenusa cxonvoicenus 3agucum om mame-
PUanos, uz KOMopwIx u320MoG1eHbl CONPUKACAIOWUEcs mead, U Kaiecmed oopabom-
KU COnpuxacanowuxcs nogepxnocmel. | —0e3pa3MepHas BeIMUUHA, CIMHNALA H3Me-
PEHHS OTCYTCTBYET.

B 3aBHCHMOCTH OT CBONCTB COIIPUKACAIOLIUXCS TIOBEPXHOCTEN CUITy TPEHUS Ha-
3BIBAIOT CYXOU CUNIOU MPeHUs N CUNOU CONPOMUBTEHUSL.

e Cyxoe mpeHue — 5mo mpenue, 803HUKaAIoujee MeHcoy NOGEPXHOCMAMU CONPUKA-
caowuxcs meepovix mei.

e Cuna conpomugnenus — >3mo cuid, 603HUKAIOWAS 80 8PEMSL OBUICEHIUS MEEPOO20
mena 6 HCUOKOCmU Ul 2ase.

JBusKeHMe MoA AelicTBHeM CHJIbI TpeHusl. Mccnenyem pazHble ABMKEHUS Tera
Maccoi M MoJ| AEHCTBUEM CUJIBI TPEHUS:

1. Teno osusicemcs npAMOIUHEUHO PABHOMEPHO NO 20PUSOHMATLHOU NOGEPXHOC-
mu. Bee cuibl, TeHCTBYIONINE HA TENO, ITOKa3aHbl Ha cxeme (¢). [Ipu paBHOMEpHOM
JIBUKEHUN Tena ero yckopenue a = 0, cienoBatensHo, Il 3akon HproToHa, nimu
YpaBHEHHUE IBUKEHMSI T€Ia B BEKTOPHOM BHJIE 3aIICHIBAETCS TaK:

0 = Fopy + Ep + N +mg.

BbiOpaB KOOpAMHATHYIO OCh BJIOJIb HAINPABICHHS CHIIBI TATH (B HAIPABICHUH
JIBIDKCHUS) U MTOJTYYUB MPOCKIIMH BCEX CHJI HA ATY OCh, MOJKHO HAIUCATh yPaBHEHHE
JBIDKEHHS (CM: €):

0=Fau—FEp+0+0.

3nech ObUIO MPHHATO BO BHUMAHHE, YTO MPOCKIIMH CHJIBI PEAKIMH W CHIIBI
TspKeCTH Ha 0cb OX paBHBI HYJIIO — 3TH BEKTOPBI EPIICHIUKYIISIPHBI OCH.

Takum 00pa3om, MOIyJIU CHJI, ACHCTBYOLIMX Ha TEJIO, IBHIKYIIEECS PABHOMEPHO
OPSMOJIMHEHHO 10 TOPH30HTAILHOI OBEPXHOCTH, MOMAPHO PABHBI M KOMIICHCHPY-
10T B3aUMHOE JICHCTBHE JIPYT JIpyTa:

N =mg Fygy = Frp = uN = pmg. (2.32)

—_—
© AN (d AN —AD
F;TD FTHI‘I/I F:p ?Tgn
.
. — , X 0 X

2. Teno 0sudicemcs NPAMONUHENHO PAGHONEPEMEHHO NO 20PU3OHMANLHOU NO-
sepxnocmu (d). B aToM cirydae ypaBHeHHE IBIKEHUH TeJla B OOIIEM BHIE:
>

- = - —
ma = Fgpy + Ep + N +mg. (2.33)
CrpoermpoBaB CHIIbI Ha TOPU30HTAIBHYIO KOOPHMHATHYIO OCh, 3aIHIIEM YPaB-
HCHUC IBUKCHUA B CKAJIAPHOM BU/JC!
ma = Fmrn - Frp = FI‘HI‘I/I - pmg. (234)
JIroGast BenarHa, BXOISIIAS B TIOCIIEIHEE BRIPAKEHHUE, C JIETKOCTHIO OMPE/IENAETCS.
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3. Ha dsudicyweecs meno Oeticmeyem moivko cuia mpenus. Tak Kak cuia Tpe-
HUS BCETJIa HAlpaBJICHA MPOTUB HAMPABJICHUS JBIKCHUS, TO YCKOPEHHUE, CO00IIa-
eMo€ 3TOM CHIJIOH, HAMlpaBiICHO IPOTUB CKOPOCTH ABMkKEHUS Tena. [loatomy, ecnu
Ha JIBIDKYIIIEECs TeNo EHCTBYET TOJIBKO CHJIa TPEHHS, TO OHO TOPMO3UTCs. B aTomM
ciydyae ypaBHEHUE IBUKCHUS 3alMCHIBACTCS B BUIE:

md = F, + N + mg (2.35)
ma = F, (2.36).
Jlns yckopeHnust Tena nMeeM
P _pmg_
m m

Otciofia MOJKHO ONpEeNUTh TOPMO3HOM IyTh U BpeMs TOPMOXKEHMs Tela, JIBU-
JKYIIErocs 1o FOPU30HTAIBHON I0pOre:

L B S
P 2a  2F, 2ug '
U, mo U,
=2=_2-2 (2.38)

t
Poa Ry g

Te10 ABHIKETCS 10 HAKJIOHHOMH IIOCKOCTH

® Haxnounas nockocnis — 9mo nioCKocmy, 00pasyouas
onpeoeneHHblll y2oi @ ¢ eopuzonmom. Kak mokazaHo
Ha PHCYHKE, CHJIa TSHKECTH, ICHCTBYIOIIAs Ha Teo,
JIBIDKYIIIEECS] PABHOMEPHO O[] ICHCTBUEM CHJIBI TSTU
10 HAKJIOHHOM TIOCKOCTH, PacKJIa{bIBASTCsI Ha JIBE CO-
CTaBJISIOIIME CHJIBI: COCTAaBJIIONIYIO, IapauICIbHYTO
IIOBEPXHOCTH Fj, W COCTABIISIOIIYIO, IIEPIICHIIKYJISP-
HYIO TOBepXHOCTH I (€). B 5ToM cItyuae MoJ1yIib CHIIBI
PEAKIIMHI OMOPEI PABEH MOJLYIIO COCTABIIAIOMIEH F /:

N = F, = mgcosa, (2.39)
FEp = uN = pmgcosa, (2.40)
F = mgsina. (2.41)

VYpaBHeHHE JBIKEHHMS TeJIa [0 HAKIIOHHOH IUIOCKOCTH B OOIIEM BHJIE 3alIUCHIBACTCS TaK:
. = 5 - 5
ma = Fpy + Fp + N +mg.
Jlnst pemeHus ypaBHEHUsI BRIOMpaeM MPsIMOYTONbHY0 ciucTteMy kKoopauHat XOY, HaX0JUM MPOeK-
LIUH CUJI HA €€ OCU U IIOJIy4aeM CUCTEMY JIBYX YPaBHCHHUI:
may = Emm - Erp - F||
—N_F (2.42)
may = e
Beumy orcyrcTeus sBmkenns Bioib ocu OY a,, = 0. Yuureisas 510T (GakT u ypasnenus (2.39) —

(2.41), MOKHO OIIPE/IEIIUTH YCKOPEHUE Tela:
Frarn = Frp = F| _ Fyry — umgcosa — mgsina

a =
* m m
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MpumeHeHune. UccneposaHue-2 ()

‘YMeere 11 Bbl 3alIHCATh YPABHEHUE IBHKEHHS TeJia? N
3agava 2: 3anummuTe ypaBHEHHS IBIDKCHHS UL HIDKE-

TIePEUHCIIEHHBIX COCTOSHHMA:

a) Ha TEJO MacCoi 7, IBIKYyIIeecs paBHOMEPHO IIPSMO- =

JINHEHHO, JIeUCTBYeT cuiia F' B TOM JKe HarpaBJIEHUH, "
yT0 U cuia tsoxectH (f);
b) Ha Teno Maccoi m, ABMKYIIEECcs paBHOMEPHO MPSMO-
R

Y.

JIMHENHO, eiicTByeT cuia F' B IPOTHBOIONIOKHOM Ha- F
MIPABICHUHU CHJIC TSKECTH;

C) TEN0 MacCOi M JBIXKETCS MPSMOJIMHEHHO paBHO3a- meg
MEJJIEHHO.

O0cyxaeHue pe3ybTaToB:

>
° quy PaBHBI MOYJIN CUJIBI PCAKIIUU OIIOPBI U CUJIBI TATH IIPU )lefICTBHH cuiel F B HarpaBJICHUNA
CHJIBI TSKECTHU BO BpEMsL HpﬂMOHHHeﬁHOFO PaBHOMEPHOI'O }IBI/I)KCHI/ISI?

IIpumeHeHne B OBCEIHEBHOM KU3HN:

BHesanHO nepen aBTOMOOMIEM, JBHXKYIIEMCS I10 JKHJIOMY IOCEIKY CO CKOPOCTBIO 72 KM/dac,
BBICKaKMBaeT Opojsdas cobaka Ha paccTosHUHM 5 M. Bomurenb pe3ko TOPMO3UT aBTOMOOHIIb.
VY aapur im TopMO3AIInii aBTOMOOMITB cobaKy?

IIpunaTs Bo BHUMaHUE, 9TO KOIQGUIMEHT TPEHUS MEXTy IIHHAMU aBTOMOOMIIEHBIX KOJIEC ¥ CyXHM
acanbTom goporu pasen: = 0,5; g = 10m/c?.

IIpoBecTn camooneHKy:

1. Kaxne moHsTHsI HOBTOPHIIM Ha ypoke? YUTo U3 3TOro Bl XOPOIIO MOHSIIH, @ YTO OCTATIOCh BaM HE
SICHBIM?

2. JIea aBTOMOOWIISI MAacCO, COOTBETCTBEHHO, 10 TOHH M 1 TOHHA JBHXKYTCS 110 MOKPOMY achanbsTy
C OJJMHAKOBOI CKOPOCTBIO. Y KaKOro aBTOMOOMIIS, IPH OJHOBPEMEHHOM HX TOPMOXKEHHU, TOP-
MO3HOI1 Iy Th OoJIee JUTMHHBII?

3. Yro npon3omnwuio Obl, eciu He ObUIo ObI TpeHHs?

4. Kaxk 3aBuCHT K03 (GHUINEHT TPEHUS CKOJIBKEHH OT CHIIBI TPeHUS U Macchl Tena? OTBeT o0oc-
Hy#TE.

5. OT 4ero 3aBUCHUT CHJIAa TPEHHS CKOIBKCHUS?

6. Uemy Oyner paBHa CHJIa CONPOTHBICHHS BO3/IyXa, AeHCTBYIONas Ha TeJO, TOIBEIIEHHOE Ha HU-
TH, IIPY PaBHO3aMEVICHHOM NEPEMEICHUH BMECTE C IT0J{BECOM IIPOTUB HANPABIICHUS JCHCTBUS
CHJIBI TSDKECTH?

YTO Bbl Y3HAJIN? 3anummTe B paboueM JIMCTKE ONPEISIICHUS HIDKESTIPUBEICHHBIX MOHITHH: “‘CH-

2 < 9 < CLINTS CLINTS

Jia TpCHUA , CuJia TPCHUS MOKOs ,  CUJIa TPEHHUS CKOJIBXKEHHUA ', CUJIa TPECHUSA KaUCHUS TOpMOBHOﬁ

EERN?

MyTh”, “CHUJIa CONPOTUBICHUS .
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m YCJ'IOBVIFI PABHOBECWA TENA

BcnomMHute 3HameHuTyto H6acHo pycckoro nucatens U.Kpbi- e ol
nosa “Ilebenb, pak u wyka”. _‘I’
MepcoHaxn GacHW XOTAT MPUBECTM B [OBWKEHWE IErKYH
Tenery: “..Jlebedb peemcs 6 obnaka, Pak namumcs Ha3ao,
a lllyka msHem 6 800y... [Ja monbKo 803 U HbiIHE mam”.

e Kak MOXXHO OOBACHUTbL Ha “A3blke” (PU3nKK,
noyeMy nepcoHaXu He MOryT CABUHYTb C
mecTa Tenery?

Nccneposanume-1. Uro o3HayaeT HaXoXKIeHHE Teja (a) il ===

B COCTOSIHHM paBHOBecHs? e e e
3amaua 1: MoxeT 11 HaXOJUThCS B COCTOSIHUM PaB-
HOBECHs JIOJIKa Ha BOJIE, HCIIBITHIBAsE OJTHOBPEMEHHOE
JIeHCTBUS TEYCHUS PEKH H TYIOIIEr0 0’KHOTO BETpa
(a)? OGoCcHYHTE OTBET IO CXEME.

O0cy:xaeHue pe3yabTaToB:
¢ YT0 03HAaYaeT COCTOSHNE paBHOBECHS Tena?

H:ilﬂpﬁl‘i.-'-l eHue
aEm
-

[lo I 3akony HeroTOHA, HAXOXK/ICHHUE TeJla B COCTOSIHUU PAaBHOBECHS O3HAYAET, YTO
OHO HAXOJIUTCS B TMOKOE WJIM JBIIKETCS MPSMOJMHEHHO M PAaBHOMEPHO B HMHEP-
UANIbHOM cucTteme orcueTa. O3HAKOMHUMCS C YCIIOBHSIMU, TIPU BBITIOJIHEHHH KOTOPBIX
TEJIO OCTACTCS B COCTOSHUU PaBHOBECHSL.

PaBHoOBecue Tejia MPH NMOCTYNATEILHOM JBH:KeHHH. [locTymarensHoe JBU-
JKEHHE TeJla MOYKHO PacCMaTpUBaTh KakK JABM)KEHHE OJHON €ro TOYKU — JBMIKEHHUE
[EHTpa Macchl. B 3ToM ciyuae Juist MpOCTOTHI MOKHO TIPUHSTH, YTO BCS Macca Teja
COCPE/IOTOYCHA B IEHTPEe W PAaBHOJCHCTBYIOINAS CHIIA, NEHCTBYIOMAs Ha TeEIo,
MPUKIIAJIbIBAETCS K 3TOM Touke. M3 3akoHOB HblOTOHA 3HAEM, UTO YCKOPEHUE JlaH-
HOW TOYKU PAaBHO HYJIFO TOTJA, KOTJla PaBHOJCHCTBYIOIAs criia (reoMeTpudecKas
CyMMa BCeX JIEHCTBYIOIIUX CHII), IPUKJIAIbIBaeMast K 3TOUM TOUYKE, paBHA HYJIIO. Dnio
VC08UE PABHOGECUsL MeNd NPU NOCMYNAMETbHOM OBUICEHUU:

o /[ HaxXodcOeHus: meia 6 COCMOSIHUU PAGHOBECUS. NPU €20 NOCMYNAMENbHOM 08U~

JHCEHUU PABHOOECUCMBYIOWAsL CUNA (2eOMEeMPUYECKAsi CYMMA 8cex 0eticmeylouux Ha

meno cun), NPUKIAoObl8aemMas K meiuy, 00IHCHA OblMb PAGHA HYIO:
Fi+F,+-+F, =F=0.

Ecnu reomerpuyeckasi cymMma CHJI paBHA HYJIIO, TO U CYMMa IPOCKIUI 3TUX CUIT
Ha MMPOU3BOJILHYIO KOOPAMHATHYIO OCh PaBHA HYIIIO:

Fiy+Fy+ .+F,=0

Fiy+ Fapy+ ot By =0
Fi,+ Fyy 4 4 Ey = 0.

PaBHOBecuHe Tena ¢ HeHO}IBI/I)KHOﬁ OCbI0 BpalieHUs. Ha IIPAaKTUKE OYCHb YacCTO
6BIBa€T, 4TO Ipu HeﬁCTBHH Ha TCJIO C HCHOﬂBHX(HOﬁ OCBIO BpalllCHUA ABYX YUCJIICHHO
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PaBHBIX, HO MPOTHUBOIOJIOXHO HAMNPABICHHBIX NApAUICNBHBIX CHJI, OHO HAYMHACT
BpalaThCs BOKPYT 3ToW ocu. Hampumep, 070K, BOPOT | JApyrHe BPAIIAIOTCS 33 CUET
TaKMX MapayieJbHBIX CHJI. 3HAYMT, YTOOBI TENO C HEMOIBMKHOW OCBIO BpPAIICHUS
HaxOAWJIOCh B COCTOSIHUM PAaBHOBECHs], HE JOCTaTOYHO, YTOObI PAaBHOIACHCTBYIOILIAS
cuia OpUTa paBHA Hymo. Heo0X0aMMO BBITOJTHEHHE BTOPOTO YCIOBUS PAaBHOBECHS —
npasuia MOMeHmoa.

e Teno ¢ HenoOBUIICHOU OCbIO 8PAWEHUSL HAXOOUMCS 6 PAGHOBECUl, eClu an2ed-
paudeckas cymMma MOMeHMOo8 OelucmeyIouux Ha He2o CUl OMHOCUMENbHO OCU 8pa-
WeHUsl PABHA HYTIO:

My +My+ ..+ M, =0

Wccneposaume-2. MNMpumeHenme. Kakoe yciioBHe paBHOBeCHSI BBIIIOJTHSIETCS
JIUISL TeJIa HA HAKJIOHHOM IUI0CKOCTH?
3agaya 2: OnpenenuTe s TeNa Ha HAKIOHHOH m1ockocTH (b):
a) hopMyITy, BRIPAKAIOIIYIO YCIOBHE PABHOBECHSI;
b) cuiry, KOTOpasi ypaBHOBEILIMBACT CHITY TPEHUS;
C) CHIy, KOTOpasi ypaBHOBEILIMBACT CHITy PEAKIIUH OIIOPBI.
O0cy:kaeHue pe3y1bTaToOB: (b)
e Kakoe yciioBHe JI0JDKHO BBITIOIHSATHCS, YTOOBI TEJIO HA HAKIIOH- [
HOM TTIOCKOCTH HaXOIUJIOCh B COCTOSIHUHM PABHOBECHS?
o CKOJIBKO CHJI JCUCTBYET Ha TEINO, HAXOJSIIEECs B COCTOSHUM PABHOBECHS HA HAKJIOHHOM ILIOC-
koctu? MoskeTe JIu ToKa3aTh 3TH CHIIBI Ha cxeme?

IIpuMeHeHUe B NOBCEIHEBHOM JKU3HU:

BeposarHo, BBl Korga-nubo ¢ Apy3bSIMH MPOBOAMIN SKCIIEPHMEHTHI, TOJ00HbBIE MOKA3aHHOMY Ha

pHCYHKe: KaMeHb, TOMEIIEHHBII Ha PhIYar, ypaBHOBEIINBAETCS ITHYBKUM IIEPOM ().

¢ Kakoe ycrnoBue paBHOBECHS BBITIOIHAETCS B 3TOM
s;BeHnn? MoskeTe 11 000CHOBATh OTBET?

© MOKHO JTH CKa3aTh, 4TO Macca NTHYbETO Tepa 1 KaMHs
onuHakoBa? [Touemy?

IIpoBecTn caMoOLeHKY:

1. Kakue nonsatus noBropuian Ha ypoke? UTo U3 3TOro BbI
XOPOILIO MOHSUIN, @ YTO OCTAJIOCh BaM HE SICHBIM?

2. MarepuanbpHasi TOUKa JBHXKETCS MO AeHCTBUEM JIBYX CHII,
pasubix o moxymoo 60 H u 80 H. Yron mexny cumamu
90°. Ompenenure:

a) HANpaBJICHUE YCKOPEHUs MaTepranbHoi Touku (mpen-  (d) A P \ P
CTaBBTE TO HA CXEME); ! \\

b) MOyJb W HampaBJICHHE CHJIBI, IPUKIIAIbIBAEMO K Ma- ! \
TepHAIIbHOI TOYKE YISl COXPAHCHUSI €€ B COCTOSHHM - = === mmmm mmemde oo

paBHOBecHs (TIPEICTABbTE ITO HA cXeme)?

-

R
3. OmpenenuTe COCTABISIONINE PaBHOACHCTBYIOMIECH CHIIBI F
TPE/ICTABIICHHOH Ha PUCYHKE, BJIOJIb ITyHKTHPHBIX JUHHUIT (d).

YTO Bbl Y3HAJIN? 3amumute B paboueM JIMCTKE KPAaTKOE 3CCE O HIDKCTTPUBEACHHBIX MOHATHIX:
“yCIIOBHE PaBHOBECHs TeJa, JIBIKYIIETOCsS MOCTYIATEeIbHO”, “yCIIOBUE PaBHOBECHS Teja C HEMOJ-
BIDKHOM OCBIO BpallleHHs .
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2.1. K Tenmy mpuKIaabIBalOTCs JIBE CHIIBL, paBHBIE 110 Moayio F; = 8H u F, = 6H. Onpene-
JIUTE MaKCUMAJIbHOE M MUHMMAJIbHOE BO3MOKHOE 3HAYCHUE PABHOACHCTBYIOIIECH CHITBI.

2.2. KakoB MOJyJIb PaBHOJECHCTBYIOIIUNA CHJIBI, €CITH YroJ MEXAy cuiamu F; u F, u3
npeasLaymei 3aaaqun, pasex: 60°; 90°?

2.3. Onpe)leJmTe 1o rpa(i)m(y 3aBUCUMOCTHU MPOCKIHU CKOPOCTHU OT BPECMCHU UHTECPBAJ
BpPEMCHHU, B KOTOPOM paBHoz[eﬁCTBaonmaﬂ CHJia paBHA HYJIIO.

[P
N /i :'.,
i 1.1..5 /i \
’. iﬁ il b
0 iy tp t3 by ) t

2.4. B xakoM HampaBJICHUH OTKIIOHSIOTCS TACCAKUPBI ITPH PE3KOM JIBH)KCHUH aBTOOYCa ¢
OCTaHOBKHM M BHE3aITHOM TOPMOXKEHUHM TPU MPUOIMKEHHsI K ocTaHoBke? [IpoTu-
BOPEUUT JIM JTO SIBJICHUE NIEpBOMY 3akoHY HbIOTOHA, Tak Kak Ha MacCaKUpOB HUKaA-
Kasi TOTIOJTHUTENbHAS CUJla HE IeHCTBYeT?

2.5. Iox peiictBuem cunbl F Teno maccoit m, aBuskercs ¢ ycKopeHueM 3 M/c?, a Teno
Maccoii m, ¢ yckopenuem 5 M/ c?. C xakum ykopeHueM OyayT JABHIaThCs 3TH Tella,
COEJIMHEHHBIE BMECTE, 0] IEUCTBUEM ITOH K€ CHUIIbI?

2.6. CTpouTebHBIH KpaH MOoHUMAET BBEPX TPy3 Maccoii 20 ToHH ¢ yckopenuem 0,8 m/c?,
OnpejienuTe CUITy HATSIKEHUS CTATBHOTO TPOCA CTPOMTENLHOTO Kpana (g = 10 m/c?;
BEC TPOCa CTPOUTEIILHOTO KpaHa HE YUNUTHIBATH).

2.7. CkopocTh aBTOMOOMIISI Maccoit 1,2 ToHHBI 32 5 cekyH 1 ymenbiraercs Ha 60 M/c. Ue-
MYy paBeH MOIYJIb PAaBHOACHUCTBYIOICH CHIIBI, ACUCTBYIONICH HAa aBTOMOOWIIH?

2.8. Teno maccoil m nox IEeHCTBUEM PaBHOACHCTBYIOLIEH CUIIBI F 3a MPOMEKYTOK Bpe-
MEHH t TepeMeIIaeTcsl Ha paccTosiHue S. Ha kakoe paccTostHue MepeMecTHTCS TeIo
Maccoil 2 m 3a MPOMEXYTOK BpeMeHH 3 t MoJ IeHCTBUEM DTOW K€ PaBHOJCHUCTBY-
OIIeH CUITBI (B 000UX ClTydasiX HadalbHas CKOPOCTh paBHA HYJIHO)?

2.9. Ha momy nmudra nexut teno maccoi 100 kr. Onpenenute, ¢ KaKMM YCKOPEHHEM H B
KaKOM HaITpaBJICHUHN JBIDKETCS JTU(T, €CIIM Ipy3 ASHCTBYET Ha MOJ JU(TaA C CHIION
1300H (g = 10 m/c?).

2.10. CxopocTh MPSIMOMHEHHO IBMKYIIETOCS aBTOMOOMIIS, Macca KOToporo 1 ToHHa, 3a
9 cexynna m3mensiercst or 20 M/c mo 38Mm/c.
Onpenenure:
a) YCKOPCHUE aBTOMOOMJIS,
b) Moy b CHJIBI, ICHCTBYIOIICH B HANIPABICHUN IBUKCHUS aBTOMOOHIIS;
C) UMITYJIbC CHJIBI, ICHCTBYIOIICH Ha aBTOMOOHIIB;
d) nepemerneHre aBTOMOOHIIS 32 BpEMsT H3MEHEHUSI €r0 CKOPOCTH.

2.11. Kak u3MeHHTCS cHiia MPUTSKCHUA MCXKAY ABYMA MaTCpHUAIbHBIMU TOUYKaMH, €CJIN
PaCCTOSIHUC MCIKAY HUMU YMCHBIIIUTCH B 3 pa3a?

2.12. Yemy paBHA HanpsOKCHHOCTb TPABUTAIMOHHOTO MOJS HA BbIcoTe h = 3R3qy,, OT
TIOBEPXHOCTH 3eMJIH (Ha oBepxHoCcTH 3emn g = 9,81 m/c?)?
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2.13. Tlpm noaBemIMBaHUH Ha TIPOBOJIOKE Ipy3a Maccoi 10 kr oHa yanmmasercs Ha 0,5 MM.
OmnpejienuTe KecTKOCTh npoBonoku (g = 10 m/c?).

2.14. TIpu pactspxennu npyxussl Ha 0,15 M B Heil Bo3HuKaeT cuna ynpyrocta 0,006 kH. Ha
CKOJIBKO HAJI0 PACTSHYTH MPYKUHY JUT BOSHUKHOBEHHH B Hell cuitbl yrpyroctu 16 H?

2.15. Tlpy>kuHa, pacroyioyKeHHas! epe] METPOBOU JTMHEHKOH, pacTsIHyTa TPY30M Maccoii 2 KT.
Onpenenute:
a) Ha KaKOM JICJICHUU OCTAHOBUTCSI CTPEJIKA, 3aKpEIUICHHAs Ha PY)KHUHE, TP M10JIBE-
IIMBAaHHUU K JAHHOMY TPY3y BTOPOTO, TAKOT'O K€}
b) skecTkOCTH TIPYskHUHBI (g = 10 M/C?).

T B 3

2.16. C xakoit croit HeoOXOIIMO TOJIKAaTh ICPEBIHHYIO OATIKy Maccoi 18 KT 171t paBHOMEPHOTO
CKOJTLKEHMS €€ TI0 JIEPEBSHHOMY MoiTy (1151 iepeBa 1o nepeBy 4 = 0,5; g = 10 m/c?)?

o KM
2.17. ABTOMOOWJIF MacCO 2 TOHHBI JIBIDKETCS IO IIOCCE CO CKOPOCThIO 126 — Boaurens

ABTOMOOWJIA BUIUT OTApy OBEII, MEPEXOIAIINX AOPOry, Ha paccTostauu 100 M oT Hero
Ha4YMHACT TOPMO3UTh. CTOJKHETCS M aBTOMOOWIIb C OTAPOH /10 MOMEHTA TIOJIHON OCTa-
HOBKH? (JUTsl pE3UHBI Ha [IIMHAX AaBTOMOOUIISI TI0 MOKpOMY acanbty p = 0,7;
g=10m/c?)?

2.18. KakoBa nepBasi KocMHU4ecKasi CKOpOCTh y moBepxHocTH FOmuTepa?

—-11 HM2
(G =6,7-107"" —; cM: Tabiuua 2.3)
KI

2.19. KoopnuHata Tena, ABMKYIIETocsl NPSMOJIMHENHO MO AEWCTBUEM MTOCTOSIHHOM CHJIBI
50 H, u3mensieTcs 1o 3akony x = 4 + 3t — t2. Onpenenure: a) yCKOPEHHE JIBUKEHHUSI
Tena; b) maccy Tena.

2.20. banka Becom 1600 H nonsenieHa Ha ABYX CTalbHBIX Tpoccax. KakoBbl CHITbI HATSIKeE-
HUS CTAJIBHBIX TPOCOB, 3aKPEIICHHBIX B TOUKAX HA PAacCTOSHUM 3M U 1M OT meHTpa
Macchl OaKH (BEC CTAIBHBIX TPOCOB HE YUUTHIBACTCS)?
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3AKOHbDI
COXPAHEHUA

OcBouB MaTtepwuansl 3TOV rnaBbl —
Bbl CYMEETE:

KOMMEHTMpPOBAaTb MOHATME “3aMKHyTas cuctema”, 06OCHO-
BbIBaTb MPUYMHY UCMOSNb30BAHNS 3TUX CUCTEM YYEHBIMMU;

OOBbACHUTL 3aKOH COXpaHeHua wumMmnynbCa M npoaemMoOH-
CTpunpoBaTb €ro rnpocTbiMu OMNblTaMu,

COCTaBliATb U pelwlaTb 3aga4vyn KOJIMn4eCTBEHHOIo U Ka4ecT-
BEHHOIro Xapaktepa C NnpuMeHeHUEM 3aKOHa COXpPaHEeHUd
nMmnyrbca;

00BACHUTL MEXaHU3M BO3HMKHOBEHUS KMHETUYECKOW U MO-
TeHUMansHom Heprun, obocHoOBaTb OnbiTaMy CBA3b 3TUX
3Hepr|/u7| c apyrmmmn ¢)VI3VI‘-I€CKI/IMVI BEJIMYNHaAMMWU;

0OBACHUTL 3aKOH COXPaHEHUS 3HEPrun U NPOAEMOHCTPU-
poBaTb €ro NPOCTbIMU OMbITAMU;

COCTaBMATb M pellaTbh 3a4avu KONMMYECTBEHHOro U KayecT-
BEHHOr0 XapakTtepa C MpUMEHEHMEeM 3aKoHa COXpaHeHusi
aHepruu;

OOBACHUTb IHEPTUIO KaK BENUYNHY XapaKTEPU3YHOLLYIO Cno-
cobHOCTb Tena coBepLuatb paboTy 1 yCNOBUS COBEPLLEHUS
MexaHu4eckon paboThl;

COCTaBMATb U pellaTh 3a4ayn KONMYECTBEHHOTO U KayecT-
BEHHOro Xxapaktepa o onpeneneHnio MexaHuyeckomn pabo-
Thl ¥ MOLLIHOCTM.
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3aKoH COXpaHCHUS SHEPTUN

Dopmyna

BBITIOJIHSACTCS —>

]

S

Ex + E, = E = const

[ I

OT0 cyMMa 3Hepruit

Kunernueckas
SHEPTrHst

“Kapta noHaTun”
ansa lll rnasbl

<— BBINIOJIHACTCS 1

[

3aKoH COXpaHCHUS UMITYJIbCA

Dopmyna

T

Py + Py + D3 + -+ Py, = const

[ I

Moxet ObITh

-

AGCOMIOTHO ympyroe
CTOJIKHOBEHHE JIBYX Tell

I
Dopmyna

JIEHCTBUS Tejia ¢

TPaBUTALIMOHHOT'O I10JIsA

3aBHCHT OT Tun
[ Macchl ] [ CKOPOCTHU ] MEXAHIUECKASL l
OHEPTH [ g + M5Bz = My By + My ]
MosKeT B3aUMHO peBpamatbes LA
TTotennuanbuas
OTEHIHaJIbHA: Exmmiia ClIocoBHOCTE TeNa AOBCOIIIOTHO HE yIpyroe
JHEPTHUs COBEPIINTE paGoTy CTOJIKHOBEHHE JIBYX Tell
Tun I
dopmyia
IloTeHnuanpHas Enunnma
JHEpPrusl B3au- Mosker =
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AMKH?TAH CUCTEMA. 3AKOH COXPAHEHUS UMMYNbCA

BapoH MioHxray3eH yTBepxzaar, 4To OH Kak 6yaTo bl Bbl-
Tawun cam cebs BMecTe C fowagbio 13 Gonota, yxsa-
TUBLUMCb 32 CBOMW BOJIOCHI.

¢ Kak, no-Bawwemy, BepHoO nu yTBepxxaeHue 6apoHa
MioHxray3eHa 1 BO3MOXHO nu 310? Moyemy?

e Mor nu cnactucb 6apoH MioHxrayseH U3 6omnora
Takum cnocobom?

Nccnepnosanme-1. YauBuTeIbHOE CTOJKHOBEHHE IIAPUKOB

ObopynoBanne: sxeno6 ["ammtes:, craabHbIC MAPUKK OJMHAKOBBIX pa3MepoB (8—10 mTyk), AepeBsH-

Hasl Oropa (MIIH IITaTHB C My()TOH U 32)KUMOM).

Xoa ucese0BaHuA:

1. 3axpenuTe *enod Ha TOPU30HTAIEHON OIOPE M BEUIOXKUTE Ha HEM TTOCIIE/IOBATEIBHO PsiJT IIAPHKOB,
COINPHUKACAIOIIUXCS APYT C ApyroM (a). OnUH U3 IIAPHKOB OTIENHUTE U TOJIKHHUTE BJIOJIb JKenooa.
Ipocnenunte 3a sBIEHUEM, TPOU3OIIEIINM TTOCHE CTOIKHOBEHHS €T0 C IIEMOYKOH IIapuKOB.

2. IloBTOpUTE OIIBIT, TOJIKHYB /[BA HIAPHUK:l %
OJJTHOBPEMEHHO BJIOJIb JKe100a, ¥ TIpo-
CIIe/IUTE 3a TIPOM3OLIC/IINAM SABICHUEM. =

3. IloBTOpHTE OMBIT, TOJIKHYB TPU IIApPHE:l 0=
HOBPEMEHHO BJIOJIb JKen00a, U 00paTUTE BHIl=
MaHHe, CKOJIBKO MIAPHKOB OTACIHIOCH OT
LIETIOYKH IIapHKOB.

O06cy:xaeHue pe3yJIbTATOB:

e Yto HaOMI0aI0Ch IPU ylape OJJHOTO LIapUKa MO LENOYKe MAapUKOB?

e CKOJIbKO, COOTBETCTBEHHO, OTIEIMIOCH IAPUKOB OT LIETOYKU MPU HOBTOPEHHUHU OIIbI-

TOB C JIByMs M TpeMsI LIapuKamu?
® BhICKaXUTe CBOE IPEIIIOI0KEHUE O IPUUUHE 3TUX SIBJICHUMN.

Yto Takoe 3amMKkHyTasi cucTemMa? Kak BBl yXe 3HaeTe, BCe U3MEHEHUS, TIPOHC-
XOJISIIHE B IPUPOJIC, €CTh PE3yIbTAT B3AUMOACUCTBUS MEX Ty TenaMu. CyIecTBYIOT
pasHbIC BUIBI B3aUMOACHCTBUS — SPABUMAYUOHHOE, DNIEKMPOMACHUMHOE, S0epHOoe U
cnaboe. XapakTep 3TUX B3aMMOCHCTBUN 3aBUCHUT HE TOJIBKO OT WX MIPUPOJIBI, HO U OT
PACCTOSTHUSI MEXKTy B3aUMOJICHCTBYIOIIUMHE TEIaMU U CBOMCTB ATHX Tel. B kakmom
SIBIICHUY OJTUH U3 BUJIOB B3aHMMOJICHCTBUS SBJISIETCS 00JIEe PEIIAOIINM 10 CPABHCHUIO
¢ npyrumu. Hampumep, eciim rpaBUTallMOHHOE B3aMMOJIEHCTBHE Ha OONBIINX pac-
CTOSTHUSIX ABJISICTCS PEIIAIOIINM, TO Ha PACCTOSIHUSAX, CPABHUMBIX C pa3MepaMy aToM-
HOTO s7Ipa, MOKHO TOBOPUTH TOJBKO O JACUCTBUU siiepHbIX cuil. Mccnenys onpene-
JICHHBIC SIBIICHUS, YUIEHBIE HE YUUTHIBAIOT BTOPOCTEIICHHBIE (HE SBIISFOIINECS PelIato-
IIMMU B TAHHOM SIBJICHUH) B3anMoIeicTBUs. Harmprumep, py BEIYMCIIEHUH CHITBI TSTH
BEPTOJICTa HEOOXOJIUMO YUUTHIBATH CWIIy TPUTSDKEHHS 3emiid. B To ke Bpems
JeicTBUE NpUTSHKeHUS JIyHBI U 3JIEKTPOMAarHUTHOE B3aUMO/ICHCTBHE MEKIY BEPTO-
JIETOM ¥ 00JITaKaM¥ HE YUNUTHIBAIOTCA.
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B o0rieit Hay4HO!H KapTHHE MPUPOJIBI TPYIIa 00BEKTOB, CBA3AHHBIX OOIIIMH CBO-
CTBaMH U YCJIOBHO M30JIMPOBAHHBIX OT BHEIITHEW CPEJIbl, PACCMATPUBACTCS KaK 3aMKHY-
Tas cUCTeMa.
® 3aMKHYmMAsA CUCIEMA — 210 CUCeMAd Meil, NpU OAHHBIX YCI0BUIX B3AUMOOelCT-
8YIOWUX MOJILKO OpYe C OPY2OM U He 83aUMOOeUCMBYIOWUX ¢ Opy2uMU menamu (PaHo-
Oelicmeylowasi GHeUHUX CUl pagHa Hymo). B 3aMKHYTBIX CHCTEMax BBITOIHSFOTCS
3AKOHbL COXPAHEHUSL.

3aKoH coXpaHeHHs UMITYJIbca. VIMIysbc sBisieTcs OMHON U3 (PM3MYSCKUX BEJIH-
YKH, 0OJIQIAFONIUX CBOMCTBOM COXPAaHEHHS. DTO CBOWCTBO COCTOUT B TOM, YTO IMPH
B3aUMOJICHCTBUH TEJT TOJIBKO JAPYT C APYTOM CyMMa UX UMITYJIbCOB HE MEHCTCSI, MOJI-
HBIN UMITYJILC CUCTEMBI OCTACTCS TIOCTOSTHHBIM.

o Jlonanbim UMNYIBCOM CUCHEMBL HAZBIBACTICS 2EOMEMPUYECKAS. CYMMA UMNYTbCOB
6cex mei, U3z KOMopvIxX COCIMOUm cucmemd.

B pesynbrare B3anMOJIEHCTBUSI TENT X UMITYJIBCHI MeHsIOTCs. Kak oOpasery uccie-
JIyeM B3auMOJICHCTBHE JIBYX TEJL.

OG03HaYMM MMITYJIEC HEPBOTO TENA J0 B3aUMOIEHCTBUS Poq, a MOCIE B3aHMO-
NENCTBUS Py, COOTBETCTBEHHO, IS UMITYJIbCa BTOPOTO Tejla — Poy U Py. CHIIBL,

=3 -
NIEHCTBYIOIINE HA OTH TEJIa, COOTBETCTBEHHO, 0003HaunM F; u F,. Cormacho 111 3a-

koHy HbroTOHA, nelicTBHE paBHO NPOTUBOAEHCTBUIO: F; = —F,. Ecinu yMHOXKUTB
00e CTOpOHBI paBEHCTBA Ha BpeMsI AeUCTBHA cuitbl (At), TO U1 3aMKHYTOH CHCTEMBI
PaBEHCTBO HE HAPYLIUTCA :

Fi At =—F,- At 3.D)
VYuuTeBasd, uto F; - At paBHO U3MEHEHHUIO UMITyJIbca NIEPBOro Tena, a Fy + At — u3-
MEHEHHUIO UMITYJIbCa BTOPOTO Tena (eM: 2.3 TeMa), olydaeM:
- -
Ap, = —Ap;

703178

- - - -

P1 = Po1 = —(P2 — Po2)- (3.2)
o I3MeHenus uUMnYIbco8 08YX mei, npou3outeouue 6 pe3ynbmame ux 3aumMooeticmeus,
PasHbl N0 MOOYIIO U NPOMUBONOTONCHBL NO HANPAGLEHUIO.

Iocie npeobpa3oBaHuii HOTYYAETCs, YTO BEKTOPHAs (TeOMETPUYECKAs) CyMMa HM-
IyJILCOB JIBYX Tell, B3aUMOIEHCTBYIOIMX MEKITy COOOM, OCTAETCS HEM3MEHHOIA:
P1 + P2 = Po1 t Po2 = const.
O606mwas nocseHee BHIPAKEHHUE Il 3aMKHYTOM CHCTEMbI, COCTOSILIEH 3 1 Tell,
TIOJTyYHM 3aKOH COXPAHEHUS. UMNYITbCA:

° BeKmopHaﬂ CYyMMA UMnylbcoe mej, COCMAGIAIWUX 3AMKHYMYIO CUcCmemy,
ocmaemcst HOCMOSHHOLL:

p1 + Dy + P53 + -+ P, = const (3.4)
CToJIKHOBeHHe ABYX TeJl. Pe3ynbTaToM CTONKHOBEHHMS IBYX Tell ABIAETCS Je-
(bOpMaHI/IH U UBMCHCHHUC UX I/IMHyHBCOB BCJICACTBUEC I[CI‘/'ICTBI/I}I BO3HHUKAKOIINX CUJI

yYOopyrocTu. Paznauuaror aBa HUACATU3UPOBAHHBIX BUJida CTOJIKHOBCHUS: abconommno
ynpyeoe u abconommuo Heynpyzcoe CnmoOJIKHOBEHUe.
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AGCOJIIOTHO yNIPyroe CTOJKHOBeHUE. [Ipu abconomuo ynpyeom cmoakHOGeHUU
npoucxooum ynpyeas oeopmayusi — meio 60CCMAHAGIUBAEN YOPMY U pazmepbl.
Kak mpumep ympyroit gedopmaiiyii MOXKHO TIPUBECTU CTOJIKHOBEHHE OWIIBSPIHBIX
WM CTANBHBIX MIAPOB. [IpH TaKMX CTOJKHOBEHUSIX MEXaHUYECKasi SHEPTUs HE MPEeB-
palaeTcsi BO BHyTPCHHIO SHEPTHI0 — MOJHAsS MEXaHUYECKash SHEPTHsl CHCTEMbI HE
YMEHBIIIACTCSI: KHHETUUECKAs! SHEPTHUsl TIOJHOCTHIO MM YaCTUYHO TPEBPAIAeTCs B
MOTEHIIMAIBHYIO HEPTUI0 YIpyrow nedopMalluy, a 3Ta SHEPTHs B CBOI OYepe/lb
32HOBO NPEBPAIACTCS] B KHHETHUECKYIO SHEPTHUIO MapoB. /it abCOMOTHO yIpyroro
CTOJIKHOBEHHMSI BBIMTOHSCTCS 3aKOH coXpaHeHus ummyibca (3.3): [ eomempuueckas
CYMMA UMRYILCO8 O8YX Mell 00 AOCOTOMHO YPY2020 CIMOIKHOBEHUSL PAGHA 2e0MeN -
PUYUECKOLL CyMMe UX UMNYIbCO8 NOCAE CIOJKHOGEHUSL:

My 0p1 + My Dy, = M0y + My,  (3.5)
lee m1 u m2 — MacCChbl IIapoB, COCTABJIAIOIINX 3aMKHyTy}O CI/ICTeMy; 301 )58
Dy, — HayalIbHBIE CKOPOCTH INAPOB 10 CTOJKHOBEHHUS, U; U U, — KOHEUYHBIE CKO-
POCTH IIapPOB TIOCIIE CTOJKHOBEHHUSL.

Yacmuwui cryuaii: abcomomno ynpyzoe CoaKkHO8eHuUe Wapuka co
cmeHol. TIpeanonoxum, 9To MapHK CTATKABACTCS CO CTEHOH IO
yrioMm ¢ (b). Crna peakimy, BOSHHKAOIIAs BO BpeMs yaapa, mep-
TICHIMKYJISIPHA [IOCKOCTH CTeHBL. TaK KaK IPOEKLWsI CHIIbI PEaKLnH ﬁ:
N Ha och Y paBHa HyJIIO, TO B HAIIPABJICHNH STOH OCH Ha IIApHK 5Ta ' Po
CHa He JHCTBYeT (IeHCTBHE CHIIBI TSHDKECTH HE YUHTHIBACTCS), Poy AN
CJIEZI0BATENBHO, MPOEKIHS UMITYJIbCa py COXpaHseTcs. VI3Mensiercs N -
HPOEKIINS Py = < —
Poy = Py X -7
Apy = Dx — Pox = Px — (_px) = 2px = 2pysina. Dy e a
I'11e & — yroy Mex/ly HanpaBIeHHeM MMITYJIbca (CKOPOCTH) P 1 (5
IJIOCKOCTBIO CcTeHbl. Tak kak Ap,, = 0, To MOy U3MEHEHHUSI 1
HMITyJIECA ITOTO CTOJIKHOBEHHS Oy/IeT paBeH: g Py

2 .
Ap = 1’ (Apx)? + (Apy) = Ap, wm Ap = 2p,ysina. Y

AOCOIIOTHO HEYNpyroe CTOJKHOBeHMe. Bosnuxarowas npu abOCOIOMHO
Heynpy2oM CMOIKHOBEHUU Oepopmayus NOAHOCMblO coxpansemcs. B 310 Bpems
TIOJTHAsl MEXaHUYECKasl SHEPTUsl HE COXpaHseTCs, HEKOTopasl €€ yacTh PEBpAILAETCsl BO
BHYTPEHHIOIO SHEPT U0 cucTeMbl. [Tocie abcomoTHO HEypyToro CTOIKHOBEHUS IBYX
Ten o0a 3TH Tena, “TIPWIMIHYB’ IpYyT K IPYyTY, WIH JABHKYTCS C O0IIEH CKOPOCTEIO,
WJIN TIOKOSITCSI.

Takum 00pa3oM, 3aKOH COXPAHEHHsI UMITYJIbCA MPH a0COIIOTHO HEYIIPYTrOM CTOJIK-
HOBEHHH JIBYX TeJI, 00pa3yIOInX 3aMKHYTYIO0 CHCTEMY, MOYKHO 3aITHCaTh:

My Vg1 + My 0pp = (My +my)0. (3.6)

[ne ©— mpuobpereHHas mocie abCoNOTHO HEYIPYTOro CTOJNKHOBEHHMs OOIast
CKOPOCTb IBYX TeJ, 00pa3yroLMX 3aMKHYTY0 cucteMy. OInpenesuM 3Ty CKOPOCTh U3
BEIpakeHus (3.6):

— —
mqUpq + My Upy

D= (3.7)

(my +my)
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NMpumeHeHne. UccnepoBaHune-2
HccaenoBanue ad6co/II0THO HEYIIPYIOro CTOJIKHOBEHHS ABYX LIAPHKOB

3apaua. Jlokaxwure, 4To 1ociae aOCONFOTHO HEYNPYToro LEHTPAIbHOIO CTOJIKHOBEHHS JIBYX IIapHKOB
Maccamu my um, (my > my) , ABMKYIIMXCS M0 TOPU3OHTAIBHON IUIOCKOCTH CO CKOPOCTSMH Ugq U
Doz (Dot > Uy, ) COOTBETCTBEHHO, MOJYJb CKOPOCTH, MPHOODETEHHOH BTOPBIM IIAPUKOM, PABEH
HIDKETIPHBEICHHOMY BBIPaXKEHHIO (C):

_ M1 Up1~Mp Vg2

L2
m+ m,

(© - 5
O, [3)

i 01 02

L my m;

|
o |
0 X

OO0cy:xkaeHue pe3y/ibTaToOB:
o Kaxkue rocieoBaTelIbHble 1Iard ObIIN OCYIIECTBIICHBI UIS MONTYYEHUs Hy)KHOH (opMyIIbl?
e UeMy paBeH MOJyJIb CKOPOCTH BTOPOTO LIIAPUKA ITOCIIE a0COTIOTHO YIIPYTOro HEHTPAIbHOTO CTOJIK-

HOBEHHUS THX K€ IMAPUKOB MPH UX JABIKCHHHM B OJHOM HANpaBICHHWH, HANPUMEp, B CIydae
JBIDKEHHS TIEPBOTO MIAPUKa 33 BTOPHIM?

IIpuMeHeHHe B TOBCeHEBHOI KHU3HU:

TlepBbIit OMABAPAHBIN IIAPHK, HAXOMAIIUICS B ITOKOE, IOABEPracTCsl aOCOMIOTHO YIPYTOMy ILICH-
TpaJabHOMY CTOJIKHOBEHHUIO CO BTOPBIM HIapuKoM. Kak M3MEHSI0TCS CKOPOCTH IEPBOr0 U BTOPOIO
IIapPUKOB TI0CTIE CTOJIKHOBEHHUS, COITIACHO 3aKOHY COXPaHEHHs MMITyJIbca?

IIpoBecTn caMoOLeHKY:

1. Kakue moHsTHS MOBTOPMIM Ha ypoke? UTO U3 3TOr0 BBl XOPOIIO MOHSIIH, @ YTO OCTAIOCh BaM HE
SICHBIM?

2. Yrto Taxkoe 3aMKHyTas CHCTeMa M C KaKOH IIENbI0 yYeHbIE B CBOMX HAYYHBIX HCCIETOBAHHIX

HCTIONB3YIOT 3Ty CHCTEMY?

. B kakux ciydasix MOXKHO HCIIOJIE30BaTh 3aKOH COXPAHEHUS UMITYJIbCa B 3aMKHYTBIX CHCTEMax?

4. Kakue mpeBpamieHust SHEPruy IPOUCXOIAT MPU aOCONIIOTHO YIIPYyroM M a0COTIOTHO HEYIIPYToM
CTOJIKHOBEHUH JIBYX TeJl, 00pa3yoIiX 3aMKHYTYI0 cucTeMy?

5. Yuenuk maccoit 50 Kr co CKOpOCTbIO 8 M/C JOTOHSIET U 3alpBITUBACT Ha TeJexKy maccoit 30 kr,

JBIDKYIIYIOCS CO CKOPOCThI0 2 M/c. C Kakoil CKOPOCTBIO OYAeT ABUTATHCS TEIEKKA C YUCHUKOM
roce 3Toro?

w

YTO Bbl Y3HAJIM? 3anummte B pabodyeM JIHCTKE ONpPEACICHUS HIDKCIIPUBEICHHBIX OHATHHI:
“3aMKHyTass CHCTeMa”, “TIONHBIA MMITYJIbC CHCTEMBI”, ‘3aKOH COXpAHEHHs MMITyJbca”, ‘“‘abCcoII0THO

YIPYroe CTOJKHOBeHHe”, “aOCOMIOTHO HEYNPYroe CTOJIKHOBEHUE .
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o [IPOEKT o HccnenoBaHue peaKTUBHOI'O ABUKEHUSI

Teopernueckasi uHGopManms. THTEPECHBIM MPAKTHYCCKUM MPUMEHEHHUEM 3aKOHA CO-
XpaHCHUsI UMITYJIbCA SIBISICTCS peaxkmugHoe dsudiceHue. VI3 kypca ¢usuku 6-ro u 8-ro
KJIACCOB BBI 3HACTE, KAKOE JIBIKCHHUE HAa3bIBACTCS PCAKTUBHBIM.

o Peaxmuenvim O06uUdICCHUECM HA3LIEACHICS
ogudicenue, KOmMopoe GO3HUKAen, Ko20a om
mena omoensiemcsi u OBUNCEMCsL & NPOMUBO-
NOLOACHYIO CIOPOHY OM HANPAGILEHUSL €20 08U-
Jrcenus, Kaxas-iubo e2o wacms. Hanpumep,
JIBUKCHUE paKeT OCHOBAHO Ha MPHUHIIUTIC PeaK-
TUBHOTO JABHKECHUA.

IIpuanmn geiictBust pakeTsl. Pakera — 3aMKHyTast
CHCTEMa, COCTOsIIast N3 000J10uKy 1 TorumBaa. O60-
JIOUKa MPEJICTaBIIsIET co00i TPyOy, 3aKPBITYIO C OJI-
HOH cTopoHbl. Ha OTKPBITYIO CTOpPOHY 000JI0YKH
HaJIeBAeTCsl COIUIO, MPH paboTe paKeThl ropsiiee
TOIIMBO TPEBPAIIAETCS B Ta3 BEICOKOTO JAABIICHHS,
BCJICJICTBHE Y€T0 BHIOPACHIBACTCS U3 COIUIA PAKEThI
B atMocdepy ¢ OOIBIION CKOPOCTEIO, M B Pe3yJIb-
Tare 3Toro 000JIOYKa PAKETHI ABMIKETCS B IIPOTHBO-
MOJIOKHYIO CTOpOHY (puc.1).

Hoxascume, umo ckopocms 060104KU pakembl, HO

3aKOHY COXpaHeHus UMNYIbCa, Onpeoensiemcs
cedyioweti popmynou:
) _ mraz
06 — ras
Mg

CtapT “pakeThl ¢ BOASIHBIM JIBUTaTe1eM”
Oo6opynoBanue: OyThUIKA U3 IUIACTHKA (00BEMOM
1 aump), Bona (0,5 aumpa), npobka, HaCOC CO
IIJTAHTOM U UIJIOH JUTsl HaKa4MBaHUs (yTOOIBHOTO
Msi4a, II0/ICTaBKa.

Xoa ucciie0BaHus.

1. Haneiite B OyTbuiKy Boabl Ha 1/3 ee oObema. 3a-
KPOMTE rOpIIBIILIKO OyThUTKH PoOKoit. [TomecTrTe
OYTBUIKY JOHBIIIKOM BBEPX Ha IOJICTABKY, IO
yriom 40-50° K TOpH3OHTY.

2. [IpoTKHYB HTJION OT Hacoca mpoOKy, OBICTPO Ha-
Ka4nBalTe BO3yX B OyTUIKY. Uepes HeCKOIBKO
MHHYT B OyTBUIKE HpOM30iiyeT “HHTEepecHoe”
ABJICHUE M “pakeTa”’ IMOAHUMETCS B BO3AYyX C
Gosb11I0it cCKOpOCTh (pHc.2).

e Yt0 cTa)I0 NpUYMHOIi IpHOOpeTeHus “pa-
KkeToii” ckopoctu? Ilo kakoii popmyJie BbI-
YHCIAETCS 3Ta CKOPOCTh?

Kocsnuccxnit

wopalas a

I erymens

Bak aan
ORHCAHTEAR ‘6./“?

Bak gan
TOILANAA
IT eTymens

Hacoewm

4 h

A

Kamepa I erynens

cropanmna %

Comno

puc.1. CxemMa pakeTOHOCUTEIS U TPEXCTY-
[EHYAaTOr0 PaKETOHOCHTEIIS

puc.2. “Pakera” MOAHUMETCS B BO3LYX € OOJIb-
IO CKOPOCTBIO
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m MEXAHI/I‘-IECKAFl PABOTA U MOLLHOCTb
¥

B o ; . \
i~ ‘:‘l!‘:%-. T ]
AN\ DZA S

o Kakoe cnpaBeanuBoe npeanosioXXeHWe MOXHO BbIABUMHYTb O KOMaHAe-nobe-

[1Be KoMaHabl Y4YEHUKOB COPEBHYIOTCS B Mepe-
TAMBaHWM KaHaTta. lMocne GonbLuMX ycunuia
npaBasi KomaHga nobexaaet.

AuTenbHUUE: “KOMaHaa cnpaBa 6onee cunbHaa” wnu “komaHaa cnpaBa 6onee
MolHasa”? NMovyemy?

Mexanuyeckasi pabora. MexaHHICCKAT | 1y cpenopanme-2.
paboTa — pusnyuecKas BeIMUNHA, XapaKTePH3y- | OxunakoBasi iu coBepuaercs pagora?
folas M3MEHEHHe COCTOSHMS Tella U 3aBucs- |3aaava 1. Ha Bosaymnstii myTs 298 kv o1
Iast OT YHCIIOBOTO 3HAYCHWS ¥ HATPABIICHHs | DAKY A0 [AHIUKH camoreT satpatmbaet 45

o . MHHYT, BepTojeT ke — 90 MuHyT. MOXHO
PaBHOACUCTBYIOIICHU CUJIBI W TCPEMCIICHUA MM cKasaTh, 4YTO O9TH TPAHCIOPTHBIE

TOYKH MPHUIOXKCHUA 3TOU CUJIBL. CpeCTBA COBEPIIAIOT OJNHAKOBYIO pado-
o Mexanuueckaa paboma pasna npousgede- |Ty? Kak MOXHO onpeienuts ObICTPOTY
« « % 9
HUIO MOOYIA CUibl, Oeticmeyioweli Ha mejio, | COBEPIIAMOl nMn paGoTer!
O06cyauTe pe3yJibTaThI:
MOOYJIAL €20 nepeMeujerus U KOCUHyca yena 0
5 ) e OT Yero 3aBUCHT COBEpIIECHHAs paboTa’
MEHCOY 6EKMOPAMU CUTIBL U NEPEMEUJCHU. o Kakoii (u3n4ecKkoil BeMMYHHON MOXKHO
A=F.s.cosa. (3.8) OTIpeJIeTUTh GBICTPOTY BHIMOTHEHHS OI-
PaGota — ckasipHast (pu3MUecKast BENMYK- | HO#H U TOH %ke paboThi, COBEPIICHHOM
?
Ha, KOTOpast, B OTJIMYHE OT APYTUX CKAIAPHBIX | PASHEIMH MALMHAM:

BEJTMYMH (HAIIPUMeED, IyTh, Macca, IUIOIaab U

JpyTUE), MOKET OBITH paBHa HYJIIO, TPUHU- F

MaTh MOJIOKUTEIBHBIC WM OTPHUIATEIbHBIC (a)

YHCIIOBBIC 3HaUEHUE. 3HAK PabOThI 3aBUCHUT OT

HaIpaBJIeHUs] TIPUIOKEHHOM K TeNy CHIIBI U .va s

HarpaBJICHU IEpEMEIICHUS Tena (a):

a) €CIM YToJI MeXITy BEKTOpPaMH CHJIBI, JACHCTBYIOIIEH Ha TEJO, M €ro IepeMerIeHueM
paBeH Hyro wiH ocTpeli (0°<a<90°), To cosar > () n paboTa, COBEpIICHHAs CHIIOH,
nojoxureapHa: A > 0;

b) ecnu yroi Mexmay BEKTOPaMH CHIIBL, JICHCTBYIOLICH Ha TEJIO U €ro rnepeMenicHueM
paBen Hyro i Tymoi (90°<a< 180°), To cosa < () m paboTa, COBEpIIICHHAS CHITOMH,
OTpUIIATENbHA:

A<O0;

C) eciM cHJIa, JCHCTBYIOIIAs Ha TENo, MepIeHIUKyJIsIpHa nepemertenuto (o = 90°), To

cosa = () v nanHas cuna paboty He coBepiiaet: A = 0.
Enununna namepenus padotsl B8 CU — dorcoyne (1x):
o | doicoynn (1 [[oic) — smo paboma, xomopyr cosepuaem cura 1H, nepemewas

meno Ha I m 6 Hanpaejlernuu oeticmeust Cubl:
2

KIr-M
[A]=1HM = 1—5— = 1/bx

84



i

Yacrubiii ciayyaii. Eciin Teno nermxercst BIojb ocu X, TO
COBEpIIEHHAs] CHUIION F paboTta 4HclieHHO paBHa miomaam ¢u-
TYPBbI, HAXOJIAIICHCS MEKTY TPa(QUKOM 3aBUCUMOCTH ITPOCSKIINU
9TOM cuiibl Ha 0Cb X 1 0Cbt0 abumce: (b): A = Sgyrypur

Pabota mOCTOSIHHOM NO 3HAUEHHIO M HAIPABJICHUIO PaBHOACHCTBYIOIIEH
CHUIBI 0671/1A€T IBYMSI BAXKHBIMHU CBOHCTBAMU: (UL/

1. Paboma, nocmosnnoli pasnodeticmeyioueti Cuibl no npouseonbHol 3am- | L
KHymou mpaexmopuu pasna Hymo. ITotroMy, 9To MOy b HepEMEIEHHS )
Tesa Mo 3aMKHYTOH TPAeKTOPUH PAaBEH HYIIIO: S

o
s=o0 — A=Fscosa=0. M,
2. Paboma, cosepwiaemas nocmosuHou pagrooeucmsyroujel Cuiou 6o
8peMsi OBUIICEHUs mea MedHcOy 08YMS OAHHBIMU MOYKAMU, He 3A68UCUN
om gopmvl mpaexmopuu, coeOuHsawetl Imu MoUKu.

Hamnpumep, Tak kak nepemelneHus Teina, JBrKylerocs no tpackropusim OLM u ONM, coenuHsomumm

Touku O ¥ M, 0JIMHAKOBBI, TO M PaOOTHI MOCTOSIHHOM PAaBHOJIEHCTBYIONIEH CHIIBI IT0 ATHM TPAKTOPUSIM

o/IMHaKoBa (¢):

Aorm = Aonm = Fy " Sy

MomHocTb. beicTpoTa coBepiaemMoii paOoThl XapakTepu3upyeTcst GHU3UIecKoi Be-
JIMYMHOW, Ha36IBAEMON MOWHOCMBIO.
o MowHocmu1o Ha3v18aeMcs OMHOUEHUE COBEPUIEHHOU PaOOmbl KO 8peMeHlU, 3ampa-
YeHHOMY HA 8bINOJIHEHUEe IO pabomul:

N = % (3.9)
Enununa namepenus moutHocte B CU — ¢amm (Bm):
Tk KT - M2

[N]=1"—=1———=1Br.
C C

e | Bamm onpedensiemcsi Kak MOWHOCHb, npu KOmopou 3a Ic cosepuwaemcs pa-
ooma 6 1 /. llepByro eqMHUITy U3MEPEHHUSI MOIITHOCTH MPEIIOKIIT B 1789 Tomy aH-
rimiicknii Gu3KK 1 u3o0perarens [xeiimMc YaTT — OHa Ha3bIBANIACH JIOUIAOUHOU CUTON
(71.c.). IHOT/12 M CeToTHSI TIONTB3YIOTCS ATOM SIUHUIICH:
1 n.e. =736 Bm.

PaGorta, coBepiraeMasi TIOCTOSIHHOM CHIIOHN 32 TIPOMEKYTOK BpemeHHu t: 4 = Nt. (3.10)
Ha ocroBanuu 310l (hopMyIIbI IOITy4YeHa Ipyrast SAUHAIA PAOOTHI — KUIOBAMNI-YAC:

1 kBm -uac = 3 600 000 [xc.

Ecmi MOIIHOCTE ¢ TeUCHWEM BPEMEHH MEHSIETCS, TO YMCIOBOC 3HAYCHUS PaOOTHI
MOYKHO OIPE/CIINTh KaK IUIOIA/Jb (UIYphI, JIeKAIICH 1moJ| rpa)ukoM MOIIHOCTh —
Bpemst (d): A = Sgurypur-

[Ipu npsiMOTUHEHHOM PAaBHOMEPHOM [BHUXKCHUHU TeEa
€0 MOIITHOCTH MOYKHO BBIPA3HUTh U€PE3 CKOPOCTH ABUKCHIS
Tena. Hampumep, MOIIHOCTH JBUTATENSI aBTOMOOWJIS, TBU-
JKYIIETOCs TMPSMOJMHEHHO paBHOMEPHO (IIPU MOCTOSIHHOM
3HaYEHWH CHITBI TPEHHSI ), paBHA!

N=2=EE-F.y (3.11)
t t 0

N
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U3 storo BBIPpAXKCHUA TTOJYYaC€TCsA, YTO IIPU TOCTOSIHHOM MOIIHOCTH JIBUI'aTCIIA
aBTOMOOMIIA P MaJIbIX 3HAYCHUAX CKOPOCTU MMECM BBIMT'PBILI B CUJIC TATHU (B cjry4dac
| nepeaaun CKOpOCTI/I), a Ipyu MajlbIX 3HAYCHHUAX CWJIbI TAT'M HMCCM BBIUIPLHIIL B
ckopoctH (B ciydae [V 1 V niepead ckopocTr aBTOMOOHIIS ):

F N N
=—' D=—
v’ F
WNccneposanume-2. NMpumeHeHune. Kakyio paéoTy coBepiiaoT MbIIIIbI aT/eTa?
3agaya 2. Atier B TeUeHHE 5 ¢ IOJHUMAET IITaHTy Maccoid 250 kr Ha BeicoTy 2 M. Onpenenure:
a) paboTy, coBepIIaeMyIo MBIIIeTHOH crtoi atiera (g = 10 ciz ;

b) MOIIHOCTb aTyieTa B JIOIIAANHBIX CUJIAX IIPH COBEPILEHUH 3TOMH pabOThI.

O0cyxneHue pe3ybTaToB:

e Kakoit ¢opmyioii onpenenuinn paboTy, COBEPIICHHYO MBIIICYHON CHIONW aTiieTa M CKOJbKHM
JDKOYJISIM OHa paBHa?

o C kaKoit OBICTPOTOH aTJIeT COBEPIINII 3Ty paboTy?

e KakoBa MOIITHOCTH aTieTa B JI.C.7

IIpumeHeHue B OBCEIHEBHOM KU3HH:
MoIHOCTh IBUTaTeNe CIIOPTUBHOTO 00-
nmuna (cnopTuBHas MamuHa “@opmyisl-17)
1 TPaKTOpa C IIyTOM OfNHAKoBa (e). B
KaKOM M3 HHX MOIHOCTh 3aTPauyMBaeTCs Ha
BBIUTPHIII B CHJIE, @ B KAKOM — Ha BBIMTPBIII
B ckopoctr? OTBET 000CHYHTE.

IIpoBecTn caMoOOLEHKY:

1. Kakue moHsATHS HOBTOPUIIH Ha Ypoke? UTo U3 3TOro BbI XOPOIIO MOHSUIH, @ YTO OCTATIOCh BaM HE SCHBIM?

2. B KaKoM cilydae cuiia TSDKECTH COBEpIIAeT MOJI0KUTENbHYI0 paboTy: Ms4, OpOIICHHBIH BBEPX, WIIH
M4, KOTOPBII TaJjaeT ¢ HeKOTopoi BBICOTHI? OTBET 00OCHYIITE.

3. Ilorpy3um Ms14, IJTaBAIONIHI HA TIOBEPXHOCTH BOJIBI, OJHOCTHIO B BOJLy Ha HEKOTOPYIO IIyOHHY,
a 3aTeM OTITyCTHM ero. Ms4 CHOBA MOAHMMAETCsI Ha TOBEPXHOCTh BOJBL. B KakoM U3 9THX ciTydaeB
pabota, coBepieHHas CWIOH Apxumena, AEHCTBYIOIEH Ha MU, IMOJOXKUTENbHA, a B KAKOM —
oTpunatenbHa? [louemy?

4. MOXHO JT OJTHOBPEMEHHO MOJIYYHUTh BBIUTPBILI U B CUJIE, U B CKOPOCTH MPH JAAHHON MOILHOCTH?
Tlouemy?

YTO Bbl Y3HAJIU? 3amumure B pabodyeM JIUCTKE ONpeNesICHUsS HIDKEIPUBEICHHBIX MOHATHIL:
“MexaHnueckas pabora”, “pKOyNIb”, “MOLIHOCTE”, “BaTT .

EED OHerrus - cnocoBHOCTb CUCTEMBI COBEPLLIMUTD
PAEOTY. KUHETUYECKAS SHEPIUS

Mynsa 13 BUHTOBKM U SAPO U3 NYLLKK,

; -
[BUrasicb C 0AMHAKOBOWN ropu3oHTarb- { '“ o -

HOWN CKOPOCTbIO, MEPEMELLAIOTCA Ha ___,@
O[MHaKOBOE paccTosiHWe U nonagaroT

B OOQHY N Ty Xe MULLEHb. w‘l_—.'mﬂ:' .

5
o MoxHo nu ckasaTtb, YTO MexaHu4yeckas paboTa, t S
coBepLUeHHas nyneun u sapom, oguHakoBa? MNMovyemy?
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JHeprus — 3TO CHOCOOHOCTH CHCTEMBI COBep-
HUTH padoTy. Bel yxe y3Hamu, yto ogHOU u3 (husu-
YEeCKUX BEJIMYMH, KOTOpBIE 00J1aJat0T CBOHCTBOM CO-
XpaHEHUs! B 3aMKHYTOH cuUCTeMe, SIBIAETCS OOIIuii
UMIYJIC CUCTeMBI. Jlpyroil o4yeHbp BaxHON (usn-
YECKOHM BENMYMHOM, 00JIagaroieil CBOMCTBOM COXpa-
HEHHUs B 3aMKHYTOH CHCTEME, SBISETCS JHepIusl.
[Tonsitne “sHeprus’” 4acTO UCIOJB3YETCS B TOBCEI-

D

UccneposaHue-1. NMpuMeHeHue.
3a cuer M3MEeHEeHHU e, KAKOMH
¢uznyeckoii BeJIMYUHBI ObLIA
coBeplIeHa padora?

3agaya 1. ABTOOYyC TIpH BBIKITIOYCH-
HOM JBHTaTelie HEKOTOpOe BpeMs
JIBIDKETCS TI0 TOPU3OHTAIIBHOM J0PO-
T€ 1 3aTeM OCTAHABJIMBACTCS.
O0cyxaeHue pe3y/bTaToB:

e [IpoTuB KakuxX CUJI aBTOOYC CO-

HEBHOMW >KM3HM (HAIIpUMep, SHEPTHs ABISAETCS caMOn
00CyX/1aeMOil TeMOH Ha IeperoBopax Mo MexkIyHa-
POIHBIM SKOHOMHYECKMM Bompocam). Brl umeere no-
CTaTOYHO WH(OPMAIIH O Pa3IMYHBIX BUAAX YHEPTHH

BepImI pabory?
e 3a cyeT M3MeHeHHUs KaKkoil (u3n-
YeCKON BEJNMYUHBEI aBTOOYC CO-
BepuIwI padory?

M 0 ee IPEeBPALeHUH U3 OJHOTO B B Apyroi. Camoe

Ba)XXHOE TO, UTO JUIS K&KJAOTO BUJIA SHEPTHH YUCHBIMU-(PHU3UKaMU OblIa Oonpe/iesicHa
cBos (hopmyta. [IpoBesieHHBIE C TOMOIIBIO ATUX (HOPMYJT BEIUUCIICHHS KaX bl pa3
MOJTBEPKIAIOT IOCTOSTHCTBO CYyMMBI BCEX BUJIOB SHEPIUU 3aMKHYTOH CHCTEMBI.

Kak BbI 3HaeTE, 5HEpeus xapakmepusyem cnOCOOHOCHb Meild CO8epuams pabomy
(cM: pusmka-7, ctp. 62). C ApyTOii CTOPOHBI, SHep2uUs — 00UWdsL MEPA OBUINCEHUL U B3~
umodeticmeus mei. JlgusiceHue meia Xapakmepuzyemesi €20 KUHEeMu4eckol dHepeuet,
a 3aumooeticmeue mejl Xapakmepu3syemcs NOMeHYUAIbHOU IHepeUel.

PaGora, coBepmaemasi paBHOJEHCTBYIOIIEH CHION, M KHHETHYECKAsl SJHEPIHsI
TeJla MPU MOCTYNaTeJbHOM JABWKeHUHU. Eciy Teno moj jeiicTBueM paBHOJCHCTBY-
IOLIEH CHJIBI COBEpIIaeT paboTy, TO MOYJIb €0 CKOPOCTH U3MEHSIETCS OT Uy JIO Uy, TO
€cTb TeJo MOJIy4aeT yCKopeHHe. st mpocToThl MpearoaokuM, YTO TEO MOA JeH-
CTBHEM TApaIUIC/IbHOM TOPH30HTY TIOCTOSHHON PaBHOACHCTBYIOIICH CHitbl F cOBEp-
[IaeT MOJIOKUTENbHYI0 paboTy. B aTOM ciydae Teno, MBHTasich paBHOYCKOPEHHO C

F u%—ui
YCKOPEHHEM @ = —, CoBEepIIacT padory: A=F-s =ma-—-——

2a
A= moi  mo?

(3.12)
2 2
B HOCHCHHCﬁ (popMyne IOJIOBMHA MPOM3BCACHUA MACChl HAa KBaApaT CKOPOCTU

nim

2
muv o o
( 2 ) BbIpaXXacT (1)I/ISI/I‘IGCKy}O BCJIMYMHY, HA3bIBACMYIO KUHeMuU4eCcKou sHepcueu.
o Kunemuueckas OHEP2UsL — IMO IHEP2UA, BOHUKAOWAA 6 pe3)ibmame O08UDICEeHUA MeNa.

me (3.13)

E k= T

Kunetnueckast sHeprys 3aBUCUT OT Macchl Tella U MOJIYJISl €70 CKOPOCTH (@ HE OT €ro
HarpaBnienust). Ecmm 3ammmem  gopmyny (3.12) ¢ yuerom (3.13), 1o momyunm
BBIpKEHHE, KOTOPOE HA3BIBACTCS 1MeOpeMOoll O KUHEMUYEeCKOU IHepUlL:

e Paboma, cosepuiaemas HA0 meiom NOCMOAHHOL PABHOOelCMBYIoWell CUIOU, PABHA
U3BMEHeHUI0 KUHemU4ecKou SHepeuu mena:
A = Ey, — Ex = AE},. (3.14)

I'ne Eyq u Ej, — HaYaIbHOE M KOHEYHOE 3HAYCHHUS KMHETUYECKOW DHEPIUM Teja.
Kunernueckas sHeprust — ckaysipHas (pu3udecKas BeIWYMHA U, B OTIINYME OT pabOTHI,
MOXKET IMETh TOJILKO MOJIOKHUTEIbHBIC 3HAUCHHUS WK PABHSATHCS HYJIIO (IIPEBPAIIACTCST
B JIpyroii BuJ dHeprun). M3 Beipaxenus (3.14) BumHO, 9TO:
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a) ecnu paboma, cO6EPUICHHAS NOCIOSAHHOU Pas- | Tipumedanue:
HoOeticmsyrowell cuiol, noaodxcumenvha (A>0), | 1. TIpu 10Ka3aTembCTBe TEOPEMBI O KHHE-
MO UBMEHeHUe KUHeMUYeCKOU dHepeuu mena 60b- THECKOH SHEPTHH He BbUT0 0TMEdeHoO,

KaKoBa 0/1a CUJIbI, COBEPIIAIOIICH
we nyns: Eyy,— Eyq> 0 — xunemuueckas suepeisl 1IPHApOx > COBepHiaiom
paboty. DT0 3HAUMT, UTO TEOpEMA O KH-

yeenudusaemcs, HETHYECKOH SHEPIUH CIIPABETHBA IUTS
b) ecnu paboma, coseputernnas nocmosiHHoU pas- MOOBIX CHI (CHNMA TSDKECTH, CHJIA
HoOeticmsyrowyeli cunotl, ompuyamenvia (A < 0), TPEHHUs, CUIIA YIIPYTOCTH WM MX PaB-

HOZICHCTBYIOIIAS CUJTA), ASHCTBYIOIINX

Mo uzMeHeHue KUHemu4eckou OHepeuu  mena
Ha T€J0.

menvuie nuys: Ey, — Ep1 < 0 — kunemuueckast
Y. k2 k1 2. Kunernueckasi sHeprusl, Tak ke Kak U

IHEP2UA YMEHBUIAEMCA, CKOPOCTh [IBIDKEHHS], 3aBUCHT OT BbI-
¢) ecnu paboma, COBEPUICHHAS NOCMOSHHOUL Oopa cucTembl oTcueta. Harpumep,
pasrodeticmsyrougeli cunotl, pasHa Hymo (A = 0), CCIM CKOPOCTP TACCaKMpa B JIBIIKY-

[IEMCSI BarOHE OTHOCHTENIBHO CHCTEMBI
OTCYeTa, CBS3aHHOM C BaroOHOM, paBHA
HYJTIO, TO ¥ KHHETUYECKas JHEePrHs

MO U U3MEHEeHUe KUHEMUYEeCKOU HEpeUl PAGHO
nymo. Ep,— Eq1 = 0 — kunemuueckas sHepeus me

UBMEHAemcs, mo ecmb ocmaemcs NOCMOAHHOU MACCAKUPa OTHOCHTEIIHHO ITOI CHUCTe-
Ey»=E}1 =const. MBI OTCUETa paBHa Hy.Ti0. OIHAKO KHHe-
W3 TeopeMbl 0 KMHETUYECKON SHEPTUH BU/I- THHCCKAsd  SHCPIHA  [TACCAKNPA  OTHO-

CUTCJIbHO CUCTEMbBI OTCYECTA, CBSI3aHHOM

HO, 4YTO eZ[PIHPILIeﬁ U3MCPCHUSA KAHETHYECKOH o
¢ 3emield, OTJIMYHA OT HYJISL.

SHEpTrHH, Kak 1 pabotsl, B CU sBisiercs dorcoyin
(10): [Ex] = 1/1x.

Taxk kak CKOPOCTH CBsA3aHa C UMITYJIbCOM, TO U KHHETUYCCKAasl SHEPIUsl CBA3aHa C UMITYJIbCOM:
mv®? _ pv  p?
iy ==—==s=== (.15
k 2 2 2m G.15)
Ecim Macca Tela H3BECTHA, TO €r0 CKOPOCTH M MMITYJIEC MOYKHO BBIPA3HTh YEPE3 KUHETUUECKYIO SHEPTHIO:
2E)

u=\/:, (3.16)

p = 2ZmE;, .(3.17)

UccnepoBaHune-2. NMpuMeHeHne

3amaua 2. Pakera Maccoif m JEeTHT cO CKOPOCTBIO L. B pe3ynbraTe ropeHns TOIIIIBA Macca pakeThl

YMEHBIIASTCs B [Ba pa3a, IIPH TOM €€ CKOPOCTh YBEIIMUMBACTCS B /1Ba pa3a. Kak B 9T0 BpeMst H3MeH-

S€TCsI KHHEeTUYeCKasi SHepIus pakeTbl?

3amaua 3. Kakyio paboTy HEOOXOIUMO COBEPIIUTH YTOOBI OCTAHOBUTH moe3 Maccod 1000 ToHH,

JBUOKYIIHIACS O cKopocThio 108 kM /4ac?

O0cy:kaeHue pe3y1bTaToOB:

e Uemy paBHO M3MEHEHHE KMHETHUECKOH sHepruu pakeTsl? Kak onpenenuiu 310 u3meHenue?

e Ha ocHoBaHMHM Kakoil (opMyJibl BbI ONPECIIIN PaboTy, KOTOPYIO HEOOXOIMMO COBEPIINTH IS

octaHoBkH moe3aa? [louemy?

IIpuMeHeHHe B OBCETHEBHOM JKU3HU:

JlBa yueHnKa BO BpeMsI 3UMHIX KaHHKYJI BEUIETeNH Ha camorere u3 baky B Ctam0Oy:1. Camorter 1eTur Ha

Beicote 8000 M oT moBepxHOCTH 3eMiH. B 3T0 BpeMst 0ZIMH U3 YUCHUKOB TOBOPHUT Apyromy: “Camorner

JIETUT, @ Mbl HAXOIUMCs B IIOKOE, 3TO 3HAUUT, YTO y CaMOJIeTa €CTh KMHETHYEeCKas SHEprus, a Haula

KHUHETHYeCKasl SHeprust paBHa Hymo”. Bropoii yueHuk cpasy emy Bozpasui: “Her, 3T0 HeBEpHO, MbI Tak

JKe 00J1a1aeM KHHETHIECKOM SHeprueii”.

o Kaxoii n3 yueHHKoB roBopuT BepHO? OOaaeT 1M KUHETUYECKOH YHEPTHeH rmaccakup, Haxos-
muiicst BHYTpH Jetsmiero camosnera? OTBeT 000CHyHTE.

IIpoBecTn caMoOLeHKY:
1. Kaxuie oHATHS OBTOPHITH Ha YpoKe? YTO M3 3TOr0 BBl XOPOLIIO OHSITH, 2 YTO OCTAIIOCH BaM He SICHBIM?
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2. Kakoii BBIBOJ OJTyyaeM U3 TEOPEMbl O KHHETUYECKON 3Heprun?

3. Ot 4ero 3aBUCUT KHHETHYECKas SHEprus?

4. B xakoM ciryyae KHHETHYECKast SHEPTUsI paBHA HYJIIO?

5. 3aBHCHT JIM KHHETHYECKast SHEPIUs OT BbIOOpa cucteMbl orcuera? OTBeT 000CHYMHTE.

YTO Bbl Y3HAJIM? 3anummre B pabodeM JIMCTKE ONpEeNCHNUs HIKEIPHBEACHHBIX MOHATHIA:
“sHeprus”, “KMHETHYeCKast SHEprus”’, “TeopeMa 0 KHHEeTHYeCKoH sHeprun”’, “KuHeTndeckast SHeprust Mo-

ELENTs )

JKET YBEJIMYMUBATHCA, YMEHBIIATHCA NI ObITH paBHOﬁ HYJO...”, BarT .

m nOTEHLI,I/IAJ'IbHAFI QHEPI'UA
= o] P e
= 1 ¢ [1pu kakom cnocobe NnoabemMa Manb4ukKa
| Ha BbICOTY & cuMa TAXXECTU COBEPLUUT
h HauMMeHbLUY paboTy: No CTyneHbKam
HaKINIOHHOW necTHuubI (1) unu no Bep-
TUKanbHom nectHuue (2)? MNouyemy?

Wccnepnosanne-1. Yemy paBHa padoTa CUJIbI TSKeCTH?
3amaya 1. Teno HaunHaeT ABIKEeHNE W3 ToukH 1 Ha BeIcOTE A OT TO-
PH3OHTAIBHON OBEPXHOCTH M, COBEPIINB JBIDKEHUE BJOJb CIIOXK- T -1
HOM TPaKTOpUH, CHOBA BO3Bpalaercs B Touky 1, (a). JIpyroe Takoe - .

e TeNo, HAuaB JBIDKeHHe B Touke 1 3apepiaer ero B Touxe 2 (b). 4 )
Yem oTMUaroTCst paboThI CHIT TSDKECTH B ATHX CITyYasik? L
O0cy:kneHne pe3yJbTaTOB:

e OT Yero 3aBHUCHT CHJIA TSDKECTU?

e MoskeT i paboTa CHIIBI TSHKECTH paBHATHCS Hymo? [louemy?

()i "‘ by % |

PaGora cuibl TsiZKeCcTH M NOTeHIUAIbHAS
sneprus. [Ipenonokum, 4Tto 3aMKHyTas CHCTe- (© (d
Ma COCTOUT U3 3eMIIM U Tela, TOAHATOTO Ha Oompe- s R
JIEIeHHYI0 BBICOTY h; Haj ee IOBEPXHOCTHIO. | 1 :" '
Eciu Tenno ¢cBOOOIHO BBIMTYCTHTh C 3TOH BBICOTHI, El. V5.
TO OHO HAYMHACT JIBHIKCHUE MO/ ICHCTBHEM CHITBI i
TSKECTM B HAIPaBJICHUM TOBEPXHOCTH 3emid. M| - rqgi- .t k| -- i
Cuna TsDKeCTH, Iepememas Telo Ha S 10 i _ "
OIpeZIeJICHHOM BBICOTBI h; OT TIOBEpXHOCTH n| 1 B TE
3emun, COBEpIIACT MOJIOKUTENIBHYIO padoTy (1pu
COBIAJICHUU HANPABICHUN CHJIBI TKECTH U
nepemenierus & = 0) (c):

A = FE.-s =mg(hy — hy). (3.18)

I'me s = hy — h, Moaysb IepeMerIeHus CBOOOIHO ITaJIafOIIEro Teja ¢ BEICOTHI i
Ha BBICOTY h,.

Ecnu Teno OpolieHo BepTHKaIbHO BBEPX C BBICOTHI /1, TO B MOMEHT JIOCTHYKEHHSI €T0
BBICOTHI /12 MOZyJIb TIepeMelieHus OyaeT paBeH s = Ay — h; (d). Tak kak B 3ToM cirydae

% B
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YTOJI MEXIy HaIpaBJIeHHEM CHITBI TSHKECTH M BEKTOPOM IepeMeltieHrs paseH o = 180°, a
cosa = cos180° = —1, To cuna TSHKECTH COBEPILIUT OTPUIIATETbHYIO padoTy :
A= —F s =-mg(h, — hy) = mg(hy — hy). (3.19)

Bripaxernue (3.19) cxoxe ¢ BeipaxkeHueM (3.18), To ecTh Tenmo, OpoIlIeHHOE
BEPTUKAIBHO BBEPX, U CBOOOJIHO MMAJIAI0IIee TEIO0 COBEPIIAIOT MO JICHCTBHEM CHIIBI
TSDKECTH OJIMHAKOBYIO paloTy.

e Paboma cuivbl maxcecmu He 3a8Ucum om opmvl mpaekmopuu 08UiCeHUs meid,
OHA 3A8UCUM OM HAYATLHO2O U KOHEUHO20 NOJIOJICEHUS. YeHMPa msdicecmu meid.
o Cunbl, noo Oeticmseuem KOMOPLIX cO8ePULAEcs paboma, He 3a8UcAuids Om mpaex-
mopuy 08UICEHUsl Mead, HA3bIBAIOMCS KOHCEPEAMUGHBIMU CUNAMU. DO 3HAYUUM,
UMO CUNIA MAHCECMU ABNAEMCA KOHCEPEAMUBHOU CUNON.
Dopmyiy (3.18) MokHO 3amHcaTh U Tak:

A =mg(hy — hy) = mgh, — mgh,

wm A = —(mgh, — mghy). (3.20)

OT0 03HaYaeT, 9YTO paboTa, coBepInaecMas CHIION TSHKECTH, paBHA N3MCHEHHIO Be-
JUYUHBI Mgh, B3SITOM C MPOTHBOTIOIOKHBIM 3HAKOM. JTa BEJIMYHHA SIBIISICTCS dHEp-
2uell B3aUMOJICHUCTBHSI Tela, HAXOSIIErocs Ha BBICOTE A HaJ MOBEPXHOCTHIO
3eman, ¢ camoi 3emieH.

e Dnepeus, komopoti obradaiom 83aumooelicmeayioujue meia (Ui 4acmuysl), Ha3vl-
8aemcs NOMeHYUaIbHOU IHepeuel:
E, = mgh. (3.21)

[Ipunss Bo BHManue BeipakeHue (3.21) B Boipaxkennn (3.20), morydaeM BbI-
paKkeHHe, KOTOPOE HA3BIBACTCSI MeopeMoll 0 NOMEHYUATbHOU IHEPIULL:

e Paboma, coeepuiaemas Cuiiol msaxcecmu, pasHa UMEHEHUI0 NOMeHYUAIbHOLL
9Hepeuu, 8351Mmomy ¢ NPOMUBONOLONCHBIM ZHAKOM:
A =—(Ep; — Epy) = —AE,. (3.22)

W3 Teopembl 0 TOTEHIMATIBHOM SHEPIUH BUAHO, YTO SIMHHUIECH N3MEPEHHs TOTCHII-
ITLHOW SHEPIHH, TaK ke, Kak U padotsl, B CU sBisiercs dorcoynn (111x): [Ep] = 1/Ix.

[loTreHnmanbHas SHEpTUs TeNa, Ha KOTOPOE JICUCTBYET CHJIa TSHKECTH, 3aBHCUT OT
BBIOOpa HYJIEBOTO YPOBHS. 3a HYJIEBOW YpOBEHb MOXHO HPHUHSTH YPOBEHb MOPS,
MOBEPXHOCTh CTOJIA, IOJ KOMHATBI M JApyrue. IloTeHnmanbHas >HEprus Tea,
HaXOJSIIIErocsi Ha KaKoW-IMO0 BBICOTE OTHOCUTENBLHO 3THX YPOBHEH, OyaeT NMeTh
pasuble 3HadeHus. OJJHAKO Pa3HOCTh MOTCHIUAIBHBIX JHEPTHH JBYX, COOTBETCT-
BEHHO, pa3HbIX MOJOKEHUH Tesia He 3aBUCHT OT BBIOOpA HYJICBOTO IOJIOKECHHUS,
OHa H3MepseTcst paboTOM, COBEPLIEHHON CHIION TshkecTH. M3 aToro momyuaem ¢u-
BUYECKULl CMbICT NOMeHYuanbHou dHepeuu: llomenyuanvHas sHepeus mena Ha
svicome h pasna pabome, cogepuiaemori cunol msdxicecmu 8 ciyuae nadeHus Oau-
HO20 mena ¢ 5mou 8blCOMblL HA HYe8OU YPOBEHb.

B 3aBucumocT ot BbIOOpa HYJIEBOTO YPOBHS NMOTECHIMAIBHAS SHEPTHS MOXKET
OBITh, KaK IMOJIOKHUTEIBHOW, TaK U OTPULIATEIbHON. Tak, MOTEHIMAaTbHAS SHEPTHS
TeJsa, IOMEIICHHOTO Ha ONPEICICHHON 6bicome h OT HYIEBOTO YpPOBHS, HOJOXKHU-
TeJIbHA, a MMOTEHIIMAIbHAS YHEPTHsl Teja, MOMEIIEHHOTO Ha ONpEIeIeHHOH 21youne
h oT HyneBOTO ypOBHS, OTpUIATENHHA.
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PaGora cuiibl ynpyrocTu u noreHuuaibHas 3Heprus. Eie oqHol KoHcepBa-
TUBHOW CHJION siBisieTcsi cuina ynpyroctu. Iloatomy paboTa, coBeplieHHast CHIIOM
YIPYTOCTH, TAK)KE JIOJDKHA OBITh paBHA U3MEHEHUIO MOTCHIIMAIBLHON SHEPT U Tea.
Hccnemyem 5To: mpuUKpennM OAWH KOHEI | (e)

MIPYKUHBI K OTIOpE, IPYTOH YK€ KOHEI[ TIpH- !
KpenuM K Tety (IIapuKy), criocoOHOMY JIBH- D?&I&I%’)V"JN v
raTbCsl MO TJIAgKOMy CTepxkHio. CHBUHYB 0 ;

HIapUK BIIPABO, PacTSIHEM NPYXHHY Ha X .
Monyib cuibl ynpyrocrtd, BO3HHUKIIEH B .

NpY*kHUHE, paBeH Fynyq = —kx; Ion neii- AR,
CTBUEM 3TOM CHJIBI CBOOOIHO OTIYIIICHHBIH WA\)I\]I\/%V'IJ W
0

X

HIApUK JBWXKETCSA BJIEBO, HAIIPUMEp, W3
nojoxenus 1 B monoxenue 2 (e). Tak kak B s
9TOM TOJOXKEHUU JedopManus Mpy>KUHBI e
paBHa X, TO MOJIyJIb IIEPEMECIICHHUS IaprKa {\(Avnv%bﬁﬁl
paBeH pa3HOCTH PACTSKEHUM IPYKUHBL: "V Yvy
s = x1 —x, Tak kak HampaBlIeHHUE Iie- 0
pEMELICHUS COBIANACT C HAlpPaBICHUEM
JEWUCTBUS CUJIBI YIPYIOCTH, TO PadOTa, COBEPILECHHAsI 3TOH CHIION, IMOJIOKHUTEIbHA,
OJTHAKO JIOJDKHO OBITh MPHHATO BO BHUMAaHHE, YTO MOJIYJb CHIIBI YIIPYTOCTH HE
MIOCTOSIHEH: OH W3MEHSIETCSl OT 3Ha4eHUs KX, 10 3HaueHus kx». Ha smom yuacmxe
cpedHee 3HaueHue MoOYJia CUTbl YNPY2OCMU PAGHO CpeoHeapughmemuyeckomy sHade-
HUIO €20 HA4anbHo20 kX1 u Koneuno2o Kx, 3nauenuir:
kxy + kx,
F;/np.cpe,q = T

Takum o0paszom, ympyro nehopMupoOBaHHas MPY>KHHA COBEPIIACT MOJIOKH-

TEIBHYIO PadoTy:

- X

o f

kxy + kx,
A = FEnpepen " Sx = Fup.epen * (X —xp) = T (x1 — x3)
wm A= ka% — ka%
Oty hopmMyIty MOXKHO 3aITUCaTh U TaK:
A=— kag _ledt (3.23)
> > ) .

Kak BuzmHO, paboTta, COBEpILICHHAS! CHIION YIIPYrOCTH, 3aBUCHT OT HAYaJIbHOW M
KOHEYHOH e opMaliy Npy>KUHbI.

W3 cpaBuenus ¢opmyn (3.20) u (3.23) BugHO, 4TO padoTa CHIIBI YIPYTOCTH

o kx?

TakKe PaBHA M3MCHCHUIO HEKOTOPO# BEMYHMHBI, B 9TOM CJIy4ae —-, KOTOPas TOKe
SIBIISIETCS] SHEPTUEH B3aUMOICHCTBHS:
o [lomenyuanvhas sHepeusi Ynpyeo0e@opmMuposanHo2o mend pPaeHA NOJOGUHE
NPOU3BEOCHIUSL ee HCeCMKOCU HA K8AOPAm pACMANCEHUA (UIU CHCAMUS):
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NMpumeHeHue. UccnepoBaHune-2.
3agaua 2. Jlokaxwure, 4ro paboTa, COBEpIICHHAs CHION TSHKECTH, IIPU MEPEMEIICHUH Tella Mo ee
JeiicTBHEeM U3 TOUKH | B TOUKy 2 He 3aBHCHUT OT (hopMbI TpaekTopuu aBmwkenust (a u b) ().
Ilpumeuanue. Pazoenume mpaekmopuio Ha MHO20HUCTEHHbIE MATble NPAMOIUHELHbIE YUACHKU U
cymmupyiime pabomul cosepuiennble Ha SMUX Y4ACmMKax.
3agaya 3. [Ipy>xrHa )KeCTKOCTbHIO 300% 0J] IeicTBIEM BHELIHEH CHIlbl cxkaack Ha 2 cM. Kakyro
JIOTIOJTHUTEIIbHYIO pab0Ty JOJDKHA COBEPILIUTD BHEIIHSS CHIIA, YTOOBI CKAaTh MPYXKUHY elle Ha 2 cM?
Ilpumeuanue. /{13 cocamus npyslCUnbl U3 NOA0JICEHUS X1 8 NON0JICEHUE
X, BHewHue cuivl cosepuiarom pabomy: A = g(xzz — x2). (ﬂ‘(i‘.']) e M
OO0cyKaenne pe3yabTaToB: i b o
o [Touemy paboTa, COBEpIICHHAsI CHJIOH TSDKECTH, HE 3aBHCHUT OT (POPMBI yYmg ¥ 3
TPAEeKTOPHUHU JABMKEHUS Tena? hy }\u 1‘1‘
e Ecnu Tej0, HauaB IBU)KEHHUE U3 TOUKU | 10 HEKOTOPOH TPaeKTOpHU L a hy! .
ab, cHoBa OKa)KeTcs B TOYKE 1, TO: '* i» mg
a) ueMy OyzieT paBHa paboTa CHIIBI TSDKECTH, JeHCTBYIOIIEH Ha Hero?
b) yemy paBHO M3MEHEHHE TOTEHIMATLHON YHEepruu Tena’?
C) KaK U3MEHseTCs MOTeHIHAIbHAs YHEPTHs Tena? fo
i
IlpuvMeHenne B MOBCEHEBHOI *KU3HU: YUEHHK XOUeT 3a0pOCcUTh MY (e) _f i i
maccoit 100 rp, Ha GajKOH, HAXOMSIIMICS Ha BBICOTE 3 M OT TOYKH H
Opocka. OgHAKO OH HE CMOT IPABMJIBHO PAacCYMTATh CHIIy OpOCKa: M4 d '-I
TIOJTHSIJICS. HA BBICOTY 7 M U TOJIBKO 3aTeM yTas Ha OajKoH (g). i i
e Yemy paBHa paboTa, COBepIICHHAs CUIIOH TSHKECTH BJOJb BCEH TPAaeKTo- ' IL
prn (g=10m/c2)? 1 7™
TIpOBECTH CaMOOLEHKY: i
1. Kakue moHsTHsI MOBTOPWIM Ha ypoke? YUTO M3 5TOro BB XOpOwWO | b
TIOHSUTH, @ YTO OCTAIOCh BaM HE SICHBIM? |
2. Yemy paBHa paboTa, COBEpIICHHAS CHIION TSHKECTH? ’ L)
3. [Toyemy cna TSDKECTH CUMTACTCS] KOHCEPBATHBHOMN CHITOH? |
4. B xakoM ciydae TOBOPST, YTO TeJO 00NajaeT MOTEHIMANLHOI Hep- !
ruen? ¥
5. Yro o3HavaeT HyJIEeBOH YPOBEHb MOTEHIIMAILHON SHEPTruu?
6. OT 4ero 3aBUCHT MOTEHIUABHAS SHEPTHSA YIPYTO 1e(GOPMUPOBaHHOrO Tea?

YTO Bbl Y3HAJIM? 3anummte B pabodyeM JIHCTKE ONpPEACICHUS HIDKCIIPUBEICHHBIX MOHATHHI:
“pabora cuibl TSDHKECTH”, “TIOTEHIHANbHASI SHEprHs”’, “TeopemMa O MOTEHIMAILHOW SHeprun”, “Io-
TEHIMAIbHAsl YHEPIUs NPUOOPETaeT OTPHLATEIbHOE 3HAYCHHE ...”, “NOTEHIMalIbHAs SHEPIrust NpHu-
oOpeTaeT MOJOXKUTEIbHOE 3HAaueHHe...” “KOHCepBaTHBHAs CHJA”, “TIOTEHIUAIbHAs 3HEPTHs yIpPYyTro

nedopmupoBanHoro Tema”.
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EXD [onnas MEXAHNMYECKAS SHEPTUA.
3AKOH COXPAHEHMSI 3HEPI MU

[MepBbIi NCKYCCTBEHHbIA KOCMUYECKUA CNyTHUK A3epbangxaHa
“Azerspace/Africasat-1a”, Bpawascb Bokpyr 3emnu c onpege-
TIEHHOW CKOPOCTbIO, OCYLLIECTBAET 0OMeH nHopmaLumen mexay,
MOXHO CKa3aTb, PaaMOCTaHLMAMMN BCEX KOHTMHEHTOB (a).

e Kakon MexaHuueckow 3Hepruen obnagaer 3TOT CNYTHUK:
KWHEeTMYEeCKOMN Unu noteHumanbHon? Moyemy?

Uccneposanme-1. Kak n3mensiercst

MOJIHASI MeXaHUYecKasi JHeprusi? 1 (b)
3anaua 1. CroGoHo oTnymennbrit u3 Touku +& Vo = 0 3 5\__
1 mapuk Maccoif m ABMKeTcs Oe3 TpeHHs 110 'x\ - SN

. / \
TPacKTOpUH, TPEICTABICHHOH Ha PHCYHKE |[p N /» “,
(b). B xakux TOYKax TPaeKTOPHH MOIHAS Me- b /

\ 2/ \ 4/ N6
XaHWYECKasl DHEPIus IIapuKa: | \0'/ 10.5M \.-u-f .0,75M\Q -
a) naubonvwasn? b) naumenvwas? c) oouna-

roeas?

Ipumeuanue. Mooswceme 80CHONL306aMbCA 3HAHUAMU O 3AKOHE COXPAHEHUs JHepauL (CM.: QusuKa-
7, cmp.71-72).

ObcyskneHne pe3yJbTaTOB:

e Uemy paBHa MoNHas MEXaHUYIECKast SHEPIusl MIapruka B TOUKe Tpaekropuu 17

e UeMy paBHa MOJIHAsE MEXaHUYECKask SHEPIHs MIapHUKa B TOUKaX TpaekTopuu 2, 4 u 67

e Uemy paBHa MosHas MEXaHMYeCKas SHEPIusl MIapuKka B TOUKax Tpaekropuu 3 u 57

e K kaxoMy BBIBO/ly O TIOJTHOM MEeXaHMYECKON YHEPIHHU IIapHuKa MPUBOAUT UCCIIE0BaHKE?

Honmnasn mexannyeckasi IHeprusi. Cucrtema Tell 0JJHOBPEMEHHO MOXKET 00Jia/iaTh
KaK KHHETUYECKOM, TaK ¥ MOTeHIMaIbHOW SHeprueil. Harpumep, camoser, neTaimii Ha
HEKOTOPOI BBICOTE C OIPEJICIICHHOM CKOPOCTBIO, 00J1a/1aeT HAPSITy C KHHETHYECKOM SHEP-
THEH, TaKXKe U MOTCHIUAIbHON SHEPTrUe BCICICTBUE B3aUMOICUCTBUS C 3EMIICH.

o Cymmy KUHemuyecKkou u NOMeHYUabHOU SHepeUll CUCIeMbL Mejl HA3bI8AIOMm HOTHOIL
MeXaHU4ecKoll IHepzuell:
E =Ey + E,.

3akoH coxpaHeHHsI TOJHOI MeXaHH4ecKoii sHepruun. Brl yxe 3Haete, uto padora
CHIIBI TSDKECTH W YIIPYTOCTH, SIBJISFOITUXCSI KOHCEPBATUBHBIME CHJIAMH, paBHA HM3Me-
HEHUIO TIOTCHIIUAIBHON PHEPIHU CHCTEMBI, B3ITOMY C MPOTHUBOMOIOKHBIM 3HaKOM. C
JIPYTOi CTOPOHBI, 3Ta pab0Ta TAKKe paBHA N3MEHEHUIO KHHETHYECKOH YHEPIHU CHCTEMBI:

A= _(EPZ - Epl)
A = Eyy — Eyq.

Takum 00pa3om, MoJTy4aeTcs, 4To;

Exy = Ej1 = Epl - Epz-

CrpynipoBaB COOTBETCTBYIOIINE BETMUNHBI, 3TO BBIPAXKEHHE MOXKHO 3aIlUCATh B
CIEIYOLIUM BUJIE:

Exa + Epp = Eyq + Epy,
E = const. (3.25)

3aKoHbI COoXpaHeHus 93



[TomyueHHOE PABEHCTBO SIBIISIETCS BBIPAKEHUEM 3aKOHA COXPAHEHMSI IOJHOM Me-
XaHUYECKOM SHEPTUU.
o [lonnas mexanuyeckdas SHepeus 3aMKHYMOU CUCeMbl meil, 83AUMOOeUCmEyouUx
opye ¢ Opy2oM KOHCEPBAMUBHbIMU CUIAMU, OCTNACMCSL HeUSMEHHOU.

3aKOH COXpaHCHUS MOJTHOM MEXaHUUYECKON YHEPTHH SBISICTCS Pe3yJIBTATOM 0OHO-
POOHOCU 8PEMEHU.

® O0HOpOOHOCIb BPEMENU — SN0 CUMMEMPUS OMHOCUMETILHO NEPEHOCA B0 8PEMEHUL.
Qusuueckue ceolicmea 3aMKHYMOU CUCMEMbl He 3ABUCAM OM Gbl0OpA HAYATILHO2O
MOMEHMA 6pEeMEHU, O eCMb 6Ce MOMEHINbL 6PEMEHU FKEUBATICHMHbL (DAGHONDAGHDL).

CornacHo 3aKOHY COXpaHEHMs IMOJHON MEXaHMYECKOH PHEpPIHH, yBEINYEHHE
MOTEHIIMAIBHON SHEPIUU CUCTEMBI COIPOBOKIAETCSI COOTBETCTBYIOIIUM yMEHbIIIE-
HUEM ee KHHETHYECKOH SHepTruu, 1 Hao0opoT. [IpeBpaiienne noTeHInanIbsHON SHEp-
TUM B KHHETHUYECKYI0 HJIM KHHETHYECKOH B MOTEHIMAJIbHYIO, T.€. COXPAHEHHUE
MOJIHOW MEXaHWYECKON DHEPTUU SIBISIETCA OJHUM M3 CAMBIX BaXKHBIX 3aKOHOB B
IpUpOJE.

YacrHble CJIydau.
1. TlonHas MexaHWYecKast OHEprus Ui Tejla, ABMXKYLICTOCS 1101 JICHCTBHUEM
CHJIBI TSDKECTH:

i‘_

—
© 4
N
I'ne h — BeIcOTa HaJl HYJIEBBIM YPOBHEM, Ha KOTOPOM HaXOAUTCs TEJIO B JaH- mg
h

muv?
E =mgh + - = const.

HBI MOMEHT BPEMEHH, U — CKOPOCTb €ro ABWKCHUS. 3HaueHue TOJTHOM Mexa-
HUYECKOU OHEPruyr, OCTaBasCh IOCTOSHHBIM, 3aBUCHUT OT JAHHBIX yCJ'IOBHﬁ. I

=
Hanpumep: Yo
a) ecnu Teno ObLIO OPOIIEHO ¢ HyJIEBOro ypoBHs h = 0 BBepX ¢ Ha4aJbHOI
CKOPOCTBIO Uy, TO €ro TIOJHAs MEXaHU4YecKasi SHeprust Oy1eT paBHa:
7= muﬁ | e—
-
B aTOM citydae, 3aKOH COXpaHEHHs! MOJIHASI MEXaHWYECKasi SHEPIUH B POU3-
BOJILHOH TOYKE TPAEKTOPUH JIBIDKEHUSI 3aIIUCBIBACTCS TaK (C): - Looa
mug mu? d A .
—— =mgh+—; @ mg
2 2
b) ecnu Terno, OpoIIeHHOE BEPTHKAIBHO BBEPX, TIOJHUMETCS] HA MAKCHMAJIGHYIO

BBICOTY H , TO €ro mojHasi MeXaHH9ecKasi SHeprus OyeT:

E = mgH. H —

B sTOM ciydae 3aK0H COXpaHESHHS TTOTHOW MEXaHHIECKOW SHepruy Tema, Opo-
IICHHOTO BEPTUKAIBHO BBEPX, B MPONU3BOIBLHON TOUKE TPACKTOPHH JIBIKCHHS
3armcbiBaetcs Tax (d): h

mo?
mgH = mgh + 5 Y
2. Ecnu OTTSHYTB 1 OTITYCTHTB IIAPUK MACCOH M, 3aKPEeTUICHHBIH K OTHOMY U3
KOHIIOB HEBECOMOH IPY)KHHBI JKECTKOCTBIO kK M CIIOCOOHBIM IBHIaTHCS

(e)
BJIOJIb TJIAZIKOTO CTEPXKHS (IPYroi KOHEIl NPYXKWHBI 3aKPEIUIeH K HemoJI- )

BIKHOIT OTOPE), TO BRIPAKEHHE MOJHOM Mexammdeckoi sueprun komeba- |||/ rd—
TEJIBHOTO IBW)KEHUS CUCTEMBI “IIApHK-TIPYKHHA' OyZeT ciaeayonmm (e): O

E_kx2+mz)2_ .
== 5 = const.

3akoH COXpaHeHUs MOJTHOM JHEPIrum. I/I3BCCTHO, YTO ITIOJIHasA MEXaHHUYCCKas
OHEpPrus CBO6OIIHO nmagaromero T€jia BO BCEX TOYKAX TPACKTOPUH OJMHAKOBA.
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— Ymo npoucxooum npu nadeHuu meia u e2o0 OCIMAaHosKe Ha nogepxHocmu 3emau?

— Mootcno nu 6 smom ciyuae ckazamv, ymo “Kak KUHemu4eckds, maxk u nomeH-
YUAIbHAA DHEpP2Us MeNa PAeHbl HYJI0, MO eCMb MeXAHUYecKds dHepeus ucuesaem u
Hapyuwiaemcs 3aKOH CoXpaneHus dnepeuu’”?

MexaHndeckast SHEpPTHUs TeJ, COCTABIIONINX 3aMKHYTYIO CHCTEMY, HE HMcue3aer!
MexaHuueckast SHEpIus MpeBpaIaeTcs B IPyroi BUA 3HEPTUU — BHYTPEHHIOIO SHEp-
THIO CCTEMBI: B PE3yJIbTaTe COYAapEHHs TeNa C OBEPXHOCTHIO 3EMIIM CUCTEMA Harpe-
BAETCs U €€ BHYTPEHHSS SHEPTUs yBEITMINBACTCSL.

MOoXHO NMPHUBECTH MPUMEPHI MPEBPAILEHNs SHEPTUN TaKKe U B IPYTUX 3aMKHYTBIX
cucteMax. Hanpumep, B cucreme aBTOMOOMIIB-IIOCCE IPH TOPMOKCHUH ABIKYIIETO
aBTOMOOWIISI €ro KHHETHYecKas SHEpPrusi B pe3yibTare TPeHHs MpPEeBpaIacTcsl BO
BHYTPEHHIOIO SHEPTUIO HaIPETHIX TIOKPHIIIEK.

Takum 00pa3om, TOBOPS O 3aKOHE COXPAHEHUsSI IOJIHOM SHEPTUH, TTOJPa3yMeBaCTCs
COXpaHEeHHe BCEX BHJIOB PHEPIHU (MEXaHHMYECKOW, BHYTPEHHEH, SIIeKTPOMAarHUTHON U
JIPyTHE), TPEBPAIIAIONHXCS IPYT B APYTa, B 3aAMKHYTOW CHCTEME:
® DHepeusi He ucuesaem U He 6O3HUKACM U3 HUYe20, OHA NPeepaaemcs u3 00H020 8Udd
8 Opyeoll.

UccnepoBaHue-2. NMpuMmeHeHne

3anaua 2. Teno Opocwiii BEpTHKAIBHO BBEPX ¢ HayanbHOU cKopocThio 10 M/cek. KakoBa ckopocTh
9TOTO Teja Ha BeIcOTe 3,2 M (COMPOTHBICHNE BO3AyXa HE YUUTHIBATh; g = 10 W’ )?

ObcyskneHne pe3yJbTaTOB:

o Kakoii sneprueit odanaer Teno, OponieHHOe BEPTUKAILHO BBEPX, Ha BBICOTE h?

o Kaxoii ¢popMysoii BeIpakaeTcs 3aKOH COXPAHEHH MEXaHHIECKOM SHEPTUH JJIs 3TOTo Tena’?

e Kax onpeiennuTh CKOPOCTh Tella Ha BBICOTE 3,2 M?

1
IpumeHeHue B OBceHeBHOH KM3HM: Ha pUCyHKe NPe/ICTaBICHBI TP Pa3HbIC [ T

TOYKH TPAEKTOPUH ABVDKEHUS Tela, MAJAI0IIEero ¢ ONPeIeIeHHOHN BBICOTHL.

e UeMy paBHa MOJTHAS MEXaHWIECKask YHEPTHS TeJa B KaXKI0H U3 9TUX TOUEK (CoT-
POTHUBIICHHE BO3yXa HE YUUTHIBATE)? S 5

IIpoBecTn caMoo1eHKY: Kl @

1. Kakue moHATHS HOBTOPIIIH HA ypoke? UTo 13 3TOT0 BBl XOPOIIIO TOHSIIHN, a 4TO i
0CTaJIOCh BaM HE SICHBIM?

2. Ilpu KaKMX yCIIOBHSX ITOJHAS MEXaHUUECKast SHEPTHsl COXPaHISTCs? h

3. Ilpu KakuX yCIOBUSX IOJHAS SHEPIUs COXpaHsaeTcs?

4. B xakoii BUJ SHEPTUU MOXKET MPEBPATUTHCS YACTUYHO MOJTHAS MEXaHUYecKas
9HEPTUs B pe3ysbTaTe TPEHUs Tena? Q | B |

5. Kakne npeBparenust 3HepTriuy IPOUCXO/IAT B CIEAYIONINX SBICHUSX:
a) TaJIeHIe MacChl BOJBI B BOJIOTIAJIE;
b) mapuk, cKaThIBaIOMINIiCS 110 HAKIOHHOMY Jkeno0y [anmest.

6. Teno Opocriy BepTHKAIBHO BBEPX C HAYAIBHOM CKOpPOCThIO 6,4 M/c. Ha kakoii BrIcOTe KUHETH-
Yeckast ¥ MOTeHINAIbHAS SHEPTUH CHCTEMBI “3eMIIs-Teno” OyayT OHAKOBEIE?

YTO Bbl Y3HAJIM? 3anumute B paboyeM JHCTKE ONPEACTCHUS HIKEIPUBEICHHBIX MOHSITHIA:
“HmonHas MeXaHW4ecKas SHeprus’, “3aKOH COXpPAaHEHHs IOJHOH MEXaHW4YEeCKOH sHepruu”, “OmHO-

POIHOCTH BpeMEHH’,” 3aKOH COXPaHEHHS TIOJTHOW 3HEpTHU .
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END U cronb308AHNE ANBTEPHATUBHBIX MCTOYHMKOB
SHEPIUN B ASEPEANIKAHE (YPOK-NPE3EHTALIMS)

[ToaroroBbTe 3IEKTPOHHYIO MPE3ECHTAIMIO 00 MCIIOJIB30BAHUM B HAICH pecryOimke alb-
TEPHATUBHBIX MCTOYHMKAX 3HEPruu. [IpyM MOArOTOBKE NMPE3EHTAMHM MOKHO BOCIOJIB30-
BaThCsl HIKEMPUBEICHHBIMHU NIEKTPOHHBIMH PECYPCaMHU:
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O0pas3IoBkIif IUTaH TOATOTOBKU MPE3SHTALINI

I caaiix: o HasBanue npe3eHTanu
e [ToaroroBuin
11 coaiin: . COCTOj{HHe UCIIONB30BAHHS HCTOYHHKOB €CTECTBEHHON albTepPHATHBHOM YHEPIUH B
Asepbaiijpkane
11 eaaiix: e lcTopust HCNOIBL30BAaHUS YHEPTUU TEKYILEH BOABI 33 Asep0aiikane
o Vcrionp30BaHNe YHEPTUH TEUCHHE BOJbI B A3epOaii/ukaHe B HAILM THU
. o VlcTopust HCIIOIB30BaHMS SHEPTHH BETPa
1V caaiin: o lcnionp3oBaHme YHEPruH BeTpa B A3epOaiipkaHe B HAlllM THU
V caaiia: o [TepcrieKTHBBI HCIIONIB30BAHHS YHEPTHH TEUCHUSI BOABI H BeTpa B A3epOaiikaHe
Lo o Vcnons3oBanne sueprun ConHia B A3epOaiiDkaHe B HAIIH THU
VI caadia: o [TepcnexTuBsl ncnons3oBanus dHepruu ConHna B Azepbaiimkane
. o [TepcrieKTHBBI HCIIONB30BAHHS ATOMHOIT SHEpruu B AzepOaiimxane
VII cuaiin: o [TepcreKTHBBI HCIIONB30BAHHS YHEPIUH T€0TEpPMAIBHEIX BOA B A3epbaiipkane
3.1. Manpunk Maccoit 50 KT, CTOSIITNI Ha By B KOHbKAaX, OpPOCAET B TOPU3OHTATHHOM

HaTIPaBJICHUU CHEXOK Maccod 1 Kr co ckopocThio 5 M/c. Kakyro cKopocTs B 3TO
BPEMS TTOITYIHUT MAIBIHK?

JlokomoTtuB maccoit 150 TOHH TPUOTIKASTCST K HEIOJBIKHOMY COCTaBy MacCOu
1250 ToHH co ckopocThio 7 M/c. Kakyro CKOpOCTh HMpHOOpETaeT COCTaB IIOCIHE
COEIMHEHUS C JIOKOMOTUBOM?

Jlersimuii co ckopocthio 500 M/C CHapsiJi, B30OPBABIIKCH, pa3icisieTCs Ha JBa
OCKOJIKa C MaccaMH 5 KI U 15 KI, COOTBETCTBEHHO. BOJIBIION OCKOIOK MPOAOIIKIIT
noJiet co ckopocThio 800 M/c B TOM JKe HalpaBiIeHHH, 4To U cHapsia. Onpenenure
CKOPOCTbH MaJIOTO OCKOJIKA.

3.4. Manbunk mMaccoii 60 kr, 6eryimii co CKopocTbio 2 M/c, TOTOHSIET U 3alPhIrMBAET Ha

3.6.

TENEXKKY Maccor 40 Kr, IBIKYIIYOCS cO CKOpPOCThEO 1 M/c. C KakoW CKOPOCTHIO
MIPOJOJDKUT JBMKCHHUE TEIICKKA C MAITbUUKOM?

Jan rpaduk 3aBUCIMOCTH MPOSKIINU CUITBI, TEHCTBYIOMIEH Ha IBIDKYIIEECS BIOJb
ocu OX Teno, ot nepemenienus. Onpenenure padoTy, COBEPIICHHYIO 3TOW CHIION
Ha myTH 12 M.

Fo H §
i8 s
_lr:.'

fi

0 4 & 12 16 xnm

Maubunk, ZeUCTBYS C IOCTOSHHOW CHJION, HAIpaBICHHOW 1o yriioMm 60° k Topu-
30HTY, MIEPEMECTHJI UTPYIICYHYIO MAIIMHKY 110 TOPU30HTAIBHOM qopore Ha 40 m. C
KaKoOH CHJIOW MallbYMK TSHET MAIINHKY, €ClIH paboTa, COBEpIICHHAS ITON CHIIOH,
paBHa 2 xJ[x?
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3.7. Manpuuk 6pocrin Msta Maccoit 100 T BepTHKaIbHO BBEPX, a 3aT€M MOHMAl ero B
Touke Opocka. [IpuHAB BO BHMMaHME, YTO MY BO BpeMs JBIKCHHUsS BBEPX
HOAHSJICA Ha BBICOTY 5 M, BBIUHCINTE pabOTy, COBEPIICHHYIO CHIOH TSXKECTH,
nelictByromieit Ha M4 (g = 10 M/c?) a5 ciryyas: a) OpH JBUKEHHHU Msua BBEPX;
b) npu IBYKEHUH MA4a BHU3; C) HAa BCEM IIyTH JBIKCHHS MA4a.

3.8. MoxHO 11 TOAHUMATH Ipy3 Maccoi 30 K co CKOPOCTBIO 4 M/C TIPH TIOMOIIH JJIEK-

TPUYECKOTO JABMTaTeNs MomHocThio 0,9 kBT (g = 10 m/c?)?

3.9. Kamenp Maccoii 500 rp O6pocaroT BepTUKAIBHO BBEPX CO CKOpocThio 20 M/c. Uemy
OyJeT paBHA KHHETHYCCKAs DHEPTUs KaMHs uepe3 1¢ u 2 ¢ (COMpOTHBIICHHE BO3TyXa

He yuuThIBaTh: g = 10 M/c?)?

3.10. Kak u3MeHHTCS] KUHETHYECKast JHEPTHsl aBTOOYCa MPU YBEIMUYEHNUH €r0 CKOPOCTH B

2 paza?

3.11. Hlapuk maccoii 25 rp, ABUTasiCh CO CKOPOCTBIO 5 M/C, yAapsSeTCs O MPYKUHY KECTKO-

cteio 10° H/m. Onpenienure BeMmauHy Ae(OpMAIiK Py KUHEL

-

1%

3.12. BeuiereBinas U3 BUHTOBKU CO CKOpocThio 600 M/c, myist Maccoit 5 rp mpoOuBaeT
JIEPEBSHHYIO JTOCKY HACKBO3b M BBUICTACT M3 Hee co ckopocThio 200 m/c. Ormpe-

nenure paboTy, COBEPIICHHYIO CHIION COPOTHBICHUS OCKH.

3.13. Ipyxwuna auHamometpa xectkocthio 100 H/M nedopmuposana Ha 2 cm. Ompe-

JICITUTE TMOTEHIMAIIBHYI0 SHEPTUIO J1epOPMUPOBAHHON NIPYIKHHBI.

3.14. Kax n3MeHSI0TCS KWHeTHYecKast M MOTEeHIMAIbHAsl SJHEPTH Tela, €CIIN CHla TsHKeC-

TH, ICHCTBYIOLIAs HA HETO, COBEPIIACT OTPULATENbHYIO paboTy?

3.15. Kak H3MEHSIOTCA KHHETHYECKas U MNOTCHIMAJIbHAsA DHEPrusl Teja, €CJIU Culia

TSDKECTH, JICHCTBYIOIIAS HA HETO, COBEPINAET MOJIOKUTEIbHYIO padboTy?

3.16. IIpu paBHOMEPHOM IOJHITUN KaMHs U3 KOJIOJIA TIIyONHOH 4 M Ha NMOBEPXHOCTh

coBepmaercs pabora 150 [Ixk. Onpenenure Maccy kamus (g = 10 m/c?).

3.17. Kunernueckasi SHeprusi Teljia, OpOIICHHOTO0 BEPTHKAIBHO BHHU3 C BBICOTBHI 75 M CO
ckopocTtbto 10 M/c, B MoMeHT yapa o 3emiro paBHa 1600 J[x. Onpenenure maccy
Tela U ero CKOpOCTb B MOMEHT yZAapa O IIOBEPXHOCTb 3eMIIH (CONpPOTHUBICHHE

BO3/lyXa He yuuThiBaetcs g = 10 m/c?).

3.18. Teno maccoii 250 rp Gpocrii BepTHKAIBFHO BBEPX CO CKOPOCTHIO 15 M/c. Ompenennre
MAaKCHMAJIbHYIO BBICOTY MOABEMA M HOTCHIMATIBHYIO SHEPTHIO TeJla Ha 3TOH BBICOTE

(compoTuBIEHNE BO3yXa HE yUuThIBaeTes g = 10 m/c?).

3.19. Kaky1o ckopoCTh cOO0IIaeT NPYKUHHBIH IIMCTOJIET ITyJie Maccoi 3 Ip MpH pacpsim-

nenuu cxatoit Ha 10 M npyxunbl? XKectkocts npysxutbl 100 H/m.

3.20. CranpHOH mapuK OpOCHIN BEPTUKAIIBHO BBEPX cO cKopocThio 20 M/c. Onpenenure
BBICOTY, Ha KOTOPOI KHHETHYECKasl M MOTEHIMAIbHAS DHEPTHsI IIAPHKA PABHBI JIPYT

npyry (g=10 M/c?; conpoTHBIIEHNE BO3/[yXa HE yUUTHIBATE).
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MEXAHUYECKHUE
KOJIEBAHUA U BOJIHDbI

OcBouB MaTtepuansl 3TOl rnasbl —
Bbl CYMEETE:

® NNepeyncrinTb Npn3Hakn rapMoHN4YEeCKmnX KonebaHun;
® pa3findaTtb BUAObl MEXaHNYECKUX Koneb6aHun 1 BOH;

e OMnpeaensiTb OCHOBHbIE XapaKTePUCTUKN MeXaHUYeCKNX
Kone6aHuin 1 BOSH;

e COCTaBISATb U pellaTb KAYeCTBEHHbIe U KONUYECTBEH-
Hble 3aa4n C NPUMEHEHNEM 3aBUCUMOCTU MeXay Xa-
paKTePUCTMKaMM MeXaHU4Yecknx konebaHui 1 BomH;

e 00BACHUTD NPpUYNHy BO3HMKHOBEHUA MEXAHUYECKUX KO-
neb6aHun B NPY>XMHHOM N MaTeMaTU4eCKOM MaATHUKAX;

e 3anucaTtb ypaBHeEHWs konebGaHuin NPYXMHHOTO U MaTe-
MaTUYeCKOro MasiTHUKOB, 9KCMepPMMEHTarbHO 1 Teope-
TUYECKN YCTAHOBUTbL OT KakMX BENUYUH 3aBUCHAT MNe-
pvoa 1 YacToTa 3TUX MaSITHUKOB;

e onpeaenvTb Mo rpadpuky rapMoOHMYECKUX KonebaHuin ne-
PVIOA, YacTOTy, LMKIUYECKYH YacToTy, aMnnuTyay Kone-
GaHuin, MakcumarbHble 3HaYEHNS CKOPOCTU U YCKOPEHMS;

e OonpeaenuTb aKCrnepuMeHTanbHO U TEOPEeTUYECKN Npu-
YMHY BO3HMKHOBEHUSI B YNpYron cpene nonepeyHbix u
NpoaobHbIX KonebaHui;

© [MOCTPOUTb U “NpounTaTh’ rpadnKn 3aBUCMMOCTU XapaK-
TEPUCTUK MEXAHMYECKUX BOSMH OT BPEMEHM.
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@ Y10 nponcxoaut nocne atoro?
%y CmoxeT nu meaBedb
NnoaHATLCSA K ynbio? Movyemy?

MpeanpuMymnBbIN NECHUK, AN
3aLUMThI NMYENVHOTO YNbsa OT MEABEAS
ncnonb3yeT Tskenoe 6peBHO, NoaBe- o KakiM CrIOBOM MOXHO Xa-
LLIEHHOE Ha KPEenKow BETKe. ) pakrepuzosats Takoe ABU-
BpeBHO nomelLiaeTcst YyTb HbKe Ynbs, NepekpbiBas % Xenue 6pesHa? MoxHo
Aopory MeAgenio. Briesatowmii Ha iepeso MeaBseak “_'1 | Ha3BaTb Takoe ABWKEHME CBO-
HY)XOEeH OTTark1BaTh B CTOPOHY GPEBHO. - """ ' 6oAHBIM UNu BbIHYXAEHHBIM?

Uccneposanmne-1
3amaua 1. Onpenenute, 4TO SBISIETCS OOIINM, @ YTO HET JUIS CICAYIOIINX ABUKCHUM: “‘/[6udicenue

> e » CRTIT:

naosya no nosepxnocmu 600wt ", “Jleudicenue Jlynvl 6okpye Semnu”, “deuscenue xauenei”, “/leu-
JiceHue nubl npu pacnuausanuu oepesa’, “‘Jeusicenue epyza na npyuCUHHOM OuHamomempe
“/leusicenue nopwns 6 yununope osueamensn’”’, “‘/eusxcenue “sonuxa’ na nogepxmocmu cmoaa’”.
O0cy:xaeHue pe3y1bTaTOB:

o JIBI)KEHHS] KAKMX CHCTEM IIPE/ICTaBIICHBI B ATUX MPEIOKESHHSAX ?

e YeM OTJIMYAIOTCS U YTO 06]].[61"0 B IBUKCHHUU DTUX cuctem?

Mexanuyeckoe KojedaresbHoe aBi:keHne. O1HO U3 HanOoJee PacpOCTPaHEH-

HBIX JIBIDKCHHUH B TIPUPOJIE — MEXAHUUECKOEe KOICOAMEeNbHOe OGUMNICEHIE.
o Mexanuueckoe KonebamenbHoe 08UMHCEHUE — MO NOTHOCIBIO UIU YACMUYHO NO-
emopsitoujeecs 08uUdICeHUe meid 6 NPOMUBONONIONCHbIX HANPABIEHUAX OKOJNO NOJO-
JHCEHUs. YCMOUUUB020 pasHosecus. JIpyTUMH CIIOBAMH: MeXaHuyecKoe KoiebamenbHoe
08uUdICeHUe — IMO nepemenjerue mo 8 0OHOM, Mo 8 OPY20M HANPAGIEeHUU BOKPY2 NOJO-
JICeHUs PABHOGECUS Mella UMY CUCEMbL Meil.

KonebarenpHoe IBIKEHNE MOXKET OBITH EPUOANYECKIM 1 HEIEPHOIMIECKUM:

e [lepuoouueckoe KonebamenpbHoe 08UNCEHUE — IO  KONeOAHUs Mmend Ul CUCTEeMbl
mei, NO8MOPAIOWUECs. Yepe3 OOUHAKOBbLE NPOMENCYMKU BDEMEHU.

e Henepuoouueckoe KonebamenpbHoe O8UNCEHUe — SO KOAeOAHUs med uid CUCmembl
mei, NOBMOPAIOWUECS Yepe3 NPOU3BOTbHbIE NPOMENCYMKU 6peMen. Y makux Koie-
OaHUll ONpeoesieHHbIX NePUoO08 Henl.

[lepuoandeckue KomebaHUA B OCHOBHOM OBIBAIOT JIBYX BHIIOB: BbIHYHCOCHHblE T
€80000HbIe KOJIeDAHU.

o Buinyoicoennvie Konebanus — 3mo KoneOdanust, 603HUKAwue 6 pe3yromame 6030eli-
CMBUs HeutHel NepuoOUYecKl UsMeHAIOWeliCs CUTbL.

e C0600HbIe KONCOaHUsL — IMO KONEOAHUs, BO3HUKAIOWUE 6 pe3yibmame 0etiCmeus
BHYMPEHHUX CUTL 3AMKHYMOU CUCTEMbL.

CaoOoanble koJedanus. [ IpoCcTOTHI MPOBEAECHUS U3MEPEHUIM U BBIUUCICHUN
IPH U3YYECHHN KOJIeOATEIbHOTO IBIDKEHNS YI00HO BOCIIOJIB30BAThCS 3aMKHYTOH CHC-
TeMoi. B 3aMKHYyTO# crcTeMe Tella coBepIIaroT KojeOaTenbHbIe IBHKEHHS B PE3yJlb-
Tare AeHCTBHS BHYTPEHHUX CHIL.

Konebanus rpysa, MPUKPEIUIEHHOTO K TPYXHUHE (cucmema npysHcuHa-epys3), WM
TeJa, MOABEIICHHOTO Ha HUTH (cucmema Humv-meno), MOKHO OTHECTH K CBOOOTHBIM
KoJieOaHusAM. BHyTpeHHEH cHiIoi B cucTeMe MpY>KUHA-TPY3 SABISETCS CHIIa YIPYTOCTH
HPY>KUHBI, B CHCTEME HUTB-TENIO — CHJIA TSDKECTH, ACHCTBYIOIIAs Ha Telo.

* |V ¢ MexaHu4yeckue Korie6aHusA U BOMHbI * 101



KunemaTnueckne xapakTepucTHKH K0J1e0aTeJIbHOT0 ABHKeHHsA. O3HAKOMUMCS
C HEKOTOPBIMU U3 HUX.
o Cmewenue — smo usuueckas 8eUYUHA, NOKA3LIBAIOWAS, 8 KAKVIO CIOPOHY U HA
CKOIIbKO YOaUislemcsi Om NONOJNCEHUs PABHOBeCUsl KoNeboweecs meno 3a onpeoe-
JIeHHbIL npomedcymok epemenu. Hapumep,

(a) : = o
M "'l 5 :’ ‘T . TIPEIIIONIOKNM, YTO TEJI0 Maccoil m coBep-
I
X o * =z X maeT moBTOPSIFOIIHMECS IEPHOIUYESCKUS [BH-

JKEHHsI BOKPYT TOUKHU paBHOBecHs 0, BOIpaBo

U BJIEBO OT Hee, BAoib ocu X. KoopauHara Tenma X B TaHHBI MOMEHT BPEMEHH ¢ I10-
Ka3bIBACT CMEIICHNE STOTO TeJIa OT €T0 TIOJIOKEHUS PAaBHOBECHS (2).
® Amnaumyoa —5mo HauboIbLLUee CMelyeHUe KoneOIowe20cs mea om NOMONCEHUs. PAGHO-
secus. AMITIHTY 12 0003HaYaeTCs X, WK A, a euHuIa ee u3meperus B CU —memp (w).

Ecan teno, aurascek BOpaBo OT TOUKH paBHOBecHs O, cMelaeTcss Ha aMIUTUTYIy
Xm (Touka N), 3aTeM, OCTaHOBHBILHMCH HA MTHOBEHHE, BO3Bparaercs B Touky O, nBu-
YKETCsI BJIEBO, CMEIASICh 0 TOYKH C KOOPANHATON — X, (TOUKa M), M OCTAaHOBHBIIIHCH
B 9TOH TOUYKE Ha MTHOBEHHE, CHOBO BepHeTcsl B TOUKy O, TO 3TO JIBHJKEHHUE Tella Ha-
3BIBACTCS 0O0HO NONHOe Konebanue (cM: a). Takum oOpaszoMm, meno 3a epemst 00HO2O
NOJIHO20 KONEOAHUS NPOXOOUN NYMb, PABHBIL 4 AMIIUMY OAM:

l =4x,,.

Ecmu teno 3a mpomesxyTok Bpemeru t coBepmut N KoneGaHui, TO TPOHICHHBIN

WM TyTh Oy/IeT paBeH:

t
l = 4x,N = 4x,,tv=4x,, T (4.1)

Ine v (H10) — vacmoma konebanuii, T — nepuoo konebanuii.
e Yacmoma Konebanuii — 5mo GusuuecKas 6eIudURa, YUCIeHHO PAGHAS YUCTLY KONeOa-
HULL 30 OOHY CEKYHOY:
N
V= ? (4-2)
3a eJIMHUILY U3MEPEHHs YacToTh KoneOanus B CU npuHsTa BeJMUKMHa, HA3BaHHAs B

4yecTh Hemenkoro yuenoro ['enpu ['epra, eepy (1I'm). 1 'y — smo yvacmoma maxux
Konebanuii, npu komopwix 3a 1c coeepuwaemcs 1 xonebanue: [v] = 1Ty = 1c™L.
o [lepuoo Konedanuii — 5mo pems, 3a KOmopoe cogepuiaemcsi 00HO NOIHOe Koaebanue:
t
T = N (4.3)
Enununa usmepenns nepruona B CU — cexynoa (1¢):[T] = 1c.
Ilepuoo u uacmoma xonebanuili — 63aUMHO 0OPATHbIE BETUUUHDL:

T—1 2 4.4
—VI/I.HI/IV—T. (4.4)

o [Juxknuueckas uacmoma, A8ISACh 8EIUMUHOL 8 2T paza 60buLell Yacmompl Koaebanuil,
NoKazvléaem, CKOJIbKO Konebanuti cosepuiaem meno 3a 6,28 cexynovl (27526,28):
W = 2mv. (4.5)
3neck w (oMera) — HUKIMYECKast 4acToTa. ENMHUIIA M3MEPEHUS [TUKITHUCCKOM

vactoTsl B CU:
paa
=1—=,
[w] = 152

102



v

I'apmonnyeckoe kosedanue u ero rpadpuk. CaMbIM IPOCTHIM KOJICOATEITEHBIM
JBIDKCHHEM SIBIIETCS 2apMOHUYECKoe KoebaHue.
o [apmoHuuecKkue Konebanus — 3mo KoneOauus, npu KOmopsix GelUUUHbL, XapaKme-
pusyiowue 08uxICeHUe, USMEHAIOMCS CO 8peMeHeM O 3aKOHY CUHYCA U KOCUHYCA.

V3MeHeHns MONIOKEeHUS Teja, COBEPIIAIOIIEr0 CBOOOIHBIE TAPMOHUYECKUE KO-
neGaHus, OMMMCHIBAIOTCS KPUBOW, KOTOPAs IBISIETCSA CUHYCOUOOU WA KOCUHYCOUOOU.
Kpusyro cunycouasl (MM Kocu-
HYCOUJIBI) C JITKOCTHhIO MO’KHO Ha-
OmoaTh BO BpeMsS IPOBEACHUS
OIlbITa KaK C IPY>XUHHBIM, TaK U C
HUTCBBIM MAasATHUKOM, IIPEACTAB-
JSIOMAM ~ COOOW  HAIOJIHEHHYIO
[IECKOM BOPOHKY C HEOOJIBIIIMM OT-
BepctueM BHU3Y (b).

Ora KpuBas COOTBETCTBYET

U= const

e s

rpaduKy W3MEHEHHs TiepeMernie- (c) X = Xy, Sinwt X = Xy Coswt
HHUS MasgTHHKa X OT BpEMCEHHU t 110 =1 : A =T
3aKOHY CHHYCa WX KOCHHYca (¢): of—— - pt
X = Xy Sinwt (4.6) R Y 0, il 0 G B R W Y
W
X = Xpcoswt (4.7)

W3 rpaduka BUIHO, YTO 32 BpeMs, paBHOE Tiepuoy kKonebanus (=7), MasiTHUK
COBEpIIIaeT OJTHO TIOJTHOE KoJjieOaHue (CM: ¢).

* Bunmanmne « OTCyTCTBUE ACHCTBHS BHEITHNUX CHII HA
3aMKHYTYIO CHCTEMY IIPUBOJUT K TOMY, YTO €€ I10JIHAs
MeXaHHYeCKasi JHEPIusi He U3MEHsIeTCs. DTO O3Ha4aeT,
YTO B HACAIBHBIX YCIOBHAX aAMIUINTYAA CBOOOIHBIX
KoJleOaHU B 3aMKHYTOH CHCTEME HE M3MEHSETCS, TO
eCTh KosebaHus He 3aTyxaioT. OIHAKO B peabHOCTH
CBOOONHBIE KOJIEOAHMS 3aTyXaloT — IOA JAeicTBHEM
CHJI TPEHHSI C TeUCHHEM BPEMEHH TIOJIHAsT MEXaHHIeCKast SJHEPTHsI CHCTEMbI YMEHBIIASTCS, TO €CTh
YMEHBIIIAeTCS aMIUTUTY/Ia KoJieOaHuii U konebanus 3atyxaror (d).

o Samyxaroujue Konedanus — 5mo KonedaAnUs 8 3aMKHYNOL KOLeOAmenbHol cucmeme, 8
KOMOpOIL 6 pe3yibmame Oelicmaeust CUil MPenist NPOUCXOOUM HOCHENeHHoe YMEHbLUUEHUe
NOJHOU MEXAHUYECKOU SHEPSUU CUCTIeMbL U YMEHbUUEHUE AMIIUNTYObL KOJICOAHULL.

UccnepoBaHune-2. NpuMmeHeHue

Ormnpenesienne XapaKTePUCTHK MasiTHHKA

3amaua 2. MatepuanpHas TOUYKa, COBEpIIas KoieOaHus BOJIb MPSIMOH JIMHUM ¢ 9acToToi 2 ['m, mpo-
XOMIHWT 32 2 CEeKYHIBI TyTh B 4 cM. UeMy paBHa aMIDIUTY/a KoJleOaHUI 3TON MaTepHaIbHON TOYKH?
O0cyxkaeHue pe3ybTaToB:

e Uto 0011€ro 1 4eM OTIMIAIOTCS aMIUIUTYA U IIepeMelleHHe MasiTHHKA?

e UeMy paBeH IyTb, IPONHACHHBI MasTHUKOM, KOJCOTIOIIMMCSA BIOJb NPSMON JIMHHH, 32 TPO-
MEKYTOK BPEMEHH t TIPH OMPEICNICHHO YacToTe KoIeOaHuii?

I[IpumeHeHne B MOBCeTHEBHOM KU3HN: MOXeTe JIM TIOKa3aTh MPUMEPBI KOJIEOATEEHBIX CHCTEM,
BCTPEUYAEMbIX B KHUBOW U HEKUBOU npupoze?
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IIpoBecT caMooOLeHKY:

1. Kakue noustust moBTopmid Ha ypoke? UTo U3 5TOro Bbl XOPOIIO IMOHSIIU, @ YTO OCTAJIOCh BaM HE
SICHBIM?

2. Kakoe BukeHNe Ha3bIBAIOT MEXAHUUECKUMHU KO-
nebanusMu?

3. Kakue xoneGanms Ha3pIBAIOT CBOOOTHBIMU? MOXKHO
JIM Ha3BaTh uXx 3aTyxaromumu? OTBeT 000CHYMH-
Te.

4. Yto BBIpaXKaroT, COOTBETCTBEHHO, YaCTOTA U aMILIH-
Tyza KoseOaHui?

5. Jlan rpadk 3aBUCHMOCTH ITEPEMEIICHNUS OT Bpe-
MEHH JUIsl CHCTEMBI, COBEPILAOIEH rapMOHHYe-
ckue konebanus (e). Onpeaenure Nepuos, 4acTo-
Ty U aMIUIUTYZy KOJIeOaHUMH.

YTO Bbl Y3HAJIN? 3anuure B paboyeM JHCTKE ONPEASICHIs HIDKETIPUBEACHHBIX TOHATHIA: “‘Mexa-

CLI3 CLINT

HUUYECKOE Koj1e0aTeIbHOe JBWKCHUC ', "TICPUOTNICCKOC KoJsiebaTebHOe JBIDKCHHC CBOGOHHBIC Koueba-

2, CLES LTINS

HUS®, “TIepeMEIleHHe TPpU KOJeOATeIbHOM JBIDKCHUH, “aMIUTHTy/Aa”, “‘dacToTa KoieOaHWii”, “mepuos

TIENTS LEIT

KoJIcOaHHI , HUKJIHNYCCKas JyacTora ',

9 G

3aTyXarouue KOJICOaHHUs , TapMOHHYCCKUE KoJsicOanus’”.

m rAPMOHVILIECKI/IE KONEBAHUA NMPYXUHHOIO MAATHUKA

B 1985 rogy B ropoge Mexuko npouv3oLuna yxacHas katactpoda, npuymMHa koTopon 6bino
3emneTpsiceHne: 5526 yenosek nornbnu, 40 000 yenosek paHeHbl, 31000 YenoBek ocTanuch
6e3 kpoBa. VI3 npoBeAeHHbIX 3aTEM UCCINELOBaHWUIA YYEHbIE BbISICHUMM, YTO FMaBHOW Npu-
YMHOW paspyLUeHUIn BO BPEMs 3eMMeTpeceHns ABnsieTca CoBnageHne 4actoTbl CBOOOAHbIX
konebaHui 30aHnin ¢ 4YacTOTON BbIHYXOEHHbIX konebaHuin 3emnu. MosToMy nNpu Bo3BeAEeHUN
HOBbIX 3[]JaHUIA B CENCMUYECKN aKTUBHOW 30HE Heobxoammo, 4YTOObl 3TM YacTOTbl HE COB-
naganu. 9To AacT BO3MOXHOCTb YMEHbLUNTL NOCNEACTBUSA 3emneTpeceHns. C aTon Lenbto
Ba)XHO 3HaTb, OT YEro 3aBUCAT YacToTa U nepmop konebaHui.
e OT Yyero MoryT 3aBMCUTb Nepuo U YacToTa konebGaHun konebaTenbHOW cUCTEMbI?

Nccneposanne-1. UccienoBanue KoJie0aHUi NPYKMHHOIO0 MAsSITHUKA
OGopynoBaHue: e PYXKUHBI C PA3HBIMU KECTKOCTSIMHU, HA0OP TPY30B, CEKyHIOMED, LITaTHB C
My(]TOI U 32KIMOM.
Xon nccie10BaHus:
1. UccnenoBanue 3aBUCHMOCTH NIEPHO/IA M YACTOTHI KOJIeOAHUSI OT AMILTHTY/IbI KOJIe0aHUii NPy KUH-
HOT'0 MasITHHKA.
1. 3akpervTe OJIMH 13 KOHIIOB NPY>KHHBI B 327KUME IITATHBA, a IPYTOil KOHEI! PY>KHHBI, IOZBECHB Ha HETO
rpy3 B 100 rp, npuBemuTe B KOIeOATEIBHOE IBUKCHUE C HEOONBIIION AMILTATYION Xinl.
2. M3MepbTe ceKyHIOMEPOM BpeMs ¢/, 3aTpaueHHoe Ha N = /() TONHBIX KoneOaHuii (a).
3. Onperienute 4acToTy U MEPHOJL KoJleOaHNH IPY>KHHHOTO MasiTHUKA IPU TIOMOIIH (hopMy.I:
N ty
vV, = tl ) T1 = N.
4. He3HaunTeIbHO YMEHBIINTE AMIUIUTYY KOJICOAHUS (X y,,) MPY>KUHHOTO MasTHUKA U, TOBTOPHB
ombIT, Beraucaute nepuo (T,) u gactoty (v, ) KonebaHus.
5. CpaBHHTE MeXTy cOOO 3HaUeHHS Neprno/0B Koebanus Ty U, T, ¥ 9aCTOTHI KOJeOaHHs V1 U V,

TNPY>KUHHOI'O MassTHUKA.
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II. UccenoBanue 3aBHCUMOCTH NIEPUOAA U YACTOTHI KOJIeOAHUS NPY/KUHHOI'0 MASITHUKA OT
Macchl rpysa.

1. TloaBecuB K Npy>KUHHOMY MasTHUKY TPy3 Maccoil

100 1, mpuBeHTE €ro B KoJedaTeIbHOE JIBH- a N=10 (b) =
JKCHHE ¢ HEDOJIBILION aMILIUTY 10| KosebaHH st 3 E = » :
X1, 1 U3MEPHTE TIPU MOMOIIH CEKYHIIOMEpa % = !_ g
BpeMmsi, 3aTpadeHHoe Ha N = /() OJHBIX & 5 i1
KonebGaHHuii. X 100rp
2. Onpenenure niepuo Ty ¥ 4acTOTY V4 KoJeOanus § | (8 RICIGH
MasITHUKA. t‘
3. Boruucnure T, U v, , TOBTOPUB OMBIT C TPY30M
400 (b).
4. 3aHecuTe pe3yNbTaThl K3MEPEHHUIT U BBIUKCIICHUN B TaONHITy 4.1 M CpaBHUTE HIDKCIIPUBEICHHBIC
COOTHOIIICHHSI:
T, m, V2 m;
—U—; — U —.
L m Vi mq

III. UccaenoBanue 3aBHCUMOCTH nepuoaa 1 4acrorbl KOJIEOAHUSI OT JKeCT- (c) N=10
KOCTH NPYKUHbI MassiTHUKA.

1. Ha aBe npy»HHBI ¢ pa3HBIMU 5K€CTKOCTSAMHU NojBechTe Ipy3bl o 100 r. » o
2. O6e npyKUHBI IPUBEIUTE B KOJIeOaTeIIbHOE JIBIDKCHHE U BEIMHCIUTE Tq U V1, ':é f-,‘;
N3MEpHB BpeMs, 3aTpadeHHoe Ha 10 HOJIHBIX KosieOaHui. = vl
3. [NoBropure ombIT ¢ rpy3oM 400 r 1 Berauciute T, U V5 (€). % I[t]-PJr .
4. 3aHecure pe3yIbTAaThl N3MEPEHUH M BBIYUCICHUH B Tabauiy 4.1 u cpaBHUTE 11 .
HIDKCTIPUBEICHHBIC COOTHOILICHHUS: 100rp
T, k, Vo k, (e
Ty ! ky' wn " ky'
Tabauya 4.1
Tz Vo m; k2
Ne m, KT N t,c T,c v, ' — — — —
T i my ky
1 0,1 10
0,4

OO0cy:xkaeHue pe3y/1bTaToB:

1. Kak 3aBHCAT NepHoJ U 4acTOTa KonebaHuH MPyKMHHOTO MassTHUKA OT aMILIUTY1b1?

2. Kak 3aBHCAT nepHo/] M 4acTOTa KoseOaHuii NPy KMHHOTO MasTHUKA OT MAaccChl MOBENIEHHOTO K
py>XuHe rpy3a’?

3. Kax 3aBHCAT Iepuo 1 4acToTa KoJaeOaHui NpyKMHHOTO MasiTHUKA OT )KECTKOCTH NPYKUHbI?

OpnHoM U3 MPOCTEHIINX KOJIeOATEIbHBIX CUCTEM, COBEPIIAIONINX TAPMOHHYECKHE
KOJICOAHUSL, SIBIISIETCS NPYICUHHBIN MASTMHUK.
o [Ipys#CunHbll MAAMHUK — DO KOLeOamenbHas CUCmeMd, COCIOAWAS U3 NPYHCUHbL
u 3aKkpeniennoco Ha Hetl meaa. Konebdanusi, BOSHUKAIOMIKE B IPY>KHHHOM MasTHHUKE,
SBIISIFOTCS TAPMOHMYECKUMU KOJIEOaHUIMU:
e [100 capmoHuyeckumu KOJIeOAHUAMU NOOPA3YMEBAIOMCA KONeDAHUs, 803HUKAIO-
wiue noo Oelcmeuem Cuibl, NPAMo NPONOPYUOHATLHOU NepemMewjeruIo U HanpasieH-
HOU NPOMUE HANPaGIeHUs NepemMeleHus.

HccnenoBanue xoieGaHWi NPYKMHHOTO MasiTHUKA UMEET OOJIbIIOE MpaKTHye-
CKO€ 3HauCHHE, HAIIPUMEp, IPU BBIUYUCIICHHN KOJEOaHUH peccop aBTOMOOMIIS MPH
€371e; B MCCIICIOBAaHNHM BO3JEHCTBUS KoNeOaHMi Ha (yHIaMEHT 3AaHUH U TSHKEIBIX
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CTaHKOB, B OIIPEIEICHUH ATACTUYHOCTH YIIHBIX IEPEIOHOK IPHU TUArHOCTUKE JIOP-
3aboseBanuit. [1o 3TOM TpuYMHE W3ydeHUE KOJeOAHUU MPYKUHHOTO MasTHHKA
ABJISIETCS. aKTYyaJIbHOH MPOOIEeMOii.

(d) W C nenmpl0 YMEHBIICHHS KOJMYECTBA CHII,
| k JICUCTBYIINX Ha KOJIEOATEITLHYIO CHCTEMY, TIeTIe-
Nﬁw\f% s CO00pa3HO KCIOJb30BATh TOPH3OHTAIBHO PACIIO-

“  JIOKEHHYIO KOJIeOaTeNbHYI0 CHUCTEMY IpYyXKHHA-
mapuk (d). B aToli cucteme AeHCTBUS CHITBI TS-

’KECTH U PEAKI[H OMOPHI YPABHOBEIIMBAIOT JPYT

npyra. IIpy BeIBeAeHUH IIApUKA U3 COCTOSIHUM

PaBHOBECHSI, HAIIPUMEP, MPU PACTSHKEHUU TpY-

JKUHBI JI0 TIOJIOKEHUS X = Xm, CUJIA YIPYTOCTH,

BO3HHUKAIOIIAsi B HEH, COOOIIAeT IIApHKYy YCKO-

pEHIE ¥ TIPUBOJIAT €0 B KOJICOATETIHHOE JIBIKE-

nue. Ilo 1T 3akony HbroTOHa ypaBHEHUE JIBUKE-

HMS MasiTHUKA MOYKHO 3aIlicaTh TakK:

ma, = —kx,, (4.8)

W

k
a, = —Exm. (4.9)
@opmyna (4.9) sersemcs ypasnenuem c6o-

OOOHBIX 2APMOHUYECKUX KOIeOAHUL NPYIHCUH-
HO20 MASIMHUKA.

I'ne m — macca mapuka, 3aKperieHHOTO Ha
MPYKUHE, dx — TMPOCKIUS YCKOPEHHUSI IIaprKa
BJIOJIb OCH X, Kk — KECTKOCTb NPYKHHBI, Xm —
VJJIMHEHUE MPYKUHBI, PABHOS aMILTUTYJIE KO-

o o k
ebanusl. I[JISI JaHHOU KoJIeOaTENLHON CHCTEMEI OTHOIIIEHUE ; — IIOCTOsSITHHAA I10JIO0-

JKUTENIbHAs! BEIMYMHA (TaK KaKk Macca M )KECTKOCTb HE MOTYT OBITh OTPULIATEIBHBIMHE).
[Ipu cpaBHeHMM ypaBHEHHUs KoneOaHWH (4.9) MPYKWHHOTO MasTHUKA C BBIpa-
’KEHHEM JUISl IPyroro BUA MEPUOMUYECKOTO IBIKECHHS — H3BECTHBIM BBIPaKCHUEM
LEHTPOCTPEMHUTEIILHOTO YCKOPEHUsSI IPH PAaBHOMEPHOM JBHMKEHHHU MO OKPY>KHOCTH

k
(cM.: pusuka-10, Tema 1.8) momydaercsi, YTO OTHOILICHUE —~ COOTBETCTBYET KBA/[paTy

LUKITHYECKOi 4acTOThI (w?):

— k k
=T Se2==  (4.10)
a, = w’R m
200058
k
w= |— (4.11)

m

TakiM 06pa3oM, ypaBHEHHE JIBVIKEHHS PY/KHHHOTO MASTHIKA MOKHO 3aTCATh U TAK:
ay = —wx,,. (4.12)
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VYpaBuenue (4.12) mokaspiBaeT, YTO KONEOAHMS MPYKUHHOTO MAsTHHKA C LUKINYECKOH YacTOTOW @
SIBIIIOTCS. CBOOOJHBIMH TAPMOHHYECKMMH KoleOaHusAMHU. VI3 MaTeMaTHKH M3BECTHO, YTO pEIICHHEM
9TOTO YpPaBHEHHUSI SIBIIACTCS:
x = xpcos(wt + @p)

Tak kak TpUroHOMeTprYecKast (pyHKIHS SBIETCS TapMOHNYECKON (DYHKIMEH, TO M KOJIeOaH!s Py KUH-
HOT'O MasITHUKA SIBIISTIOTCSI TAPMOHHYECKIMHU KOJICOAHNSIMHL.
3nech wt + @y = ¢ dasza konebanus, (o — HavanbHas ¢asza. Enuanna mmepenus daser B CU —
paouan (1 pax). Pa3y Takke MOKHO U3MEPATH B rpagycax: 7 (pag) = 180°.
3HaveHNe Ha4YaIbHOM (ha3bl 3aBUCUT OT BBIOOpA HAYAIBLHOTO MOMEHTa BpeMeHH. HawanbHbIi MOMEHT
BPEMEHH MOJKHO BBIOPATh Tak, yTo0bI o= 0. B 9TOM Ciyuyae opMyIty rapMOHHYECKHX KOJIeOaHHMIT Ipy-
JKMHHOTO MasITHAKA MO>KHO 3aITicaTh TaK:

X = Xp, COS Wt WIHU X = X, Sin wt. (4.13)

W3 cpaBuenus Beipakeruit (4.11) u (4.5) onpenensroTcss BEIMYUHBI, OT KOTOPBIX
3aBUCHT TEPUO/] M YACTOTA KOJIEOaHUI IPYKMHHOTO MasiTHHKA!

w = 2TV
k 1|k 4.14
- =— |—. .
w= |— Y 2m . m ( )
m

T ! T=2 \/ﬁ 4.15
== - T= —. .
” ) @19

W3 Beipaskenuii (4.14) u (4.15) BugHO, 4TO EPHOJ M HACTOTA MPYKMHHOTO MasTHUKA
3aBUCAT OT )KECTKOCTHU MPY>KMHBI X MACChI IPY3a, IOJIBELICHHOTO K HEMY.

Wccnepnosanmne-2. MNpumeHenne. Kak u3MeHATCS MEePUHOI U YACTOTA KoJieGaHus?

3agaua. Kak m3MeHATCS 9acTOTa U IePUOL KOJICOaHUH NPY>KUHHOTO MAsITHHIKA, €CITH aMIUTUTY Iy €T0
Kosie0aHUi YBEJIMUHUTE B 2 pa3a, a Maccy rpysa, HOABEIICHHOI0 K IPYKHUHEe, yMEHBIINTD B 2 pa3a?
O0cy:xkaeHue pe3y/1bTaToB:

e Kak nepnoz u 9acTora KoJiebaHUi Py KUHHOTO MAsITHUKA 3aBUCST OT aMILUTUTYI6I KoJieOaHU 1
Macchel rpy3a?

IIpumeHenne B oBceHeBHOI skM3HN: Kakue mapaMerpsl ynpyrux peccop, CBs3aHHbIE C OChIO Bpallie-
HMS KOJIEC aBTOMOOWMIISA, BaroHa U caMoJieTa, HE0OXOAUMO TIPUHATH BO BHUMAHHE NPH UX CO3/{aHUN?

IIpoBecTn camMoOLeHKY:

1. Kakue moHATHA TOBTOPHIH Ha ypoke? UTO U3 3TOT0 BBl XOPOIIO MOHSIIH, @ YTO OCTAIOCh BaM HE
SICHBIM?

2. OT kaKux BEIWYUH 3aBUCUT IEPHOJ KojeOaHHs NPy KUHHOrO MasTHUKA? [lpencraBbre rpaduku
3TUX 3aBUCUMOCTEH.

3. OT KaKkuX BEIMYMH 3aBUCHUT YaCTOTA KOJeOaHus NpyKMHHOTO MastTHHKa? [IpencraBpTe rpaguku
9TUX 3aBUCHUMOCTEH.

4. Ot KaKuX BEJIMYMH 3aBUCHUT LMKIMYECKas 4acToTa MpyxkuHHOro mastHuka? [IpeacraBbre rpa-
(hUKY TUX 3aBHCUMOCTEH.

YTO Bbl Y3HAJIM? Jlalite kpaTkoe OOBSICHEHHE HIDKEIPHBEICHHBIX IOHATHH: “NPYXKMHHBIA

CLIT3 CLITS

MasTHUK”, “TIepro]] KOJIeOaHHs PY)KUHHOTO MasiTHHKA™, “4acToTa KOJIeOaHMs MPY)KHHHOTO MasiTHHAKA .
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@B [ APMOHMYECKVE KONEBAHWS| MATEMATUYECKOIO
MASITHUKA

[o Hawwux gHen powna Takas uctopuyeckas nHdopmMaums: ogHaxabl B 1583
rofy UTanbsHCKWI yyeHbl I.F'anunein, Haxoasck B Xxpame ropoaa lNMusa, obpatun
BHUMaHWe Ha konebaTenbHoe ABWXEHWE MICTPbl, NOABELIEHHON Ha ANIMHHOM
Tpoce. OH, cpaBHMBasi konebaHusi NICTPbI CO CBOUM NMYNbCOM, ONPEAENuI, YTO,
HECMOTPSl Ha yMEHbLUEHNE aMnNnUTyabl konebaHus, Bpemsi, 3aTpayMBaemMoe Ha
oaHo nornHoe konebanve (nepuop konebaHus) NCTpbl, HE U3MeHseTcs. 3aTtem
[anunew B pe3ynbTaTte MHOrOYMCIEHHbIX NPOBEAEHHbIX UCCNIEA0BAHNUIA, U3MEHAS
ONVMHY HUTEBOrO MasiTHWKa, MaccCy MOABELUEHHOr0 K HeMy rpysa, BbICOTY
pacnonoXxeHuns MasiTHMKa (No CpaBHEHMWIO C YPOBHEM MOPS1), Onpegenws, oT 4Yero
3aBUCAT Nepuoa 1 Yactota konebaHui MasiTHUKa.

e Mpeanoxute ceoto runortesy: K kakum pesynbtatam npuBenv
uccrnepgoBaHusi Fanunesi — oT Yero 3aBUCAT NMepuoa U 4YacToTa
Korne6aHuU HUTeBOro MasiTHUKa?

Wccnepnosanmne-1. UccienoBanue KoJiedaHHii HUTEBOro MasiTHUKA
OOopynoBaHme: MajleHbKUN LIApUK, 3aKPEIUICHHBIM Ha JAJIMHHOW HUTH, JIMHEHKa, CEKyHIOMep,
mTaTuB ¢ My(TOI M 32KNMOM.
Xox uccse0Banus:
1. UccrenoBanue 3aBUCHMOCTH NTEPHOIA H YACTOTHI KOJIe0AHHST HUTEBOT0 MASITHHKA OT AMILTHTY/IbL.
1. ITomecture mraTuB Ha Kpail crosa. CBOOOJHBIN KOHEI HUTH C IIAPHKOM 3aKPENUTE B 3a)KHME
[ITaTHBA TaK, YTOOBI MIAPUK HAXOAMIICA OT 1MoJia Ha BBICOTE 1-2 cM (a).
2. VI3MepbTe paccTOsIHME OT TOYKH 3aKPEIUICHHS] CBOOOIHOTO KOHIIA HUTH B 3KIME
IITATHBA JI0 [IEHTpA [IapHKa (JTIHA MAsSTHUKA), OHO JIOJDKHO OBITH TTopsiaka 160 cm.
3. IIpuBeaure B KoieOaTeNbHOE IBIKEHHE MAsTHHK C MaJlOil aMIUIUTYJOi
KONeOaHUsI X1, U W3MEPHTE CEKYHIOMEpOM BpeMs t; 3aTpaueHHOe Ha .
coBepieHre N=5 MoJHbIX KoJecOaHUH.
4. OnpenenuTe NEpUO]] U YaCTOTY HUTEBOTO MasTHHKA ITPH IIOMOIIHN (hOpMyT ‘
T, =t;/Nu vy = N/t; , COOTBETCTBEHHO.
5. He3HauuTenbHO yBENMUBTE aMIUIMTYy MAsTHHKA (X;,,) W, TIOBTOPYB OIIBIT, .
Berunciare niepuoj (T,) u yacrory (1) KoneOaHuii.
6. Cpasanre nepuons! Ty u T,, a TakoKe YacTOTHI V4 U V, KONEOAHWH HUTEBOTO
MasITHHKA.
I. HccenoBanne 3aBHCHMOCTH MEepPHOAA M YACTOTHI KOJIeGAHUSI HHTEBOTO
MAasSITHHKA OT Macchl MOJABEIIEHHOT0 IPy3a.
1. 3ameHHTE MIAPUK HA HUTH APYTHM, C HECKOJIBKO Ooubieii maccold. [lpuBenure (a) i
B KoJieOaTebHOE ABIKCHNE MAasTHUK C TOH K€ MO aMIUTHTY 101 Kojeba-
HUSA X1 U U3MEPHTE CEKYHIOMEPOM BpeMs t,, 3aTpaueHHOE Ha COBEPIICHUE
N=5 mosHBIX KONCOAHHH.

2. Onpenenute repuon T, ¥ 4acTOTy V, KONeOaHHii.

3. Cpasuute nepuozel Ty i T, 4 TAIKE YACTOTBI V4 MV KONEOAHMIT HUTEBOrO MASTHHKA.

I11. MccnenoBanue 3aBUCHMOCTH IEPHO/IA M YACTOTHI KOJ1e0aHHsI HUTEBOT0 MASITHUKA OT
JUTHHBI MASITHHKA.

1. HamoTaB HUTH Ha JepiKaTelb LITaTHBA, YKOPOTHUTE JIMHY MasTHUKA B 4 pa3a U NpHUBEIUTE B
KoJIe0aTeIbHOE ABMKEHNE MAsTHUK C TOW K€ MaJloi aMIUIMTYIOH KOoneOaHus X, . Fi3mepbTe
CEKyH/IOMEPOM BpeMs, 3aTPaueHHOE Ha coBeplIeHne N=5 MOJIHBIX KOJIeOaHuU.

2. Onpenemate nepuon T, M Y4aCTOTY V, KONeOaHMil.

3. 3anmmmTe NPOBEACHHbIC H3MEPEHNUSI U BBIYHCIICHNS B TAONHITy 4.2 ¥ CpPaBHUTE HIDKEPUBEICHHBIC
COOTHOMLIEHUS:

”

TZN lz . Vy lz
T1 " ll ’ 141 " ll.
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Tabruya 4.2
TII n l
Ne I,m N t,c T, c v, ' 2 Yz 2
T1 V1 ll
1 1,60
2 0,4 >

Obcyskaenne pe3ybTaToOB:

e K kakoMy BBIBOJLy MOKHO MPUITH 13 HccaeoBaHus?

o Kak Nnepuoa U yactora KoJIeOaHH HUTEBOI'O MasiTHUKA 3aBUCST OT AMIUIMTYABI 1 MACChl rpy3a?
o Kak Nnepuoa U yactora KoJIeOaHHI HUTEBOI'O MasiTHUKA 3aBUCST OT JJIUHBI MasiTHUKa?

FapMOHI/II{GCKI/Ie KoJIeOaHMSI BO3BHHKAIOT TaKiKe 1o a HeﬁCTBHGM CHJIBI TSAXKECTH.

DTO MOXKHO H36HIOII3TI) C IIOMOIIBIO mMamemamudecKkoco MasamHuKkda.

o Mamemamuueckuit MaAmHUK — 5Mo UOeAIU3UPO-
BAHHASA KOAOAMENbHAS CUCTNEMA, COCOAWAS U3 Manie-
PUATLHOU MOYKU, NOOBEUUEHHOU HA HeBecoOMOl U He-
DPACMANCUMOU HUMU.

[t uccnenoBanus KojeOaHUN MaTEMaTHUECKOTO MasiT-
HUKa MOXXHO HCIIONb30BAaTh CUCTEMY, COCTOSLIYIO W3
TOHKO# JyTHHOM HuTH U mapuka (b). Cuna tsokectr (mg),
JNIEHCTBYIOMIAs HA MIAPUK B TIOJOXCHUH PaBHOBECHUS
MasITHUKA, YPAaBHOBEIIMBACTCS CHJION HATSDKEHUS HUTHU
(f). OpmHako, €ciay BBIBECTH MASTHHK W3 COCTOSIHHS
paBHOBECHSI, CMECTUB €T0 Ha MAJIbIi yTOll & B CTOPOHY, TO
BO3HHKAIOT [IBC COCTABIIIOLIIEC BEKTOPA CHIIBI THKECTH —
HarpaBJIeHHast B/OJIb HUTH FH U IEPICHIUKYJIApHAs HUTH
F F . Cuna HaTsDKeHUs: ] M COCTABIISFOIIAS CHUIBL TSIKECTH
FH YpaBHOBEIIMBAIOT APYT Apyra. [loaTomy paBHOAEHCT-
ByIOIIasi cuiia OyJIeT paBHA COCTABIISIOIIECH F '/, “TIBITaro-
mierics” BEpHYTh TENI0 B TOJOXXEHHE PaBHOBECHS (CM.:
puc. b). YunuteiBas BbIIIeyKa3aHHOE M CChUiasich Ha Il
3akoH HbrOTOHA, MOXXHO HamuMcaTh ypaBHEHHE KoJjeOa-
TEJTHHOTO JBM)KCHUS TEJIa MAcCOH 7 B MIPOSKINAX Ha OCh
(0),6

=—F
IIpuHsB BO BHUMaHUE, 4TO:
F, = mgsina,

(b)

1 AT
| A X
O JIE‘
| 1"|
o ‘lll
|II i
| | LF
mgy mgl \

. xm
sina = T (HpI/I MaJIbIX 3HAY€HHUAX yIJjia CMelleHHA (Z).

I[J'DI YpaBHCHUSA ABUKXCHUA MATCMATUYCCKOI'0 MassTHUKA IMOJTYyUYUM:

8
Ay = — =Xy -

l (4.16)

[0e | — Onuna mamemamuyuecko2o Masmuuka (Humu), g — ycKkopeuue c60000HO-

20 NAOCHUSL, Xy — AMIAUMYOA KOeOAHUA.

Jl1st maHHOM KOJIeOaTeTbHON CHUCTEMbI OTHOIIICHHE % — TIOCTOSTHHASI TTOJIOKUTEITHHAST

BCJIMYMHA, TIOTOMY YTO YCKOPCHHUC CBO6OI[HOI‘ 0 MaICHUA U UIMHA HUTU HC MOT'YT OBITh

MexaHu4yeckue Kone6aHusA u BOSHbI
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orpuriatensHbiMi. Ecin cpaBHUTH ypaBHeHws (4.16) u (4.10), ¢ JIETKOCTBIO MOXKHO
YBHJICTh, YTO OTHOIIICHUE % TaKKe COOTBETCTBYET KBAJPATy LMK/IMUECKOH yacToThl (w?):

w? = %, (4.17)
NI
W= %. (4.18)

Takum 06p8.30M, YpaBHCHUC NABMXXCHUA MATCMATUYCCKOT'O MasiTHUKA MOKHO 3aIiiCaThb
" TaK:

ay = —0%xp,. (4.19)

VpasHenue (4.19) mokaspIBaeT, uTo KOJNEOAHHS MATEMATHYECKOrO MASsTHHKA SBIISIIOTCS TapMOHH-
YECKMMH KOJIEOAHUSMH C IUKIMIECKON YacTOTOM (. M3 MaTeMaTHKH BbI 3HAETE, YTO PEIIEHHEM STOTO
YPABHEHUS SBISICTCS. HIKETIPUBEICHHAS (DY HKLIMSL:

x = Asin(wt + @) .
Tak Kak 31a QyHKIHS SBISICTCS TADMOHMYECKOM, TO M KOJIEOaHHsI MATeMAaTHYECKOTO MAsTHHKA SIBJISIOTCS
rapMOHUYECKMMH KOJICOaHHSIMH.

OTCIOZ[a OMPEACTAOTCA BCIWMYHMHBI, OT KOTOPBLIX 3aBUCAT IEPUOJ M YaCTOTa
KOJICOAHHMH MaTEMaTHIECKOT0 MasSTHUKA:

L [E 4.20

T2 (4.20)
l

r=om | (4.21)

Taxwm 00pazom, TIEpHOT 1 YacToTa KoJeOaHNi MAaTEMaTUIECKOTO MAsITHUKA 3aBUCST
OT JITUHBI MASTHUKA U HAMPSDKEHHOCTH TPABUTALIMOHHOTO TIOJIS B IAHHOM TOUKE.

Uccnepoeanme-2, NMpumenenme. KakoB nepuoj kosiedanuii?

3apgaya. OnpezpenuTe Nepuo U 4aCTOTY KoJIeOaHUH MaTeMaTH4eCKOro MasgsTHUKA AJIHMHON
225 cm. CKONBKO BpEeMEHH 3aTPAauruBaCT 3TOT MasTHUK Ha 20 MOJTHBIX KoiIeOaHuit
(compoTHuBIIEHHE BO3IyXa HE YUUTHIBATh; g = 9 L%, m=3)?

O0cyxaeHue pe3ybTaToB: ® CKOJIBKIM CEKYH/aM PaBEH IIEPUOJ MATEMaTHUECKOro
MasITHHKA U KaK BbI €0 OTPEAeIIHIN?

IlpuMeHenue B moBceIHeBHOIl :km3HM: [Ipu orcraBanmu wiam “3aberaHuu Brepex”
HAaCTEHHBIX YaCOB C MAaATHUKOM €TI0 HACTPAaUuBAKOT, U3MCHAA JJIMHY MasTHUKA.

e Kak Hy)XHO M3MEHHUTb JUIMHY MasTHUKA NpH “3a0eraHuyu BHepes” HACTEHHBIX 4acoB?
TTouemy?

ITpoBecTn camoonenky: 1. Kakue noHATHS HOBTOPHIN Ha ypoke? YTO U3 3TOrO BB XOPOLIO TTOHS-
JIH, @ YTO OCTAJIOCh BaM He CHBIM? 2. OT Yero 3aBUCHUT MEPUOJL KOJIeOaHNH MaTEeMaTHYECKOTO MasT-
nuka? IIpencraBpTe 3aBUCHMMOCTh rpaduuecku. 3. OT 4ero 3aBUCUT 4acTOTa KojeOaHnii MaTeMa-
THYeCKOro MasiTHuKa? [IpencraBpre 3aBUCUMOCTD rpaduueck. 4. OT 4ero 3aBUCHT LUKINYCCKAsI
4acToTa KoJieGaHuil MaTeMaTiyeckoro MasiTHiKa? [IpeacTaBbTe 3aBUCHMOCTD rpad)HuecKH.

YTO BbI Y3HAJIN? [laiite kpaTkoe 00bICHEHHE HIDKSPUBEICHHBIX MOHATHH: “MaTeMaTHYeCKUil

MasTHUK”, “Nepuoj KoJeOaHWi MaTeMaTHYeCKOro MasTHHKA”, “9acToTa KOJeOaHH MaTeMaTHYeCKOro
MasiTHUKA .
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NMPAKTUYECKAA PABOTA

OMNPEQOENEHUE YCKOPEHUA CBOBOAHOIO NAOEHUA
NP NOMOLLUUN MATEMATUYECKOIO MAATHUKA

Hesan: YCBOUTH HABBIK OIPEIENICHUSI YCKOPEHHUSI CBOOOIHOTO TIajIe-
1
HUsl Ha ocHOBe opmyibl T = 21 \/; nepuoyia KosebaHusi MaTema-

TUYECKOTO MasTHHUKA. |
Oo0opynoBanue: MajJeHbKUN IIAPHUK, MOJBEIICHHBIN HA JJIMHHON jl.'.t
(=160 cm) HMTH, U3MEpHUTEIbHAS JeHTA (WM pyJeTKa), CeKyH-
JIOMEp, IITATHB ¢ My(DTOH U 3aKUMOM.

Xo/ ucciaea0BaHus:

1. TTomecTHTe MITATHUB HA Kpaii CTOJIA, 3aTEM TIOIBECHTE K HEMY MasiT-

HUK TaK, YTOOBI [ITAPUK HAXOMIICS Ha BBICOTE 1 — 2 ¢M OT moJa.

2. V3MepbTe pacCTOSTHUE OT TOYKH 3aKPEIUICHHS CBOOOTHOTO KOHITA

HUTU B 3aKMMC HITAaTUBA O LICHTPA IIaprUKa (H.TII/IHa MaﬂTHI/IKa),

OHO JIOJDKHO OBITh mopsiiika 160 cM. Ee——a
3. OTKJIOHUB MaATHUK Ha PacCCTOSIHUE 5 CM OT HOJIO0XKEHUS PaBHO-

BECHsl, OTITYCTUTE €ro U U3MEphTE MPU MOMOIIH CEKyHI0Mepa

BpeMs1, 3arpaueHHoe Ha N=10 monHbIX KoneOaHuii. 3aHecuTe

pe3yibTaThl n3MepeHnii B Tabuuity 4.3.
4. IToBTOpPUB OMBIT €I1I€ /IBa pa3a MpH TEX K€ yCIOBUAX, ONpee-

JIUTE 3HAYCHUE CPETHETO BpEMEHH, 3aTpadeHHoro Ha N=10 mos-

HBIX KOJI€OaHUH 1 BEIYUCINTE CpeTHEE 3HAUCHHE MIEPHOa KOJle-

OaHws.

ty +t, + 13
cp = 3 ’

Lo
T =N
5. Beraucnure cpenHee 3HaYeHUE yCKOPEHMs1 cBOOOIHOTO Nasienus (r = 3,14):
412l

=
TS,

gcp =
Tabauya 4.3

Ne I, cm N @ teps opr € 8eps M/ c?

1 160 10
2 160 10
3 160 10

M
6. 3aHecHTe BCe Pe3yJIbTaThl B TAOJHILY M BBIYMCITUTE OTHOCHTEIIbHYIO TOrperHocTh (g = 9,81 C—Z):

&= M 100%.
g
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m CKOPOCTb N YCKOPEHUE MNMPU TAPMOHUYECKUX
KOJIEBAHUAX

Bbl yxe 3HakOMbl C OCHOBHBIMW TPUFOHOMETPUYECKMMU DYHKLUMSAMU U yMeeTe CTpouTb
rpacouky TPUroHOMETPUYECKUX YPaBHEHUI, OMMChIBAKOLWNX rapMOHMYeckmne konebaHms (cm.:
maTtemaTuka-10).
¢ Y10 O3HaYaeT U3aMeHeHue BeNIMYNHbI MO rAPMOHUYECKOMY 3aKOHY?
e Kakne metoabl noctpoeHus rpaddmkoB TPMFOHOMETPUYECKUX
(pyHKLMI Bbl 3HaeTe?
e B kakux dpm3mnyeckmx npoueccax MOXHO NMpPaKTU4eCKU NPUMEHUTb
nocTpoeHus rpachmKoB TPUrOHOMETPUYECKUX (PYHKLUIN?

Wccneposanne-1. MartemaTHka — IpaBasi pyka (puzuku!
3agaya-1. Onpezenyre COOTBETCTBHE: KAKHM TPUTOHOMETPHYECKUM YPAaBHEHHSM COOTBETCTBYIOT TPA(UKH?

e X o s
L LY

a) X = xp coswt; b) f(t) = —cos 2t; ¢) f(t) = =3 sinwt; d)x = 10sinwt; e) f(t) = 3 cos wt.

O0cyxaeHue pe3ybTaToOB:
o Kakoii 13 rpaKOB N3MEHSIETCs [0 3aKOHY CHHYCa, a Kakoi 1o 3akoHy kocunyca? [Touemy?

D by G

IIpn rapMoHHMYECKHX KOJICOAHMSX MasTHHKA €ro CMEIEHHE H3MEHSAETCS Mo
FapMOHUYECKOMY 3aKOHY, [TI03TOMY HE TPYIHO JA0Ka3aTh, YTO €r0 CKOPOCThb U YCKO-
peHHe TaKkKe M3MEHSIOTCS TI0 TapMOHUYECKOMY 3akoHny. IIpeanonoxum, 4to cMme-
LIEHUE N3MEHSETCS 110 3aKOHY KOCHHYCa M HayaslbHast (paza paBHA HYJIO

(@9 =0):x = Acoswt.

Tak Kak CKOpOCTb SIBJISIETCS INEPBOW TNPOM3BOAHON CMEIIeHUs (KOOpAMHAT) IO

BpPEMEHH, TO:

s
Uy =x’= (Acoswt) = —Aw - sinwt = Aw * cos (wt + E)' (4.22)

win
Uy = — Uy, Sin wt. (4.23)
Kak Bugno u3 Beipaxkenus (4.23), CKOPOCTh, N3MCHSIOIIASICS TI0 TAPMOHUICCKOMY
3aKOHY, OTIepeKacT KoJIeOaHMsI CMETIEeHHS 110 (ha3e Hag (a).
MakcumalbHOe (aMILTUTYJHOE) 3HAYCHHE CKOPOCTH 3aBUCHT OT aMILIUTY/IbI, Yac-
TOTHI M MIEPHOJIA KOJICOAHMIA:

21
Uy = WA = 21VA = ?A. (4.24)

Tak Kak yCKOpeHHUe SBIISIETCS IEPBOM MPOMU3BOJHON CKOPOCTH IO BPEMEHH, TO TO0-
TYYUM:
a, = 0= (—Aw * sinwt) ’= —Aw? * coswt = Aw? - cos(wt + m) (4.25)

112



v

a, = —a,, cos wt. (4.26)

Kak BumuM, Kosae0aHus yCKOPEHHUs, H3MCHSIOIIETOCS 110 TApMOHHYECKOMY 3a-
Vs

KOHY, ONEPEKAIOT KOJCOAHHs CKOPOCTH 110 (ase Ha — , a KONeOaHus CMCIICHHs Ha

N

/A (CM.I puc. a). MakcumanbHOe (aMHJ’II/ITy,ZLHOC) 3HAUYCHUC YCKOPCHUA 3aBUCUT OT
AMIUIUTYAbl, 9aCTOTHI U I€pHUOaa KoJIeOaHMii:

5 5 472
Clm=(1)A=4T[ VZA:F . (427)
X; U, Ay (a)
a, = —a,, cos wt
am
Um
A
0 -
t
-A
_ Um i
-— am
UccnepoBaHue-2. NMpuMmeHeHune L, M "f (b)
Hccaenyiite rpagux 0 i i i '\
3amaua 2. Ha pucyHke mnpencraBiieH rpaduk H3MEHEHHs ( I'. [ 1 I.' \ [
CKOpOCTH KoJiebaHus 1o rapMoHudeckoMy 3akoHy (b). On- 04 | r'JI r';_ 7
peaenuTe: a) aMIUIMTYIHOE 3HaUYEHHE CKOpocTH; b) yacTtory T \ ,l' £
KoJeGaHuit; ¢) Iepuos KoneOGaHuii. LV W/ ¥

1 - ol LY
O0cy:xaeHue pe3ybTaToB:

e Y0 03HaUaeT H3MEHEHNUE CKOPOCTH KOJIEOAaHHUs 110 TapMo-

HUYECKOMY 3aKOHY?
o Kak BbI ONpeAeniiv aMILIMTYAHOE 3HaUeHUEe CKOPOCTH, YaCTOTY U MepHO/ KonebaHus?
IIpumMeHeHne B MOBCeTHEBHOI KU3HU:
Ha npakTuke rpaMKn rapMOHHYECKUX KoJieOaHnil Hanboee 4acTo MCIOIB3YIOTCS B MEAULIMHCKON
JIMarHOCTUKE, PaJNOdICKTPOHUKE, HA IPENPUITHAX, IPOM3BOIAIINX TOYHbBIC IIPUOOPBI, U B APYTHX
o0nacTsx.

e Kaknm croco6oM 1 ¢ Kako# IEeNbI0 UCTIONB3YIOTCS rpadUKH TapMOHHYECKUX KOJIeOaHUH B 9THX
obmacTsax? MoskeTe HCIIOIb30BaTh ATEKTPOHHBIE PECYPCHI.
IIpoBecTH caMOOLEeHKY:

1. Kakue noHstus noBTOpuiIM Ha ypoke? YTo U3 3TOro Bbl XOPOILIO MOHSJIH, & YTO OCTAJIOCh BaM HE
SICHBIM?

2. Ot 4yero 3aBHUCHUT aMIUIUTYAHOE 3HAUCHUE CKOPOCTH TApMOHUYECKHX KOJIeOaHwii?

3. Kak aMmuiutygHOE 3HaUE€HHE YCKOPEHNUS TApMOHMYECKUX KOeOaHUH 3aBHCUT OT BpeMeHH?

4. Yemy paBHBI, COOTBETCTBEHHO, X, Uy,(d, IPH TapMOHHYECKOM KOJEeOATEIbHOM IBHKEHUU B
T

MOMEHT BPEMCHH t = — B CIlydae ¢ = 0 (cm: a)?

YTO Bbl Y3HAJIN? Haiite KpaTkoe 00OBbsICHEHHE HU)KEIPUBEICHHBIX MOHATHH: “‘MaTeMaTHYeCKUi

MasTHUK”, “TICpUOJ KOJeOaHHs MATeMATHYECKOrO0 MasTHHKA”, ‘“‘4acToTa KOoyeOaHHs MaTeMaTHYeCKOTO
MasiTHUKA .
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@X [resPAuIEHNA SHEPTVM NPY FAPMOHMYECKNX
KONEBAHUAX (YPOK-NPE3EHTALINS)

[ToAroTOBBTE IEKTPOHHYIO MPE3EHTALUIO O MPEBPALICHUSX SHEPrUM IpPU FapMOHU-
yecknx Kojiebanusx. [Ipn moaroToBke npe3eHTaun BHUMATEIBHO HCccieyiTe Tadmumy 4.4
1 03HAKOMBTECh ¢ MH(OPMAIMEH, JaHHOH 110 3aroioBKoM “TeopeTndeckuii mareprain’”.

Tabruya 4.4

lNpespanenns sueprum o
MPYAHITOM MANTIHE

Mpeppamenna suepruom o

Iocas oA TEALNOCTE NPOIECCOn

MATCMATHYMECKOM MARTIHIEE B CHCTEME

x=A; v.=0: E_ =0

Al

En.m.a-'L F]

E= A~ t=0
: 2

x=A

H.-...- mght

B mavansusil mosmenT t=0 Mmasrank
OTHADHER OT NONHEHHA PARHORCHA
HA pACCTOAHNE X=A N HAXOAWTCA

o eoeTomnn nokoa (U, =0), Cuereme
coobuneTes A0NOTHINTEILRAR
NOTENIL AT LR SHEPrg.

TMoanan MexaREYecKan JHEPrUA

pania MAKCHMATLIOH DOTERIERALIOA,

CreTesn HESHET JENTATEEA BIEBD B CTOROHY

NOUHCHEHILT PARRoBecia. B MoMestT npesesnt
L= ET CHCTENS ITPOXOTITT TR
PAEHOSBECHA, CMETIEHITA MARTHHKS CTAHD-
TTCH ]:I'I.E.I!'.II.M My, A ﬂm CTAND-
mrreA Maxcamoit. [Torenamas
DRCPIILA CICTEMLD PATRA HYT0, § KHRCTIE-
cran MaxciMATsHA. [Toamas spepris panis
MARCMATERON BimeTiseckoll.

B sosment spesesn L= %T CHETEMA
HAXDIHNTCH B JMEBONM Hpﬂ.ﬁ:HE‘N MOSOHEHNN
{x==A) H CHOPOCTS: CTAHORIETCA Panmofi
uymo, [oTenuaTLaan JHeprita
MPHCGEETRET MAKCHMATII0N THANCHIE,
KHHETIROCKAR JHepris viunaeT 10 Hyan.
Tosnan sHEPraA PEBiA MAKCHMLTRRO
NoTeHIEATLIO.

CiicTeMa HATHHAST ABATATLCS BIPABO
H IOI0HEHING parnonscna. B smovent
BpeMEHNL = 4 T cRereMs HAXOANTCA

B NOJOMEHNE DARHOBSCIE, CMEMEHNE
PREHG HYIH, CHOPOOThE MAHCHMATLHA.
[NoTermmunkims SHEPrHE CHOTEME [HEHA
HY/IH, ENHETHYECKAR SHEPrHA MAHCH-
manwea, [loanan sweprua pasna
MAHCHMATLHOE KUEHeTH eCHO.,

B MoMenT BpemenH, pasabil nepaoay
t = T, cHcreMma BOSBPALEASTCR

B NepBOHAYMATLHOE NOg0MeHNE
roachanna (x=A, U, =0}
Kunersveckan sneprns pasna 0.
Tonwas sHeprid pasHAa
MAHCHMAILHON NOTeHIMAIRHON.

Teopernueckuii MaTepuaJ. IloTeHIanbHas 1 KHHETHYECKAsk SHEPT U CBOOOJHBIX Tap-
MOHHMYECKHX KOJIeOaHUI B 3aMKHYTOH CHCTEMe EPUOAMIECKH IPEBPALIAIOTCS APYT B APYyTa.
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B Tabnmme 4.4 maHo cpaBHEHHE MPEBPAIICHUN SHEPTHHA B MPYKHHHOM M MaTeMaTH-
4ecKOM MasTHHKax. Kak BUIHO W3 TaOJIUIIbI, MOTCHI[MAIbHAS SHEPTUs KOJIe0aTelbHO chc-
TEMBI B TOUKE BO3BpALICHU (X = 4) HMEeeT MaKCUMAaJIbHOE 3HAYCHHE:

kA2
(4.28)

Ep max — T
Eciu e MasgTHUK HaXOQUTCS B TOUKE PaBHOBECHS, IIOTCHUMAIbHAS SHEPIUs MUHUMAJIbHA!
Epnin =0. E (a)
Kunernueckast SHEPrusi CUCTEMBI, Hao6op0T, B TOYKE \ E,+E,=Er
Bo3BpateHus: MUHUMaNbHA (Eppmi, = 0), a B Touke
PaBHOBECHUS MAKCUMAJIbHA:

Ex max = T (429)

I
1
1
1
|
Ha pucynke (a) manbl rpaduky 3aBHCUMOCTH TIO- :
TEHIUANBHON ¥ KMHETHUYECKON SHEPruy MpU FrapMOHU- _:4 (X) A (%)
YECKOM KOJIe0aTEIIbHOM JIBIDKEHHH OT CMEIIICHHSL. E.
[Nonmas MexaHWYecKasi SHEPTHs 3aMKHYTOH KoJieOa-
TEIBHOM CHUCTEMBI B IIPOU3BOJIBHBIM MOMEHT BPEMEHH ¢
0CTaeTCsl TIOCTOSIHHOM (TPEHHE HE YUUTHIBAETCS): L e iy By oo
a) U IPY>KUHHOTO MasiTHUKA! Es :
E_E mv?  kx?
=Bt b=

b) nis MaTeMaTHIecKoro MasTHUAKA:
2 4 2 4

muo
E=Ek+EH=T+mgh.

*
1
*
1
*

|

Ecnu npuHATH BO BHUMaHHE W3MEHEHHE CMELICHUS M CKOPOCTH II0 TAPMOHUYECKOMY
3aKOHY B ()OpPMYJIax MOTCHIUAIBHON M KWHETHUECKOM SHEPTHH KOJIe0aTeIbHOTO JIBIKCHUS,
TO CTaHET OYEBHIHO, YTO IPH FAPMOHUYECKUX KOJICOaHHAX ITH SJHEPTHH TaK K& H3MEHSIOTCS
0 TapMOHHYecKoMY 3aKkoHy (b):

kx? kA?

ErI = T = TCOSZ(O)t + (po), (430)
mv*  mw?d? kA*

E, = — = Tsmz(wt + @y) = - sin®(wt + @y). (4.31)

Kak Obu10 OTMEUYEHO BBIIIC, MOJIHAsgA 3HEPrud CUCTCMbl HC U3MCHACTCA IO IapMOHU-

YECKOMY 3aKOHY:
mv*  kx®  kA* kAz kA?
Er =——+——=———cos*(wt + @y) + —sin*(wt + @y) = —. (4.32)
2 2 2 2 2
o [lonHas HEpaUs 2APMOHUYECKUX KONOAHULL NPAMO NPONOPYUOHAILHA KEAOPANY AMNAUNYObL

Konebanuil.
Ecnu ke B cUCTEME CYIECTBYET CUJIAa TPEHHUSI, TO €ro MOJHAS YHEPTHUsI HE COXPAHSIETCS —

M3MEHCHHE TIOJTHON MEXaHHYeCKON YHEPTHUHU paBHO paboTe CHITBI TPeHUs. B pesynbraTte Ko-
neGanust 3aTyXatoT: AE o,y = Agp,

Obpasey niana n0020MoOGKU npe3enmayuil

I cmaiin: e Ha3BaHnue npeseHTaumn

o [loaroroBun
-1V ciaiiabr: e [IpeBpallieHus SHEPrUM B IPYKUHHOM MASTHUKE
V-VII caaiigbr: e IIpeBpaliieHus SJHEPrUU B MATEMAaTHYECKOM MAasTHUKE
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e OnucaHue U3MEHEHHs IOTEHIUAIBHOW SHEPTUH C TIOMOILBIO (POPMYIIBI 1
rpaduka rapMOHHYECKHX KOJIeOaHH 110 FapMOHUYECKOMY 3aKOHY

e Onncanue N3MEHEHHsI KHHETHIECKOH SHEPTUH € MOMOIIBIO (GOPMYJIBI 1
rpadyka rapMOHHYECKHX KOJIeOaHHI 110 FApPMOHUYECKOMY 3aKOHY

o CoxpaHeHHEe NOJHOW MEXaHWYECKOHW YHEPTHUH 3aMKHYTOH CHCTEMBI, COBEP-
ITAI0IIEH TAPMOHWYECKHE KoeOaHus

VIII chaaiing:

IX caaiig:

X caaiix

m BbIHY)K,D,EHHbIE KONEBAHUA. PE3OHAHC

HaBepHo, Bbl Cribllianu o0 ABYX HEOObIYHbIX UCTOPUYECKNX COOBITUAX:

— Korpa B 1905 ropgy B ropoge CaHkT-INeTepbypr (Poccus) no Brucademy LenHomy Ervnetckomy
MOCTY AfMHOM 55 M Npoxo-
0N KaBanepunck1n ackag-
POH, MponeTbl MOcTa He-
OXWAAHHO PYXHYNX Ha nea
peku ®oHTaHTKa (a).

—B 1940 rogy B 0OvH 13 BET-
PEeHbIX AHEN NoaBECHON
mocT “Takoma” anvHon 1810
M, MOCTPOEHHbIN Yepes Npo-
nmB Takoma-Xeppoy3
(CLWWA), paspywmncs (b).

e YT0 ObLUero B npousoLues-

LUMX COOBLITUAX U MOTYT N ObITb 3TV CODOLITUA CBA3aHbI C Korie6aTernbHbIM ABMKEHNEM?

Wccneposanme-1. Kakoii u3 MasiTHHKOB KoJie0JeTcs ¢ (© ; .
0osb1Iel aMITUTY 101 ?
ObopynoBanue: 2 mraTuBa ¢ My(TOH HIH IBE OMOPEI, 3aKPETICHHBIS
JUIMHBI (Macca IIapuka Ha OJHOM M3 MAasTHHKOB Oojblle, 4eM Ha 5
6
4 7

Ha OOHOM OCHOBAaHHWH, TOJICTass HHUTb, HHUTCBbHIC MAasATHUKH pa3H0171
Apyrux MaSITHI/IKaX).

Xox ucciie10BaHus:

1. 3akpenure Ha OroOpax, CUIBHO HATAHYB, TOJICTYIO BEPEBKY, a MasT-
HUKH TIO/IBEChTE HA HEl, KaK MMOKAa3aHO Ha PHCYHKeE (¢).

2. [IpuBeante B cBOOOHOE KOIEOATENFHOE IBI)KEHHE KPaWHUA MasiT-
HuK (1-# wmm 7-i1). Onpexnenure, Kakoi U3 MassTHUKOB KOJIOIeTCS C ?
aMIUTUTY 10N ¥ 9aCTOTOH, paBHOM aMIUTHTY/E U YacTOTe KoJeOaHmi
4 MasTHHKA C IIAPUKOM OOJIBbIIIEH MacChl.

O0cy:xkaeHue pe3y/1bTaToOB:

o Kaxoii 13 MassTHUKOB COBEpPIIACT CBOOOIHBIC, & KAKOW BBIHYKICHHBIC KosieOanus? [Touemy?

o Kakoli MasgiTHHK KOJICOJIETCS C TOH JKe YacTOTOM, YTO U MassTHHK 47 [Toyemy?

o Kakoli MasiTHHK coBepiIaeT Koiebanus ¢ omnpineit amrumutypoi? [Touemy?

~ @

[Tox neiicTBUEM M3MEHSIONIECHCS MO TAPMOHUYECKOMY 3aKOHY BHEIIHEH CHIIBI
(marmpumep, F' = F,, =cos® t) B Ko1e0aTeIIbHOW CUCTEME CO3AF0TCS BHIHYKICHHBIC
KoJIeOaHusl.

e Yacmoma 6vbiHyJIcOeHHbIX KONeOanUll 6ce20a co8nadaem ¢ 4acmomou usMeHeHus
8bIHYIHCOaIOWell CUbl — C KAKOU YACMOMOU USMEHAEMC s 6HeWH A CUld, C MAKol
Jce wacmomoui Koneoiemces cucmemd.
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® Amnaumyoa GbIHYHICOEHHbIX KOJLeOAHU 3a8UCUm Om d A
yacmomul viyscoaroueli cunvl. Ilpu npubaudsicenuu
BHAYEHUsL YACMONMbL GbIHYHCOAIOUYell CUTTbL K 3HAYEHUIO
yacmomol C8000OHBIX KOACOAHUL CUCTIEMbl AMNIU-

myoda xonebanuti yeenuuusaemcs (d). Ilpu paBeHcTse

ATHUX YaCTOT (W= @y) HAOIMIOACTCS:

e Pesonanc — pe3roe 603pacmanue amMniumyobl 6bl- A =

HYIHCOEHHBIX KOeOaHUll cucmembi. i e
dopma pe30HAHCHOW KPUBOM 3aBHUCHUT OT 3Haye-

HUS CHJIBI TPEHUs B cucteme. Tak, mpu Majbix 3Haue-

HUSIX CHUJIBI TPEHHUS PE30HAHCHAs KpuBas Bbiie (1-s

KpHBasi), a IpH OOJBITUX 3HAYCHUSIX CHIIBI TPSHHsI, HA000POT, Pe30HAHCHAS KPHBas

HIDKE (3-51 KpuBas).

Hccneryem 9T0 TEOPETUYECKHU € MOMOIIBIO TOPU3OHTAIb- iz - _ =0

HOTO pr)KHHHOFO MasTHUKA: NPEAIOJIOXKUM, YTO HIapUK A
i i VYV ﬁ‘-}’? A
Maccoii M COBepIIAET BHIHYKICHHBIE KOJIEGAHMS MO e~ v v

CTBHEM BHEIIHEH CHIIBI, H3MEHSIOIIEHCS [0 3aKOHY A‘

521

F = E,coswt (e). !
VpaBHeHHE BBIHYKICHHBIX KOJCOAHUH MasTHUKA C yde- [ §=0 ; =
toM II 3axona HproTOHa MOKHO 3amucaTh Tak: g
ma, = —kx + Fcoswt. h"",*””-, — :
Ecinu B 5TOM ypaBHEHUM IPUHATH BO BHUMaHHE (OPMYJIbI 3 -
CMEIICHNSI U YCKOPEHHs, M3MEHSIOMUXCS MO MEePUOIH- -A 0 X
YecKoMy 3aKOoHy X = Acoswt
u a, = —w?Acoswt,
TO: —mw?Acoswt = —kAcoswt + Fncoswt,
W —mw?A = —kA + E,,.
Ecnu e NpUHATH BO BHUMAHUE
k = mw?,
TO: —mw?4A = —mwiA + E,
— ‘m
W A= |m| (4.33)

I'me wy — nuKIAYecKast 4acToTa CBOOOJHBIX KOJIEOAHUH KOJIEOATSIIBHON CHCTEMBI, (W — IUKJIH-
YecKasi YaCTOTa BBIHYKJIEHHBIX KoJieOaHU, A — aMITUTY/1a BEIHYKJICHHBIX KOJICOaHHH.

U3 dopmynbr (4.33) 3aBUCUMOCTH aMIUTUTYABl KOJNEOAHUH OT IUKIMYECKOU
4acTOThI BUJIHO, YTO NIPH SIBJICHUH PE30HAHCA, €CITH W = W, AMIUTUTY/JIa KOJIeOaHHsI

_ Fm | _Fm
m(w?-w?) T T

Pe3oHaHC BBIHYXJICHHBIX KOJIeOaHHH KOJIeOATEeIbHON CUCTEMbI CO3/IaeT OOJBIIYIO
Pa3pyLIUTENBHYIO CHILy, KOTOpasi MOXET OBITh MpUYMHON KaracTpodsl. Hampumep,
€CJIM 4acTOTa JIHCTBHS BBIHYKIAOIICH CHIIBI, CO3[aBaeMasi MapUIMpYIONmeH depes
MOCT BOHCKOBOM Y4aCThIO, COBITAJAET C YaCTOTOM CBOOOIHBIX KOJICOAHUH MOCTa, TO aM-
TUTUTY /12 BBIHY>KICHHBIX KOJIEOaHUH MOCTa PE3KO YBEINUMBACTCSI, YTO MOKET IIPUBECTH
K ero paspymenuio. [To 3Toif nmpudnHe TpH mepexoze Yepe3 MOCTHI CoyiiaTaM HpH-

Ka3bIBAKOT UATH BOJIBHBIM IIaroM.

YBEITUYUBACTCS 10 OECKOHEUHOCTH: A =
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UccnepoBaHue-2. NMpuMmeHeHne A, em ®
Hccaenyiite pe3oHaAHCHYIO KPUBYIO 10 A

3anaya. Onpenenure neproa CBOOOTHBIX KOIeOaHUI cuc- 8 [1

TeMBI Ha OCHOBAHMH JIAHHOM pe30HaHCHOH KpuBoii (f). II I|

Obcy:knenne pe3yabTaToB: 1. CKombko [ COCTaBIsieT G fi

4acToTa CBOOOMHBIX KoyebaHmil cucteMbl? 2. Kak ompe- 4 AN

JICNTAITA TICPHOJT CBOOOTHBIX KosieOanuit cucteMer? 3. Ue- %

My paBHa pe30HAHCHAsl aMIUTHTY/Ia BBIHYXKJICHHBIX KOJIe- 2 — b,

Ganuii cucTembl? 0 —=

0.5 115 2 253 vy

IIpumenenne B noBceaHeBHOI :ku3HU: Kak BB 3HaeTe, IBIKCHHE MOPIIHS B IMIHHAPE aBTOMOOUITH-
HOTO JIBUTATEIISI SIBIISICTCS KOJIeOaTeNIbHBIM JIBIKeHNeM. K kakoMy BUIy KoiaeOaHMi OTHOCSATCS Koyieha-
TENBHOE JIBYDKEHHE TOPIITHS B IIMIMH/PE: CBOOOTHBIM WITH BBIHYXIeHHBIM? [Tlouemy?

IIposectn camoonenky: 1. Kakue noHsTHs NOBTOPUIM HA ypoke? YTO U3 3TOr0 BBl XOPOLIO OHSIIN,
a 4TO OCTaJOCh BaM He sicCHbIM? 2. B uem mpuumna paspymenus “Erunerckoro mocra” B CaHKT-
ITerepOypre? 3. [lo xaxoii mpuunHe paspymmics MocT “Takoma” B CIIA? 4. Ot yero 3aBUCHUT
aMIUTUTY/1a BBIHYXKICHHBIX KoneOanuii? 5. IIpm Kakux ycIIOBHSAX BO3HHKaeT pe3oHaHc? 6. Kakoit
(axTOp ompenenseT BHICOTY PE30HAHCHOM KPUBOIA?

YTO BbI Y3HAJIU? [laiite kpaTkoe OOBSICHEHHE HIKENPUBEICHHBIX MOHSTHIL: ‘‘BBIHYKICHHbBIC

KoJIe0aHus”, “aMIUINTY/ 12 BBIHYKIEHHBIX KOJIeOaH! pe3oHaHC”.

CTIINT3
u,

P AcnPoCTPAHEHVE KONEBAHMIA B YNIPYrOM CPEQE:
MEXAHUYECKAS BOMHA

Kak Bbl 3HaeTe, BO BpeMsi 3eMIETPSICEHNS CKOPOCTb
pacnpocTpaHeHnd npoaoSibHbIX BOJTH P-tuna, ¢ Y10 Takoe BOJIHA U TONbKO Nun

BO3HUKalOLWMX BHyTpM 3emnu, 6Gomblue CKOPOCTU B TBepAbIX Tenax oHa
pacnpocTpaHeHusi  MomepeyvHbiX  BOMH  L-Tuna, BO3HMKaeT?

BO3HMKaIOLMX Ha nosepxHocTM 3emnn. Ha ocHOo- e Yto nepeHOCUTCS BOSMHOM:
BaHUW Pa3HOCTU MEXAY 3TUMU CKOPOCTAMU yYeHble- BELLeCTBO UIN 3Heprusa?
CEeNCMOriorn onpenendrT pacCTossHMe OT TOYKN pac- e OT Yyero 3aBUCUT CKOPOCTb
NonoXeHns cencmorpada o SMUUEHTpa 3eMneTps- pacnpocTpaHeHUs BOMHbI?

ceHus (cm.: usuka-7, cTp.143).

Wccneposanmne-1. UTo NPOUCXOAHT B CBSI3AHHBIX K0JIe0ATEIBHBIX CHCTeMax?
O0opynoBaHue: MOJETb, COCTOSIIAS U3 CBA3aHHBIX MPYKUHAMH IIAPUKOB; MOOMIBHBIN TelIe(oH.
Xoa uccjie10BaHusI:

1. [lomecTuTe MOJIETH Ha TOBEPXHOCTH cTONA. CMECTHB KpaHWH JIEBBIH MIApUK B TOPU3OHTAIBHOI
TIOCKOCTH OT ITOJIO’KEHUSI PABHOBECHS, NPUBEIHUTE €ro B KosebaTebHOe ABIDKEHHUE (a).

2. Cororpadupyiite cBepXy MOOHIBHBIM TeIe(OHOM KapTHUHY KOJIEOAHMI MApUKOB, CBI3aHHBIX
NpPY>XMHAMH, BO3HUKIIYIO B TOPU30HTAIBHOH 1u1ockocTH (b).

3. OcranoBuTe KoyeOaTeNbHOE JBHKEHHE CUCTEMbI U MPHUBEIUTE KPaHU JEBBI IIapUK B rOpu-
30HTaJIbHOE KoJIebaHue BJIOJIb enodku mapukoB (c¢). ChororpadupyiiTe BOSHUKIIYIO B 9TOM
cllyyae KapTUHY KoJeOaHUs CBSI3aHHBIX IIAPUKOB ¢ OOKOBOM CTOPOHBI, TO €CTh B BEPTUKAIBHON
TIOCKOCTH.

4. PacnewataB Qotorpaduu Ha HpUHTEpe, BKICHTE MX B pabouMil JIHUCTOK, M HCCIEAyHTE, deM
TIOXO’KH, @ YeM HET BO3HHKIIHNE KapTHHBI KOJICOATEIFHOTO JIBIKEHHS KOJIeOATeIbHON CHCTEMBI
IIapPUKOB, CBSI3aHHBIX MPYKHHAMU.
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(@) (b) {2

-— v
oy % o ¥ ﬂ““‘-"‘!'\‘ -
mw..r"’ -
O0cy:xaeHue pe3ybTaToOB:
e YT0 00111eT0 ¥ YeM OTIMYAIOTCS KAPTHHBI IBYX Pa3IMYHbIX KOJeOaHHH 0THOr0O MasiTHUKA (Kpai-
HET0) B CUCTEME IIAPHKOB, CBA3aHHBIX MPYKHUHAMH?

o C yeM MOXKHO CpPaBHUTH 3THU KapTI/IHBI?

Bonna. Mexannveckue koieOaHusi ObUIM M3YYCHBI B PAa3HBIX 3aMKHYTHIX KOJIE-
0aTeNbHBIX CUCTEMAX — MPYKUHHOM M MaTeMaTHYECKOM MasTHHKaX. OJHAKO B MPH-
poze HanboJee YacTo BCTPEUAFOLIUMHUCS KOJICOaHUSMH SIBIISIIOTCSL KOJICOAHUsI B C653-
HbIX KOJeOamenbHbIX cucmemax. B CBS3aHHBIX KOJIEOATeNbHBIX CUCTEMaX KOJeOaHMs
nepeIatoTesl OT OJIHOM YacTH CUCTEMBI K JIpyroil. Hampumep, nipy najieHun KaMHs Ha
MOBEPXHOCTh CTOSIYECH BOJIbI HAOJFOMACTCS BOSHUKHOBCHHE KOHIICHTPHUYCCKHUX BOJISI-
HBIX KPYTOB, KOTOPBIE PACXO/ISATCS M3 TOUKH TIaJICHUS KAMHS BO BCE CTOPOHBI. Kaxercs,
YTO BOJIA MEpPEMENIaeTcsl B MPOCTPAHCTBE B (OpME YepelOBaHHs BBIMYKIOCTEH U
BraguH. OJIHAKO, €CJIM PACIOJIOKUTh OKOJIO TOUKH IMAJCHHS KaMHs IOIUIABOK HITH
TEHHUCHBIN MSIYHUK, TO HAOIFOIAETCSI TOJIBKO €ro KoJIeOaTeIbHOE JIBIIKCHUE BBEPX-BHU3
Ha omHOM MecTe. Takum 00pa3oM, BOZHHKAIOIIME B ONPENEIICHHOW TOYKe KoieOa-
TENbHBIC JIBIKCHHS YAaCTHYCK BOJBI, MEPEIaBasCh COCEIHMM YaCTHYKaM BOJIbI
BBI3BIBAIOT KOJICOATEIIHHBIC JIBUKEHHSI BCE HOBBIX M HOBBIX YaCTUYEK BOJIbI, H CO3/AI0T
PaCIPOCTPAHSIOIINECS] BO BCE CTOPOHBI, KOJIEOATEIbHbIC JBUKECHUS CUCTEMbI CBSI3aH-
HbIX yacTHdek. [Ipu TakoM pacrpoCTpaHeHUH, HA3bIBAEMOM GOIHOL, TIEPEHOC BOJIBI HE
MIPOUCXOJTUT, & IEPEHOCUTCS TOJILKO (hopMa ee. JIBUKECHHUS

® Boaina — smo npoyecc pacnpocmpanenusi KoOreOanuii 8 npoCmpanHcmee ¢ me-
YeHueM BpemMenu.

B 310 Bpemst B cpefie MPOKUCXOAT CIEAYIOIINE SBICHUS: @) Kolebamenbhbie 06U-
JHCEHUsL Yacmudex cpeovl, 8 KOMOPOU PACHPOCMPAHAEMCS 6OIHA — YACTIUYKU CPEObl
cosepuiaiom KoiebamenvbHble OBUIICEHUsL MOIbKO BOKPY2 NOTONCEHUSI CB0e20 pag-
HOBecuUs, U 8 80JIHe He NPOUCX00Um nepeHoc seujecmea, b) ezaumoodeticmeaus uacmuuex
Cpedbl ¢ COCCOHUMU YACMUYKAMU — 8 Pe3YIbmame 3aumMoOeticCmeus. mMexcoy 4ac-
MUYKamu npoucxooum neperoc suepeuu. 1o 3Toi NprUYrHE BOJHE MOYKHO JaTh Clie-
JYIOILee ONpeeieHue:

® Bonna — amo npoyecc nepenoca snepeuu be3 nepeHoca 6euecmaa.

Mexanndeckas BoJIHA. B mpupojie Hanbolee 4acTo BCTpeYaeTCs MexaHUu4ecKas
60JIHA.

o Mexanuueckas 601aHa — 510 NPOYECC paAcnpOCMPAHEHUs MeXAHUYECKUX KONeOaHuUll 6
cpede (MexaHu4eckas 60NHA 8 8AKYYMe He PACnpocmpansemcs). Mexanuueckue 0ol
PACHPOCMPAHSIIOMCsL MOJILKO 8 YAPYeUX cpeoddx (Mmeepobix meidx, HCUOKOCHISX U 2A3dX).

o Vnpyzue 601Hb1 — 90 NPOYECC PACHPOCMPAHEHUs. MEXAHUYECKUX KOTeOaHUll 6 Ynpy-
2otl cpede. Imom npoyecc nPouUcxooum ¢ 4acmomotl, COOmeemcmsyoueli 1acmome
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KONeOAHUsL UCMOYHUKA, CO30arwWez0 3my 8ONHY. 3a npedenamu cpedvl Ynpyaue G0JiHbl

He cywjecmayiom. BonHbI OBIBAIOT BYX BHIIOB: NONEPEUHble U NPOOOTbHBIE.

o Ilonepeunas 60sHa — 3mo 80IHA, PACHPOCMPAHAIOWAACS NEPHEHOUKYIAPHO HaNpasie-

HUIO KONIebamebHo20 08UdCeHUs Yacmuy cpeovl. 1lonepeunvie 80Hbl MO2YI PACPOCHI-
PaHAMbCSL MOTLKO 8 MBEPObIX Meax u

E.,‘ no nosepxrocmu scuokocmeilt. [lonepeu-

Hble GONIHbI PACHPOCMPAHSIIOMCSL 8 CPeoe
6 hopme cmensirouux opye Opyaa GbinyK-
saocmett u enaoun (d).
e IIpooonvnas eonna — 3mo G8oJna,
PACHPOCMPAHAIOWAsACS 6001b  HAN-
pasieHus KoaebamenbHo2o O08udice-
Hus yacmuy cpeowl. [IpodonvHbIe 8O MOZYI PACIPOCPAHAMBCS 80 BCEX CPEOAX
(meepovix menax, HcuoKocmsx u 2azax). IlIpooonvHvle 80HbI PACHPOCMPAHAIOMCS
8 cpede 8 hopme cmeHAWUX Opye Opyed 30H CSYWEHUs U PA3PeNCeHUss Cpeobl.
Hanpumep, npomnycTB yepes JTUHHYIO TPYKUHY TIaCTMACCOBYIO HUTh, 3aKPETINTE
TOPHU30HTAIBHO 002 KOHIIA HUTH U OJIMH M3 KOHIIOB MPYXHHBI K OITOpaM, 3aTeM, Ie-
pHOAMYECKH JIBUTAs CBOOOJHBIN KOHEI| NPY>KUHBI BIPABO-BJICBO, MOXKHO HAOIIIO-
JIaTh YepeIOBaHME 30H CTYIICHUS U PACCEHBAHUS KOJICII IPYKUHEI (€).

XapakTepuctuka BOJHBI. KoneOaHus, IpOUCXOIANINEe B KAKOH-THOO TOYKE
Cpeibl, IepeIaloTCsl B IPyTUe TOYKH HE MIHOBEHHO, a C ONPE/ICICHHON KOHEYHOM
CKOpOCTBIO, KOTOPasi ONPEACIISIET CKOPOCHIb BOTHYL.
o CKOpoCmb 8OJIHBL — 21O CKOPOCMb PACHPOCMPAteHUsl Kolebanuil 6 cpeoe.

Tak Kak BOJIHA B OTHOPOAHOM Cpejie pacipoCTpaHsieTcs pPABHOMEPHO, CKOPOCTb BOJI-
HBI OyJIeT paBHa:

7z ?";‘M‘ﬁ'ﬁf ﬂ"&"M’I

(e

-

l
L= e (4.34)
I'ne [ — paccrosiHre, HA KOTOPOE PACTIPOCTPAHSETCS BOJIHA 32 BPEMS £
l=v-t.

JlpyruMu XapakTeprucTUKaMK BOJIHBI SIBIISTFOTCS 4aChmomd, nepuoo u OIUHA GOJIHDYL.
e Yacmoma 60tnwl (nepuod) — 5mo yacmoma (nepuod) Koneodanuii UCmouHuKa, co30a-
1ouje2o 80IHY .
e /[nuna éonnwt — smo paccmosnue (I = 1), na Komopoe 601Ha pacnpocmpansemcs
3a 8pemst, pasHoe 00HoMY nepuody koredanus (t =T).

[lpussB Bo BHMMaHue 3TO ompezeneHue B (4.34), MOMyynM BBIpQKEHHE IS
CKOPOCTH PacipoCTPaHEHHS BOJTHBL:

_Z 4.35
L= (4.35)
Win v=v-A (4.36)

Ine A (nam6pa) — mmHa BonHbl, B CU enuanna ee usmepenust — memp. 13 noc-
JISJTHUX JIBYX (hOPMYIT MOXKHO ONPEACTUTh JUTUHY BOJIHbI:
v
A=v-T; A=—. (4.37)
1%
Cropocmu 801Hb1 He 3agucum om ee yacmomvl u nepuood. CKopocns 80HbI 346U~
CUm om C80UCMS U A2pe2anto20 COCMOHUS Cpeobl. [[uHa 80HbL 8 00HOPOOHOI cpede
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D

(L = const) npamo NPONOPYUOHAILHA NePUOdy KOAeOAHUL U 0OPAMHO HPONOPYUO-
HAbHA Yacmome KOoneOanuil.

Lpu nepexode uz 00HOL cpedbl 6 Opyyio HACMOMA U NEPUOO OJIHbL HE MEHSIOMCS, 00-
HAKO MAK KAK CKOPOCHb BOJIHbL 8 PA3HBIX CPEOdX PA3HAS, MO ONIUHA BOIHbI MEHAEMCAL.
o /[nuna 80Hbl — 5mM0 paccmosnue mexcoy 08yMsl OIUANCAIUUMY MOYUKAMU, KONeOI0-
WuUMUCA 8 0OUHAKOBbIX ¢hazax. JITMHa BOIHBI B TIONIEPEYHBIX BOJIHAX PaBHA PaccTOs-
HUIO MEXJy IBYMS COCEJHUMH TOYKaMH BEpIIMH BBIMyKIOCTeH (WK BaauH) (cM:d),
B TIPOIOJILHBIX K€ BOJTHAX, — PACCTOSHUIO MEXKTY IBYMSI COCETHIMHU TOYKaMH 30H CTy-
meHns (WA pa3pekeHus) (cM:e).

YpaBHeHHE BOJTHBI

TIpeanonokum, 4T0 NCTOYHHK BOJIHBI KOJIEOIETCs 0 FapMOHNYECKOMY 3aKOHY X = Acoswt, Koie-
GaTeNbHOE IBUKEHHE PACTIPOCTPAHSAETCS CO CKOPOCTBIO U B OKPYIKAIOMIEH HCTOUHUK CPEJIE, TOT/IA B
pe3ynbTaTte BO3HHMKAaeT BOJHA, KOTOpas HYepe3 OMPEeNelNeHHBIH MPOMEXYTOK BpeMeHH T (Tay)
JIOCTHTHET TOYKH, HAXOASIIEHCS Ha PACCTOSHUM | OT MCTOYHHKA:

l
T=-
v
DTO 3HAYMT, YTO KOJICOAHHS B TOUKE, HAXOISIICHCS HA PAaCCTOSHUM [ OT UCTOYHMKA, IPOUCXOISAT
IO TOMY € 3aKOHY U BO3HHKHYT C OTIa3IaHueM Ha T CeKyH]I. [l0aTOMY ypaererue 6ontbl, TOCTUTIICH
HpOPI?,BOJ'[I:HOfI TOYKH Ha PaCCTOSAHUN l OT UCTOYHHKA KOJ'Ie6aHI/I${, MOKHO 3aIlucaThb Tak:
21

l l
x = Acosw(t — 1) = Acosw (t — —) = Acos — <t — —). (4.38)
Y T L.

I'paduk BodHEI IO (hOpMeE CXOXK € TPAPUKOM TapPMOHUIECKUX KOJICOAHUH, OTHAKO 9TO HE OJHO U TO
xke. Tak, ecnu rpaik TApMOHUYECKUX KOJICOAHHMI MOKA3hIBAET U3MEHEHHE M0 TApMOHUYECKOMY 3a-
KOHY OJIHOW M3 XapaKTePUCTUK KOJIEOIIOIIEiCcS TOUKM, HampuMep, cMemenus: ot Bpemenu (f), To
2pagux 0aHbL — MO KAPMUHA PACNONOICEHUS CEAZAHHBIX MOYEK CPeObl 8 OAHHbII MOMEHN 6peMeHU,
Mo ecmuv 2apMOHUYHOCTIG 2MOU 60IHbL 6 cpede (g).

X T X

(f) — nepuoduuna no epemenu (8) — nepuoduuna ¢ cpede

UccneposaHue-2. NMpuMmeHeHune

Pemure rpadguueckyio 3agauy. X, M (h)
3anaga. Onpenenure Ha OCHOBAaHHU Tpadu-
Ka BOJIHBI ero neproj U vactoty (h). Cko- 0,254~
POCTh pacpocTpaHeH s BoIHbI 12 M/ c. £ | £ /
OGcy:KIeHHe Pe3yIbTaTOB: [ Kot 1) £ f
1. KakoBa jimHa BOJIHbBI? O + ] - :

2. ITo xakoii popMyJie OIpeeININ YaCTOTY 2 f6 10 14 18 | Lm

(M TIEPHOJT) PACTIPOCTPAHEHHUS BOJTHBI? ' \ f v

-0,254----- s/
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3apaum k IV rnaBe

IIpumeHenne B MoBceTHEBHOI *KU3HM: 113 TPOBEICHHBIX HCCIIEIOBAHMI OBIIIO ONPEeNIeHO, YTO

BEIJIETsIEMasi B pe3yJibTaTe BHIOpOCA OMHOHN BOJHBI ATIAHTHYECKOTO OKEaHa, OMBIBAIOIIETO 3a-

najiHoe rnodepexbe OpaHiny, SHePrHs SKBUBAICHTHA MOIITHOCTH y1apa B 75 MUJUTHOHOB KHJIOBATT.

© MO’KHO JT1 BOCIIOIB30BATHCS SHEPTHEH, TePeHOCHMOIt BOTHOI okeaHa? Ecii BO3MOXHO, TO KaKHM
croco6om?

IIpoBecTH caMoOOLEeHKY:

1. Kakue noHsaTHA HOBTOPWIM Ha ypoke? UTo U3 3TOro Bl XOPOIIO MOHSUIN, & YTO OCTAJIOCh BaM HE

SICHBIM?

2. Yewm otnmyaetcs rpaduk KonedaTensHOro IBIKEHHS OT rpaduKa BOIHBI?

3. [Touemy MexaHHWYecKas BOJIHA B CPEJI€ PACIIPOCTPAHAECTCS, B BaKyyMe — HET?

4. YeM CXOKH U €M OTIMYAIOTCS MOIEPEUHBIC U MIPOIONBHEBIC BOIHBI?

5. IoyeMy BO3HHKAET pa3HOCTB (ha3 KOIeOATeTLHOTO IBIDKEHHS TSl PA3HBIX TOUEK MEXaHNIECKOH BOJTHBI?

6. Jlonka xagaeTcst Ha BOJIHE, KOTOPOSI PACIIPOCTPAHSIETCs CO CKOPOCThIO 4 M/c. [lepron koebanns

BOJHEI 3,2 ¢. UeMy paBHa JIMHA BOJHBI, HA KOTOPOH KadaeTcs JoaKa?

YTO Bbl Y3HAJIN? 3amummre B pabodeM JIMCTKE ONPEIEICHUS HIKETTPUBEACHHBIX MOHATHIA: “BOTHA”,
“MexaHH4ecKasl BOJHA”, “‘ympyras cpena”, “‘ympyras BoiHa”, ‘“TionepeydHast BomHa”, “TIpoAoJIbHAast BOIHA™,
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“CKOPOCTB BOJTHBI”, “4acTOTa BOJHBI, “TIEPHO]T BOJIHBI, “IUTMHA BOJHEI, “TparK BOJIHBI .

4.1. Masitauk 3a 10 ¢ mpoxomut myTs 80 A. Onpeenure nepro] kojieOaHus MasiTHAKa (A — aM-
TUTMTY/1a KOJICOaH!s).

4.2. CKOTIBKUM aMITIUTyAaM OyAeT paBeH MyTh MasTHHKa 32 10 ¢, ecu yacToTa ero Kose-
Oanuii pasHa 0,5 I'i?

4.3. KomebarenpHas cuctema 3a 1 MuH. coBeprmaet 90 komebanuii. Yemy paBHBI IEPHOT,
4acTOTa M MUKJIMYECKast 9acToTa 3TOW cucteMsl (1 = 3)?

4.4. CxosbK0 KOJIcOaHUI COBEPIINT MasiTHHK, Mepro kotoporo paeeH 0,2 ¢, 3a Bpems 20
¢? Uemy paBHA 9acTOTa M IUKJIAYECCKAs YaCTOTA KOJICOAHHS ITOr0 MasTHHKA (1T = 3)?

4.5. TlpyXuHHBIH MasATHUK, aMIUTUTyAa KoiebaHui kKoToporo paBHa 0,2 M, coBepmiaeT
rapMOHHYECKHe KojiebaHus ¢ 4acToToil 2 ['u. 3anuiure ypaBHeHHE rapMOHHYECKUX
KoJieOaHHM MasTHHKA.

4.6. TlpyXwHHBIA MasSTHHUK, aMIUTUTYHa KojleOaHWi KoToporo paBHa 0,2 M, coBepmiaeT
rapMOHHYECKHe KoJe0aHHs [0 3aKOHY CHHYyca ¢ 4acToToi 2 ['n. 3anummre ypaBHeHne
rapMOHUYeCKHX Konebanuii (r = 3; ¢, = 0).

4.7. T'py3 maccoit 100 Tp, 3aKperieHHBIH Ha TPYKUHE, KOJIEOIeTCS B TOPU3OHTAIBHON
mIockocTu 6e3 TpeHus ¢ gactoroii 2 I'n. Onpenennte >KECTKOCTh MPYKUHEL (T = 3).

4.8. T'py3 maccoit 250 rp, 3aKperuieHHBIN Ha IPYKHHE jKecTKOCThi0 16 H/M, kosebercst B
TOPU3OHTAIIBHOM MIOCKOCTH 0e3 Tpenus. Onpenenure mepuoa KojaeOaHuid Mpy KUHBI
(r = 3).

4.9. Onpenenure NIMHY MATCMAaTHYSCKOTO MAsSTHHKA, TICPUOJT KOJICOAHUIT KOTOPOro paBeH 1 ¢
(g =9,8m/c?).

4.10. MaremaTH4YecKnil MAasSTHUK, aMIUTATYy1a KOTOPOTO paBHA 5 cM, coBeprmaeT 150 xoie-
Oanuii 32 1 MuH. [lo kKakoMy 3aKOHY U3MEHSETCSl KOOPANHATA MasTHUKA, €CITH
HavasibHast (asza Kojebanus papua 45° (mr = 3).

4.11. KoopnuHarta kos1e0aTenbHOI CHCTeMbI H3MEHSIETCS 110 3aKOHYy X = 4,5cos4mt. Onpe-
JIETUTE aMIUTUTY Ly ¥ 9acTOTy KoJeOaHui.
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4.12. Yemy paBHa ¢aza KoreOaHwif MasTHIKA B MOMEHT BpeMeHH! 1,5 ¢, ecii TIepHot ero
KosteOanmii paseH 4 ¢ (¢, = 0)?

4.13. Ha pucynke naH rpaduk 3aBHCHMOCTH  y oy

CMEIICHUS] OT BPEMCHHU JUT MaTepHallb- 25}

HOW TOYKH, COBEpIIAIOIIeHl rapMOHHYe-

ckue konebanus. OnpenenuTe aMIuInTy - ] — ?_.{f 1

HOE 3HaYEHUE CKOPOCTU MasiTHUKA (T=3). 25 2 \:,_4 /o 8 I8 he

4.14. Ha pucynke gaH rpaQuk 3aBUCHMOCTH  x cy

CMEIIEHUST OT BPEMEHU Uil MaTepUallb- 12

HOM TOYKHM, COBEpLIAIOLIEH rapmo- N\ Vd \
HUYeckne  Kkoiebanms.  Onpenenure o—F—T——T~
AMIUTATYTHOE 3HAUYCHUE YCKOPEHHUS MasiT- 12 b 12__/ 14 N _ b€

HUKa (T = 3).

4.15. Ha pucynke maH rpaduk 3aBHCUMOCTH M
N
CKOpPOCTH OT BPEMEHH, JIJIsl MAaTePHATIbHOM
TOYKH, COBEpIIAONIEH TapMOHUYECKUE 16 P

koneOanus. OrnpeaenuTe aMIUTUTYIHOE |
3HaYCHHE YCKOpeHUe MasTHUKA (T = 3). P

164--=--%
4.16. Ha pucynke naH rpaduk 3aBHCHMOCTH M
CKOpPOCTH OT BPEMEHHU JJIsl MaTepUaIbHON €
TOYKH, COBEPINAIONIEH TAPMOHMYECKUE KO- 8 J.f’ \ Y /
nebanus. OnpenenuTe amIbIMTyJHOE 3Ha- 3 AF V. sk =)
YeHUE CMEIEHNsI MasiTHUKA (1T = 3). 3 19 .." 15 .";211,-’ t c
\ o
G e 4
4.17. Onpenenure 10 AaHHOMY rpaduky me- x g
puon, 4aCToTy U JJIMHY BOJIHBI. CKOpOCTL
pacmpoctpasenust BosHbl 240 M/ c. 8%
04— i gt ;
319/ 15\ 2/ 18 Lu
-8 4

4.18. BolunCInTE JUTMHY BOIHBL, €CJIM CKOPOCThL €€ pacnpocrpanenus 550 M/c, a mepuos
koJiebaunuii B et 0,02 c.

4.19. Mopckas Boina 3a 30 ¢ 15 pa3 BeiOpaceiBacTcs Ha 6eper. CKOpOCTh pacipoCcTpaHe-
HUS BOJHBI 4 M/c. Onpenienure JIMHY MOPCKOM BOJIHBL.

4.20. KonebaHust B cucTeMe MPOMCXOAAT MO 3aKOHY X = 7cos4mt. C Kakod 4acToToi
JIOJDKHA AEHCTBOBATH BBIHY KAAIOIIAS CHIIA, YTOOBI B CHCTEME BO3HHK PEe30HAHC?
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PEJNNIATUBUCTCKAA
MEXAHUKA

OcBouB maTtepuansl 3TOM rnasbl —
Bbl CYMEETE:

e pasnuyaTb NOHATUA “NPOCTPaHCTBO”, “BpemMa” 1 “OBuxeHne”
C TOYKM 3PEHNS KNAaCCUYECKON 1 PENATUBUCTCKON MEXAHMKN;

e 0OBACHUTH HayHHbIVI CMbICST chneunansHom TEOPUN OTHO-
CUTEJIbHOCTU;

e 00BACHUTBL CyLeCcTBOBaHUE oyHAAMEHTarbHOW CBA3UN MEX-
Oy Maccoun n aHepruewu;

e OOBACHUTL OTHOCUTENTbHOCTb BpeMeHW, ONNHbI, SHEPTUN ~
nMnynbca, NHBApMaHTHOCTb MaccChbl, MOCTOAHCTBO U KOHEeY-
HOCTb CKOpPOCTU CBeTa B BakKymMmMe BO BCEX CUCTeMax OT-

cyeta;

e peLlaTb 3aga4yun C NpuMeHeHnem crneynansHom Teopun OTHOCKU-
TeJIbHOCTW.



“Kapta noHaTun” ana V rnaBbl

~
E? — (pc)? = (mc?)? _
- (p)? = (me?) B =
=
v'+ v
Uy = ——
/ x vV
A 1+ ‘
C
®opmyna Dopmya
| 1
e N
( ) dopmyna
PenstuBucTcKuii UMIyabe pl 4 - PensiruucTcKas sHepris
OTHOCHTEIICH L OTHOCHTEJIbHA )
\ J PenstuBucTckuii 3aK0H
CJIOKEHUS CKOpocTeit
( ) (" I
At =
- &= .
0 =mc
\ Y, * | \ Y,
CBsizaHa ¢ BHEpruei ‘
Dopmyna P Dopmya
| | ¥ |
PensTuBUCTCKOE Bpemst
P Macca HHBapUaHTHa PensiTuBUCTCKAS IITHHA
OTHOCHTEJILHO OTHOCHTEJIbHA
IMomy4aemsie
g ! g
Bo ecex unepyuanvhuix <y CIIELIUAJIBHAA 2 Bo scex unepyuanbHblx
cucmemax omecyema cKopocms E TEOPUS OTHOCHU- g cucmemax omcuema ece
ceema 6 aKyyme umeem = TEJIBHOCTU = 30KOHbL npupodbl 00UHAKOBbL
00UHAKOBOE 3HAYEHUE > * =
OO6OCHOBBIBACTCS CDOpMyHII/[pyeTCﬂ OO6OCHOBBLIBACTCS
OBILIAS TEOPUA
4 [.Tamuieii: OTHOCUTEJIbBHOCTHU II)K MaxkcBemr:
“Knaccuueckast Teopust “Teopus 271€KTPOMarHuTHOIO
»
OTHOCHTEIBHOCTH” oI
- — =
c1a0ObIil MPUHIINI SKBUBAICHTHOCTHU: TTonyuaemsle CUJTbHBIN TIPUHIIAIT SKBUBAJICHTHOCTH:
UHepYUATbHAS MACca paeHa Pe3sybTATEL 8Ce 3aKOHbL (YUBUKU BbINOIHAIOMCS KAK
2PasumayoOHHOU macce npu OMCYmcemeuu 2pasumayuu
L
¥ y v

PACAPOCMPAHEHUs C8EMA U UCKPUG-
JleHue Iyua ceema noo Oeticmeuem
epasumayuonnozo noas Connya

( .«
HapyuAEHue 3AKOHA NPAMOIUHEUHO20 3ameonenue 6peMerHU 6 epasu-

MAYuoOHHOM noJie — B03HUKHO-
6eHle 2PABUMAYUOHHO0
“kpacnoeo” cmewenus

Hnyuenue epasumayuoHHbIX 60H 6 pe- )
3yIbMAame CMoaKHOBEHUS OUHAPHBIX
(080IIHBIX) 36€30HBIX CUCTEM, PACUU-
perusi Beenennoti u opyaue

PenATuBMCcTCKaa MexaHMKa
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EES OcHoBbl TEOPUM OTHOCUTENBHOCTH

Ha kaneHpape 29 gekabps 2035 roga. Yepes aBa gHS MexayHapoaHasi KOMaH4a acTpo-
HaBTOB OTMPAaBMSETCHA B MEX3BE3AHbIN KOCMUYECKMI NoneT. KanutaHom komaHabl ABnseTcst
44-netHnn asepbangxaHel. lMpowascs ¢ 16-netHen goukon HaspuH, yyeHuuen 10-ro
Knacca, oH roBopuT: “‘flouka, Mbl, NepemMeLLasicb paBHOMEPHO B KOCMOCE CO CKOPOCTbIO
nopsigka 0,95 ckopocTu cBeTa NpPOBEAEM MCCMEAOBaHNS 1 BepHeMcs Ha 3emnto Yepes 20
net. Ecnu 6ynem 300poBebl, To, Korga Bctpetumcst, Tebe 6yaet 80 neT, a mHe 64 roga”.
Ha3spuH ¢ yauBneHvem Bo3pasuna: “OTeL, Tbl FOBOPULLb O KAKOM-

T0 chaHTacTU4ecKoM sBReHm. Mie depea 20 net Gynet 36 ner’.  ® BepHO nu rosoput

HaspuH? Mouemy?

Nccnepnosanme-1. OTHOCHTE/ILHA JIH CKOPOCTH?

3anauva - 1. J[Be 4acTHIIBI IBHXKYTCS HABCTpEUY APYT APYTY CO CKOpocThio v = 10 M/c. Uemy paBHa
ckopocTh 1-i YacTHIBl OTHOCHTENFHO 2-0i (a)? Yemy OynmeT paBHa CKOpocTh 1-i YacTHIIBI
OTHOCHTEIIBHO 2-#, €CIIM 9TH YacTUIBI OyAyT JBUTaThCS HABCTPEUy JPYT APYTY CO CKOPOCTEIO,
paBHoO#1 cKOpocTH cBeTa B BakyyMme (¢ = 3 - 108 m/c)?

O0cyxaeHue pe3yabTaToOB: (a) [ D
1. Yemy OyayT paBHBI CKOPOCTH YaCTHI[ OTHOCHTENBHO JPYT (:) o
npyra?

2. MOKeT JIi CKOPOCTh YaCTHIbI ObITH OOJIBILE CKOPOCTH CBETA? @_E -C_o

Hpunuun orHocurensHocTH [amuites. B 1636 roay I'.I'amaneit, o0obmmast uccnemo-
BaHMS IO M3YYCHHIO JABHKCHUS TeIT, CHOPMYITUPOBAIT HPUHYUN OMHOCUMETLHOCIILL
® 3aKOHbl MEXAHUKU 80 8CEX UHEPYUATILHBIX CUCTEMAX Omcyema 0OUHAKOBbI.

OTOT NPUHIMI TIOCTABUJ OMPEJCICHHBIC OTPAaHUYCHUS TPU COCTABJICHUU
YpaBHEHUH MEXaHWYECKOTO JIBWKCHUS: VPABHEHUs, BbIpAXiCAIOUUe MEeXAHUYECKOoe
08uUdICEHUE 80 BCEX UHEPYUATILHBIX CUCTIEMAX OMCYemd, UMerom 0OUHAKO8bIU 8UO.

o 3TuM npesicTaBIeHUAM, Ha3bIBAEMBIM KIACCUUECKUMU, NPOCIPAHCIMEO U 8PEMS,
XapaKTEPU3YIOIINE MEXaHUICCKOE JIBIIKCHUE, CUUTAIOTCS aOCOMOMHbIMY — TAHCWHBIC
pa3Mepsbl Tejla He 3aBUCAT OT TOTO, TIOKOUTCS TEIO WIIH IBUIKETCS, CKOPOCHb Jice céema
CUNTAETCS Oeckoneuro OONBIION BeandnHoi. HpI0TOHOBCKAst MEXaHMKA IIEJTMKOM ObLia
MOCTPOSHA Ha 3TOM INpuHIUIE. TakuM 00pa3oM, B KIIACCHUECKON MEXaHUKE KOO IH-
Harta, BpeMs, JUTMHA W CKOPOCTH Tell OTHOCHUTENHHO JIFO00H WHEPIHATLHON CHCTEMBI
oTcyeTa OBUTH TIPEACTABJICHBI B CBSI3aHHOW KOMIIAKTHOM (popMe ¢ TIOMOIIBIO TPEoo-
pazoBanuii, Ha3piBaeMbIX “TIpeoOpazoBanusivu ["anmmmes” (cm.: Tabnuma 5.1). OnHako
SIBTICHUSIM, BO3HUKAOIIMM TIPH CKOPOCTSX, OJM3KHX K CKOPOCTH CBETa, HAIpUMEp, B
AJIEKTPOMArHUTHBIX, TPABUTAIIMOHHBIX W BHYTPHATOMHBIX TPOIIECCAX, KIACCHUCCKIIC
MPE/ICTABIICHUSI HE MOTYT JIaTh OOBSICHCHHUSI.

CoeunajabHasi TeOpUsi OTHOCUTEIbHOCTH JiHIITEHA. ACTPOHOMHYECKUE HC-
cenoBanust, mpoBeneHHble Omadom Pémepom B konre XVII Beka, mabopaTopHbIe
nccnenoBanus Jlyn ®@uszo B cepeaune XIX Beka 10 ONPENENEHU0 CKOPOCTU CBETa U
TOIJIa K€ MPOBEJCHHBIC TeopeTHdyecKkue padoThl [x.MakcBemia 1Mo MCCICIOBaHUIO
AIIEKTPOMArHUTHOTO TIOJIS JI0KA3aJld KOHEYHOCTh CKOPOCTH paclipocTpaHeHus cBera. B
Havase XX BeKa KJIACCHYCCKUI TPHHITUI OTHOCHUTEIFHOCTH W PE3yJIbTAThl TIONY-
YaeMbIe U3 HEro, ObLIM UCCIICOBAHbI 3aHOBO. bbUM ornpesenHbl (JOPMYJIbl, CBS3bI-
Baromme (PU3NYECKHE BEJIMYHMHBI, XapaKTEPU3YIOIIHE MPOCTPAHCTBO WM BpeMs B
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WHEPIMATBHBIX CHCTEMaX OTCUETa, JBWKYIIUXCS CO CKOPOCTSAMH, OJM3KUMH K CKO-
pocTu cBeTa.

O0001IMB BCE MPOBENICHHBIC B 3TOI 00yacTy ucclienoBanus, A DWHInTerH B 1905
roay copMyIpoBai HOBYIO Teoputo — “CrenaibHyl0 TEOPHUIO OTHOCHUTEIBHOCTH
(CTO), Tem camMbIM 3aJI0KHB TEOPETUICCKYIO OCHOBY PeIAMUBUCHICKOL MEXAHUKUL.

o Penamueucmcekas mexanuxka fpa3()eﬂ ¢u3u1<u, u3yuaiou4uzi 30AKOHblL MEXAHUKU npu
O0BUICEHUU ML CO CKoOpocmismu, CpaA6HUMbIMU CO CKOPOCMbIO ceemd.

MaremaTiueckuMu pacueramu DHHINTEHH JI0Ka3ail, YTo IIPU IEePEX0JIe OT IMOIBUKHON
CHCTEMBI OTCYETa K HEMOJBHXHOW MPOCTPAHCTBEHHO-BPEMEHHBIC KOOPMHATHI TMOJI-
BEpPraroTCsl COOTBETCTBYIONIMM IPE0OpPa30BaHMAM TPH TIOMOIIM YHHUBEPCATHHOTO
MHOIKETETIS ﬁ ompenenennoro Jlopermem (cm.: Tadbmuma 5.1).

s

OcuoBy CTO cocraBustoT 1Ba MocTyjaTa:

o [ nocmynam: Bce 3akoHbl (hu3uKu 00UHAKOBbL 80 BCEX UHEPYUUATIHBIX CUCTNEMAX
omcuema u Hu OOHUM DUULECKUM ONbIMOM HEBO3MONCHO OMIUYUMb UHEPYUATb-
Hble cucmemsl Opye om opyea.

o Il nocmynam: Cxopocmu ceema 8 6axyyme 0OUHAKOBA 80 8CEX UHEPUUATLHBIX CUC-
memax omcuema u He 3deUCUN OM CKOPOCHU O8UNCEHUS UCMOYHUKA U NPUEMHUKA
ceema. Ckopocms ceema — MAKCUMATIbHASL CKOPOCb, CYWeCmEYoudsi 8 npupooe.

B crnermanbHO# TeOpUHM OTHOCHTENTBHOCTH DWHINTEHHY y/Iajdoch YCTaHOBUTH CBS3b
MEXJTy MPOCTPAHCTBOM M BpEeMEHEM M OOBEIMHUTH MX B €AMHBIA MPOCTPAHCTBEHHO-
BPEMEHHOH KOHTMHYYM — “TIPOCTPAHCTBO-BpeMs”. DTO O3HAYaeT, YTO MPOM3BOJILHOE
SIBIICHUE XapaKTEPHU3yeTCs CBOMCTBaMHU HE TOJIBKO MPOCTPAHCTBA, TAE OHO ITPONCXOJIHUT, HO

Y BPEMEHU, XapaKTEPU3YIOLINM II0CIIEI0BATEIbHOCTD POUCXOIAIINX SBICHUM.
Tabnuya 5.1

Y YA =
31ech: a) BeNUYMHbI 03 ITPHUXa XapaKTepU3yIoT JAaH- U
S -
HOE SIBIICHHE, IPON30IIE IIee B HEMOABIKHON CHCTEMe >
orcuera K; b) BenmmuMHBI Ke CO IUTPUXOM Xapak- K K’ @ -
TEPHU3YIOT 3TO K€ SIBIICHNE, IIPON3OIIE/IINE B CHCTEME
7
orcuera K, IBHIKYIIEMCS CO CKOPOCTBIO 1 OTHOCH- ut %
- -
TEJIHO CUCTEMBI 0TcueTa K; ¢) ¢ — CKOPOCTh CBETa I10 A (0) AT O X X’
KITACCHYECKUM TIPEICTABICHHUSIM OSCKOHEYHa, a B Peisi- /x
THBHCTCKOW MEXaHMKE MMeeT KOHEYHOE 3HAUCHHE. 4 Zy
IIpeoOpa3zoBanue I'asmies IIpeodpa3oBanue Jlopenua
LIpsimoe Ipsmoe O6pamnoe
P Obpamuoe npeobpazosanue P P
npeobpaszosanue npeobpazosanue npeobpazosanue
,_ x—ut x'+ut’
’ p X' = — X = —
x'=x—ut x=xtut u? u?
il= = 1= =
[ — 4 [ — [
Yy = = Yy =Y Yy =Y
z'=2z z=12z' z'=z z'=z
= E t ’ L&
c2 2
= = €
t’=t t=t’ > >
u u
== l==
G2 2
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Tabauya 5.1 (npodondicenue)

Pe3yabTaThl, ojiyuaeMble U3
npeobpazoBanus [amnies

Pe3yJbTaThl, HoJIy4yaemMble U3 npeodpasoBanuii Jlopenna
COIIACHO MoCTyJIaTaM DHHIITeiiHA

[IpomesxyTK BpeMeHH a0COIOTHBL:
At’= At

IIpoMesxyTKH BpeMeHH OTHOCHUTEIBHBI: 8peMs 8 NOOBUICHOU
cucmeme KOOpOUHAM 3aMeONAeMcs. OMHOCUMENbHO Henoo-
BUIICHOLL CUCTEMbL KOOPOUHAM.:

At,
At = 0

uZ
-5

20e At — npomedcymox 6pemeHu 6 HenoOBUICHOU cucmeme
Koopounam, Aty — cobcmeenHblil NPOMeNCYMOK epemen,
CBA3AHHDBIUL C NOOBUIICHOU CUCTNEMOTL KOOPOUHAM.

[IpocTpancTBEHHBIE pa3Meps! ab-
COJIIOTHBI:
Al"= Al

[IpocTpancTBEHHBIE Pa3Mepbl OTHOCUTENbHBL: TUHEUHbI PA3-
Mep mea 8 NOOBUNCHOU cucmeme KOOPOUHAM Kopoye, Yem 6
nokoawelcs cucmeme KOOPOUHAm.

20e | — onuna mena 6 HenoOdsudIcHOU cucmeme KOOPOUHam,
ly — Onuna mena 6 noOBUICHOLL cucmeme KOOPOUHAn.

Macca WHBAapUaHTHA: 6blNOJIHAEeNCA
80 BCEX CUCMEMAX OMCHema. m ' =m.

Macca HWHBAapuaHTHA: 60 e6écex cucmemax omcyema 6bl-
NOJNIHAemcs paseHcmea. m ‘=m.

[IpaBuiio crioxeHus: ckopocTei o
Tamurero © = '+ . Bsanmopeii-

Ckopocmb ceema 8 6aKyyme 00UHAKOBA & I0OOM Hanpaegie-
HUU B0 6CeX UHEPYUATLHBIX CUCTEMAX OMCYema:

CTBUC MEPEAACTCSA HE C KOHEYHOM

v+u
CKOpOCTH ¢, a MrHOBeHH?. v=""2 = ¢ nupuEATE U'=C,TOU:=cC.
IIpu nepexone U3 0JHON CUCTEMBI 1+=

KOOpIMHAT B JPYTYI0 3HAYCHUE
CKOPOCTH MOXKET YBEIHIUBATHCS
J10 OECKOHEUHOCTH:

= e ,
v=v0'+tu,c=v'=0c
V=oo+ U= o

Oo6mast reopusi orHocuTebHOCTH (OTO). C 1enbio ycTpaHeHHs! HEIOCTaTKOB CHIEUATBHON TEOPUH OT-

HOCHTEIIEHOCTH 1 OOBSICHEHHMSI ““TEOpUH TPABHTALMK C PEJISITHBUCTCKON TOYKH 3peHws, A DHHINTEHH B

1911-1916 rogax chopmysmposai 061yt TeopHio otHocutensHocTH. Henmocrarku CTO cremyronme:

a) 9Ta TEOpHs BBIOIHSIETCS TOJMBbKO I MHEepLHaIbHbIX cucTeM orcyera. CTO He BbImonHseTCS B
CHCTEMaX, ABIKYILHXCS C YCKOPEHHEM OTHOCHTENBHO APYT APYTa;

b) 3Ta TEOpUst MOKET HCIOJIb30BAThCSI TOIBKO B MUIOCKOCTH MPSMOJIMHEHHBIX KOOPAMHAT, B APYTUX
CHCTeMax KOOPJMHAT €€ HCIOJIE30BAHNE HEBO3MOXKHO.

OTO cocTonT U3 IBYX OCHOBHBIX IIPHHIIUIIOB:

1 npunyun — npuHyUn dKEUSANEHMHOCIU WY CIAOBIL NPUHYUN IKEUBANCHMHOCMU: HA OCHOBAHUL DINO20

NPUHYUNG UHEPYUATbHAS MACCA IKEUBANEHIHA 2PABUMAYUOHHOU MACCe, MO eChib OHU PABHbL OpYe OpY2y.

B xnaccudeckoil MeXaHUKe MCIOB3YIOTCS [Ba MOHSATHA “‘MacChl’: uHepmHas MAacca, HaxoLsasics B

COOTHOLICHHUH C yCKOpeHHeM, Ha ocHoBe Il 3axkoHa HploTOHa W SIBIAIONIAsCS MCTOYHUKOM TpaBUTa-

LHOHHOTO TOJISI — 2PAGUMAYUOHHAsL MACCA. DRHIITEHH (usuyeckumuy JKCnepuMenmamil ToKasai, 49To

00e 3TH MacChl OJJMHAKOBBL

11 npunyun — cutbHbIL NPUHYUN  SKEUBAIEHIMHOCHIU: NO 3MOMY NPUHYUNY 8 CUCmeMe, naoaiowell ¢

VCKOpEHUeM, PABHbIM YCKOPEHUIO CB0O00H020 NAOeHUs, 6Ce 3aKOHbL (DU3UKU BbINOTHANMCA KaK Obl 8

OMCYmMcmeuu epagumayui, Mo ecnib 8 MO CUCIEME HEBO3MOIICHO PAZIUYUNMb IPPDEKm nPUMA’CeHUs

U YCKOpeHHOoe 08UdIceHue.
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I'naBHBIC pe3yJIbTAaThI, OIY4aeMbIe U3 STHX IPUHIUIIOB:

1. Hapywienue 3aKoHa npAMOIUHENHO20 PACNPOCMPANEHUs C8ema U UCKPUBTIEHUE JIy4a C8emd noo
Oeticmauem epasumayuorro2o noua Connya: npocmpanHcmeeHHO-peMeHHble KOOPOUHAMbL NOO-
sepearomest uckpusieruio. ITot 3GHEeKT Halles CBOe MOATBEP)KACHNE B PE3YJIbTATe IIPOBEICHHBIX
HaOroieHnit Bo Bpemst 3atmenns: Conama B 1919 romy.

2. 3ameonenue epeMeny 8 SpAsUMAYUOHHOM NOJle — 603HUKHOBEHUE 2PABUMAYUOHHO20 “KpacHo2o
cmewenus. DTOT 3G dexT ObUT ONBITHO TTOATBEpkKIeH B 1960 roxy B madoparopuu ["apBapackoro
yauBepcutera ¢pusukamu CIIA P.ITaynnom u I'.PeOxn.

3. Hznyuenue epasumayuonHbIX 601H 8 pe3yibmane CIMoaKHOBeHUs. OUHAPHBIX (0BOUHBIX) 36€30HbIX
cucmem, pacwiupenusi Bcenennoii u opyeue. CyliecTBOBaHHE TI'DaBUTALMOHHBIX BOJH OBLIO
obHapyxeno depe3 100 ner, yuensivu CIIA, B 2016 romy, mpu HaOMIOICHUN CTOJKHOBEHUS
“UepHBIX AbIp” (MOTYXIIHE 3BE3/bI).

Wccneposanme-2. NMpumeHenne. Yepes cKoJIbKO JIeT BepHeTcs] Ha 3eMJII0 KOCMHYeCKHit
KopadJIb?

3anaya-2. CraproBaBmmuii B 2036 roxy kocMudeckuit kopabmb co ckopoctbio 0,95 ¢, coBepmus

MEXIUIAaHETHBIN TepesieT, BepHyIics Ha 3emitio. [1o yacaM Ha KOCMHYECKOM Kopaliie mepeseT mpo-

nomxancst 20 net. CKOIBKO JIeT MPOJ0IDKAIC KOCMIYECKHUIT IepereT o yacaM Ha 3emiie?

Jano Penrenne
v = 0,95c, Aty

Aty = 20 rop
At—? 1-5

O0cy:xaeHue pe3yabTaToB:
o CKOIIBKO JIET TIPOJUTHIICS. KOCMHYECKHUH TepeNeT OTHOCHTENbHO 3emiu Ha ocHoBaHuu CTO?
o CKOJIBKO JIET MPOJTHIICS KOCMHUYECKUH MepeeT OTHOCHTENBHO 3eMITH 0 KJIACCHUECKOH TeopHn

OTHOCHTEIBHOCTHU?

IIpumeHeHue B MOBCEAHEBHOM KU3HU:

JlopoxHast OJHIMSL COOMpAETCsT BHITMCATh IMITpad BOJUTENI0 aBTOMOOWIIS, MIPOEXaBIIeMy Ha
KpacHbIil cBeT cBeTodopa. Boautesns Ha 310 Bo3paxaetr: “B “IIpasunax dopooicnozo ogudicenus”
YKaA3aHo, 4mo npu npUOIUMCeHUU K c6emopopy ¢ 60160 CKOPOCIbIO A8MOMOOUNL MCHOBEHHO
ocmanosums Heeo3ModicHo. A dice 08u2ancs ¢ maxoi CKOpOCmbIo, UMmo He MO2 OMAUYUMb YEem
c8ema — KpacHwiil Uiy 3e1eHHbIl .

e BepHO 111 TOBOPHT BOAUTEINB: C KAKOH CKOPOCTHIO TOKEH IBUTATHCS aBTOMOOUIIB, YTOOBI BOJIH-

TEJb He MOT OTJIMYMTH IIBET CBeTa Ha cBeTodope?

IIpoBecTn caMooO1eHKY:
1. Kakne noHstHs TOBTOpHIN Ha ypoke? YUTOo U3 3TOT0 BEI XOPOIIO MOHSUIH, @ 9TO OCTAJIOCH BaM He

SICHBIM?

2. YeM omiimuaeTcs CIEIMAJIbHASI TEOPUs] OTHOCUTENIBHOCTH DHHINTEWHA OT HMPHHIMIIOB OTHOCH-
tenpHOCTH ["anunes?

3. Kakue nmoctynatsl nexat B ocHoe CTO?

4. Kakue pe3yabTaThl ofy4arorcs u3 nocrymnatos CTO?

5. KakoBa nmpuunHa BO3HUKHOBEHU 00IIel TEOPHH OTHOCHTEIBHOCTH?

6. Kakne rimaBHbIC pe3yIbTaThl BBIBOJATCS U3 O0IIEH TEOPHH OTHOCHTEIHLHOCTH?

YTO Bbl Y3HAJIN? 3anummre B paboyeM JIMCTKE OINpeeIeHNs] HIDKENPUBEACHHBIX NoHATHH: “IIpo-
CTPAHCTBO, BpeMsI M JIBWKEHHE B KJIACCHYECKOM TMpescTaBieHuu...”, “TIpuHIMI OTHOCHUTEILHOCTH
lamunes”, “Ilepssrii moctymnar CTO ...”, “Bropoii moctynat CTO ...”, “pensTuBUCTCKas MeXaHuKa”," o0mas

TEOpHsl OTHOCUTENBHOCTH , “TJIaBHBIE MPUHIIMIBI OOIIEH TEOPHH OTHOCHTEIBHOCTH ... .
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m 3AKOH B3AUMOCBA3U MEXOY SHEPIMEW U MACCOMW

KameHb maccoit 30 kr nogHAT CormnacHo TEOPUM OTHOCUTENBHOCTY DUHLLTENHA, B
Ha BbICOTY 2 M. KamHe Macco 30 Kr FoKanmnsoBaHo (COCpeaoTO4EHO)
OrPOMHOE KOMNMYECTBO aHeprum - 27 + 1017 .

* Kak B 3TO BpemMsi U3aMEHUIINCb

Macca v 3Heprusi KamHa? ¢ Kak 3TO BO3MOXHO?

Uccneposanune-1. MoBTopeHue — MaTh yueHusi!

3amaua 1. [Ipy u3MeHEHMH Macchl CHCTeMbl dYacTuil Ha 1 a.eM. (Am = 1la.e.Mm.= 1,6605-

10~27kr), sHeprus 3Toi cucTeMb! H3MeHsAeTca Ha 931,5 MaB. Kak n3sMeHHTCS HEpTHs CHCTEMBI IpH

W3MEHEHUH ee Macchl Ha 4 a.e.M.?

O0cy:kneHne pe3yJbTaTOB:

o Kax onpenensercs N3MEHCHNE SHEPTHH CHCTEMBI JaCTHUII, CBS3aHHOE C N3MEHCHHEM MacChl 3TOH
cucreMsl (cM.: pusnka-9, ctp. 191-192)? Kakosa cBsi3p Mex1y Maccoii u sHeprueii?

B3aumocBs3b Mexay Maccoil M 3Heprueil. B kiaccuyeckoil MexaHuke UMEOTCS
JIBa BHJa MAaTEPHH: BEILIECTBO U (PH3HUYECKOE MoJIe. [ TaBHOE CBOMCTBO BEIECTBA — €T0
Macca, a TJIaBHOEe CBOMCTBO (PU3NUECKOTO MOJISI — HAIMYKE Y HETO SHEPTHH.

CornacHo TeOpHUH OTHOCHTEIBHOCTH MEXKIy MAacCOil M 3HEprHeil CylecTByeT
B3aUMOCBSI3b, TO €CTh €CJIM BEIIECTBO 00JIaIaeT MACCOI, TO OHO 00JIaaeT U SHEPTUEH.
B 1905 rony A.DHHIITEHH cOPMYITUPOBAII 3AKOH 83AUMOCEA3U MACCHL U SHEPSUL
e JIroboe Teno obnanaet suepeueti nokost, 3Ta SHeprus paBHa POU3BEICHUIO MACCh
TeJa Ha KBaJpaT CKOPOCTHU CBETA B BaKyyMe:

E, = mc?. (5.1)
e Ouepeus nokos (Ey) — smo suepeua mena, naxooawezocs 6 cocmosaHuu noKos
omuocumenvHo gblopannoll cucmemvl omcyema. U3 Beipaxkenuns (5.1) BuaHO, 4TO
MAaKpOCKOIIMYECKasi Macca sBJISIETCSI BAXKHOU XapakTEpUCTHKOW sHepruu. Hampu-
Mep, Ha OCHOBaHMUHU COOTHOLICHUS (5.1) ¢ JIerkoCcThI0 MOYKHO BBIYHCIHUTE, YTO TEIIO
Maccoii 1 rp SKBUBAJIEHTHO >Hepruu nokos 9 - 1013 [ix:

Ey = 1073kr- (3-108)2Mm?%/c? =9 - 1013 Ix.

Taxast sHEprusi BO3HUKAET B MPOIIECCE B3phIBA aTOMHOM OOMOBI (CM.: (u3uka-9,
ctp.191) u 3T0H SHEPrUM 10CcTaTOYHO, 4TOOBI peBpaTuTh 30 000 TOHH BOABI B Map.

DJIEKTPOMArHUTHOE M3JIyYCHHE CHUCTEMBbl, HAIPUMEpP, CBETOBOE H3JIyYEHHE, 3TO
TIPOIIECC MPEeBpaIleHNs] BHYTPEHHEW SHEPTUH CUCTEMBI B SHEPTHIO M3TydeHHs. B atom
MIPOLIECCE MACCa CHCTEMBI TaK)K€ YMEHBILIAETCS] SKBUBAJIEHTHO YMEHBILIEHUIO BHYT-
pEHHEl SHepruu:

E
U3JIydeHUs
U = —taiens,
Cc
H3MmeHeHnne Macchl SKBUBAJICHTHO U3MEHEHUIO OHECPIuu:
AE
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Henpepriaoe mznyuenue CoiHua M Ipyrux 3BE37 O3HAYAET, UTO OHU IOJABEp-
raroTCsl HEMPEPBIBHOM MOTEPE YHEPTUH U MacChl. V3 MpOBEICHHBIX BHIYUCICHUN OBI-
JIO OTIPENIEJIEHO, YTO 3a KaXKIYI0 CEKyHNy B pe3yibTare u3inydeHus macca CosHia
yMenbiaetcs Ha 4 000 000 TonH.

DHeprusi B peJITHBHCTCKONH MeXaHUKe (MM IMOJIHAs SHeprusi). CoriacHo TEOPHH OTHOCHTEIb-

HOCTH TIOJIHASI SHEPTHS CUCTEMbI PaBHA CyMME €r0 SHEPTUH MOKOSI ¥ KHHETHIECKOH YHEPIrUu:
E=Ey+E,=mc*+E,. (53)

OWHIITEHH ONMpEeaeNii, YTO MOJHAsl SHEPIus YaCTHIIBL, IBIDKYIIEHCS CO CKOPOCTBIO U < C U He

B3aUMOJEHCTBYIOIIEN ¢ APYIMMU YacTULIAMH, IPU MEPEX0Je U3 OJHON MHEpPIUAIbHOW CHCTEMBI

0TCUeTa B APYTYIO, MOJBEPraeTcs PEIITHBHCTCKOMY Peo0pa30BaHHMIO:

c
E=m—. (5.4)
v?
J1-=
@
EcIi Tero HaXOJHUTCS B COCTOSHHHM MOKOs: v = 0, To U3 BEIpakeHHs (5.4) TOTydYaeTcs, 9T0 OHO
obnasaer sHeprueii mokos E, = mc?.
KuneTndeckasi SHeprusi B pesATHBHCTCKOM MexaHuke. Kunemuueckas snepeus meia pasna
DazHOCMU €20 NONHOLL FHEPeULL U IHEP2ULL NOKO:
E,=E—E,=E—mc% (5.5)
Ecn B 3TOM BBIPaKEHHH BMECTO TIOTHOM SHEPTHH 3alUIIeM BRIpaKeHHe (5.4), To MoMydruM:

E, = mc?- %—1 . (5.6)
1-2

HMnynbe B peIsiTHBHCTKOM MexaHuke. COrJIacHO TEOPUH OTHOCHTENLHOCTH UMITYJIbC CHCTEMBI
MU MIePEeXOofe W3 OJHON MHEPIMAIBHON CHCTEMBI OTCYETa B APYTYIO MOABEPraeTcsl PEeIsITUBUCT-
CKOMY TIPe0o0pa30BaHUIO:

. ©

pP=m—. (5.7)

=
C

CBs13b MKy NMOJTHOM IHePruei U UMILYJIbCOM. MeXy IMOTHOH SHepTUei U IMITYIbCOM B pelsi-
THUBHCTKOH MEXaHHKE CyIIECTBYET HIDKSTIPHBE/ICHHAS CBSI3b:

E? = m%c* + pic?, (5.8)
WA

E? — p%c? =m?2c*. (5.9)
DTO COOTHOIIIEHUE BBINOJIHSAETCSI BO BCEX MHEPIMATIBHBIX cHcTeMax oTcueTa. [Ipu nepexoze u3 omHoiM
HMHEPIHAIBHON CUCTEMBI OTCUETA B APYTYIO MOJIHAS SHEPIUsl U UMITYJIbC H3MEHSIOTCS, OHAKO UX Pa3-
HOCTB He MeHsietcs. Eciu macca Gy et paBna Hymo (m = 0), To u3 Beipaxkerus (5.9) moydaercs:

E?=p%? - E=pc (510)

[TpunsB Bo BHUMaHue (opmyisl (5.4) u (5.7) B mocaeaHeM BBIPOKEHHH, MOTYYHM COOTHOIICHHE
MEKy IOJHOH SHeprueil 1 UMIyJIbCOM YaCTHIIBI:

E _p
== (5.11)

c v

VI3 9T0r0 BBIPA)KEHHs BUIHO, UTO eciii m = 0 , TO YacTHIla IBUraeTCsi CO CKOPOCTBIO CBeTa (HApUMep,
¢doton): L = c.

Wccneposanune-2. NpumeHenne. “Kakas dHeprus 6onbme?”

3amaua 2. Onpenenure SHEPTUIO TOKOS, “‘coCpeoToYeHHYI0” B yueOHuke “Pmsuka” maccoit 300 rp u

cpasHuTte ee ¢ sHeprueit 14-10°kBr-uac, BoipabaTbiBaeMoii MUHTSUEBHPCKOM SJIEKTPOCTAHIMEN 32 TO/I.

O0cyxkaeHue pe3yabTaTOB:

o Kakas sHeprus 0oblIe: SHeprus MoKos yueOHuKa “Du3nka” wim SHeprus, BepadaTbiBacMas MuHrs4e-
BUPCKOW 3JIEKTpOCTaHIEH 3a Tox?
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IIpuMeHeHUe B NOBCEIHEBHOM JKU3HU:

o B kakux 001acTsx HayKH ¥ IPOU3BOJICTBA CBSA3b MEXJLy MacCOi M SHEPrueil UrpaeT BaXKHYIO pob?

IIpoBecTn camooOLeHKY:

1. Kaknie moHATHS MOBTOPHIH Ha ypoke? UTo M3 3TOr0 BBl XOPOIIO MOHSIIH, @ YTO OCTAIOCh BaM He
SICHBIM?

. UTo xapakTepu3yerT, COTIIaCHO KIACCHYECKHUM IPE/ICTABICHUSIM, ITOHATHE “Macca’™?

. Kakoii cmblIci uMeeT noHsTHE “Macca” B peIsTUBUCTCKON MeXaHUKe?

. Uto Takoe sHeprus noxos?

. ITouemy m3nmyuenue CosHIIAa CONPOBOKIAETCS OOJIBIINM KOJIMYECTBOM MOTepH ero Maccbl? Ha oc-
HOBAaHHMH KaKOH ()OPMyYJIbI 3TO MOXKHO JJOKa3aTh?

6. Uem oTnmyaeTcst pelsTUBUCTKAS SHEPTUS OT TOTHOM YHEPTUH B KIIACCHUECKON MeXaHnKe?

W\ AW N

YTO Bbl Y3HAJIM? 3anummTe B pabodeM IJHCTKE ONpPEAEICHUS HIDKCIIPUBEICHHBIX MOHATHH:
“IOHATHE MAacCChl B TEOPHH OTHOCHTEIBHOCTHU ..., “SHEprHs MOKOs’, “IKBHBAIICHTHOCTh MAacCHI C

LIS

SHepruei ...”, “peNsITUBUCTCKAs TOJHAS SHEPrus ...”, “pesITUBUCTCKAs KMHETUYeCKas SHeprus ...”,
“peNATUBUCTCKUM UMITYJIBC ...”.

5.1. CKOJIBKO BPEeMEHHU MPOHIET Ha KOCMHYSCKOM KOpabJie, ABIKYIIEMCS CO CKOPOCTHIO
v = 0,81 c orHOCcHTeNBEHO 3emiH, ecau Ha 3emute npoiner 50 aer?

5.2. C xaKko#i CKOPOCTbHIO JIOJDKEH JABHUIATHCSI KOCMHUUECKHI KOpaOib OTHOCUTENILHO 3eM-
JM, 4TOOBI Yackl Ha ero OOpTy 3ama3/blBald B 2,5 pa3za OTHOCHUTEIBHO YacOB Ha
3emie?

53

3apaum k V rnase

MeXIyHApOJHBIA COI03 aCTPOHABTOB BKIIOYWI |6-TIETHIOI MOOCAUTENBHUILY
onuMIuap o ¢pusuke Haspun B komany actponaBtoB. Korya komanza nocie 5-
JIETHETO, 110 YacaM Ha 00pPTYy KOCMHUYECKOT0 KOpaliisi, MeXIUIaHETHOT'O [IeperieTa co
ckopocthio 0,98 * ¢ Bepnynacs Ha 3emmo, Ha3pun ucnonumics 21 rog. B kakom
BO3pacTe OyIyT CBEPCTHHUKH U3 €€ KJlacca, OCTaBIIUeCs Ha 3emuie?

5.4. Yemy paBHa auHA 3-METPOBOH JTHMHEHKH, IBUKYIIIC-
ficst co ckopocthio 0,9 ' ¢ B cucTemMe oTCcyeTa, CBSI3aH- 3
HoM ¢ 3emuieif ? 1.5u —

5.5. Kak usmensrcs pazMepsl NPsSMOYTOJIbHUKA, JIBHKY-
merocst co ckopocteio 0,8 - ¢ oTHOCHTENFHO HEMO- 5m
BUYKHOIO HaOrozaress?

5.6. DHeprus nokos saekTpona pasHa 8,1 - 10716 /. Uemy paBHa ero macca?

5.7. Iporon maccoii 1,7 - 10727 kr asuxercs co ckopoctbio 0,8 - ¢. UeMy paBHa ero pe-
JSTUBUCTKAS KWHETHYECKAash SHEPrus?

5.8. Ipoton maccoit 1,7 - 107 27kr meuxercs co ckopocthio 0,8 - c. Uemy paBHa ero
TTOJTHAS SHEPTHS?

5.9. TTonsipHas 3B€3/1a U3Jy4aeT B OKpyKarollee NpocTpaHcTso 5,4 - 1028 [l suepruu B
cekyHAy. Ha cKobKO yMEHbIIAeTCst Macca 3BE3/bI 32 CEKyHIy?

5.10. DnexTpoH co ckopocThio 0,4 ¢ OTHOCHTENLHO 3EMITH JIBIXKETCS HaBCTpedy (OTOHY,
HMEIOIIEMY CKOPOCTh ¢. YeMy paBHa CKOPOCTh ()OTOHA OTHOCHTEIILHO AJIEKTpOHA?
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MOJNEKYNAPHO-
KUHETUYECKAA TEOPUA

OcBouB MaTtepwuarnbl 3TOW rnaBbl —
Bbl CYMEETE:

KOMMEHTNPOBATb OCHOBHbIE MOJIOXEHUA MOJIEKYITAPHO-KUHE-
TUYECKON TEOPUN M NnoJtyHaemble N3 HUX pe3yribTaThbl;

HanucaTb OCHOBHOe ypaBHeHue MKT u nony4aemble U3 Hero
pesynbTaThl B BUAe popmyn;

OOBbACHUTL NMOHATUE MAearnbHOro rasa, yYpaBHEHUNE COCTOAHUA
M 3aKOHbI naearibHOro rasa,

ncenegoBaTtb n3ornpouecebl U CTPOUTb UX rpacbleM;

KOMMEHTUPOBATbL POflb XMMUYECKOW CBA3N B (DOPMUPOBAHUU
CBOWCTB TBEPAOro Tena, pasnuyartb Kpuctanmmyeckne n amopd-
Hble Tena;

00OBACHUTDL MpoLecc napoobpasoBaHMs € TOYkM 3peHus MKT,
pasnuyaTb HaCbILWEHHbIN 1 HEHACbILLEHHbIN Napbl;

0O0BACHUTL CBOWCTBA >XMAOKOCTEN C TOYkM 3peHus MKT, npo-
BOAMWTb OrbITbl MO SABNEHUSIM NOBEPXHOCTHOIO HATSXKEHUS1, CMa-
UMBaAHUS N KANUINNSPHOCTU XXUAKOCTEN;

COCTaBNATb M peLlaTh 3aayn pasHoro xapakrepa ¢ npumeHe-
HMEM OCHOBHOro ypaBHeHnda MKT, ypaBHEHUS COCTOSHUS
MOenbHOro rasa 1 3akKoHOB MaearnbHOro rasa.



“KapTta noHatun” ana VI rnaBbl
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EEW MonekynspHo-KUHETMUECKAS TEOPUS
M EE OCHOBHBIE MONOXEHMS

Bbl, HaBepHO, He pa3 Habnoaanu ABKXEHNE B3BELLEHHbIX B BO3-

AyXe MbIIVMHOK B COMHEYHbIX Ny4ax, MPOHMKaKLWMX B KOMHATy

Yepes OKHO.

e [loyemy NbINUHKK ANUTENbLHOE BPEMSA OCTalOTCA B
noABeLIeHHOM COCTOSIHMM B BO3A4yxe, a He naparoT nop,
AencTBMeM NpUTsHKEHUA 3emnun?

M3BeCTHO, YTO BAbIXaeMbIi HAMU BO34yX COCTOUT U3 ra3oB pas-
HOW NIIOTHOCTM — a3oTa (N, ), kucnopoga (0,), yrnekucnoro rasa
(CO,) n ppyrux. OTu rasbl AOMKHbI OblNK Bbl PacnonoXuTbLCS
cnosiMm nocnefoBaTenbHO ApYr Hag ApPYrom, B COOTBETCTBUM C MX NIOTHOCTAMW M cune
TSDKECTU, AENCTBYIOLLEN Ha HWUX: CHayana, Kak camblii MMOTHbIA, Y MOBEPXHOCTM 3emnu
yrnekucneii ra3 (C0O,), Hag Hum kucnopog -0, v Bbllwe a3oT —N,. OgHako 3TOro He
NPOUCXOAUT — HaC OKpYyXaeT OOHOPOAHbIV ras.

e Y10 ABNAETCA NPUYNHON NpeBpalleHUsa B OQHOPOAHYH0 CMeChb pa3HbIX ra3oB B aT-

mocdepe 3emnu?

NbIIUHKU

Wccneposanmne-1. [loyemy Teia “ciiMniuch” Apyr ¢ Apyrom?
I onbiT

O6opyoBaHHe: CBUHIIOBBIC IFTHH/PEI ¢ KPIOYKaMH (2 IIIT.), Habop IPpy30B, IITATUB ¢ My()TOH U JIATIKOH.
Xon nccaenoBanus. 1. [IpmkaB cBe)XCOTIOIMPOBAHHBIMHI OBEPXHOCTSIMH JIBA CBHHIOBBIX IMJINH-
Ipa, fooeiiTech NX NpHIHIaHus IpyT K Apyry. [loaBecsre nmmmHaps! Ha mratuse. 2. [loxBemmBaiite
K HIDKHEMY KPIOUKY ILIMJIMHApA TPy3bl 10 UX OTPbIBA APYT OT Apyra. L{minHApbl BBIACPKUBAIOT, HE
OTpPBIBasICh, HECKOJIBKO KHJIOIPaMMOB I'py3a (a).

OO0cy:xaeHue pe3ybTaToB: ® K KakuM BBIBOJOM NPUBOAUT UCCIICAOBaHUE?

I onbIT (a) (b)
ObopynoBaHue: CTEKISTHHAS TUTACTHHKA C KPIOYKOM, TIPUKPETUICHHBIM K e¢
TIOBEPXHOCTH, NPY>XMHA, CTAKaH C BOJOH, ITaTUB C My()TOH 1 CTEpIKHEM.
Xona uccraenoanmsi: 1. IloxBeckTe npyXuHy Ha INTATHBE, NMPUKPENNB K
HIDKHEMY KOHILYy CTEKJITHHYIO IDTACTHUHY ¢ KproukoM. 2. [Tpubimsere crexi- i
SIHHYIO IUTaCTUHY K BO/JIC B CTaKaHE Tak, '-[TO6]>I HWXHA TIOBEPXHOCTD IJIaCTUHBI

KocHyIach Bojpl. [Toctapaiitech, [BUras CTaka ¢ BOJIOH BHU3, OTOpBATh ILIac-

THHKY OT TIOBEpXHOCTH BOHI (b).

O0cyxneHue pe3yJbTaToOB: |' £
» Kakne uaTepecHbIe SBICHNS HAOIIOAIOTCS B OMIBITE? |.
» Kak MO>XHO OOBSICHUTE TIPHYHHY TPFUTATIAHNS TITACTUHKH K TOBEPXHOCTH BOZIBI?

|

|
e
=

i
MouJexynsapHo-kunernyeckas teopusi (MKT). Mbl camu 1 OKpy>Karolii Hac

MHUD SIBJISIEMCS] CUCTEMOU MAKPOCKONUYECKUX mel.

o Maxpockonuueckoe meio —5no mejo, Cocmosiugee U3 DOLULIO20 YUCIA AMOMOS U MONEKV L.

[prmepoM MakpOCKOITMYECKHX Tel MOTYT ObITh TIECYMHKA, BOJA B COCY/IE, Ta3 B Oal-
JIOHE, JKeJIe3HbIHI cTepKeHb, JIyHa, ConHiie 1 fpyrue. B MexaHnke MaKpOCKOIMYECKOE TEJI0
paccMarpuBaeTcst Kak 00BEKT, 00JIa atoIHi ONpe/IeTICHHOW MaCcCOM, TIPOCTPAHCTBEHHBIMI
pasMepaMu, >Hepryel, n3ydaercsl MOJOKEHHE 3TOro Tela B MPOCTPAHCTBE M B3aHMO-
JieficTBre ero ¢ Apyrumu Tenamu. OJIHAKO MeXaHWKa HE MOXKET OOBSICHUTH BHYTPECHHEE
CTPOEHHE MaKpPOCKOITIYECKHX Te, B3aUMOJICHCTBHE MEKTy aTOMaMH M MOJIEKYJIaMH, W3
KOTOPBIX OHH COCTOSIT, M PsiJl CBOWCTB BeIllecTBa (TEIUIOBOE pacIIMpeHHe, HarpeBaHHe,
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OXJIaXKIIeHre, TapooOpa3oBaHie, KOHICHCAIIHIO, TUIaBIIeHIE, 3aTBepieBanue, Tuddy3uro,
KOHBEKIIHIO U JIp.). B (pu3rike BbIICIICH pa3ziel — MoneK)IspHas (husuka, B KOTOpOM coOpa-
HBI Pe3yJIbTaThl U3yUCHHsI BHYTPESHHETO CTPOCHHS BEIIeCTRA.

® Monexkynapnasa gpuzuxa — smo pazoen (hu3uxu, 8 KOMopoM U3yYaromcs 6HympeHHee
CMpoeHue MAKpOCKONUYECKUX Mejl, UX C8OUCMBA U OCHOBHbIE 3AKOHOMEPHOCTU MENI0-
6020 OBUICEHUSL MAMEPULL.

o Monekynapro-kunemuueckas meopus (MKT) — meopus, obvscHsowas ceotcmed
MAKpOCKONUYeCKUX mejl U meniogvie NPoyecchl 8 SMux meiax Ha OCHO8e Npeocmas-
JIeHUll 0 eujecmee Kak o cucmeme amomos u MojieKyi, 6ecnpepvleHo U XAOMmUuYecKu
OBUINCYUUXCSL U 83AUMOOCUCMBYIOUUX OpYe C OPY2OM.

OcCHOBHBIE I10JI0KEHUSI MOJIEKYJ/ISIPHO-KMHeTH4eckoii Teopun. B ocnoBe MKT
JIe’KatT TPU TIOJIOKEHUS:

1 nonoscenue: sce sewecmsa cocmosim uz vacmuiex — amomos u monexyi. Cy-
IIIECTBOBAaHME aTOMOB M MOJIEKYJT OBLIO TIpeIcKa3aHo elle APeBHUMHU (rtocodhamu.
OmHAaKo SICHYIO KOJMYECTBEHHYIO TCOPHUIO ATOr0 (pakTa BIEPBBIC MPEIIIOKUI aHT-
muiickuil yueHbii-xumuk Jxon [lanton (1766—1844). CocraBuB TaOIUIly OTHOCH-
TEJBHBIX aTOMHBIX MAacc psa dJIEMEHTOB, OH 3aJI0KMJI OCHOBY TEOPHH aTOMHOTO
CTpPOCHUS BelecTBa. B Hare BpeMsi, HCTOIb3Ys CIIOCOOHOCTE 3JIEKTPOHHOTO MUK-
POCKOIIa YBEJIMYMBATh B MUJUIMOHBI Pa3 pa3Mepbl 00bEKTa, MOXKHO YBHIIETh U C(O-
TOTpaupOBaTh JOCTATOYHO OOJIBIINE MOICKYJIBL.

Il nonostcenue: wacmuyvi, U3 KOMOPLIX COCMOUM BEUWECMB0, HAXOOSMCS 8
HenpepvigHo2o U OeCnopsi00YHO20 (XAOMUYECKO20) OBUINCEHUSL.
BepHocTb 3TOr0 1107107K€HUS OBLIIa YCTAHOBIIEHA HA OCHOBE OTKPBITHSI, CIICIIAHHOTO B
1827 rony anrnuiickum 6otanukom PobGeprom BpoyHOM, HaOMIOAABIINM B MHUKPOCKOTI
© . p 33 HBIKEHHEM L[BETOYHOM IbLIbIIBI B Boge. OH 00HAPYIKUII, 4TO
| ' TBUIBLIA COBEPIIIACT XAOTHUYCCKOE JIBUKCHUEC U M3MEHSET CBOC
MOJIOXKEHUE TIO0 CJIOXKHOW Tpaekropuu (c). becmopsmodynoe
NBIKCHHE YACTHIl, HA3BIBAEMOC “‘OPOVHOBCKUM O8udiceHuem”,
TEOPETUUECKU ObLIO 00BsicHeHO A.DiHITeiHOM B 1905 rony, a
‘A OMBITHBIM TyTeM ObUIO monaTBepxkneHo B 1909-1911 romax
(hpanmy3cknm pusukom SHOM batucrom Ileppenom (1870—
1942). O moaTBepArsI MPEINONoKeHNe DUHINTEHHA, YTO TMPUIMHON XaOTHUECKOTO
JIBIDKEHHSI YaCTUYEK KPAaCKU B BOJIC SIBISIETCS TEIJIOBOE JIBUIKEHUE MOJIEKYJI BOJIBI.
[leppen onpenenwi, 9TO HHTEHCUBHOCTh OPOYHOBCKOTO JIBIKEHHS YACTHUI] 3aBUCHT HE
OT HMX XHMHYECKOW MPHUPOJbI, a OT TEMIIEPATYPhl: C YBEIUYCHHEM TEMIIEPATyPhl
MHTEHCUBHOCTHh OPOYHOBCKOTO JIBUXKCHHUS TAKIKE YBEIUUMBACTCS. TakuMm o0pa3om:
o bpoyHoecKkum O8urceHueM Ha3vléaemcs OecnopsaooyHOe O8UdCEeHUe Yacmuy,
B36CULEHHBIX 8 JCUOKOCTU (UNU 2d3e).
Jpyrum siBnenuem, moareepkaatomimM Bropoe nonokerne MKT, sisisiercst dugghysust.
o Jluchghy3ueir nazvieaemcsa npoyecc camonpouzsoibHO20 63aUMHO20 NPOHUKHOBEHUS
anomos Ui MOIEKYL 0OHO20 8eUeCnBa 8 MeXCAMOMHbLE WL MENCMOJIeKYISAPHble NPO-
MENCYMKU OPY2020 GEUECNEd.

[lepBoe konmmuecTBEHHHOE OlMcaHue npoiecca Auddy3un nan B 1855 roay He-
Menkuil pu3uk u pusuonor Anonsd dux (1829-1901) B 3akoHE, HA3BaHHOM ‘‘3d-
KoHoM Oupyzuu uxa’.
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1II nonoscenue: yacmuyvi ewecmsa 3aUMOOCUC-

(d)
8yI0m Opye ¢ Opy20M, MO eChib MeHCOY HUMU CYUec-

6YIom CUWibl 63AUMHOCO NPUNIICERUS U OMIMAJIKU-

BaHUA. o

[loxTBeprkaeHrEM ASTOTO TONOXKEHUS SIBIISICTCS
BOBHHMKHOBEHHE CHJIBI YIIPYTOCTH BO Bpemsi aedop-
Mali Teda. OTH CHJIBI MMEIOT Xapaktep OJM3KO-

JEUCTBUSI, DJIEKTPOMATHUTHYKO MPUPOIY W B 3HAUM- [ - F_
TEJIBHOM CTENEHW 3aBUCSAT OT PACCTOSHUSI MEKIy | = — — |
yacturamMu. Harmprmep, ObLTO OMpeienieHo, YTo CHIThI B
NIPUTSDKEHUS MEXIY MOJICKYJIAMA YMEHBILIAFOTCS I10

1
3aKOHY r_7, a CWJIbI OTTAJIKUBAHUA MEKTY HUMH YMCHb-

! i F F

LIAIOTCSL 110 3aKOHY —. PaBHOeliCTBYTOMITAs 3THX CHIT - ;
Ha pacCTOsHMAX, B 2-3 pasa Oompumx auamerpa . F_

MOJIEKYJIBI [T > (4 + 6) 1] M Ha pacCTOsIHIM, PaBHOM
JIaMEeTPy MOJIEKYJIBI (T = Ip), MOKHO CKa3aTh, paBHa HyrO (d).

Xapamepncrmca aTOMOB U MOJICKYJI. Bawm u3BecTHbI XapaKTCPUCTUKHU aTOMOB 1
MOJICKYJI (CM.I XI/IMI/IH—8)I WX JIMHCHHBIS PasMEpbl, OTHOCUTCIIbHAA MacCa, NX YHCIIO B
CIUHUILIC O6’bCMa, KOJIMYCCTBO BCIICCTBA U JAPYTUC KOJIMYCCTBCHHBIC XapPaKTCPUCTUKU

(cm.: Tabmuma 6.1).

Tabnuya 6.1

XapakTepucTuka

Bobipakaercs
YaCTHIbI

s0epnoii usuxe, pasna 1/12 maccvt usomona *2C:
ATOMHas eMHHULA

12
Mgy ¢ — Macca aToMa yriepoja.

1
Macchl (a.e.M.) la.e.M.= —myc = 1,66 - 107%7kr

Amommas edunuya maccul (a.e.m.) — Mo eOuHUYa U3MepeHUs Maccbl 8 AMOMHOU U

OtHOCHUTEbHAS
MOJICKYJISIpHAsT
Macca BeIecTBa

OmmuocumenvHoLl MOTEKYAPHOU (AMOMHOLL) MACCOU 8eUjeCd Ha3bIBAemcs OMHO-
WieHLe Maccobl MOIEKYIbl (amoma) eewjecmea My K 1/12 maccwl amoma yenepooa:

m
M, = —

1z Mo,c

M, — oTHOCUTeNbHAs MOJIEKYJISIpHAsE Macca, M — Macca MOJEKyJbl (aTroma)
BEIIECTBA, M ¢ — Macca aToma yriepona. OTHOCHTETbHAS MOJNEKYIPHAsT Mac-

ca He HMEET Pa3sMEPHOCTH.

Yucno Aeoeadpa — 9MO NOCMOSHHAA 8eIUdUHA, PABHAA HYUCTLY MOJIEKYIl (Lt/lu

Hucno Asorazpo amomos)  00HoM mone m06020 eeugecmea: Ny = 6,02 - 1023 monb™ 1.
Konuuecmeo sewecmsa (V) — 3mo omHoueHue 4ucia MOAeKy1 Wil amomos OaH-
HO20 gewecmaa, K uucny Aeozadpo Ny:v = N% N — uucno monexyn 6 daHHoM 6e-
Konnuectso wecmee. Eounuya konuuecmsa sewjecmea sensiemest ocHogHou eouruyetl ¢ CH:
BEILECTBA [v] = 1moib.

1 monb — 3mo Konuuwecmeo sewecmsa, 8 KOMopoM COOEPIHCUMCSL CHIOTbKO Jce
MONeKyI unu amomos, ckoivko ux 6 0,012 ke yenepooa.

MounsipHas Macca

MonsipHotl maccotl Hazbleaemcs Macca 0OHO20 MOJISL BeUecmed.
M= mg - NA'
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Eounuyeii  monapnou maccot ¢ CH  sensemcsa  kunogpamm Ha Moo

(1 KI' ):[M]=1 KT

MoJIb Mostb

M
Macca ofHOM MOJIeKyJIbI BelllecTBa: My = — —> Ny = —
Ny mg
m
Macca swob6oro BewectBa:m=mg-N - N =—
my

CJl@()OG'ameJZbHO, Konuvyecmeo sewjecmed paeéHo OMHOULEHUIO MACChbl seljecmed K
o m
€20 MOJIipHoUu macce: v = E

7 i i i M onpe-
Yyiciio MOJICKYJI B UCI0 MOJIEKyll 6 1060M seujecmee maccou m u MOJAPHOU MACCOU onpe:

o m
BEIIECTRE oensemcest popmyno: N = v- Ny = v Ny.

Wccnepnoeanue-2. lNpumeHenmne. Moaeib OpOyHOBCKOIO IBHKEHUS

OO0opynoBaHue: TIacTHHA Pa300OPHOrO KOHICHCATOPA, CTEKIISTHHBINA OaJuIOH Ul BaKyyMa, TOHKast

JKeJIe3Has TOJIOCKA, YCHIIUTEINb, IyCTOTENbHbIE IMApUKH W3 amoMuHeBod ¢oseru (10-12 mryk

JTMAMETPOM 8 MM), TCHHUCHBIH MSTYHK, TTO/IBEIICHHBIN Ha HUTH, CKOTHY, TI0JICTABKA IITATHBA.

Xona ucciie10BaHuA:

1. IToAroToBETE YCTAaHOBKY, MOJICIHPYIONIYI0O OPOYHOBCKOE JBI)KEHHE.

ITocneoosamenvrocms uiazog 6 U320MOGIEHUN YCHAHOGKU:

1 waz. 3axpenus OusIeKMpULECKyIO PYUKY NIACIUHbBL KOHOEHCAMOpa 6 NOOCMAagKe uWmamusd,

0obelimech, 4mobbl NOAYHUICS 20PU3OHMANLHbLIL AIOMUHUEBbI cmoauk . [Ipukietime ckomyem

MOHKYIO Jicene3nyio nojiocKy usHympu K cmemke cmekiaHH020 O6aniona.

11 waz. [Ipucoeounume 8uix00bl ycunumens K anoMuHuesoMy

CIMOIUKY U JiceNle3HOU NoJIoCe. .y (e)

III waz. Ilpuxneus nenmoii c600600HbII KOHEY HUMU C MeH- ;

HUCHBIM MAYUKOM K GepUIUHE CIEKIAHHO20 OANIOHA USHYMPU,

co30atime HUMEBOU MASIMHUK (MASIMHUK OOINCEH HAXOOUMbCSL

Ha gbicome 5-6 cM Om NOBEPXHOCMU AIOMUHUEBO20 CINOJUKA).

1V waz. 3axpoiime cmekiAHHbIM OANIOHOM PACCHINAHHbIE NO

NOBePXHOCMU CIMOMUKA ANIOMUHUEEble WAPUKU — YCIMAHOBKA

eomosa (e)!

2. BrimounB ycuinTeNb, co3/aliTe B M HaNpshKEHHE B 25
kB. B 370 Bpems amomMuHEEBBIE MIAPUKH, Kak B “CriopTiio-
TO”, HAYMHAKOT OCCIOPSAIOYHOC JIBHKCHHE MEKIY
JKEJIC3HON IOJIOCOW M allFOMMHUEBBIM CTOJUKOM. OHH
HAHOCSAT YJIapbl B Pa3HBIX HANpaBIEHHUSX Kak JIPYyT ApYyTy,
TaKk ¥ TEHHUCHOMY MSYMKY Ha HUTH. BHMMarenpHO mpo-
CIIe/IUTE 3a TPaeKTOpHel JBIKEHUs] TEHHUCHOTO MsSYUKa U
CXeMaTHYECKH MPEACTaBbTE 3Ty TPAEKTOPHIO Ha paboueM
JIACTKE.

O0cy:xaeHue pe3ybTaToB:

e Uro Takoe OpoyHOBcKoe IBIpKeHue? [Ipr moMomuy Kakux Tel B ©3TOTOBICHHOM YCTPOWCTBE

OBLTH CMOJYIMPOBAHBI MOJIEKYJIBI 1 OpOoyHOBCKHE YacTHUKH? OTBET 000CHOBATE.

IIpumenenue B NOBCEIHEBHOM KU3HH:

e Jlnst gero HeoOXOJMMO 3HATH OCHOBHBIC TTOJIOKEHHS MOJICKYIIPHO-KHHETHIECKOH TeopHn?

[Tpm oTBeTe HA JaHHBIH BOIPOC MOXETE MCIIOIB30BaTh HIKEIPHBEACHHBIE KIIFOUESBHIE CIIOBA.
Knrouesvie cnosa: azpecammvie cocmosanus eewjecms 6 npupooe; Kpy208opom 600bl 6 Npupooe;
napoobpazosanue u 1adNCHOCMb 6 npupoode u ovimy; oudgysus 6 npupode u Ovimy.

IIpoBecTn caMoOLeHKY:

1. Kakue moHATHA NOBTOPHIH Ha ypoke? UTO U3 3TOTO BBl XOPOIIO MOHSIIH, @ YTO OCTAJIOCh BaM

HE SICHBIM?
2. B gem 3akirouaeTcs BaXXHOCTb MOJICKYJISIPHO-KHHETHUECKON Teopuu?
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3. CxonbpKO aTOMOB Bozopoza umeercs B Metane (CH,) maccoit 12 kr
(Na=6 - 10% monp'; M=0,016 kr/mMo1b)?
Jano Pemenne
— - . 1073 . -m.

m=12rp 2—3 12 1_01 KI' | [ mar N(CH4) = N,.

N, = 6-10“°mos1b

M = 0,016 kr/MoJb

Ny—=?

4. KakoB (u3ndeckuii CMBICI TIOCTOSIHHOW ABOTaapo?

5. IToctpoiite “KapTy XapaKTEPUCTUK MOICKYJIbIL.

IT mar: NH =4- N(CH4)'

YTO Bbl Y3HAJIN? 3amumure B paboveM JIMCTKE ONPEASICHHUS JUTs CIIeTyIOUX HOHATHI: “Mak-
pockonmyeckoe Teno”, “MorekyisipHast pu3uKa”, “MoJIeKyIITHO-KHHeTHIecKast Teopunst”, ““1 monoxenue
MKT”, “II nonoxxearie MKT”, “III monoxxerne MKT”, “ATomHast equHMIIAa MacChl”, “OTHOCHTEIIbHAS
MoJekyapHas Macca”, “Komuectso Bemecta”, “MorsipHas Macca”.

m MD,EAJ'IbeIVI rA3. OCHOBHOE YPABHEHUE

MONEKYNAPHO-KUHETUYECKON TEOPUU UOEATIBHOIO
FA3A

B mMonekynsipHoii chmamke 13y4aroTcs CBOMCTBA BELLIECTBA BO BCEX arperaTHbIX COCTOSIHUSX, B TOM
yumcne 1 razoobpasHom. B nprpoae nodtv HET OTAENbHO B3ATOrO rasa, peanbHblii rasd atmocdepbl
NpeacTaBnsoT COOBON CROXHYH CUCTEMY Pa3HbIX ra3os.
OcHoBHasi 3aaya MOoJeKynsipHO-KUHETUYECKOWN TEOPUM — YCTAHOBIIEHWNE CBA3M MEXAY MaKpO-
CKOMNUYECKMMN U MUKPOCKOMUYECKMMU  NapamMeTpaMu, XapakTepusyronmMmn CBOMCTBa 3TOMN
CNOoXHOW cucTeMbl. C 9TON Lienbio pearbHbIA ra3 CroXHOro CocTaBa 3aMeHsIeTCS YNPOLLEHHOW,
naeanvanpoBaHHON MoAEenbHo.

e Kakumu cBoncTBamu rasa o6nagaeT ynpoueHHas moaesnb rasa?

e Kakne cBoMcTBa rasa MOXHO oxapakTepu3oBaTb ero

MaKpOCKONM4eCKUMU U MUKPOCKONMU4YeCKUMun napameTpaMM?

UccnepoBaHue-1. MO}ICJIHPOB&HHB JAaBJICHUSA MOJIEKYJI ra3a

Oo0opynoBanue: cyxoil Mopckoii ecok (0,5 Kr), KapTOHHBIH JHCT (2 mT.), y9eOHHK (2 mIT.), MOOHIIH-
HBII TeneoH.

Xoxa ucciie10BaHUSA:

1. Pacrosioskure, KaK MOKa3aHO HA PUCYHKE, KAPTOHHBIN JIMCT MEXKILY JABYMS ydeOHUKAMHU.

2. PaBHOMEPHO CHITIBTE KPYITHUHKH IIECKA HA TIOBEPXHOCTH TOPH30HTAIILHOIO JIKCTA U choTorpadupyiite
MOOMIILHBIM Tee(hOHOM HaOITF01aeMOe SIBJICHHE (2).

3. [IpencraBbTe, YTO KPYNUHKHU N1ECKA — 9TO MOJIEKYJIbI T'a3a, a KAPTOHHBIH JIUCT — 3TO CTCHKA COCY/a, B
KOTOPOM HAaXOJWTCS ra3, ¥ MOIyMaiiTe, Kak 0ObsSCHUTH (PU3MUECKHIT CMBICI JaBIICHUS ra3a.
4. TloBTOpHTE OMBIT, YBETHUYMBAs BHICOTY TAAEHUS KPYIHHOK IECKa, TO €CTh YBe- 4

JIMYUBas UX CKOPOCTh. HpOCJ’IeZ[I/ITe 3a Mpou30IIeANINM SABJICHUEM.

OO0cy:kaeHne pe3yJIbTATOB:

o K kakoMy BBIBOJIy BbI MIPUIILIH B UCCIICAOBAHNU: B YeM (DU3MUCCKUNA CMBICIT
JIaBJICHUs Ta3a, KaK 9TO AaBJICHHE co3/aeTcs?

o Kak n3MeHsieTcs 1aBjeHHe ra3a ¢ yBeJIMUYEHUEM CKOPOCTH “‘MOJIeKyJI ra3a’?

Hneanbuplii ras. [lepsrsiii mar B co3annu Jit000i GU3NIECKON TEOPUH COCTOUT
B IIOCTPOEHMM HACAIN3UPOBAHHOM MOJENN peaabHOro oOwbexTa. Takas Monenb
BCEr/la UMEEeT YIPOIIEHHBIM BU JEHCTBUTENBHOCTH, U C €€ MIOMOIIBI0 U3Y4YaroTCs

MOHeKyﬂﬂpHO-KMHeTVI'-IeCKaﬂ Teopusa 139



KOJIMYECTBEHHBIE M KAYeCTBEHHBIC 3aKOHOMEPHOCTH 1 CBOICTBA PEaTbHOTO 00BEKTa
C YUYETOM OIPEJICIICHHBIX OrPaHUYCHUH.

J11s u3ydeHust CBOMCTB ra30B B MOJICKYJISIPHO-KUHETUYECKON TCOPHH TIPUMEHSI-
eTcsl uIealIu3UPOBAHHASI MOJIEIb — “UjieaIbHBIN Ta3”.

e Hoeanvuutit 2a3 — 5mo 2a3, yO06Iemeopaouuii C1eoVIouuUM YCio8UIM:

— JIUHELIHbLe Pa3MePbl MOLEKYIL 60 MHO20 Pa3 MEHbULE PACCIOAHULL MEHCOY HUMU U
He npuHUMAaromcs 80 HuUManue. 1109momy MoO#CHO cKkazamv, Ymo MOAEKYibl UOedlb-
HO20 2a3a He 63auMo0eticmeyiom opye ¢ OpyeoM, Mo ecmb NOMEHYUATbHAS IHEPIUsL
83aUMOOCUCMBUSL MOJIEKYJL UOAIbHO20 2a3A PAGHA HYJO!

E, = 0.

Tlosmomy udeanvhwviil 243 MONCHO CKOIBKO Y2OOHO CHCUMANb,

— MOJLKO NPU COYOAPEHUU MOTEKY]L OpYye C OPY2OM UL CO CIEHKAMU COCYOd MeNHCOY
HUMU 803HUKAION CUIbL OMIMANIKUBAHUS,

— COYOapeHUst MONeKYl ADCONIIMHO ynpyaue,

— CKOPOCH1b MOJEKYIL MONCEM UMeMb NPOU3BOIbHbIE SHAUEHUS, OBUNCEHUE KANHCOOT
MONEKYIIbl NOOYUHAEMCA 3AKOHAM KIACCUYECKOU MEXAHUKUL.

CBoOIiCTBa MIEALHOTO Ta3a XapaKTEePU3YIOTCS MUKPOCKONUYECKUMU U MAKPO-
CKONUYeCKUMY TIapaMeTpaMH U CBSA3SIMH MEXTy HUMHU.

o Mukpockonuueckue napamempul 2a3a — 5mo napamempbul, XapaxKmepusyouue
ogudicerue Monexkyn eazda. K HUM OmHOCAmMcs macca MOJNeKyIbl, €20 CKOpPOCHb,
UMAYILC U KUHEMUYeCKasa dHepeus NOCHYNAmMenbHO20 OBUNCEHUA MONEKYIbL.

o Makpockonuueckumu A6IAIONMCA MaKue napamempuvl 2dsd, KAk ee OdasieHue,
00veM u memnepamypa, onpeoensiouue CeoUCmMed 2a3d 6 YeioM.

OcHo6HOU 3a0auell MONEKYNIAPHO-KUHEMUYeCKOU Meopuu Ae1Semcs YCmaHo6-
JIeHUe 83AUMHOU C8A3U MEHCOY MUKPOCKONULECKUMU NAPAMEempPamu, XapaKxmepusy-
IOWUMU MOJIEKYIbl 2a3d, U MAKPOCKONUYECKUMU (UBMEPAEMbIMU) BeTUUUHAMU, XA-
PAKMEpU3YOWUMU 2A3.

OcHoBHOe ypaBHEHHE MOJEKYJISPHO-KHHETHYECKOH TeopuH WAeaJTbHOT0
ra3a. M3BecTHO, 4TO JIaBJICHHUE ra3a BO3HUKACT B PE3yJIbTaTe MHOTOYUCIICHHBIX
HENPEPHIBHBIX U OSCIOPSIIOYHBIX COYAapEHUH MOJEKYJ ra3a O CTeHKH cocyla, B
KOTOPOM OH HaXOIHUTCA. JTO JABJICHNUE PABHO CPEIHEMY 3HAYCHUIO MOJIYJIS PaBHO-
JIEUCTBYIOLLEN CUJIbI, NPUXOAALIENHCSA Ha €IUHUILY TUIOLIAdN:

F

P=5
B 1857 r. nemenkuii ¢pusux Pynoned Kmaysuyc (1822—1888), ucrons3yst Mosiensb
UJICATLHOTO Ta3a, ONPEACIII YpaBHEHHE I TABJICHUS Ta3a, Ha3bIBAGMOE OCHOGHbIM
VPasHeHUueM MONEKYISAPHO-KUHETNUUECKOU MeopuU UOeaIbHO20 2a3d.
e Ocnosnoe ypagnenue MONEKYIAPHO-KUHEMUYECKOU Meopuu udedaibHo2o 2a3a —
9MO ypasHeHue, C6a3blealoujee MakpOCKONUYeCKuUll napamemp 2asa — e2o 0aeieHue, ¢
MUKPOCKONUYECKUMU NAPAMEMPAMU, XAPAKMePU3yiowuMi MOIEKY bl 2a3d.:

p= gmonﬁ. (6.1)

1 . .
I'ne 3~ KONMYCCTBCHHBIH KO3 GUIMEHT, XapaKTepU3yIONI TPEXMEPHOCTD IIPOCT-

PaHCTBA U BBIPAXKAFOIIMI PAaBHOIIPABHOCTh BCEX TPEX HAIPABICHUNA B Xa0THYECKOM
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JIBIDKEHUU MOJIEKYJL, M — Macca OJHOW MOJICKYJbI, 71 — KOHIICHTPAIMs MOJICKYJ,
U — cpeaHsisl KBaJ[paTUuHasi CKOPOCTh MOJIEKYII.

° Kom;enmpat;wz MOJIEKYTl — OO YUCIO MOJIEKY]L 6 eduHuL;e obvema:

z (62)
n=-—. .
4 1
Enunnua xonuentpaimu 8 CU: [n] = = = -3,
M
o Cpeonsis KeaopamuyHas CKOPOCHb MOJIEKYI PABHA KOPHIO K8AOPAMHOMY U3 cpeoHell
apugpmemuueckoll 6eIUUUHbl K8AOPAMo8 CKOPOCmell OmoelbHbIX MOEKYIL:

— [P+ s+t
Ucp.xs. = V2= N .

Tak xak CPpCAHEC 3HAUCHUC KBaJpaTa CKOPOCTU MOJICKYJI CBA3aHO CO CPCAHUM 3HAYC-
HUEM KHHETHYECKOU SHEPIrun UX NOCTYIATCIIbHOI'O ABHKCHNA, TO, CJIICAOBATCIIBHO, U 1aB-
JICHUEC UICAJIbHOI'O I'a3a 3aBUCUT OT CPCAHOI'O 3HAYCHUS KHUHETHYCCKOM OHEPIrur MOJICKYJI:

- myt?

Ek = y (63)
5 2

p= §nEk. (6.4)

-ﬂaeﬂeHue UOeanbHO20 2a3d npAMO nponopyuoHdlbHO KOHYeHmpayuu Moaexkyi u
cpeOHejvzy 3HAYEHUIO KUHEMUYeCKOU SHepcUU MOJIEKY 1.

m moN
Ecin npuHATE BO BHUMaHME, YTO IJIOTHOCTb Taza p = v =, =Mons (6.1),
TO TOJTy4uTCsl (hOpMyJIa 3aBUCHMOCTH JIaBJICHUS MICAIBHOIO I'a3a OT €€ INIOTHOCTH:

1 —
p =§pz)2. (6.5)

Wccneposanne-1. NMpumenerne. OnpenenTe CPeTHION KHHETHYECKYIO JHEPTHIO aTOMOB Ia3a.
3agava. Buanmas armocdepa Comxia (poTtocdepa), MOXKHO CKa3aTh, COCTOUT U3 BOIOPOHOTO Ta3a.
KoHIeHTpalus aToMOB B BOAOPOAHOM Tase (hoTocdepsl NpUOIU3UTEILHO papHa n=1,6-102m7, nas-
nenne ke paHO p = 1,25-10%[la. Yemy Oyner paBHAa CpemHSs KHHETHYECKAas JHEPrus IOC-
TYTMaTeIbHOTO ABMKEHHSI aTOMOB BOJIOPOJHOTO ra3za GoTocgepsl, CIIH MPUHATH €r0 3a HeaTbHbIN ra3?
O0cy:kIeHue pe3yabTaToB:

e KakoBa CBsI3b MEXK]y CpeHEW KMHETUUECKOW HEepruei nocTynareabHOro JIBUKEHUS MOJIEKYI

(aTOMOB) MICaTBHOTO T'a3a U €T0 JaBICHUEM?

IIpuMeHeHuHe B IOBCeIHEBHOM KU3HU: [Ipeanonoxum, 4To OKpyKaloUIMi HaC BO3AYX COCTOUT
W3 OJMHAKOBBIX MOJeKyl. C Kakod cpenHel KBaJApPaTUYHOW CKOPOCTBIO ATH MOJIEKYJIBI, MPH
HOPMaJIbHBIX YCIIOBHSX, HAHOCAT HaM yaapbl? [Ipn HOpMaNbHBIX YCIOBHSX JaBICHHE BO3IyXa
paBHO 10°Ma, a wiotHOCTH — 1,29 KF/M3.

IIpoBectn camoouenky: 1. Kakue nonsitus noBropuiu Ha ypoke? UTo M3 3TOr0 Bl XOPOILIO
MOHSUTH, @ YTO OCTANOCh BaM He sicHbiM? 2. Kak oOwsicHseTcs naaBnenue raza B8 MKT? 3. Ipu
KaKUX yCJIOBHUSX I'a3 MOXKHO Ha3BaTh UaeaabHbIM? 4. UTO XapaKTepu3yIOT MUKPOCKOITMUECKHIE U
Makpockomuueckne mnapamerpbl raza? 5. Ilogemy ¢dopmymna maBieHHs HOEadbHOTO Trasza
Ha3bpIBaeTcs 0CHOBHBIM ypaBHeHHeM MKT? 6. [Toctpoiite kapTy monsTus “VaeanbHerii ra3”.

YTO Bbl Y3HAJIU? 3anuiute B paboyeM JIHCTKE ONMPECICHUS sl ISy FOIUX TOHSITHI: “Hieab-

LI 99 2«

HBIiA Ta3 ,»  MHUKPOCKOIIMYCCKHUE MapaMETPLI rada ,” MaKpOCKOIMMYCCKHUE MMapaMETPhbI rada, "OCHOBHOC

LI 2

ypaBHenue MKT wuneansHoro raza”, “kKOHLEHTpaLUs MOJEKYNI’, “CpelHss KBaJpaTU4Has CKOPOCTb

2

MOJIEKYN”, “/IaBlIeHHe UJIEalbHOro rasa’.
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m TEI'IJ'IOBOE PABHOBECUE. TEMIMEPATYPA

MoHsTe TemnepaTypbl 3aHVMaeT BaXHOe MECTO B MOBCEOHEBHON KM3HW. Tak, roBopsi Tem-
neparypa, Mbl 06bI4HO NoZpasyMeBaeM CTENEHb HArPETOCTH (ropsivee, TENSOe, XONOAHOE) Tena.
Takoe pacCMOTpeHWe B OCTATOYHOI CTeneHy CybGbekTUBHO, MOTOMY YTO TeMnepaTypa 3aBucuUT
HE TOJIbKO OT COCTOSIHUSI PACCMaTPUBAEMOro Tena, HO 1 OT Hallel YyBCTBUTENbHOCTY.

¢ Kak MoxHO n3bexarb CyObLEKTUBHOCTM B onpeaeneHnmn TemnepaTtypbi?
o [loyemy pns onpepeneHusi TemnepaTypbl Hallero Tena PTYTHbIA (Mnuv
CNUPTOBbLIA) TEPMOMETP BbiAEPKUBaAETCA NoA MbILLKOK 5-10 MUHYT?

Wccneposanune-1. U3roroBiieHne BOASTHOI0 TEPMOMeTPa

OoopynoBanue: CTEKISIHHBIN cocy ((akoH), TOHKasi mpo3padHas TpyOka (a)
(MO>KHO B3ATh ITyCTOW CTEPXKEHB IIAPUKOBOM PYyUKH), MOAKpAIICHHAs Boaa (4- —
Sma), TUTaCTWIIMH, KIIeWKas JIeHTa, JHUCT OyMmaru, JIMCT KapToHa (6 X 6 cM), I
HUTb, JIe]l, CHUPTOBBIH TEPMOMETP, CTaKaH, HIEKTpoHarpesatens, Boaa (0,5 1), j
KapaH/aIl. .

3aKpoiite ero npooxoii. 2. [IpomycTus oiH KOHEI[ TpyOKH depe3 OTBEpCTHE B

npoOKe, IMOJICOeqUHUTE e€ K aMIryje. 3ajenuTe IUIACTHIIMHOM BO3MOXKHYIO

mienb Mexay Tpyokoi u mpookoit. 3. Cornys Tpyoky B U-00pasHyro dopmy,

3aKpelnTe ee OTKPBITHIH KOHEIl Ha JucTe OymarH, 3To OyaeT “mikana” Tep-

MoMeTpa. 3aKpernuTe HUThIO JIUCT Oymaru Ha KaptoHe. BojsHoi Tepmomerp

rotoB (a). 4. [Iporpagyupyiite Tepmometp. st 3T0r0, HarpEB BOAY, HAIPUMED,

1o 50°C, nanefite ee B crakaH. OIMyCTUB CITUPTOBBINA U BOASHON TEPMOMETPHI B

CTaKaH C BOJIOM, MOMOXKINWTE HECKOIBKO MHHYT. OTMEThTE IITPHXOM YpPOBEHb BOJABI B TpyOKe

BOISHOTO TEPMOMETpa M HANMWIINTE IIepe]] IITPHXOM UHCIO, COOTBETCTBYIOIIEE IOKA3aHHUIO

CIHUPTOBOIO TepMoMeTpa, HanpuMmep, 45°C. S. Ilponomxkaiite rpayupoBKy IIKalbl TEPMOMETpA MO

Mepe OCTBIBAHHMS BOJIBI B CTaKaHe.

O0cy:xkaeHue pe3yabTaTOB:

1. Yro siBisieTCs NPUUMHOI HEM3MEHHOCTH [TOKa3aHUI TEPMOMETpPa B TCUEHHE JJIUTEILHOTO BpeMEeHU?

2. B xakoM TeMIepaTypHOM HMHTEpBaje MOXKHO M3MEpSATH TEMIIEpaTypy BOJSHBEIM TEpPMOMETPOM?
[ouemy?

3. O6bsicanTb ¢ Touku 3pernss MKT: moueMy npu HarpeBaHUM BELIECTBA €r0 TEMIlepaTypa yBe-
JIMYUBACTCS, a IPH OXJIAXK/ICHUH, HA000POT, yMEHBIIAETCS?

Xoa uccaenoBanus: 1. HarnonHuB HamonoBuHy cocy1 HOJKpAIIEHHON BOJOH, ‘

TemsioBoe paBHoBecue. V3BeCTHO, UTO MPHU CONMPUKOCHOBEHHUU NIBYX TEI C pas-
HBIMH TEMIIEpaTypaMHi MEXIly HUMHU TPOUCXOAUT TEITIOOOMEH: TEIIO MEePEXOIUT OT
TeJa C BBICOKOW TeMIlepaTypoli K Tely ¢ 0oJjiee HU3KOW TeMIlepaTypoil. DTOT Ipoliece
TIPOJIOIKACTCS JIO TEX TIOP, TIOKa TEMIIePaTypbl 000X TNl HE CPABHSIOTCS. JTOT (pakT
YUUTBIBACTCS MPU U3MEPEHUU TEMIIEPaTypbl Tl — TEPMOMETP MPUBOIUTCS B COIPU-
KOCHOBEHHE C TEJIOM, HO €ro IoKa3aHHs CHIMAIOTCS He cpasy, a yepe3 ONpe/IeNIeHHBII
MIPOMEKYTOK BPEMEHH, B TEUECHIE KOTOPOTO MEXKITy TEJIOM U TEPMOMETPOM yCTaHABIIH-
BAETCs meniogoe, WM TaK Ha3bIBaeMOe mepmoouramuyeckoe pasrosecue. 11pu Tepmo-
JTMHAMAYECKOM PaBHOBECHM MAaKPOCKOIMYECKUE MapaMeTpbl CHUCTEMBI OCTalOTCs
MTOCTOSTHHBIMH, TO €CTh H3MEHEHHE arperaTHOTO COCTOSTHISI BEIIECTBA HE MTPOMCXOIHT.
e Tennosoe unu mepmoouHamuyecKoe pagHogecue — 5mo cocmosiHue Cucmembl,
K020a ee MAKpOCKOnuYecKue napamempyvl OIUMENbHOe 8peMs OCMAIMCa Heus-
MEHHbIMU.

CocTosiHUE TEIIOBOTO PAaBHOBECHS CUCTEMBI XapaKTePU3YETCs meMnepamypoll.
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o Temnepamypa — usuueckas eruduna, XapaKmepusylowas coCmosnue menio-
6020 pasHoOBeCUs MAKPOCKONUYECKOU CUCMEMbl: 6 COCMOAHUU MEeNni08020 PaGHO-
eecus memnepamypa ecex wacmelil cucmemuvl 00UHAKOBA.

KavecTBeHHOE M KOIMYECTBEHHOE ONpe/IeiIeHUE TeMIIepaTyphl TOKHO OCHOBBI-
BaThCA HAa ONpPEACICHUN (PU3MUECKON BEIIMUYNHBI, KOTOpast, BO-MIEPBBIX, JOJDKHA Xa-
PaKTepU30BaTh COCTOSHUE TEJa, BO-BTOPHIX, JOJDKHA OBITH OJJMHAKOBA JJISI BCEX Tel,
HaXOJAIIMXCS B TEIUIOBOM PaBHOBECHHU. TaKol BETMYMHOM SBJISIETCS CPEIHSS KUHE-
THUYECKAs SHEPIHs [IOCTYNATEIBHOTO IBMXKEHHS MOJIEKYJT BellecTBa. MOXKHO JIETKO
OIIPE/IeNUTh €€ 3HAUCHMS U1 MOCTYNATEIbHO JIBIDKYIINXCS MOJIEKYJ OJHOATOM-
HOT'O H/ICAJIBHOTO Ta3a.

C 97011 11€71b10 OBLI IOCTABIIEH CIIEAYIONUINN HHTEPECHBIN IKCIIEPUMEHT: TpH Oal-
JIOHA pa3HOro o0bemMa, cHaOKeHHBbIe MaHOMETpaMu (TIpUOOp TSI M3MEpPEHUs J1aB-
J'IeHI/ISI), 3all0JIHCHBI PA3JIMYHBIMU T'a3aMU, HAIIPpUMEP, aproioM, HCOHOM U I'CJIMCM.
bannonsl nomemaroTes cHavana B Taromuii 1ef (to= 0°C), a 3aTeM B KUIIAIIYIO BOAY
(t=100°C) (b).

(b)

ITpousBeneHHbIE BBIYMCICHUS [I0Ka3bIBAIOT, YTO B 000UX Cilydasx (U IIPU TeM-
neparype 0°C, u npu temneparype 100°C) npu AOCTHKEHHM TEIJIOBOIO PaBHO-

PV
BE€CHs, OTHOIICHUEC 7 BO BCcex 0ajIOHaX OCTaeTCs MMOCTOSAHHBIM, HCCMOTPS HaA TO,

YTO JaBJICHWE U KOHLCHTPALH Ia30B pa3Hasdi:

V. V. V.
mpu t = 0°C - Pify _Pa¥2 P37 _ 350 q0-21f.y = 376- 1021 g,
Ny N, N3

npu t=100°C — 2 =P22 _Ps%5 _ 594.10-21H. y = 514 - 1021 .
Ny N, N3

14 1
Ecmn IPpUHATH BO BHUMAHUE, YTO — = —, TO IIOJYYa€TCs, YTO IIPHU TCIIJIOBOM paB-
N n

HOBECHH OTHOIIICHHNE JJaBJICHHUS Ta3a K €ro KOHIEHTPAIIMH PaBHO MOCTOSHHOHN BeIH-
YUHE, U3MEPSICMON B €IUHUIIAX SHEPTUU — OHCOVILAX:

b _
~=9. (6.6)
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3nech 6 (TeTa) — SBISETCS MOCTOSTHHOW BETMUMHOM, 3aBUCSINEH s BceX paspe-
YKEHHBIX Ta30B, MPUOIIKEHHBIX K HICaTFHOMY Ta3y, TOJIBKO OT TEMIIePaTypHI:

0 = kT. (6.7)
T — abcomoTHas TeMIieparypa, k — siBisgercs Kod(hGpuIreHTOM IPOTOPIHOHATIEHOC-
TH ¥ Ha3bIBACTCS nocmosinHol borvymana, B 9eCTh aBCTpHUiickoro (r3uka JIrogsura
Bonbimana (1844-1906). OnbITHBIM ITyTeM OBUIO OTIPENENEHO, YTO MOCTOSHHAS
Bonprmana paBHa:

K
k=138-10"23 %. (6.8)

IlocrosinHass bonbliMaHa cBs3bIBaeT Temrmeparypy 6O, usMepseMyro B €IMHHMIAX
sHepruu, ¢ abcomroTHoM Temneparypoit T, n3mepsemoii B KenbBunax. M3 Bripa-
KeHUH (6.6) u (6.7) momyvaercst BRIpaKEeHHUE NI TaBJICHHUS UeabHOTO ra3a;
p = nkT. (6.9)
Bripaxkenue (6.9) MOkeT ObITh MCHOIB30BAHO VISl OTIpEEICHUs] aOCOTIOTHOM

Temnepatypsl B KenpBuHax:
r=2L. (6.10)
nk

@opmyna (6.10) maeT BO3MOXKHOCTH CO3[[@HWS HOBOHM TEMITEPATypHOM IITKAJIBI.
Taxas TemneparypHas IIKajia, Ha3bIBaeMas UKAIOU aOCOIOMHbIX meMnepamyp, oblia
npemioxena B 1848 roay anrmumiickum ¢usnkoM YuibsiMoM TomcoHom (1824-1907).
3a Bkyan B o0mactyu hu3uku B 1892 romy oH ObIT HarpaXK/ieH TUTYIIOM 1opoa Kenvsuna.
TlorTOMy mpensioxkeHHass UM IIKajla TeM-
© neparyp HasblBaeTcs wikanou Kenveuua.
Ilxana Lenscus IlIxana Kewvsuna Hynesas Touka mkansr KenpBuna, To ecTh
=127 r=ex273 memnepamypa  abcoomHo20 HyJis, 3TO

caMas HU3Kasd TeEMIIEpaTypa, Kakas BO3MOXK-

°C I K Temnepamypa

G L g nenun 600w Ha TEOPETHIECKH H PAKTHIECKH. Cornacno
80 | e 9TOM MIKaJe TeMIlepaTypa MUIABICHUS JIba
60 | 333 paBHa Ty = 273,15K. CooTHOIICHUE MEX-
40 1 313 Iy TemrepaTypHod mkanod Ilenscus wu
() L ogg Temnepamypa mikanoi KenbBuna cnemyromias:

. . gqg naerennsia T =t +273,15.

.2 1 253 [Ipy BBIMKCIEHHUSX 9TO COOTHOIICHUE MOXK-
40 233 HO 3amnwucath B OoJee pocToi (hopMme:
.60 T+ 213 T=t+273. (6.11)
B0 + 193 Ennanma u3mepenms abCoNOTHON TeMIIe-
-100 T 173 paTypsl, sBIsIOIIENcs ocHOBHOM B CU —
-120 T 153 Kemsun (1K): [T] = 1K.Drta temnepa-
-140 T 1498 Typa cooTBeTcTBYET Temmeparype 1°C mo
-160 T2is mkane Lenscus. IToaToMy, pa3sHOCTb TeM-
-180 & nepaTyp u o mkaie KenpBuHa, 1 1o mka-
giind T '1'3 ne Lenbcust oMuHAKOBA:
-220 + b3
-240 33 docomomniii AT = At (C) o
=5 | e Temneparypa — Mepa cpeaHeii KuHe-
273 L0 == THYeCKOii FHepruu MoJiekya1. Ha camom
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JieTie 3 CpaBHEHMs BhIpakeHuit (6.4) u (6.9) momydaem, 9To aOCOITIOTHAS TEMIIeparypa,
SBJISTIOINASICS. MAKPOCKOTIMYECKAM TTapaMeTPOM HACATIbHOTO Ta3a (MM pa3pekKeHHOTO
rasa), CBsI3aHa CO CPE/IHEH KMHETHUECKOM DHEPTHEH MOJICKYII, SBIISIOLICHCS €€ MUKPO-
CKOMTMYECKHUM MapaMeTpoM:

o Cpednss KuHemuueckas dHepeus NOCMYNAMenrbHO20 OBUIICEHUS MOLEKVI 2a3d
nPSAMO NPONOPYUOHATLHA €20 AOCOTIOMHOL MEMNePamype:

— 3
Ex =5 KT. (6.12)

W3 popmyist (6.12) sicHO BuieH (pU3NUECKHI CMBICI TEMIIEPATYPHI:

Temnepamypa — 3mo mepa cpeonell KUHemu4eckol SHepull NOCIYnameibHo20 O8U-
JHCenLst MOTIeKyl meid. ITO YTBEPKACHUE TaK JKe BEPHO IS KHKOCTEH M TBEP/IBIX
tes. U3 Gpopmysibl BUIHO, YTO Cpe/iHEE 3HAUCHUE KMHETHYECKON SHEPTUHU MOCTYIa-
TEJIBHOTO JIBIDKEHUS, a 3HAYUT, U CPEIHSS KBaJpaTUYHAS CKOPOCTh MOJICKYJ IPHU
a0COIIIOTHOM HYJIE paBHA HYJIIO.

Cpennsisi KBagpaTH4YHAasi CKOPOCTh MoJiekyJa. U3 dopmyn (6.1), (6.3) u (6.5)
MOJKHO BBIYHCIIUTH CPEIHYIOI0 KBAAPATHUHYIO CKOPOCTh MOJICKYJI:

2E, 3kT  [3p
Ucp.xs. = . = P = |—. (6.13)
0 0 p

Wccneposanune-2. MNpumeHenne. Ha ckoJIbKO yBeJMYUTCH TeMIepaTypa?

3anayva. Temnepatypa naeanpHoro rasa pasaa 373 K. Ha ckonbko yBenmuuuTCs TeMIepaTypa niaeab-

HOTO T'a3a, eCIIM CPEeIHAS KBapaTHIHAs CKOPOCTh €T0 MOJIEKYJ yBennauTcs B 3 paza?

O0cyxIeHue pe3ybTaToOB:

e KakoBO COOTHOIICHHE MEXITy TEMIIEPaTypol MICAIBbHOTO Ta3a U CPeITHEH KMHETHIECKON YHEprueit
€ro MOJICKYI?

e Ha cKOIbKO yBEMMYUTCS TEMIIEpaTypa ras3a, €Clu CpeJHsAs KHHETHIeCKas YHEPTUS €T0 MOJIEKYIT
yBesnm4uTCs B 3 paza?

IIpuMeHeHHEe B IOBCEHEBHOM KU3HU:
e Kak ¢ moMOIIbI0 0OBIYHOTO TEPMOMETPA MOXKHO U3MEPUTH TEMIIEPATypy MypaBbs?

IIpoBecTH caMOOLEHKY:

1. Kakne nonstys moBropmwim Ha ypoke? YTo U3 3TOro BbI XOPOIIO ITOHSUIN, @ YTO OCTAJIOCH BaM HE
SICHBIM?

2. Yro xapakTepusyeTcs TeMIepaTypoit?

3. Uro Takoe TemnoBoe paBHOBecHe? UTO MOXKHO CKa3aTh O TEMIIEPATypax Tel, HaXOJSIIUXCS B
TEIUIOBOM PaBHOBECUU?

4. KakoB ¢uzndeckuii cMbICII aDCOTFOTHOTO HYJIsA?

5. Kaxoii Temneparype no mkane KensBuna coorBerctByet —73°C? 6. [locTpoiite KapTy HOHATHI
“TeMmepatypa’.

YTO BbI Y3HAJIU? 3anummre B paboveM JHUCTKE ONPEACICHNs IS CIIEIYIOINX MOHSITHIL: “Tero-
BOe paBHOBecHe”, ‘‘remmeparypa’, “aOCOIIOTHas Temieparypa’, “CBsI3b Mg MIKaJIaMH TeMIepa
b 9 b

CLINTY

Kenseuna n Lienscns™, “gusmdeckuii cMbICT TeMIIepaTypsl .
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EXB OnreneneHnE CKOPOCTY IBKEHNS MONEKYN FA3A
(YPOK-MPE3EHTALS)

[ns nogrotoBku npeseHTauuy no teme “ViccneqoBaHve pesynbTaToB AKCNEepUMEH-
TanbHOro onpefeneHnss CKOPoCTU ABMXEHUS U B3aUMOAENCTBUS MOSEKYN”, MOXHO
BOCMOIMb30BaTLCH 3HAHUSIMUW, HaBbIKaMU U TEOPETUYECKOW MHpOpMaLIMER, MONyYeH-
HOW Ha npeaplayLlem ypoke.

OnpenesieHne CKOPOCTH JIBHKEHHUsI MOJIEKYJI T'a3a. MOJIEKyJIbl ra3a HaXOIsATCs
B HEMIPEPHIBHOM XaOTUYHOM JIBUKCHUU. Y IMBUTEIBHO TO, YTO OCCIIOPSIOYHOE JIBU-
JKEHHE OTPOMHOTO YHCJa MOJICKYJ Ta3a MOAYMHSCTCS OINPENEICHHON 3aKOHOMED-
HOCTH PacIpeaeacHus o CKopocTsaM. B tabiuiie 6.2 qaHo pacrpeaeaeHue mo cKo-
pOCTSM JJIs MOJIEKYJT a30Ta (P KOMHATHOM TeMIIEpaType U B MPOIEHTaX OTHOCH-
TEJIBHO OOIIEro KOJIMYECTBA MOJICKYJI).

Tabnuya 6.2.
Ckopocts, M/ 0-+100 | 100 +300| 300 = 500| 500+ 700 | 700 +900| > 900
OTHOCUTENBHOE , 1 25 4 24 7 1
YHCIIO0 MOJICKYJL, Yo

W3 tabmuiel BunHO, uTo 1% OT 00111€r0 unciia MOJIeKy 1 ABMKETCS C OUCHb MaJIbIMU
ckopoctsami. [ [pubam3nTensHO MoJIoBIHA BeeX MOJEKyYI (42%) NBUKETCS CO CPeTHAMHU
ckopoctsamu (300 = 500) % 91% oOriero ymcIia MOJICKYJI IMEIOT CKOPOCTH B Ipeieriax
ot 100 % 710 700 m %

B 1860 roxy anrnuiickuii puzuk Ixeiimc MaxkcBet (1831-1879), ucnionbsyst Teo-
PHIO BEPOATHOCTH, OIPEEIINII 3aKOHOMEPHOCTh PACIIPEIENICHNS MOJIEKYJI ra3a o CKO-
pocTsIM 1 m300pasi ee rpadudecku (a). MakcumyM rpaduka COOTBETCTBYET HanboIIee
BEPOSITHOMY 3HaYEHHIO CKOPOCTH (Uy). TO ecTh HanbobIIIee KOITNYECTBO MOJIEKYJI Ta3a
NPH JaHHBIX 3HAYEHUSIX TEMIIEPaTyphbl U 00beMa JIBHXKETCS CO CKOPOCTAMH, OJIM3KHMH

K Hanboleee BEPOSTHOMY 3HAYCHHUIO Uy

§ E. ) (HampuMep, U1 a30Ta IpU TEMIIEparype
2 3 20°C v, = 415 m/c). C yBenuueHHeM TeM-
Z g HepaTyphbl PacTeT YHCIIO MOJIEKYJI, JIBHXKY-
% IIMXCST € OOJIBITMMU CKOPOCTSIMH, 1 YMECHb-
2 IIAETCs YUCIIO MOJIEKYJI, O0IaatonmX Ma-
S

JIBIMH CKOPOCTSIMH. B pesynbraTe yBemmdn-
BaeTCsI 3HAUCHUE Uy, ¥ HAOJIOJACTCS CMETIIe-
= HHME MaKCHMMyMa KpHUBOH ‘“‘pacrpesienieHns B
CTOPOHY OOJIBIIIUX CKOPOCTEH (CM.: a).
[lepBBIe 3KCIIEpIMEHTANBHBIE HCCIIEIOBAHMS TI0 U3MEPEHHIO CKOPOCTEH MOJIEKYJT
raza nposedn B 1920 roxy vemertkuii yaensiit Otro tepn (1888—1969). Berancnennsie
UM 3HAUCHUS AJIS1 CKOPOCTEH MOJIEKYJI COBIAIU CO 3HAUCHUSIMHU, ONMPEICICHHBIMUA Ha
ocHoBe MKT. Hayunoe 3nauenue onbiToB LlITepHa cocTOUT B TOM, 4TO CKOPOCTh MO-
JIEKYJ Ta3a ObUIa OompeaesieHa AKCIEPHUMEHTATFHO, M B TOM, YTO OTH OIBITHI ITOJI-
TBEPIWIN TCOPETUUECKU YCTAHOBJICHHYIO 3aKOHOMEPHOCTh PACHpPEACTICHUS MOJCKYJT
ras3a 1o CKOpOoCTsIM.
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TIpumepHnotii nian n0020mMo8KU npe3eHmayuu
e HaszBaHue rpe3eHranuu

1 caaiix
o [TogroroBun
11 cnaiin e Makpo- ¥ MUKPOTIapaMeTPhbl, OT KOTOPBIX 3aBHCUT CKOPOCTH JBHKCHUS MOJICKYJT
UJI€ajIbHOIO raza
111 cnaiix ¢ Ornpe/esneHe 3aKOHOMEPHOCTH paclpe/IeIeH s ABMKSHHUST MOJIEKYJI rasa 1o

CKOpOCTSIM Ha OCHOBAHMY aHaIHM3a TabiIuIs! 6.2
IV caaiin | e Ananus rpaduka 3aBHCHMOCTH OTHOCHTEIBHOTO YHCIIAa MOJIEKYJ OT CKOPOCTH

V caaiig | e Pesynbrar, nomyyaemsiii u3 onsira Illtepna

m YPABHEHI/IE COCTOAHUA UOEATTIBHOIO TA3A

Bbl nccneposanu ngeanbHein ras ¢ no3uuui MKT n onpegenunu cBasb Mexay ero Makpo-
CKOMUYECKUMN Y MUKPOCKOMUYECKMMI NapameTpamu.

¢ Kakue makpockonuyeckMe U MUKpPOCKONUYecKue napameTpbl CBA3bIBaeT
ocHoBHOoe ypaBHeHue MKT wupeanbHoro rasa? Kak 3anucbiBaeTcs
ypaBHeHune?

e MoXHO Nnu cBfizaTb B OAHOM BbIpPaXeHUn TP MaAKPOCKOMUYeCKUX
napamMeTpa, XxapaKTepu3yloLMxX COCTOAHWE naearnbHoOro rasa (gaene-
Hue, o6bem u Temnepartypa)? Kak ato moxHo caenartb?

Nccneposanme-1. Kakasi 3aKOHOMePHOCTH CBSI3bIBA€T MAKPOCKONMMYECKHE MapaMeTphI ra3a
JaHHOW Macchl?

Oo0opynoBanue: criib(OH, MAHOMETP, aKBAPHYM, TEPMOMETP, BOIOHATPEBATEIIb, BOAa (271).
Yempoiiemeo cunvghona. Ilpubop cocmoum uz  cepmemuuHo20 Memaniuiecko2o 20(hpPUpoBaHHO0
YUTUHOPA NepeMeHH020 0bbema — cunb@ona (2), Kk komopomy npukpeniena kpviwika (1). Ha kpviuike
npubopa umeemcst nampy6ox (3) ons coedunerus ¢ manomempom. C nomowgpto sunma (4) uzmersemes,
00veM YuIuHOpa, 8 pe3yivmame 3mo2o 0asieHue 6030yXa GHYMpU YUIUHOPA MAK Jice U3MEHSemCs.
Obvem 6030yxa, 3aKIIOUEHHO20 68 YUIUHOPE, USMEPSIEMCsL 8 YCIIOBHbIX eOUHUYAX HA OCHOBAHUU WKATIbL
(5), 3axpennennoil cOoKy Kk npubopy, a oasienue uzmepsemcs maromenpom (6) (a).

Xon uccienosanus: 1. Coequnus cmiib(HOH ¢ MAHOMETPOM, OTMEThTEe 00beM V; u JdaBicHHE Py
BO3/yXa B IIWJIMHApE Npu KoMHaTHOU Temmiepatype (7). Beruucnure Ha OCHOBaHNM TOYYEHHBIX
pii

T

Te IapaMeTpbl HOBOI'O COCTOSHUS Bo3ayxa — Ty, Vs, p, (b). BeuncinnTe Ha OCHOBaHMM MOJTy4YEHHBIX
p2V2

3HAYCHUH OTHOIIICHUE 2. V3meHuB 00beM CI/IJ'IBqJOHa, TIOMECTUTE €T0 B TCILIYIO BOAY. OT™MeTh-

3HAYCHUI OTHOIIICHHE 3. CpaBHI/ITe 00a OTHOILIEHHS. TOJIYy4YC€HHBIC U3 ONBITOB, U ClIelIaiiTe BBI-

P

O0cy:kneHue pe3yJbTaTOB:

e Kakasi 3aKOHOMEPHOCTb OIpEe/IeiH-
Jach TOCJE BBIYUCICHHS MAaKpo-
CKONMYECKUX I1apaMeTpOB, COOT-
BETCTBYIOLINX Pa3HbIM COCTOSTHUAM
rasa (Bo3yxa) JaHHOM Macchl?

e K kakuM BBIBOJAM IIPUBOIUT IPO-
BE/IEHHOE HCCIeJoBaHue?
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YpaBHenue Knaneiipona. CBsi3p MEXIy TpeMsl MAKPOCKOIIMUYECKUMH MTapaMeTpa-
MU (IaBJICHUE, 00BEM U TEMIIEPaTypa), XapaKTEPU3YIOIIUMK COCTOSHHUE HJICaTbHOTO
rasa, ONpeeIseT yPagHe e COCMOHUE UOATbHO20 2a3d.

o Ypasnenue cocmosanus udeanvHozo 2aza — 3mo ypasHeHue, ONUcblearoujee COCmosi-
HUe 2da3a u YCmamasusaoujee CeA3b Mexcoy NApaMempamu e20 HAaA4dibHO20 U
KOHEUHO020 COCIMOSHUII.

Ecnu 4ncno Monekys MAeaIbHOTrO Ta3a OCTaeTcsl MOCTOSHHBIM, TO €CTh Macca U
MOJISIpHAsE Macca HEe MEHSIOTCS, TO TP IepexoJie WACATFHOrO ra3a M3 OJHOTO CO-
CTOSTHHSA B Apyroe, u3 popmyd (6.2) 1 (6.9) mMeeM JIIst STUX COCTOSTHHMA:

{prl = NkT; (6.14)
poVo = NKkT,. '

I'ne pq, V1, Ty — napameTpsl HACaIbHOIO Ta3a B HAYAJIBHOM COCTOSIHUH, Py, Vo, Ty —
rapaMeTpbl UIEaIbHOTO Ta3a B KOHEYHOM COCTOSTHUM. [Ipu moMoIm npocTeIx MaTeMa-
THYECKHUX TPeoOpa3oBaHUi BeIpakeHUH (6.14) M maearsHOrO ra3a JaHHOH Macchl
(m = const) noxyaum:

P1_V1 p2V>

Ty T

pV
T = const. (6.15)

Oto ypaBaernue (6.15), XxapakTepu3yroIee COCTOSHIE HCATLHOTO Ta3a, BIICPBHIC B
1834 roay momyuun gpaniy3ckuii pusnk berya Kimaneiipon (1799-1864), mostomy ero
Ha3BaU ypasHenuem Knanelipona.

o OmHouieHue npousgederus: 0asieHuUs UOeaIbHO20 2d3a OAHHOL MACCHL Ha €20 00bem
K abCoOmHoU memnepamype si8isiemcsi ROCMOSIHHOU GeTUHUHOLL.

YpaBuenue MenzaeneeBa-Kianeiipona. [Ipunss Bo BHUMaHHE (OPMYITY, CBS3bI-
BAIOIYIO YMCJIO YacTHYEK BEIECTBA, OOIIYyI0 MacCy BEIECTBA, MOJSAPHYIO Maccy H

yucao ABoraapo,
N m N
MA
B Gopmyie (6.14), momyunm:
m
pV =kN,—T. (6.16)
M
IIpousBeaenue nocTossHHON bosbIMaHa Ha MOCTOSHHYIO ABOTaApO TAKXKE SIBISICTCA
TOCTOSTHHOW BeNMM4MHON. OHO Ha3bIBACTCS VHUBEPCANLHOLL 2430801 HOCIOAHHOL, 0003-

HadaeTcst OyKBOH R W IMEeT YHCIIOBOE 3HAUCHNE:
R =kN ox
CA T 8'31M0Jlb ‘K
[TpunsaB Bo BHUMaHHE BhIpakeHue (6.17) B (6.16), moy4daeM BBIpakeHUE, Xapak-
TEpU3YIOIIEee COCTOSIHUE MJICATBHOTO Ta3a W HasblBaeMoe ypasHenuem Menoeneesa-
Knanevpona:

(6.17)

m
pV = RT = WRT. (6.18)

@U3UUECKUI CMBIC YHUBEPCAIBHOM ra30BOM IMOCTOSIHHOW ONpeNesieTcs U3 Mmoc-
JICJTHETO BBIPAKCHUS:
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Yuusepcanvhas 2azo0eas nocmosHHAs pasHa OMHOWEHUIO NPOU3BEOCHUs OAG/IeHUS
U 06veMa K abCONOMHOL memnepamype 00OH020 MO 106020 2a3da.
Vpasuenue MenaeneeBa-Kianeiipona MoXKHO 3anucarh U B TAKOM BHUJIE:
p

p =1 RT. (6.19)

m
I'me p = — — mIOTHOCTH rasa.
v

Wccneposanune-2. NMpuMmeHenme. YMeere J1d Bbl IPHMEHATh YPABHECHUE COCTOSIHUS HIeaJIb-
HOro rasa?

3amaua -1. Bamon o6semom 0,1n° 3amonHen razom maccoit 8,910 kr npu Temmneparype 0°C i

nasnennn 10°I7a. Onpenenute MosApHyIo Maccy rasa. Kakoii 51o ras?

3angaya-2. MeTeoponornyeckuil Imap, HAIOJHEHHBId BOJOPOJOM, MOAHSJICS HAa BBICOTY, IJIE

Temneparypa Bo3ayxa 0°C. Onpenennre MmIOTHOCTh BOAOPO/A, €CIH JaBICHNUE BHYTPH IIapa CTAJIO

pasro 1,5:10°Ia.

O0cyxIeHue pe3ybTaToOB:

e [lo kxaxoit popmye onpenensercs MOIsSpHas Macca raza?

o Kak, ncxo/s U3 IPUBEICHHBIX B YCIIOBHH MApPaMETPOB, MOJKHO OTPEJIEUTh ITIOTHOCTh Ta3a B METEO-
posorudeckoM OatoHe?

IIpuMeHeHue B NOBCEIHEBHOM KU3HH:

o J51s1 4ero Hy»KHO 3HATh yPaBHEHUE COCTOSHHS MCAIBHOrO ra3a?

Kakoii n3 HIKenpHuBeIeHHBIX OTBETOB BBI BEIOEpeTe?

1. VYpasuenue cocmoanus 0aem 603MOHCHOCb ONpeOeIUms mpemuil napamemp no 08ym opyaum
UBBECHIHBIM NAPAMEMPAM, XAPAKMEPUIVIOUWUM COCMOSIHUE 2A3d.

2. Vpasuenue cocmosnus daem 603mM0ACHOCIb Onpedenums X00 pa3HblX NPOYeccos 6 cucmeme npu
oOnpeoeeHHbIX BHEUHUX YCI0BUSX.

3. Vpaenenue cocmosmus 0aem 603MONUCHOCHb ONpeOeUms USMEHeHUe COCMOSAHUS CUCHEMb,
OKpyorcaioweli Hac.

IIpoBecTH caMoOLeHKY:

1. Kakue nonstust noBTopmid Ha ypoke? UTo U3 3TOro Bbl XOPOILO MOHSUIY, & YTO OCTAJI0Ch BaM HE
SICHBIM?

2. Uro onpeiensieT ypaBHEHHUE COCTOSHUS HealbHOro rasa’?

3. B uccrnenoBanuy Kakux sIBJICHUN UCIIOIb3YETCSl ypABHEHUE COCTOSHUSA?

4. Uro xapaxrepusyeT ypaBHenue Kaneiipona?

5. 3aBHCHMOCTh MEXIy KaKHMH IlapaMeTpaMy Tra3a Ha3blBaeTcs ypaBHEHHeM MeHzeneena-
Knaneiipona?

6. Ilpn mepexome MaHHOTO Tra3a W3 OJHOTO COCTOSHHS B JAPYTO€ €ro JaBICHHE yMEHBIIAeTCs, a
TeMIeparypa yBennanBaercs. Kak nameHntcst oobeM raza?

7. KaxoB (pu3nuecKkuii CMBICI yHUBEPCAIBHON Ia30BOi OCTOSIHHON?

YTO BbI Y3HAJIU? 3anummre B paboyeM JIUCTKE ONpeeIeHHs HIKEIPHUBEACHHBIX MOHITHH, U
COOTBETCTBYIOIME WM ypaBHEHHs: ‘‘yPaBHEHHE COCTOSIHUSI HICATFHOTO Tasza”, ‘“‘ypaBHEHHE

EEINT3

Knaneiipona”, “ypaBHenne MenzaeneeBa-Knametipona”.
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EXB [ A30BbLIE 3AKOHDI

¢ Kakve u3s napameTpoB, xapaKkTepusyrLumx
cocTosiHMe Bo3ayxa B 6annoHe, U3MEHATCA?

¢ Kakve u3s napameTpoB, xapaKkTepusyHLumx
cocTosiHMe Bo3ayxa B 6annoHe, He U3MeHATCA?

¢ Kakoi chopmyrnoi MoxHO onpeaenuTb
cocTosiHMe Bo3ayxa B GannoHe?

Mpennonoxum, 4To Bbl NpUHE-
CINN C XOJTOOHOW yNuLbl B Tem-
Nyl KOMHAaTy MIOTHO 3aKpbl-
Tbii 6annoH ¢ Bo3gyxom. Ye-
pe3 HEKOTOPOE BPEMS:

Wccneposanue-1. Kakasi 3akoHOMepHasi CBSI3b CYIIECTBYeT Me:KAY ABYMsI IPYTHMU NapaMeT-
PaMH ra3za 1aHHOH Macchbl, ecJIM TeMIIEPaTypa raza ocraercs Hen3MeHHOH ?

O0opynoBanue: cliib(OH C MOJKITIOYCHHBIM MAaHOMETPOM (a).

Xoa ucciie0BaHus.

1. OrmetsTe B Tabmire 6.3 HavdaIbHBIE MapaMeTph BO3LyXa B CHIIH(OHE IIPU KOMHATHON TeMIIeparype:

p; = 10°Ma = 1 yc/ioBHas eMHUIA AaBJAeHUs; V; = 8 yCI0BHBIX e[UHUI] 06beMa.

2. Bpamas BUHT, TIOCTENEHHO yMeHbIIaiiTe 06beM BO3IyXa B CHitbpoHe. Fasuiil s orsieuaiite
HOBOE 3HaUeHHE 00BHEMA U COOTBETCTBYIOIIEE EMY JIABJIEHHE. f-" gy

3. 3ammcaB pe3yabTaThl U3MEPEHHA B TAOIHILy, BBIYUCIUTE IPOU3BEACHIIL (a) g \ :
COOTBETCTBYIOIINX 3HAYCHHUI 00beMa U JaBieHus P, Vi poVs; ...

Oocy:xnenue pesyabtaTroB: 1. Kak m3Menmiocs naBieHue rasa
(BO3IyXa) TAaHHOW MAacChl C M3MEHEHHUEM €ro 00bheMa MPU IMOCTOSH-
HOM Temmeparype (KOMHaTHOH Temmepatype)? 2. Kakas 3akoHo-
MEpPHOCTb  HaOMIOJaeTcsi MEXIy IPOU3BEJCHUSAMH  COOTBET-
CTBYIOIIMX 3HAYCHUH 00beMa u JaBieHus p,Vy; p,Vs,; ... Ha KaKI0M
stane onbiTa? 3. K xkakoMy BBIBOY ITPUXOJNM U3 HCCIIEIOBAHUA?

Tabnuya 6.3.
V,ycn. en. 8 7 6 5 4
D, yCIL. en,. 1 1,1

C moMoIIbI0 YpaBHEHHsI COCTOSIHUSL HACANBHOTO ra3a MOKHO HUCCIIEI0BATh MPO-
LIECCHI, IPH KOTOPBIX COXPAHSIOTCS IOCTOSIHHBIMYU Macca ra3a u OJIMH U3 ero Makpo-
CKOMUYECKUX MapaMeTpoB.

e ['a306bimMu 3aKOHAMU HA3LIGAIOMCS 3AKOHbL, ONPEOeNIOUUe KOAUUECHEEHHYIO
3a6UCUMOCTE MEANCOY 08YMA MAKPOCKONUYECKUMU NAPAMEmpamu 2a3a OanHOUu Mac-
cbl (m = const) npu coxpaneHuu NOCMOSHHbIM 3HAYEHUs. MPembe2o MaKpOCKonuye-
CKO20 napamempa.

e H3onpoyeccamu (epeu.: izos — “pasuviil”’) HA3616AI0MCSL NPOYECCHL, NPOMEKAIOUUE &
2a3ax OaHHOU MAccol (M = CONSt) npu NOCMOSAHHOM 3HAYEHUU OOHO20 U3 MAKPOCKONU-
YecKux napamempos.

3akon Bboiiis-Mapuorra: DTOT 3aK0H ObUI ompenesieH B 1662 rogy aHrimi-
ckuM ¢usukom PobGeprom Borinem (1627-1691) u B 1676 romy dpaHiry3cKkum
¢uzuxom Dxom Mapuortom (1620-1684).

o /[151 0anHOtl MaCCybl 2a3a NPU HEUIMEHHOU MeMnepamype npousgeoeHue 0asneHus 2aa
Ha e2o 0bvem nocmosnno (T = const,m = const):

m
pV = MRT = const. (6.20)
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o

Jlns raHHON Macchl ra3a NpH HEM3MEHHOH TeMIlepaType MPOU3BE/ICHHIE JaBIICHHS
Ha4YaJIbHOTO COCTOSIHUS P; Ha €ro MepBOHAYAIBHBIA 00beM I/ paBHO MPOHU3BEICHUIO
3HAUCHUH 3THX NapaMeTPOB P, U V, MPOU3BOILHOTO COCTOSHUSL:

piVi = pV; - i & (6.21)
P2 Wi
o HM30mepmuueckum Ha3bl6aemcs NPoOYecc UMEHEHUsi COCMOSIHUA OAHHOU MAcCChl
uoeanvHo2o 2aza npu nocmosmuot memnepamype (I = const). B usomepmuueckom npo-
yecce OasneHue 2aza u e2o 006vem oopamno nponopyuonasiul opye opyey (b).

() p p Vi

_ const

B p= \
Ps \_

R O — 1 p— =
" v, V.V . T ) T

3akon I'eii-JIroccaka: OT0T 3aK0H OBUT SKCIIEPUMEHTANBHO ycTaHOBJEeH B 1802

roay ¢paniysckum ¢puznkom Jxxozedom Jlyu I'eii-Jlroccakom (1778—1850).
e /[ OGHHOU MACChl 2a3a NPU HEUSMEHHOM OAGIeHUY OMHOWeHIe 00beMa 2a3a K e2o
abcomommnol memnepamype nocmosnuo (p = const, m = const):
V_mR1_ 22
T=M - const. (6.22)

[Ipu HEeM3MEHHOM JIaBJICHHH OTHOIIICHUE TTEPBOHAYAILHOIO 00beMa V; raza K ero
NEpBOHAYAIILHON TeMuepaType T; paBHO OTHOLIEHUIO napameTpos V, x T, B mpowus-
BOJIBHOM COCTOSTHHU:

i_V
T, T,

3akon [ eif-Jltoccaka MOJKHO BBIPA3UTh U TaK:
o /{1151 OaHHOU MACCHI UOCATbHO2O 2A3a NPU HEUSMEHHOM OAGIeHUU OMHOCUMETbHOE U3-
MeHeHue 06vema npsmMo NPONOPYUOHANLHO USMEHEHUIO MeMNepanypbl

(p = const, m = const):

(6.23)

V-1
Vo
I'ne V) — 06bem uaeambHOTo Tasa mpy MOCTOSTHHOM JAaBieHuu pu Temriepatype 0°C,
J — 06beM KOHEYHOTO COCTOSHUSA, ¢ — KOA(PPHUITUEHT 00bEMHOTO pactpeHust. OnbITHI
MOKa3bIBAIOT, YTO MPU HArpeBaHuu Jiroboro paspsokeHHoro raza na 1K (1°C), npu

1
MOCTOSAHHOM JAaBJICHHWH, €TI0 o0BeM YBEIUYUBACTCA HpI/I6J'II/ISI/IT€J'ILHO Ha E qacTb

00beMa MepBOHAYATLHOTO COCTOSTHHS:
Vioo — Vo 1 1 11
a= ~ — = —. (6.25)
100°C-V, 273°C 273K
o H300apHbim HA3BI6AIOM RPOUECC UBMEHEHUSL COCMOSTHUSL OAHHOU MACCHL UOEATHO2O
easa npu nocmostHnom oaeienuu (p = const) (c). Ilpu uzobaprom npoyecce obvem

OAHHOU MACCHI 2a30 NPSAMO NPONOPYUOHATIEH €20 meMnepamype.
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3axon Lapas. DTOT 3aK0H IKCIIEpUMEHTaIBbHO ompenenua B 1787 rony ¢pan-
y3ckuit ¢pusuk Llapne XKak Anexcannp Cesap (1746—1823):
e /{1 OaHHOU MAcchl 2asa npu NOCMOAHHOM 00beme OmHouleHue OagneHus 2a3d K e2o

abcomomuol memnepamype ocmaemces Heusmennvim (V = const, m = const):

p mR 1
? = 7 ' V = const. (626)

OTHolIeHNEe NEpBOHAYAITBHOTO AABJIEHHs Pq Ta3a K ero temmneparype T; paBHO OT-
HOUIEHUIO [TapaMeTpoOB P, K T, B IPOU3BOIBHOM COCTOSHHH:
P1 _ D2
— == (6.27)
T
3axon [1lapns MOXKHO BBIPA3UTh U TAK:
o J11s1 0aHHOU MACChI UOCATILHORO 2A30 NPU HEUSMEHHOM 00beMe OMHOCUMENbHOE UMEHEHUE
0aGIeHUs NPAMO NPONOPYUOHATILHO USMEHEHUIO MeMNEPanypbl (P = CONSt, M = CONst):
P — Do
0
I'ne py — naBneHne Ha4aIBHOTO COCTOSIHMS MIEABHOIO Tasa (IpH Temriepatype to),

P — JaBJIeHNe KOHEYHOTO COCTOSTHUS (TIpH Temreparype t), f— koa(dUIreHT mMeHeHHs
JaBinieHust. M3 orbIToB ObLIO OnpeienieHo, YTO IPU HArPEeBaHHUH JIF000T0 Pa3psHKEHHOTO ra3a
Ha 1K (1°C), npu mocTossHHOM 00BeMe, €r0 IaBJICHHE YBEITNYNBACTCS IPHOIM3UTEIFHO Ha

1
——- 4acCTb AaBJICHUA ICPBOHAYAIILHOI'O COCTOSTHUA:

273
__ P1oo — Po 11 11

= ~ — = —=. 2
g 100°C-py 273°C 273K (6.29)

o HU30x0pHblM Ha3BIBACHICA HPOUECC UBMEHEHUS COCMOSHUS OAHHOU MACChl
udeanrbHo2o 2aza npu nocmosannom obwveme (V = const) (d). [lpu uzoxoprom npoyec-
ce daslienue OaGHHOU MACChl 2a3d NPAMO NPONOPYUOHANILHO €20 meMnepamype.

(d P v
v, Ve
Lo | —
1"'.-: - 1'!.'
f T Vv, ¥ 0 T

3akon JlanbToHa. O10T 3aK0H B 1801 rogy ycraHOBHII aHIIIMHCKUI UCCIe10BaTENb
Jxon amston (1766—1844):
o Jlagnenue cmecu XumMuiecKu He 63aumMoO0etiCmeyouux UOealbHblX 24306 PAGHO CYMME
NapyuanbHbIX OAGNeHUll SMUX 2A306:

p=p1+tp+-+pn (6.30)
° Hapuuanbﬂoe daeﬂenue — Mo aaeﬂenue OmO@ﬂbHO B35Mmoco ca3a u3 261306011 cmecu.
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3akoH ABorajapo. OTOT 3aKOH, KaK MpeooKeHne, ObuT BEIIBUHYT B 1811 Tomy
uTanbsHCKUM (pusukoM Ameneo ABorajpo (1776—1856). B mocnemyromiem 310 mpej-
TMOJIOKEHHE OBLIO MOATBEPKIICHO MHOTOUMCIICHBIMH OTTBITAMH.
® B pagHbix 06veMax pasiuymbix 24308, 83aAMblX NPU OOUHAKOBLIX MEeMNEPamypax u 0ag-
JIeHUU, COOEPACUMCS OOUHAKOB0E YUCIO MoneKyl. Hanpumep, uucio monexyn 6 1 mone
npou3BoabLHO0 2a3za pasro. Ny = 6,02 - 1023monb L. Ilpu nopmanbhbix yeioeusx 00wém
1 mona eaza pasen 22,4 1 (W/moav). Smom 00vEM HA3LIBAIOM MOTAPHBIM 00BEMOM
UOeanbHO20 2a3a.

Wccneposanme-2. MNpumenenne. Kakoii n3onponecc nmpeacrasiieH Ha rpaduxe?

3anava. Han naeansHeIM ra30M OBLT COBEPILEH MPOLECC, MPEICTaBICHHBIN Ha pucyHke (e). [lo-
cTpoiite ms 3toro npouecca rpaduku 3apucumocta p — T (f) u V — T (g). Temneparypa rasza B
HauaabHOM cocTtostHun 250 K.

©4 p x 105Pa
[ Y

(f)I;T p X 105Pa (g) V'm3l
: 3

z .

+ ' { - ﬂ 4 4 4 -
250 500 750 T, K 250 500 750 T.K
O0cyxaeHue pe3yabTaToB:

o ['padhuk Kakoro u3onporecca HaJI UACATEHBIM Ta30M JaH B 3aj1aue?

o Kak Beirsisiaatr rpaduku 3asucumocta p — T (f) u V — T (g) mis atoro nporiecca?

IIpumeHeHue B MoBceTHEBHO K3HM: [Iporiecc MbIXaHMs, KaK BKHEHIIMI aTpHOYT HaIIeH )KU3HH,
SIBISIETCST (PM3MIECKHM TporieccoM. Tak, IpH bIXaHUH MEKpEeOSpHBIE MBIl U Auadparma mnepuo-
JIMYECKH MEHSIOT 00beM TpyaHol kietku. IIpu pacmmpeHun rpyHOi KIETKH JaBlIeHHE BO3/IyXa B
JIETKUX IaJ1aeT HIDKE aTMOC(EPHOro, U B Pe3yJIbTaTe MPOUCXOIHT Mpoliecc Baoxa. Jpyrumu cioBaM,
JI0 YpaBHOBEIIMBAHMUS JIaBJICHUS BO3/yXa B JITKHX C JABJICHHEM BO3/yXa OKpY)Karowleil cpeipl mpo-
HCXOIUT CaMOCTOSITENLHOE TEUEHHE BO3MyXa B JIeTkue u3BHE. [Ipn BbIIOXE jKe POUCXOAUT OOpaTHBIH
TIPOIIECC: B PE3yNIbTaTe YMEHBIIEHH 00beMa JIETKHX JIaBICHHE BO3/IyXa B HUX OOJbIIE aTMOC(EPHOTO
JIaBIICHNSI, ¥ BO3yX BBIXOJUT M3 JICTKHX B aTMOCheEpy.

o Kaxoii m3omporecc NpouCXoAUT MPH BAOXE U BbIIOXE?

IIpoBecTn camooLeHKY:

1. Kakue noHATHS MOBTOPWIN Ha ypoke? YTO U3 3TOro Bl XOPOIIO MOHSIIN, @ YTO OCTAJIOCh BaM He
SICHBIM?

. Uto ompezensieT ra3oBbIid 3aKOH?

. Uro Taxoe m3omnporecc?

B gem cocrout cMbicn 3akoHa boinsa-Mapuorra?

. Uro onpenenser 3axoH I'eii-JIroccaxa?

. KaxoB ¢usmuecknii cMpici korddunnenta 00beMHOT0O pacIupeHus?

. CBs3b MEXXy KaKMMU IapaMeTpaMu rasa onpezensaeT 3akoH apns?

YTO Bbl Y3HAJIM? 3anuuure B padodyeM JUCTKE ONPEAEIeHUs Il CIeIyIoUMX MOHATH: “Ta3o-
BbIM 3aK0H”, “U3omporecc”, “3akoH boitns-Mapuorra”, “3akoH I'eii-Jlroccaka”, “3akon llapns™, “3akon
JansToHa”, “3aKk0H ABOragpo”, “M30TEpMHUYECKHI Mporecc”, “U30XOpHBINA mporecc”, “U300apHbIi

nporecc”.
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CBOVICTBA NMAPOB: HACbILLEHHbIW N HEHACBILLEHHbI MNAP

e Yem, no Bawlemy MHeHuro, oTNIn4arTCcA npeancrtaB-

TymaH — ogHO 13 Hanbonee neHus o TyMaHe y Xxutenen 60nbLNX FOPOJOB U
YyacTo Habnogaemblx npu- noaen, KUBYLUUX B CeNIbCKOW MECTHOCTU?
POAHbIX SBMIEHUI B CENbCKOM | o YTO NpeacTaBAsioT co60M TyMaH B ero Hay4HoM
MECTHOCTU 1 B ropoae. NMOHMMaHWKU: Korga u rge oH obpasyerca?

e HaGniopganu nu Bbl TyMaH aoma? OTBeT 060CHYyWTe.

Wccneposanmne-1. [loueMy pa3mepbl Kanjim 04eHb MaJIbl?

O0opyaoBaHme: IpeIMETHBIC CTEKIa (2 IIT.), CIUPT, BOAA, PACTUTEIFHOE MACiIO, UIETKA, CIIUP-

TOBKa (MJIM CBEUYKa), BEHTUJIATOP.

Xos ucciieloBaHusl.

1. KanauTte 0auHaKOBOE KOJUYECTBO KAKION KHUIKOCTH (CIHUPT, BOAA U PACTUTEIBHOE MAclio) Ha
npeaMeTHoe cTekno. IIpoBenure HaOMIONCHMS 32 TeM, Kak M3MEHSIOTCS pa3Mephl Karenb Ha
MOBEPXHOCTH MPEIMETHOTO CTEKJIA, ¥ C/IENIaiTe BBIBOIBIL.

2. KanHnTte numneTkoi oJJMHaKOBOE KOJIMYECTBO BOJBI HA MOBEPXHOCTH JABYX IPEIMETHBIX CTEKOII.
HarpeBass ogHO W3 IpeAMETHBIX CTEKJI CHU3Y, IPOBEIUTE HAOTIONCHWS 3a KalULIMH Ha
MOBEPXHOCTH 00OMX CTEKOJI U CJIeIaiTe BHIBOJIBI.

3. KanmauTe mUIeTKoi OJIMHAKOBOE KOJIUYECTBO CIUPTA HA ITOBEPXHOCTH ABYX NPEAMETHBIX CTEKOJI.
OTJ0XHUB OHO U3 IPEIMETHBIX CTEKI B CTOPOHY, HAIIPABUTh CTPYIO BO3/LyXa OT BEHTUIATOPA Ha
apyroe. [IpoBeauTe HabMIOICHNS 32 KAIUIIMH HA TIOBEPXHOCTH 00OMX CTEKOI.

O6cyxaeHne pe3yJbTaToB:

1. K xakoMy BBIBOAY NMpPHIILTH U3 HAOMIOACHNUS 33 KAIULIMH U3 TPEX Pa3HBIX XKUIKOCTEH Ha MOBEPX-

HOCTH CTEKJIa B TIEPBOM OIBITE: Y KaKOif U3 KareJb pa3Mephl yMeHbIIIHCH ObicTpee? [Touemy?

2. UTo BBISICHUIIN U3 BTOPOTO M TPETHETO OMBITOB?

Hcnapenne. B sxxunkoctsax (M TBEp/bIX TeNax) MpH 000 TeMIiepaType CylecTBy-
€T HEKOTOpOE KOJIMYECTBO MOJICKYJ (MM aTOMOB), KHHETHYECKas! SHEPIHsl KOTOPBIX
OoJTbIIIe TIOTEHIMATLHOM SHEPTHU B3aUMOJICHCTBHS C COCETHUMM MoJieKynaMu. Eciu
TaKWe MOJICKYJIbI HAXOAATCS MOOIM30CTH OT TIOBEPXHOCTHU JKUIIKOCTH, TO OHHU C JIeT-
KOCTBIO TIOKHUAAIOT TIOBEPXHOCTD M CO3JAI0T HaJl €€ TIOBEPXHOCTHIO Map.

o [lapoobpazosanuem Ha3pi8aemcs NPoyecc nepexo0a Gewecmed U3 HCUOKo2o co-
CMOsAHUSL 8 243000pA3HOE.

Tapoobpaszosanue 0CYUIECTBISICTCS IBYMSI CIIOCOOAMHU: UCHAPEHUEM U KUNEHUEM.

e Ucnapenue — 5mo napoobpazosanue, npoucxoosujee ¢ OmKpbimou No8epXHOCMU
JrcudKocmu npu 1060t memnepamype.

e Kunenue — smo napoobpazosanue, npoucxooaujee no 6cemy oovemy HcuoKocmu
npu onpedenentotl memnepamype (cm.: pusuxa-8, cmp. 75—76).

[Tpu ucnapeHnn 9acTULbI, 00IataroIne OONbIION KMHETHYECKOH SHEpTUEH, To-
KHJIAFOT MOBEPXHOCTh )KUJKOCTH. B pe3ybraTe MPOUCXOUT YMEHBIIICHUE CPETHETO
3HAYCHUS] KHHETHYECKON SHEPTHH OCTABIIUXCS YACTHUII )KUAKOCTH. [loaTOMY B Ipo-
Hecce HenapeHus HaOII0JaeTCs OXJIaX ICHHE JKUAKOCTH (TOIBKO €CITH YKUIAKOCTH He
MepeIaeTcs TEII0Ta CO CTOPOHBI).

CKOpOCTh UCTIAPCHIS 3aBUCUT OT: mMeMnepamypbl HCuOKoCmu, niowaou c80000-
HOU NOBEPXHOCTU HCUOKOCIU, CKOPOCTU MedeHUs 030VXd, OKPYHCAIOUWe20 NOGEPX-
HOCMb JHCUOKOCIU, OA6IeHUs, OKA3bIBAEMO20 HA NOBEPXHOCTIL JHCUOKOCMU (C V6ée-
JUYeHuemM OasleHus CKOpPOCHb UCRAPEeHUsl YMEeHbULAemcsl), VOeIbHOU Meniombl
napooopazo8anus HcUOKOCmMuU, mo ecmv om pood HCUOKOCHU.
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e Voenvras menioma napooopazoeanus HUCIeHHO PaGHA KOIUYECms)y Menionbl, Heooxo-
OUMOMY  OJiA NOJIHO20 NPegpaujeHus Huokocmu maccou 1 ke 6 nap npu nOCMOsHHOU
memnepamype:

L=—. (6.31)

I'me L — yoenvnas menioma napoobpazosanus, Q — menioma napooopazosanus.
Enununa uzmepeHust yelbHOM TEIIoTh apoodpasoanus B CU:
Jlx M2
[L]=1—=1—
KT c

3HavyeHUE yACNbHONW TEIUIOTHI Mapoo0pa3oBaHuUs 3aBHCUT OT POJIA JKUIKOCTH H
e€ TeMIiepaTtypbl — ¢ yBEIIMYCHUEM TeMIIePaTypbl 3HAYCHUE Y ICIBHOM TEIIOTHI Ia-
poobpa3oBaHus yMeHbIIaeTcs. MUHIMAaIbHOE 3HAYCHHE YCIbHOW TEIIOTHI ITapo-
00pa3oBaHUsI COOTBETCTBYET TEMIIEPAType KUTICHUS JKUAKOCTH.

o Tennoma napoodopazosamus — 5mo KOJIU4eCmeo meniomvl, Heodxooumoe 0Jis npe-
8paeHUs HCUOKOCMU MACCOU M 8 NAP NPU NOCMOAHHOU meMnepamype:
Q=Lm. (6.32)

[Iporecc, oOpaTHBI Tapo0OPa30BaHUIO, OAWH U3 TPUPOIHBIX TPOIIECCOB, HA3KI-

BaeMBbIil KonOencayuetl, TPU KOTOPOM Tap MPEBPAIIACTCS B )KUIAKOCTb.
e Konoencayus — smo npoyecc npespawerus napa 8 xcuoxkocms. Konoencupyemuwiii
nap nepedaem oxpyosicaioueli cpede Koauvecmeo meniomol Q = Lm. Ilpu konoen-
cayuu napa 6vl0esemcs maxoe Jce KOIU4ecmeo meniomsl, Komopoe 0wlio 3ampa-
YeHO HA NapoodPA306aHIUe CKOHOEHCUPOBABULETICS HCUOKOCHIU.

HacpieHHbl1il 1 HeHachIeHHbIH map. [1o xapakrepy 3aBUCMMOCTH IJIOTHOCTH U

JIABJICHHS OT TEMIIEPATYPHI TTap MOXKET OBITh HACHIUEHHbIM W HEHACHIUCHHBIM.
o Hacvuiwyennwviti nap — 2mo nap, Haxo0AWuUUcsa 8 OUHAMUYECKOM PABHOBECUL CO CBOell
arcuokocmopio. JlnHaMUYECcKoe paBHOBECHE MEXKITY JKHIKOCTBIO M €€ TTapOM BO3HUKAET
TOT/Ia, KOTJIA YHCIIO MOJIEKYJ, TMOKHIAIONINX CBOOOMHYIO TTOBEPXHOCTH JKHIIKOCTH,
CTaHOBUTCSI PaBHBIM YHCITy MOJICKYJI, BO3BPAIIAIOIIUXCS B JKUAKOCTh. HachIeHHbII
rap BO3HHUKAET HaJl CBOOOIHON IMOBEPXHOCTHIO KUJIKOCTH B 3aKPBITOM COCY/IE.

Ecmm e cocyn OTKpPBIT, TO 9acTh MOJIEKYJI, MOKUHYBIINX MTOBEPXHOCTH JKHUIKO-
CTH, UcTiapsieTcsi B atMoc(epy U He BO3BPAIIACTCS B KHIKOCTh, TO €CTh HAPYIIACTCS
JMHAMHUYECKOE PAaBHOBECHUE U Map MEPEXOAUT B HEHACIUjeHHOe COCTOSTHHE.

o Henacviugennwiil nap — 3mo nap, He Haxo0AWUICs 8 OUHAMUYECKOM PABHOBEeCUU
co cgoell HCUOKOCMBIO.

CBoiicTBa HACBIIIEHHOT 0 NAapa:

a) JABJICHUE, IUIOTHOCTh M KOHLCHTPAlMs HACBILCHHOTO ()
mapa Tpd TIOCTOSHHOW TeMmIepaType OT oObema mapa He
3aBHCST, TO €CTh HACHIIEHHBIA Map HE TOJYUHSIETCS 3aKOHY
boiuna-Mapuorra (a);

b) ¢ moBelieHHEM TeMIIepaTyphl NaBJICHHE, IUIOTHOCTh U 0
KOHIICHTpAIIHsI HACHIIIEHHOTO IMapa Pe3KO YBEIHMYUBAIOTCS, TO
€CTh HACBIIICHHBIN Map He moayuHseTcs 3akoHy Lllapms. OTo mpoucxoaut moromy,
YTO YBEIMYCHHE JABJICHUS HACBIIICHHOTO Mapa MPOUCXOIUT B COOTBETCTBHH C

ip, po R

=7
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BbIpakeHHeM p = nkT He TONBKO 3a CUET TMOBBIIICHUS TeMIIe-
partypbl, HO U OJJHOBPEMEHHO 32 CYET YBEIMUYCHHS KOHIICHTPAIINH
(moTHOCTH) MOMeKy: mapa (b).

CBoiicTBa HEHACBIIIEHHOIO Mapa:

a) IaBJICHHUE U IJIOTHOCTh HEHACKHIIIIEHHOTO TTapa IAaHHOH Mac-
CBI TIPH TIOCTOSIHHOM Temrieparype 0OpaTHO MPOMOPIHMOHATIBHEI
ero o0beMy, TO €CTh Uil HEHACBHIIEHHOTO Mapa BBIIOIHACTCS
3axoH boitna-Mapuorra (¢);

b) naBiieHMe HEHACKHIIEHHOTO Tapa JAHHOW Macchl MPH MOCTO-
SIHHOM 00beMe IpPsSMO NPONOPLMOHATBHO €ro TeMIieparype, TO
€CTh Il HEHACBIIIIEHHOTO TIapa BRINONHSAETCS 3axkoH [lapns (d).
Ilap mo:keT mepexoaAUTh U3 HEHACHIIIEHHOTO COCTOSTHHA B
HACBIIEHHOE U HA000POT.

o [Ipu usomepmuieckom pacuiuperHuu HacblujeH-
HbILL NAP MOJHCEm NPespamumsCsl 8 HeHACIUEH-
Hblll nap.

e [Ipu usomepmuuecKkom cxcamuu HeHachl-
WEHHbIIL  nap Modxcem Npespamumvcs
HACbIWeHHbIU nap.

Oto npoucxoaut Tak. [Ipeamnonoxum, 4To B
MWIAHAPE, TTOJKIIOYEHHOM K MAaHOMETPY, TTO/T
MOPITHEM HaXOAUTCS HEHACBIIIEHHBIN Nap Mpu

temmneparype T, 00beM KOTOpOro paseH Vy (e).
[Tpu M30TEpMUYECKOM CIKATHH TTapa ero 00beM

YMEHBIIIAETCS, a JaBJICHNE, IJIOTHOCTh M KOH-
HEeHTpaIys yBenuunBatorcs (yuactok AB rpa-

¢duxka).

IIpu moctmwkeHnM oObeMa Tapa 3HAYCHIS
V3 OH HauMHAET KOHAEHCUPOBATHCS, B LUIIMH-

in P&

0"

3
Hacunewnn
2
/ ruigr

ape o0pa3yroTcsl KamelbKU KHIKOCTH — Tap
HEePEXOANUT B HACBILICHHOE cocTosHue. JlaBie-
HHUE, TUIOTHOCTh W KOHIIGHTpAaIWs Tapa TpH-
HUMAaIOT MaKCUMaJIbHOE 3HA4Y€HHUEe NP JaHHOU
Temrieparype. JanbHeliee ymeHbleHne oobe-
Ma TPUBOAWT K KOHACHCAlMM Tapa W TIpe-
i BpAILICHHUIO €ro B XHUIKOCTH (yuacTok BC rpa-
';; ¢uxa). ITOT mpoLece MPOAOIHKACTCS 10 IMOJ-

HOT'0 [IPEBPAILEHNS HACBIILIEHHOTO 1apa B XU/~

Fodearntis fe

kocTh (Touka C). JlaypHelTiee cykaTHe MPOU3BOIUTCS HANl KUAKOCTHIO, U OYCHB
Mayiasi C)KMMAaeMOCTh JKUJIKOCTH, TPUBOIUT K PE3KOMY YBEIMYCHUIO TMOKa3aHUl
Ma”omerpa (yuactok CD rpaduxa).

o [Ipu u30X0pHOM HAZPEBAHUU HACBIUWEHHBII NaAP NPesPALYAemcsl 8 HEeHACHIUEeHHbIL.
Ha rpaduke 3aBHCUMOCTH JaBlicHHWs Mapa OT TEeMIepaTypbl MPH MOCTOSHHOM
00beMe y4acToK 1—2 COOTBETCTBYET HACBIIIICHHOMY cocTosiHuIO mapa (f).

156



IIpumeuanue. [Ipy M30TepMHUUIECKOM CXKATUM NpeBpalleHUE Ha-

CBILIIGHHOTO Tapa B JKUIKOCTh BO3MOXKHO TOJIBKO HPU TEMIIe- p
patype HIKe Kpumuueckou memnepamypul. JKuokocms (@
® Kpumuueckas memnepamypa — smo memnepamypa, npu Komopot
ucyeaiom gusuueckue pasiuius Mexcoy HCUOKOCmyIO U ee HACbI-

wjennvim napom. I1pu KpuTHUecKoil TemriepaType MI0THOCTh HaChl- Hacenyennbiii i

MICHHOTO T1apa paBHA INIOTHOCTH YKUAKOCTH (g). nap " |

Ipu TemnepaType BbIlIE KPUTHYECKON TemIeparypsl Beiiectso 0 7,“ _T“
n

MOXET HaXOAWTHCS TOJIBKO B OJJHOM arperaTHOM COCTOSIHUHM —

ra3zoo0pa3HoM (Tap) COCTOSTHMM W HH INPH KaKUX JABJICHUSIX OHO HE MPEBPAIACTCS B KUIAKOCTb.
3uauenue Kpumuyeckol memnepamypbl 3a6ucum moabko om poda napa. Hampumep, Juts renust
T, = 4K, st asora T, = 12K.

Wccneposanme-2, MNpumerneHne. CpaBHUTE Macchl NApoB

3amayva. CpaBHUTE MacChl TapoB B TOYKax 1,2 u 3 rpaduka 3aBUCUMOCTH JIaBJICHUS BOISHOTO rapa
OT TeMIIepaTyphl P MOCTOSIHHOM o0beme (cM: 1).

O0cyxneHue pe3yabTaToB: ® Kak m3MeHsieTcss Macca mapa Ha ydactkax 1-2 u 2-3 rpaduka 3a-
BUCHMOCTH JaBJICHUS BOJSHOTO Iapa OT TeMIIepaTypbl IpU NOCTOSIHHOM o0beme? [louemy?
IIpnMeHenue B MoBceIHeBHOI skn3HU: [IpeacTaBbTe cebe CTPYIO Mapa, BEIXOSIIYIO Yepe3 MaJleHb-
KO€ OTBEPCTHE Ha KPBIIIKE TOIBKO YTO 3aKHIEBIIET0 CaMOBapa.

° Cprﬂ napa CTaHOBUTCA BH/HA TOJIBKO Ha OHNPEIACIICHHOM PACCTOAHUU OT BBIXOJHOT'O OTBEPCTHA.
[Touemy?

IIposecTu camoonenky: 1. Kakue moHsaTHs moBTOpHIN Ha ypoke? YTo U3 3TOT0 BBI XOPOIIIO MOHS-
JM, a 9TO OCTAJIIOCh BaM He scHBIM? 2. Kakoli mporiecc XxapakTepu3yeT NpeBpalieHne KUAKOCTH B
ra3zoo0pasHoe coctostHue U Hao0opot? 3. Kakopa “dynkums” BenTmwistopa? 4. Kakoit map sBisiercst
HacblleHHbIM? Tlouemy? 5. B uem oTiuune CBOMCTB HACBIMIEHHOI'O Mapa OT HEHACHILEHHOro? 6.
Kaxk MoxHO mpeBpaTuUTh HEHACHILEHHBIH Iap B HacelmeHHbIH? 7. Kak MOXHO mpeBpaTuTh
HACBIIICHHBIN Map B HEHACHIIIICHHBIH?

YTO Bbl Y3HAJIM? 3anmmure B padodeM JHCTKE ONMpEeNeHUs A CIASAYIOMNX MOHATHIL: “Tlapo-
oOpazoBaHue”, “HCTIapeHue”, “HACBHIIICHHBIA Map”’, ‘“‘HEHACBHILCHHBIA map”, “yIenbHas TEIUIOTa IMapo-

99 <, LI 99 G

00pa3oBaHus”, “TETIOTA MapooOpa3oBaHus, “KOHJEHCAIHS , “KPHTHYECKas TeMIeparypa’”.

m BJ'IA)KHOCTb BO3AYXA. TOYKA POCBbI

WHorga Bo3ayx, KOTOPbIM Mbl AbILLMM, ObIBAET CyXON, a MHOrAa BIaXHbIN.

o Kak 3aBMCAT CyXoCTb U BNaXHOCTb BO3AyXxa OT CTEMEHU ero HacblleHUs1 BOASIHbIM
napom?

o Kakoin Bo3ayx 6onee Tsixkenbi Npu aHHbIX TeMnepaType U AaBneHuun: 1 kybuyeckumn
MeTp CyXOro Unuv oauH Kybu4yeckui meTp BnaxHoro Bo3gyxa? MNoyemy?

e B kakom Bo3ayxe ucnapeHue, a 3Ha4uUT, U OXJIaXKAEHWe Hallero Tena NpPoMcxoauT
ObicTpee: B cyxom unu BnaxHom? MNouemy?

Wccneposanne-1. Ilouemy Bo BJIa:KHOM BO3JyXe JaBJIeHUE NaJaeT?
3agava-1. B cocraBe BIaXHOro BO31yXa MMEETCsl ropasio Oosbliee KOIH-
YECTBO MOJIEKYJ BOJBI, UM B CyxoM. OIHAaKO mepes JOKAEM, TIPH YBETHISHIH
BIXHOCTH BO3/yXa, MOKa3aHue ObapoMeTpa-aHeponaa manaet. [logemy?
O0cyxIeHue pe3ybTaToOB:

o Kak BiusieT maJieHue AaBICHNS BO3/IyXa HA €r0 MIOTHOCTh?

e [Toyemy mpH yBeIMYEHNN BIQKHOCTH BO3yXa aTMOc(epHOE AaBJIeHUE MaiaeT?
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Bnaoswcnbtit 8030yx — 5mo 6030yx, 8 cocmasge KOMopo2o uMeencs 8005HOU nap.
OCHOBHBIMHM KOJIMYECTBEHHBIMH XapaKTepUCTHUKAaMH TaKOTo BO3AyXa SBISIOTCS
abcontomuas U OMHOCUMENbHASL BLANCHOCTD.

o Abconomnan 6naxcHocms — dmo usuyueckas 8eIudUHd, PABHAS NIOMHOCHU
B005HO20 NAPA 8 6030yXe 8 OAHHBIX YCIOBUSIX.

AOCONIOTHYIO BIQYKHOCTH (IUIOTHOCTH BOJSIHOTO TIapa B BO3yXe) MOXKHO BBIpa-
3UTh Yepe3 MaplHajbHOE JaBJIEHHE BOJSHOIO Iapa Ha OCHOBAHWU YpaBHEHUS
MenpneneeBa-Knanelipona:

PnM
Py = RT (6.33)

I'ne p, — IUIOTHOCTH BOJSHOTO MHapa B BO3JyXe — aOCOJIOTHAs BIAXHOCTb,
r
M =18 —— — MOJIsIpHAs Macca BOJIbI, T — teMmmnepaTypa BO3yXa, p,; — HapLuaib-

HOE€ JaBJIeHHE Tapa, R — yHuBepcaibHasg ra3oBas rnocrosiHHas. OO0sYHO abcomoT-
Has BJIAX)KHOCTb UBMEPSICTCA B l"/M3 .

OnHaKo HEBO3MOXHO OIPEENUTb, B KAaKOM COCTOSIHUM HaXOOUTCs Iap, Ha-
CKOJIBKO OH OTJIMYAETCSl OT HACBIIIEHHOTO COCTOSHMS, 3HAs TOJBKO IUIOTHOCTH H
MnmapuyajgbHOC AAaBJICHUC BOASHOTO ITapa IpW HaHHBIX YCJIIOBUAX. H03TOMy ObLIa
BBEJICHA BTOPAs XapaKTEPUCTHKA CTEIICHH yBIIQ)KHEHUSI BO3/LyXa — OMHOCUMENbHAS
BNIAACHOCTD.

o OmHocumenvHas 61ax3CHOCMb — MO PU3UYECKAas BeTUdUNA, PABHAS OMHOUEHUIO
abCONOMHOU  8IANCHOCMU 8030YXA NPU OAHHOU memnepamype K HIOMHOCU
HACBIWEHH020 8005IHO20 napa npu moil e memnepamype. OTHOCUTENbHAS BIIaXK-

HOCTb BBIPAXXacTCsA B IPOLCHTAX!

o =22 100%. (6.34)

Po
I'me py — TIOTHOCTH HACBHIMICHHOTO BOJSMHOTO IMapa B BO3AyXE, () — OTHO-

CUTEIIbHAS BIAXXHOCThH BO3/IyXa.

Ccpltasch Ha CBsI3b IUIOTHOCTH BOJASIHOTO TIapa B BO3JyXE C €ro MaplHaibHbIM
JaBJieHHEM, W3 paBeHCTBA (6.33) OTHOCHTETHHYIO BIIAXKHOCTH MOYKHO BBIPA3HUTH
4yepe3 JlaBJIeHHE:
o Omunocumenvbuas 61ANCHOCIL PAGHA OMHOULEHUIO NAPYUATLHO20 0A6LeHUsl 80051
HO20 napa 8 6030yxe npu OAHHOU memnepamype K OAGIeHUI0  HACLIYEHHO20
B005IHO20 NAPA NPU MOLL Jice MeMnepamype:

o =2 100%. (6.35)
Po
Takum 00pa3oM, OTHOCUTEINBHAS BIIAXKHOCTD OIPEIEIISETCS] HE TOIBKO aOCOIMFOTHOM

BJI&XKHOCTBIO, HO M TeMIepaTypod Bozayxa. OTHOCHUTENbHAS BIQXHOCTH BO3IyXa
M3MEPSIETCS C MTOMOIIBIO TICUXPOMETpa 1 Turpometpa (cM.: (usmka-8, ctp.83—86).
Ecnu maprimansHoe gaBieHUe BOASHOTO Mapa B BO3AyXe MPH AaHHOHN TemIepa-
Type OyJZeT paBHO JABJIICHHIO HACBHINICHHOTO Mapa IMpH TOH ke TeMiepaType, TO
COCTOSIHHE BOJISTHOTO ITapa B BO3AyXe OYIET HACKHIMICHHBIM. ECIIN TIIOTHOCTE BOISI-
HOTI'0O Imapa B BO3AYXE IIpU I[aHHOfI TeMIICPaType 6OJ'II)HI€ IINIOTHOCTH HACBIIICHHOI'O
BOJISTHOTO TIapa MPH TOU XKe TeMIlepaType, TO B 3TOM CiIydae TOBOPST, YTO BOJASHOMN
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nap B BO3JyXe HAXOIWUTCS B NEPeHACLIWEHHOM COCTOSTHUM. Takoe CoCTOsHUE IpH-
BOJIUT K KOHJIEHCAIUH Tapa.

Temnemapypa, npu Komopotl 6 pe3yibmame U300aPHO20 OXAAHCOEHUsL B0O0AHO
nap 8 6030yxe npespawaemcsl 6 HacvbleHHbll, Ha3bleaemcs moukou pocol. I1pu na-
JICHUH TEMIIepaTypsl BO3/IyXa HIDKE TOYKH POCHI MTPOMCXOANUT KOHJICHCAIIUS BOJS-
Horo napa. Hampumep, npearnosnoxuM, 4To TeMIieparypa Bo3ayxa auem t; = 32°C,
a IJIOTHOCTh BOJITHOTO Mapa B BO3IyXe cocTapiseT p, = 20,5 r/m3. Houblo ke TeM-
neparypa Bo3nyxa t; = 18°C, MmIOTHOCTh HACBIILIEHHOTO BOJSHOrO Mapa npu 3TOU
ke Temmeparype po = 10,2 r/M3. 3HauuT, MUK Hapa KOHAEHCUPYIOTCS, TO
€CTh BBINAJAET poca. ITOT MpoIiecc ABISAETCS MPUYNHON BO3HUKHOBEHHUS TyMaHa,
00JIaKOB U HOXKIIEH.

Wccneposanme-2. NpumeHeHne. Yemy paBHO napuuaibHoe AaBJieHHe BOASTHOTO 1apa B Bo3ayxe?

3anaua-2. B baky npu remneparype 16°C otHocuTenbHas BraxkHOcTh 80%. Beraucnure naprmans-

HOE JaBJICHHE BOJSTHOTO Mapa B BO3AyXe (JaBIE€HHE HACHIIIEHHOTO BOJSHOTO Mapa B BO3AyXe MPH

temmeparype 16°C pasno 0,8 kPa).

Oo6cy:x1eHHe pe3yJbTATOB:

e KakoBa CBS3p MEXIy OTHOCHTEIBHON BIAXHOCTHIO BO3AyXa M MapIHAILHBEIM JaBICHHEM
BOJISTHOTO T1apa BO3/lyXa IPH JIAHHOH Temmeparype?

e UeMy paBHO MapOUaIbHOE IABJICHHE BOJSHOTO Mapa B BO3AYXE, BHIUMCICHHOE Ha OCHOBAHHUU
yCIIOBHS 3a/1aun’?

IIpumeHeHHe B IOBCEHEBHOM KU3HU:

o Kakyro poib urpaet B Hamiel >KM3HHU BIXKHOCTB BO3ayxa?

® B kakoM M3 Ce30HOB BJIQXKHOCTh BO3/lyXa HauOOJbIIas: 3uMoi wiu jietom? [Touemy?

IIpoBecTn caMOOLeHKY:

1. Kakue nmoHsATHA NOBTOPUIM Ha ypoke? YTOo U3 3TOro BBl XOPOIIO MOHSIN, a YTO OCTANIOCh BaM He
SICHBIM?

2. Yo 03HAYaAET “BIAXHBINA BO3AYX 7

3. Uem omn4aroTcs (U3MUECKHE CMBICIBI MMOHATHH ‘a0CONIOTHAS BIaXHOCTH U “OTHOCHTEIbHAS
BII&KHOCTH” TIO CBOMM (DPU3UYECKHM CMBICTIam?

4. Yro Takoe “To4ka pocsr’?

. Kax n3mensiercst BlIa)xHOCTh BO3/lyXa B KJIACCOH KOMHATE C MOBBIIICHHEM TeMITEpaTyphI?

6. Kak m3mensieTcss abCONIOTHAs ¥ OTHOCHUTENbHAS BIQKHOCTh BO3JyXa C MOBBIIICHUEM TeMIlepa-
Typb1?

7. Kax onpeiesnsieTcst OTHOCHTEIbHAS! BIAKHOCTh BO3/yXa IPH MOMOIIH IICUXpoMeTpa (CM.: pusnka-
8, cTp.85-86)?

W

YTO Bbl Y3HAJIU? 3anummre B paboveM JHCTKE OMPEIeNICHHS U CACAYIOMINX MOHITHI: “BIax-
HBII BO3/yX”, “a0COJFOTHAsT BIAXKHOCTB’, “OTHOCHTENIbHAS BIQKHOCTH (IO IUIOTHOCTH)”, ‘“‘OTHOCH-
TeJNIbHAS BIAKHOCTH (TI0 JJaBJIEHHI0)”

99,

TIepEHACHIIEHHBIH Tap”, “Touka poChHl”.
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EXD [105EPXHOCTHOE HATSKEHUE XMAKOCTH.
KAMUNMAPHLIE ABMNEHMS

HaBepHo, Bbl B 1eTCTBE He- HeopgHokpaTHO Ha ypokax prcoBaHusi Bbl Habnoganu, Kak

O[IHOKpaTHO coopyKarnu u3 CMUMLINECA CyXue BOSOCKM KWUCTEW pacKpbiBanucb npu

BIIAXXHOrO necka “3amku’”. OnycKaHun nx B BOAY.

e [louemy 3TN “cTpouTennb- ¢ MNouyemy cnuniumecs BONOCKU KMCTU pacKpbIiBalOTCs
Hble” paboTbl NPOU3BO- B BoAe, a NpU BblHAMaHUM KACTU U3 BOoAbl CHOBa
OATCA BNaXHbIM NeCKOM, cnunatotca?

a He cyxum?

° 3aAyMbIBaJ1VICb v Bbl HaQ ﬂpVIHVIHOVI BO3HUKHOBe-
HUA 3TUX ABNEHUN?

.

(a)i (b) r
(© (d);

Mccneposanune-1. JKCePUMEHT ¢ MbUIBHBIM PACTBOPOM

OGopy/oBaHue: U3rOTOBICHHOE U3 TIPOBOJIOKH KOJIBLO C PYYKOH, TO/KAPEHHBINH CaxapHbI HeCOK
(5-10 rp), mpuTbHAs cTpyxKa (510 p), Boza (0,5 1), mabopaTtopras nocyaa (3 mryku mo 250 M),
HUTB, BOJJOHATPEBATENb, NTOJIKA, CITHIKH.

Xoa ucciaenopanus. 1. [IpuroroBsTe MBUIBHBIN PacTBOP: A 3TOIO PacT-
Bopute B 100 Mr BoJibI HODKApEHHBIN caxapHblii lecok. PactBopure B apy-
roit mocyze B 100 Mr Terioi BoIpl MBUIBHBIC CTPYKKH. CMeriaiite 006a
pacTBOpa B OIHOM NOCYy/ie — MBUIbHBII pacTBOp roToB! 2. 3aKpenuTe HUTb,
HE HaTATUBAasl, B/IOJIb THAMETPa KOJIbIIA U, OITyCTHB €TI0 B MBIIBHBIH BOJHBIH
pacTtBop, Me/UIeHHO BhITaluTe. [[poHadioaiite Bo3HUKIIee siBICHHKE (). 3.
HarpeB omuH KOHeIl WIJbI, TPOTKHUTE MM MBUIBHYIO IUIEHKY IO OIHY
CTOPOHY OT HUTH B Koublie. [Iponabmronaiite Bo3nukiiee sisienue (b). 4. 3a-
KpeNMB Ha KOJBIIE YeThIpe OTpe3Ka HUTH B ()OopMe KBaapara B KOJBIIE,
OITyCTUTE eT0 B MBUIBHBII PacTBOp, @ 3aTeM MeJUIeHHO BhITamure. [Iponad-
JIFOfIaliTe BO3HUKIIEE siBIIeHKE (c). 5. HarpeTbM KOHIIOM HIJIBI IPOTKHUTE
MBUIBHYIO TUIEHKY MO BHEITHMM KpasiM KBajpaTa M IpOHAOIoaiTe BO3-
Hukiee sieHue (d). 6. OmycTuTe MycToe KOJIbLIO B MBUIBHBIA PacTBop, a
3aTeM MEJJIEHHO €ro BBITAIIIUTE U MOCTAPaNUTECh BBITYTh MBUIBHYIO IIIEHKY
13 KoJtbI1a. [10BTOpHTE OIBIT HECKOJIBKO pa3 M MPOHaOIoAaiiTe, Kakyto (hop-
My IpUOOpEeTaeT MbUIbHAS IUICHKA, OTOPBABILKCH OT KOJIbIIA (€).
O0cyxaeHue pe3yabTaToOB:
e Yto HEOOBIYHOrO HAOMIOJACTCS B OMBITaX C HM3MEHEHHEM (HOpMBI
MBUTBHOH TUICHKH, 00pa30BaHHOI HUTSMHU B Kapkace?
e Kak MOHO 00BbsicHUTE ¢ ToukH 3peHuss MKT nprunHy yMeHbIICHUS
TUTOIIAM MBUIBHOH IIEHKH, 00pa30BaHHON B Kapkace?
e [Touemy MBUIBHAS TUICHKA, OTOPBABIIMCH OT Kapkaca, cpasy Hpeod-
peraet cheprueckyro Gpopmy?

Cuiia moBepXHOCTHOTO HATsKeHHs1. B oTimume oT ra3oB KHUAKOCTH UMEIOT CBO-
0O0/IHYI0 TIOBEPXHOCTh. MOJIEKYJIbI, PacIiojOKECHHBIC Ha TOBEPXHOCTH YKUIKOCTH, U
MOJIEKYJIbl BHYTPH JKUAKOCTH HAXOJSATCA B PA3HBIX YCIOBUSX:
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) MOJIEKYJTbI BHYTPH JKHIKOCTH OKPYKEHBI IPYTUMHU MOJICKYJIAMU JKHIIKOCTH CO BCEX
cTOpoH. Morstekyia 1 BHYTPH JKHJIKOCTH UCIIBITHIBACT JACHCTBUE COCEAHUX MOJIEKYJ CO
BCEX CTOPOH, TO3TOMY PaBHOJCHCTBYIOIASI CHJI TIPUTSDKEHMS, NEHCTBYIOIIMX Ha HEe,
paBHa Hy1rO (f'; MOsTEKy1a 1);

b) MOJIEeKyJIbl HA TIOBEPXHOCTH YKUIAKOCTH HCIBITHIBAIOT JACHCTBUE CO CTOPOHBI
COCETHUX MOJICKYJI HJKOCTH TOJIbKO COOKY M CHU3y. [IpuUTsKeHHE CO CTOPOHBI
MOJIEKYJI Ta3a (1apa »)HuIKOCTH WIK BO3/lyXa) HaJI KHUIKOCThEO BO MHOTO pa3 ciabee,
YEM CO CTOPOHBI MOJICKYJI KHIKOCTH, II0O9TOMY HE MPUHUMaIOTCs BO BHUMaHue (f;
MoJieKyJIa 2). B pe3ynbTrare Kakaas u3 paBHOJCHCTBYIOIINX CHIT FruF,, JICHCTBYIOITAX
Ha MOJICKYJTy 2 CO CTOPOHBI COCEIIHUX MOJIEKYJI BHYTPH >KUJIKOCTH, COCTOUT U3 JIBYX CO-
CTaBJISFOIIMX: MAPAIIICITBHBIC TIOBEPXHOCTH JKHIAKOCTH CHITBI 17"1“ uF 2|| ¥ IEPTIEH/MKYJI-

SIPHBIE ATOW MOBEpXHOCTU F7, 1 I, Iog neid-
CTBHEM TMEPIECHANKYISIPHBIX cocrapiiormx ()
MOJIEKYJBI TIOBEPXHOCTHOTO CIIOSI CTPEMSTCS

BIUTyOb JKUJIKOCTH, BCJICACTBUE 3TOTO MOBEPX- by i Fzﬂ,
HOCTHBIN CJIOM OKa3bIBaeT Ha >KUIKOCTH JIaB- 1 ¢ : :

o ol w =H N = ;=
nenne. TTof AefCTBHEM MapauIeIbHBIX COCTaB- s A S e o
JIIFOLIMX CO3Ja0TCsI CUIIBI, YICPKUBAIOILIME I10- i
BEPXHOCTb B HATSAHYTOM COCTOSIHHHM, TO €CTb e ¥ g

.=

CUTIbL NOBEPXHOCMH020 Hamsicenust F .
o Cuna no8epxHOCMHO20 HAMAICEHUSL — IMO
CUNA, HANPABTIEHHASL RO KACAMENbHOU K NOGEPXHOCHU JHCUOKOCMU, NePREeHOUKY D~
HO K JUHUU, 02PAHUYe8aiouell NOBEPXHOCHIb HCUOKOCU, U CMPEMSAWAsCs COKpa-
mumov naowads nosepxwocmu skcuoxocmu. Cuia no8epXHOCMHO20 HAMANCEHUS.
nPAMO NPONOPYUOHATLHA ONUHE SPAHUYBL CONPUKOCHOBEHUSL CBODOOHOU NOBEPXHOC-
MU HCUOKOCTIU C MBEPOLIM METIOM:
F,=0-L (6.36)

3neck F,; — cuia MoBEpXHOCTHOTO HATSHKEHHS JKUIIKOCTH, [ — JUTMHA TPaHUIIBI CO-
MIPUKOCHOBEHHUSI CBOOOTHOM MOBEPXHOCTH YKUAKOCTH C TBEPJIBIM TEJIOM, G (CHIMa) —
KOa(ghuyenm noeepxnocmHoc0 HAMsICEHUsL:
e Koappuyuenm nosepxnocmmnozo HamazxicenHus — 4ucjienHHo paseH cuie nogepx-
HOCMHO20 HAMSNCEHUS, NPUXOOSUEUCs HA eOUHUYY ONUHbL JUHUU, OSPAHUYUGA-

romeﬁ noO6EPXHOCNb AHCUOKOCTIU:
F,
o= TH (6.37)

3navyenue k03 HUIeHTa HOBEPXHOCTHOIO HATSHKEHUS 3aBUCHT OT BUJIA JKUJIKO-
CTH U €€ TEeMIIEPaTypbl, TO €CTh C YBEIMUCHUEM TEMIIEPATYPbl KUIKOCTH KO3 hu-
IIUEHT €T0 TTOBEPXHOCTHOTO HATSHKEHUS YMEHBINASTCS U MPH KPUTHIECKON TeMIIe-
patype paBeH HyJr0. Ennanna xos¢gdunrenra noBepxHocTHoro HatsokeHust B CU:

H
[o] =1—
M
CmauuBalomas ¥ HeCMaYMBaIOIIas ;KUAKOCTh. [Ipy BHUMATEILHOM PaccMo-

TPEHUUN MOXXHO YBUIUTH UCKPHUBJIICHNUC MOBEPXHOCTHU KUJIKOCTH HA IT'PAHULIC MCIKIY
JKUIAKOCTBIO U TBCPABIM TCIIOM.
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o Menuck — 2mo uckpusienue c60000HOU NOBEPXHOCIU HCUOKOCTNU 8 Mecme ee CO-
NPUKOCHOBEHUU C NOBEPXHOCMbIO MEEPO020 mena (unu Opy2o0ul sxcuoxocmu). Yeon
MedHcOy NOBEePXHOCHbIO MEHUCKA U NOBEPXHOCHIBIO MEEPO020 meld HA3bI8AENIC
Kpaegvim y2iom.

3HaueHne KpaeBoro yria 6 (TeTTa) 3aBUCHUT OT TOTO, SIBISCTCS JIM JKHUAKOCTH
cmavusaroueli NI HecMavusaoueli meepooe meio:
o Cmauugarouasn HeudKOCmp — 310 HCUOKOCMb, Y KOMOPOLU KPAeoul Y20 OCHPbILL.
Cuna B3aMMHOTO TIPUTSDKEHHST MEXJY MOJICKYJIaMH CMayHBAIONICH KHJKOCTH H
TBEPJOrO Tesia OOJIbIIe, YeM CHIIbI B3AaUMHOTO TPHUTHKCHUS MEXKIY MOJICKYJIAMH
camoll JKuAKOCTH. B pesynpraTte cBOOOAHAs MOBEPXHOCTH XHUIKOCTH B COCYJE
CTaHOBUTCSl BOTHYTOH, HAIpUMep, BOJla B CTEKISTHHOM COCYy/e — CMadWBaromas
JKUJKOCTB ().
' o Hecmauuearowas »3cuoOKocmvs — 5mo dHCUuo-
Kocmb, y Komopotl Kpaegou yzon mynotl. Cuna
B3aMMHOT0O MIPUTSHKCHUST MEXKITy MOJICKYJIaMH He-
> CMAaYMBAIOIIEH )KUIKOCTH ¥ TBEPJIOTO Tea MEHb-
; : e, 4eM CHIa B3aUMHOTO HPUTSHKECHUS MEXIY
0 Bosdyx MOJIEKYJIJaMH CaMOW JKHAKOCTH. B pesynbraTe
' 00d Booa CBOOOJTHASI TIOBEPXHOCTh JKUAKOCTH B COCYJIe
OBbIBaCT BBIYKJION, HAITPUMED, PTYTh B CTEKIISH-
-~ -~ HOM cOCy/ie — HECMa4MBaroIIast )KUIAKOCTh (i).
@ Kanuiaspubie siBienusi. B nosceqneBHoi

JKU3HU BCTPEYAIOTCS M HCIONB3YIOTCA Tena, C

/ JIETKOCTBIO BIUTHIBAIONINE B ce0s BOJY, HAMPH-
Mep, MOJIOTEeHLIE, IPOMOKaTeIbHas Oymara, ca-
Xap, KUPIUY, pacTeHUs] U JIp. ITO CBOMCTBO B
Pmym Tenax OOBSCHSETCS CYLIECTBOBAHHEM B HHX
0O0JIBIIOTO KOJIMYECTBA OYECHB Y3KHUX TPYOOUEK —
Kanuinsapos.
e Kanunnsap — smo yskas mpyboxa (kanan) oua-
Mmempom menvue 107°m.
______ - YpoBeHb KHUIKOCTH BHYTPH Kalwiuispa, OIy-
LICHHOTO B JKUAKOCTb, B 3aBUCHMOCTH OT €€
CBOMCTB (CMa4MBAarOIIAs WM HECMaYHBAIOIIas),
OTIIMYAETCS OT OOIIEro YPOBHS KHUIAKOCTH:
Boda o Kanunnapnvimu a61eHUAMU HA3bIBAIOM A8le-
G HUA nooveMa cmadugarowel U OnycKamus He-
cmauugarouelt HeuoOKoCmu no Kanuiispy omuo-
CUMENbHO 00We20 YPOSHsL ICUOKOCHU HOO Oeli-
cmeueM cul HO8epXHOCMHO20 Hamsadxcenus ().

B Tabnume 6.4 nmaHa 3aBUCUMOCTh MEXKITY
BEITMYMHAMH, XapaKTePU3YIOMIMMH >KHUIKOCTB,
MTOTHUMAIOIIYIOCS B KalTWIIJISIpE.

(€]

Cmexno

Boszoyx /o

Pmymo

Cmexno
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Tabnuya 6.4
XapaKkTepUCTHKHU JKHKOCTH,

N Dopmyna
MOJAHMMAIOLIEHCS B KaIlMILIIpe
Bec sxuaxocT, mogHUMaromencs P =mg=F, =0l =2nro = ndo. (6.37)
B KalMJUIsipe [ne r — paguyc kanmwisapa, d — JuaMeTp Karmuuisipa.
Macca KHIKOCTH, - Fy _2mro _ mdo (6.38)
HOIHMMAIOLIEHCS B KAIMILIAPE g g g’ '

20+ cosf 4ocosf
h = =
per ped
Ecnu )HUIKOCTB MOJTHOCTHIO CMauMBaeMasi, TO rmojiydaeMm 6 =

BricoTa xxuakocTu 0% = cosf = cos0° = 1:
A > 20 40

MOIHMMAalONIelcs B Karmuuispe h = =—. (6.40)

pgr  pgd
I'ne p — TIOTHOCT JKUJIKOCTH, TIOJHUMAOIIECHCS B KAIHILISIPE.
Bvicoma noovema scuoxkocmu 8 Kanuwuispe 3a8ucum om pood
HCUOKOCIU U OOPAMHO NPONOPYUOHANLHA PAOUYCY KANUNLTADA.

(6.39)

20 20 4o

ABJIEHHUE )KUIKOCTH,

nomﬁma}omeﬁca B KanuJIJIs p=pgh=pg ——=—="1 (641)
pe pgr T d

Wccneposanne-2. NpumeHenne. Yemy paBeH ko3 puuuenT 7

TMOBEPXHOCTHOTO HATSIKEHHUS?
3agaya. Yemy Oyzner paBeH KO3()(HUIIMEHT MOBEPXHOCTHOTO HATSHKECHHS
JTAaHHOM JKUJIKOCTH, €CJIU JJISl OTPBIBA OT MOBEPXHOCTHU KHUIKOCTH KOJIbLA
JMaMeTpoM 5 cM K Hemy mpmtaraercs cuna 0,016 H?

O0cy:xaeHue pe3yabTaToB:

e [1o kakoit popmyie onpenensiercss KO3(QOUIEHT TOBEPXHOCTHOTO Ha-
TSDKEHHMS JKUJKOCTU U OT Y€ro OH 3aBHUCHT?

IIpuMeHeHUe B MOBCEIHEBHOM KU3HU:

s yBenMYeHUs] BpEMEHU JKCILTyaTallid METAJUIMYeCKUX M3Ienuid (Kopiryca Kopaliel, MUCTepH,

TpyO 1 JIp.) MX MOBEPXHOCTH MOKPHIBAIOT CIIOEM MACJISTHOM KPACKH C IIEJIbI0 3alUTHI OT XHMHUUECKOU

KOPPO3HH JKHUIKOCTBIO.

® Ur0 03HaYaeT “CciI0 Mac/ISIHOM KpacKH 3alIMIIaeT METaJT OT XUMUYECKOH KOPPO3HH KUJKOCTHI0”?
Kax 370 MO>XXHO cBsI3aTh ¢ TOBEPXHOCTHBIMH CBOMCTBAMU KUKOCTEH?

IIpoBecTn caMoOLeHKY:

1. Kakue nmoHsATHS NOBTOPUIM Ha ypoke? UTO U3 3TOT0 BBl XOPOLIO MOHSIIH, @ YTO OCTAJIOCh BaM HE
SICHBIM?

. Uto o3HavaeT “cBOOOAHAS MOBEPXHOCTH KUIKOCTH 00JIaTaeT 0COOBIM CBOHCTBOM™?

. UTo Taxoe MOBepXHOCTHOE HATSHKEHUE KUAKOCTH? B 4eM cocTouT ero pu3mIecKuii cCMbIC?

. Kaxwe siBIeHNs BO3HUKAIOT MPH B3aNMOICHCTBHUH MOJICKYII )KUIKOCTH M TBEPJOTo Teia?

. Kax MoHO onpenienuTs, sSBIISeTCs! )KUAKOCTh CMaYNBAOIIEH WIIM HeCMaduBaromen?

. B wem cocrout pu3nueckuii cMbICT KaMUISIPHBIX SBICHUH?

. IlpuBeanTe MpUMephbl KAMUISPHBIX SBIECHUH, TPOUCXOSANINEX B IPUPOJIE U OBITY.

NN BN

YTO Bbl Y3HAJIM? 3ammmmre B pabodeM JMCTKE HIDKCTIPHBECHHBIC ONPEACNICHNUs, MOHATHA U
SRS SRS

(hopMyITBI: “‘CHIIa TOBEPXHOCTHOTO HATSDKEHMS, “KOA((UIIMEHT MOBEPXHOCTHOTO HATSDKEHNUST, “MEHHUCK,

““CMauMBAIOLIAs KUJIKOCTD ’, “‘HECMAYMBAIOIIAs JKUAKOCTS , “KaMLISIphl”, “KaluUISIpHBIE SBICHUS .

MOHeKyﬂﬂpHO-KMHeTVI'-IeCKaﬂ Teopusa 163




m TBEP,EI,bIE TEJNNA U HEKOTOPbIE UX CBOUCTBA

CyuiecTByeT BblpaXeHUe “Tpeckyyme Mopo3bl’, BO3HUKHO-
BEHME KOTOPOro CBSI3@HO C TEM, YTO B MOPO3HYH Moroay B
necy TONCTOCTBOSIbHbIE AEPEBLSA U MHU, @ TaKKe cTapble Ae-
pEBSIHHbIE CTEHbl JOMOB, TPELLAT, TO eCTb CMIOBHO Tpecka-
10TCA. HaBepHO, YyYeHVKM CenbCkOM MECTHOCTU Takue
sABNeHWa HabnaanyM HeOQHOKPATHO.

e [louemy Ha mopo3e (“Tpeckyune Mopo3bl”) B
necy TOJNICTOCTBOJIbHbIE AepeBbA U MHU, a
Takke cTapble AgepeBsiHHble CT€Hbl JOMOB
“rpeckaroTca’?

Bbl 3HaeTe, YTO Nnef — TBEpOOE COCTOSIHME BOAbI.
e [louemy nep He TOHeT B Boae?

Uccnepoeanme-1. Yem oTuimyaloTcsi TBepble Teja ApPYr oT
apyra?

3amaya. MbI )kMBeM Ha IOBEPXHOCTH 3€MHOT'O IIIapa, SBIISIOMIETOCS

TBEPIBIM TEJIOM, )KUBEM B JOMax, TIOCTPOCHHBIX W3 TBEPIBIX TEI,

CHJIAIM Ha MapTax B KJIACCE, M3TOTOBJICHHBIX U3 TBEP/IbIX Tell. Takke

TBEP/IBIMH TEJIAMH SIBJISTFOTCSI KapaH/Ialll, CAXapHbIi ECOK, JICJICHETI,

COJIb, CTEKJIO, CMOJIa, JPArOlCHHbIC KaMHH, KaydyK, CHEKHHKH,

iacTMaccoBble n3zenus. Hecmotpst Ha To, yro Hame teno Ha 70%

COCTOMT M3 BOJIbI, OHO TOKE TBEPJIOE.

O0cy:kaeHue pe3y/1bTaToOB:

e [Io kakMM CBOICTBAM MOKHO pa3juyaTh dTH Tena?

® B yem cocTouT 00111ee CBOMCTBO ISl BCEX TBEPABIX TE?

TBepable Tena — 3TO Tena, COXPAHSIOLIME CBOIO (POPMY U 00BEM TIPH OTCYTCTBUU
BHEIIHETO Bo3zeicTBus. Hanpumep, Tena, M3roTOBJICHHBIE M3 METAILIa, [IaCTMACCHI,
CTeKJIa U Y00HUTA, SBIISIOTCS TBEPABIMH TeIaMU. TBEpAbIC Tella 10 CBOSH NMpHUpPOJe U
(u3MYecKUM CBOICTBAM AENATCS HA ABE TPYIIIBI: KpUCMAIUYecKue U amopguvie
mena. K kpucmannuueckum menam OTHOCSTCS MHHEpPAJIbI, HAIpHMeEp, MOBapeHHAs
COJIb, KBapL, TOPHBIA XpyCTailb, METAUIBl B TBEPAOM cocTosHUU. K amopguvim dce
menam OTHOCSITCA 300HHUT, CTEKIIO, IUIACTMACCHI, CMOJA, KaHU(OIb, SHTAph, OIAI,
obcuauaH u apyrue. YeM oTIIMYaloTcs: KpUCTALTMIECKHE Tela OT aMOP(HBIX?

Kpucranimdeckue teqaa. Yacmuuku kpucmaiiuyeckux mei (amomol, MOIeKy-
Jbl U UOHBL) 001A0Aom 6 NPOCMPAHCMEEe YNOPAOOUEHHbIM PACNOJONCEHUEM,
obpazyrowum Kpucmaniuueckylo peutemxy. Kpucmaninuueckum menam npucywa
onpeoeneHHas memnepamypa niagieHus.

e Mecma pacnonodicenus uacmuy 8 KPUCMAIIUYECKOU peulemKe Ha3bl6aom y3namu
KpUCmaniu4ecKkoil peuiemku.

WneanbHOE KPUCTAIIIMYECKOE TEJIO COCTOMT M3 MHOXKECTBA ITOBTOPSIIOLIUXCS B
MMPOCTPAHCTBEC KPUCTAINIMYCCKUX AYCCK Ha ITPOU3BOJIBHOM Y JAJICHUN. ITo sroii mnpu-
YHMHE B KPUCTAJUIMUECKUX TeIax HaOII01aeTcsl pacloIOKEHNE UX YACTHLL B OAIbHEM
nopsioxe.
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Kpucraminyeckue teiaa MOTYT OBITh MOHOKpucmaiiudeckumu (mono — “enu-
Huna ) u noaukpucmaniuveckumu (poli — “mMHOTO ).
o MoHOKpUuCcma — smo KpUCmaiil, GO3HUKAIOWULL 8 Pe3YIbmame pocma e20 uz 00-
HO20 YyeHmpa.

B pesynbrarte ynopsio4eHHOrO pachosioKeHHsT YaCTHI[ MOHOKPUCTAILT HIMEET CHM-
METPUYHYIO TEOMETPUUYECKYI0 ()OpMY, OTPAaHUIEHHYO IIIOCKUMU TIOBEPXHOCTAMH (2).

OCHOBHOE CBOMCTBO MOHOKPUCTAIUIOB — UX AHUZOMPONHOCTNY:

(@ N — ]
MoHoKIMHHas 99 I'unc KyOunue- @& CBuHIIOBast
CUMMETpUs - & cKas na

b @ CHMMET- o Py
gg - -
9 pust
el B
FeKcaFOHaJILHaﬂﬂ‘qﬂqﬂ‘ Wzympyn Tetparo- @ o > o Wno-
CUMMETpPHUS HaJIbHAs Kpas3
| CHUMMe-
(=] Tpust |
- @ _a
Tpuronanshas g Ksapn Opropom- @@ Tomnas
CHMMETPHS & Ondeckas
{ CUMMETpPHUS
° | —
o
TpuxnnaHas "tl AKCHHHT (b) -,‘
cummerpus % ;
iy

® AHU30MPONHOCHD — 51O 3AGUCUMOCTIL (PUBUYECKUX CBOLICIE 8eujecmed (MexaHuye-
CKUX, MEeNJ0BblX, JNIEKMPUHECKUX, ONMu4eckux u op.) om Hanpasnenus. Hanpumep,
TEIUIOBOE PaCIIMPEHNE MOHOKPUCTAIJIA B PA3HBIX HAMIPABJICHUSX PA3HOE.

BonpmMHCTBO TBEpABIX TeJ, BCTPEYAIOIINXCS B MPHUPOJAE M TOJTydaeMbIX Ha
MIPOU3BOJICTBE, COCTOUT M3 MAJCHBKUX OECIOPSII0YHO OPHEHTHPOBAHHBIX MOHO-
KpUCTaJUIOB. Takue TBep/iple Tesla Ha3bIBAIOTCS HOAUKPUCALIAMU:

o [lonukpucmaniuel 803HUKAIOM 8 pe3yibmame pocma U COeOUHeHUs MHO20YlU-
CIEHHBIX MOHOKPUCAILILO08, XAOMUYHO OPUESHMUPOBAHHBIX 8 NPOCMPAHCMEE.

Bce MeTanipl, MOXKHO CKa3aTh, MOJMKPUCTAILTEL. HampuMep, eciin BHUMATEIbHO
ITOCMOTPETH HAa CBEKUU PA3JIOM UyTyHA, TO BUIHO, YTO OH COCTOUT M3 MHOTOYHC-
JICHHBIX KPUCTAIUTMYECKUX 3€peH, He UMEIOIIUX MPABWIbHYIO (OpMYy M Hampas-
JIEHHBIX B pa3Hble cTopoHHI (b). Kaxmoe kpucrammmyexoe 3epHO MOIUKPUCTAIIA B
OTAENBFHOCTH — aHW30TPOITHO, OJHAKO, BBUIY TOTO, YTO TU 3€PHA PACIIOJIOKCHBI
Oecrops109HO, TIOJIMKPUCTAILT B LIETIOM U30MPONEH:

o H30mponnocmulo HA3b18AeMCs HE3ABUCUMOCMb (U3UUECKUX C80UCME Om Ha-
npasnenus. Hanpumep, TEII0BOE pacIIMPEHUE MOIUKPUCTAILIA, MOKHO CKa3aTh, BO
BCEX HAIPaBIEHUIX OJIMHAKOBO.
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Bujibl KpucTaNIMYecKO pemeTku. B 3aBUCHMOCTH OT BU/Ia XUMHYECKOW CBA3H M B3aUMOJCHCTBUS
MEXy YaCTUIIAMHU, PACIIOIOKEHHBIMU B y3J1aX KPUCTAJNIMYECKOH PEIIETKH, CyLIECTBYIOT YEThIPe
BUJIa KPUCTAJUTMYECKUX PELIETOK. DTO MEMANIU4ecKas, amomHas, UOHHAS A MONEKYIAPHASA KPUC-
MAIUYECKas peuemKa.

MeTajandeckasi pemieTka. B y3nax mMemaniuueckou peuwemxky HAX00amcs NOA0ACUMeNbHbLe
uonvl memanana. Takue KPUCTAIIBI BOSHUKAIOT B Pe3yJbTaTe B3aMMOJCHCTBHUS MEXIYy aTOMaMH
OJTHOTO BH/Ia METaJlIa C OYeHb MaJICHbKOH YHepruel HOHU3aiy. BHENTHNE BaJICHTHBIE JJICKTPOHEI
B aTOMaX METAJJIOB OYEHb ClIab0 CBA3aHBI ¢ AApoM. IIpu mepexoie B TBEPLOE COCTOSHHE aTOMBI
PAacIoararoTCcs HaCTOIBKO OJIU3KO APYT K APYTY, YTO BAJICHTHBIE 3JIEKTPOHBI HOKHAAIOT CBOH aTOM
Y CTQHOBATCS CBOOOIHBIMH BHYTPH KPHCTAIIA.

OcBOOOK/ICHHBIE BaJICHTHBIE SJIEKTPOHBI B BUJIE 3IEKTPOHHOTO Ta3a OECIIOPSIOYHO JBIKYTCS MEXKIY
TIOJIOXKUTENIbHBIMIA MOHAMH KPHMCTAJUIMYECKOH PELISTKN M, CBSA3bIBAS MX, 00Pa3yloT METALTMYECKYIO
cB:13b (¢). KoHmeHTpanus cBOOOTHBIX 3JIEKTPOHOB B METAJLIE paBHA KOHLIEHTPAIIUH HOHOB.
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:} —HOHBI ME€TaJljIa G—I/IOH xnopa —aTOM KHcCJIopoaa
& — CBOOOJIHBIE AIICKTPOHBI + —1OH HaTpus — aToM BOJIOpOJa

ATOMHAasI penieTKa. B y31ax amomHoul peuwiemKu Haxo0samces Helumpanshvle amomul. KoBameHTHast
CBA3b MEXKJy aTOMaMH BO3HUKAeT 3a CUET JJICKTPOHHOM Mapbl MX BAJCHTHBIX OJJIEKTPOHOB.
KoBanentHas cBs3b XapakTepHa A1 KPUCTAJLUIOB SP 2IeMEHTOB. Kak mpuMmep Takux KpUCTAIOB
MO’KHO IIPUBECTU KPEMHUH, FepMaHui U Apyrue. ATOMbI 3THX 3J€MEHTOB Ha BHEITHEM 3JICKTPOH-
HOM YPOBHE MMEIOT YeThIPEe BAJIICHTHBIX 3JIEKTpOHA. KaK/bIil 3JI€KTPOH Takoro aroma obpasyer
KOBAJICHTHYIO CBS3b C OJHUM U3 JIEKTPOHOB COCEJIHEr0 aTOMa, B PE3yJIbTaTe 00pa3yIoTCs YeThIpe
KOBaJICHTHbIE CBA3U. Takum 00pa3oM, aToM, IPHCOSIUHUB K ce0e YEThIPEe HIIEKTPOHA, IIPHOOpeTaeT
YCTOMUMBYIO SIMEKTPOHHYIO KOH(UIYpAIMIO BOCMHUAJIEKTPOHHOTO HHEPTHOTO rasza s2p°. B ko-
BAJICHTHOH CBSI3U JIBUJKEHHE 2JIEKTPOHOB UMEET HANPaBICHHBIA XapaKTep, TO €CTh KaX bl JJIeK-
TPOH JABMKETCSI BOKPYT si/Iep YeThIpex aToMoB (d).

Honnas pemerka. B y3nax HOHHOM pelIeTKH HaXOAATCS MOJI0KUTENbHbIE U OTPUIIATETbHBIE HOHBI.
VonHast cBSI3b BO3HMKAET M3-32 OOMEHa SIEKTPOHAMU B pe3ysbTaTe B3aMMOJCHCTBHS ABYX Pa3HBIX
aTOMOB C MaJIOi M OOMBIION SHeprueil noHn3anuy. KymoHOBCKasi Cuia MPUTSDKEHHST MEKAy HOHAMH
TIPOTHBOIIONIOXKHBIX 3HAKOB YACPXKHUBACT MX B y3JIaX KPUCTAIUTHIECKOH pemeTku. Kak oOpasern Takoro
BUJIa BEIIECTBA MOKHO INPHBECTH KPUCTAJUIMYECKYIO PEIICTKY COEIMHEHHs BOJOPOAA C IIEIOYHBIM
metaiuiom, Harpumep, NaCl (e).

MouaexyJsipHasi pemieTka. B y3nax MoneKkyIspHOM KPHCTAIMYECKOM PEIIeTKH HaXOJsATCs MO-
neKynsl. Monekyibl, pacroniarasich B ONPeJeIeHHOM MOPSAKE, CO3AI0T APYT € JPYroM MEKMO-
JIEKyJIpHYIO CBsI3b. Haxomsmuecs B ra3000pa3sHOM COCTOSIHUH BOAOPOJ, XJIOP, YETHIPEXOKCH THbIN
YIJIEpOJ B TBEPAOM COCTOSIHHM 00Pa3ylOT MONEKYISPHYIO PEIIeTKy. Y KPHCTAIIOB TAKOTO THIA
CBSI3b MEXK/y MOJIEKYJIaMH O4YeHb c1abasi, I03TOMYy OHA pa3pyIlaeTcs MpH HU3KHUX TeMIepaTrypax,
TO €CTh BEIIECTBO IIABUTCS. DTO MOXKHO SICHO BHJETH HA Mojenu kpuctamia jbaa (f). M3 momenn
BHJIHO, YTO Ka)XKJBIH aTOM KHCIOPOAA OKPY’KEH YeTHIPbMSI aTOMaMHt BOJOPOa. ATOMBI BOAOPOIA
WUIParOT CBA3BIBAIOLIYIO POJIb MEXIy aToMaMM Kuciopoja. Ilpu HarpeBaHWH Jiba €ro KpUCTaj-
JIMYECKasl perieTka ObICTPO pa3pyIlaeTes.

AmMopdHuble Tesia. AMop(hHBIE Tena XapaKTepH3yIOTCs OTCYTCTBHEM AATbHETO I10-
psisika B pacriofoKeHUH YacTHIl. Tak Kak 3TOT MOPSAIOK BBIOIHAETCS TOJIBKO JJIS CO-
CeJHNX YacCTHUIl, TO TOBOPST, YTO aMOp(HBIC Telda — 3TO TBEPAbIC Tela, YACTHIIBI
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KOTOPBIX 00JaJal0T OUNCHUM NOPAOKOM PACNonodceHus. BRICOKOKOHIIGHTPHPOBAH-
HBIC KUJIKOCTH (BS3KUE KHUIKOCTH) MOYKHO OTHECTH K TBEP/IbIM aMOP(HBIM TeJIaM.

® Amopdghnble mena — 3mo meepovie meid, YacmuuKu KOMopsix He YNopsaoo4eHsl 8 npo-
cmpancmae, u (huzuyecKkue ceoticmaa Hympu no 6cem HanpagieHUaM 0OUHAKOBbL — OHU
U30MpPONHBL. Y amopprvix men nem onpeoeneHHol meMnepamypsl RiaeIeHUs, Mo eCimb
1O Mepe HASPeBaHUsi OHU CMASUAIOMCA U NPEBPAUAIOMCIL 8 IHCUOKOCHD.

BerectBa MOTYT IepexoiuTh U3 aMOP(PHOTO COCTOSHUSI B KPUCTALTHYECKOE U 00-
parHo. Hanpumep, eciu cHavana pacIulaBUTh KPUCTAJUI caxapa, a 3aTeM OXJIAJAHUTh
€ro, OH MpeBpalaeTcs B aMophHbIH JeneHern (“‘crexisiHay o’ koHpeTy). C TedyeHnemM
BPEMEHH Ha MOBEPXHOCTH JIC/ICHIIA CHOBA HAUMHAOT BO3HUKATh KPUCTAIIBI caxapa.

IlnaBjieHue ¥ oTBepAeBaAHUE, CYOJIMMALHS H AeCyOTuMAIIHSI.

e [Ipoyecc nepexooa eewecmea uz meeoo20 COCMOAHUS 8 HCUOKOE HA3bIBAemcs H1a6-
JIeHUeM, a npoyecc nepexood U3 HCUOK020 COCMOSHUSA 8 meepode — Omeepoesanuem,
wiu Kpucmanauzayued.

[TnaBiieHHe KPUCTAJUIMYCCKOTO TeJia MMPOUCXOIUT MPH OIPEICICHHOMN TemIepa-
Type — memnepamype niagieHus, HaupuMep, TeMIIepaTypa IJIaBJIeHUs BOlIb(pama
3410°C, npga 0°C, pryt — 39°C.

o Temnepamypa, npu KOMopou OaHHblll KPUCTHATLL NAAGUMCS, HA3bIBAEMC S HeM-
nepamypoii niasieHus, Uiy moYKol n1aeneHus.

OnbIThl MMOKA3bIBAIOT, YTO IS IUIABJICHUS Tejla HE JIOCTATOYHO HArpeTh €ro o
TEMIIEPATyphI IUIABICHUS, a HEOOXOAMMO TPOIODKATh TIepeiady KOJMYEeCTBa TEIUIOTHL.
OnHako HECMOTpSl Ha HAarpeBaHWeE, TEMIIepaTypa IUIABSIIErocs KpUCTAJlIa HE yBEIH-
yrBaeTcs. TOJBKO MOCIE TOro, Kak KPUCTAUT MOJHOCTBIO PACILIABUTCS, MEpeiaBacMoe
€My KOJIMYECTBO TEIUIOTHI PUBOJUT K YBSJIMUCHHUIO TEMITEPATYPhI MOTYyYCHHOM KUJIKO-
ctu (g). Yuactok AB rpaduka raBieHns KpucTaUTHYeCKOro Tella COOTBETCTBYET Harpe-
BaHHUIO TBEPOTO Teja 0 TeMITepaTyphl maBneHust; yaactok BC rpaduka cooTBeTcTBYeET
TMPOIIECCY TUIABJICHHSI, B 3TO BPEMsI TEJIO HAXOJUTCS KaK B TBEPJIOM, TaK U KUIAKOM CO-
crostny; ydactok CD rpaduika COOTBETCTBYET MPOIIECCY HATPEBAHUS KHUIKOCTH (CM: g).
CornacHo 3aKOHY COXpaHEHHUS SHEPTHH, OTBEPACBaHUE TAHHOW JKHIKOCTH TPOFICXOAT
TIPH TOH ke TeMIepaType, Mpu KoTopoi TBepoe Teno taButcs (h).

Tak kak Juis aMOp(HBIX TEJ OTCYTCTBYET ONpPEJCICHHAs TeMIlepaTypa IjiaB-
JICHWsSI ¥ OTBEPAEBAHNS, TO UX TPa(HUKN 3aBUCUMOCTH TEMIIEPATyPBI OT BPEMEHH JIJIS
poliecca MIaBJICHUs U OTBEPACBAHMS OTIMYAIOTCS OT COOTBETCTBYIOIIUX I'PadUKOB
KpUCTaIndecKkux Ten (i).

o Konuuecmeo menniomol, He0OX00umoe 05 nepexooa meid u3z meepoozo COCMOAHUSL 8
JACUOKOE NPU MeMNEPAmype NiasNIeHUsl, HA3bl8AeMcsl MenJ10mOoll N1AGICHUS.

0
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UTto0b! repeBecTr OJMHAKOBBIE MACChl Pa3HBIX BEIECTB, HATPETHIX JI0 MX TEM-

MepaTyp IJIaBJICHUS, B KHJIKOE COCTOSIHAE, HEOOXOUMO COOOIITUTH KaXKIOMY U3 HUX
Pa3IUYHOE KOJIUYECTBO TEIUIOTHL.
o Yoenvnan mennoma nnasenenun — smo Qusuueckasn eeiuyund, NoKA3ul8arOWas,
KaKoe KOIUYecmao meniomvl Heooxooumo coobwums 1 ke Kpucmaiiuieckoeo ee-
wecmea, umoobbl nepesecmu e2o U3 meepoo20 COCMOAHUL 8 JHCUOKOe NpU memnepd-
mype niaenenus:

Q
A== (6.42)

A — ylenbHas TEIUIOTa IUIABJEHMs JaHHOTO BEINECTBA. EaUHMIA YAENbHOM
K
ternoThl masnenus 8 CH: [A] = 1 Ax
KI'

Coenacno 3aKoHy coxpamenus suepeuut, NOAYYeHHOe MeloM KOAUeCcmeo menio-

Mbl 80 6peMs NIAGNEHUS. PAGHO KOIULECMEY Meniombvl, bl0eI1eMOMY Npu omeep-
desanuu 3TOrO Tena. MHOraa TBepable Tena, MUHYS JKUJIKOE COCTOSIHHUE, cpasy Iie-
pexoasaT B ra3000pa3HOE MM HA00OPOT, MPOUCXOAUT TPOIECC MPEBpAICHUS H3
ra3000pa3HOro COCTOSHHUSI CPa3y B TBEPJOC:
e [Ipoyecc nepexoda meepooco mena, MUHys JHCUOKoe cOCMosHue, 8 2a3000pasHoe
cocmosinue Ha3bIBaemcst cyoaumayuen (ucnapenue meepoo2o meia), a 00pammwiil
npoyecc nepexooa 2az000pasHO20 6ewecmsed, MUHYsL JHCUOKOe COCMOsiHUE, 8 Maeep-
doe Ha3zvleaemcs decyonumayuell.

Wccneposanme-2. MNpumenenne. Cydanmanus U Aecy0JuManms
Oo0opynoBanue: repMeTHYHast K0JI0a ¢ KpUCTauiaMi HoJia BHYTPH, CIIMPTOBKA.
Xox ucciie10BaHus:

)]

1. Harpeiite kon0y Ha CIIUPTOBKE M POHAOIFOIAMTE 32 POU3OIICIINM SIB-

neHueM (j). }\"5
2. 3aracuB CIUPTOBKY, JAaiiTe Koj0e OCTHITh U MPOCICIUTE 3a SIBICHUEM

IIPOU3OLIEAIINM BHYTPHU HEE. i 4
Obcyskenne pe3yJbTaTOB: ,_! ;

© YT0 HAaOJIIOAIOCH TIPU HATPEBAHUH M OXJIAXKICHHH KOJIObI? —

o Kakue siBneHns Bbl Habmrogamm?

IIpumenenne B moBcegHeBHOM :ku3nu: HaBepHo, BBl HAOTIOaM TaKNe SIBTICHHS, KaK yMEHBIICHHE
C TCUCHHEM BPEMEHH Ha BETKAX JEPEBLEB 3UMOMW MHEs, BHICEIXaHHE 3aMepIIel MOKPOIT OJIeKIbI.
o Kakne (pusudeckue mpomnecchl IPOUCXOIAT IPH ATUX SBICHHAX?

IIpoBecTH caMoOOLEeHKY:

1. Kakne moHsTHsI HOBTOPHIIN Ha ypoke?

YT0 U3 3TOro BbI XOpPOIIO IMOHAJIHU, a YTO OCTAJIOCh BaM HE SICHBIM?

2. CpaBHHUTE KpUCTAJUTHYECKUE U aMop(HbIe Tena 1Mo auarpaMme Benna.

3. UTo o3HauaeT JaNbHUK U OIM3KUNA TOPSIOK YaCTHIL?

4. ITo KakuM CBOMCTBAM OTIMYAIOTCS APYT OT APYTa MOHO- U TIOMUKPHUCTAIIBI?

5. Uro obmiero Mex 1y MpoIeccaMy IUIaBICHHS U OTBEPICBAHMS?

6. Uto Takoe yzesnbHas TEII0Ta IJIaBICHHUS ?

7. IlpuBeure mpUMEpSI SIBICHUS CYyOIMMAUH U ACYOIUMAIIH.

YTO Bbl Y3HAJIM? 3anumure B pabodeM JIMCTKE HIDKETIPUBEICHHBIEC ONPE/ICNICHNUS, MOHITHS 1

EERNTS ELI13 LI LT3

(hopMyIil: “KpuCTaTHYecKoe Teno”, “amopdHoe Teno”, “MOHOKPHCTAILT”, “MOJUKPUCTAIIT, “H30-

ELINT3 EERNT3 CLINT3 CLINT3 CLINT3

TPOIMHOCTL ', "aHU30TPOITHOCTL ', "TUIABJIEHUE , "OTBEPACBAHHUEC , TEMIIEpATypa IUIABJICHUSA , ~yACib-

ELINT3

Has TCIJI0TA IUIaBJICHUA

CEIN13

cyOnmumanus”, “necyonumanus’.
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6.1. Bo3aymIHsIii Iap HaMOJIHEH BOJIOPOJIOM Maccoi 4 r. OmpenenuTe YUciIo MOIEKYIT
BOJIOPOJIA B IIape.
6.2. Kakoe konm4ecTBO BelecTBa uMeercs B “cyxom sbgae” (C0,) maccoit 220 r?

6.3. Mosipaast Macca BOJIOPOJIA U KUCIIOPO/Ia, COOTBETCTBEHHO, My, = 2+ 107 3kr/mMoub
u My, =32 10~2kr/mMoub. Onpesenure Maccy MOJIEKYJI 9THX Ta30B.

6.4. OnpeenuTe MOISIPHYIO Maccy M Maccy OIHOM MoeKyIsI cyibdara menu (CuS0,).
.5. OnpenenuTe KOHIEHTPAIMIO MOJICKYJI Fa3000pa3HOTo KUCJIOPOA TIPH JIaBICHUH

2 - 10°Pa. Cpensis KBaApaTHUHAasi CKOPOCTh MoJieKy 700 %

6.6. Onpeznenure CPefHIO KUHETHUYECKYIO YHEPIHI0 MOCTYNATEIbHOIO JBMXKEHUS MO-
JIeKyJ KUCIIOpOJa MPH HOPMANIBHBIX YCIOBUSIX, €CJIM KOHIEHTpAlHUsi €ro MOJEKYyI
2,7 -10%°m73,

6.7. I'a3, kak cucreMa, B [IEPBOM CIIyyae HaXOAMUTCA B 3aKPBITOM TEILIOU30JUPOBAHHOM
cocylie, a BO BTOPOM ClIy4ae B METAJUIMYECKOM cOocyzie. MOKHO JIM CYUTATh 3TU CUC-
TEMBbI 3aMKHYTBIMU U U30JIMPOBAHHBIMU?

6.8. /IBe yaiiHble JI0KKH OJJMHAKOBOT'O pa3Mepa, U3TOTOBIICHHBIE U3 Pa3HBIX METAJIIIOB, HAXO/I-
SITCSI B XOJIOMUIILHUKE B TETUIOBOM PaBHOBECHH. MOYKHO JIM TIPEAIIONOKNUTh, YTO W3B-
JICYEHHBIE U3 XOJOAMIFHAKA B KOMHATY JIOKKU Cpasy IPHIYyT B TEIUIOBOE PaBHOBECHE?
MoskeT JIi B KOMHATE MEXITy STUMU Te€JIaMU BO3HUKHYTH TEIIOBOE paBHOBECHE?

6.9. PaccMoTpuM cucTeEMY BOJa-Jie: KyCOK JIbJla ITOMEILAETCS B BOJLY C TEMIIEpaTypoil
15°C. Bo Bpemst TasiHbs JibJla OIYIICHHBIA B BOJMy TepMmomerp mnokaspiBaeT 10°C.
Mo>kHO 1 yTBEpKAATh, 4TO “‘TeMmepaTypa cuctemsl 10°C”?

6.10. Temmneparypa BenectBa Ha riyoune 100 xm ot nosepxnoctu 3emin 1200 K. Uemy
paBHa 3Ta TemriepaTypa o mxaie Llemscns?

6.11. Kputnueckast remnepaTypa BoasHoro napa 647 K. IIpu xakoil temmeparype Boaa
OyJeT TOJBKO B Ta3000pa3HOM COCTOSIHUN?

6.12. B xakoMm arperaTHOM COCTOSTHUH OyjieT Kuciopos mpu Temmeparypax 150 K u 190 K?
Kputnueckas temneparypa kuciopona 154 K.

6.13. Kakue y4acTKM AUarpaMMbl COOTBETCTBYIOT H30TEPMHUYCCKOMY CHKATHUIO U H30-
TEPMHYECKOMY PACIIMPEHHIO HJICAIBHOTO ra3a JaHHOH Macchl?

=y

6.14. Kakue y4acTKH JuarpaMMbl COOTBETCTBYIOT H30XOPHOMY OXJIQXKJICHUIO U U30XO0p-
HOMY HarpeBaHMIO WACATHHOTO ra3a TaHHON Macchl?
P

=y
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6.15. Kakoil y4acToK aAMarpaMMbl COOTBETCTBYET COCTOSIHUIO YMEHBIICHUS TEMIlEpa-
TypBI HACATIBHOTO ra3a fanaoit maccs! (CD n3orepma)?
P

T

c

L

0 v
6.16. B cocyne umeercs 8 T kuciopaa npu nasnennn 10°Ta u Temneparype 300 K.
3 Kr R=38 Jox )

Beraucnure oovem raza: (M = 32-107° —,
MOJIb MOJIb K

6.17. Ipu yBemiMUYeHUH aOCOTFOTHOM TEMITEpaTyphl ra3a B 6 pa3 MpH MOCTOSHHOM JaBJICHHN
ero oobem cran paseH 18 - 1073M3. BhuncimTe nepBoHadYaIbHbINH 00beM rasa.

6.18. JlaBmeHue maeadbHOTO Ta3a JAHHOW Macchl yBeMMYMIach B 2,8 pa3a, a 00beM
yMeHbIIICS B 4 pa3a. Kak m3MeHmIacy abCoMOTHAs TeMIiepaTypa rasa?

6.19. OnpesienuTe MIOTHOCTH BO3yXa MpH Temnepatype 17°C u masiennu 3 - 10°T1a

(Myoapgsa = 29+ 1073 —— R = 822,

)
MOJIb MoJIb K

6.20. KoHIleHTpalus BOASHOrO Mapa B Bo3ayXe Ipu Temnepatype 27°C pasna 2 - 1023m~3,

KakoBo JiaBlieHHe BOSHOTO 1apa npu 3Toil Temneparype (k = 1,4 - 10723 %)K)?

r
6.21. I1MOTHOCTB BOASIHOTO Mapa B Bo3ayxe mpu temrneparype 15°C paBna 9,1 —3 & OTHO-

curenbHas BiaxHOCTh 70%. KakoBa IJIOTHOCTH HACHIMICHHOTO BOJSHOTO Tapa
Ipu 3TOH Temnepatype?

6.22. Kakoe KOJIM4ecTBO TEIJIOTHI BhIASIUTCS IpU KonAeHcauuu 200 r napoB cnupra
o _ 5 ok 2
IIpH MOCTOSIHHOM Temmiepatype (L = 9 - 10 ;).
6.23. B xanuiuisipHO# TpyOKe Kakoro pajuyca pTyTh crycTutest Ha 30 cM

— MH - 103K o — 1o
(0=510"",p=136-10°%, g = 10 5)?

M3’

6.24. Onpenenute 00bEM MOAHSBILEHCS BOIbI B KAMILLIPHOH TpyOKe paamycom 0,25 MM

K

_ mH _ 3 KI _ M _
(0'— 727,,0 =10 F"g = 106—2,7'[— 3)
6.25. BomsiHas Karwis afaeT U3 BEPTUKAIBHO PACIIOIOKECHHOW TPYOKH THAMETPOM 2 MM.
. H
Onpenenure Maccy BOASHOM KaIUH (T = 73 M; ).
6.26. Macca 76 xamens MHHEPaIbHOTO Macia, KalaroIlnX U3 MUNeTKH, paBHa 910 mr.

Buyrpennunii pamuyc nunerku 1,2 mm. Onpenenure Ko3(QQUIMESHT MOBEPXHO-
CTHOTO HATSDKCHUS Maca.

6.27. Yem ompeziernsieTcst aHM30TPOIIHSI MOHOKpHCTaILIA?

6.28. KaxumMu BHEIIHUMU IIPU3HAKAMHU MOKHO Pa3inyaTh MOHOKPUCTAILIbI?
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OCHOBDbI
TEPMOOUHAMUKHW

OcBouB mMaTepuarnbsl 3ToW rnasbl —
Bbl CYMEETE:

® OT/NINYNTb TEpMOANHAMUYECKYO CUCTEMY OT BCEX OPY-
rmx CbVI3VI‘-IeCKVIX CUCTEM MO €€ CBOMCTBaM

KOMMEHTNPOBATb BHYTPEHHKOK 3HEPIN0 Kak (byHKLl,I/llO
COCTOAHUA TepMO,D,I/IHaMI/I‘-IeCKOI7I CUCTEMBI;
OEMOHCTPUpPOBaTb 3KCNepuMeHTaribHO cnocobbl name-
HEeHUA BHyTpeHHeVI QHEpPIrnu;

e KOMMEHTNPOBATb I'IepBbIVI 3aKOH TepMOAUHaAMUKN WU
00BACHUTL nony4vyaemble U3 HEro pasysibTaThbl,

e 0OBbACHUTL HeOoOpPaTMMOCTb TEMMOBOro MpoLecca,
KOMMEHTUPOBaTb (PU3NYECKMIN CMbICIT BTOPOrO 3aKOoHa
TepMOANHAMUKN;

e OOBACHUTL MPUMHLUMM PabOoThLl TEMMOBbLIX ABUraTeENen n
XONOAWSbHbIX YCTAHOBOK,;

e KOMMEHTMPOBATL 3aCNyrM y4YeHbIX B CO34aHUN U pas-

BUTUM TENNOBOW OU3UKN;

onpenendatb CBA3b MexXay (rsnyeckuMmn BenuinHamu,

XapaKkTepusyLmnMm TepMoguHaMmyeckme NpoLecesl;

® COCTaBJIATb U peLlaTb 3a4adn pa3rnnM4HOro Xxapakrtepa c
NnpUMEHEeHNEeM TensoBbIX SABMEHNN.



“KapTta noHatun” ansa VIl rnasbl

r 3aKkoH

Bropoii 3akon Tepmoau-
HAMUKH — onpeodensiem

OCHOBHOE IIOHSTHE

3akoH

{

IIepBrrii 3akoH
TEePMOANHAMUKH —
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HanpasieHHocmy (Heoo- N onpeoensiem coxpaneHiie
PaAmuMOoCms) npupoOHbIX BHYTPEHHSA SHepaull 6 NPUPOOHLIX
npoyeccos DOHEPT'UA I~ ABNEHUAX
J T
[ Crioco0bI U3MEHEHUS OTHOCHTCS Buipasaercs
— [Ipumensercs ~ v
Oueprus (
pr AU=Q+A
T B3aMMO/ICHCTBHS - WL
CILIOBBIC MEX/y MOJICKYJIAMH — 0=AU+A’
ABHraTCIH XMMHYECKas SHePTHsl -
I IIpumensiercs
OCHOBHBIE YaCTH ——
' IToTenuunanbHas sHeprus N3otepmuueckuit
IPaBUTALIOHHOTO nporiecc:
B3aUMOJICHCTBHS YaCTHI] - T = const,
- Q=-4
HOTEHILMANIbHAS SHEPTUs L )
Y KO0JIe0aTEeIILHOTO JIBIIKE- e =
[X ] HHSI aTOMOB U MOJIEKY.T H3oxopHEI nponecc:
OJIOIMIIBHBIE YCTAaHOBKH
A y NG V = const,
g - —
OHeprus >JIeKTPOHOB B m = const.
[COBep [ermne pa6OTI)I] JIEKTPOHHOHN 000T0UKe 3
p Q = AU = = vRAT
aTOMOB ¥ HOHOB 2
[ Tennonepenaua ]<— N
I (x N N ’
MHETUYECKast SHEPIUs . " A
Bunet P - M306apHbIit mporiecc:
TEIIJIOBOTO JABMKEHHUS
)/;\\ p = const,
JacTUI] .-
N J m = const.
S fT o ,
5 i Q=AU+A"=
OTCHIINAJIBHAS DHEPTHs |~
o S = Ha P = AU + pAV
= = = B3aMMOJICHCTBHS YaCTHIL
oo o = )
£ g 3 f
= 2 g N AnabatHblii mporecc:
§ 5 ;g DHeprust B3aUMOJICHCTBUS | ~g—! = Q=0:
S :
= MEX/ly HyKJIOHAMU AU=A=—A"
o J i\
— — —
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TEPMO,EWIHAMVI‘-IECKAFI CUCTEMA.
BHYTPEHHAA SHEPT UA

,D,OI'IOJ'IHMTe npeannoXeHnd, ncnonb3yda AaHHble Kro4YeBble
crnosa (KNiYeBbIe CrNoBa MOXHO WCMOMb30BaTh HECKOMbKO Kniouesble crosa:

pas; OKOHYaHWsi NPearioKeHW 3aBepLUNTE COOTBETCTBY- ¢ CKOpOCTb

LM CydPUKCOM ), HA OCHOBAHMWN U3BECTHbIX 3HAHWUIA (CM.: ° MexaHuueckas paboTa
dusuka-8, ctp. 20-26). e Temnepartypa

Cpocmom ... mena, €20 ... ...Yy8enudusaemcs, makK Kak yeesu- e usnyveHue

queaemcsi ... ... 08LXKEHUST MOJTEKY/T U amoMO8, U3 KOmOopbIX e aTOM U Morneky”na
cocmoum merio. 3mo o03HaYaem, Ymo makke yeenu4ueaemcs ... e CpeaHss KMHeTU4eckas
... Moriekyn amoz2o mena. C roHUWXeHUEM ... mesa €eo ... ... 3Heprus

ymeHbLwaemcs. [pu cogeplueHuUU ... Had mesoM Wiu npu ... mena e BHYTPEHHSS1 3Heprus
€0 ... ... U3MeHsiemcsi — yeesu4ueaemcs.

¢ Y10 nogpasymeBaroT noa BbipaXeHUEM “BHYTPEHHAA 3Heprua tena”?

e Kakumu cnoco6amu MOXKHO U3MEHUTb BHYTPEHHIOI 3HEepPruto Tena?

e Kak nmameHuTCA BHYTPEHHAA 3HEpPrusa Tena, HanpumMep rasa, npyM A4eNCTBUM Ha Hero
BHELUHUX CUJ1, NOA AENCTBMEM KOTOPBLIX OH CXXMMaeTCA Unn pacumpsieTca?

Mccneposanme-1. 3a cueT 4ero N3MeHHWJIACh BHYTPEHHsISI JHEPTHsl CHCTeMbI? J

O0opynoBanue: TOHKOCTEHHAsi OpOH30Basi TpyOKa, 3amasiHHasi ¢ OJTHOrO KOHIA, IpPOoOKa, 3(HPHbIi

CIIUPT, HIHYPOK, ITOJACTAaBKa Ul IITaTUBA.

Xoa ucciiel0BaHMs:

1. Hanelite B 3aKperuieHHyI0 Ha TOJICTaBke TpyOKy 3-4 cM® criupra. ITonoxaas 1-2 MUHYTBI, IIIOTHO
3aKpOUTE MPOOKOH OTKPBITHIN KOHEI[ TPYOKH.

2. ObGepHHTE ONWH pa3 MIHYPOK BOKPYT -
TpyOKH M, B3BIIMCH 3a €IO KOHLBI, (a) ‘
TSHHUTE TO B OJIHY, TO B PYTI'YIO CTOPO-
Hy, CO3/1aBasi CKOJILKCHHE ILIHypa IO
HoBepxHOCTU TPYOKH (a). [Ipomomxaii- ‘
T€ 3TOT TPOIECC A0 BO3HHUKHOBEHHMS
“HE00BITHOTO” SIBIICHHS B CHCTEME.

O0cyxaeHue pe3yabTaToB:

e Kaxoe “Heo0bIuHOE” SBJICHUE HAOIIOIAIIOCH B CHCTEME IIPH HETIPEPHIBHOM TPEHHUH IIHYpa O
MOBepXHOCTH TpyOKkn? Kak MOXXHO OOBSICHUTH NPUYMHY BOSHUKHOBEHHMS STOTO SIBICHUS?

o KakoBa CBS3b 3TOTO SIBICHUS C N3MEHEHNEM BHYTPEHHEH SHEPIUN CHCTEMBI?

Tepmoannamuueckas cucrema. Paznen Qpusuky, n3ydyalonmi TEIIOBbIC sBIIC-

HUSI B MaKpOCKOIIMYECKMX CHCTeMax, Has3bIBaeTcs mepmoounamuxou. B ocHose
TEPMOJIMHAMUKY JISKAT TEPMOJMHAMHYECKUE 3aKOHBI, OMHpAroIIrecs Ha OobIoe
KOJIMYECTBO SKCIIEPUMEHTAIIBHBIX (PaKTOB. DTH 3aKOHBI OTBEYAIOT Ha BOMPOC “Kak?”,
HarpuMmep, Kak U3MEHsIETCS COCTOSIHUE Tela (TBEPO0ro Tea, )KUAKOCTH WM ra3a) IpH
HarpeBaHuM (WX OXJIAXKICHNUH), B KAKOM HalPaBJICHUH U KaK IIEPEAaeTCs TEIUIO, KaK
M3MEHSIETCSl TeMIlepaTypa ra3a IpH ero paciipeHun u apyrue. OObeKTaMu uccie-
JIOBaHUS TEPMOANHAMUKH SBISIOTCS MEPMOOUHAMUYEKUE CUCTEMb.
e Jli060oe makpockonuueckoe meno uiu CUCmema MaKkpOCKONUYecKux mej Ha3ol-
saemcs mepmoounamuyeckou cucmemoti. COCTOSSHHE TEPMOJUHAMUYECKON CHC-
TEMBI XapaKTEPHU3yeTCs] MaKPOCKONWYECKUMH WM TEPMOJAMHAMHUYECKHMH Tapa-
MeTpamu (Macca, II0THOCTh, 00bEeM, TaBJICHUE, TEMIIepaTypa).
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BuyTpennsisi sHeprusi. Benn4uuHbI, ONpeeNsonie COCTOsIHIE TePMOTHHAMU-
YECKOW CHUCTEMbI B JAHHBI MOMEHT BPEMEHHU, TO €CTh COOTBETCTBYIOIIUE STOMY
COCTOSTHHIO MaKPOCKOITUYECKHUE TTApaMETPhI, Ha3bIBAIOTCS (DYHKYUAMU COCTNOSHUSL.
OCHOBHOM Cpe/ii 9TUX BEITUYUH SIBISICTCS GHYMPEHHSIL DHEPSUSL.
® Buympennssn anepzus — 3mo cymma KUHEeMU4eckux SHepeutl pasiuiutslx U008,
O0BUDICEHUSL HACMUY, CUCTNEMbL U NOMEHYUATIbHBIX IHEPSULL 83AUMOOCUCNGUSL DIUX
yacmuy (cm.: mabauya 7.1).

Tabnuya 7.1.
Y BHYTPEHHSIS DHEPT'UA
Y
4 N Y N \fm N/ N\
E E =
2 o = a
= = ‘ EE 38 - g = g
= = = ] =] S Bz = =
o= = = = I 3 = 5 6 [N
QI ay s & 2 48 = S 23 m =R OB &
oo o =0 55 EE £ 28 S 8 £ 8 F
=] T R S ) 0 0 x Q o] = 2 o T
o2 5 S A B B = 28 o o O = T 2
= = w I & = 088 =58 = 20.) s O =
S H = s = L = O I:CD % o ::SE
g 55 g 85 = =8 3 2= [|§ S 220
o5 g 2 g = == = S & S 4 = ] 8=
F S = 3 08 S & S 2 = E 9 a s cE¢e
IS = =151 2 x w Sz = = X :rml:(
S = I3} © ° ]
=eE (|27 || 225 ||5EF ||Es 5 E:
S gs & Z =9 g = g 2 & 8
~ o P S T o) T 3]
= s 293 A oL SES
E = S
~ =
N AN J\ AN AN N\ J

BHyTpeHHsis1 SHEpPTHST TEPMOTMHAMUYECKONW CUCTEMBI SIBIISICTCS (QYHKIUECH TeM-
nepaTypsl 1 06bema, onpeaenstonmx cocrosaue cucremsr: U(T, V).

BuyTpeHnHsist 3Heprus 0JHOATOMHOI0 HAEAJIBHOIO0 ra3a. [ a3, MoeKy1bl Komo-
POo20 cocmosam u3 00HO20 AMoMa, HaA3bleaOM 0OHOAMOMHBIM 2a30M. BHYTpeHH:
SHEprusi OJJHOATOMHOTO Ta3a paBHA CyMM€ KHMHETHYECKHX JSHEpPruil MOCTyIaTellb-
HOT'O JBMKEHHUS YaCTHUI M MOTEHIUAIBHBIX SHEPTUH X B3aUMOIECHCTBUS:

U=N-E,+ E, (N — uucs0 yacTuI rasa).

OpHako BHYTPEHHSISI SHEPrusl WAeajlbHOIO Ta3a JaHHOMW Macchl paBHa CyMMe

CPEeIHNX KHHETHYECKHUX dHEPIUuil XaOTHYECKOTrO ABMKEHUS YaCTHI:
U=N-E,.

CpenHsid KMHETHYECKas SHEPrHsl OJAHOM 4YacTHIBI OAHOATOMHOTO HAEAIBHOIO

rasa ONpeeNseTcs BRIpaKeHHeM £y = %kT, CJIeIOBATEIHHO, BHYTPEHHSSI DHEPTUS

TAKOI'0 ra3a 3aBUCUT TOJIBKO OT TEMIICPATYPhbI:

U—3N kT—3N kT—3 RT—3mRT 7.1
=2 R A ) VA 7D
D70 BBIpaXKEHHE SABISETCH POPMYIOH 3aKkoHa [[coyns:

® BuympenHsis oHepaus u0edarbHO20 2a3d 3a8UCUm Om ee MACChl, pood (MOISPHOU
maccel) u memnepamypsi. [lasxce eciu OasieHue u 00veM 2a3d USMEHAMCA, npu
NOCMOAHHOL MeMnepamype e20 HYMpeHHsis SHep2Usl He USMEeHUMCA.
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ComoctaBuB popmyiry (7.1) ¢ BeipakearneM MenneneeBa-Knanelipona, momxyanm:
3
U= EPV' (7.2)

Cnoco0bl M3MeHeHMs] BHYTpPeHHell 3Hepruu. /[ n3MeHeHus BHYTpEeHHEH
SHEPTrUM TEPMOJMHAMUYECKOW CHUCTEMBbl HEOOXOJMMO HM3MEHHUTb WIIH CPEAHIOI0
KHHETHYECKYIO0 DHEPTHI0 TEIUIOBOIO JBIIKEHUS MOJIEKYJ CHUCTEMBI, WIM IMOTEH-
[UATBHYIO SHEPTHIO0 WX B3aMMOACWCTBUSA, WM K€ W3MEHUTh 00€ DHEPTruu OIHO-
BpeMeHHO. V3 MHOTOYMCIICHHBIX OMBITOB OBLIO OMPENEICHO, YTO CYIIECTBYET JIBa
crioco0a U3MEHEHUs BHYTPEHHEH SHEPTUN: menionepedaua u cogepuietue padomsi
(cm.: @usuxa-8, cmp.23).

o [I3meHenue 6HympeHHel SHepeuy CUCMeMbl NPOUCX0OUm 08YMA  CHOCOOAMU:
nepedaueii konudecmsea meniomol Q u cosepuienuem pabomol A.

AU = Q + A. (7.3)

Ecnn BHyTpeHHSA 2HEpTHs U3MEHSETCS TOJIBKO B pe3yibTare TerIoo0MeHa, TO
M3MEHEHUE BHYTPEHHEH SHEPTUH PaBHO IOyUYECHHOMY (MM OTAAHHOMY) CHCTEMOM
KOJIMYECTBY TeIIOThL. Hanmpumep, mpu HarpeBaHWUU U OXJIAXKACHNH Tella N3MEHEHUE
€ro BHYTPEHHEHN SHEPTUU ONPEIEISETCS TaAK:

AU = Q = cm(T, — Ty) = cmAT (7.4)

N3meHeHne BHYTpEHHEH 3HEPIMM B IIPOLIECCE IUIABICHUS TBEPAOrO Tela WU
KPUCTAJUIM3ALMHA KUAKOCTH MPOUCXOAUT 3a CYET WM3MEHEHHs IOTEHLIHAIBbHON
SHEPruu B3aUMOJICHCTBUS MOJIEKYJ Tena. MI3MeHeHue BHYTpPEHHEW SHEpPruM Ipu
9THX MpOIeccax YUCICHHO PaBHO TEIUIOTE IUIABICHUS (KPUCTAIUIM3ALUH )

AU = Q,, = im. (7.5)
F;[e /1 — YACJIbHAs TCIJIOTA IJIaBJICHUS.

V3meHeHne BHYTPEHHEH SHEPTUH Tejia B Ipolecce MapooOpa3oBaHus U KOHJCH-
CalllM TaK)KE PaBHO 3aTPAYECHHOMY BO BpEMsI 9TOTO MpoLecca KOIUYECTBY TETIOTHI:

AU = Quap = Lm. (7.6)
I'me L — ynenbHas TEIioTa mapooOpa3oBaHusL.

Usmenenue enympenuell sHepeuy 00HOAMOMHO20 UOEANIbHO20 2430 ONpedes-
emcs usMeHeHuem e20 memnepamypbol.

AU=U,—-U > R(T, — T;) 3mR(T T,) 3mRAT (7.7)

=Uy—U =5V 2~ 1) =5+ 2 — 1) =5+~ . .
2 2M 2M

I'me Uy m U, — COOTBETCTBEHHO, 3HAUCHUS BHYTPEHHEW SHEPTUHU OJTHOATOMHOTO
ra3a B HA4aJIbHOM M KOHEYHOM COCTOSTHUSIX.

Buumanue. Hzmenenue snympenneti snepauu mepmoOUHAMU4eckou cucmemol
3asucum He om 8U0A Npoyeccd, a Om e20 HAYAIbHO20 U KOHEUHO20 COCMOAHUAL.

Padorta B TepMoanHaMuKe. Eciu usmMeHenue 6HympeHHell SHep2uu npoucxooum
MONLKO 8 pe3yibmame CO8ePUIeHUS MEXAHULECKOU pabombvl, Mo 3Mo U3MeHeHUe
PAsHo Uy pabome GHeWHUX CUl HAO cucmemoti (A), unu pabome cucmemsbl npomMus
gHewHux cui (A):

AU =A=—-A" (7.8)
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e Paboma 6 mepMOOUHAMUKE — IO OOHA U3 Mep USMEHeHUs 6HYMpeHHel dHepeUul
MePMOOUHAMUYECKOU CUCEMDL.

(b) i PaGora rasa. IlpenmosoxuM, 4To B TOJCTOCTEHHOM
LHWINHIPE HAXOMUTCA ra3, CKUMaeMbli nopuiaem. llpu
[y CKATUM MOPIIEHb NEepeaeT 4acTh CBOEH KMHETHYECKON
SHEpPTUU MOJIEKYJIaM ras3a, B Pe3yJIbTaTe 4ero yBeIndu-
- 2 BAETCsI BHYTPSHHSISI SHEPTHSI Ta32 U TIOBBIIIACTCS €T0 TeM-
F ‘E mepaTypa — BHEIIHHE CHJIBI COBEPIIAIOT paboTy Haj
T razoM. [Ipu pacmmpeHnn, Ha00OPOT, MOJIEKYJBI Ta3a,
rnepenaBasi 4acTh CBOGM KHHETHYECKOH OSHEpruu
MOPIIHIO, YMEHBIIAIOT CBOIO CKOPOCTh M Ta3 OXJax-
JIaeTCsl — OH COBepIIaeT paboTy Haj BHEIIHUMH CHIAMH
(b).
Taxum oO6pa3oM, paboTa, COBEpIIeHHAs Ta30M HaJl BHEIII-
HUMH CHJIaMH, B PE3YJIbTaTe PACIINPEHAN ra3a JAaHHOW MACChI IIPH MMOCTOSIHHOM JaBIICHHU paBHA:

A’=F-Ah =pS- (hy — hy) = p(Shy, — Shy)

unu
A’=p(V, —V;) = pAV. (7.9)
Pabora e, coBepIieHHast BHEITHIMY CHJIAMH HaJl Ta30M PaBHA :
A=—-A"=—pV, V) =p(Vy —V;) = —pAV. (7.10)

I'ne F = pS — cuia, ¢ KOTOPOii Ta3 AEHCTBYET Ha MOPIIeHb, Ah — CMelIeHue OPIIHS, P — JaB-
JIeHHe ra3a, S — IUIoIa/b IONePEYHOro CeueHus nuIuHapa, AV — u3MeHeHne o0bema rasa.

CoBepirannasi paboTa YHCICHHO paBHA IUIOmAan (GuUrypsl, oOpa3oBaHHAs TPahUKOM B CHCTEME
KoopmuHat p — V: npu pacwupenuu eaza (m.e. npu yeéenuuenuu oovema eaza) A’> 0 unu A < 0;
npu colcamuu dce 2aza (m.e. npu ymenvuenuu oovema 2aza) A’< 0 uau A > 0 (c¢).

Ecnu B mporecce coBepiieHusi pabOThl Tra3 4yepe3 HEKOTOpPOe BpEeMsi BO3BPAIIACTCS B IIEp-
BOHAYAIILHOE COCTOSIHUE, TO TAKOU MPOIECC HA3BIBACTCS 3AMKHYMbIM WITH YUKIUYECKUM NPOYECCOM.

Ecnu cmpenku, nokaseisaiowue Hanpasienue YUKIU4eckoeo npoyecca, CO8Naoaiom ¢ HanpaesieHuem
8palyenus acosvlx Cmpeiok, mo paboma 2aza NoioAHCUMenbHd, a paboma HeuWHUX cul Ompuya-
menvHa (d). Ecnu oice cmpenku, onpedenaiowjue nanpagienue npoyecca, HAnpagiensbl npomue
8palyeHUs HACOBbIX CIMPENOK, MO paboma 2aza OmpuyamenbHa, a paboma 6HeWHUX CUL NOTOIHCU-
menvHa.

© P d p
A
1 2
Pie==== 1 B
I I !
| | |
| | 5
l \ : C
| | i -
0V, V, V 0V, V., V
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Wccneposanue-1. MNpumeHeHne. B kakoM npounecce BHyTPEHHsIsl JHEPrHsi MEHsIeTCsl TOpa3io

0onbuie?
3angaya: B TepMoauHaMUUECKOW CHCTeMe OBUTH COBEPIICHBI MPO- P 2 (e
IeCCHl, TIPEJICTaBICHHbIC Ha Tuarpamme p — V (e). CpaBHUTE n3Me- == N
HEeHHe BHYTPEHHEH Hepruy U paboThl, COBEPIIAEMBIX CHCTEMOH B I
npoLeccax nepexozaa u3 Touku M B Touky N. 5 I-“'
1 6./ 3

O0cy:xaeHue pe3ybTaTOB: ; ’_,/
e OT 4ero 3aBUCUT U3MEHEHHE BHYTPEHHEH 3HEPruU TEPMOIUHA- M -

MHYECKON CUCTEMBI? 4 -
e B kakoM u3 MNpoLECCOB BHYTPEHHSAS DSHEPrusi CUCTEMBI 0 4

nu3Mensiercs ropasno oomnsie? [louemy?
o B kakom u3 mporieccoB paboTa, coBepIiaemMas CUCTeMOi, ropasno Oobire? [Todemy?

I[IpumeHeHue B MOBCEAHEBHOM KU3HU:

Iupuna kmaccHoit koMHaThl 5 M, aunHa — 10 M, a BeicoTa — 4 M. TemnepaTypa Bo3ayxa B KOMHATe

IIpU HOpMasTbHOM atMocdepHoM nasienun 20°C.

e Uemy Oyzer paBHa BHYTPEHHSISI SHEPTHS BO3TyXa B KOMHATE, €CJIM OH COCTOUT TOJIBKO U3 OJTHO-
aTOMHOTI'0 UJeabHOro raza?

e Ha kxakoil BbICOTEe NOTEHINAJIbHAS YHEPIHsl aBTOMOOWIISI Maccoi 2 TOHHBI OyJieT paBHA BHYT-
PEHHEHN SHePruy BO3lyXa B KJIaccHOH komuare (g = 10 m/c?)?

ITpoBecTH caMOOLEHKY:

1. Kakue nmoHATHA TOBTOPWIK Ha ypoke? UTO U3 3TOT0 BBl XOPOIIO MOHSIIH, @ YTO OCTATIOCh BaM
HE SICHBIM?

2. Kakne MakpomapaMeTpsl ONpeAessiFoT BHY TPEHHIOI YHEPTHIO Tea?

. OT KaKuX MaKponapaMeTPOB 3aBUCHT BHYTPEHHSIS SHEPTHS OJJHOATOMHOTO UJICAILHOTO ra3a?

4. UeMy paBHO M3MCHCHUE BHYTPEHHEH SHEPTHU TEPMOJINHAMUYECKONW CUCTEMBI, €CJIH B HEW Mpo-
HCXOJIUT TOJIBKO TEII000MEH?

S. INouemy coBepiiaemas MexaHH4YecKasi paboTa MOXKET U3MEHHTh BHYTPEHHIOIO SHEPrHIO CHC-
TEMBI?

6. Kakue makpomnapameTpsl TEPMOANHAMUYECKOW CHCTEMBI H3MEHSIOTCS B TIPOLIECCE COBEPLICHUS
paboter?

7. Ilouemy pabora, coBepIICHHAs ra3oM, M paboTa, COBepIIaeMasi BHCITHUMHU CHJIAMH HAJl Ta30M,
OTJIMYAIOTCS APYT OT APyTa 3HAKOM?

w

YTO Bbl Y3HAJIU? 3amumute B paboueM JIMCTKE ONpENesICHHUsS HIKEIPUBEICHHBIX MOHATHH U

MOJIOKEHUI: “TepMOAMHAMHUKA™, “TepMOAMHAMHUYECKasl CHCTeMa”, “BHYTPEHHSIA SHEPTUs”, “BHYTPCH-
SRS RIS

Hsisl SHEPTUsl HICATbHOTO Ta3a JJAHHON Macchl”, “Crioco0bl M3MEHEHHs BHYTPEHHEH sHeprun”, “pabora
B TEPMOJAUHAMUKE .
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- nEPBbII7I 3AKOH TEPMOAUMHAMUKA
(a)

HeBo3amoxHO npeacTtaButb cebe MOBCEOHEBHYH XM3Hb 6e3
pasHoLleneBow TEXHUKKM, obrnervatoLen Hally XusHb. Mpu no-
MOLLM 3TOM TEeXHUKX TIOAM BCMaxvmBalT 3emMIo, 40OblBaloT
HedTb, ras, pyay v gpyrme nonesHble Mckonaemble, “Cokpa-
waT” 6onbline paccTosHus 1 T.4. [MaBHOe CBOWCTBO BCeW
TEXHWKN — CNOCOBHOCTL COBEPLLEHUS MU PaboThl.

[Mo aTolM NpuyKnHe elle ¢ APEBHUX BPEMEH NOAU
nbiTanucb co3aaTtb CNocobHbIN paboTaTb BEYHO
perpetuum mobile, TO eCTb BEeYHbI OBUraTesb.
Kak ogHy 13 nHTepecHbix paboT B 3TOM Hanpas-
NEHMM MOXHO MoKasaTb OPUrMHarnbHbIA MPOEKT,
NPeanoXeHHbIN aHIMTMACKUM CBALLEHHMKOM [IXKo-
HOM YunkeHcuHoM B XVII Beke, OCHOBaAHHbIN Ha
[EeNCTBUM MarHMTHOro nons.

Mo noee npoekTta, BeYHbIM ABUraTenb OOMMKeH paboTaTb Tak: WapooOpasHblii MarH1T no-
MeELLEH Ha BbICOKYHO OMOPY, K KOTOPOW MPUKPENIAOTCS ABE HAKITOHHbIE MIIOCKOCTU, BEPXHASA
NSIOCKOCTb NPSIMOSIMHENHASA, @ HWXKHSS U3orHyTas (a).

B pesynbTate nNpuUTSXXEHWS MarHUTOM LUApWUK, MOMELLEHHbIA B HWXKHEN 4acTu MPSMON
MIIOCKOCTU, HAYMHAET NOAHUMATLCA BBEPX W MPOBANMBAETCA Ha HUXKHIOK MNTOCKOCTb Yepes
oTBepcTue 1 B BEpPXHEN YacTu NNOCKOCTU. 3aTeM, cKaTbIBasiCb BHU3 MO M30rHYTOM NNOCKOCTH,
CHOBa MonazaeT Ha NpsiMy MITOCKOCTb Yepes3 OTBEPCTUE 2, 1 BCE NOBTOPSAETCHA CHOBA. €

e ByneT nu BeyHo paboTaTb 3TOT “ABUratens”’? MNouemy?
e Kakor chyHOameHTanbHbIA 3aKOH JOJKEH BbIMOJIHATLCS
ansi paboTtbl AgBuraTensa?

Wccneposanune-1. Moxer Jid HelPepPbHIBHO COBEPIIATHCS
padota, 0e3 0 Iy4eHHs] JHEPIUH CO CTOPOHbI?

Mpiciaennblii  dkcnepument. Dpaniry3ckuil  n3obperaTens
Jennn Ilanen (1647—-1712) npennoxui NpoeKT MPOCTOH Tua-
pPaBIMYECKON MAIIUHBI, CIMOCOOHOH paboTtate BewHo. Ilo
MPOCKTY K HIDKHEH YacTH LIMPOKOrO COCyla HPHIIaUBACTCS
H30THYTas TpyOKa Takoi GOpMBI, 4TO OTKPBITHIN KOHEIl TPy OKH
MaJIoro JuameTpa MOMEIIAeTCs HaJl BEPXHEH 4acThIO MINPOKOTO
cocyna (b).

ITo mpenmnonoxeHuo n3o0peTaTens, Tak Kak BeC BOJIBI B ILIH-
POKOI1 yacTu cocya Gosibllie, 4eM BeC BOJbI B Y3KOH 4acT, TO
BO3HMKAIOIIAs PA3HOCTb JAaBJICHUH CO3/1aCT BEYHOE JIBHIKCHHUE
BOJIBI K Y3KOMY KOHITy TpyOKu. DTOT perpetuum mobile [Tamena
He 3apaboTai.

(b}

O0cy:xaeHue pe3y/1bTaToB:
e B uem ommbka I/1306peTaTeJ'I${? Kaxkoii 3akoH He ObLI MPUHAT BO BHUMAHHE B 3TOM Z[BI/Il"aTeJ'Ie?
o Kak MOXHO 00€CIIeUUTh HETPEPHIBHYIO MEXaHUIECKYIO paboTy?

[epBrIii 3akon TepMoauHaMUKH. COTIIACHO OJHOMY U3 (YHIAMEHTAIBHBIX
3aKOHOB HpI/IpOIII)I — SaKOHy COXpaHeHI/IH 3Hepr1/11/1, TTIOJTHAS 3Hepr1/m (MGX&HI/I‘ICCKaH
Y BHYTPEHsISI SHEPTHsl) 3aMKHYTOW CHCTEMBI OCTAaeTCsl TIOCTOSHHOM MpH BCeX IMpo-
1eccax, MPOUCXOASAIINX BHYTPU STON CUCTEMBI:

E 4+ U = const.
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B

3aK0H COXpaHEHMS SHEPTUH, IPUMEHAEMBII K TEIJIOBBIM IIPOLIECccaM, Ha3bIBAIOT
nepeviM 3aKOHOM MEePMOOUHAMUKU
o [I3menenue eHympeHHell SHepeuu mepmMoOUHAMUYECcKoll CUCMEMbl PAGHO KO-
yecmey menyiomvl, NepeoaHHoMy Mot cucmeme, u pabome GHEWHUX CUTL, COGep-
WeHHOU HAO CUCTNEMOLL:

AU=Q+A (7.11)
Hay 3aMKkHYTO#H 1 M30IMPOBAHHOM CUCTEMO BHEIIHUE CUJIBI HE COBEPIIAOT PaboTy
(A = 0) 1 He MPOMCXOAMT TEII00OMEHa ¢ OKpyxaromumMu Teiaamu (Q = 0). B atom
Cllydae, COIVIaCHO IIEPBOMY 3aKOHY TEPMOAMHAMMKH, BHYTPEHHSSI SHEPIHs
3aMKHYTOW U U30JIMPOBAHHOM CUCTEMBI HE U3MEHSETCS:
AU=U,—-U; =0 - U,=U;

Tak kak pabota, coBepiIacMas CHCTEMOM Haj BHEIIHMMH CHJIaMHM, paBHa paloTe,
COBEPIIIAEMOI BHEIITHUMH CHUJIAMHE HAJT CHCTEMOH C IIPOTUBOIIONIOKHBIM 3HAKOM: A =—A,
TO TIEPBBIM 3aKOH TEPMOANHAMUKHI MOXHO 3aIIMCaTh TaK:

o Konuuecmso mennomul, cooOwenHoe MmepMoOUHAMULECKOU cucmeme, 3ampa-
YUBAEMCs HA UMEHEeHUe ee GHYMPEeHHell SHepeul u pabomy, KOmopyio cucmema
cosepuiaenm NPomue GHEUHUX CUL:

Q=AU+ A’ (7.12)

[Tocie OTKpBITHS 3aKOHA COXPAHEHMsI YHEPTUU CTala OYEBHIHOH HEBO3MOXK-
HOCTB CO3JIaHUSI BEUHOTO O8ueameis nepeozo pood.:
® Beunblii Ogueamens nepeoco pooa (perpetuum mobile 1) — smo osueamens, komopwiii
0y0yuL 00HANCOBL NPUBEOEH 6 OelicmauUe U He NOTYUAsL SHEPSUIO U3BHE, cosepuiaen pabomy
BEUHO.

CornachHo Beipaxkenuto (7.11), mis coBepiieHus: padOThl cCUCTEMa WM AO0JDKHA
MOJY9aTh SHEPTHIO U3BHE, WM HCIIOIB30BATH CBOIO BHYTPEHHIOI SHEPTHUIO:

A’=Q—-AU (7.13)
B nporuBHOM ciy4vae, To ectb ecniu Q = 0 u AU = 0, To u padora A’= 0, a 310
03Ha4yaeT, YTo paboTaloMNN BeUHBIH IBUTaTeIb HEBO3MOIKEH.

IIpuMeHeHue MepBOro 3aK0HA TEPMOJAMHAMHKH K Pa3HBIM IPOLECCAM.

1. H3omepmuueckuil npoyecc (m = const, T = const).

Tak kak B TOM IpoIecce TeMIepaTypa CHCTEMBI OCTAETCs IIOCTOSHHOMW, TO U €€
BHYTPCHHSISI DHEPTHUS OCTACTCS TIOCTOSTHHOW, M3MEHEHHUE K€ BHYTPEHHEH dHEPTUH
pPaBHO HYJIIO:

U=const - AU =0.
W3 BeIpaxkenuii mepBoro 3akoHa TepmoauHaMuku (7.11) u (7.12) momyyaem:
Q=A’ (7.14)
Q=-4 (7.15)
o [lpu uzomepmuueckom npoyecce 6ce KOAULECBO Meniomsl, NepedaHHoe
cucmeme, 3amMpasuBaemcs Ha cogsepuierue pabomel.

2. H3oxopnuwiit npoyecc (m = const, V = const).

Tak kKak B 3TOM TIporiecce 00beM CUCTEMBI OCTACTCS IIOCTOSTHHBIM, TO U3 BhIpaXe-
Hus (7.10) caenyer, uro pabora He coBepmaercs (A = 0, A”= 0). [lepsblii 3akoH
TEPMOAMHAMUKH TTPHOOpETAET BU/I:

Q=AU (7.16)
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I[J'ISI OJJHOATOMHOI'O NACAJIBHOT'O Ira3a:

—AU—BmRAT 7.17
Q=4U =3 RAT  (7.17)

° Hpu U30OXOPHOM npoyecce Koauvecmeo menjiomal, nepedaﬂnoe cucmeme, yeiuKkom
sampavdueaentcia Ha UsMeHeHue 6Hymp€HH€ﬁ OHepcuu.

YaenbHasi TEIIOEMKOCTh OJHOATOMHOTO HAEAJbHOI0 ra3a, NMpH IOCTOSTHHOM o0beme. Eciu
B BbIpaxkeHnH (7.17) ydecTb BbIpa)KEHHS BHYTPEHHEW SHEPIHH OJHOATOMHOIO MICaJbHOTO Tas3a
(7.7) n xonumvectBa TemwoThl (7.4), To momyduM GOpMyIy Ul YIACTbHOH TEINIOEMKOCTH IPU

IIOCTOSIHHOM 0OBEME:
3R

cy = oM (7.18)
3. H3ob6apuwtit npouecc (m = const, p = const).
B aTOM mporiecce maBieHre CHCTEMbI OCTaeTCsl TOCTOSHHBIM, a TEMIIepaTypa 1 00beM
M3MEHSTIOTCS. []1s1 5TOro Iporiecca MepBblii 3aKOH TEPMOIMTHAMUKHY 3aMMCHIBACTCS, TaK:
Q =AU + A’= AU + pAV.(7.19)
o [Ipu uzobaprom npoyecce (pacuiuperuu) nepedanHoe cucmeme KoIuyecmeo men-
JIOMbl 3aMpavueaencs Ha ygeauyeHue e2o HympeHHel dHepeull U Ha cosepulenue

2a3om p(l60mbl npomue 6HewHUX CUJl.

YiaelbHasi TEMI0eMKOCTH OJXHOATOMHOIO HA€AJbHOr0 ra3a NpH TOCTOSHHOM JaBJIEHUU:
[Ipunss B (7.19) BoO BHUMaHUE BBIPaXKEHUS U OJHOATOMHOTO HJI€aJIbHOTO rasa:

m
A’=pAV = —RAT,

M
B (7.20)
AU = EMRAT
TIOJTYIIM:
_am RAT 7.21
Q =57 RAT. (7.21)

C YUE€TOM 3TUX BI:Ipa)KeHI/Iﬁ MOXHO ONPEACINUTDH YACIbHYIO TEINIOEMKOCTE OAHOATOMHOI'O NACaJIb-

HOTI'O rasa 1npyu nocTOsAHHOM JaBJICHUU KaK:
5R R

& =Cv+M.

P = EM (722)

W3 cpaBuenns Beipakenui (7.20) u (7.21) BuAHO, 9TO IPH H300apHOM MPOLIECCE JUIS OJJHOATOMHOTO
HICAIBHOTO Ta3a CyNIECTBYIOT CIEAYIONINe COOTHOMICHHSI MEX/Iy IIePeAaHHBIM KOJINYECTBOM TeIl-
JIOTBHI, U3MEHEHHEM BHYTPEHHEW SHEPTHH M COBEPIICHHOH paboToi:

AU = 0,6 Q, (7.23)
AU =154/, (7.24)
= 0,4 Q. (7.25)

4. Aouabammnuiit npoyecc (m = const, Q = 0).
e Aouabammuulii npoyecc — 2mo npoyecc, nPoucxoosauuli be3 meniooomena cuc-
memvl ¢ OKpydcaroujeli cpeooll.
Tak Kak B 3TOM IPOIECCE OTCYTCTBYET TEIIOOOMEH CHUCTEMBI CO CTOPOHHUMHM
TEJaMHU, TO TIEPBbIM 3aKOH TEPMOJIMHAMUKY MOYKHO 3aIlMCaTh TaK:
AU = —-A"
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WU
AU =A (7.26)
[Mpn agmabaTHOM paclIMpPEeHHH Ta3a €ro TeMIeparypa U BHYTPEHHSISI SHEPTHsI
YMEHBIIAIOTCS, TO €CTh a3 OXJIaXKAaeTcs, a IPH a1uabaTHOM )K€ CXKaTHUH, Ha000poT,
€ro TEMIEPATypa U BHYTPEHHSSI SHEPIUsl yBEIMUNBAKOTCS, TO €CTh I'a3 HArPEBaeTCs.

WUccnepnosanme-2. NpumeHenne. Ha ckoJIbKo M13MeHHJIaCh BHYTPEHHSISI JHeprusi?

3agaya: OQHOATOMHBIM WI€ANbHBIN a3 MpHU AaBJIEeHUH 2 - 10°Ma, n300apHO pacuIupssiCh, yBe-

nmamt o6beM Ha AV = 0,5 M3. Onpenenure u3MeHeHHe BHYTPEHHEH SHEPTHE M HOTYYEHHOE KO-

JIMYECTBO TEIUIOTHI IIPH 3TOM IIPOIEcCe.

O0cy:xaeHue pe3yabTaToOB:

e UeMy paBHO M3MEHEHHE BHYTPEHHEH SHEPrHM OJHOATOMHOTO HAEATBHOTO Ta3a MpPH ero U30-
0apHOM paciupeHun?

e Kak onpenemnsieTcss KOIHYECTBO TEIIOTH, TOJTyYCHHOE HACAIBHBIM ra30M B 3TOM Hporecce?

IIpuMeHeHHE B NOBCEHEBHOM KU3HU:

HaBepﬂoe, BaM l'lpPIXOlII/I.]'lOCb Ha6.]'l}OllaT]> 3a l'lpOIlHBHblM JOXIOEM U BBINNAJICHUEM rpa)la B JICTHEEC
Bpemst. Kak ato mpoucxoant?

Harpetsiii y moBepXHOCTH 3eMJIH BO3IyX, MOAHUMASICH C OOJBIIOH CKOPOCTHIO B BEPXHUE CIIOU aT-
Mochepbl, PaCHIMPSETCS U B Pe3yJIbTaTe PE3KO OXJIaXIaeTcs. BomsHO# map B HUX, KOHACHCHPYSICH
B MaJIeHbKHE KArelIbKH BOJBI M OTBEP/EBasi B KPUCTAUIMKHY JIbja, 00pa3yer «TsuKelbie» oblaka,
KOTOpBIE 3aTeM IPOJIUBAIOTCS B BUE MMPOIMBHBIX TOXK/EH WM BHIMTAICHUS IPajia HaJl HEKOTOPBIMHE
obsacTsIMu 3eMTu.

o B pesyinbTare Kakoro mporecca HaJl BO3MyX0oM (Ta30M) MPOMCXOHT OIMMCAHHOE aTMOC(hepHOE sBJIe-
Hue?

IIpoBecTn camMooLeHKY:

1. Kakue moHATHA NOBTOPHIH Ha ypoke? UTO U3 3TOTO BBl XOPOIIO MOHSIIH, @ YTO OCTAJIOCh BaM

HE SICHBIM?

2. BelpaxkeHHeM Kakoro (yHIaMEHTaIbHOTO MPHPOJHOTO 3aKOHA SIBJISETCS MEPBBIil 3aKOH TEPMO-

IMHAMUKNA?

. Kakoii BaskHBIil BBIBOJI MOXKHO C/IeIaTh M3 IIEPBOT0 3aKOHA TEPMOIHHAMUKN?

4. IoyeMy npy M30XOPHOM MPOIIECCe KOIMYECTBO TEIUIOTHI, IepeJaHHOe Ta3y, IIOJHOCTBIO 3aTpa-
YHMBAETCSI HA U3MEHEHHE ero BHYTPeHHEH SHepruu?

S. INovemy npH M30TEPMHUYECKOM MPOLECCE KOJIUYECTBO TEIIOTHI, MEpPeJaHHOe rasy, paBHO CO-
BEpLIEHHOH paboTre?

6. 3a cyer Yero B mporiecce aanabaTHOTO PACHIMPEHUs ra3a CoBepLIaeTCs MeXaHndeckas padbora?

7. 3a cyer yero npu aguadaTHOM CXKATHU COBEpIIACTCS MEXaHUdecKas pabora?

|98}

YTO Bbl Y3HAJIU? 3anummTe B padoueM JHCTKE OINpPEISNICHNS] HIDKEIPHBEICHHBIX MOHITUH 1
MOJIOXKEHUM: “HepBbIf 3aKOH TEPMOAMHAMUKH’, “IIEpBbI 3aKOH TEPMOJUHAMHUKH JUIl H30TEp-

MHYECKOT0 mporiecca”, “nepBblil 3aKOH TEPMOAMHAMUKHI JJIs1 K300apHOTO mpoiiecca”, “IiepBblil 3aK0H
» »

TEPMOJMHAMUKH JUIsl K30XOPHOTO TMpoliecca’”, “anuadaTHbIi mporecc”, “BeYHbIN ABUraTelb MEPBOro
2
pona”.
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Bropoit 3akoH TEPMOAMHAMMKMY.
MPMHLMN PAEOThI TENNOBLIX ABUATENEN

WNHoraa MoXHO BCTPETUTL Takue
MeXaHN4eCcKne SIBNEHNS!, B KOTOPbIX
npoLiecc NpoTekaeT OANHAKOBO Kak B
npsIMOM, TaK 1 B 06paTHOM Hampas-
neHun. Hanpumep, CHSB Ha BUOEO
noBTOpStoLLMECS KonebaTenbHble
OBMWXeHNA matemMaTu4eckoro nnum npy-
XWHHOIo MadaTHUKa, npoucxogdiwine sa
HebOombLLOV NPOMEXYTOK BPEMEHW, U
NPOAEMOHCTPUPOBAB SIBMEHWE B 06-
paTHOM HanpaBreHUn, MOXHO YBUAETD,
41O KONMebaHus, Npoucxoasiume B
06paTHOM HanpaBneHUN, B TOYHOCTU
NOBTOPSIOT konebaHus, npovcxoasime
B MPSAMOM HarnpasreHuu.

OpHako BCE eCTECTBEHHbIE SABMEHUS,
npovcxogswime B MNpupode, MOXHO
ckasaTb, OOHOHanpaBlEHHbIE; Hanpwu-
Mep, POCT pacTeHui, nageHue macchbl
BOAbl B BOAOMNAAE, CTapeHne YernoBeka
n gpyrve. Takke UMeeTcst onpeneneH-
Has HanpaBrEHHOCTb SIBMEHUIA B MOB-
CEeOHEBHON >KW3HW, B KOTOPbIX Mbl
yyacTByeEM; Hanpumep, Msd nocre
yhapa ¢yTtbonucrta cHavana yckopsi-
eTcs, a 3aTeM, 3aMeanascb, ocTaHaB-
nnBaeTCcd;, unu na,qarou.mﬁ C BbICOThbI
KaMeHb, yJapuBLUUCL O 3emIilo, ocTa-
HaBMMBaeTCs, Kkunslwas Boda B Yaid-
HUKe, OCTaBrneHHOM 6e3 BHMMaHusi Ha
KyXHe, MOMHOCTbI0 MNpeBpallaeTcs B

nap v ap.

¢ Kak MOXHO Ha3BaTb TakMe o4AMHAKOBO
npoTeKkaroume siBrneHna? B kakown cte-
NneHu BaXKHO HanpaBrieHue npouecca
OnA 3TUX ABNeHun?

BbINonHsieTcs N1 3aKOH COXpaHEeHUs
3Hepruu ans 3Tux aiBneHun? OTBeT
060CHOBaThb.

B03MOXHO N caMonpoun3BosibHOe
TeyeHue Bcex 3TUX NpoLeccoB B 06-
paTHOM HanpaBneHun? Hanpumep,
MOTFYT JIu CaMONpPOU3BOJILHO NPOTeKaTb
npouecchl: NOAHATHE AO0XAEBbIX Ka-
nenb c NOBEPXHOCTU 3eMNM HaBepX B
He60, NoAbLEeM KaMHsl C 3eMIv Ha BbiCO-
Ty, YCKOpPEeHUe Msiua U3 COCTOSAHUA
NOKOSA B HanpaBneHuu yTéonucra,
“TeyeHue” Bogonaga CHU3y BBeEpX,
OMOJIOXEeHWe CTaporo YernoBeka u
apyrue?

Kak MoXHO Ha3BaTb NpouLecchbl, NpoTeKa-
loLmMe TONbLKO B O4HOM HanpassfieHumn?

BbinonHseTca nu Ana HUX HepBbIVI 3aKOH
TepMoOAUHAMUKKN?

JIMYECKas JI0XKKa, TEPMOMETP.
Xoa uccjie0BaHusI:

Wccnepoeanme-1. K kakoMy BBIBOY MOKHO NPHIATH U3 HA0/110/1aeMbIX IBJIEHUIT?
ObopynoBanue: BoJOHArpeBaTelb, JJAOOPATOPHBIH cTakaH (2 IIT.), KPUCTAIUIBI KPACKH, MeTal-

OmnpiT 1. HanonuuTte crakad Temioil Boxoi. bpocuB kpucTamibl Kpacku B BOZY, MPOCIEAUTE 32
xoJ0M ITUuQdy3nn, TO €CTh 32 OKPAIIUBAHUEM BOJIBI IO BCeMy 00beMy (a).

OmnbIT 2. HanuB Bo BTOPOii cTakaH TEIUION BO/IbI, U3MEPHTE TEPMOMETPOM €€ TeMrepatypy. Uepes
MHHYTY MOMECTHTE METAJUIMYCCKYIO JIOXKKY, MMEIOIIYI0 KOMHATHYIO TEMIIEPATypy, B
oy (b). [IporabmiomaiiTe TOCTIKEHHE TETNIOBOTO PAaBHOBECHSI, BO3HUKIIIEE B CHCTEME.
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(a)

(b)

Oo6cy:x1eHHe pe3yJbTaTOB:

© B0o3MOKeH JIn CaMOTPOU3BOJILHBIN TIPO-
Liece pas/ieseHus MOJMyYeHHON B pe3yJib-
tare quddy3un cmecu (OKparieHHas
BOJIa) 32aHOBO Ha YHCTYIO BOJLY U KpHC-
Tayutel kpacku? Ilouemy?

e OT KaKoro Teja K KaKOMy CaMOIPOU3-
BOJIBHO TI€pe1aeTcsl TEIUIo MpH IoMellie-
HUW TEPMOMETPA U JIOKKH B TEILTYIO BO-
nty? MOKeT I 3TOT TpoIiece caM Mo cebe
HJITH BCIIATH?

© MOXHO JI1 OTIPE/IeNUTD IO NEPBOMY 3a-
KOHY TEPMOJIUHAMUKH HATIPaBIICHHE
npotecca Terutonepenadn? OtBer oboc-
HOBATh.

Bropoii 3akoH TepmoanHaMuku. [1epBblil 3aKOH TEPMOAMHAMUKYN — TO 3aKOH
COXPaHEHUS SHEPTUH IS TCIUIOBBIX MPOIIECCOB. DTOT 3aKOH MMOATBEPKIACT HEBO3-
MOKHOCTb CO3/IaHUsI BEYHOT'O JBUTATEIIS IEPBOro poja. OJHAKO 3TOT 3aKOH HE OIl-
pezaensieT, B KakoM HalpaBJICHUH ITPOTEKAIOT TEIUIOBhIE Tpoliecchl. Hanpumep, mpu-
BEJICM B COIPHUKOCHOBEHHE JPYT C APYrOM J[Ba Tejia C PA3HBIMH TEMIICpPaTypaMHu.
Uepe3 HEKOTOPBIH MPOMEKYTOK BPEMEHH MEXKJy HHUMH YCTAaHOBUTCS TEILJIOBOE
paBHOBECHE, TO €CTh BBITIOJIHICTCS TIEPBbIM 3aKOH TEPMOJAMHAMUKHA — KAKOE KOJIH-
YEeCTBO TEIIOTHI OTAACT O0JIee Topsuee Teo, TAKOE JKE KOJMYECTBO TEIIOTHI MOy~
yuT 00JIee XooaHee Teo. Ecau Obl 3TOT mpoIece Mpou3oIesl Ha00opoT, TO €CTh
XOJIOJTHOE TEJIO CaMOIIPOM3BOJIBHO (0€3 BHEIIHEro BMEIIATEIhCTBA) MEpealio Obl
KOJIMYECTBO TEIUIOTHI FOPSIYEMY TEJy, TO MEPBbIA 3aKOH TEPMOIMHAMUKH TAKKe ObI
BBINIOJTHsIICSA. OJHAKO HHU OJUH W3 3KCICPHUMEHTOB, IPOBOJUMBIX YUYCHBIMU B
TEUCHHUE BEKOB, HE YCTAHOBWJI MPOTEKAHHE ATOTO IMPOIecca CaMOMPOU3BOJIBHO.
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Hpyrumu croBamu, poriecc Teruionepeaadn B TePMOIMHAMUYECKON CUCTEME, IMe-
IONIMH KOHEYHOE 3HAUYCHHE PAa3HOCTH M3MEHEHHs TEeMIIepatyp, HeoOpamum. ITa
uzes, chopMmynupoBaHHas HemeukuM yueHbM P.Kiaysuycom (1822—-1888) B 1850
TOJTy, JIEKUT B OCHOBE 81MOPO20 3AKOHA MEPMOOUHAMUKU:

o Hegosmooicen npoyecc, pe3yibmamom KOMopo2o ANAemcs MoabKo camonpous-
B0JIbHDIL NEPEX00 KOJUYeCMEAd Menjionmsl 0m X0100H020 mena k meniomy. Tenioeas
9HEpeUs CAMONPOU3ZBOTILHO MOdCeMm NepedasamvpCs MOIbKO 8 HANPAIeHUU Menio-
8020 pABHOBECUS, MO eCb 0N MENJI020 Mmeid K XOJI00HOMY.

Bmopoii 3akon mepmoounamuxu onpeoensem 3aKOHOMEPHOCHb HANPABIEHUS
mepmoouHamuyecko2o npoyecca. OH noxkazvleéaem, 4mo npoyecc nepeoadu menia
Om X000HO20 Mmena K meniomy He Moxdcen NpomeKams CAMONPOU3BOIbHO, MO
npOYecc MOJNCHO peanu308ams 8 pe3yibmame cosepuletis padomeol.

B nmanpHeimmx uccnenoBaHusAX OBUIO OMPEAENICHO, YTO HE TOJIBKO TETUIOBEHIC
MIPOIIECCHI, HO M BOOOIIEM, BCE €CTECTBEHHBIE MPOIIECCHI, MPOUCXOAIINE B TIPU-
pone, Heobpamumul.

e Heobpamumulii npoyecc — 5mo npoyecc, CAMOnpoUu380ibHoe npomeKanue Komo-
PO20 8 NPOMUBONOLOHNCHOM HANPABIEHUU HEBO3MONCHO.

MpuHoun padoTsl TemIoBOro ABUraressi. [IpuHIUI paOGOTHI TEIIOBBIX Ma-
IIFMH OCHOBaH Ha TIPUMEHEHUH BTOPOTO 3aKOHA TEPMOJUHAMHUKH U COCTABIISIET €T0
HAy4YHYIO OCHOBY.

o Tennoeasa Mawtuna — 5mo mepmMoOOUHAMUYECKAs CUCEMA, BbINOIHAIOWAA YUKIIU-
yecKull npoyecc (CosepuLaruds MexaHudeckyro pabomy), nepedasas Koaiuiecmaso
Meniomol 0n 00HO20 meid OpPY2oMy.

TernnoBbie MaIMHbI OBIBAIOT JABYX BUJIOB: MeN108ble 08Uamen U X0I00UTbHbLE
YCMAHOBKU.

o Tennoevim 0guzamesnem HA3bl8aAeNcs YCMAHOBKA, NPeoopa3yioulds 6HymMpeHHI0
HEPeUIO PA3TIUYHO20 BUOA MONIUBA 8 MEXAHUYECKYHO IHEPSUIO.

HeszaBucumo oT ocoOeHHOCTEH CTPOEHUS, BCE TEIUIOBBIC ABUTATEIH COCTOST M3
TpeX OCHOBHBIX YacTel (cM.: pusnka-8, ctp.90-92):

1. Haepesamenb — smo uacmu 0uzames, COXpAHAIOUAA NOCMOSHHYIO 8bICOKYIO
memnepamypy Ty, docmueaemyio 3a cuem c2opanusi pa3Hvix U008 MONAUBA UTU 8
pesynvmame GulOeneHUs IHePeUU 8 S0EPHLIX PeaKyUsIX.

2. Pabouee meno — smo 2az uiu nap, co8epuiaiowjull Mexanuueckyo pabomy
pe3yibmame pacuiupeHus-Coxcamus.

3. Xonoounvrux — amo wacmo osueamens ¢ memnepamypoui T, (T, < Ty): okpy-
Jrcarowas cpeda (ammocghepa), 8ooa.

[TpuHIMIIUanpHas cxema padoThI TETIOBOTO JIBUTATENS Clieryromas: pabouee Te-
JIO TIOJTy4YaeT OT HArpeBarTelisi KOJMYECTBO TEIIOTH (1, OTIACT XOJIOAMILHHUKY KOJIH-
YECTBO TEIIOTHI J, W 3a OJIMH LIMKJI COBEpPILACTCS ToJie3Has padota A 7(c):

A'=Q,—Q  (727)
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(© Harpesateas, T,

A/=Q1_Qz

Xoaogunbuuk, T,

Jli1st HertpephIBHOM Pa0OThI TEIIOBOTO JBUTATENS IPOIIECC, TPOUCXOISIIUNA B JIBH-
rarene, TOJDKeH ObITh HUKIndecknM. C 3TOH IeNbio ABHTATENb PEeryinpyercs, Tak,
4yT0o0BI pabodee Teno (ra3), BHa4YajIe PACHIMPUBIIKCH TOCIE MOTYUCHUS KOJMYECTBA
TEIUIOTHI, TOJKACT IMOPIIEHb B IJIMHAPE W COBEPIIACT PadOTy HAJ HUM, a 3aTeM,
C)KMMasiCh, BO3BpAIlaeTCs B TIepBOHavaIbHOE cocTostHue. [loce aToro ras cHoBa pac-
MIAPSETCS, W TPOIECC IUKINYECKH MOBTOPSETCA (TpEHHEe MOABM)KHBIX YacTeil JBH-
rarelisi ¥ TeII000MEH C OKPYIKaIOIIeH Cpeioi CBOIUTCS JI0 MUHUMYyMa) (CM.: ¢).

B 1851 rony anrmmiickuii yaensnii Ywunbsim (KensBun) Tomcon (1824-1907),
M3YYHB MPUHINI PabOTHI TEMJIOBOTO JABHUTraTeNs, Aajl HOBOe mpouTenue /I 3akona
MepMOOUHAMUKU:

o Tennosoti 0gueamens, 8bINOIHAOWUN YUKIUYECKUL npoyecc, 6e3 XON0OUlIbHUKA
pabomams He MOiCEM.

JleficTBUTEIBHO, KOJIMYECTBO TEILUIOTHI (1, MOJIyYEHHOE OT HArpeBareds, 3aTpa-
YUBAETCS HAa COBEpPIIECHHE TO0JEe3HONW paboThl B IBUTATENe HE TOJTHOCTHIO, HA 3TO
YXOJUT TOJIBKO €ro OMpeAesiCHHAsl YacTh, OCTATbHAS KE €r0 4acTh — KOJUYECTBO
TEIUIOTHI 5, TIepeaeTCsl XOJIOJMIBHUKY. XapaKTepUCTUKA, ONPEACIIIONIas, KaKas
YacTh KOJHMYECTBA TEIUIOTHI, TIOJYYSHHOTO OT HArpeBaTels, 3aTpauyuBaeTCs Ha CO-
BEPIIICHIEC TTOJE3HON pabOTHI, HA3BIBACTCS K02 duyuenmom noiesnoco oeucmaeus
(KI1/]) TeninoBoro JBUTATENS.
® Koagppuyuenmom nonesnozo oeiicmeus (1) mennoeozo oguzamens Ha3vi8aom
OMHOULEHUE COBEPUUEHHOU UM NONIE3HOL pabOmbl K KOAUUECMEY Meni0mbl, NOIYYeH-
HOMY Om Haz2peeameris:

A -0 . O
S S . 2 . = 7.28
=TT o o (7.28)

HeBo3MoxHOCTh pabOThI TEIUIOBOTO JIBUraTelisi 0€3 XOJIOMIbHUKA TPUBOIUT K
tomy, uto ux KIIJl Bcerna mennie 100%. Oto 3Ha4wmT, uto 1l 3aKoH TepMorHaAMUKN
MOITBEPIKIAET HEBO3MOYKHOCTD CO3JIAHUSI 8eUH020 08ueamens mopo2o pooa (perpe-
tuum mobile II):
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N ® Beunwlil dgueameinsb 6mopozo pooa (perpe-
p (a) tuum mobile II) — 3TO ABUTATENH, TPEBpa-
MIAIOITUH TTOTHOCTHIO KOJIMYECTBO TETUIOTHI,
MOJIyY€HHOE OT HarpeBartessi, B IOJIE3HYIO
paodory.

B 1824 rony ¢paHiy3ckuii HHXKEHEp
Canu Kapuo (1796-1832) pazpabdotan Teo-
pUIO TpPHHIUIA PAaOOTHI WACATHHOTO TEl-
JIOBOTO JIBUTATENS (IBUTATENh, TPUHIUT pa-
0OTBI KOTOPOI'O IMOJYUHSECTCS Ta30BbIM
o a 3akoHaM). [lo 370l Teopuu, MakcUMaIbHOE

KIIJI wmmeampHOTO TEILIOBOIO JBUTATEIISI
3aBUCHUT TOJBKO OT a0COTIOTHEIX TEMITepaTyp HarpeBaTess U XOJIOAMIbHAKA!

n-T
Mmax = T,

=1 I 7.29
=1-7.(729)

W3 Beipaxkenust (7.29) Buano, uto 1uis ysenunuenus KI1/] aurarenst HeoOxoanmo
MOBBIIIIEHHE TEMIIEpaTyphl HAarpeBaTeNsd M IMOHMKEHUS TEMIIEpaTypsl XOJIOIMIIb-
HUKa.

Huknnueckuii mpouece, pean3yeMblil H1€albHBIM TEIUIOBBIM JABUTATENIEM, CO-
CTOUT M3 IBYX H30TEPM M JBYX anuadar W HaszbiBaercs yukiom Kapuo (d). s
TEIUIOBBIX JABHTraTeNed dTOT UK HA3BIBACTCS NPAMbIM YUKIOM.

Ipunyun paéomel x0100unbHBIX YcMano8oK. /s pabomol 0gueameist 8 pexucume Xo0100UIbHOU
YCMAHOBKU O0IXHCEH BLINOIHAMBLCA Npoyecc, oopammublil yukny Kapno — oopammvlil yuxi (e).

(e) Pt

[0 -

W3 cxembl IpeBpameHust SHEPTUH B XOJIOJMIBHON yCTaHOBKE BHIHO, YTO padoyee Telo, pac-
LIUPSSICh, TOJyYaeT OT XOJOAMIbHOM KaMepbl ONpelesieHHOEe KOJIMYECTBO TEIIoThl Q,. B sT0
BpeMsI BHEIITHUE CHUIBI, COBEpINast paboTy A, CKMMAIOT padodee Telo, B pe3ysIbTaTe OHO MepeaaeT
HATPEBATEI0 OMPEIEIeHHOE KOTMIECTBO TeIOThl Q4 (Q; > Q3) (f):
Q=0+ A

Takum 00pa3om, mporece nepefady KOJINYecTBa TeIUIOTH OT XOJIOJHOTO Tella K TeIIOMy B Tep-
MOJIMHAMHYECKON CUCTEME MTPOUCXOAUT HE CAMOCTOSTENBHO, a B pe3yIbTaTe COBEPUICHHUS PaOOTHI
BHEITHUMH CHJIAMU.
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BaxHoil XapaKTepHCTUKONH XOJIOJWIBHOH YCTaHOBKH )
SIBISIETCSL KOAGhpuyuenm oxnasicoenus.

Harpesatreus, T,

o Koaghpuuyuenmom oxnascoenusn (& — psi) xonoouns-
HOUL YCMAHOBKU HA3bIEAIOM OMHOUEHIE KOIUYeCmea me-
HIONMbL, NOTYHUEHHO20 OM XONOOUIbHUKA, K pabome, co-
6EPUIEHHOU  BHEWHUMY CULAMU  (Hanpumep, S1eKmpo-
ogueamenem):

Q; Q>
E=—=—"—+—. (7.30)
A 01—Q
KoaddumueHT oxmmaxaeHus uaeaabHON XOI0JUIbHOMN yC-
[LUOBRIE . Xosoaunabuuk, T,
2

é:max = ﬁ (731)

Wccneposauume-2. MpumeHeHne. OnpenesieHne MoJie3Hoii paGoThl, COBEPILIEHHOH TEIIOBbIM
JBHraTeJIeM

3anaua: [lone3nas paboTa, COBEpIICHHAS TCTUIOBBIM JIBUTATEJIEM, TIOJYYHUBIIUM OT HArpeBaTess Ko-

m4ecTBo TeroTh 800 k/Ix, coctaBiset 40% OT KOJIMUEeCTBA TEIIOTH, IEPEAAHHOTO XOJIOAWIbHUKY .

Ornpeenute MoJie3Hyo padoTy, COBEPIIEHHYIO TEIUIOBBIM JIBUIATEIIEM.

OO0cy:xkaeHue pe3y/1bTaToOB:

o [o kakoii hopmyJie onpeesnsiercs moyie3Has paboTa, COBepIlIeHHas: TSIUIOBBIM BUraTeIeM?

e Uemy paBHa moJie3Hasi paboTa TEIUIOBOTO JBUTATEINsl, ONPEACICHHAs U3 TPOBEICHHBIX BBIYUC-
JIEHUI?

IlpnMeHeHue B NOBCEHEBHON JKU3HM:

CpaBaute MakcumansHoe 3Hauenue KIIJl nBuratens aBromoOwmns B baky B 3uMHHE M JeTHHE
mecsubl. Temneparypa narpesarens asurarernst 1000°C, remneparypa atmocdeps 3umoii — 3°C, a
nerom xe — 37°C.

e Ot yero 3aBucuT MakcumanbHoe 3Hadenune KI1/1 reroBoro neurarens?

e B kakom cezoHe MakcumanbsHoe 3HaueHne KI1/{ TemoBoro nuratens ropasno 6onpie?

IIpoBecTn camMoO01eHKY:

1. Kakue nmoHaTHst HOBTOPWIIM HA Ypoke? YTO K3 ATOr0 BbI XOPOIIO MOHSUIH, @ YTO OCTAJI0Ch BaM
HE SICHBIM?

2. KakoBa 0CHOBHast 0COOCHHOCTD IPUPO/THBIX SBICHHIA?

3. Kak BbIpaxaeTcst BTOPOil 3aKOH TepMOAMHAMUKU?

4. Yrto Takoe BEYHBIH ABUTATENH BTOPOTO poja?

5. Uemy pasen KI1/] rertoBoro nsurarens?

6. Uemy pasen KI1/] naeanbHOTO TEIIIOBOTO JABUTATEIS?

7. Kakoe 3HaueHHE MMEET BTOPOIT 3aKOH TEPMOJMHAMUKH IS )KUBBIX CHCTEM?

YTO Bbl Y3HAJIMU? 3anuummrte B paboueM JIHCTKE ONpPEIeIeHHs] HIKECIPUBEACHHBIX MOHATHH U
MOJIOKEHUI: “BBIpaKEHHE BTOPOTO 3aKOHA TEpMOJMHAMUKH 1o Knaysmycy”, “BblpakeHHE BTOPOTO
3aKOHA TEPMOANHAMUKH 110 ToMCOHY”, “He0OpaTHMBIN Iporece”, “TeIIOBOM IBUraTeNb , “OCHOBHBIC
gactu teruoBoro apurarens’, “KIIJl TermmoBoro neuratens”, “BeYHBIH ABHTAaTeNb BTOPOTo poja’”,

“mukn KapHo™.
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o[IPOEKTe TTOAI'OTOBUTD DJIEKTPOHHVYIO IMTPESEHTALIMIO ITPOEKTA
10 TeME
“TENVIOBBIE IBUT'ATEJIN U OKPYXXAIOIIIAS CPEJIA”

IInan npoekra:

1. Pornb TETJIOBBIX IBUTATENEH B 3arPSI3HEHUN OKPYIKAIOIIEH CPeJibl.

2. ITonokuTenbHbIE U OTPULIATEIbHBIE aCIIEKTHI CIIOJIb30BAHMSI TBEP/IOTO TOPIOYETO.

3. Bo3nukHOBeHME B atMocdepe “TapHUKOBOro” addekra u ero BpeJHoe BO3aAeHCTBHE
Ha OKPY’KaIOLIyIO CPeLy.

4. “Kak pemratorcs npo6siemst yseandenus KI1JI apurareneit?”.

Pecypcsr:

eaz.wikipedia.org>Otraf miihitin ¢irklonmasi
ecco.gov.azruploads/hesabat/Jurnal-1.pdf
elibrary.adau.edu.az>upload/book/324 miihazirs 9.doc
eardda.gov.az»NewSite/wp-content/uploads/2012/07/...
sunece.org)fileadmin/DAM/env/eia/meetings/...
ewikimapia.org>29881298. ..Otraf-miihitin-¢irklonmasi
evideo.yandex.rwistilik mitharriklori vo otraf miihitin ¢irklonmasi
estatistika.nmr.az>source/environment/index.php
ealiyasalimova.comyindex/fizika...ekologiya elementl...
estat.gov.azrmenu/4/e-reports/az/07/007.php
eaddy.gov.az>index/pdf/BGW_TK2 Official EIA.pdf
ebook.ilkaddimlar.com>d pdf book diger 23485.do
etoyotabaku.az

ebakuexpocenter.azr>az/exhibitions.php
encp.gefiles/ESG...azerbaijanulad/sabunebismetyvelo...
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7.1. Tlpn HarpeBaHUH 2-X MOJICH Ta3000pa3HOTO aproHa €ro BHYTPEHHSS dHEPIUs yBe-
mmuuBaetca Ha AU = 480 [x. Ha ckonmpko yBenuuutces TemmnepaTtypa aprona (R =

Mox )
9

MOJIb K

7.2. Beraucnute paboTy, COBEPIICHHYIO B IPOIECCE PACHIMPEHHs BO3/lyXa JaHHOH MacChl
ot 0,05 M 110 0,1 M* ipu nocTostHHOM AaBnenun 2 - 10°Tla.

7.3. Bo3myx maHHON MacChl IPH H300apHOM pacIIupeHUH 00beMa OT 2 JI 10 5 71 COBEPIIIHIT
paboty 4 x/Ix. OnpenenuTe qaBICHUE BO3AYyXA.

7.4. Hax ra3om Obuta cosepiiena pabora 40 kJ[x, ra3 nepenai ctopoHHumM tesiam 60 kJx
KOJINYeCTBa TEIUIOTHl. Kak M3MeHmnacy BHyTpEeHHsIS dHeprus ra3a?

7.5. Hag uneansHbIM ra3oM JaHHOW Macchl Ipou3BejieH npouecce 1-2-3. Kax uzmensiercs
BHYTPEHHsISI SHEPT U Ha ydacTKax mnpouecca 1-2 n 2-37?

3V
2Vp=

Vo=

7.6. Ham uaeaibHBIM Ta30M JJAHHOW Macchl pou3BeeH nporecce 1-2-3. Kak nsmensercs
BHYTPEHHSS SHEPTUS HA yyacTKax mporecca 1-2 u 2-3?

2
3V =

2V, 4

Vo ~

U v
Ty 2Tg 3Tn T

7.7. B uneanbHOM TEIUIOBOM JIBUTATEJe MPOXOJIUT HUKIMYECKUH mpornecc a — b — ¢ —
d — a . Onpexnenute paboTy, COBEPHICHHYIO ra30M Ha y4acTKe mporecca a — b — c.

P b
2po—+ c
Dot a d
] |
0 Vo 20 ¥
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7.8. B nieaibHOM TEIIOBOM JIBUTATENIE IPOUCXOIUT IIUKIMUYSCKUI rporecc a — b —
c—d-—a.
OnpenenuTe N3MECHCHUE BHYTPEHHEH YHEPTUU ra3a Ha yyacTKe mporecca a — b — c.

Py
2po b - 4
]
Po a . d
-
0 Vo 2V, |

7.9. B pesynbraTe niepeiadn O JHOATOMHOMY UIICaTbHOMY ra3y JTaHHON MacChl, TOMEIICH-
HOMY B 3aKpPBITBII COCYJI, KOJIMYECTBA TEILUIOTHI 5 KJ)K ero TemmnepaTypa yBeIHdH-
Baetcs ot 0°C mo 100°C.

Omnpenenure:
a) Ha CKOJIPKO yBEITMYMIIACh BHYTPCHHSS SHEPTHI ra3a;
b) KoIMUYECTBO BeIeCTBa B COCY/IE.

7.10. Koadhdurment noxesHoro aecTBus TeruioBoro asuratens 20%. Ompenenute mo-
JIE3HYI0 PabOTy, COBEpIICHHYIO JBUTATENIEM, €CJIM KOJMYECTBO TEIUIOTHI, epe/laH-
HOE€ XOJOAWIBHUKY 3a OAMH IHKJI, paBHO 1,2 kJ[X.
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. CNOBAPb TEPMUHOB .

A

Aouadammuwlii npouecc — npoyecc, NPOUCXo0siuUll 8 cucmeme 6e3 menio0dMeHa ¢ OKpy-
Jrcarowyeli cpeooll.

Axcenepomemp (no-nam.: accelero — “yckopsio” u no-epeu.: metreo — “uzmepsiio”) —
npubop 015t UsMEPEHUsL YCKOPEHUSL.

Amopghnsle mena — meepovie meia, amomvl U MOLEKYIbl KOMOPHIX He PACHOLONCEHbL
VHOPSIOOUEHHO 8 Npocmpancmee. Amopghuvie mena uzOmponHel, m.e. ux Quanueckue
CBOUCMEA GHYMPU NO 6CEM HANPAGIEHUSM OOUHAKOBbL. Y amMopghHblx mea Hem onpedesieHHOu
memnepamypsl NIAeIeHusl, N0 Mepe HASPesanusi OHU CMSYAIOMCS U NPespaujaiomcs 6
HCUOKOCMD.

Amnnumy()a Koniebanuil — naubonvuiee cmeujerue Konebrowe20¢si mena onm NoJLONCEHUs.
pasHoeecusl.

AHu30mp0nH0cmb — 3d6Ucumocnbsv qbu3uuec:<ux ceotlicma eewecmea (MexaHulteCKux,
menjoesblx, IIEKMpU4eCKux, onmu4eckKkux u Opyeux) Oom HanpaeleHusl.

Amomnas eounuya maccel (a.e.M.) — GHECUCEMHASE €OUHUYA MACCHL, NPUMeHsieMdst OJist
MACC MONEKY, AMOMO8, AMOMHBIX 510ep U JNeMEHMAPHbIX Yacmuy, pagras 1/12 maccwl uzomona
12 C:

6 .

1 =27
la.e.m = ﬁmo,c =1,66-10"“"kr

Yucno Aeozadpo (nocmosannan Aeo2adpo ) — uucio monexyn (amomos) I mone seujecmaa.
Onpedensiemcsi kax konuuecmeo amomoé 6 12 spammax usomona yznepooa 2 C:

N, = 6,02 1023monp 1.

3akon Aeozadpo: 6 pagHbix 00vemax MOOLIX 2a308 Npu O0OUHAKOBOU memnepamype u
oasieHuL co0epHcumcs 00UHAKOB0E HUCIO MOAEKYIL.

Abcontomuasn e1ax3cHOCMb — PU3ULECKAs BEUYUHA, PAGHAS NIOMHOCIU 800SIHO20 NAPA
6 8030yX€ 8 OAHHBIX Y CIIOBUSX.
AGCOITIOTHYO BIAKHOCTD (TUIOTHOCTH BOJISTHOTO Mapa B BO3yX€) MOKHO BBIPA3HTh Yepes3
napIratbHOE TaBICHUE BOASHOTO MMapa Ha OCHOBE ypaBHeHHs MeneneeBa-Kianelipona:
_ paM
Ps = RT .
Ioe p, — niomuocms 600sHO20 napa 6 6030yxe — abCoOMOMHAsL GlaAXHCHOCIb, M =

r
8 — — monapnas macca 6oovl, T — memnepamypa 6030yxa, Py — napyuaibHoe odeieHue
MOJIb

60051020 napa, R = 8,31 —VHUBEPCANbHAA  2A308d5 NOCMOAHHAA. Abcontomuas

Kmousb
BIAAHCHOCMb 0OLIYHO usmepsemcs 6 I‘/M3.
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Bpoyuoecxoe osudiceHue — HenpepvleHoe xaomudeckoe O8UdICEHUE MATBIX uacmuy,
636CULCHHBIX 8 HCUOKOCHIU UTU 2A3e.

3axon boins-Mapuomma: 0751 0aHHOU MACCHL 2430 NPU HEUSMEHHOU MEeMNEPAnype nPou3-
sedenue OaslieHus 2a3a Ha e2o obvem nocmosinio (I = const,m = const):
4 m RT t
= —RT = const.
PP=m

Jlns maHHOM Macchl raza IpH HEU3MEHHOM TeMIepaType MPOU3BEINCHHE [aBICHUS
HAYaJIbHOTO COCTOSHUS Ta3a P, Ha €ro NepBOHAYAIBHBIA 00beM V; paBHO IPOU3BEICHUIO
3HAQUYEHUH 3TUX NapaMeTpoB P, U V, B IPOM3BOIBHOM COCTOSIHUM:

p1 V.
piVi =p,V, = p_: = 7:

Ilpoyecc uzmenenuss COCMOSAHUA UOCANLHO2O 2ad3d OAHHOU MACChl NpU NOCHOSAHHOUL
memnepamype (T = const) Ha3v16aOM U3OMEPMUUECKUM NPOUECCOM. B uzomepmuueckom
npoyecce oasienue u 06vem 2a3a 0OpPaAmHoO NPONOPYUOHALHBL OpYe OpYeY.

B

Beunviii osucamens nepeozo pooa (perpetuum mobile 1) — dsueamens, 00HaANCObL
npugedeHHblll 8 Oelicmeue, cogepuidaem pabomy 6eUHO, He NOLYUAsL FIHEPSUID UZEHE.

Beunuiii 0suzamens emopozo pooa (perpetuum mobile Il) — osuecamens, noaIHOCMbIO
npespawarwull NOIY4eHHoe Om Haspesamelis KOIUUeCmeo meniomol 6 NOAE3HYI0 pabomy.

Bec — amo cuna, ¢ komopoii meno eciedcmeue npumsdicenusi K 3emae oelicmeyem Ha
onopy uau noogec.

Buympennasa snepzus — cymma snepeuil, Xapaxmepusyowux pasusie 6U0bl 0GUNCEHUS U
63AUMOOEUCMEUs YACUY, U3 KOMOPLIX COCIMOUM Meo.

BuyTtpenssist sneprus

e NEERIGETIYS N N ™
= =
< =g = & =5 = 8 = =
S == E S a x5 = SR S o 5
55 o3 S ||s2s5g||lgcze|[2cE | g5¢
=)
T % T = =B S - B Q O:: ogo o I
= D o = & I=C 15 .2 = T T %
S o = = e) 20 9 S = = =
w® m R = I > Q 3 O o = s < 9 X
S g = S @ = 5 O g g = = = o= z = 8
b 5 = o X £ & S = 0 X E&s =)
Q =5 = < < (&)
S55 [| 5% 52 ||ESEg JEg|lzge 5 £75
o = = T = = A T =
£ a 5 & w 2 £ 5 0 S o) E m = == )
5 5 2 9 =z [|[SE&S||5&8|l&58:2 £ S
o = 5 2 aQ O\ B o B g = v &g
52 5 3 2 g 52 || 58 2% || 58
o~ = 2 Ol=! =g Q= Ol = R
=
N AN B )\ AN N\ I\ J
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Bonna — smo npoyecc pacnpocmpanenus Koreoanuil 8 nPOCmpancmee ¢ meueHuem epe-
MeHU.

3akon ecemupnozo msazomenus — medncoy MoObLIMU 08YMSL MAMEPUATLHBIMU MOYKAMU
oeticmgyem Culd 63aUMHO20 NPUMSICEHUS], NPSMO NPONOPYUOHATIbHASL NPOU3BEOCHUIO MACC
9MUX MOYEK U 0OPAMHO NPONOPYUOHATILHAS KEAOPAIMY PACCMOSIHUS MENCOY HUMLL:

F=2
r

I'me FF — Momyiib CHJIbI IPUTSDKEHUSI (TPABUTAIIUK), #1; U 112 — MAcChl MaTePHAIBLHBIX
TOYEK, 77 — PACCTOSIHUE MEXKIYy MaTepUANbHBIMU TOUYKaMU, G — KO3 PHUIHEHT IPOIOPIIHO-
HAJIBHOCTH, Ha3bIBAEMBIN NOCMOSHHOU 6CEMUPHO20 MAOMEHUs. (epasumayuiu) W IPOCTO
2PasUMAYUOHHOU NOCIOAHHOLUL.

Bamm (1Bm) — eounuya uzmepenuss mownocmu ¢ CH. 1 Bm — mowmocms mexanusma,
xKomopwiti 3a 1 ¢ cosepuaem pabomy 6 1 Iic.

Bexkmopnas éenuuuna — senuyuna, onpeoensiemas Kpome Hucios020 3Ha4eHus (Mooyis),
maxoice u HanpaeieHUueM.

Buinysicoennvle Konebanus — KolebaHus, npoucxooaujue noo Oelcmseuem 6HeuHUXx,
NepUOOUYECcKl UIMEHSTOUWUXCS CUIL.

r

3akon I'eu—JIroccaxka — 0iist OGHHOU MACCHI 2434 NPU HEUSMEHHOM OAG/LeHUU OMHOULCHUE
obvema 2aza K e2o abcomomnou memnepamype nocmosinio (p = const,m = const):
V mR 1

T M *— = const.

[pu HeU3MEHHOM JIABJIEHUH OTHOIIEHHE EPBOHAYAIBLHOIO 00bheMa I/} ra3a K ero HauaabHOM
Temreparype T; paBHO OTHOIICHHIO napameTpoB V, k T, B MPOU3BOIBHOM COCTOSIHHM:
i W
T T
Ipoyecc uzmenenus cocmosnusi OAHHOU MACCHL UOCANbHO20 243d NPU NOCMOIHHOM 0d6-
JIEHUU HA3b18aAemcst u300apHbslm npoueccom (p = const). Ilpu uzobaprom npoyecce ob6vem
OQHHOU MACCHI 2A3a NPAMO NPONOPYUOHAIIEH €20 meMnepamype.

Tapmonuyeckue Konedanus — Konebanus, npu KOMOPLIX Qu3ULecKue BeuYUHbL, XapaKme-
pusyrouwjue CocmosHUue CUCmeMsl, cogepuiaioweli c80000Hble KONeOAaHUs, UBMEHAIOMCA CO
8pemereM no 3aKOHY CUHYCA U KOCUHYCA.

I'pasumayuonnas nocmosnnas — YHUSEPCANbHAS QU3UYECKAs] NOCMOSHHASL, KOIp-
uyuenm nponopyYUOHAILHOCMU 8 3AKOHE BCEMUPHO20 MSLOMEHUs. — YUCIEHHO DAGHA CUJe
NPUMSIICEHUSE MeNHCOY O8YMSI MAMEPUATILHLIMU MOYKAMU MACCoUl | Ke Kajcoas, paccmosiue
MeAHCOY KomopbIMu pagHo 1 m.

UucrneHHOe 3HaYSHHWE TPABUTAIMOHHOMN MOCTOSIHHOM OTBITHBIM TIyTeM B 1798 roay or-
penenun anrnuickuil yaensid ['enpu Kasengum (1731-1810). Oto 3HaYeHHE OJAMHAKOBO
JUIS BceX Tell Bo BeeneHHoM, BHE 3aBUCMMOCTH OT UX Pa3MEpPOB U MacC:

2

H-m
G=667-10"1 —
KT
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Jorcoyns (1 Jloc) — eounuya usmepenus pabomer 6 CH. 1 J]oic — amo paboma, komopyio
cosepuiaem cuna 1 H, nepemewasn meno na 1 m 6 Hanpasnenuu 0eucmeus Cubl:
2
r-m

K
[A]=1HM=1C—2

= 1/Ix.
Jnuna eonnvt — paccmosnue (I = 1), na xomopoe pacnpocmpansemcs 601Ha 3a 8pems,
pasHoe 00HOMY nepuody konebanus (t =T). /[nuna 601HbI 8 0OHOPOOHOU Cpede NPAMO

NPONOPYUOHATLHA NEPUOOY KOeOaHUtl U 0OPAMHO NPONOPYUOHATLHA YACTOTE KONeOaHUIL.

Jepopmayus — usmenenue popmul u pazmepos mena noo Oeticmsuem 6HeUHel CUbL.

CE IS “

Jlunamuka (no-epevecxu dinamikos — “cunvhwiil”, “mowHwlll”’) — pazoei MexamuKu, uzyyad-
10Ul IPUYUHBL BO3HUKHOBEHUS MEXAHUYECKO20 O8UNCEHUS U GNIUAHUE DIMUX NPUYUH HA XAPAK-
mep O8UICEHUSL.

Juazpamma nanpscenus — 2paghux 3a6UCUMOCHIU MEXAHULECKO20 HANPSIICEHUL OM
OMHOCUMENLHO20 YOIUHEHUs EEPO020 meid.

3axon lanvmona — oasienue cmecu XuMuuecku He 63aumo0etiCmeyioujux UOeabHbIX 2a306
PABHO CYMMeE NAPYUATLHBIX OAGIEHULL DMUX 2A308:

p=p1tpzt-+pn

n

Hcnapenue — npoyecc napooopazosarus, npoucxoosull ¢ NOBEPXHOCU HCUOKOCHIU
npu 10601 memnepamype.

Hoeanvnwtii 2a3 — 2a3, y0081emeoPAIOWULL HUHCECTEOVIOWUM YCIOBUAM:

— PACCMOAHUA MeAHCOY MONEKVIAMU 80 MHO20 pa3 bonvuie pasmepos monekyr. Obvembl
MOJIEKYIL NPEHEOPENCUMO MATbL, NOIMOMY UOCATbHBIIL 243 MOICHO CHCUMANTL CKOTLKO Y20OHO,

— 83aUMOOECMBUS MENCOY MONEKVIIAMU HACMONILKO MAJIbl, YN0 UX MONCHO HE YUUMbLEAMD.
Ilosmomy nomenyuanvhas suepeus 63aumMooeicmeus Moiekyn pasua wymo: E, = 0.

— Tonvko npu coyoaperuu MoneKy opye ¢ Opyeom Uil cO CHEHKAMU COCYO0a MeHcO0y HUMU
BO3HUKAIOM CUIbL OMMATKUBAHUSL, COYOApeHUst MONEKY]l AOCONIOMHO Ynpyaue;

— Ckopocmv MONEKYl MOdCcem umems NpPOU3BOTbHbIE 3HAYCHUS, OBUIICCHUE KANHCOOU
MOJIEKYIbl NOOUUHSIEMCSL 3AKOHAM KIACCUYECKOU Mexanuku Hotomona.

Hmnynve — 6ekmopHas (usuueckas 6eIuyunHd, HA3bIAeMAs MAKICE KOIUYECEOM Me-
XAHUYECKO20 OBUIICEHUSL, PABHA NPOU3EEOCHUIO MACCHL Med Ha e2o cKkopocmb. Qbosnavaemcs
OYK6OUL P

- —
p = mbo.

Hzomponuocmb — He3aeucumocms ¢)u3u’£€CKMX ceoticme gewecmea om HanpaeleHusl 6 Hem.

3

3amkuymas cucmema — cucmema, COCMosWas U3 mei, HaxXOOSUWUXCS 60 G3AUMOOCUCMEUU
MOILKO Opye € OpYyeoM U He G3AUMOOCUICIMBEYIOWUX C MEAMU, He 6X00SUUMU 8 CUCeM) (DABHO-
Oeticmeyowasi 6HeWHUX CUl pasHa Hymio). B 3aMKHYTBIX CHCTEMax BBITIOJHSIIOTCS 3AKOHbI
COXpaHeHus.
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Kpumuueckas memnepamypa — memnepamypa, npu KOMOPOU UCHE3IAOM PAZIUUUS
MeACOY ACUOKOCBIO U ee HacblujeHHbIM napom. Ipu memnepamypax evluie Kpumu4eckou 2as
HeB03MOMHCHO CKOHOCHCUPOBAMb HU NPU KAKOM OA6IeHUU.

Kosgppuyuenm nonesnozo oeiicmeus (1) mennoeozo osuzamens — omuouieHue no-
JIe3HOU pabombl, COBEPUIEHHOU O8u2amenem, K KOIU4ecmey Mmeniomol, NOaY4eHHOM) Om
Hazpesamens:

Ay 01-0Q _  Q

m_ X <A _q_=xf

0 Q1 Q1

Kanunnap — mpybouxa (kanan) ouamempom menvwe 10>m .
Kunemuueckas snepeus — suepeuis, Komopoti 001a0aem 08udlICyujeecs meio:

5 = muv?
k=
Konoencauus — npoyecc npespawyenus napa 6 sicuokocms. Kondencupysaco, nap nepe-

O0aem oxpyoicaioujell cpede Koauvecmeo meniomsl Q = Lm. B pezyiomame Konoencayuu
JHCUOKOCTU BbLOCTISLEMCSL KOIUYLECMB0 MENLOMbl, 3ampaieHHoe Ha ee napoodpa306anue.

Konuuecmeo sewecmea (v) — usuueckas Genudund, Xapakmepusyoujdas KOIUYecmeo
uacmuy, (MOIEKYI, Amomos u m.o.), cooepircamuxcs 6 sewecmese. Onpeoensemcs Kax:

VZN—A.

N — uucno monexyn 6 0anHom seujecmee.
Eounuya usmepenus konuvecmea seujecmea — ochosnas eounuya 6 CH [v] = 1 mone.
1 MOb — 91O KOMUUECMBO 8ewecmed, 8 KOMOPOM COOEPHCUMCS CHIOTBKO Hce MONEKYI UL
amomos, ckonwvko ux cooepacumes 8 0,012 ke yenepooa.

Konuenmpayus monexkyn — yucio Monekyn 8 edunuye obvema:

N
n=—
%4
Koyghpuuyuenm nosepxnocmmnozo HamsaxceHus — KodQ@uyuenm nponopyuoHaIbHO-
cmu MedHcoy CULOU NOBEPXHOCHIHO20 HAMSINCEHUSL U OUHOT KOHMYPA, HA KOMOPOU IMO CULA
Oeticmgyem. Yucienno pager 3Ha4eHUIo CUibl HOBEPXHOCIHO20 HAMSINCEHUSL, RPUXOOUelicsl
Ha eOUHUYY ONUHbL CONPUKOCHOBEHUSL:
Fy
o=—
l
Korppuyuenm oxnascoenus (& — psi) xon00unvnoit ycmano6Ku — omHouleHUue Koau-

uecmea meniomul, NOLY4YEHHOU OM X0JI0OULbHUKA, K pabome, COBEPULCHHOU HEUHUMU CULAMU
(Hanpumep, s1eKmpoosucamenem):

= Q__ @
A Q-0
Kosghpuyuenm oxnasxicoenus naeanbHON XOIOAMIFHON YCTAHOBKU:
b = 72
max T, — TZI
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Jluneinaa ckopocms — M0OO0yIb CKOPOCHU MAMEPUATLHOU MOUKU, OBUNCYWelcs No
OKPYIHCHOCIU.

M
Mownocme — ckanaphas Qusudeckas GenuduHd, pAaeHAs OMHOUEHUIO COBEPUIEHHOT
pabomvl Ko 6peMenU, 3ampaieHHOMY Ha BbINOJIHEHUE JMOU pabombL:

N =2
Enunanma mmepenust momtHocta B CU — eamm (Bm):
Jox KT - M2
[N]=1—= 1c—3 = 1BT.

Mamepuansnas mouka— meno, pazmepami. KOMopo2o MOHCHO NPeHedpetb 8 YCI08UAX
uccredyemou 3a0aqu.
Makpockonuueckoe meno — meno, cocmosuee u3 601bU020 YUCIA AMOMO8 U MONEKYIL.

Mexanuka — nayka, u3yuaroujds 3aKOHOMEPHOCIU MEXAHUYECKO20 O8UNCEHUS U NPUYU-
Hbl 6O3HUKHOBEHUSI O8UdICeHUs. (0m epeuecko2o crosa mekhane — “mawuna”, “mexanuzm”).

Mexanuueckasn 601Ha — npoyecc pacnpoCmpaHeHis MexaHu4eckux Koieoanuil 6 ynpyeou
cpede (Mexanuueckds 60aHA 8 8AKYyMe He PACIPOCMPAHACIC).

Mexanuueckoe 0gudicenue — usMeHeHue NOIONCEHUsL MeNd OMHOCUMENLHO Opy2ux mei 8
npocmpancmee ¢ mevyeHuem epemMeHu.

Mexanuueckaa papoma — CKalAPHAA PUSUUECKAS 6ETUHUHA — KOIUUECHIBEHHAS Mepd
Oelicmeus CUlbl HA Meo, PAasHas NPOU3BEOeHUr) MOOYIA CUTbl, MOOYIA NepemeujeHus u
KOCUHYCA Y2l MexcOy 6eKMOPamu CUTbl U NepeMeujeHusl.

A=F-.s-cosc.

Mexanuueckoe KonebamenvHoe O8uUdCEHUE — NOSMOPAIOWeecs O8UdCeHUe mend 8
NPOMUBONONOHCHBIX HANPABIEHUAX OKOJIO NOIOHCEHUA YCMOUUUBO20 PABHOBECUS.

Menuck s#cudKocmu — uckpusienue c60000HOU NOGEPXHOCHU HCUOKOCIU 8 pe3ybmanme
CONPUKOCHOBEHU ee ¢ NO8EPXHOCTBIO MEepO020 mena (Unu ¢ Opyeoll HCUOKOCHBIO).

Monexynapnas puzuka — pazoen Qu3uKu, 8 KOMOPOM U3YHAEMCs 6HYMPEHHee CIpOeHUe
MAKPOCKONUYECKUX Mejl, UX C60UCMEA U OCHOBHblE 3AKOHOMEPHOCHIU MENN068020 OBUICEHUS
mamepuu. Tlonodicenuss MONEKYIAPHO-KUHEMULECKOU TMEOPUU:

1 nonosicenue: ece eewecmea cocmosam U3 Yacmuy — amomos U MOJeKyIl.

11 nonosrcenue: yvacmuysvl, U3 KOMOPLIX COCMOAM BeUjeCEd, HAXOOAMCS 8 HENPEPLIGHOM U
06ecnopss00YHOM (XAOMUYECKOM) OBUIHCEHULL.

111 nonosicenue: yacmuysl 8ewecmsa HAXO0AMCA 80 83AUMOOCUCMBUL Opye C OPYeOM —
MeNHCOY HUMU CYUECEYION CUTLL B3AUMHO20 NPUMANCEHUS U OTMMATKUBAHUSL.

Monapnas macca — macca 00H020 MOJIA 8eUeCBA.

M =my- N,

20e my — macca 0OHou monexyvl, Ny — uucno uacmuy 8 1 mone. EOuHuya usmeperuss MOIsApHoU
maccol 8 CH — ke/mons.

MonoKkpucmani — Kpucmaini, BOHUKAIOWULL 8 pe3yibmame pocma e20 U3z 00HO20 YeHmpd.

Mamemamuueckuit MAAMHUK — UOCATUZUPOBAHNAS KOJIEOAMENbHASL CUCEMA, COCMOs1-
Was u3 MamepuaIbHOU MOYKU, NOOBECULEHHOU HA HEBECOMOU U HEPACANCUMOL HUMU.

Mooyne FOnza — xos3¢hduyuenm nponopyuoHaIbHOCHU MeNCOYy MeXAHUYECKUM HANPs-
JICEHUEM U OMHOCUMENbHLIM YONuHeHueM 6 sakone I yka. Hucnenno pasen mexanuieckomy
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HAanPAdNCEeHUIO, Gbl3blealoujemy yeeauuenue onunsl oopasya 6 2 pasa. Moxyns FOHra xapax-
TEpU3yeT CBOMCTBA Marepualia COIPOTUBISITECS Ae(OpMaIiK, 3aBUCUT TOJIBKO OT CBOMCTB
Marepualia i He 3aBUCHT OT pa3mMepoB 1 Gopmbl Tena. Equnania usmepenus B CU — nackans:

[E] =

H

Hacvuuennolii nap — nap, Haxooawuicss 6 OUHAMUYECKOM PABHOBECUU CO CBOEl
aAcUOKOCmbIo. JJuHamuieckoe pagHosecue mexncoy HCUOKOCMbIO U ee Napom HACmynaem,
K020 YUCIO 4aACTUY, NOKUOQIOWUX HCUOKOCb 30 eOUHUYY 8DEMEHU, PAGHO YUCTY YACMUY,

6036pAUAIOMYUXCS 6 HCUOKOCMB 30 FIMO Jice 6peM:L.

Henacolujennotit nap — nap, He HaAX0O0AWUUCA 8 OUHAMUYECKOM PABHOBECUL CO C80ell
Heoopamumbiii npoyecc — npoyecc, KOMOPblil MOHCem CAMONPOU3BONbHO HPOMeKamy

AHCUOKOCIBIO.
MONILKO 8 0OHOM HANPAGIEHUU.
K Opyey CuibHee, 4eM K MOAeKyIam meepoo2o meia. B pe3yibpraTte CBOOOIHAS TOBEPXHOCTh
JKUJIKOCTH B COCYJIC CTQHOBHUTCS BBIIMYKIOW (CHJIBI TMPHUTSKCHUS MEXKIY MOJICKYJIaMu
JKUJIKOCTH COOMPAIOT ee B KamenbKy). Tak BemeT ce0s pTyTh Ha CTEKIIE, BOAa Ha TapaduHe.

Hecmauugarowyasn scudKocms — H#cu0KOCmb, MOIEK)Ibl KOMOPOU NPUMAUSAOMcs Opye
KpaeBoii yron (yros cMauuBaHus) Ul HECMAYMBAIONIEH JKHIKOCTH — TYIOW (IIPH MOJHOM

HecmaunBanuu 0=180°).
Hanpsicennocms 2pasumayuoHH020 ROIA — GeKMOPHAS (PU3UUECKAs BeIUYUHA, PAG-

HAsl OMHOWEHUIO CUNbL NPUMSIICEHUS, OelUcmEylouell Ha MamepuaibHylo mo4xky (meno) 6

F

epasumayuoOHHOM noJjie, K eco macce:
g’ —
m
FI[C g — HAPSH’)KEHHOCTDb I'PaBUTAIMOHHOTO I10JIA, 71 — Macca MaTepHaJ'H:HOﬁ TOYKH (Tena)
B I'paBUTAllTUOHHOM II10JIC, F —cuna MPUTSIKCHUS, ﬂeﬁCTBylomaﬂ Ha MaTCpUaJIbHYIO TOYKY B

MoOynb HanpsceHHOCMU 2PABUMAYUOHHO20 NOJSL NPAMO NPONOPYUOHANEH Macce UC-
MOYHUKA OAHHO20 NOJIsL U 0OPAMHO NPONOPYUOHALEH K8AOPAMY PACCMOAHUS 00 OAHHOU MOY-

T'paBUTAIlUOHHOM ITIOJIC.
KU. MOdy]lb HANpAsNICEeHHOCMU cpasumayuOHRHO20 noJisl He 3d6Ucum om Mdaccovl meid, nome-
WEeHHOo20 6 9mo noiie. BeKmop HAaAnNpAsICeHHoCmu cpasumayuOHHoco nojs 6 np0u380]le01:l
moy4Ke 2moeco noJjist HanpaejieH 800/1b paduyca K Yenmpy ucmovHnuKka noiis. B oannou mouke
epasumayuOHHO20 noJisi MO()leb U HanpaejleHue 6eKkmopa HanpAadceHHocmu cpasumayuoOHnoco

N0 COBNAOAIONM C MOOYJIEM U HANPABIEHUEM YCKOPEHUsL CB0D0OH020 NAOEHUSL.
1 3axon Hvlomona: cywecmsyiom maxkue cucmemvl Omcuemd, OmHOCUMENIbHO KOMOPbIX
Meia COXpPAHsIONm c60e COCMOsIHUE NOKOS Wil PAGHOMEPHO20 NPSMOIUHENHO20 OBUNCEHUS. NPUL
OMCYMCMBUU KAKO20-TUOO0 BHEUWHE20 6030€liCMEUsi HA HUX (Wi Oeticmeyiowue Ha HUX CUlbl

ypagHosewusaom opye opyaa).
md = F.

11 3axon Hvromona: 6 MHepuu(l/leOﬁ cucmeme omcdema yCcKoperue, noiyyaemoe me-
nim

JIOM, NPSAMO NPONOPYUOHATLHO PABHOOCUCMEYIouel cuie U 0OpamHo nponopyuoHaiIbHO
-

S|m
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111 3axon Horomona: 6 unepyuaibHoll cucmeme omcuema Cuibl, ¢ KOMopulMu 08a med
Fl -_
e CnoBapb TEPMUHOB *

macce mena:
=
a =
Oeticmgyiom Opye Ha Opyed, PAeHbl NO MOOYIIO U HANPAGIEHbl NO NPAMOU 6 NpOmu-

60NO0JIOJNCHbIE CMOPOHDBL.!



1 nvromon (1 H) — eounuya usmepenus cunvt 6 CH. 1 Hotomon — amo cuia, noo oeli-

o o M
cmeuem Komopou mejio Maccou 1 xe nojaydyaem YCKOpeHue 1 C_Z:
KI * M
[F] = [mlla] = 1—— = 1H.

(0)

O0nopoOHOCIb 8peMEHU — CUMMEMPUS ONMHOCUMETLHO NAPALIETLHO20 NEPEHOCA BPeMEHI:
Qusureckue ceolicmea 3aMKHYMOU CUCINEMbl He 3ABUCAN 0N 8b100PA HAUATLHO2O MOMEHMA
BpeMeHL, MO eCb 6ce MOMEHMbL BPEMEHI IKEUBANICHIMHYI (DABHONPABHDYL).

OcHnognasa 3a0aua OUHAMUKU — ONpeoelumy XapaKmep O8UNHCEHUs meld 8 COOMEemcmeul
¢ Oelicmeyloweti Ha He2o CUTOL, Wi HAobOopom, No Xapakmepy OBUNCEHUsS. Mejid ONPedelunty,
KaKas cuna oeticmayem Ha Heeo.

OcHosHoe ypagnenue MoNeKYIAPHO-KUHEMUYECKOIl meopul udeanbHo2o 2a3a — ypasHe-
HUe, CéA3bI8aIoUee MaKpOCKONUYECKUll napamemp 2asa — OagieHue, ¢ MUKPOCKONUYeCKUM
napamempamu, XapaKmepusyouumu. MONEKIIbl 2a3d:

p =3mon V2.
OmmuocumenvHas MoneKyiaphas (AmomHan) macca eeuiecmea — Qusuieckas Genuyund,
PABHASL OMHOWEHUIO MACCHL MONEKYIbl (amoma) sewjecmea my K 1/12 maccwl amoma yenepooa:

— e
M, =

—mo,c.
M,. — oTHOCHTENbHASI MOJISKYIISIPHAS Macca, 1M, — Macca MOJIEKYJIHI (ATOMa) BEIIEeCTBA,
mg ¢ —Macca aroma yriaeposa.

Omnocumensnas 61aHCHOCMb — PU3ULECKAS 6EIUYUHA, PABHAS OMHOWEHUIO ADCONIOM-
HOU 1AJICHOCMU 030YXa NPU OAHHOU meMnepamype K nA0MHOCMU HACLIUWEHHO20 BOOSIHO20
napa npu motu sce memnepamype. OTHOCUTENIbHAS BIAXKHOCTb BBIPAXKAETCSI B TIPOLICHTAX:

p
@ =—-100%.
Po

I'ne pg — MWIOTHOCTH HACKHIEHHOTO BOJSIHOTO [apa B BO3JyXE, P — IUIOTHOCTh BOJSTHOTO
mapa B BO3ayxe (a0COJIOTHAs BIIQXHOCTh BO3/yXa), (9 — OTHOCHUTEJIbHAs BIAKHOCTh
BO3/yXa.

Ilepeblit npunyun oowel meopuu OMHOCUMETbHOCHU — NPUHYUN IKEUBAICHIMHOCTIU UIU
Cnabwvlll NPUHYUN SKEUBAIEHIMHOCMIU, HA OCHOBAHUL 3MO20 NPUHYUNA UHEPYUATbHAS MACCa
CUUMaemcsi SK8USALEHMHOU PASUMAYUOHHOU MAcCce, MO eChib OHU PAGHbL OpYye Opyey.

Bmopoit npunyun oouiei meopuu OmMHOCUMENbHOCHU — CUTbHBIL NPUHYUN KEUBATICHN-
HOCIMU: MO 9MOMY NPUHYUNY 6 cucmeme, NAdaiowell ¢ YCKOPEHUeM, PAGHbIM YCKOPEHUIO
€80600HO20 NAOEHUsI, 6Ce 3aKOHbL (DUUKU GBINOIHSIOMCS KAK Obl 6 OMCYMCMEUL 2pAsUmayul,
MO ecmb 8 MO CUCEME HEB0ZMOICHO PAZIUYUND IPPDeKnm Npumsdicenus. u YCKOPEeHHOe
osudicerue.

I

Ilapoobpazosanue — npoyecc nepexooa Gewyecmsa U3 JHCUOK020 COCMOSAHUSL 8 2a3000-
pasHoe.
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Ilepuoo obpawienun — épems, 3ampaieHnoe Ha 0OUH NOIHbIL 0O0POM MAMEPUANLHOU

MOYKU NO OKPYIHCHOCMU.

T_t
=¥

I'me T — nepuon obpamenusi, N — 9HCIO MOJIHBIX 00OPOTOB MaTepHATBHONW TOYKH 3a
Bpems t. 3a eounuyy nepuooa obpawenus 6 CH npunsma cexynoa. [T] = 1c.

IIepuoo konepanuii — eépems, 3a Komopoe cogepuiaenmcsi 0OHO NOIHOe KonebaHue.

Ilpamonuneinoe nepagnomeproe 08U ceHUE — NPAMOTUHEUHOE OBUICEHUE, NPU KOMOPOM
30 pagHvie NPOMENICYMKU BPEMEHU MAMEPUATLHAS TNOYUKA COBEPUACH PA3HbLE NePEeMEUYEHUs.

Ilpunyun omnocumensvnocmu I'anunes: 3aKOHbl MEXAHUKU 60 8CeX UHEPYUANLHBIX
cucmemax omcuema 0OUHAKOBHI.

Ilapyuansvroe oagnenue — oasieHue OMOETLHO 63AMO20 KOMNOHEHMA 2a3080U CMeCU.
Obwee dasnenue 2a30801 cmecu ABNAEMCA CYMMOU NAPYUATLHBIX OABTIeHUL €€ KOMNOHEHMO8.

Honukpucmannwl — Kpucmannvl, 603HUKAIOWUE 6 pe3yibmame pocma U cOeOUHeHus.
MHO20UUCTEHHBIX MOHOKPUCMATIO8, XAOMUYHO OPUSHMUPOBAHHBIX 8 NPOCHIPAHCIGE.

Ilomenyuanvnas nepeus zpasumayuoHno20 63aUMOOCIUCMEUA — dHeP2Usl, KOMOPOl
obaadarom 3aumooeticmsyrowue meaa ((UIU Yacmuybl):

E, = mgh.

Ilomenyuanvnas snepzus ynpyzo0 0epopmuposannozo mena — 3Hepeus, KOMOpOl
obnadarom OeghopmuposanHvle mend, pagHa NOJNO0BUHE NPOU3BEOCHUS HCECTKOCTIU
NPYACUHBI HA KBAOPAM ee YOIUHEHUL:

kx?
Ep = T
Ilonepeunasn 601na — 601Ha, pACHPOCMPAHAIOWAACH NEPNEHOUKVIAPHO HANPABTIEHUIO KO-
J1e0amenvHo20 O8udCeHUs yacmuy cpedvl. [lonepeunvle 0IHBI MOSYIN PACHPOCHMPAHAMBCS
MONbLKO 8 MEEPOLIX Menax u Ha No8epxXHocmu Heuokocmetl. Ilonepeunvie 80.1Hbl pACHPOCM-
PAHsIOmMcst 8 cpede 8 (hopme CMEHIOuUX Opye Opyea GbINYKIOCMel U 6NAOUH.

Ilocmynamensnoe oOguicenue — OsudiceHue mend, nNpu KOMOPOM 6Ce e20 MOYKU
08UICYMC5L OOUHAKOBO.

IIpooonwvhas eéonna — 6onna, pacnpocmpansiowasics 60016 HANPAGIEHUs KOIeOamenb-
HO20 O8udiceHus yacmuy cpeovl. [IpooonvHble 80HBI MO2YM PACHPOCIPAHANGCS 80 8CEX
cpedax (meepoblx menax, HeUOKoCmsx u 2azax). [Ipooonvrwle 80HbI PACHPOCMPAHAIOMCA 8
cpede 6 ghopme cmeHsrwux Opye Opyea 30H CeYWeHUll U PA3PAICEHUL 6eujecmad.

Tpysicunnslit MaamMuUK — KonebamebHas cucmemd, CoCmosiuyas U3 NPYiICUHbl € 3aKpen-
JICHHbIM HA Hell MeloM.

Ilepemewgenue — nanpasneHHvili OmMpe3oK NPAMOU, COCOUHANWUL HAYATbLHOE NOJO-
JHCeHUe 0BUNCYWELIC MANEPUATLHOU MOUKU ¢ €€ KOHeUHBIM NOJLONHCEHUEM.

P

Pasnonepemennoe osuricenue — osudxcenue, npu KOMopom 3a 1i0dvie paghvle npome-
JACYMKU BPEMEeNU UBMEHeHUe CKOpOCImU mend ocmaemcs nocmoanuvim. Ilpu pasnonepe-
MEHHOM O8UNCEHUU 3HAYeHUe U HANPpABIeHUe YCKOPEHUs Mena He MeHAemcs:

— — —
L, UL—yy Av
d =———=— = const.
t t

Pasnomepnoe osuscenue no OKpyHCHOCHU — O8UdCEHUe, NPU KOMOPOM MPAeKMOpUs
MamepuaibHOU MoYKy NPeocmasisient Cooou OKPY*CHOCMb, MOOYb ée CKOPOCHU 8 KAXHCOOU
mouKe Mot OKPYHCHOCIU OCIAEMCS HeUSMEHHBIM.
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Pagnomepnoe npamonuneiinoe ogudicenue — O8UINICEHUE, NPU KOMOPOM MPAEKMOPUsL
MAMEPUATLHOU MOYKU NPeOCmasisiem coootl npsamylo JUHUIO, U 34 PAGHLLE NPOMENCYIMKU
8pemenu cogepuiaem O0OUHAKOGble nepemeujenus. IIpu pagHOMEpHOM NPAMOIUHEHOM
O0BUINCEHUU MOOYIIb U HANPAGIEHUE CKOPOCMU C MEeYEHUEM BPEMEHU He UZMEHSIOMCSL:

U = const.

Paouyc-eexkmop — 6exmop, COeOUHAIOWUL HAYAI0 KOOPOUHAM C NOJONCEHUeM Md-
MepuanbHOU MoYKU.

Penamusucmcekan mexanuxka — pazoei QQU3UKU, PAccMampuearouuil 3aKOHbL MEXAHUKU
(3aKOHBI OBUIICEHUS) NPU CKOPOCMAX, CPABHUMBIX CO CKOPOCIbIO C8emd.

Pesonanc — sgnenue peskoeo 03pACMAanUsi AMIIUNMYObl GbIHYHCOCHHBIX KOICOAHUL NpU
COBNAOEHUU YACTNOMbl USMEHEHUS! BbIHYHCOArOWell CUbl ¢ YACMOmoU cOOCMBEHHbIX KoJle-
banuil cucmemsi.

C

Cuna manycecmu — cuna, ¢ Komopou 3emnn (nnanema) npumseueaem mena. Cuna
MAACECTU PABHA NPOU3BEOEHUIO MACCHL MeNd, NOMEWEHHO20 8 SPABUMAYUOHHOE noe 3emau
(nnanemol), Ha ycKkopenue c60600H020 NAOEHUSL:

E =mg.

Ckopocmp 801HbBL — CKOPOCMb pacnpocmpanenus Korebanuil 6 cpede. CKkopocmb 601Hbl
He 3a8ucum om uacmomel u nepuooa Koredanuil 6 ueti. CKOpocmb BOIHbI 3A6UCUM OM
CBOUCME U acpe2ammo20 COCMOSIHUSL CPEOb.

IIpu nepexoode 80.1HbI U3 OOHOU CPeObl 8 OpYYI0 e€ nepuoo U 4acmoma He U3MeHAMCs,
MEHAIOMCA TUb CKOPOCMb U ONUHA BOJIHBI.

Cuna mpenusa KaueHus — cuia mpenus, 603HUKAIOWds, K020a 0OHO mMeio Kamumcs no
NOBEPXHOCMU OpY2020 Mend.

Cuna ynpyzocmu — cuia, 03HUKaIOWdAs npu oegpopmayusx mena u Oeucmeyoujds 8
HANpAaseHuy 60CCMAHOBNEHUA Meld 8 NePEOHAYATLHOM COCIMOAHUU.

Cucmema omcuema — cucmema, COCmMOAWAsA U3 mena Omcyema, CUCmeMbl KOOPOUHAM,
CBA3ANHOU ¢ DMUM MENOM, U npubopa O omcyema pemenu.

Cneyuanvnas meopus OMHOCUMETbHOCHIU:

I nocmynam — 6ce 3aKombl U3UKU OOUHAKOBLL B0 BCEX UHEPYUATILHBIX CUCTNEMAX
omcuema u Hu OOHUM QUIUYECKUM ONbIMOM HEB03MONICHO OMIUUUNDL MU CUCHEMbL OPYe
om opyea.

II nocmynam — ckopocmbv ceema 6 8aKyyme 0OUHAKOBA B0 8CEX UHEPYUATLHBIX CUCTNEMAX
omcuema u He 3a8UCUI OM CKOPOCHIU OBUNCEHUS UCTOYHUKOS U NPUEMHUKO8 CEemd.

Ckopocmy ceema — MAKCUMANbHAA CKOPOCTb, CYUecm8yIouds 8 npupooe.

Cmauusarowias H#cudKoCms — HcUOKOCMb, MOAEKYIbl KOMOPOU NPUMASUBAIOMCS OpPY2 K
Opyey ciabee, uem K MONEKYIaM meep0ozo mena. B pesynomame c600600Has nogepxHOCmy
ACUOKOCTNU 8 COCYOe CIMANHOBUMCS 602HYMOU (HCUOKOCb CMPEMUMCS NPUANCAMBCS K NO-
8epxHOCMU MEepO020 meada, pachavieaemcs no neii). Tax éedem cebs pmymo na yunke, 600a
Ha cmekne. Kpaesotl (yeon cmauusanus) Oiisi CMAuusawell JcuoKoCmu — ocmpuiil (npu
noanom cmavusanuu 0= 0).

Cpeonss KeaopamuyuHas cKOPOCHIb MOJIEKYl — KEAOPAMHbLI KOPEHb U3 CPEOHe20 3HA-
YeHus Keaopama cKOpoOCmu:

_ U§+U§+...+
UCp.KB. = = N

Is:
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B MKT cpennsist kBagpaTH4Hasi CKOPOCTb MOJIEKYJI BEIUHCISIETCS IO HUKETIPUBEIECHHBIM

hopmynam:
_ |2E, _ [3kT _ [3p
UCp.KB. - m - m - p .

I'ne T — aGcomoTHas Temieparypa, k — nocrosiHHasi bonbimana, m, — mMacca ojHOU

MOJIEKYJIBI, 1 — KOHIEHTpAIMsA MOJEKYJ, £}, — cpenHee 3HaueHHE KMHETHYECKOM SHEPIUH
MIOCTYTIATEIILHOTO IBFDKEHHS MOJIEKYJI, 0 —IUIOTHOCTB, P —aBIICHHE.

Cuna conpomugieHus — cuid, 603HUKAIOWAsL 60 8PeMs OBUICEHUsL MBEPO020 meld 8
JHcuUOKOCmU U 2ase.

Cuna no6epxXHOCMHO20 HAMANCEHUA — CUIA, HANPABIEHHAS B00Ib NOBEPXHOCMU, Nep-
NEeHOUKVIAPHO K JUHUY, OSPAHUNUBAIOUE NOBEPXHOCMb JHCUOKOCTU, U CIMPEMAUAscs
COKpamumu naowadb nosepxnocmu sHrcuokocmu. Cuna no8epxXHOCMHO20 HAMAICEHUSL NPAMO
NPONOPYUOHATILHA ONUHE 2PAHUYbL CONPUKOCHOBEHUSL C60OOOHOI NOBEPXHOCINU HCUOKOCU
€ M6epObIM MeNLoM:

E, =0-1l

I'ne F, — cuia MOBEpXHOCTHOTO HATSDKEHHMS JKUJIKOCTH, | — JUTMHA TPaHMIBI COMPHKOC-
HOBEHUsI CBOOOJHOW MOBEPXHOCTH KHUAKOCTH C TBEPABIM TEJIOM, 0 (CUIMa) — Koa¢hpu-
YUeHm no8epXHOCMHO20 HAMAICEHUSL HCUOKOCTIU.

C80000H0€e nadenue — 3mo 08UdICEHUE Mel NOO OeUCMBUEM MOIbKO CUbL MANCECTU
(noo oeticmsuem npumsisicenusi 3emau). C60600HOe naderue s681emcsi pA6HOYCKOPEHHbIM
08UDICeHUEeM U3 COCMOSHUSL NOKos (Vy=0), ¢ ycKopeHuem g.

C60000HbIE KONEOANUA — KONICOAHUS, BOZHUKAIOWUE 6 Pe3Ybmame OeUCmEUst GHYMPEHHUX
KOHCEPBAMUBHBIX CUL 68 3AMKHYMOU CUCEME .

Cuna mpenus CKONbHCeHUs — CULA MPEHUsl, B0ZHUKAIOWAsL NPU CKOIbIHCEHUU 0OHO20
mena no nogepxnocmu 0py2o2o0. 4ucnosoe snaveHnue cuibl Mpenus CKOLbHCEHUsL NPSIMO NPo-
NOPYUOHATLHO CUJle PeaKyuil Onopul (Cuie 0asleHUst) U PA6HO MAKCUMATILHOMY SHAYEHUIO CUbL
MpeHUst NOKOSL:

(Erp')CKOJlb)KeHl/lﬂ = (Frp)max TMOKOA = ‘L[N-

e ¢ — k03¢ HUIHEHT MPONMOPIIMOHATFHOCTH, Ha3bIBAEMBIN KO3 uyenmom mpenus
CKONbIICEHUS], 3A6UCUM 0N MAMepPUalos, U3 KOMOpPbIX U320MOGIEHbl CONPUKACAIOWUECs]
mena, u Kauecmea 06pabomKu CONPUKACAIOUUXCS NOGePXHOCMell. (L —0e3pa3MepHas Bellu-
YHMHA, €JIMHAUIA U3MEPEHHSI OTCYTCTBYET.

Cuna mpenus nOKos — cuia mpeHusl, 603HUKAIOWAS, MeNCOY MeNdMU, HAXOOSUUMUCS 8
COCMOsIHUU NOKOSL Opye omHocumenvio opyea. Cuia mpenus noKos no MOOYIIo paeHa cuie
mseu, oelcmeylouell 6001b NOBEPXHOCHIU CONPUKOCHOBEHUS, U HANPAGIEHA NPOMUBONO-
JIOJCHO el.

T

Temnepamypa — MakpocKkonudeckas eeiuduna, xapakmepusyrowas menioeoe paeHo-
eecue cucmemvl: npu menjioeom pdaeHoeecuu memnepamypa 6cex yacmeii cucmemol
00UHAKOBA. TeMnepamypa —mepa cpedﬂed KUHemU4ecKoll OHepcUU Xxaomu4deckKko2o nocmyna-
MeNbHO20 OBUNCCHIUSL MOJEeKyl meid.
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Tepmoounamuka — pasoen usuxy, u3yuarOWull meniogvle CEOUCMEA MAKPOCKONU-
YecKux cucmem u CnOCoObl nepedayu U npespalerus dSHepeull 8 Hux.

Ilepgolit 3aK0H MEPMOOUHAMUKU — U3MEHEeHUe 6HYMpeHHel dSHepeuu mepmoound-
MUYECKOU CUCeMbl PABHO KOIUYEeCMS)Y Meniomyl, nepedanHo2o dmoti cucmeme, u pabome
BHEWHUX CUJL, COBEPUIEHNOU HAO CUCTNEMOIL:

AU = Q + A.

[lepBBIii 3aKOH TEPMOAWHAMUKH MOJKHO 3alMCaTh TaK: KOJUYECHBO MEnjionmul,
cooOWeHHoe MepMOOUHAMUYECKOL cUucmeme, 3ampaiduaemcs HA USMEHEHUe ee GHYM-
peHHell dHepeuU U pabomy, KOmopyro CUCHeMA CO8epuaen NPOmue 6HeUHUX CUIL:

Q=AU+A"

Bmopou 3akon mepmoounamuku: (onpedeisiem HANPAGIEHHOCb MEPMOOUHAMU-
uecKko2o npoyecca) meniosas SHepeus Camonpou3BoIbHO MOAICEN NepedasamsbCs MoabKo 6
HANPABNEeHUU YCIMAHOBIeHUA MeNI08020 PABHOBECUs, MO eChib On Menio2o meia K Xo-
n00Homy. [lpoyecc nepedauu menia om Xon00HO20 Mend K Meniomy 03MONCEH MObKO 6
pe3ynomame coseputenus padomboi.

Tepmoounamuueckasa cucmema — 11060e MAKPOCKONUYECKOe Meno Ui cucmema mei.
CocTosiHUE TEPMOIMHAMUYECKOW CHCTEMBI XapaKTEePU3YeTCsl MAKPOCKOITMYECKUMH, WITH Tep-
MOAMHAMHYECKUMH, TIapaMeTpaMu (Macca, INIOTHOCTh, 00beM, JaBJICHHE, TEMIIEPATypa).

Tennoma napoodpazosanus — KOIUYECMBO MENIONbL HEOOX0OUMOE OISl NPeBPaUYeHUs.
ACUOKOCTU MACCOU M 6 Nap npu NOCMOAHHOU MeMnepamype:

Q = Lm.

Tennogoe unu mepmoouHaMu4ecKoe pagHogecue — COCMOosHUE CUCIEMbL, KO20d ee
MaKpoCcKonuiecKue napamempsl OTUMenbHoe 8pems He U3MEHAIOMCAL.

Tennosas mawtuna — mepmoOUHAMUYECKAs CUCHEMA, BLINOIHAIOWAS YUKIUYECKUI Npo-
yecc (cogepuiarouas Mexanuieckyio pabomy), nepeoasas Koau4ecmeo menionisl 0nm 00H020
meina Opy2omy.

Tennosoit dguzameny — ycmanosxa, npeodpasyowas 6HYMpeHHIO SHEPSUID PAZHO2O
8UOA MONAUBA 8 MEXAHUYECKYIO IHEP2UIO.

HesaBucumo oT 0COOEGHHOCTEH CTPOCHUS, BCE TEIUIOBBIC ABUTATENM COCTOSAT M3 TPEX
OCHOBHBIX YacTeH:

1. Haepesamenv — smo uacmo 08ueamens, cOXpaHAIOWAs NOCMOSHHYIO 8bICOKYIO MeM-
nepamypy Ty, cozoasaemyio 3a cuem c2opanusi pasnvix U008 MONIUSA UL 8 Pe3VbIname
8blOCNCHUS IHEP2UL 8 SOEPHBIX PEAKYUSIX.

2. Pabouee meno — amo 2a3 uau nap, co8epuiarnujuli MexaHuieckylo pabomy 6 pe-
3YAbMAMmMe PacuiupeHUs-CHCAMUS.

3. XoroouneHuk — smo uacms ogueamens ¢ memnepamypoui T, (T, < Ty): okpysrcarowas
cpeda (ammocgepa), 6ooa.

3a ouH OUKI paboyee TeJIo MOMy4aeT OT HarpeBaTens KOINYECTBO TEIUIOTH (1, OTAaeT
XOJIOAMIBHUKY KOJIMYECTBO TEIIOTHI J, M COBEPLIACT MOJIE3HYIO PA0OTY Apgjest

Anones = Q1 — Q3.

Teopema o Kunemuueckol nepeuu: paboma, cogepuiaemas Hao Mmeiom HOCMOAHHOU PAGHO-

Oelicmayroweti CUnotl, PA6HA UBMEHEHUIO KUHEMUYECKOU SHEpUU meid:
A = Ey, — Exy = AE,.(3.14)

Ioe Eyy u Ey, — HauanvHoe 1 KOHeUHOe 3HAYEeHUs. KUHeMU4eCKOol dHepeuu meJd.

Teopema o nomenyuansHoil InEP2UU: padOMA, COBEPULAEMAs KOHCEPBAMUGHOTL CUNOTL
PABHA USMEHEHUIO NOMEHYUATLHOU SHEP2UL, 635MOTL C NPOMUBONONONHCHBIM 3HAKOM:

A=—(E,; — Epy) = —AE,,.
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Tpaekmopus — nunusi, KOMOPYIO ONUCHIGAEN MAMEPUATLHASL MOYKA NPU CBOEM OB8U-
JHCeHulU 6 OAHHOL cucmeme omcyemd.

Y

Yenosean ckopocmo (unu Kpyzosas wacmoma) — husuueckas 6euUUUHA, USMEPIEMASL
OMHOWeHUeM yela No8OpoOma K NPOMEICYMK)Y 8peMeHU, 3d KOmopoe 3mom nosopon co-
8epuien.

4
w=—
t

I'ne w — yrioBasi CKOpPOCThb. Yenosas ckopocms MamepuaibHol mMouKu, O8UIICYUlelics
PABHOMEPHO NO OKPYICHOCMU, C MeYeHueM 8peMeHl OCMAemcs NOCMOosIHHOU (w = const).
Enununa yriosoii ckopoctu B CU — paduan 6 cexynoy:

[w] = 1222
c
Ynpyzue 6onnvl — npoyecc nepedayu mexanuueckoil 0HblL 8 YNpy2oli cpeoe.
Yoenvnan mennoma napoodpasosanus — pusuueckas 6enmuMUHA, YUCIEHHO PAGHAS
KOJIUYecmay menyiomsl, HeobXo0umMomy OJis NOIHO20 NpespaufeHis HcuoKocmu maccoll 1 ke 6
nap npu NOCMOSIHHOU memnepamype:

L=—.
m
Enununa n3amepenus yaeabHoH TeroTsl mapoodpasoBanus B CU:
2
Jx M

Ll=1—=1—.
[L] KT G2

Yoenvnas mennoma nnagnenus — guzuueckasn eenuuuHa, YUCIEHHO PABHA KOAUUECBY
Meniomul, 3ampaieHHoMy Ha npeepawenue 1 ke KpUcmaniuieckoeo 6euecmsa 6 HCUOKOChb
npu memnepamype niagnieHus.

Q
A=—
m
Enununa n3Mepenus yaensHoH TeruoTs! miaBneHus B CU:
Jox M?
Al=1—=1—.
A KI' G2

Ypasuenue cocmoanusa uoeanvnozo 2aza — ypasmenue, onucvigaioujee COCmosHue 2asa u
onpeodensiroujee ces3b MeNCOY MAKPOCKONUYECKUMU NAPAMEMPAMU €20 HAYATbHO2O0 U KOHEYHO20
COCIMOSIHULL.

Py _ Pl WK v_ const
Ty T; '

Ycnosus pasnosecusn:

1. Teno, Osudicyweecss nocmynamenbHo, HAXOOUMC 6 COCMOSIHUU PAGHOBECUsl, eClu
Oeticmsyowds Ha He20 PABHOOeUCMEYIouas (2eoMempuieckas CyMMa 8cex Oelcmsyouux
Ha meso Cull) paeHa Hyr: ﬁl A ﬁz P 90095 ﬁn =F=0.

2. Teno ¢ nenooBUdICHOU 0CbIO BPAUEHUS. HAXOOUMCS. 8 COCMOSHUU PABHOBECUs], €U
aneebpauyeckas CymMma MOMEHMOS CUll, OCUCMEYIOuUX HaA He20, OMHOCUMENbHO OCU 8Pa-
WeHUsl pagHa HYJIO:

My +M,+ ..+ M, =0
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Vckopenue — sexmopnasn (uzuueckas 6enuvUHA, pAHAs OMHOWEHUIO USMEHEHUs CKO-
pocmu Ko 6pemMeni, 3a KOmopoe Mo UsMeHeHUe NPOU3oULTo:
-1, AD

At At
Hanpaenenue eexmopa ycKopenus coénadaem ¢ HANPAGIeHueM 6eKmopa UMeHeHUs
crkopocmu AD.

Yzon nosopoma — 5mo y2o1, na Komopblil NO6OPAUUEACMCS. PAOUYC-6EKMOP, COCOUHSIO-
Wil meno, 08UINICYyUeecs N0 OKPYICHOCHILL, C YEHMPOM IMOLl OKPYICHOCIIL. Y2011 nosopoma
pasen omHowleHwIo ONUHbL Oy2U OKPYHCHOCHIU MEHCOY HAUANbHLIM U KOHEYHbIM NO-
N0JCEHUAMU MeNd K PAOUYCY OKPYICHOCHIIL

a=

!
=%

31ech @ —yros IMoBOpOTa, | —anMHA Jyrd, COOTBETCTBYIOUIAs YIJy IIOBOPOTA,
R — pajnyc OKpy>KHOCTH.

1

Luknuueckas uacmoma — Quuueckas eIUUUNA, HOKAZbIBAIOWAS, CKOIbKO KOLeOaHUT
cogepuiaem KoaeOaOweecs meno 3a 2m cekyHO (3a 6,28 cekyHObl),no3MmoMy YUKIUYECKAs
yacmoma 8 2T paz boabue 00bIYHOU YACTOMbL KOLeOAHUs.

P |

Yacmoma eonnsl (nepuod) — uacmoma (nepuoo) KoiedaHull UCMOYHUKA, CO30ar0Ue20
80
Yacmoma obpawienus — 4ucio 060pomos MamepudibHol MoUKU NO OKPYICHOCU 30

eOUHUYY BpEeMEHU.

N
vV=—
t
3a eounuyy wacmomur epawenus ¢ CHU npunsm oOun noinwiti 060pom 3a ceKyHoy uiu

2epy:
1
[v]=E=c‘1=1I‘u.
Yacmoma epawenus 06pammo nponopyuoHaIbHA Nepuody 0opauyeHus:
1

v=g; T=-
T’ %
Yacmoma Konedanuil — (huzuyueckas Geudund, YUCIeHHO PAGHAs YUCLY KOIeOAHUU 3d

OOHY CEKYHOY.
3

3akon coxpamenus uMnynbca: 6eKMOPHAs CyMMA UMNYICOE MEN, COCHAGNAIOUIUX
SAMKHYMYIO CUCTIEMY, OCIACMCS HeUZMEHHOL:
p1+ Py + D3 + -+ + P, = const

204



3axon Hlapna — Ona OaHHOU MACCHL 2a3a NPU HEUSMEHHOM 00beme OMmHOouleHUe 0aseHUs

2aza k e2o abcomommuou memnepamype nocmosinno (V = const, m = const):
p mR 1
TSNV const.
Ecn 00beM ra3a octaeTcsi HEU3MEHHBIM, TO OTHOIICHNE HAYaJILHOTO JIaBJICHUSI P; rasa
K €ro HavaJIbHOH Temrieparype T; paBHO OTHOLICHUIO ApaMeTPOB P, K T, B IPOU3BOIBHOM
COCTOSIHHUU:
b1 _ P2
T, Ty
H3oxopnwiit npoyecc (V = const) — 3mo npoyecc usmeHeHus cOCmosAHUA OAHHOU MACCbl
UOeanbHo20 2a3a npu nNocmosanHom obveme. Ilpu uzoxoprom npoyecce OagneHue OAHHOU

MAccol 2a3a NPAMO NPONOPYUOHATILHO €20 memMnepamype.

3aKoH cOXpaHeHuAa NONHOU MEXAHUYECKOU IHEPSUU: NOIHAA MeXAHUYecKdas SHepeus
3AMKHYMOUL CUCTeMbL M, 3AUMOOCUCBYIOUUX Opye ¢ OPY2OM KOHCEPBAMUBHBIMU CUNAMU,
ocmaemcs Heu3MeHHOUL:

EkZ =P Epz S Ekl aF Epl'

E onn = const.

)

E)Hepzu}l NOKOoA — JHepeus meid, HaXOOﬂWQZOCﬂ 68 COCMOAHUU NOKOs ONHOCUMENbHO
8bl6paHHOﬁ cucmemvl omcuemad.
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OTBETbI 3AAAH

1.1. N(=4,25 m; 2,5 m). 3.1.0,1 m/c

1.2. 4,03 m; 2m 11 —3,5 m; 29°. 3.2.0,75 m/c

132=3+4bc=vaZ+bZ =32+ 42 = 5, 3.3. 400 m/c

1.4. ax=0, ay=*8; bx=73, by=4, Cx=0, 34. 1,6 m/c
cy=6;dx=9,dy=-7; ex=-4, ey = -3. 3.5. 144]Tx

1.5. 3600 m; 0. 3.6. 100 H.

1.6. 12 cM u ~11,06 cM; 24 cm 1 16 cm; 36 cM 1 3.7. 5L STk O

3.8. Her

~11,06 cm; 48 cm u 0 cm.
1.7. Tenexxku M u O IBUTrarOTCSI OTHOCUTCIIBHO
TeneKku N B IPaByI0 CTOPOHY.

3.9. Eyq = 25/1x; Eyp, = 0 Ik,
3.10. yBenuuuTes B 4 pasa

1.8. Tenexku M u O OTHOCUTEIIBHO TEIEKKH N 3.11.2,5 (ﬁ\f
HaAXOMSATCS B COCTOSIHUM TTOKOSI. 3124 = 2 (U% - U%) = —80/x
1.9. ~11,7 MuH; 5 kM. 3.13. 0,021

3.14. Kunernueckast SHEprusi yMEHBIIUTCS,
TIOTCHIHAIIbHAS SHEPTHs YBEITHMUHATCS.
3.15. Kunetuueckasi 3Heprus yBeIUIUTCS,
MOTEHIHAIBHASI SHEPTHsT YMEHBIIUTCSL.

1.11. 90 m; ~41,23 m; 10,246 c.
1.12. 0 m; 180000 v; 0 M/ c?.
1.13. 20 M/c; 36 KM.

1.15. npoTUB HanPaBIEHUS ABMKCHUS;
~0,17 m/c?.

1.16. v; = 10%, vy = 20%,

= 2%; Vpr = 14%; ocﬂz .

1.17. 50 m; 40 m.

L 1= 2552

1.20.z6,7% .

2.1.14H;2 H

2.2.~12, 16 H; 10 H.

2.3. 0 —t1; t3 — t4; ts — to.

2.4. HEe TIPOTHBOPEYHT, POU3OIIE/IIEE SIBICHNC

SIBJIICTCSI MHEPIHAIBHBIM SIBJICHUEM.

2.5. 1,875 m/c%.

2.6. 216 xH.

2.7. 14,4 xH.

2.8.4,5c.

2.9. 3 m/c?; BBepX.

2.10. 2m/c?; 2 xH; 18 kH-c; 261 M.

2.11. yBenuuuTtes B 9 pas.

2.12.g, = (e _y _ 011
(h+R39M/m)2 62

2.13. 200 kH/m

2.14. 40 cm

2.15. =60 cm; = 66,7 H/M.

2.16. 90H.

2.17.1l; = 87,5M — aBTOMOOWIIb yIAPUT CTAJIO.

2.18. ~ 13- 10°m/c.

2.19.2M/c?; 25 kr

2.20. 400 H; 1200 H.
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3.16. 3,75 xr

3.17. 2 kr, 40 m/c.

3.18. 11,25 m; 28,125 JIx
3.19.18 m/c

3.20. 10 m.

4.1.0,5c.

4.2.20 A.

4.3.1,5Tm; ~ 0,67 c; 9 I'.
4.4. 100 xonebanwmii; 5 I'i; 30 ',
4.5.a=-3,2?

4.6.x = 0,2 sinl2t.

4.7. 14,4 H/m.

4.8. 0,75 c.

4.9. 2.4 mMm.

4.10. x = 0,05cos(15t+0,75)m.
4.11.4,5wm; 2 ',

41227,
4

4.13. 0,1875 m/c.
4.14.0,0075 M/ c?.
4.15.12 m/c?.

4.16.16 M.

4.17.12 m; 0,05 c; 20 I'm.
4.18. 11 m.

4.19. 8 M.

4.20.2 I'n.



5.1. ~29 set
52.~092-c

5.3. #B Bo3pacTe 41 jieT
5.4.~1,3Mm

5.5. [lonepeuHslit pa3mep HE U3MEHSETCS, a JUIMHA
YKOpauuBaeTcs Ha 2 M.
5.6.9-1073kr
5.7.10,251 - 10~ I
5.8.25,5 - 1071 Ik

5.9. 0,6 - 10°ToHH
5.10.c

6.1.1,2 - 10%*
6.2. 5 MoJIb
6.3.3,3-10727kr; 5,3 - 10~ 26kr
6.4.M = 0,16 —; my = 2,7-10~25kr

MOJIb
6.5.2,3-10%°m73
6.6.5,6 - 10721 /I
6.7. B nepBom ciiyuae, 1a. Bo BropoM cityudae — 3am-
KHYT, OJTHAKO HE U30JMPOBaH.
6.8. Het, B Hauasie MeXIy TelaMH TEIULIOOOMEH He
HNPOMCXOAUT. Jla, paBEHCTBO TEMIIEPaTyphbl CMECH
TEeMIIepaType BO3AyXa B KOMHATE€ TOBOPHUT, UTO
ME>K/ly HIMH BO3HHKJIO TEIZIOBOE PABHOBECHE.
6.9. Her, cucrema HE HaxXOJHWJIaCh B TCIZIOBOM
paBHOBECHH.
6.10.927°C
6.11. ITpu Temneparype Bbime 647 K
6.12. IIpu temneparype 150 K — sxuaxocts, mnpu
190 K —ras.
6.13. Yactb 1 — 6 COOTBETCTBYET H30TEpMHYC-
CKOMY CXKaTHUI0, a 4acTh 1 — 3 — H30TepPMUYECKOMY
PACLIMPEHHIO.
6.14. Yactp 1 — 2 COOTBETCTBYET U30XOPHOMY OX-
JaXICHUIO, a 4acTh 1 — 5 — M30XOpHOMY Harpe-
BaHHUIO.
6.15. Yacte DA
6.16.6 - 10~3m3
6.17. 3-1073m3
6.18. YBemuumiiocs B 0,7 paza
6.19.5=
6.20. 840 ITa
6.21.13—

6.22. 180 /I
6.23. 0,25 mm
6.24. 10,8 MM®
6.25.0,043r

6.26. Gyyacno = 31,8%

6.27. Pa3HpIMU (pU3HYECKUMH CBOWCTBAMU B
PpasHBIX HAaIPaBJICHUSIX BHYTpHU

BEIIECTBA

6.28. Ilo unciy u opme yriioB MeXIy
CTOpOHAMHU

7.1.20 K

7.2.10 x/lx

7.3.5-10°Ia

7.4. YMmenbmiunoch Ha 20 K[k

7.5. Hayactu 1 — 2 yBestmumjioch 3 pasa;

Ha yacTtu 2 — 3 He U3MEHUJIOCH

7.6. Ha yactu 1 — 2 He U3MEHUJIOCh;

Hawyactu 2 — 3 yBesimunsioch 3 pasa

7.7. 2oV
7.8.U = 2pV; AU = U — U, =

3 9
= ;(4P0V0 —poVo) = EPOVO-

7.9. @) yBennyuiaock Ha 3k/ ; b) 2,4 MoJsib

7.10. 0,3 x/Ix
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