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NMO3HAKOMBTECH C YHEBHUKOM!

KapTa NOHATUN. o @ “Kapra noustuii” ans | rnaebl
CuctemaTtumka NoHSATUNR,
MEXAHUYECKOE
n3yvyaemblx B rnase BMDKEHHE
(I'IOCJ'Ie,D,OBaTeJ'IbHOCTb
B3aMMOCBS3N).
v
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Bux Bun Bux
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MoTtuBauus. ®

OnuceliBatoTcs pasnunyHblie
cuTyauum, obobLiaemble
BOMNpocamu, OCHOBaHHbIMU Ha
paHee nony4veHHbIX 3HaHUAX. -
BapoH MioHxayseH yTBepxaan, 4To oH kak GyaTo 6bl, Bbl-

Tawun cam ceGA BMecTe ¢ fowapsio n3 GonoTa yxea-
TWBLUWCE 3@ CBOW BOMOCKI

» Kak no-Ballemy, BepHo nu yTBepkaeHWe GapoHa
MroHxay3eHa U BO3MOXHO N 3Ta? MNovyemy?

® Mor niu cnacTich GapoH MionxayxeH u3 Gonota

Takum cnocoGom?

WccneposaHue. ° ® | cc 1. Crpanmoc
OFapy.oBuHIC: K05 | WHILIEA. CTAbHbE TAPUKH O/LGAKORIX. PAMEPOR ($-10 11YK), e
M paKkTn4yeckne pa60TbI . MOI’yT PCBSTIIAT OTIOPA {FITH IITATHD ¢ My $TOH H 3aiKIrMon).
Xo1 HecTeToBams:
BBIMOMHATECA MHANBUAYANBHO U 1. 3aKpemuTe 103 11 TOPHIONTANLIOH ONOPe H 1A TIeM BLITOKHTE T IOBATENLIO TSIy
B rpynnax. Cospnaetcs cBA3b MIAPHEKOE, CONPHKACAIOMMNCA APYT ¢ APYTOM (a). OMI M3 MIAPHKOE TONKIITE BIOML kedoda.
lipocerute s Lpoi Hoce JE T e ——

Mexay paHee Vl3y‘-i?HHbIM n nsy N T O oAt e HhR iR
YaeMbiMU B AaHHbIN MOMEHT BPEMEHHO B0/ 3%€100a, M NPOCIEUTE 32
maTepuanamm. OISO TRICHTIENM.
3. TIOBTOPHTE OIBIT, TOTKHYB TPH ULIPHKA OTHOBPEMEHHO
B0 e71004, W 00PATHTE BHIMAHNE CKOTBKO LIAPHKOB
OTACTATIOCE OT UCTIOWKH WIPHKOB,
Obcyx1enne pesyIhTATOR:
* UT0 Ha0:TIOAATOCH TIPH YAAPE OAHOTO MAPHKA TTO LEMOUKE MAPIKOB”
© CKOIbKO, COOTBCCTBCHHO, OTACINIOCH WAPHKOB 0T cnouii 11pHQ0kropSiii onbTol
VM3l M TPeMA LAPAKAMU T
TPCANOAOIKCHAC O TP C BOS JBCH ABICH

C COy AAPEHHeM

gpamlelme BOJIHBI D 7 .

P ° HTO HCTOUHHK BOIHBI KOJEOIETCA [0 FAPMOHHUECKOMY 3aKOHY X = Acoswt. B

Yrny6neHue. o S, L ot B Frr
HHK CPe/ie, TO BOSHUKAET BomHa. B HOJIHA, Yepes TIPOMEIKY TOK BPEMEHH

OcHoBHbIe NOHATUSA, OMpeaeseHus, T (Tay). AOCTHTHET 104K Ha PACCTOSIIN | 0T HOTOUIK:
npasuna u 06'bﬂCHeHVIﬂ, CBA3aHHblEe C 1=%_
TeMmon ons yrnyGHeHHoro n3y4yeHus. )10 3HAUHT, UTO BOTHA, B KOTOPOH KOTIEGAHIS TPOHCXOMIAT 110 TOMY e 3aKOHY, W10 M KOTleGaHMs

HCTOUHHKA, JIOCTHTHET TOKH Ha PACCTOSHUM [, 3alia3/ibiBast Ha T cexyHL. Iloaromy, ypasuenue 6on-
Hbl, IOCTHITIIER i TOUKH Ha Lor 'MOYKHO 3alicaTh
TaK:

x = Acosa(t — 1) = Acosw (: - é) = AcnsZ—T" (: - iu) (438)
I pagux BOIHBI 110 opMe CXO%K ¢ rpadHKOM TapMOHHHECKHX KOJIeGaH¥IA, 0/IHAKO 9TO HE OJTHO U TO
ske. Tak, ecim rpadux 10 rap!
3aKOHY 0JIHOM H3 XapaKTePUCTHK KoJeGIIOMEHcs TOUKH, HAIPUMEp, CMEIeH s OT BpeMeHH (f), To
2paghur ap Cpedwl 6 danmbiii Moxenm epeent,
mo ecmb 2apaonusHOCMb Smoil 60K 6 cpede (2).

x

x

AL |

A

(1) — nepuoduuna no epemeni () — nepuoouuna 6 cpede




MpakTnyeckas pa6ora.
SKcnepuMeHTanbHas AeAaTenbHOCTb
yJyaLLyxcst no usyvaemoii Teme.

anMeHeHMe. OnbITbl M 3aaaHNs Ans 3akpen-
NeHna, npuMmeHeHna 1 KOMMEHTUPOBaHNA Ma-
Tepuana Mayqaemoﬂ TeMbl.

T p—

MNPAKTUMECKAS PABOTA

“NMPABWNO NYTEW” ANA PABHOMEPEMEHHOIO ABWXEHUA

Gomime?

Fanaa:

Mpencraanarie o murpne p - V (9.

[rt—
P P AT, R GHCTEN B TpOECEa
Tepexona i3 10 M B oKy N. 7

Tleimh: HaySHTHCA ONPEXENITS MPABKUIO MyTeH (OTHOWIEHHE MYTeH) PABHOY CKOPEHHOTO
ABIDKEHA IAPHKA, KATALIETOCH 110 HAKTIOHHOMY KEN00Y.
Tamnes, mapux,

(1. aGopa “yAemsHan

TEIUIONPOBOTHOCTS"), METPOHOM (WTH CEKYHTIOMEP), MSMCPHTETbHAA JeHTa, ITaTHB ¢
MybToft 1 3aHTMOM. Obeymaesme peaymraron:
Ot uero tyrpes ep
HecKoli CHCTEMBI?
B kaxow w3

ropaso Gamue? Toweny? o
+ B KIKOM H3 TpOLLeccoB PAGOTA, COBEPUIAEMAE CHCTEMOH TOPASAO

Gomue? Moseny?
. Tipmvenere B MoBCeeRHol A
Xon mceneaonamni: KTACCHOH KOMHATS 5 M, /TiHa 10 B, @ BbICOTA 4 b, TeMTIEPATYpA BO3AYXA B KoMMATE,

T s7an. HsviepeHue YCKOPeHNS ABIAKEHNS IIAPHKa.
1. Kerof saxpertiTe aionio B Wiz TaK, WToGt o OGpEORIBA ¢ MOBEDXHOCTIO
ruszeis o Ke1068 TIOMe

IpH HOpMATEHOM STMOCEpHOM AaBIIEHIH, 20°C.
. - rasa, 0 wemy Oyzer

MpumeHeHue B noBceAHEeBHOW XU3HM. 3KcnepmmeHTaanb|e 3ajaHuA,
OnA BbINOJITHEHUA KOTOPbIX MOXHO MCMOMb30BaTh Pa3finvHble MCTOYHUKWU.

ICHEHTIe B TIOBCE/THEBHO JKI3HIL:
® JlmiHa CeKyH/IHO#H CTPETKM HapyHBIX HacoB 2 CM, a /UTMHA MMHY THOH CTpeyku 1,5 cM. ¥ Kakoi
M3 CTPEIIOK MOJTYJTh IIETPOCTPEMHTENHHOTO YCKOPEHHS GOMbINE H Ha CKOMBKO?
o I'Jie B TIOBCE/THEBHOM JKM3HA MOJKHO BCTPETUTH PABHOMEPHOE JBIKECHHE IO OKpYkHOCTH? Yo
MO)KHO CKa3aTh 00 X [IEPHO/IC H YACTOTE BPAIIICHHS?
[ ® Tposectn camoonenxy:
1. Kakyie OHATHS TOBTOPHIM Ha ypoke? UTo U3 3TOro BEI XOPOITIO TIOHSITH, @ UTO OCTANOCh BaM He
SICHBIM?

© |+ OCHOBbI KHHEMaTHKK * 37

—*[lpoBecTn caMOOLEeHKY. 3aaaHnsi Ans onpegerneHns creneHun
YCBOEHUS MaTepuara v BbiSIBNIEHUS Ballmx cnabblx 0COGEHHOCTEN.
MimeeT Lienbio pasBuTre BalLMX TBOPYECKMX YMEHUI U BbipaXeHue
OTHOLLEHUS K HUM.

YTo BbI y3Hanu? [laetcs o - g

o 2. Tlouemy P TpH TeJIa 110 OKPY IKHO TEHTPOCTpe-
AN 3aKkpenneHus NpouaeH- mnezmnmammﬂopmmmﬂm«lycmpeﬂnew
3. BeIHCIITE MOJTYJIb IIHTP! P 3ewu, BokpyT Commiia

HOro martepuana. (pajmyc opGuTEL 3eMmH R = 1,5 - 108Kkm).
4. C kKol JIMHEHHOH CKOPOCTHIO BpamiaeTcs 3eMs Bokpyr ComHila (pamguyc opOHTE 3eMt R =

1,5 - 10%Kkm)?

4yTo Bb[ Y3HAJIU? I[ame olIpe/IeeHUs mokenpmeﬂemm TIOHATHH M BETHUMH: yzm noeo-
poma”. “yanosan “muneinan . “nepuod
epawenus’”, “uacmonia apau;euwz

MpoekT. Nogpa3dymeBaerca &
KaK omallHee 3aaaHue.

HocuT akcneprMeHTanbHbIn
XapakTep ¥ AN ero BbInon-

HEHWS1 MOXHO MCMONb30BaThb
pasrnuyHble pecypcsi.

« TIPOEKT * [Toctpoiite “KAPTY HOHSITYI” paBHOMEPHOTO IBIKEHIA 110 OKPYKHOCTH.

1.1. O Te BI MA i TOYKH Ha I.
MO/Iy T KOTOPOIO 5M, 0Opasyer ¢ ocsto OX yrox 30°.

1.2. KoopamHaTel MaTcpHaibHOW TOYKH M paBHBI Xy = 1M u yy =15M, a
KOOPAMHATEI TOYKH N paBHBI Xy =3M H Yy = —2M.

Omnpenemte:

a) MOJIYIb BEKTOPA, COCAMHAIOMMME TouKkH M 1 N;

b) mpoekuun 31010 Bektopa Ha oc OX u OY;

C) YIOJI MEKAY 3THM BEKTOPOM H 0Chbio OX.

1.3. Bextopa @ u b B3amMHO mpust (puc.l). O
PyomIHii BEKTOP; b) MOy Ib Pe3y IbTHPYIOLIETO BEKTOPA.

puc.1

u XOY: pamuyc-BexTop,

“anaun pns I rnasst

Te: a) Pe3yIbTH-
3agaum gns rnas. B koHle
pasgena garTcs BOrpoch! 1
3a[aHus 1o NPUMEHEHNIO @ ~ a 7
M3y4YeHHOro MaTepuana. - ‘




OCHOBblI KWHHEMATUKW

OcBovB MaTepuarbl 3TOM rnaBbl —
Bbl CYMEETE:

e O0BACHUTB pasHULY: Mexay maTtepuanbHOM TOYKOM U Te-
nom, MyTeM U NepeMeLLeHneM, paBHOMEPHbBIM 1 paBHoMNe-
PEMEHHbIM NPSAMONMHEVHBIMN ABUKEHUSMU;

NOCTPOUTb 1 NPOaHaNM3MpoBaTh rpadnkn PaBHOMEPHOrO
1 paBHONEPEMEHHOrO MPAMOMNUHENHbIX OBWKEHUN;

00BACHUTL CBODOAHOE NaAeHVE 1 OBWKEHNE Tena, bpoLueH-
HOro BEpTMKanbHOro BBEPX;

COCTaBUTb U PELLNTb KAYECTBEHHbIE U KONMYECTBEHHbIE 3a-
Aayn OTHOCSILLIMECS K CreayoLLIMM OBMKEHUSM MaTepuarnb-
HOM TOYKM: MPSIMONIMHENHOMY PaBHOMEPHOMY, MPSIMONK-
HelHOMY paBHOMEPEMEHHOMY 1 PABHOMEPHOMY ABUXKEHUIO
MO OKPY>XHOCTW;

NOCTPOUTb rPacMKN 3aBUCUMOCTU (PU3NYECKUX BEMUYMH,
XapaKTepusyLLMx NPsSIMOSNIMHENHOE PpaBHOMEPHOE, NPSIMO-
NMHENHOe paBHOMEPEMEHHOE [OBWKEHUS MaTepuaribHou
TOYKM U ee paBHOMEPHOE ABMKEHNE MO OKPY>KHOCTH;

e ONPeaEenUTb SKCNEPUMEHTANbHO 3aBUCUMOCTL Mexay dou-
3MYECKMMU BENUYMHAMU, XapaKTepuayoLwnmMm npsMonm-
HerHoe paBHOMEpPHOE, NPSMOSIMHENHOE PaBHOMNEPEMEH-
HOE N paBHOMEPHOE OBWKEHUSA MaTepuaribHON TOYKM MO
OKPY>XXHOCTH;

NPUBECTUN NPUMEPbI MEXaHNYECKOIo ABMXXEHNA N ero BnaoB
B MOBCEOHEBHOW XN3HW, a Talkke npumMmepbl NPpUMEHEHUA U
npuHUUnbI p860TbI yCTpOI‘/‘ICTB, BCTpevyaemMbliX BaMn MeXa-
HA3MOB.



“Kapta nonatuin” gna | rnaBbl

v v
IIpsimonuneiinoe ] Kpuponuneiinoe
JBHXXCHHEC JBHKCHUC
Bun Bun Bun
PaBHOMepHOE HepasromepHoe PaBHOMEpHOE /1BU-
IPSIMOJIMHEHHOE PSIMOJIMHEHHOE JKEHHE 110 OKPYK-
JIBIKCHHE JIBIDKCHHE HOCTH
| XapaKTepUCTUKH
XapaKTepUCTUKU IIpocreiimuii Buz
s - ~
l Jluneiinas ckopocThb:
P < pi MIBMCHSCTCS 110 HANpPaB-
CkopocTh: PaBHONIEpeMeHHOE JICHUIO, TIOCTOSTHHA TI0
110 MOJYJIIO U IpSAMOJIMHEHHOE L MOJYJIFO )
HaIlpaBJICHUIO HE JBIJKEHHE | P A
MEHSIeTCS A LlenTpocTpemuTeLHoe
~ o 2 YCKOpeHHe: N3MEHIETCs
© —
5 IO HAaTIPaBJIEHHIO, TIOCTO-
%
- - 2 STHHA TI0' MOJTYJTIO
Ilepememenue: p= Z 4
TUHEHHAs GYHKIUS OT ( p YriioBast CKOPOCTb:
L BpeMeHH | aBHOYCKOPCHHOC —P [le MeHseTCs ¢ TeueHreM
JIBHOKEHHE BpeMeHH
\ . J
-
Yron nosopora
PaBHO3aMeIeHHOE )
JIBIDKCHHE
_ —Vi [Tepuon BpateHus
XapaKkTepuCTHKH —’[ YacroTa BpalieHus ]
Yckopenne: CkopocTh: [epemerenue:

10 MOJIYTIO ¥ HAIPABRICHUIO
HE MEHIETCSI

JTUHeHHas QYHKONS OT

BpPEMEHH

KBanpatuunas GpyHKIMs
OT BpeMEHU




MEXAHI/I‘-IECKOE ABWXEHWE U ETO ONMUCAHUE

BeposaTHo, Bbl Cribllany 3T 3HaMeHUTbIe
BbIpa)KeHWs ApeBHErpeyeckoro gunocoda
Iepaknuta Odecckoro (554-

Mpw OTCYTCTBUM Apyra Ha MecTe 3apa-
Hee [JOroBOPEHHOI BCTPeUM Bbl, Cpasy
‘ MO3BOHMB €My MO TenedoHy, crpaLlu-
483 . o Ha) Bce Te4eT, BCE  pagre: ‘e Tbi?. [pyr, MpeAcTaBvs
M3MeHsAeTCS”, "HeBOSMOXHO cebe MeCTo BCTpeuYW, MPOCWUT BAC:
ABaXL! BOVTI B OAHY 1 TY Xe el R R
PeKy . e Yto Bbl Agymaete 0 (pM3NYECKOM
* Kakos cmbicn 3TnX Bbipa- cMbicrie BblpaxeHuii “Iae Tbi?” n
KeHniA? “CToW Ha MecTe”?

Mccneposanve-1, OcTPOB COKPOBHII

3agaya 1: 13 pomana P.CtueHcona “OcTpoB COKpo-

BUII” BBI 3HAETE, YTO JIETEHAAPHBI MOPCKOM mupar

KaruTaH DIMHT MECTO 3aXOPOHEHHsSI COKPOBHMII Ha

OCTpOBEe 0003HAYMI Ha KapTe CIEAYIOMIM 00pa3oM:

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

Oerb npotimu 8007b MeHU 0epesa cmo Qymos, NOGEPHY8

Ha 3anad npoumu ewje decsimv cadcerell. Konamo 0es-

HOCMO O1otMog 2nyounoui” (a).

MoskeTe JI Bbl ONPEIEIUTh MECTONONIOKEHNE COK-

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

1 motim = 2,5 cm)?

O0cyskneHue pe3yJbTaToB:

e MoyKeTe JI Bbl, JI0 OTOBITHS Ha OCTPOB, ONPEEIUTH 110 KAPTEe MECTO 3aXOPOHEHHS COKPOBHUII?
Uro [uist 3TOr0 HEOOXOAUMO C/IEIaTh?

Ocmpos
COKposULY

/Jleusicenue gBNSETCS ONHUM W3 OCHOBHBIX CBOWCTB HENPEPHIBHO W3MEHSIO-
meicss MaTepun B OKpyskaromeMm Hac mupe. CaMoil mpocToit popMoil TBIKEHMS
SBISICTCSL MeXAHUUECKOe 08UdCeHe.

o Mexanuueckoe 0guxceHue — 510 USMEHeHUe NONONCeHUs Meaad OMHOCUMENbHO
Opyaux mei 8 nNpoCMpaHcmee ¢ me4eHuem epemetu.

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

e OcnogHas 3a0aua mexanuKu — onpedeieriie NOJIONCeHUS meid 8 NPOU3BOIbHbILL
MOMeHm 8peMeHU.

Jlnst perieHuss OCHOBHOM 3a/1auy MEXaHUKH HEOOXOJUMO OIPE/ICIUTh, KaK JIBU-
JKETCsI TeNo, KaK MEHSeTes ero. MOJI0KEHHE ¢ TeYeHHeM BpeMeHH. [lpyrumu cio-
BaMH, HEOOXOJIIMO YCTaHOBHTH CBSI3b MEXIy (DU3MYECKUMU BEIMUYUHAMH, XapakK-
TEPU3YIOIIUMH MEXaHHUYECKOE JIBIIKCHUE:

e Pazoen mexanuiku, U3yyarowiil MexaHuyeckoe 0suxicenue mei 6e3 yuema npuduH
BO3HUKHOBEHUS D020 OBUNCEHUsL, HA3LIGAEMC KUHEMAMUKOI (0m 2peyecKkozo
cnosa kinematos — “‘0sudicerue”).

OnmHUM 13 CambiX MPOCTHIX BHIOB MEXAHHMUYECKOTO JBIKEHUS SBIIAETCS TOCTYIIa-
TEJILHOC JIBIKCHUE.
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e [locmynamenbHblM HA3bIGAEHICA O8UIICEHIE Med, NPU KOMOPOM 6Ce 20 MOUKU
08UICYMCSL OOUHAKOBO.

[Ipn mocTymaTenpHOM NBIKSHUH TeJa TPsIMast JIMHHSA, TIPOXO/IAIIAs Yepe3 JIBE ero
IIPOU3BOJIbHBIE TOUKH, OCTAETCS MAPAJUIEIIBHOM CBOEMY  (b)
NepBOHAYaIbHOMY ToJsokeHuto. Hampumep, moctymna-
TEJIBHBIM SIBIIIETCSl ABMKEHHME YEMOJIaHA, MOKa3aHHOE
Ha pucyHke (b). Tak kak mpu MOCTYHAaTEILHOM JBIKE-
HUM BCE TOUKHU Tela ABWXKYTCS OJMHAKOBO, TO TaKoe
JIBIDKEHUE TeJa MOYKHO TPEJICTAaBUTh KaK JBIKEHUE O1-

HOM ero Touku. [1o 3Toi npuuKnHEe B MEXAHUKE UCIIOJb-
3YIOT HCUTU3HPOBAHHYIO (DU3HIECKYIO MOJIEIb, HA3bl-

BaEMYI0 MamepuanibHol mMouKol. .
Buumanue! 31ech croBa “B JaH-
e Teno, pasmepamie KOmMOPO20 6 OAHHBIX YCIOBUAX MOJIC- | ypix YCIIOBHSX O3HAYAIOT, HTO OJ-
HO npereOpeys, Hasvleaom MAMEPUAIbHOI MOYKOUL. HO M TO K€ TeJIO B OJTHMX YCIOBHAX
Jis onipeniene s MoJI0KEHHS MaTepUaATbHOM TOY- | MOKHO IPUHSTE 33 MATCPHAJILHYIO

o 6 TOYKY, a B IpyTrux Henb3s. Hanpu-
KN B IMPOU3BOJIbBHBIM MOMCHT BPCMCHH BBIOHMPACTCA Mep, TaK Kak pajyc 3emiu B 24

meno omc4yemad. 000 pa3 MeHbIIE PACCTOSHUS OT
o Tenom omcuema nasvisaemcs meno, omuocumenvho | 3emm no Connna, 50 Semtto mpu
KOMOPO20 U3y4aemcst OBUNCEHUEe MAMEPUATLHOU moyKy. | *orPNEHHH BOKPYT ©OTIHIA MO0
MIPUHATH 3a MATCPUAIIBHYIO TOYKY.
Teno orcuera BEIOMPAETCS POM3BOIBHO, M OHO YC- | Oyako TIPH M3yHeHHH JBHKEHHS
JIOBHO CUMTAETCs HENMOJABWKHBIM. Hampumep, 3a Teso | camonera, aBroMoOus, Kocmude-
oTcueTa MOXXHO TNpuHATh CoHIle, 3eMIII0, BUIUMbIe | CKOTO KOpalist M PYTHX OTHOCH-
TECJIbHO NOBEPXHOCTU 3€M]'II/I, 3CM-

3BE3/IbI, BAr'OH M0E€3/14, B KOTOPOM BBI €1IETE, U APYTHE.

HOM map HEIb3d CUYMUTATbL Mare-
Ecnm Teno orcuera BBIGPaHO, TO MOJOKEHHE MATE- | pyasHoii TOHKOI.

pHaJIbHON TOYKHM OTHOCHUTEIBHO HEr0 MOXHO OIpejie-
JIUTH TIPH TIOMOIIH METOJIA KOOPOUHAM,, WITH METOJIA PAOUYC-8EKIMOPA.

OnpeneneHue NMOJI0KEHUS MATEPUATILHONH TOYKH NPU MOMOIIHN METOIa KOOP-
auHAaT. [locie BeIOOpa Tena orcyeTa Kakas-Tu00 TOYKa 3TOrO Teja MPUHUMAGTCS 3a
HAYasuo OTCYETa, MPOBOJATCS KOOPAUHATHBIC OCH, U TIOJIOKEHUE JIFI000H MaTepHalib-
HOU TOYKHU OMPEAEISIeTCS STUMHU KoopauHatamu. Kak 3To nemaercst, Bbl M3ydaiu Ha
ypoKax MaTeMaTHKH (CM.: MaTeMaTuka 5). Harpumep, onpeaenim moroxeHue aBTo-
MOOMJIS Ha TIPSIMOH JTopore (¢).

-
B ted 5

-300 j) 300 600 900 1200 X,
']4

i
<

Xy

1 5TOro 0CTaTOMHO MPOBECTH BAOIL TOPOTH OJHY KoopauHaTHYI0 ock OX. 3a
HAYaIbHYI0 TOYKY OTCUETa Ha KOOpAMHATHOH och (Touka (O) BO3EMEM JepeBo, pac-
Tyliee Ha 0004MHe A0pori. B aToM cirydae mojoKeHHe aBTOMOOMIISI ONpeAesieTcs
T0.€'0 KoopuHate x. BipaBo oT Hauana KoopIMHAT BhIUUCIIieMas KOOPAUHATA ITOJI0-
JKUTENbHA, a BIeBO — OTpuIarenbHa. llpearmonokum, 9To B HadalbHBIH MOMEHT

OCHOBbI KWHEMaTUKN 11



BpEMEHH (7 = ()) aBTOMOOMIIbL HaXOIWIICS B ToUke ¢ KoopauHaToir —300 M. D10 ero
HavalbHas KOOpAMHATa Xq (Touka A): X9 = —300 M. ABTOMOOWIIB, ABUTASICH BIIOJIb
OCH X, B MOMEHT BPEMEHU ¢ OKaxkeTcs B KoopauHate X = 1200 m. [lonoxxenue aBTo-
MOOWIISL B JTFOOOW MOMEHT BPEMEHH MOKHO OTIPE/ICIHTh, 3HAas 3aBUCUMOCTH KOOPIH-
HaThl OT BpeMenu X = x(t).

Ecnu Terno JBrkeTcs Ha IUIOCKOCTH (HarpUMep, KOHYHK PYYKH 110 Oymare, JIoJKa o
03epy), TO Yepe3 BRIOPaHHOE TEJO OTCYEeTa IPOBOJIITCS /Be KoopauHaTHbIe ocl OX u OY.
IomoxxeHune TOYKH Ha IITOCKOCTH OTPE/IeNsIeTCsT KOOprHaTaMu X 1 y. Hanpumep, koopu-
Hatel Toukn M: x = 5, y = 4; xoopauHatel ke Touku N: x = — 3,y = 3 (d).

Takum oOpa3oM, 3aBUCUMOCTh KOOPJIMHAT JBUIKYIIETOCS Tejda OT BPEMEHU
x =x(t) u y = y(t) onuceBaeT ABMKEHNE MATEPHAILHOM TOYKH Ha IIOCKOCTH.

Jltst ompeieieHrsI TTOJIOKEHHS Tejla B IPOCTPaHCTBE (HAIIPUMED, PHIOBI B BOJIE,
camoJjieTa B HeOe) C TEJIOM OTCUETa CBS3BIBAIOT TPEXMEPHYIO CHCTEMY KOOPMHAT.
B Takoii cucreme monoKeHUe Tea ONpPeaesieTCsl TpeMsl KOOPAUHATAMU — X, Y U Z

(e).
@ MG, 4) (e)

NE3,3) WNG,3,5)

3 2 10 1 2 3 4 5%
-1
2

OmnpesesieHne MOJIOKEHUS] MATEPUAIBHONW TOYKH METOI0OM
pajsuyc-BeKTOpa.

® Bekmop, COeOUHAWUL HAYAN0 KOOPOUHAM ¢ MAMEPUATLHOU
MOUKOll, HA3b16AEMCS PAOUYC-8EKNOPOM.

Pamyc-BekTop 0003Hauaercst OykBoii 7. Ero mmuHa (MomyIis)
OIIPE/IEIISICTCSl PACCTOSHHEM OT Hadaja KOOpAMHAT 10 MaTe-
puansHoi ToukH (f). Pagmyc-BekTop MCHonb3yeTcs, eClli H3Bec-
TEH €ro MOJYJb M HallpaBJICHHUE B POCTPAHCTBE. 3aBUCHMOCTh
pajyc-BeKTOpa OT BpeMeHH T (t) ONHCHIBAET JBHXEHHE MaTe-
DUAIIBHOI TOYKH. o x X

UtoOBl UMETh TOJTHOE TPE/ICTABICHUS 0 MEXaHHIECKOM JIBIDKCHUH MaTepPHATLHON
TOYKH (IO TIPSMOM JIMHWH, Ha TUIOCKOCTH WM B HMPOCTPAHCTBE), HEOOXOANMO ycCTa-
HOBHUTb, KaK M3MEHSIOTCS eT0 KOOP/MHATEI C TeUeHneM BpeMeHH. [ aToro HeooOxo-
JTIUM TIPHOOP, U3MEPSIOIINIL BpeMsl (Jachl, OOBIYHO MCIIONIB3YETCS CEKYHJIHAS CTPEIIKa
YacoB), NMPH TIOMOIIX KOTOPOTO OTPEICIIFOTCS KOOPIAUHATHI MaTepHaIbHON TOYKH B
HavyallbHBIM MOMEHT &, B TIOCJIEAYIONINE MOMEHThI BpeMeHHU tq, t5, t3 W Jp.

Takum 00pa3oM, MEXaHUYECKOE JIBIYKEHUE MAaTEPUATbHON TOYKU U3yUdaeTCsl OT-
HOCHUTEIEHO BRIOPAHHOU cucmeme omcuema:
eTeio omeuema, cucmema KOOPOUHAM, CA3ZAHHASL C DMUM MENOM, U NpUOOp O/
omcuema epeseHu oopasyrom emecme CUCHEMbl Oncyemd.
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NMpuMmeHeHune. UccnepoBaHune-2 (2

OnpeaennTe KOOPAMHATHI MaTepPHATBLHOMI g

TOYKH

3amaua: Ha pucyHke n300pakeHO ABIKCHUE e

KOHYHKA Mapkepa 1o gocke (g). Onpenenure ,,' J

KOOpAMHATHl KOHYHMKA MapKepa B MOMEHT 2 »

BpeMeHnu to =0 (B Touke A), B MOMEHT / 's\\\

BpeMeHH t; = 2 ¢ (B Touke B) u B MOMeHT A/ LN

BpeMeHH t3 = 4 c (B Touke C). >N =

O0cy:kneHue pe3yJbTaTOB: O\

e Yr0o HE0OX0ANMO 3HATH JUIS ONMCAHUS Me- R ¢
XaHHYECKOTO JIBIKSHHUsI KOHUYMKA MapKepa e (2
o gocke?

o Kak BbI Onpeenniii KOOpANHATH KOHYMKa MapKepa Uil TPeX pa3sHbIX MOMEHTa BpeMeHU?

IIpumMeHeHne B MOBCeTHEBHOI KU3HU:

1. Cx0BbKO KOOPAMHATHBIX OCEH CIEIyeT HCIIOIb30BaTh IS ONPEACIICHHUS IePEMEICHUS TPaKTO-
pa B mone? OTBeT 0OoCcHYyiiTe.

2. Moxere 1 BBl IPUBECTHU NIPUMEPHI OCTYNATEIFHOTO JAB)KCHUS U3 TIOBCETHEBHOH KN3HH?

IIpoBecTn caMooLeHKY:

1. Kakue noHsaTHsa NOBTOPWIK Ha ypoke? UTo U3 3TOro Bbl XOPOLIO MOHSIIH, @ YTO OCTAlI0Ch BaM
HE SICHBIM?

2. IIpu KaKUX yCIOBHUSIX OJHO H TO 7K€ TETO0 MOXKHO HPHHATH 32 MATEPUAIbHYIO TOUKY, a IPU KaKUX
Henp3s? [Touemy? MoxeTe 1 BBl IPUBECTH IPHMEPHI?

3. [ToueMy BO3HHKaeT HEOOXOUMOCTh IIPUMEHCHNUS CHCTEMBI OTCUeTa?

4. Kakyro cucteMy KOOpIHHAT CIIEAyeT UCIONb30BaTh JUIS H3YUEHHMs MOJIOKEHHS Tella B IPOCTPaH-
CTBe (HampuMmep, JeTsnield B HeOe ITUIIEI)?

“y

YTO BbI Y3HAJIU? 3anuiimrte B paboueM JTUCTKE OMPEACTCHUS TS HUKETPUBEICHHBIX TTOHSITHIL:
“MeXaHHYeCcKoe JIBIDKEHHE”, ‘“‘MexaHHKa”, “OCHOBHas 3aJada MeXaHHKH , “KMHEMaTHKa”’, “TIOocTy-

maTeJIbHOE ABIKEHUE , ““‘MaTepHaibHas TOUKa”, “TeJo oTcueTa”, “‘cucremMa oTcueTa’.

m I-IYTb 1 NEPEMELUEHUE

ABTO6YC CO LUKOMbHUKamMu oTnpasuscs B nyTo.B 89 us \ % : \
Baky ¢ nnowaan Asaansir. " pe= LLlabpaH v |
2am | (o)
o MoOXHO Nnv TOYHO OnpeaenuTb, Kyaa fgoexan aetTobyc B il %«,% el T
10%°, ecnin oH 3a ABa yaca npowern paccrosiHme 135 km? Wamaxei [
. SR 4

Mouemy?

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

e [loctaTo4HO NN ANA onpeaeneHUsi KOHeYHoro norso-
XEeHUs Tena 3HaTb €ro Ha4anbHOe MOoSIoXXeHUe U NPou-
AeHHBIN NyTb? OTBET OOOCHYMNTE.

OCHOBbI KWHEMaTUKN 13



Wccneposanve-1. OQMHAKOBBI JIM MYyTH () i,&, \)’— e
MeKIY AByMsI MyHKTaMu? R
Pecypcbl: TpaHCTIOPTHAS KapTa IOPOT MEKITY '
ropoxamu baky — 3ararana (a), HUTb, JUHEHKa
WITH KYPBUMETD.
e A6MOMOOUIbHAS DOPO2A
= = — - JKenesnodopooichvlii nymo
—— BO30YWHOBII NYMb . ;
Xon uccaenoBanus: 1. Mi3mepbre npu MOMOIIM HATH U JIHHEHKH zumHy aBTOMOﬁI/IJ'II)HOFO Kenes-
HOJIOPO’KHOT'O M BO3JYILIHOTO IMyTel Mexay ropogamu baky — 3aratana. 2. Bolpazute noisydeHHble
3HAYCHHS B KWIOMETPaxX Ha OCHOBE MacIitaba KapThl 1 3alUIINTE B COOTBETCTBYIOIINX KJIETKaxX Ta0-
munsl 1.1 (mepenumure TabnuIy B pabo4Hii INCTOK).
Tabnuya 1.1.

TpancnopTHbIi myTh ABTOMOOHIIBHBIH MyTh JKene3Ho0poKHEIH MyTh Bosnymsslii myts
Paccrosnune mexy
Baky — 3aratana (xm)

OGcy:xeHne pe3yJbTaToB:
o Kakoii n3 Tpex TypuCTOB, MyTEIIECTBYIOMMX 13 baky B 3ararana, COOTBETCTBEHHO Ha aBTOOYce, TI0-
e3/le M caMmoJeTe, Mpoexan MeHsllee paccrosaue? Kto m3 HuX mpoexan Oosnblnee paccTosHue?

Be1 3HaeTe, uTo J11000#1 BUI ABUKEHHS COBEPIIACTCS 110 ONPEICIICHHON MpaeKmopuil.
o Tpaekmopus — 5mo JuHUs, KOMOPYIO ONUCHIBAEH MAEPUATbHASL THOYKA NPU C80-
em 08udicenul 8 OAHHOU cucmeme omcdema. JTa JIMHUSL MOKET ObITh U HEBUIUMA,
HanpuMep, TPACKTOPHsI JIBHKECHUS PBIOBI B BOJIE, CAMOJIETa B HeOE, ITYEIIbl B BO3yXE
U JIp., KOTOPBIE MOXHO TOJILKO BOOOpa3uth. [1o Gpopme TpackTopru MeXaHUUECKOE
JBIDKEHHE JACTHUTCS Ha NPAMOIUHEHOe U KPUBOTUHEHOE.
o Jlsuoicenue, mpaexmopus KOmopo2o npeocmasisienm cooou npsamyro JTUHUIO OMHO-
CUMENbHO OAHHOU CUCTEMbl OMCYEmd, HA3LIBACTNCS NPAMOIUHEHUHBIM O8UIHCEHUEM
(b), a osudicenue, mpaexmopus komopo2o Kpugas JuHusl, — KPUEOJIUHEUHbIM (C).
o J[nuna mpaexmopuu 08UNCEHUs. MAMEPUATLHOU MOYUKU, HA3bIBACMCS HPOUOEHHbIM
nymem. [Ipotidennulii nymo 6715emcst NOIONCUMETbHOU CKAAPHOU 8eUYUHOL, 0003~
Hauaemcs Oykeot I, edunuya ee usmeperusi 6 CH — 1 m.

(b) Hpsimonunetinoe dguicenue () Kpusonuneiinoe ogusicerue

JIJ1s1 TIOJTHOTO OTMCAHUSE JIBFYKEHUSI MaTCPHATLHON TOYKH HEOOXOUMO OTIPEIeIUTh
W3MEHEHHUE ero TIOJIOKEHHS B MPOCTPAHCTBE C TCUCHUEM BPEMEHH, T.€. ONpeoeumy u3-
MeHeHUe KOOPOUHA MAMEPUATLHOL MOYKU, VTN HKE UBMEHEHUE €20 Paouyc-6eKmopa.

o [I3menenue ni0b0l husuueckoll GeIUUUHbl PAGHO PA3HOCHU €20 KOHEUHO20 U HA-
4aIbH020 3HAYeHU 10003Hayuaencs snakom A (6ykea epey. angasuma) neped 3moti
BEUUUHOUL.
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H3meHeHne KOOpAMHAT MaTepHAJIBLHON TOYKH BO (d) ya
BpeMsl IBHKeHMsl. V3MeHeHne Koop/IMHaT MaTepuaIbHON
TOUKH BO BPEMs JIBIDKEHHSI MOXKET ObIThb, KaK IOJIOXKH- re
TENBHBIM, TaK M OTpHIATeIbHbIM. Harpumep, mpesrmono-
WM, YTO MypaBei, IBUTasICh TT0 TOKA3aHHON Ha PUCYHKE
TpaekTopuy, rornaaaeT 3 Touku M B Touky N (d). Tak kak yT
KOOp/IMHATA MypaBbs 10 och X yBEIUUUBAETCS (X > Xp), TO
W3MEHEHHE KOOPIMHATHI 10 3TOH OCH OyJIeT IOJIOXKH-
TeNbHBIM: Ax = X —xp> (. KoopnuHata e MypaBbsi 10 OCH 0 "
Y ymensmaercs (v < )y, TOITOMY W3MEHEHHE €ro
KOOPIIMHATEHI TI0 3TOH OCH OyeT oTpunarenbHeM: Ay =y —yp< 0.

------------ N EY)

=

H3menenne pamyc-BeKTOpa MaTepHAILHON TOUKH BO Bpemsi (o) A
aBmKeHust. Ha cretyronieM pucyHKe Ipe/ICTaBIIeHbI PaInyC-BEKTO-
PBI 7y ¥ T HAYAJIBHOTO U KOHEYHOTO MOJIOKEHHS, MATEPUAIILHOM TOY-
Ku (MypaBbsi) COOTBETCTBEHHO (€). BEKTOp AT, COETMHATOIIMI KOHIIBI
STUX PaJInyC-BEKTOPOB M, Ha3bIBAIOT nepemeujenuens TaHHOM MaTe-
PUAILHONW TOYKH 33 TPOMEKYTOK BpeMenu /. COINIACHO MpaBUITy
CIIOKEHHS BEKTOPOB (CM.: Martemaruka 8): 7y + A7 = 7. U3 nocien-
HETO BBIPWKEHHWs TONydaercs, AY =7 —Tomms = A7 =7 — 7,
7€ S — NepeMEIEHIEe MaTEPUATIbHON TOUKH.

X

]

o Ilepemeuenue — 5mo HanpasieHHblll OMpe30K NPSAMOLL, COeOUHIIOWUL HAYATIbHOE
noodcene 0BUNCYWeliCs MamepUaIbHoOl MOYKU C ee KOHeYHbIM nonodceHuem. Ile-
pemeujeHue — 6eKMopPHas GeIUUUHA.

o Bexmopuas éenuuuna — 5mo eeiuduHa, onpeoensemas, Kpome Yucio8o2o 3Hd-
yenuss (MOOYJIsL), maKice u HanpasieHuem.

K Bekxropy mepemenieHus, Kak BEKTOPHOW BEITUYMHE, MOXKHO MPUMEHUTH H3-
BECTHBIC JACHCTBUS HaJ BEKTOPAMH — CJIOKCHUE U BBIYUTAHUE BEKTOPOB, OIMpEne-
JIEHHE pe3yJIbTUPYIOIIETO BEKTOpa METOJIOM TPEYTOJIbHUKA U TIapajlieorpaMma.

Enununeit usmepenus nepemenienus, Kak u mytu, B CU sBasieTcss MeTp; 0JHAKO,
MepeMeIICHIe NMEET OTIMYAFOIINNCS (PU3UUECKUN CMBICIT: nepeMeujeHue noKasbl-
6aem, HA KaKoe paccmosinue U 8 KaKOM HAnpasieHuy U3MeHU1I0Cb HaYdibHOE NOJIO-
JHCeHUe MAMEPUATLHOU MOYKU 30 OAHHbBIL NPOMENCYMOK 8PEMEHU.

Buumanue! TosbKo mpu MpsMONMHEHHOM [BIDKEHUH 6e3 N3MEHCHHSI HAIIPABICHNH, MOJIYJIb ITepeMe-
IICHUSI PaBCH MPOWUJCHHOMY ITyTH, BO BCEX OCTAJIBHBIX. CIy4asx (IIpH M3MCHCHUU HAIPaBIICHUS
NPSIMOJIMHEHHOTO JIBHKEHUS, KPUBOJIMHEWHOM JIBU)KCHHM) [POUIEHHBIA IyTh OOJIBbIIE MOJLYJIs
nepemenieHus (e).
®) (@ L

I £ Moe— e M\

M e - —=—oN

g Mamepuanvnas mouxa npouwna paccmosnue | om
Mamepuansras mouxka npowwna paccmosime | MOUKU M 00 mouxu N no npsimou iunuu, a 3amem no
om mouku M 0o mouku N no npsmoti aunuu. B 2MO dHce TUHUU 8ePHYNACH HA3a0 6 MOYKY M. B smom
omon ciyuae npoiidenibiii nymo pasen mo- YA€ MAMEPUATLHA MOYKA POULLA NYyMb, PAGHBLIL
Oyato nepemeiyenus: s =1 21, a modynv nepemewenus pasen Hymo:

V. P : . ,
§=MN+NM =0, s=MN+NM = 2L

OCHOBbI KUHEMAaTUKN 15



Ecnu npu dsusicenuu mamepuansroi mouku na niaockocmu (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. Onycxast
nepnenouxynsapvl Ha ocu OX u OY u3 nauana u KoHya 3mozo y
6exmopa, noayuaem npoekyuu nepemewjenus. Sy u sy (h). Kax
BUOHO U3 PUCYHKA, MU NPOEKYUU PABHBL PAZHOCHIU HAYATLHBIX U Yo
KOHEeUHbIX KOOPOUHAM MAMEPUATLHOU MOYKIL

NMpumeHeHune. UccneposaHune-2
OauHaKoBBI JIM MYTh U NepeMenieHne?
3amaua. Benocumnenuct IBIKETCS O KPYTOBOMY BEIOTpeKy paanycom 80 M.
OH cTapryeT u3 Touku A. OnpejennuTe MyTh U EpeMeIleHHe BEIOCHTIEINCTa
IIPU TIEPBOM NPOXOKIACHUH TOUkH B (i).

— — s
Sy =X—Xg, Sy =Y— Yo x >
O] Xo , X
X 1
-
=

Jlano: Pemenne Brruucnenue
r=80m | Ilpoiinennslii myTh l; paBeH AauHe l; =3,14-80m = 251,2Mm,
-7 ayru: l; = mr. s; =2-80m = 160Mm.
517 Mo/1yJib epeMeILeHHs JKe paBeH

JaMETPY OKPYXHOCTU:S; = D = 2r.

O0cyskneHue pe3yJbTaToB:

e UeM OTIIMHAIOTCS My Th U MIepeMenieHue?

e UeMy paBHBI IPOHACHHBIN Ty Th U MOJLYJIb IEPEMEIIICHHSI BEJIOCUIIANCTA ITPY ABMKCHUH U3 TOUKN
A B Touky C?

e Uemy OyneT paBeH MPONACHHBIN ITyTh H MOIYIIb IIEPEMEIICHNS BETOCUTISANCTA, COBEPIINBIIETO
OJTMH TIOJHBIH 000POT U BEPHYBIIETOCS CHOBA B TOUKY A?

® M4, OpommeHHbIH ¢ 6anKoHa (13 TOUKH A), MajaeT Ha 3eMITI0, B TOUKY
B. Mosxere 1 BBl CXeMaTHYECKH TI0Ka3aTh NPONICHHBIN UM IyTh U
nepemenienue (k)?

I[IpumeHeHne B NOBCEIHEBHOM KU3HH:

ITo xakoit n3 MPUBEIEHHBIX B CCIEA0BAaHUM 1 CXeM TypHCT, IMyTemIecT-
Byrouwii u3 baky B 3ararainy, coBepmaet nepememienue? [louemy?
IIpoBecTn caMooneHKY:

1. Kakne onpenenenust ObIIH ITOBTOPEHHI Ha ypoke? UTo BaM B.3TO BpeMst
cTao OoJsiee MOHATHO, @ YTO OCTAIIOCH HE SICHBIM?

2. B xakoM ciy4ae NpONAEHHBIH IMyTh PaBEH MOAYJIIO [EpeMellieHus?
[Ipusenute mpumep.

3. MoseT 11 NpoHeHHBIN My Th paBHATbCA HyJt0? [Touemy?

4. MoxeT M MOIyJdb MEpEeMENIEHHUs JBHKYIIErOCs Tejla pPaBHAThCS
nymo? [louemy? [IpuBenute npumep.

5. Kaxk, cnemyst mpaBuity TpeyroabHUKA, ONpe/enseTcs pe3yabTHPYIoIas
BekTopos ( d, b, ©) (q)? Kak, ciejys mpaBuily mapauiesorpamma,
OTIpeIeNsAeTCs Pe3yIbTUPYIOoIIas 3THX BEKTopoB? IIpescTaBbTe cXeMaTHUECKH COOTBETCTBYIOIINE
TIpaBHiIa.

EL3

YTO BbI ¥3HAJIN? [aiite onpeneneHus GU3MUECKUX MOHATHI U BEJIMUHH: “TPaeKToOpHs”, “Hpoii-

99 glkc: CEINT3 ELENTS

)leHHBIﬁ IyTh , TIEPEMEIICHUEC , "CKaJIIpHAas BEJIUYWHA ', "BEKTOpHasA BeJMUMHA”.
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m nPFIMOJ'II/IHEVIHOE PABHOMEPHOE ABMXXEHUE. CKOPOCTb

ABTOMOGUNE ABWMXETCS MO NPSIMONUHENHON Yactu goporn Mamxurabyn-MaHmpka aBTobaHa

Baky-lasax Tak, 4yTo 3a kaxgbin 1 yac npoxoaut nyTe 90 km, 3a 30 MUHYT — 45 kM, 3a 15

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

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

e YTO HeoOXxoauMoO 3HaATL ANA onpenerieHusi NoJIoXXeHUs1 aBTOMOGUNS B NPOU3BOJib-
HbI MOMEHT BpeMeHun?

Mccnepoeanme-1. Mccaenopanue NpsiMOJIMHEAHOr0 IBUKEHUSL () - (a)
tapuka '—l‘—e:g
OOopynoBanmMe: ILIUIMHIPUYECKAs TOJICTOCTEHHAs CTEKJISIHHAs |
TpyOKa 3aKpbITas ¢ OJTHOTO KOHIIA, BOJIA B JOCTATOYHOU CTEIICHH Ha- Alo
CBILIIEHHAsI caxapoM (BBICOKOKOHLICHTPUPOBAHHBIN pacTBOp caxapa — % As,
1 1), Mapkep, CeKyHIOMep, MeTaUIMYecKuil mapuk (2-3 mrykn), @ AS
JIMHEHKa, IMTaTUB. )|
Xoz uccliel0BaHus: A As,
1. 3akpenure TPyOKy BEpTHUKAIBHO HA IITATHBE, HAMOIHHUTE €€ BEICO- \
KOKOHIICHTPUPOBAHHBIM PACTBOPOM (). .
2. OnycTute Wapuk B pacTBop. Brirtounrte cekynaomep mpu npoxo- (O]
JKAEHUM LIapHKa yepes3 3apaHee OTMEUCHHYI0 Touky A. Ompene- -
sure nepememienus AS;, AS,, AS;.., oTMeuas MapKepoM Ha &L \

CTeHKEe TPYOKH, MOJIOKEHHE ILIAPHKa, JABMKYIIErocs BEPTHKAIBHO, 32 PaBHBIC MPOMEXKYTKH
Bpemenu Aty = At, = Atz = -+ = 5c.
3. 3aHecuTe MOJTyueHHbBIE PE3YIIbTAThl B COOTBETCTBYIONIHE KJICTKH TaOMHIbI 1.2 ¥ BBIYMCINTE CKO-
pocTh miapuka (mepeHecure Tabiuily Ha paboUuHii JIMCTOK).

Tabruya 1.2.
[TpomexyTKH BpeMeHH At = 5c¢ At, = 5c¢ At = 5c¢ At, = 5¢
Mozyiis iepeMeleHust Asy = --- As, = - Asz = - Asy = -
Moysb CKOpocTH by = Asy _ v, = As, _ by = Asz _ 0y = Asy _
Aty At, At Aty

4. TIOBTOpUTE OMBIT CO BTOPBHIM TaKUM K€ IIAPUKOM, YMEHBIINB PaBHBIC IPOMEKYTKH BPEMEHH, 1
OIIPEJIEINTE COOTBETCTBYIOIIHE IIEPEMEIICHHUS.
O0cyxIeHue pe3yabTaToB:
o Kaxue nepemeneH st COBEPIIAlTCs IAaPUKOM 32 PaBHBIC IPOMEXKYTKH BPEMEHN?
e MOXXHO JI TOCJe MPOBEJICHHBIX BBIYMCICHUH CKa3aTh, YTO IIAPHK COBEPIIAECT PABHOMEPHOE
npssiMosnHeitHOoe 1BIKeHne? OTBeT 000CHYHTe.

N3 kypca @usuku VII kitacca BaM H3BECTHO, MTO paBHOMEPHOE MPSIMOJIMHEHHOE
JIBUKEHHE SIBISIETCSA CaMBIM IIPOCTBIM BHUIOM MEXAHUHYECKOI'O IBUKCHHUS.
o [Ipamonuneitnoe pagnomepnoe 0suicenie.— 5mo. 0sudlceHue no NPIMou JUHUU,
npU KOMOPOM MAMEPUATLHASA MOYKA 30 PAGHbLE HPOMEIICYMKU 6PEMEHU COBEPUIAe
00UHAKOBbLE NEPEMEUIeHIUSL.
o [Ipu npAMONUHEUHOM PABHOMEPHOM OGUICEHUL MOOYIb U HANPABGIEHUE CKOPOCMU
C meuenuem epemenyHe uUsMeHsIomes: U = const.
e Cxopocmu npu NPAMONUHENHOM PAGHOMEPHOM OBUIICCHUU AGNAEMCA NOCTOAHHOU
QusuuecKol BeIUHUNHOU, PAGHOU OMHOUWEHUIO NepeMelyeHls MamepUualbHoll MouKu
KO- BpeMeHL,3a KOMOpoe 9mo nepemeujerue Oblio CO8EPUEHO:

—

o=2 (1)
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1 o o
Taxk kak OoTHOIIEHHUE ? B (1)OpMYJ'I€ ABJISICTCA MMOJIOKUTCIIbHOU CKAJIIPHOW BCJIN-

YHUHOM, TO HATIPABIEHUE BEKTOPA CKOPOCTH U COBNAJIAET C HANPABIEHUEM BEKTOPA
nepeMenienus S. Eqununa nsmepenus ckopoctu B CU — memp 6 cexynoy:

[s] 1m M

[v]=—==—=1—.

[t] 1c C

Ecu ckopocTh O M3BECTHA, TO MOKHO ONPEIEIUTH MEPEMEIEHUE S MATEPHAITb-
HOW TOYKH 3a TIPOMEXYTOK BPEMEHH ¢ TIPU MPSIMOIMHEHHOM PAaBHOMEPHOM JIBUKE-
HUH:

Ss=0v-t (1.2)
o [Ipu npsAmMoIuHetuHOM PAGHOMEPHOM OBUINCEHUU NPOUOCHHBIU MEeIOM NYyMb PAGEH
MOOYIIO NepemMeuenus:

l=s=vt (1.3)

Tak kak ypaBHEHHE B BEKTOPHOM BHJE MOXXHO 3aMEHHTH alreOpandecKIMH
YPaBHEHHUSMHU B MPOEKIMSIX BEKTOPOB, TO JIJISl BEIUMCIICHHUS [IEPEMEIIICHHUS HCITOJIb-
3yI0T He POpMYyITy, BBIPAKCHHYIO Yepe3 BEKTOPHIL, a GopMyITy, collepKailyio B cede
MPOEKIIMKM BEKTOPOB Ha KOOPJMHATHBIC OCH. [lpW NpsSMOITUHEHHOM IBMIKEHUU
MOJIOKEHUE MAaTepUaAIbHOW TOUKH OIpeJIeseTcs OJHOM KoOpAMHATON X, onpeaens-
IOTCSI TIPOCKIIMM BEKTOPOB CKOPOCTH M TEPEMEIIECHHSI MaTepUAIbHONH TOYKH Ha 3Ty
OCh ¥ YpaBHCHHE pEIIaeTcs B ATUX npoeknusx. [loaTomy Beipaskenue (1.2) MOKHO
3ammcaTh B MPOCKITHMIX TIepPEeMEIIeHUs M CKOPOCTH Ha och OX:

Sy = Uyt (1.4)
MOoHO TIOAYYUTh (HOPMYJITY JJIsi BBIYUCICHUS KOOPIMHATHI TOYKU X B TIPOU3BOJIb-
HBI{ MOMEHT BpeMeHH (cM.: Tema 1.2):
X = Xqg + Sy, X = Xg + Ut (1.5)
Bripakenue (1.5) sBISCTCS ypasHeHuem NPIMOIUHENHO2O PABHOMEPHO20 OBUNCECHUS

(b) ) mena. Ecnu MatepualibHasi TOUKa JIBUKETCS 110 HATIPABIICHITO
i ! BBIOpaHHOW KoopauHaTHOW ocu OX, TO MPOEKITUS CKOPOCTH
i E CcUHTaCTCsl TONOKUTENBHON (b), ecnu ke JBIKETCS MPOTHB
i Uy | HaTpaBJICHUS KOOPIUHATHON OCH, TO MPOESKITHS CKOPOCTH CHU-
o — TaeTCsl OTPUIATENBHO ().
U,>0

N3 dopmynst (1.5) onmpenensieTcss BhIpaXXEHWE A MPOCK-
IIUU CKOPOCTH:

X =Xp+ Dyt

D X7 X9
() : ! U, = —t—‘ (16)
1 1
E " E U3 popmyist (1.6) CTAHOBUTCS SCHBIM (HH3UYECKUN CMBICIT
! . ! CKOPOCTH: HPOeKylisi CKOPOCMU HA OCb PAGHA U3MEHEHUIO
¢ v, <0 Y npoekyuu \coomeemenieyroweri KoopouHamol 3a eOUHUYY

X =Xg — Uyl epemernil.
IIpotioennwiti nymo u KOOPOUHAMAa MAMEPUAILHOU MOY-
KU NpU NPAMOTUHETHOM PASGHOMEPHOM OBUNCCHUU AGTIOMCSL TUHEUHOU (YHKYUell
om epemenu (d). Cropocmv odice A8semMcsA NOCMOAHHOU BENUUUHOU, NOIMOMY
epapuk cropocme — epemsi 6yoem npedcmasisims coO0U JUHUIO, NAPATIETLHYIO OCU
GPeMEHIU — CKOPOCHIbL MAK020 08UNICEHUsL He 3aeucum om epemen (e):
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(d) (e) ®)

l X ) X\)\‘“ (v,>0) U, X
,'(é-\\‘x:x —:U\I
ot % =0 0,0 |
PN |
0 . 0 0 —~ 0 5
t 7SN 1 t
40, 7<0 :
X(v\.’<0) (vx. ) :U,, an(“.-

I'paduk koopauHaTa-BpeMs IIpH PaBHOMEPHOM JABMKCHHH 00pas3yeT OIpe/ereHHbIH
YTOJI C OCBIO BpeMeHH. TaHTeHC 3TOro yriia paBeH MPOSKIMU (MOIYII0) CKOPOCTH MO

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

lNMpumeHenme. Nicanepoeanune-2, lipumennTe u3y4eHHoOe /151 pellIeHUsl 3a1a41
3anaua. /Ipa Benocune ucTa OJHOBPEMEHHO Haualu JIBIKEHUE HABCTpedy Jpyr @

JIpyTy BIOJIb IPSMOM JIMHUM U3 IIyHKTOB A U B, paccTostHue Mexay koTopsiMu 90 0,
M r—
kM. CKOpOCTh TIEPBOTO BEJNOCHIIENCTA 3 <> CKOPOCTH BTOPOIO BEJIOCHIENCTA g 4~

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

BEJIOCHIIEANCTAMH ITyTH WM COBEPIICHHBIC MMM TIEPEMENICHNsT K MOMEHTY BCTPEuM; €) BpeMs t,,
TIpOIIIE/IIIee C Havaa ABIKEHHS O MOMEHTA, KOT/[a PACCTOSTHIE MEKTy HUMH cTano 10 Km.

JlaHo:

[=90 xm = 90000 m
v = 3’%; v, = 1,5%.
a) t1—? Xxq,%,—-7 b) 11, 1,-75,1,S2-7 ¢€) t,—?

Pemenne
a) [lpu pemeHnn 3a1a9u COOITIOIACTCS CIIEAYIOMIAs TOCIEeI0BATEILHOCT 5 5
JIEHCTBHI: () = -~
I neiicrBue. Bridupaetcs cucrema koopauHaT OX ¢ HaYaIoM 0O A B X

KOOpAMHAT B Touke A n pucyercs cxema (h).
II neiicTBHe. YpaBHEHHE JIBHKCHUS 3aITUCHIBACTCS B OOIIEM BHIE: X = X + U,t.
III peiictBue. Ha ocHOBaHUM yCIIOBUS 3a/1aud YpaBHEHMS ABMKEHUS BEJIOCHIICAUCTOB 3AIUCHI~
BAaIOTCSI B OOIIEM BUJIC: X1 = Uyt = 3t; X, = Xo— Uy, t = 90000 — 1,5 ¢.
IV peiicrBue. KoopquHaThI BEJIOCHIIEIUCTOB IIPU BCTPEUE PABHBL X = X,. DTO PABEHCTBO PellacTCs
mt = tg:

3t; = 90000 — 1,5¢4,

90000

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

V neiicTBue. ,Z[J'ISI OIIPEACITIEHUS KOOPAUHAT Xq U X, BCTPEHUU BEJIOCUIIEIUCTOB HeO6X0ﬂI/IMO pe-
HIATh YPAaBHEHUS UX JABUKCHUS JI1 BDEMEHU ty:

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

Tak kak x, = x,,70 X, = 60 KM.
b) Tax Kax 10 yCIIOBHIO 3aa41 BEJIOCUIICANCTDI ABIIKYTCS HPSIMOJIIMHEHHO U 6€3 N3MEHEHUS
HAaIpaBJIeHNs BMKEHHS, TO IPOMIEHHbIN ITyTh PaBEH MPOEKIMU (MOJLYJII0) MepeMEIeHNs:
Ly = 510 = X1 = x0; Ly = Sax = X2 — Xo.
¢) Bpewms t,, npoure/iiiiee ¢ Havana ABUKEHUS 10 MOMEHTA, KOrJa MEXy HUMU ocTajioch 10 kM,
BBIYHCIISIETCS 110 HUJKETIPHBEICHHOMY PABEHCTBY:
Xq i = 10000 M wmam letz — Xo— UZXtZ = 10000 m.
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O0cy:keHue pe3yJbTaTOB:
o Kakoe paccTosiHUe IPOLIes KaXAbli BEJIOCUNIEUCT 10 BCTPeun?
L4 qepe3 Kako€ BPEMsI IOCJIC Havalla IBUKCHUA PACCTOAHUE MEKTY BEJIOCUTICTUCTAMU 6yuer 10 km?

IlpumeHeHne B MOBCeTHEBHOI KU3HU:

e ABTOOYC, IBUTAsICh CO CKOPOCTHIO 90 %, 3a 20 cekyH[I coBepIIaeT epeMelieHue, paBHoe Iepe-
MEIIEHUIO JIETKOBOT'O aBTOMOOHJISL, KOTOpoe TOT coBepiraet 3a 10 ¢. Onpesennte CKoOpocTh Jer-
KOBOT'O aBTOMOOMIIS.

IIpoBecTH caMooOLeHKY:

1. Kaxwue onpeznenenus 6bu1 HOBTOPEHBI Haypoke? UTo BaM B 9TO BpeMs CTasIo 0ojiee MOHITHO, a
YTO OCTAJIOCh HE SACHBIM?

2. YpaBHEHHE JIBIKCHUSI MaTEPUAIBHON TOUKH UMECT BU X = X + Uy t. UTO HeoOX0aMMO 3HATh
JUTSI OTIPEJIENIEHHS €€ MOJIOKEHHUST B TIPOU3BOJIbHBIN MOMEHT BpeMeHn?

3. Ha pucyske npezcraBieHbl rpadUKy 3aBUCUMOCTH KOOPIMHATA-BPEMsI MaTepHUabHOMH TOYKH,
JIBUXKYILEHCS 10 OCH X.

XA XA XA XA

I\t t 4

[

3

o Kaxoii rpauk moka3pIBaeT ABIKEHNE MAaTEPHAIbHON TOUKH Yepe3 Hadyalo KOOpIHHAT?
o Kaxoii rpaduk rmokaspiBaeT IBHKEHHE MaTEPUaIbHOI TOUKH IIPOTHB HAIIPABICHHS OCH X?
o Ha xakom rpauke Xy U Uy UMEIOT IIPOTHBOIIONOKHBIC 3HAKH, 2 HA KAKOM OJIMHAKOBbIE?

4. Tlemexox W BEJOCHIEIMUCT ABHKYTCS HABCTPEdy IPYr APYry. 3aBUCHMOCTH KOOPIMHATEI
nemexosia ot Bpemenu x = 13 + 2t, a Benocuneaucra x = 27- 5t. TIpencraBpTe 5TH 3aBHCH-
MOCTH Ha OTHOM rpauKke U OmpeaennuTe BpeMs UX BCTPEUH.

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

MEpHOE TPSAMOIHMHEHHOE IBIKEHHE , “MPOEKLHs CKOPOCTH 1O OCH’, “IlyTh, IPOWACHHBIN IIPH DaB-
HOMEPHOM TIPSIMOJIMHEHHOM JBIKCHUH .

nPFIMOJ'II/IHEVIHOE HEPABHOMEPHOE OBWXEHMUE.

YCKOPEHUE
Ha npaktuke npsiMonnHenHoe paBHOMEpPHOE * MoxHo nu onucate HepaBHOMep-
ABWKEHWe HabriogaeTes oueHb peako. Cko- Hoe ABMXEeHue C NoMolublo ypas-
POCTb ABUXYLLIEFOCA aBTOMOBWNA, noe3aa, ca- HeHUN NpPAMONTMHENHOro paBHO-
MorneTa, Yacten MexaHuama u T.[. MOXeT 13- MepHoro ABwxeHusa? Yto ans
MEHATLEA W TI0 BENUMMHE, 1 MO HanpaBlieHuIo. 3TOrO HYXHO 3HaTb?
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Wccneposanmne-1. Yo o3Ha4aeT ObICTPOTAa H3MEHEHHs] CKOPOCTH?
3agaya: CamorneTr, TOTOBSAIIMIICA K B3JIETYy, HAXOAWJICS B TOYKE A B3JIE€THOH MOi0oChl. CKOPOCTH

M
camosieTa uepes3 5 CeKyH/ Iocje Hayaja IBIKEeHHs paBHa v = 18 < (B Touke B), a uepes 10 cexyHn
M ~
paBHa v, = 30— (B Touke C) (a). Yemy paBHO U3MeHEHHE CKOPOCTH (Av; 1 Av,) Ha B3NETHON MO-
C

JI0ce camolieTa, cooTBeTcTByoee yuactkam AB u BC? B xakoM uHTepBalie BpeMeHH IPOUCXOIUT
HauOoIbIlIee U3MEHEHHE CKOPOCTH?

a
N B b, N —
o
A 'C
Jano Pemenue Brruncnenue
t0=0—>l)0=0 Al)lzl)l_l)o
ty =5c » v, =18m/c Av, = v, — g
t,=10c - v, =30M/c Aty =t — t, .
Avy—? Bv,—7 21 B0 Atz =tz =t ;
At; At

OO0cyskneHne pe3yJbTaTOB:
e Ha xakoM y4acTke B3JICTHON IOJIOCH U3MEHEHUE CKOPOCTH camosieTa 6osiblie?
e B uem (u3nueckuii CMbICI M3MEHEHHS! CKOPOCTH TeJla M HACKOJIBKO Ba)KHO 3TO 3HATH?

o [Ipamonunetinoe 0gudicerue, npu KOMOPOM 3d PasHble NPOMENHCYMKU 8pEMEHU Ma-
MepuaIbHas MoyKa cogepuidenm pasHvie nepemeweHus, Ha3vleaom nPAMOoIUHell-
HbIM HEPAGHOMEPHBIM OBUICEHUEM.

[Ipu TakoM IBUKEHUU YHUCIOBOE 3HAUYCHHE CKOPOCTH HE OCTACTCSl HEM3MEHHBIM,
MTO3TOMY JIJIsl OTIMCAHUsI HEPABHOMEPHOTO IBMKSHHUS TIOJIB3YIOTCS TOHATHUSAMU Cpeo-
Hell 1 MZHOGEHHOU CKOPOCHU.

Cpeousnsn ckopocme.

o Cpeonsisi ckopocmb HEPABHOMEPHO O8UIICYULEUCS MAMEPUATLHOU MOYKU HA Odi-
HOM yYacmke mpaeKxmopuu paeHa omHouenuio ee nepemMewyeHus Ha SMom yuacmre

KO 6pemMeHU CoOBePpULEeHUA DMO2c0 nepemMeulerus.

_5 _ S
Cp_t

(1.7)

o Cpeonsis nymesast CKOPOCHIb MAMEPUATLHOU MOYKU NPU HEPAGHOMEPHOM OBUICEHUU
PasHAa OMHOWEHUIO 8Ce20 NPOUOEHHO20 NYMUL KO 8PEMEHIU, 3ampPaienHOMy HA NPOXOIC-
OeHue 5Mo20 nymi:

= 8, (1.8)

UCp tos

CpenH;m CKOPOCTH MaTepPIaJ'ILHOﬁ TOYKH, HBH)KymeﬁCH €O CKOPOCTAMH Uy, Uy, ..., U, Ha ydaCTKax

nytuly, Ly, ..., [;,32 IpOMeXyTKH BpeMeHNULy, t5, ..., t,,, COOTBETCTBEHHO, BEIYHUCIISICTCS TaK:
log b Ltk .tly

D=8 — = 1.9
P ts |ttt bty (1.9)
U1+ vty + L topty,
=Lt 22 =~ nm 1.1
Yep ti+ ty+ ot ty (1.10)
Ecm t; = t, = ... = t, = t, 70 u3 ypaBHenus (1.10) momydaercs
_ Uit Ut .ty
Vp ==~ (1.11)
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Menosennas ckopocme.
o CKopocmb MamepuanbHol MoKl 6 OAHHbILL MOMEHM 6peMeny Ul 8 OaHHOU ToUKe
mMpaeKmopuu Hazvl8arom MZHO8EHHOU CKOPOCHIbIO.
Menoesennas ckopocmb 6 HeKOMOPOLl MOUKe AGIAEMCS BeKIMOPHOU BeNUYUHOU U ONnpede-
Aemcs Kak npeoen omHoweHus 00cmamoyno manozo nepemewenus (AS) na yuacmre
mpaekmopuy, 8KI0YAuell dmy Mmouky, K MAioMy npomedxcymky epemenu (At),
3ampavenHomy Ha dmo nepemeujenue (npu ycrosuu At — 0):

S A

o= lim —. (1.12)

At—0 At

I'me © — MrHOBEHHAs CKOPOCTh IOCTYIATENLHOTO ABUKEHUS MaTEPHAILHON TOUKH.

—

C TeueHUEM BPEMEHU MIHOBEHHAs CKOPOCTb MOXKET YBEJIMYUBATHCS, YMEHb- Us (b)
MIAThCSl ¥ M3MEHATh HampaBlieHue. HanpapieHre MTHOBEHHOM CKOPOCTH B JJaH-
HOH TOYKEe TPaeKTOPHHU COBIMAJAET C HANPABIEHUEM KacaTeIbHON K TPAEKTOPUH
B 9710 Touke (b). [Ipoekuns BekTopa MTHOBEHHOW CKOPOCTHU B MPSIMOYTOJIEHON !

CHUCTEME KOOpPAMHAT paBHA MEPBOM MTPOU3BOAHON KOOPIUHATHI 10 BPEMEHHU: Dy
Ax dx

Uy = AIZTOE == x’(t). (1.13)

Yekopenue. bvicmpoma usmenenusi MCHOBEHHOU CKOPOCIU NPU HEPABHOMEPHOM
O08UIICEHUU NO BeUYUHE U HANPABTIeHUIO XAPAKMEPU3YEem sl 6eKMOPHOU Pu3uyecKol
BEIUYUHOU, HA3bIBAEMOU YCKOPEHUEM.:

o Vcxkopenue — amo ¢usuueckan 6eiutund, pasHAs OMHOUEHUI0 USMEHEHUs CKO-
POCmu KO 8peMeHU, 3a KOMopoe 3Mo USMEHEHUE NPOUSOULTO:
L DTy _ AD
= =i (1.14)
Ecau usmepenue BpeMenn HauuHaeTcsi c Hyast At =t —0 =t , To:
L BTy AD

aszT. (115)

Hanpaenenue yckopenus cosnadaem ¢ nanpasienuem eexkmopa Av.

JUTs IPOCTOTSHI 3/1ECh U B TOCIIEAYOIIEM OyeT paccMaTpPHUBATHCS TAKOE HCPABHO-
MEpHOE MPSMOJIMHEHHOE JBIKEHHE MATEpUaIbHON TOUKH, MPH KOTOPOM 3a JHO0bIe
paBHBIC MIPOMEXKYTKH BPEMEHH IPOUCXOIUT OTMHAKOBOE M3MEHEHHE CKOpocTH. Takoe
JIBIKCHHE HAa3bIBACTCS PABHONEPEMEHHBIM OBUNHCEHUEM.

e Pagnonepemennoe 0guicenue — 3mo 0gudicenue; npu Komopom 3a nodvie pagHule
NPOMEXCYMKU BPeMeHU NPOUCXOOUm OOUHAKOB0E u3MeHenue ckopocmu. Ilpu pas-
HONepemMeHHOM O8UNCEHUU 3HAUEHUe U HANPABIeHUE YCKOPEHUS He MEHSIOMCSL:

© a =3_—:U°=ATU= const. (1.16)

[lpu paBHOIIEPEMEHHOM [IBUKCHHM TPOCKIUS YCKOPSHHS Ha
a,>0 T00YI0 0Ch, HATIPHME] ;)(_J_I)Ux, TaK)Ke TIOCTOSIHHAS
a, = "Tox = const. (1.17)
a, =0 DTO 3HAYMUT, YTO IIPU PABHONIEPEMEHHOM JBH)KCHUH Tpa(uK 3aBH-
{  CHMOCTH YCKOPCHHS OT BPEMCHH IPEJCTABISCT COOOI MpSMYHO
@, <0 JVHUEO, TAPaJUICIIBHYI0 OCH BPEMEHH, — TPOCKIUS YCKOPEHHSI Ha
BEIOPaHHYIO OCh OT BPEMEHH HE 3aBUCHT (C).

Axa




M
B CH 3a eounuyy yckopenus npunam 1 = —YcKopenue maxozo pasnonepemen-
HO20 O8UdICEHUS, NPU KOMOPOM MAMEPUATbHASL MOYKA 3a 1 CeKyHOY usmensem coi

M
ckopocmo Ha 1 =
[Av]  1m/c M

[a] = Al ~ ¢

3Haere 11 BbI? Yckopenue — 00na uz Hauboaee 3Ha4UMbIX GeIUYUH, UCHOTbIYEMbIX 8 Qu3U-
Ke u mexuuke. H3gecmmo, umo npu nocmeneHHOM MOPMOACEHUU ABTMOMOOUTA, a6m06yca u
noe30a naccaxcupbvl He Yy8CmeayIom Ouckomgpopma, oonaxo npu  (d) -
Pe3KOM MOopMOdICceHUU Ol HUX BO3HUKAEM Cepbe3nas Ondc-
HOCMb. 3HAUUM, 8AJCHO He NPOCMO U3MEeHeHue CKOPOCmu, d
bvicmpoma uzmeHenust ckopocmu. J{ia KOHmMpons 3a usmeHe-
HUeM CKOpOCIU MAWUH U MEXAHUIMO8 UCHONb3Yemcs npuoop,
usMepAwUll YCKOpenue — axcerepomemp (1am.: accelero —
“yekopsaro” u epeu.: metreo — “uzmepsio”’) (d).

MpumeHeHune. Uccneposanme-2. Yemy paBHa cpeIHsisi CKOPOCTh?
3agava: BesocueancT MepByro MOJOBUHY MPSIMOIMHEHHOTO MyTH MPOXOAUT C MOCTOSIHHOW 110

M o M
MOAYJIO CKOPOCTBIO 4? , 4@ BTOPYIO IIOJIOBUHY — C HNOCTOAHHOM IO MOIOYJIO CKOPOCTBIO 6:

Onpeznenure CpeHIO CKOPOCTh BEIOCUIIEANCTA Ha BCEM Ty TH.

Jlano Pemenne
'-)1=4M/C Ucpzizﬁ.
v, = 6M/cC & iy . .
-7 Ilockoneky [y === vyt;, TO t; =—.
Ucp d Y b 2 11> 1 20,
l
Amnanoruyso: t, = —.
20,
. _ L l 1 200
Takum oOpazom: U, = T T T T
201 2v; 20102

Brraucienne

O0cyxIeHue pe3yabTaToOB:

o Kaxoii popmyrtoit ompeaensercs cpeaHssi CKOPOCTb Ha ITyTH, COCTOSIIEM U3 ABYX PaBHEIX yHACTKOB?

o Kaxkoii popmynoit orpeaensieTcst CpeHssi CKOPOCTh BENOCUIIEANCTA, IBIDKYILETOCS B TeUEHNE ABYX
PaBHBIX TOCTIEIOBATENBHBIX MPOMEKYTKOB BPEMEHH (t; = t,), COOTBETCTBEHHO, CO CKOPOCTAMH
UL ¥ Ly?

I[IpumeHeHue B OBCEIHEBHOM KU3HH:

o Kaxyto CKOpOCTb U3MepsIeT CITMIOMETP aBTOMOOHIISL: CPEIHION Wil MIHOBeHHYHO? OTBeT 000CHYiiTe.

IIpoBecTH cCaMOOLEHKY:
1. Kaxwie noHsITHs TOBTOPHIIM Ha ypoke? UTo 13 9TOro BbI XOPOILO HOHSUIH, 4 YTO OCTATIOCh BaM HE SICHBIM?

2. YeM oTAMHAIOTCA JPYT OT APYyra CPeiHss IyTeBas CKOPOCTh M CPEHss CKOPOCTb NepEeMEIeHuUs?

3. KaxoB ¢usmueckuii CMBICI yCKOpeHHs?

4. Yemy paBHBI, COOTBETCTBEHHO, YCKOPEHHS 1IPU PAaBHOMEPHOM M HEPAaBHOMEPHOM IIPSIMOJIMHEITHOM
nsxenun? Iouemy?

5. Kak HarpaBJjIeH BEKTOP YCKOPEHHMS ABTOMOOMIIS, €CJI OH HAUHHACT NPSIMOIMHEHHOE IBIKECHHE U3
coctosiHus okost? [Touemy?

6. Kax HampaBJiieH BEKTOp YCKOPEHHUsI aBTOMOOHJISL, €CJIM OH HauMHaeT TOpMo3uTh? TToyemy?

YTO Bbl Y3HAJIN? JlaiiTe olipeneneHus CIeayIOMNN MOHATHIA: “OpsIMOJIMHENHOE HEpaBHOMEPHOE
JIBIKEHIE”, “Cpemisis CKOPOCTh”, “MIHOBEHHAsI CKOPOCTh”, “yCKOpeHHe”, “paBHONEPEMEHHOE JIBU-
KeHue”.
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EED CkorocTh 1 NEPEMEILEHME NPY NPSIMONUHEAHOM
PABHOMEPEMEHHOM ABVWXEHWM

CamorneT OBWXETCS MO B3JIETHOM MOnoce B HanpaBneHuy KOOPANHATHOM OCK X
C NOCTOSIHHBIM YCKOPEHUEM a,, = 6.:%'

e YeMy paBHO M3MeHeHMe CKOPOCTM camoreTa 3a KaxAayl ceKyHay?

¢ KakoB rpacdhmk 3aBMCMMOCTM NMPOEKLMM YCKOPEHUS OT BPEMEHM ANIA 3TOro ABMKEHNA?

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

Wccneposanmne-1. OT 4yero 3a-

BHCHT CKOPOCThL NPH paBHOIIe-

PEeMEHHOM IBUKeHUU?

3anaua. Ha pucyske npejcrasieH

HIapUK, ABWXKYILUIiCS paBHOIIEpe-

MEHHO BHH3 W BBEPX 110 HAKJIOH-

HOMY >keo0y ¢ HadalbHOH CKO-

pocteio Uy (a m b). Hapucyiire

MPOEKIMU ycKopeHuit Ha ocu OX

It o0ouX JIBIDKEHUH M Ompeje-

JTUTE UX 3HAKN.

O0cynuTe pe3yabTar:

e Kak MOXKHO 3ammcath B BEKTOPHOM BHAE (OpPMyJy CKOPOCTH LIAPHKA, ABMKYIIErOCs paBHOIIE-
pemenHo?

e MoxeTe 11 3amucaTh B 00ImeM Bue GOpMyITy MPOEKIHN CKOPOCTH MIapUKa, ABMKYIIErocs PaBHO-
TIePEeMEHHO BBEPX M BHU3 110 HAKIIOHHOMY >kKeJI00y?

e Uemy paBHA NPOEKIHs yCKOPEHH IIapuka B Touke N B 00ImeM BHUJE, ABMKYIIErocs paBHOIEpE-
MEHHO BBEPX € HAYaJILHOM CKOPOCTBIO U M0 HAKJIOHHOMY Kej00y?

(

a)
L

CxopocTh Npu paBHONIEPEeMEHHOM MPSAMOJINHEHHOM ABHKeHHH. 13 Gopmyiist
(1.14) BUAHO, YTO €CJIM M3BECTHBI YCKOPEHUE d M HavalbHas CKOPOCTH Tela Uy, TO
MOYKHO OIIPEACIUTH €ro CKOPOCTH B JIIO0OH MOMEHT BpEMEHH:

U =1, + at, (1.18)
WM €€ MPOEKIINIO Ha OCh X!
© Ux o >0 . Uy = Uy + ayt. (1.19)_ .
o, 1 CIIM HavYaJbHasg CKOPOCTh PaBHa HYMIO (v, = 0), TO:
“““““““ 2 Uy = Ayt (1.20)
i N3 3TuX BbIpaXXEHU BHIHO, YTO CKOPOCThH MPHU paBHOIIEpE-
Vox Sx ! MEHHOM JIBMKEHNH SBIISIETCS TMHEHHON (yHKuuel oT Bpe-
i MeHU. ['pad ik 3aBHCHMOCTH CKOPOCTH OT BPEMEHH — IpsiMast
v U ;uims, Tipoxossuias yepes Hayano KOOPAMHAT (MM Yepes
Ux Vg )» DTa JIMHMS, B-COOTBETCTBHU C YBEINYECHHEM HIIH YMEHB-
Vox a,<0 IIEHHEM CKOpPOCTH, HallpaBlieHa BBEPX WM BHU3 (C).

Ilepemernenne Mpu paBpHoONepeMeHHOM NMPSIMOJIMHEHOM
Ve Ll 22 JaBuKeHnn. OopMyily UL ONpPENeNIeHUs MEePEMENICHNsS TIPH
o E paBHOMEPEMEHHOM JIBWKEHMHM MOXKHO BBIBECTH HA OCHOBE
5 t: r rpaguka ckopocTb-Bpems. [Ipoekiys nepeMerieHys paBHa 1io-

aau GUrypbl Mexy rpapukom v, (t) 1 OCbIO BPEMEHH.



1)

Ha npuBeneHHpIX rpadukax — 3T0 3alITpUXOBaHHAS GUTYpa Tpanenun (cM: ¢):
se =2y (121)
WM B BEKTOPHO# hopme:
§=2"0(122)
Ecnu B mocie iHior0 GopMyiy BMECTO O IOACTaBUTh Bhipaxkenue (1.18), To momydnm

0000mIeHAYI0 (POpMYITy TIepEeMEITICHUS I PAaBHOIIEPEMEHHOTO JIBIKCHHSI:

., U+ Do + (0 + at) . 1.,
§= t= -t = Dot + = dt>.
2 L2 L)
S =TUpt + Edtz. (1.23)

Taxum oO6pazom, popMyiia MPOSKIUH TIepeMelIeHus (HalpuMep, Ha OCh X) IPU paB-
HOIIEPEMEHHOM HPSIMOJIMHEHHOM JIBUKEHUH OyAeT:

2
Sx = Loyt + 25—, (1.24)
a GpopmMyJia KOOpAUHATHI:
_ axt? s A (@
X = Xo + ont + . (125) : a.t?
. 2 Sy = Ugxl +—5—
(1.23) sBusiercst hopMyIoif IepeMeIeHrs Ipu paBHOTIEpe- 2 e
MEHHOM JBHJKEHHH B BEeKTOpHOH Qopme, a (1.24) u (1.25) Sx = xz

00001eHHBIME POPMYJIaMH KOOPAUHATHI U IPOCKLINH IIepe-
MEILEHHs, COOTBETCTBEHHO. Eciin MaTepuaibHas TOUKa Ha-

YUHACT JIBIKCHUE U3 COCTOSIHUS TIOKOS (Ug, = 0), To:
a,t?

Sx =~ (1.26) 0
Kak BuaHO M3 QOpMYIIBI, TPOCKIUS TEPEMEIICHUS TTPH
MPSIMOJIMHEHHOM PaBHONIEPEMEHHOM JBM)KCHUH MPOIOPIIUOHATBHA KBaJIpaTy Bpe-
MeHH (S,~t2), u ero rpaduk mpejacTapiseT coboii mapaboiy, IPOXOIAIIYI0 Yepe3
Havayo koopawHart (d).

t

B HEKOTOPBIX CiTydyasx BOZHUKAET HEOOXOANMOCTh ONIPEAEIUTD TePeMEIIeHNEe MaTepHaTBHON TOUKH,
HE 3Has BpeMs t, MpolLIealIee OT Havaua JBHKEHUA. Takyro 3aJady MOYKHO PEIlnTh TOTJd, KOIAad
U3BECTHBI YCKOPEHNE, HA4YallbHOE ¥ KOHEYHOE 3HAYEHHs CKOPOCTH. [ momyuenust 910 GopMyIisl
n3 BelpaxkeHus (1.19) noxydaem t:
¢ = Uy on-
aX
D10 BEIpaXKEHHE IMOACTaBIsICTCS B hopmyiry (1.21):
__ DoxtUy0 0x—Ugx
=T e
[Tocne mpocThIX Mpeobpa3oBaHUi MOTyYaeM:
V3= U5k

2a,

Sp = (1.27)

JIJ151 IPOEKIMH KOHEYHON CKOPOCTH MOy YaeM: v, =/ V3, + 2a,s,  (1.28)
Ecnm nrmxeHne HAUMHAETCS U3 COCTOSHUS TOKOS (Ugy = 0), TO IPOSKINH IIepEeMEIIEeHHs U CKOPOCTH
OyayT paBHBI:

vy

) (1.29)

Uy = /20, Sy, (1.30)

Sy =
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PaBHOycKOpeHHOe U paBHO3aMe/lJIeHHOe JIBUKeHHsI. PaBHOIIEpEeMEHHOE JIBIIKE-
HHE T10 XapaKTepy MOXKET ObITh UITH PAGHOYCKOPEHHBIM, WU KE PAGHO3AMEONEHHBIM.
o [Ipu pasroyckopennom 08udicenuur 6eKmopsbl Uy U A umMerom 00UHaKo8ble Hanpas-
nenus. B amom ciyuae suaxu 'y obeux npoekyuil Uy, U Ay Wil NOTOACUMENbHYLE, UTU
ace ompuyamenvrvle. Eciu mamepuanvbhas mouka HAYHem O08UCEHUE U3 COCHO-
sHust noxost (Vg = 0), mo Hezagucumo om HAnPasIeHus: OBUICEHUs], OHO 60 6CEX
cayyasx 6yoem pagHOYCKOPEeHHbIM.
e [Ipu pasnozameoneHHom O8UNCEHUU 6eKMOPbl Uy U A UMEOm npomueonoioNc-
Hble Hanpaenenus. B omom ciyuae npoekyuu Uy, U A, UMEIOM NPOMUBONOIOICHbIE
BHAKU, eCiu OOUH U3 HUX OMPUYATNENbHbIU, MO 0PYeoll — NOJONCUMENbHBIIL.
B tabmune 1.3 ganbl GopMyIIbl B COOTBETCTBYIOIMINE IPadUKH PABHOYCKOPEHHOTO U
paBHO3aME]JICHHOTO MPSIMOJIMHEWHOTO JIBUKCHUSI.

Tabnuya 1.3.
Tpamonuneiinoe pagHoycKopeHHoe 0guicenue
Uy = Upx T Gyt, V.4 S A
Uy = Qyt,
Uy = —Ugyx — Qyxt, v,>0 .
Uy = —ayt, a>0 _ at’
X x . U, v, 8=yt + 2
o
Sy =10 :
T2 0 > 0 >
a,t? v,=0 t t
Sy = —Upxt — 2 & Na<0 <O\ o 4 _ at’
2 = S, Vot

a,t @y a<0 2

S, =% o

Ipumeuanue: Tak Kak S,~t2(Uy, = 0), TO OTHOIIEHHE TIPOEKIIHiT TEPEMEIEHHs PABHO OTHOMIEHHIO
KBAaJIpaTOB COOTBETCTBYIONIUX MPOMEKYTKOB BPEMEHHU:

O @ @D — $2.42.42. .42

157 S ® 02 S = (2 652058 o 22,

OTO COOTHOIIEHUE MHOT/IA HA3bIBACTCS “‘npasuno nymeu .

Ilpsamonuneiinoe pagnozamediennoe 0suiceHue

VA S A
= = atz
Ux _ Uox — Gxt, v,=v,—at T el
Uy = —Ugyx T ayt, \ ) 2
B a,t? Yl v,,>0 Uo| w0
Sx = Uoxt ——— " a, <0 . 0 a,.<0 =
a tz < >
Sx ont‘l' x2 5 U0x<0 t U0x<0 t
ax >O a >0 2
o Aﬂzt S, =Vet + %
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NMpumeHeHune. UccnepoBaHue-2

Mo:keTe 11 NOCTPOUTH COOTBETCTBYIOIIHE rpaduku?

3amaua: Ha pucynke naH rpaduk 3aBUCHMOCTH IPOEKIHH CKO-

pocTr MaTepMaanoﬁ TOYKHU OT BPEMEHHU VIS PaBHOIIEPEMEHHOT'O

TPSMOJIMHEHHOTO ABMXKCHHUS. B COOTBETCTBUH € 3TUM TrpaduKoM

MOCTPOiTe TpaduKy 3aBUCHUMOCTH MPOCKIUH MepeMeIIeHUs |

YCKOpPEHUS] MaTepHATbHON TOYKH OT BPEMEHH.

O0cyxaeHue pe3ybTaToB:

e Kak Ha ocHOBe TpaMKa 3aBHCUMOCTH MPOEKLIUH CKOPOCTH OT
BpEMEHH, ObIIN OTIpe/ieTIeHbI COOTBETCTBYIOIIHE TpadiKN 3aBH-
CHMOCTH TIPOEKINH TIepeMeIeHNs U yCKOPSHUs OT BPEMEHH?

e Kak Ha ocHOBe rpaduka 3aBUCHMOCTH NPOCIHU CKOPOCTH OT
BPEMEHHU MOXKHO OIpPEEIUTh PABHOYCKOPEHHOE 3TO UM paB-
HO3aMEJICHHOE JABUXKEHUE?

IIpumeHeHne B OBCEHEBHOM KU3HN:

e Uemy paBHA NPOEKIUsSI CKOPOCTH aBTOMOOWJISL ITPU TIPSIMOJIH-
HEIHOM [BIDKEHMM C HAuYaJbHOM CKOPOCTBIO Uy, = 15% u

M
YCKOPEHHUEM A, = ZC—2 B MOMEHT BpeMenu t = 20 ¢?

IIpoBecTH caMmooueHKY:

1. Kakue noHsATHS NOBTOPUIHM HA ypoke? YTO U3 3TOr0 BBl XOPOLIO

IIOHAJIU, @ YTO OCTAJIOCh BaM HEC SICHBIM?

2. [Ipoekuust cKOpOCTH aBTOMOOWIIS TIPU MPSMOJIMHEHHOM paBHO-
HepeMEHHOM JIBIKCHUU U3MEHSETCS 110 3aKOHy vy, = 21 — 7t. B

COOTBETCTBHUH C OTUM:

a) IOCTpoiTe rpaduK 3aBUCUMOCTH TPOEKIIMH CKOPOCTH OT BPEMEHH;

Ux

Uox

1
1
1
1
1
| .
I 1
A ! 1
I 1
I 1
| :
I 1
I 1
I 1
0 L 1 |-
tii Gt t
1 ! !
! : :
1 ! 1
| ! 1
1 ! 1
Ox o ! i :
| : 1
\ 1
! | |
1 ! 1
1 : :
0 : T »
b tz: t3i t
1
! | |
1 : :

b) onpenennTe TPOSKINH HAYATHHONH CKOPOCTH U yCKOPEHUSI aBTOMOOMIIS;

C) OIPEACIUTE XapaKTEP PABHOIIECPEMECHHOI'O JABUIKCHU ]

d) OIpeACIUTE, [P KAKOM 3HAYCHUHN t aBTOMOOHIIB OCTaHABJINBACTCA,

e) 3allUIIUTE YPAaBHCHUC NBUKCHUSA aBTOMOOMJIS.

YTO Bbl Y3HAJIN? [aiite ompeaeneHuss M3YYCHHBIM MOHATHSAM W MOCTpolTe Tpadukxu 3aBu-
CHMOCTH TIPOEKIIUH CKOPOCTH OT BPEMEHH, NMPOSKIUH MIEPEMEILCHHUs OT BPEMEHH U MPOEKINH YCKO-

PEHU OT BpEMEHHN Ha OCHOBE COOTBETCTBYIOIIUX ypaBHeHHﬁ.

obpaser; cMotpurte: 1 rmaBa “Kapra moHsaTHii”).

* [IPOEKT e [loctpoiiTe KapTy MOHATHS “TIPAMOJMHEHHOE PaBHONEPEMEHHOE ABIKCHUS (KaK

OCHOBbI KWHEMaTUKN
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NMPAKTUYECKAA PABOTA

“NPABWIO NYTEN” 0N PABHOYCKOPEHHOIO ABUXEHUA

Heab: HayuuThCsS ONMPENENSATh “NpaBHIIO MyTel” (OTHOLICHUE IyTei) paBHOYCKOPEHHOI'O
JIBIDKEHUS IIApHUKa, KaTSIIEerocst o HAKJIOHHOMY JKeJo0y.

OoopynoBanue: xenobd ["anmies, mapyk, MeTaIMYecKuil MuMHp (13 Habopa “ynenpHas
TEIUIONPOBOIHOCTD ), METPOHOM (MJIM CEKyHJOMEp), U3MEpHUTENIbHAs JICHTA, INTATHB C
MY(TOH 1 38KUMOM.

Xoa uccie0BaHMs:

I atan. U3mepenne yckopeHusi ABMKEHHUSI IAPUKA.

1. XKeno6 3akpenuTe HAKIOHHO B IITATHBE TaK, YTOOBI OH 0OPA30BHIBAJ C MOBEPXHOCTHIO
HeOobIION yroi. J{is 0CTaHOBKM JIBHXKYIIETOCs IIAPUKA B HW)KHEW 4acTu jkelioda rmome-
aeTCsl METAJUIMYECKUH ITMIIMHAP. METpOHOM HacTpaMBaeTcsl Tak, YTOOBI OH 32 OIHY MH-
HyTy coBepmnia 120 ynapos.

2. [ITapuk OTITyCKAIOT C BEpXHEH YacTH keno0a, ¥ B TOT K€ MOMEHT BKIFOUAIOT METPOHOM.
Haxon xeno6a Heo6X0JMMO OTPETYINPOBATh TaK, YTOOBI TIAPHUK CTOIKHYJICS C HMJINHIIPOM
Ha 4-M ynmape merpoHoMma. JIist 3TOTO cilydas BpeMsl JBIDKCHHS IMapuka t = 2c, a
npoiineHHoe UM pacctosaue s = 132 cm + 1cm.

3. Monynp yCKOpEHHUS IIapHKa, HAYWHAIOIIETO ABIDKCHHE U3 COCTOSHHA MOKos (vy = 0),

2s
BBIYHCIIACTCA IO (hopMmyne a = =

II 3ran. Onpenesienue “npaBujia nyrei”.
. at?
1. HensmeHsis yCJIOBUiA, OIBIT TOBTOpsieTCs, | 10 (opmysie | = —— BBIMUCISIOTCS MYTH,
2
IIPOH/ICHHBIE IAPHUKOM, COOTBETCTBEHHO, 32 [10CIIEI0BATEIbHbIC IPOMEKYTKH BPEMEHH t; =
lct,=2ct;=3c t,=4c.
2 3 4
2. IlonyyeHHbIE BBIPQKEHHSI OTMETHTE B JIAHHOW TaOJIUIIE U ONPE/ICINTE, YeMY PAaBHO OTHO-
LIEHUE MPONUJICHHBIX MyTeH — “IpaBuio myTen”:

l]_: lz: l3: l4_ = .7
M
Fomep; || Hucllo yxapas . LM t,c Lily: Lyily = o7
OITbITa METPOHOMA C
1 20,66

AW N~

2
3
4

3. O60061MTE NOTYICHHBIE PE3YIBTATHI U3 OTIBITA.
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o

XD Csos00HOE NAQEHUE TENA

¢ KakoB xapakTtep aBu-
XeHus Ten, nagaroLwmx
¢ BbicoTbI? MNouyemy?

o Kakol BaXHbIn pe3yrb-
TaT ObIN NONyYeH 13
npoBeAeHHbIx Manu-
neem 3KCNepuMMeHToB?

B koHue XVI Beka ntanbsiHckui
yyeHbIi [anuneo Manunen nposo-
ONN NPOCTble SKCMEePUMEHTbI, KOTO-
pble NpyBeNu ogHOMy 60nbLLIOMY
OTKpbITUO. OH OgQHOBPEMEHHO
‘ cbpackiBan MpaMOPHbINA LWapuk
mMaccon 80 Kr 1 MyLLKETHYIO Myrto
maccolri 200 r ¢ HakIoHHOW GallHu
B UTanbsiHckom ropoge Musa, n on-
penenun, 4To OHW NagarT Ha
3eMII0 C OANHAKOBbLIM
YCKOPEHNEM.

S

() () g

Mccneposanve-1. KakoBa NpM4MHA 0THOBPEMEHHOT0 NaJeHUs Te?

OodopynoBanue: Tpyoka HeroToHa, Hacoc KaMoBCKOro, pe3HOBBIH [IUTAHT.

Omnucanue npudopa: mpyoxa Hetomona — 5mo moacmocmenHas wiupoxas w

CMEKNAHHAS. MPYOKA, OMUHOU OKONO 1 M, 3anasHHASL ¢ 0OHO20 KOHYA U

umelowas Kpan na Opy2om Konye. B mpyoxy nomeweno mpu mena pasnoix I$

pazmepos u eeca: Opobw, npodxa u nepo nmuywl (b).

Xon ucesaenoBanus: (2]

1. IIponaOmonaiiTe mociaenoBaTeIbHOCTh MAACHHUS Tel Ha ITHO TPyOKH,
HaXO/SIICHCS B BEPTHKAIBLHOM IOJIOKEHUH, TIPU NIEPEBOPAYHBAHUM €€
Ha 180° (cMm: a).

2. [logcoenHUB KpaH TPyOKH K HACOCY, OTKa4alTe U3 Hee BO3AYyX. 3aKpbIB
KpaH, TIOBTOPHUTE OIBIT ¥ IPOCIIEIUTE MPOLECC CBOOOTHOTO IaACHHUS TEl |
Ha aHO TpyOKu (b). -

O0cyxneHue pe3ybTaToB: m‘ \_/

e Yto HEOOBIYHOTO HAOIIONAETCS NPH MAJCHUH TEN Ha JJHO TPYOKHU IOCIe —

TOT0, KaK U3 Hee OTKaJaJlid BO3IyX? @ (b)

e K KxakoMy BEIBOJy O XapakTepe ABIDKCHUSI MOXKHO NPHHTH U3 OIbITA

CBOOOJTHO Maaromux Ten?

Ha 3emuie cBoGogHOE MajieHne — Hanboiee pacIpoCTPaHEHHOE PABHOIIEpEMEH-
Hoe aBrKeHue Tel. C80600HOe nadeHue — 3TO NAJACHNE TE, TOTHATHIX HaJl TOBEPX-
HOCTEI0 3emiTi, 03 OTOpHI U TIoJIBECa.

e Ceoboonoe naoenue — 5mo 0gudicene mejinoo 0eucmeuem mojbKo Cuibl madice-
cmu. Omo 08udiceHue A61Aencsl paeHOYCKOPEHHBIM ¢ YCKOpeHueMm g be3 HauanbHou
ckopocmu (Vg = 0).

Bnepsrie cBoO0HOE TazieHue OBUIO HM3y4eHO B KOoHIE X VI Beka UTaIbIHCKIM
yueHbiM ["ammneo [Mamumeem. Mccieiyst OBMKEHHE pa3HBIX IIAPHKOB (M3TOTOB-
JIEHHBIX U3 JICPEBa, JKEIie3a U CIIOHOBOM KOCTH) 10 HAKJIOHHOH TIOCKOCTH, OH OITpe-
JICJINAJ, YTO 3TH TEJa, OTJIUYAONIUECs IPYT OT JApyra 1o Macce, ABHXKYTCS C OMIH-
HAKOBBIM YCKOPEHHUEM. BbIJI0 YCTaHOBICHO, YTO NMPHU M3MCHCHUHW yTia HaKJIOHA
TUIOCKOCTH, 3HAYEHUS YCKOPEHWH I BCEX TPEX TeNl OCTATCS OJUHAKOBBIMHU.
BriBon, momyueHHbIM [ammmeeM: 3emas 6cem menam, HAX00AWUMC 8 OAHHOU
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uacmu ee noeepxnHocmu, 60061/(46161’}1 00UHAK0B0E YCKOpeHue. HpOBeI[eHHBIe n3Me-
peHuA MMOKa3ajinu, 4TO 3TO YCKOPEHUEC, HA3bIBACMOC YCKOpeHuUem 600001020 naoe-

M
HUs, y IOBEPXHOCTH 3eMiin paBHO =~ 9,8 = B mocnenytromeM, 3 MHOTOYHCIICHHBIX
M3MEpEeHHH, OBIJIO ONpPEe/IeNIeHO, YTO 3HAUEHNE YCKOPEHHUS CBOOOTHOTO MaJieHHs Ha
M M
noxtoce 3eMiu paBHo=~ 9,83 —» @ Ha OKBaTOpE ~ 9,78 =

BeKTOp YCKOPCHUSL CB060,[[HOF0 mane-

Ty =0 YiI ©=0 O
Op-1- o ---- - - ---- HUA g BCET/la HAITpaBJICH BEPTUKAJILHO BHU3,
g i lg f K 1ieHTpy 3emutu. [Ipu cBOOOIHOM MajieHUN
iU TEJNO JIBUKETCS PaBHOYCKOpeHHO. [Ipu aTom
s U | h ' Rupay HATPABICHHE YCKOPEHIS CBOOOHOIO maje-
Yo 5 HUSI COBIAJAeT C HAlpaBJICHUEM BEKTOpa
| S 0 ckopoctu. Ecim BhIOpaHHass KOOpAWHATHAS
)| O 0Ch HampaBJieHa BJIOJIb JBHXKCHUSI, TO MPOCK-
Y (©) (d) 1Sl YCKOPEHHUS Ha OCh OYJIET UMETBh TTOJIOKH-

TeJbHOE 3Ha4YeHue (¢).

OTBITHI TOKA3BIBAIOT, YTO U TeJIa, OPOIICHHBIE BEPTHKAIHHO BBEPX, ABIKYTCS C
YCKOpPEHHEM CBOOOTHOTO TTafieHus. Tak, Tena, OpoIeHHbIe BBEPX, IBIKYTCS paBHO-
3aMe IeHHo. Eciu BeIOpaHHas KOOpIUHATHAS OCh HAIIPaBJICHA BJIOJIb JIBUKCHHUS, TO
MIPOEKIINS YCKOPEHHSI Ha OCh OYJIET MIMETh OTPUIATEIbHOS 3HAUCHHE, TaK KaK Hall-
paBJIECHUE BEKTOPA YCKOPEHUS CBOOOTHOTO MMafieHUsI OyIET HAIIPaBICHO IPOTHUB OCH
koopauHat (d).

Takum 006pa3oM, Kak TIpy CBOOOTHOM IMAJCHUU Tella, TaK U IIPU JBHKCHUU Tea,
OpOIIIEHHOTO BEPTHUKAIBHO BBEPX, ITOJHOCTHIO BBIMONIHSIOTCA (DOPMYIBI, TOTY-

YeHHBIE Ha MPEIBIIyIINX ypoKkax (cMoTpu: Tabmuma 1.4).
Tabnuya 1.4.
Kunemaruueckue ypaBHeHUs.
PaBHOIICPEMEHHOTO ABUKE-
HUS: BEKTOP U MPOCKI U

CBo0O0HOE NajieHne Tena ¢ JIBr>KeHue Tena, OpoLIeHHOro
BBICOTHI h BEPTHKAIBHO BBEPX

Tak kak mpu IBMXKEHUHU TeJla BEPTHKAIBLHO BREPX UITH BHU3
HepeMeneHne PaBHO ITyTH A, TO /s MPOCTOTEI 3aITHCH
YPaBHEHUH NPUHUAMAIOTCS Uy, = 1,8y, = R Uyy = Up:

=" +1gt V=, — gt,

== = V=1, + gt 2

S = Dot + = gt? a § P 2 et _gtt

2 _ gte U = ypt >

vy = Fvoy gt SRR i~
2 g | Tak kak CKOpOCTb TeNa MpU JOCTHU-
Sy = ot + 8" Ipu vy = 0 JKEHUM MaKCHMAaJbHOM  BBICOTBI
2 gt? nosiera pasHa HyJro (0 = 0), To:
C” '\ v = gt

TeBopueckoe npumeHeHune. UccnepoBanue-2"MozxeTe a1 10KA3aTh?
JlokazkuTe, 4To: 1) Bpems moabeMa Tela, OpomIeHHOT0 BEPTUKAIBHO BBEPX HA MAKCUMAJIBHYIO BBI-

COTY OIpeIeNsIeTCst (POpMyIION:
Uo
tno;rbema =

g
Hpujne!umue: npumunie 60 6HUMAaHue, 4mo npu oocmudiceHul mena MaxkCuMaibHOU 8blcomsl, e2o

KOHeYHasl CKOpoChntb paeria HYJO.
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2) MakcuMalbHast BBICOTA MOIbeMa Tela onpeaessiercs: Gopmynoit:

s = 2,
max — Z_g ,
3) BpeMs majieHus Teia onpeaenseTcs (HOpMyIIOi:
_|2h
tl'laﬂel{l/lﬂ - g ’

4) KOHeuHast CKOPOCTb CBOOOIHO IAJAIONIEro Tela B MOMEHT yJapa O 3eMIII0 OINpenelseTcs
(bopmyoii:
UKOH = zgh;
Ipumeuanue: npunsms 60 snumanue, umo vy = 0.
5) BpeMms IaJeHus Tela Ha MOBEPXHOCTh 3eMJIM PAaBHO BPEMEHH IOJbeMa ero Ha MaKCHMAJbHYIO
BBICOTY: tnaz(eﬂuﬂ = tno,u'bema .
Obcyskaenne pe3yibTaToOB:
e [TocTpoiite rpaduKy 3aBUCUMOCTEH: CKOPOCTH OT BPEMEHH U IIEPeMEIEeHHs OT BPEMEHH UL Tella,
CBOOOJTHO MMaIAIOIIETO C BBICOTHI /1.
e [locrpoiite rpaduKy 3aBUCUMOCTEH: CKOPOCTH OT BPEMEHM M BBICOTBI OT BPEMEHU UL Tela,
OpPOLICHHOT0 BEPTHKAIBLHO BBEPX.

IlpuMeHeHMe B MOBCEHEBHOM KU3HU:
o Kaxaplil pa3, Koraa UIeT A0%kK/b, HAOIIOAAeTCs CIeLyIonee: Kauisl 0K/, PO/ paccTosIHIEe
o M o
Mexay oOmakoMm m 3emiel 2 KM, MagaeT Ha HAC co CKOpPOCcThio 7 — 8—. C KaKkoi CKOPOCTBHIO
c

nmajany Obl Ha HAC Kallld, eciH Obl He OBUIO CONPOTHBIICHHS BO3JyXa M ObuIa JH OBl Takas
CKOpPOCTb OMAacHOH Juisd Hamel sxu3Hu? [louemy?

IIpoBecT caMooOLeHKY:
1. Kakne monsiTus moBTOpMiIM Ha ypoke? YTo U3 3TOr0 BBl XOPOIIO MOHSIIM, @ UTO OCTAIOCh BaM HE
SICHBIM?
2. Teno cBoboaHO MagaeT ¢ BBICOTHI 45 M (V) = 0,8 = 10% , CONPOTUBIIEHUE BO3yXa HE yUUTHI-
BaTh). Onpenenure:
a) Uemy paBHO BpeMmsl najieHus Tena?
b) Uemy paBHaA KOHEYHasi CKOPOCTb Tena?
c¢) Ha kaxoii BEICOTE OKa)XeTCsl TeJI0 B MOMEHT BpeMeHH t = 2,5 ¢?
3. Beraucimre myTh, MpoieHHbIH cBOOO/HO Maarommm Tenom 3a 1 ¢,3a2 ¢,3a3 cudc (v, = 0,
g=10 Cﬂz, CONPOTHBIIEHHE BO3/IyXa HE YUUTHIBATh). 3aIIOMHHTE TOJTydEeHHbIE YKCIIa, B JaIbHeHIIeM

OHHU HOHaL[O6${TC${ JUIL YCTHOI'O PEIICHU OIIPEACIICHHOIO THUIla 3a/1a4.

YTO Bbl Y3HAJIN?
1. Hamummre KOpOTKOE OOBSICHEHME NAHHBIX (U3MUECKHX TOHATHIL: “cBOOOIHOE TMajgeHue”, “yc-
KOpEHHEe CBOOOIHOTO TTaIeHUs .

2. Hanmmmmre YpaBHEHHUS ABUKCHUSA TCla, [Maarouiero ¢ OHpeHeJ’IeHHOfI BBICOTHI, U TCJIA, 6p0H_IeHHOI‘O
BEPTUKAJIBHO BBEPX.
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OTHOCVITEJ'IbHOCTb MEXAHUYECKOIO ABWXEHUA

,D,Ba aBToMOOMNA OBWMXYTCA NO LLoCcce CO CKOPOoCTAMU
KM KM
v; = 60— 1 v, = 90—, COOTBETCTBEHHO.
yac yac
e B kakoMm cnyyae npousonayT HaubonbLuMe NOBpPEX-
AEeHUs NPU CTONIKHOBEHUU 3TUX aBTOMOOUNen: ecnu
OHM ABMWXKYTCS HaBCTpe4y Apyr Apyry, unv npuv yaa-
pe c3aau efywym B TOM XXe HanpasfieHUM aBTo-
mo6unem? Mouyemy?

Wccneposanme-1. Iloyemy Tes10 06.1a7a€T pa3HBIMHU 110 MOAYJIbIO CKOPOCTAMHU?

3agaua 1: Dckanatop MeTpO MOAHMMAET CTOSIIUX Ha €ro CTYNEHbKaX MacCaKHUPOB CO CKOPOCTHIO

3 M/c. OuH U3 TTACCaKUPOB TTOAHUMAETCS B HAIIPABIICHHHN JBIKEHHUS CKAIATOPa CO CKOPOCTHIO

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

Uemy OyzmeT paBeH MOJYJIb CKOPOCTH PTOTO MAacCa)KMpa OTHOCHUTENIBHO 3EMJIM, €CIIH OH OyneT

JIBUTAThCS BHU3 B HAIIPaBJICHUH, IPOTHBOIOJIOKHOM JIBHKEHUIO ACKAIATOPA C TOH JKe CKOPOCTHIO

(Pusuka — 7 knace, “OTHOCUTENTBLHOCTD IBHKEHUS)?

OO0cy:xkaeHue pe3y/IbTaToOB:

e [Touyemy Uit MOJYJISt CKOPOCTH MACCAKHPA OTHOCHTEIBHO 3€MJIM TOJTyYalOT PAa3HbIEe 3HAYCHUS
HPH €ro JBWKSHHH 110 U TPOTHB HAMPABICHUS IBIKEHHS SCKanaropa?

e K xakoMy BEIBOJTy 00 aOCOJIFOTHOM 3HAUEHUH CKOPOCTH MOXKHO MpUITH?

Kax BBl yxe 3HaeTe, MOJOKEHUE MaTepUATbHONW TOYKHU (WA Tela) B IPOCT-
paHCTBE 3aBUCHUT OT BHIOPAHHOW CHUCTEMBI OTCUETA, TO €CTh OTHOCHTEIBHO Pa3HBIX
CHCTEM OTCUETa TOJIOKEHHE MATepHUAIbHON TOYKH MOXKET OBITh Pa3HbIM. DTO 03-
HAYaeT, YTO TOJIOKEHHE Tejla B MPOCTPAHCTBE OTHOCHTENbHO. OTHOCHUTENFHO HE
TOJIBKO TIOJIOKEHHE Tella, HO U €ro JIBH)KEHHE:

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

HccnenyeM OTHOCHTENBHOCTD JBM)KEHUS IPH HOMOLIM PELICHHUS HI)KEHPUBEICH-
HOW 3aJa4n.

3amaya 2. /[Ba pribaka HaxoAATCS Ha IJIOTY, OBHUKYIIEMCS IO TCHEHUIO PeKH (a).
OpuH u3 ppIOAKOB, CHIS Ha SILUKE, JIOBUT PbIOY, IPYIoH ke ABMXKCTCS NEPIICH -
KYyJIIPHO HAIIPaBJICHUIO JBM)KEHHS IUIOTA C OJAHOIO €ro Kpas Ha JIPYIoH.




Omnpenenure mepeMeIeHne # CKOPOCTh BTOPOTO PhI0aKa OTHOCHUTEIEHO HAOIFO-
JIaTells, CTOSIIEro Ha Oepery.
Pemenne. Viccrnenyem nBmKEHHE BTOPOTO phldaka ¢ pa3HbIX mo3unmid. C 3Toi
IEJTBIO UCITONTb3YEM JIBE CHCTEMBI OTCUETA:
Henoosusicnaa cucmema omcuema (XOY) — ceészannas ¢ naburooamenem Ha
bepezcy. Ona Henood8UNCHA OMHOCUMENTbHO JeMll.
Hoosusxcnasn cucmema omcuema (X'0’Y) — cesazannas ¢ cudsiuum pouloakom.
OHa ces3aHa ¢ nIOMOM, OBUINCYUSUMCS CO CKOPOCMbIO meyeHus peku (CM: a).
Cusisuii peIdak SBJISETCS TEJIOM OTCYeTa B JIBHIKYIIICHCS cHCTeMe oTcyeTa. EMy ka-
JKETCSI, YTO €r0 TOBAPHIIL TIEPEXOIHT C OJHOTO Kpasl IUIOTa Ha APYTOH CO CKOPOCTBIO Uy M
COBEpILIAET MEPEMEIIEHHE S, . B 5T0 BpeMst IUIOT BMECTE ¢ CHISIIMM PHIOAKOM COBEPIIAET
TIEPEMEIIIEHHE S CO CKOPOCTBIO Uy OTHOCUTEILHO HAOJIOATENIS! B HETIOIBIYKHOM CHCTEME
orcyera. Takum 00pazoMm, MO TPABIUTy CJIOXKEHHS JIBYX BEKTOPOB METONIOM Tapaj-
JIeIorpaMMa TOJTydaeM, YTO Pe3yJbTHPYIOLIeE TIEPEMEIICHUE S BTOPOTO PhI0aka OTHO-
CHUTENBHO HETOBIKHON CHCTEMBI OTCUETA PABHO CYMME TIEPEMEILEHHI S1 1 S5.
§=3 +3, (131)
Ecnn xaxxayro u3 nByx cTopoH Beipaxenns (1.31) pazaennm Ha BpeMs IBUKCHHS
t, TO ITOJIy4YHM:
5 5
=—+=
t t
OTcro1a IOIYINM 0000UjeHHbI 3AKOH CLOACEHUSL CKOPOCMELl:
U= "0; + U, (1.32)

| Yy

e Cropocmb Oeudicenusi mena (U) OmMHOCUMENbHO HENOOBUIICHOU CUCIEMbl OM-
cuema paena 2eomempu4eckoll (6eKmopHotl) cymme ckopocmu 3mozo mena (0y) om-
HOCUMENbHO NOOBUICHOT CUCTEMbL OMCYEMa U CKOPOCmu (Uy) NOOBUINCHOLL CUCTe-
Mbl OMHOCUMETILHO HENOOBUNCHOU.

Hcnone3yst 3aK0OH CIOXKEHUsI CKOPOCTEH, BBIUHCIIAETCS CKOPOCTh MIATAFOIIErO TI0
MOBEPXHOCTH TIOTA phl0aKa OTHOCHTEIIHLHO HAOIIOATENs, CTOsIIero Ha Oepery. Kak
BHJIHO TI0 YEPTEXKY, CKOPOCTH Uy U U, MEPIEHIUKY-
JISIPHBI IPYT K JIPYTy U 00pa3yroT KaTeThl PSMOYTOJILHO-
ro Tpeyronparnka AOAB, a THTIOTeHy3a 3TOTO TPEYTOIIh-
HUKa 00pa3yeT pe3yNbTHPYHOILy0 ckopocTs (b). [To Teo-
peme ITTudaropa /it YUCICHHOTO 3HAYCHHS CKOPOCTH

MEEM:
—4 ’ 2 2
L= [v] T 5.

Teopueckoe npumenenme. Mccneposanne-2. Ilposepka 3akona “CJiokeHue ckopocreii”.
3agaua 3: BelocHIEANCT ABUKETCS 110 TIPIMOTMHERHOMY yUacTKy JOPOTH co cKopocThio 10 M/c, 3a
HHM B TOM € HalpaBJIeHHH JIBIKETCS MOTOLMKIIUCT CO CKOPOCThIO 25 M/c (¢). Onpenenure:

a) MOJLYJIb CKOPOCTH 1,7 MOTOLMKJINCTA OTHOCHTEIBHO BEJIOCHIIEINCTA;

b) Moy b CKOPOETH D, BEIOCUIIEANCTA OTHOCHTENIBHO MOTOIUMKIINCTA.
Hpumenanue: 3anuuume Gopmyny crosicenus 6eKmopos ckopocmu. Pewume ypasnenue ¢ npoexyusix
cKopocmelti Ha Koopounammyio oce OX (cM: ¢ u d).
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3agaua 4. Benocuremyct W MOTOIMKIUCT JBIDKYTCS C J@HHBIMH CKOPOCTSMH (CM.. 3a7ada 3)
HaBcTpedy Apyr Apyry. OIpeenuTe MojLyJlb CKOPOCTH Uy, BEJIOCHIIENUCTA OTHOCUTENHHO MOTOLMKIIMCTA.,

Ipumeuanue: 3anuwume Qopmyny crodxicenus 6ekmopos ckopocmu. Pewume ypasuenue 6 npoex-
Yusax cKopocmetl Ha KOOPOUHAMHYIO 0Cb 0X (CM: e).

X

O0cy:xaeHue pe3y1bTaToOB:

e Kak MOXHO OMpENENUTh MOJIYJIb CKOPOCTh Up1 MOTOLMKJIMCTA OTHOCHUTENBHO BEJOCHIIEHCTA,
3Hasi CKOPOCTH MOTOIIMKIINCTA U BETOCUTIEANCTA, ABMKYIIUXCS B OJHOM M TOM K€ HANIPABICHHI
OTHOCHUTEIBHO 3eMIIn?

e Kak MOYKHO OTPEIENUTh MOJYJb CKOPOCTh Uy, BEJIOCHUIIEIMCTA OTHOCHTENHLHO MOTOIMKIIHCTA,

JBIDKYIIUXCS HaBCTpedy Apyr apyry? OTer obocHYyHTE.

IIpuMeHeHNe B MOBCeTHEBHOI KU3HU:

o Kak MOJKHO OIpeIeNTUTh CKOPOCTh NMacCaKHpa OTHOCUTEIILHO 3eMIIH, 3Hasi CKOPOCTH MACCaKupa
OTHOCHTEBHO JBIIKYIIETOCS M0e3/1a U CKOPOCTD TT0€3/1a OTHOCHUTENLIHO 3eMIIn?

IIpoBecTn caMOOLeHKY:

1. Kakue nonatust noBropuiiv Ha ypoke? UTo U3 5TOro Bbl XOPOIIO MOHSUIN, & YTO OCTAJIOCh BaM HE

SACHBIM?

. Uto o3HavaeT BelpaskeHHE “MexaHudecKoe ABIKEHIE OTHOCUTEIHHO ?

. Urto mozapasymeBaeTcs 1o/ HEMOABKHOM 1 TMOJIBIKHON CCTeMaMu oTcyeTa?

. Kak BeIpaxxaeTcst 00muii 3aK0H CII0KEHHsT CKOPOCTEN?

. OTHOCHTENBEHO KaKNX HEOSCHBIX TEJl, COOTBETCTBEHHO, ONpe/eIsIeTCs TOJI0KSHNE Tell Ha OCHOBE
TEOICHTPUYECKOTO M TeNHOICHTPUIecKoro MupoBos3perus? Oter obocHyiite. Kro oc-
HOBATEJ! STUX MUPOBO33PEHUI?

6. MoTopHast J10/1ka Ha ITyTh U3 OTHOTO ITyHKTa JI0 APYTOTO, IUIBIBS 1O TEYSHUIO PEKH, 3aTPAunBacT BpeMs,
paBHoe 40 MUHyTaM, a [IPH IBI>KEHUM [IPOTUB TeUeHHs peku 3atpaunBaeT 1 yac 10 munyT. Uemy paBeH
MOJTyJIb CKOPOCTH JIOJIKN OTHOCHTEITBHO BOJIBI, €CITH MOJTYJIb CKOPOCTH T€UEHHsI pekH 8 km/dac?

[T VSIS

YTO Bbl Y3HAJIN? Hdaiite onpeneneHus] HIKEIPUBEICHHBIX MMOHATHI: “HenoosudcHas cucmema
omcuema”, “noosudicnas cucmema omcuyema’, ‘“OMHOCUMENbHOCMb OBUNCEHUS, “‘3AKOH CILOJMCEHUS
ckopocmell”.
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m PABHOMEPHOE ABWXEHUE MO OKPYXXHOCTHU

Ha npeabigylnx ypokax Bbl O3HAKOMUIUCh C pasfnuyHbIMU BUAAMW MPSAMONIMHENHOrO ABU-

XEHUS, C BENMYMHaMU, XapakTepu3yoLLMMK 3T ABWKEHUS, U ONPELEernmm, Kak USMEHSATCS

3TW BENINYUHBI CO BPEMEHEM.

e Kakoe 13 gBuxeHu, NPAMOSIMHENHOE PaBHOMEPHOE U NPSIMOJNIMHENHOe paBHomnepe-
MeHHOe, UMeeT YCKOpeHue, a Kakoe HeT? Mouemy?

e Y10 XapakTepusyeT yckopeHue npyu NPAMOSIMHEHOM NMoCTynaTeNlbHOM ABWKEHUM:
ObICTPOTY U3MEHEHUSA MOAYNS WU HanpaBleHUsi CKOPOCTU, UINu 06enx BeNIMUYUH cpa3sy?

e Y10 XapakTepusyeT yCKopeHue npu paBHOMEPHOM ABUXEHUU MO OKPYXKHOCTU?
BbickaxuTte cBOM NpennonoXeHus.

Haubonee npocToil BU KPUBOTUHEHHOTO JBHIKEHUSI — 9TO IUPOKO PACIPOCT-
paHEHHOE B MIPHUPOJIC U TEXHUKE JBUKCHUE M0 OKPYIKHOCTH (CM.: Ppu3UKa-7, TEMBIL:
1.6 u 1.7). BpamieHue To4ek MOBEpXHOCTH 3eMJIH BOKPYT CBOEH OCH, TOYEK YaCOBBIX
CTPEIIOK, TOYEK aBTOMOOMIIBLHBIX KOJIEC U JIP. SBIISICT-

c JIBUKEHMEM 1O OKpykHocTH. Teopetnueckas u ()
MPaKTHYECKasi BAXKHOCTh U3yUCHUS JIBUKCHHUS 10 OK-
PYKHOCTH 3aKJII0YACTCSI B TOM, YTO MPOU3BOJIBHYIO
KPUBOJIMHEHHYIO TPACKTOPHUIO MOXHO MPEJCTABHUTH
KaK CyMMY JyT OKPYXKHOCTEH pa3HBIX pajiycoB (a).
Camblii TPOCTON BUA JBUXKEHUSI IO OKPYKHOCTH —
3TO PABHOMEPHOE O8UNCEHILE.

o PagnomepHoe 08udiceHUe NO OKPYHCHOCIIU — MO
08udiCeHUe, Npu KOMopom MOOYIb CKOPOCHIU MAMEPUATbHOU MOYKU 8 KANCOOU
moyKe 5MOU OKPYICHOCMU OCMAemcs HeusMeHHbiM. Takoe IBIKCHHE Xapak-
TEepHU3YyeTCs CIEAYIONIMH BeTMINHAMHU:

Ilepuon oOpameHust — 5mo 8pems, 3ampavennoe Ha 0OUH NOJHbLIL 000POm Ma-
MepUaIbHO MOYKU HO OKPYHCHOCIU.

o

-

[

(e
4

t
T=—.
N

I'me T — mepuon oOpamieHusi, N — 9UCIIO MOJHBIX 000POTOB MaTEpHaIbHONH TOYKU
3a Bpems t. 3a edunuyy nepuooa obpawenus 6 CU npunsma cexynoa: [T] = 1c.

YacroTa o0pameHust — 570 Yucio 000ponmos MamepuaibHOUL MmouK o OKPYIC-
HOCMU, CO8EPULAEMBIX 34 €OUHULY BPEMEHU:

V=
t

I'me v—dacrora oOpamieHus (WHOTIA 0003HAUACTCs OyKBOU m). 3a edunuyy uac-
momuwt oopawenusi ¢ CU npuram I 2epy — vacmoma makozo oopauenus, koeoda meio
3a ceKyHOy cosepuiaem 0OUH NOJIHbIL 000POI.

1
[v]=;=c_1=1Fu.

Tlepuoo u yvacmoma obpaerus 06pamHoO NPONOPYUOHATbHLL OpYe OpYey:
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3T0 03HAYAET, YTO BO CKOJBKO Pa3 yMEHBIIUTCS YacTOTa OOpAaIIeH s, BO CTOJb-
KO K€ pa3 YBEJIWUHUTCS MePUo]i 00palleHus, 1 HA00OPOT.
A’ YroJ1 I0BOPOTA — 510 Y201, HA KOMOPWIll NOBOPAYUEAem-
\ Csl paouyc-6eKmop npu OBUNCEHUU MAMePUAIbHOU MOYKU NO
OKpyJIcHOCmuU. Yeon nosopoma usmepsemcs OmMHOUEHUEM
ONUHBL YU OKPYHCHOCIU MEHCOY HAUATLHBIM U KOHEeUHbIM
paouyc-eekmopamu K paouycy okpyscrocmu (b):

=%

I'me ¢p — yron moBopoTta, | — yiMHA TyTH, COOTBETCTBYIOIIAS YTy ITOBOpOTa, R —
pamuyc OKpYKHOCTH. Yenwbl nosopoma paouyc-6ekmopa MamepuaibHOU MOYKU,
08UIICYWENICS. PABHOMEPHO NO OKPYICHOCHU, 34 PABHbBIE NPOMENCYMKU BPeMeHl
00UHAKOBYL.
YToJ MoBOpoOTa SBIISAECTCS CKAISIPHON BEIIMIUHOW, eNUHUIA eTo u3Mepenus B CU —
paouan: (@] = 1pan.
e [ pao — smo y2on nogopoma paouyc-6eKmopd, cOOmseemcmeayiouull oyee, OauHd
KOMopou pagra paouycy okpysichocmu (I=R).

YrioBasi CKOPOCTh — 9M0 (DU3UUECKAs 8eIUUUHA, UBMEPAeMAs. OMHOUEHUEM
yena nogopoma K NRpoMediCymKy 6pemeHruU, 3a KOmopoe 3mom HO80POMm COBEPULEH

w=—
t

Yenosas ckopocms mamepuanoHol mouku, pagHOMEPHO OBUNCYEUC NO OKPYIHC-

HOCMU, C MmMeyeHueM 6peMeHU ocmaemcss HeuzmMeHHou (w = const). Enunuia

yriaoBoii ckopoct B CU — paduan 6 cexynoy:
[w] = 1228,
c
e 3a eounuyy yenoeou CKOpocmu NPUHAMA yenogas CKOpOCmb mMaKo2o0 pasHo-
MePHO20 OBUCEHUSL NO OKPYICHOCMU, NPU KOMOPOoM 3a 1 cekyHOy paouyc-eeKmop
MamepuanbHol MOYKU NOBOPAUUBAEMCsL HA yeoa 6 1 paouaH.

MarepuanbHasi TOYKa, ABMKYIIAsACsS PaBHOMEPHO IO OKPY)KHOCTH, 32 BpeMs,
paBHOe mnepuony obpamenust (t = T), coBepmiaeT OJUH MOJHBIA 000POT, 33 3TO
BpEMs Paayc-BEKTOp IOBOpaunBaeTcs Ha yrou ¢ = 27. [losTomy nipu paBHOMEp-
HOM JIBKEHUH TI0 OKPYKHOCTH MEXIy YITIOBOH CKOpPOCTBIO W IEPHOJIOM 00pa-
IeHHs (4acTOTOM 0OpalleHus ) UMeeTCsl CBSI3b!

[3) 21

W = T 2mv.

JluneiiHasi cxopocth. Crxopocmb OsudiceHusi mame-
PUATBHOU MOYKU NO OKPYICHOCTNU HA3b18AEMCS TUHEHHOU
CcKopocmpio. JIMHeiiHas CKOPOCTh MAaTEpUAIbHOW TOYKH,
PABHOMEPHO IBUKYUICHCS 10 OKPY>KHOCTH, OCTaBasiCh MO-
CTOSIHHOM 110 MOJYJTI0 (U = const), HePEPHIBHO U3MEHSI-
eTCs TIO HANPAaBICHUIO W B JIFOOON TOYKE HaIpaBlieHA IO
KacaTeJIbHOH K TPaeKTOpHUH (C).
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Yucnennoe 3nauenue TUHEHOU CKOPOCIU NPU PAGHOMEPHOM OBUICEHUU NO OK-
PYHCHOCMU PABHO OMHOWEHUIO NPOUOEHHO20 RYMU KO 8peMeHU, 3ampaieHHOMY Ha
€20 npoxodicoOeHue:

l
v=-
t

MarepuanbHasi TOUKa, ABUTasiCh PABHOMEPHO 110 OKPY>KHOCTH, 32 BpeMsI, paBHOE
nepuoay obpamenus (t = T), IPOXOAWUT IyTh, paBHBIA JuyMHE Kpyra: [ = 27R.
[TpuHsB 3TO BO BHUMaHUE B (POPMYJIC TMHEHHON CKOPOCTH, MOTYYHM BBIpaKCHHUE,

CBs3bIBAIOIICC J'IPIHCfIHyIO CKOpPOCTDb C yrHOBOﬁ CKOPOCTBIO:

_27TR_ R
U—T = wR.

LenTpocTpeMuTe/ibHOE YcKOpeHUe. BrIcTpoTa M3MEHEHNST HAIIPABIICHUS JIH-
HEHHON CKOPOCTH NMPH paBHOMEPHOM JIBUKEHHUH IO OKPY>KHOCTH XapaKTepHU3yeTcs
(u3nUecKol BETMUYUHON Ha3bIBAEMOHN YEHMPOCMPEMUMENbHBIM, WA HOPMATbHBIM,
yCcKopeHuem. Bekmop yenmpocmpemMumenvHo2o, Uiy HOPMAIbHO20, YCKOPeHUs 8
10001 MouKe MpaeKmopuu HanpasieH no paouycy K yenmpy okpyscHocmu (CM.: ¢).
Mooynv yenmpocmpemumenbHo2o YCKOpeHus MamepualbHot mouky npu pagHo-
MEPHOM OBUINCEHUU NO OKPYHCHOCHU PABEH OMHOULCHUIO K8AOPAMA TUHEUHOU CKO-

pocmu K paouycy oOKpYHCHOCMU:

1)2

a=F.

Teopueckoe npumeHenue. UccnepgosaHve. MoikeTe Jin 10Ka3aTh?

Jokaskure, 4To:

1) nuHeliHast CKOPOCTH MPU PAaBHOMEPHOM JIBHXKEHHH TI0 OKPY)KHOCTH CBSI3aHa C YaCTOTOH oOpare-
HUS HopMyITOit:

v=2mVR.

2) TEeHTPOCTPEMUTENFHOS YCKOPCHHE MPH PaBHOMEPHOM JBIKCHHH IO OKPY)KHOCTH CBSI3aHO €
MIEPHUJIOM U 4aCTOTOH OOpaIlleHHsI M YUCIOM 000pOTOB 110 (hopMyIIam:

4m?R 9 2 42 N?

?; a = 4m“v-R, a=t—2

3) HEHTPOCTPEMHTEIBHOE YCKOPEHHE TIPH PABHOMEPHOM JIBHIKCHUH 110 OKPYKHOCTH CBSI3aHO.C yI-
JIOBO# M JIMHEHHO# CKOPOCTHIO (hopMyIIoii:

a=wo.

O0cyxaeHue pe3ybTaToOB:

e [locTpoiite rpaduky 3aBUCHMOCTH JHMHEWHOH CKOPOCTH. MaTEPUaIbHON TOYKH, PaBHOMEPHO
JBIDKYIIEHCS MO OKPYKHOCTH, OT Panyca OKPY’KHOCTH, TIEPHOJA ¥ YaCTOTHI OOpaIeHNS.

e [TocTpoiiTe rpadh KK 3aBUCHMOCTH LIEHTPOCTPEMHUTEIILHOI0 YCKOPESHUSI MAaTePUaIbHON TOUKH, PaB-
HOMEPHO JBIKYIIEHCS MO OKPY>KHOCTH, OT PaJiyca OKPY KHOCTH, IIEPHUOAA U 9aCTOTHI oOparie-
HUSL

IIpumeHeHne B NOBCEIHEBHOM KU3HH

e JInHa CEKYHIHOW CTpENIKU HapyHUHBIX 9acoB 2-CM, a JUIMHA MUHYTHOH cTtpenku 1,5 cm. Konen
KaKOM U3 CTPEJIOK JABMXKETCS ¢ OOJIBIIUM LEHTPOCTPEMUTEIBHBIM YCKOPEHUEM U Ha CKOJIBKO?

e ['1c B OBCEIHEBHOM JKU3HU MOYKHO BCTPETUTH PAaBHOMEPHOE JBIKCHHE IO OKpyxHOcTU? UTo
MOJKHO CKa3aTh O TIEPHO/IE ¥ YaCTOTE UX OOpareHus?

IIpoBecTH caMOOGIIEHKY:
1. Kakue nousaTys 10BTOpMIIiM Ha ypoke? UTo U3 3TOro Bbl XOPOILIO HOHSIIN, @ YTO OCTAJIOCh BaM HE
SICHBIM?
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2. ITouemy yCKOpEHHUE IIPY PABHOMEPHOM JABMKEHHH TeJIa 110 OKPY>KHOCTH HAa3bIBACTCS LIEHTPOCTpE-
MUTEJIBHBIM, WM HOPMAJIbHBIM yCKOpeHHEeM?

3. BeluncauTe MOyJIb LIEHTPOCTPEMHUTEIBHOTO YCKOPEHHUs 3eMJIH, Bpatatonieiics Bokpyr CoiHia
(pamuyc opoutsl 3emmu R = 1,5 - 108km).

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

YTO Bbl Y3HAJIU? [laiiTe ompefencHUs HIKEIPUBEICHHBIX IOHATUI M BEIUYUH: “yroJI MOBO-

EEENNTS ELENNTS 9 G CEINNTS

porta”, “yrimoBast CKOPOCTH’, “JHMHENHHast CKOPOCThH”, “LEHTPOCTPEMUTENBHOE YCKOpEeHUe”, “nepuoj

ELIT3

BpalieHus”’, “4yacToTa BpaieHus .

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

1.1. Ompenenute KOOPAUHATHI MaTepuaidbHOM Touku Ha Iuiockoctu XOY, 3Has, 4TO
MOJIyJIb €0 paJnyc-BeKTOpa, odpa3yromiero ¢ ockto OX yron 30°, paBeH 5 M.
1.2. KoopanHatel MaTepuaibHON TOUukd M paBHbI Xy = 1M U Yy = 1,5 M, a koopnu-
HaThl TOYKH N paBHBI Xy =3 M U Yy = —2 M. Onpenenwure:
a) MOIIyTTb BEKTOPA, COSAUHSAIONMEro TOYKH M 1 N;
b) mpoexrun sToro BekTopa Ha oct OX u OY;;
C) YToJl MEeXKIY 3TUM BEKTOpoM 1 ockio OX.
1.3. Bekrops! d u b B3auMHO MIePIEeHUKYJISIPHBI (pric. | ).
Omnpenenure:
a) pe3yIBTUPYIOIIHIA BEKTOP;
b) MOIyJb pe3yIbTUPYIOIIETO BEKTOPA.

puc.1

R
R

%

1.4. Onpenenure NPOEKIUK MPECTABICHHBIX HA PUCYHKE (Prc.2) BEKTOPOB Ha KOODP/IH-
"atable ocu OX u OY.

puc.2
1

v
N\

NN N

|
v T

Y

0

8

6 I LANF T N 1IN
\ T | /’5

4

2

O

2 4 8 10 12 14 16 18 X

1.5. CnopremeH, 6erasi BO BpeMsi TPEHHPOBKH 110 KPYTOBOM TPaeKTOPUH paguycoMm 60 M,
npobexan 10 kpyros. Onpenenute myTh, MPOHICHHBIN clIOpTCMEHOM. YeMy paBeH
MO/JTyJIb €10 nepeMereHus (r = 3)?
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1.6.

1.7.

1.8.

1.9.

1.10.

1.12.

1.13.

OmnpenennTe TPOHICHHBIC TTYTH W MOTYJIH TIEPEMETICHHS KOHIIA YaCOBOW CTPEITKH YacoB
JUTMHOW 8 CM, COOTBETCTBYIOIIHE MIPOMEKYTKaM BpeMeHH t; = 3 4aca; t, = 6 4acoB; t; =9
4JacoB; t4= 12 gacoB (m = 3).
Tenexxku M u O HaXoJATCS B COCTOSHUH IOKOSI, a TeleKKa N JIBUKETCS OTHOCH-
TenbHO 3emutd (pric.3). YTo MOKHO cka3aTh O MoJioskeHuu Tenexek M u O B cucteme
OTCYETa, CBA3AHHOU C TEJIEKKOM N?

puc.3 M

- N (0]
v
———
Bce tpu Tenexku M, N u O 1BUXKYTCS B OJMHAKOBOM HAIPABJICHUU U C OJJMHAKOBOU

CKOPOCTBIO OTHOCHTEIIBHO 3eMJIH (pric.4). UTO MOKHO CKa3aTh O IMOJIOKECHHUH TEICKEK
M u O, B cucTeme oTcuera, CBI3aHHOM C TEJICKKOH N?

puc.4 - M 3 N <5_ o
Benocunenuct neuxercst co ckopocthio 10 M/c cHadaa 3 KM Ha ceBep, a 3aTeM 4 KM
Ha BocToK. Onpenenure:
a) BpeMmsl, 3aTPaYCHHOE BEJIOCHUIICANCTOM Ha BECh IPOUJICHHBIN Y Th;
b) MomyIs ero mepeMenieHus.
KM

o M KM
Bripazute 3HaueHus1 yKkazaHHBIX CKOpocTet B —: vy = 180—; v, = 2,4—;
C 4qac MHWH
KM CM
U3 = 167, Uy = 1207

o M
. (DyTGOJ'II/ICT nepeMeniacTes 1o moJiro € MOCTOAHHOU CKOPOCTBIO U = 5 - cHauana Ha
c

tor [; = 20 M, 3atem Ha 3anan [, = 40 M, a motom Ha ceBep [; = 30 M.

Ompenenure: a) MmyTh, NPOieHHBIN (QyTOO- puc.5
JIUCTOM; b) MOMIYJIb €ro IepeMEIICHUS; 2k
C) BpeMsl, 32 KOTOPOE OH BEPHETCS B MEPBO- “gz__
HavyaJbHOE MOJIOKEHHE IO MPSMOH JIMHUH C T

, 60 +———
TOM K€ CKOPOCTHIO. T |
Ha pucynke naH rpaduk 3aBUCHMOCTH IPO- 33—— 1 . P
eKI[MM CKOPOCTH MATepUallbHON TOYKH OT + R4 3 VS
BpeMeHH (pric.5). OnumuTe IBUKEHUS, COOT- -301 | |
BeTcTByomme rpaduxy. Onpenenure: a) Mo- -60T ! !
JIyJIb TIepeMellieHust; b) myTh, MpOHIeHHBIH 3a 90T i

MIPOMEXYTOK BpeMeHH 0—4 4acoB; ¢) MOIYJb
€ro YCKOpPCHHS.

Beproser nerur u3 baky Ha “Hedrstapie Kaman™. MoJ{yis ero CKOpOCTH OTHOCHTEIEHO
Bo3ayxa v; = 108 kM/4ac. Mo1ysib CKOPOCTH BETPA, JYIOIIErO POTHUB HAIIPABJICHHS
JIBYKEHUS BepTOJeTa, U, = 10 M/c.

Omnpenenure: a) MOJyJIb CKOPOCTH BEPTOJIETA OTHOCUTEIHHO 3EMIIH;
b) ero mepemernienue oTHocHTeNHHO 3eMimi 3a 30 MuH. HapucyiiTe cxemy TBIDKCHFIS.

. Pemmre npenpiayniyto 3agady IS Ciiydas, KOT/ia BETEp MyeT B HAIPaBJICHWUH, TIEp-

MICHIUKYJISIPHOM HAIIPABJICHHIO ABMKEHHS BepToseTa. Hapucyiite cxeMy IBIKEHHSL.

. [oe3n, mpubnamikasich K CTaHIUH, B T€YCHHE 2-X MHUHYT YMEHBIIAET CKOPOCThH C

U = 72 kv/gac 1o vy OnpenenuTe HalpaBiIeHHE U MOJLYIIb YCKOPEHUS MT0e3/1a.
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1.16. Ha ocHoBe rpaduka (prc.6) 3aBUCUMOCTH TPOCK-

puc.6

M

v, M

1M1 CKOPOCTU HPSIMOJIMHENHOTO ABMKECHHS aBTO- ¢

MOOWJISI OT BPEMEHH OIIPEJICIIUTE €ro: 30

a) CKOpPOCTb, COOTBETCTBEHHO, B MOMCHTBI BDEMCHU 20

t1=5C, t2=18C,t3=22,5C; 10
b) CPE€IHIOI0 CKOPOCTH HA BCEM IIYTH, I L »

C) MPOCKITUIO YCKOPEHISI B KOHIIE 15-1 CeKyHIBI.

T T T T T T o
0 "5 40 15 20 25 30 tc

o M
1.17. KameHb OpocaroT BepTHKAIbHO BBEPX C BBICOTHI 10 M ¢ HayainbHOW CKOpOCThIO 30 —.
C

OrnpeienuTe MPOUJICHHBIA MyTh U MEpeMelleHne KaMHs 32 4 ¢ (COMpOTHUBIICHUE
M

BO3/lyXa HE y4uThIBaTh; g = 10 )
C

1.18. Kamenp, majaronuii B KOJIOEL, JOCTUTAeT €ro JHa 4epes 4 C.

1.19.

1.20.

40

Onpenenure: puc.7
a) TIIyOMHY KOJIOJLA; S =

b) ckopocTh KaMHS B MOMEHT yJapa O JHO KoJoAaua (co-
MIPOTHUBIICHUE BO3yXa HE YUNUTHIBaTh; g = 10 c%).
MOTOIHKINCT B IAPKE COBEPIIACT BPALIATEIBHOE IBIKES- ||
HHE 0 CTEHE LWIMHApUYEcKOH (opmbl pamuycom 4 M |\ '

(puc.7, Buj ceepxy). OnpeaenuTe ero JMHEUHYIO U YIIIo-
BYIO CKOPOCTb, 3HAsI YTO [IEHTPOCTPEMHUTEIILHOC YCKOPCHUE &
M T T Tl
MOTOIIMKINCTA 25 .
C

Juamerp xoneca Benocunena 0,5 m. Kakoit goynkHa ObITh
M

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

(conmpoTuBIeHNE BO3yXa HE YUUTHIBATD).



OCHOBblI AMUHAMUKHW

OcBouB Matepuanbl 3TON rnasbl —
Bbl CYMEETE:

e 00BACHUTL NnPUYNHYy BO3HUKHOBEHUA COCTOAHUA MNMOKOA TEsa UIn
ero I'IpSIMOJ'IVIHeI‘/‘IHOFO pPaBHOMEPHOro ABWXeHUdA, OEMOHCTPUPO-
BaTb MPOCTbIE€ OnNbITbl MO 3TUM ABJIEHUAM;

e KOMMEHTMPOBATb U 000CHOBbIBaTb OMbITAMU NMPUYNHY N3SMEHEHUA
CKOpPOCTK Tena,

® YCTHO M3naratb OCHOBHbl€ 3aKOHbl ANMHAMWKKU, 3aMnCbiBaTb Bblpa-
Xatruline nx CbOpMyJ'IbI 1 ob6obLaTb cneacTeus U3 3TUX 3aKOHOB;

e passfindaTtb ypaBHEHUA OBUXEHUA B ANHAMUKE OT ypaBHeHvu7| OBun-
XEeHnA B KNHEMATUKE,

® COCTaBJIATb M peLlaTb Kormm4eCTBeHHbIE N Ka4YeCTBEHHbIE 3a4a4u C
npuMeHeHnem 3aKOHOB HbloTOHa;

e 00BACHUTL BO3HUKHOBEHNE COSTHEYHOM CUCTEMEL U NnprYnuHy BOS3-
MO>XHOCTU CyLLECTBOBaAHNA TeJ1 Ha NOBEPXHOCTU 3EMHOFC LWAapa;

e YCTHO M3JiaraTtb, 000CHOBLIBaTb OMbiTaMU U NPUMEHATL B NoBcen-
HEBHOW XXWN3HU yCINnoBUA paBHOBECUA Tell,

e pasnuyaTtb CWMbl: MOKa3blBaTb HA CXEME TOYKY MPUIIOXKEHUS U
HanpaBneHue, 3anucbiBaTb ~OpPMyIly 3aBUCMMOCTM CUMbl OT
PUINYECKNX BENUNYMH;

e yKasaTb NPUYMHEL, M3MEHSIOLLIVE XapaKTep MeXaHU4YecKoro ABmxe-
HUS1, NPMBECTU MPUMEPLI PaZMYHbIX BUAOB MEXAHUYECKOrO OBU-
XEHMS U3 NOBCEOHEBHOW XMU3HW; MOHATHL NPUYMHY NPOUCXOASALLMX
ABNEHWUIA U NPUBECTU NPUMEpPbI X MPUMEHEHUS B MPUHLMNE paboT
pa3nuyHbLIX NPUGOPOB M MEXAHNU3MOB.
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e

EXEW OcHoBHAS 3ANAYA AMHAMUKM. CUNA.
PABHOE/CTBYIOLAS CUMNA. MACCA

Kak Bbl yxe 3HaeTe, MPUYMHON W3MEHEHWS CKOPOCTU [ABWXEHMS MPOM3BOMBHOrO Tena

ABMNAETCS B3aMOAEWCTBME €ro ¢ Apyrumn Tenamu (cm.: usmuka-7).

e [lonmkHO N Teno nopasepraTtbCA AEACTBUIO CUI, NMPUINOXEHHbIX K HEMY APYrumu
Tenamu, 4Tobbl HaXOAUTBLCA B COCTOSAAHMM MOKOSI UMW ABUraTbCA NPAMOJSIMHENHO U
paBHOMepHO?

e [lomkHO NN Teno B3aMmogenMcTBOBaTb C APYrMMU Tenamu, YToObl ABUraTbCA paB-

HOYCKOPEHHO?

Kakoe cBoMcTBO Tena MoXeT urpatb BaXHYH posfib NMPU U3MEHEHUMN €ro MorioXeHUs

B NpocTpaHcTBe?

o Kak MoXxXHO onpenenuTb, U3MEHAETCH UITN HET NMOJIoXKEeHUe Tera, eCriv OHO HaxoauTCs
nop BO3AeMCTBMEM HECKONbKMX OHOBPEMEHHO AeNCTBYOLWMX cun?

Wccnepnosanmne-1. Yrto o3HayaeT 3aMeHa CHJI paBHO/IeHcTBYO1Ieli?

O6opynoBanne: Haoop “TIpndops! o craTnke”, Mapkep, JIMHEHKa.

Xoz ucenenoBanus.

1. 3akpenuTe OAMH M3 KOHIIOB MPYXKHHBI, B3siToH U3 Habopa “TIpubopsl mo cratuke”, ¢ MOMOIIBI0
MarHWTHOTO 3a)KMMa Ha METaUIM4ecKod ruacTuHe. Kosblo Ha CBOOOJHOM KOHIIE TPy KUHBI
pactaruBaeTcs IByMs IMHAMOMETPAMH TaK, YTOOBI 00pasys APYT ¢ APYroM MpPSMOW yroi, OHH
MOKa3bIBAIN PACTSHKEHHS COOTBETCTBEHHO HA 3 M 4 JeIeHusl.

2. OT™MeThTE KOHEYHOE MOJIOKEHUE KOJIbIAa TOYKOM, a TIOJIOKEHHS JMHAMOMETPOB IITPHXaMHU.

3. OIuH U3 IMHAMOMETPOB YIaJINTe, a IPYTOi IOTSHUTE TaK, YTOOBI KOJIBIIO COBITAIO C OTMEUCHHON
TOYKOW. OTMETHTE Ha IUIACTUHE MITPUXOM HOBOE MOJIOKEHHUE JUHAMOMETpA.

4. Yyianute TMHAMOMETP U MPOBEAUTE TPH MITPUXOBBIC MPSMbBIC JIMHHUHU, TIPOXOJISIIHE Yepe3 OTMe-
YEHHOE IMOJIOKEHUE KOJIbLIA ¥ JIMHAMOMETPOB. Ha 3THUX JIMHMSX, COOTBETCTBEHHO MOKAa3aHUSIM
JIMHAMOMETPOB, ITOCTPOUTE TPU BEKTOPA C OJIMHAKOBBIMU JICTICHUSIMHU.

. MUcrionp3ys neiicTBUS HaJ BEKTOPAaMH, IPOBEPHTE BEPHOCTD OMPEICICHHS HAPABICHHUS H MOJTY IS
Pe3yIBTUPYIOMIETO BEKTOPA.

.3 Oenenus 3 Oenenus 3 Oenénus
— (&) == —

9]

_____ |
4 oenenus | \ 4 oenenue | \

| 4 oenenus

O0cy:xaeHue pe3ybTaToB:

o3 CyMMBI KaKIX CHJI TOTyYHIIACE PE3yIBTUPYIOMIAs CHIIA, U CKOJBKUM JICJICHUSIM COOTBETCTBYET
€ro MoJyJib?

o] 1o kakoit popMyIie MEIKHO MaTeMaTHIECKH OPENSITUTE MOy b pe3yIbTUpyrommei cuibl? Hackombko
€r0 3HauCHHE, TIOTYHICHHOE 13 3TOH (POPMyJIBI, COOTBETCTBYET pe3yibTaTaM SKCIIepUMEeHTa?

W3ayuumB yueOmbIil MaTepuan pazaena “KuHemarnka”, BbI HAYYUITHCh pa3iinyaTh paB-
HOMEpHOE M PAaBHOYCKOPEHHOE IBIDKEHHUS, a TAKKE 3allicaTh Il HUX ypPaBHEHUS
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JBIDKeHNs. OTHAKO OCTAIOCh HEBBIICHEHHBIM, 10 KaKOW MPUYHHE BO3HUKAECT PaBHO-
MEPHOE WJIM PAaBHOYCKOPEHHOE JIBIDKEHHE. DTOT BOIIPOC M3YYaeTCsS B pas3lenie Mexa-
HUKH, Ha3bIBAEMOM OUHAMUKOIL.

o Jlunamuxa (no-epevecku dinamikos — “‘cunvuoitl ”, “mownoiii”’) — pazoen mexanuxu,
UBVUAIOWULL NPUYUHBL, ONpedeNaIouue XapaKmep OB8UNCEHUS, d MAKICe KaK MU npu-
YUHBL USMEHSIOM XAPAKMEDP OBUNCEHUSL.

o OcHogHas 3a0a4a OUHAMUKY — ONPEOeUmsb XapaxKmep OBUNCEHUs. Meld 8 COOMBEem-
cmeuu ¢ deticmsyiouell Ha He2o CUIO, Ul HA0OOPOm, NO XapaKmepy 08UNHCEHUs med
onpeodenumy, Kakas Cuia oeticmayen Ha Hezo.

[Tonsitne “cuna” gBnsieTcss OCHOBOIOJATAIOMIUM B TuHaMuKke. Cuia — BEKTOpHas
(bu3ndeckas BeIMUNHA, XapaKTepU3YIOIas ISHCTBHE OTHOTO Tejla Ha JPYTOe U SIBIISIO-
I1ascsl MepoU AToro jeicTus (cM.: pusuka-7, ctp. 30). Hampasienue Bekropa CHibl
COBIIAJIACT C HAIPABIICHUEM JICHCTBUSI TeJa, & €T0 MOJIYJIb BBIPAKAET KOJTMISCTBEHHYIO
Mepy aecTBus.

I'oBopst 006 orpeneneHHoit crite, HE0OXOIUMO YETKO TIPEACTABUTD:

® 1Ha Kakoe meio Oelicmayem dma CUld Uil K KaKOMY mejty OHA NPULOHCeHa?

® K KaKoll mouKe mejid, UMerue2o onpeoesieHHble pazmepbl, NPUKIAbl8aemcs 3ma cuia?
e Jdelicmeue KaKoeo mena oHa xapaxmepusyem?

® 8001b KAKOU TUHUL U KYOd HANPAGIeHA dma cuia?

® yeuy paser eé Mooyiv?

[Ipu nelicTBUM Ha TENO HECKOJBKUX CHUJ MX JICHCTBHE 3aMEHSIETCS OJIHOM paBHO-
JICHCTBYIOILIEH CUITOM.

o PasHooeticmgyowas cuia — 3mo 6eKMOopPHAs CYMMA 8Cex C, OetiCMBYIWUX Ha Mejlo:
Fi+F,+F+F,..=E,.

Hanpumep, eciii Ha MaTepuanbHYI TOYKY JCHCTBYIOT JIB€ B3aMMHOTICPIICHIIU-

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

Moyib oToit cunel: F = |/ FZ + FZ.

Fop-eoeee Eciti ke Ha TeNo 1elicTBYIOT JiBe euutbl /77 i 2 oML 1po-
u3BONBHBIM yriioM @ (b), TO MOAylb paBHOAEiCTBYIO-

1IeH CUJTBI OTIPEIENAETCs Ha OCHOBAHUY MEopeMbl KOCU-

(@)
Hycog (cM.: MaTeMaTHKa-9): F = \/ F2 4+ F% + 2F,F,cosa.

VYckopeHue npuoOpeTacTest TEIOM Mo ACHCTBHEM CH-
JIBI, TIO3TOMY. B IMHAMUKE TIOHATHE “yCKOpPEHHE”” NMeeT
0oJlee 3HAYUMBII CMBICI.

o [Ipuobpemenue menrom ycKopenus npoucxooum & pe-
3YILmame e2o 83AUMO0CUCmBUs ¢ Opy2uMU Meaami.
W3BECTHO, UTO omHoulenue YCKOpeHuu 08yX 63aumo-
Qeticmeyiowux mei pasHo 0OPAMHOMY OMHOUEHUIO UX
maee (em.: pusuka-7, crp. 38):

a; m;

a, my’
ITO COOTHOIICHUE MEXKIY YCKOPECHUSIMH M MacCaMH B3aUMOJICHCTBYIOIINUX TEIl
MOKET OBITh JCIIOJIB30BAHO YIS ONpejaeneHust Macc Ten. Ho aist aToro cHadana

(b)
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CleyeT BBIOpaTh eIUHUILY MAacChl — PUHATh MacCy KaKoro-IMO0 Teja 3a 3TaJoH.
3areM Teyo, Maccy KOTOPOro HEOOXOAUMO OIPE] CIUTh, IPUBECTH BO B3aUMOJICH-
CTBHUE C TEJIOM, IPUHSATHIM 32 3TaJOH. [lanee, U3 COOTHOIICHUS MEXAY YCKOPECHUSIMU
M MaccaMU dTHX TeJ OIpeIesaeTCs] HEM3BECTHAsI Macca Teja:

a3T mT a3T

— =— S m, =My, —

aT m3T T

N pumeHeHue. UccnepoBaHune-2

OmnpenesieHue Maccol

OOopynoBanue: Tenexka (2 IT.), ATATOH MACCHI
(paszHoBec B 1 KT), uccuenyemoe Teio (pasHoBec B 2
Wi 3 KT'), IEMOHCTpallMOHHas JuHeHKa (1 M), CeKyH-
JIoMep, TPy KUHA, HUTh, 3Q)KUTalIKa, MapKep.

Xox ucciie10BaHus:
1. ITomecTtrTe IpyT MPOTUB ApyTa JBE TEIEKKH C TIOMEIICHHBIMU Ha HUX pa3HOBecaMH B 1 Kr (Macca,
YCJIOBHO TPHHATASI 32 3TAJIOH) M 2 KT, HA TOPH30HTAIBHOI I7aikoi roBepxHocTH (¢). [TomectrTe
MEX]y TeNEeKKaMU CXKATy0 IPY:KUHY, [EPEBSI3aHHYI0 HUTBIO, U OTMEThTe TOUKoH “0” cepenuny
HPY’KUHBL
2. ITonoxrute HUTh U OJHOBPEMEHHO BKJIIOUUTE CEKyHIoMep. M3MepbTe JTMHEHKOH IpOoeKLUuu
nepeMelleHus (IIPOHICHHBIH IIyTh) TEJIKEK 3a OIpPEeETICHHbII IPOMEXYTOK BPEMEHHU t U BbI-
YHUCITUTE YCKOPEHUE JABMKCHUS 110 KHHEMAaTHIECKUM (popMyIiam:
at? 2s
s= > ->a= L
3. OmnpenennTe HCKOMYTO MacCy U3 COOTHOILIEHNUS YCKOPEHNH U Mace IBYX B3aUMOICHCTBYIOIINX Tel,
TIPOBEPHTE, COOTBETCTBYIOT JIM TTOJyUeHHbIE 3HAaYeHNs Macc 2 KT (WiH 3 KT).
4. 3arummTe Bce pe3yabTaThl B Tadmumy 2.1.

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

O0cy:xkaeHue pe3y/ibTaToB:

e B pesynbrare AeHCTBHS KaKOH paBHOJCHCTBYIOMICH CHITBI TEIEKKH TOIYUITN yckoperue? Mo-
JKETE JIU T10Ka3aTh CXEMATUUECKU TOUKY PUJIOKEHUS U HAIIPaBJICHUE dTON CUIbI?

o Kakue emte cuibl AeHCTBYIOT Ha Tenexkun? Kakue U3 HUX Apyr Apyra ypapHoBelIuBarOT? MoxxeTe
JIY 1TOKa3aTh CXEeMaTHYECKH 3TU CUJIBI?

IIpumeHeHne B NOBCeHEBHOM KU3HM:

Kaxue npuMeps! 13 TOBCETHEBHOM U3HH O POJIH MACC B3aMMOACHCTBYIOIINX TEJI B IPUOOPETSHUH

0O0JBIIErO (MM MEHBILIETO) YCKOPEHHUS BBl MOXKETE TIPUBECTH !

OueHnTe CBOM 3HAHHUS:

1. Kakne moHSTHSI HOBTOPHIIM Ha ypoke? YTo n3.9TOr0 BBl XOPOIIIO MOHSIIH, @ YTO OCTATIOCh BaM HE
SICHBIM?

2. B uem omiiMymMe JUHAMUKH OT KHHEMaTUKN?

3. Kakumu pu3n4ecKuMH BETMYMHAMHI XapPAKTEPH3YeTCs B3aNMOIEHCTBIE MEXy TeJlaMu?

4. Yto HeoOX0qMMO 3HATH ISl OIIPEJielieH s IeUCTBIs cHITbl Ha Testo? OTBeT 00ocHYyiiTe.

5. UTo 03HauaeT paBHOJAEHCTBYIOIIAs BCEX CHII, IEHCTBYIOIIMX Ha TeNo?

6. Kakyro pousib BBIIOMHSAET Macca B MPOOPETEHUHU TEJIOM yCKOPEHHS?

YTO Bbl Y3HAJIW? 3anummte B paboveM JTHCTKE ONPeIeIICHHS HIKSTTPUBEACHHBIX TOHITHI: “1au-
HaMiiKa™~, “OCHOBHAs 3a7a4a JMHAMHUKW ', “‘cuia”, “paBHOAEHCTBYIOIIAs cuiaa’, “yCKOpEHHE B IHHA-

CLINT3

Miike”, “macca’.
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m nBVI)KEHVIE NO UHEPLUWUMU: | 3akon HBIOTOHA

(@ Bo3moxHO, BO BpeMs NeTHUX 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 3aMeyaeT, KaKk Kofeco Benocunega cran-

KMBaeTCA C KamHeM, U nepenetaeT uepes

BHE3anHO OCTaHOBMBLUMIACA Benocunes (a).

e Y10 sAIBNsieTCA MPUUYMHON pPaBHOMEPHOro ABWXEHUS Beriocunegucra Mo NpsiMow
popore?

e Y10 ABNAETCA NPUYMHON COXPaHEHUSA BENnocunegucToM COCTOSIHUS paBHOBECUA Ha
Benocunege, 6e3 kacaHus 3eMnM Horamu?

e [loyemy BeriocuneaucT Npu BHe3anHoOM oCTaHOBKe Beflocurneaa nepeneraer Yyepes Hero
B HanpaBreHUn ABWKeHUsA?

Wccneposanmne-1. Ilouemy coBepuieHbI pa3Hble epeMelnenus?

Oo6opynoBanue: xen06 ["annies, METaJUIMIECKUI MIAPHK, IIIACTHHA U3 OPrCTEKIa, rpydas
HakauHast Oymara (Homep 12—16), XJIONKOBast TKaHb, INTATHB C My(TOH U 3aKUMOM.

Xoa uccieoBaHus: 3aKpeuTe KeN100 B ITATHBE MO yriioM 30° K TOPH30HTAIBHON TOBEPXHOCTH.
[TponaGmoaiite Tpu cirydas JIBYKSHUS MApUKa 10 TOPU30HTAIBHON ITOBEPXHOCTH ITOCIIE IIPOXOIXK-
JICHUs HAKJIOHHOTO yJacTKa U MoAyMaiTe O MPUINHAX YBUJCHHOTO.

I cyuaii: nBrKeHne MapHuKa [0 HaXKIa4HOW Oymare Ha FOPU30HTAIBHON MOBepXHOCTH cToa (b);
II cayuaii: qBIDKEHME [IApHUKa 10 XJIOMKOBOI TKaHM Ha TOPU30HTAJILHON MOBEPXHOCTH CTONA(C);
I cayuaii: 1BrKEHUE IAPHKA TI0 TUTACTHHE U3 OPICTEKIIA Ha FOPH30HTAIBLHON MOBEPXHOCTH cToda (d).

(b) \ OGcysenie

pesyJibTaToB:

o []o xaxoif moBepx-
HOCTH IIAPHK,
MOXKHO CKa3aTh,
JIBIDKETCS PAaBHO-
MEpHO, a 10 KaKoH
€ro CKOpOCTb YMEHb-
mraercsi? [Touemy?
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OcCHOBY TMHAMUKH COCTABIISIIOT TPH 3aKoHa HproTOHA. DTN 3aKOHBI — pe3ybTar 00-
OOILIEHUSI MOHOTOUYHCIICHBIX HAOTIOICHHH 1 SKCIIepUMEHTOB. [TepBoe 0060011IeHIE OTTbI-
ToB nposen [T amunel, sxummii B XVII Beke. B pesynbraTte sKCniepMeHTOB, aHAIIO-
TMYHBIX IPOBEACHHOMY BaMH HCCIIEIOBAHUIO, OH CHOPMYIIUPOBAI HPUHYUN UHEPYUL:
e Ecnu na kakoe-1ubo meno 0eticmgyiom opyaue meia ¢ CUIAMU, KOMNEHCUPYIouju-
Mu Opye opyea, mo 3mo meno aubo HAX00umcs 6 noKoe, Iubo 0BUICEMCsl PABHO-
MEPHO U NPAMOJIUHEUHO.

Wccneposanmne-2. Kakue cuiibl KOMIEHCHPYIOT (YPABHOBEIIMBAIOT) AeiicTBUA APYT Apyra?
3amaya: Ha pucyHKe mpecTaBlIeHBI TPH TeNa: MOABEUICHHBIN Ha HUTH TOKOSIIHMICS Iapuk (e),
paBHOMEpHO JneTsmuid BepTon€T (f) U paBHOMEPHO IBMKYIIMKCS MO MPSIMOJIMHEHHON TOPU30H-
TanpHOU gopore Bermocunequct (g). C KaKMMHU TellaMU KaX[bId U3 HHX, B3STHIA B OTIEILHOCTH,
HaXOJIUTCS BO B3aUMOJAEUCTBHHI?

MO)KeTe JIX BBl CXEMATHUYECCKHU ITOKA3aTh ﬂeﬁCTBHe 3THUX CUJTT (11.]'15[ l'[pOCTOTl)I TO‘IKy l'[pI/IJ'IO)KeHI/ISI Cul
CMECTHUTE B LIEHTp Tena)?

() ® ®

O0cy:xaeHue pe3ybTaToB:
¢ B uem npuynHa HAX0K/AEHUS TeJla B COCTOSHUH TTOKOs MJIM PABHOMEPHOT'O JIBUKEHUS?
o Kakue cuibl, IeiCTBYIOIIHNE HA TEN0, KOMIEHCHPYIOT ApYT Apyra?

Cchinasice Ha nipuHIUN uHepuuu [ammnesi, Hetoton chopmynuposan | 3axon

JTUHAMUKHU, Ha3bIBa€MbIN Takke [ 3akonom Heiomona:
o Cywecmeyiom maxue cucmemsl Omcyema, OMmHOCUMenTbHO KOMopslx Hena coxpa-
HAIOM C80€ COCMOSIHUE NOKOS UNIU PAGHOMEPHO20 NPAMOIUHEUHO20 OBUNCEHUS NPU
OMCYMCMEUU 6CAKO20 GHEUIHE20 B030€UCMBUS HA HUX, UTU eClilh OKA3bl8aAeMble Ha
meino 0elicmaus KOMREeHCUpYom opye opyea.

Cucrema oTcueTa, OTHOCHTEIBHO KOTOPOH BbINonHsAeTCs | 3akoH HploToHa,
HA3bIBACTCS UHEpYUaIbHol cucmemoi omcuema (MCO). C moctaToyHO OONBIION
TOYHOCTBIO CHCTEMBI TeJl, HAaXOASIIUXCA B COCTOSHUM MOKOSA WM PaBHOMEPHOTO
MPSIMOJTMHEHHOTO ABMKEHUS OTHOCHUTEIIBHO 3eMJTH, MOKHO CYMTATh HHEPIHAIHHBI-
MU cucTeMaMu otcuera. Hanpumep, cucreMy oTcueTa, CBA3aHHYIO C pABHOMEPHO U
MPSIMOJIMHENHO ABMKYIIMMCS JIOKOMOTHBOM, MOKHO IPHHATH 3a MHEPLUUAIBHYIO
CHUCTEMY OTCYeTa.

OtmeTuM, 4TO TOHATHE “HUHEpIHalibHAs CHUCTeMa OTcueTa’ sIBJIIETCS HaydyHOH
abcrpakuueil. B peanbHoll KM3HU TaKOH CHCTEMBI HE CYIIECTBYET, IOTOMY YTO B
HPUPOAE TET B COCTOSHUH a0COIOTHOTO TTOKOS HET.
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Wccneposanune-2. MNMpumenenune. [loyeMy HUTh pBeTCsl B Pa3HBIX MecTax?

O0opyaoBaHue: METAIUTIIECKUIN IMIHH/P | KT ¢ KPIOYKaMH Ha OCHOBAHHMSIX, HUTh, LITATHB, KAPAHIAIIL.

Xop ncciie10BaHus:

1. IloxBechTe NMIMHIP K IUTATUBY, KaK IIOKa3aHO HA
pucynke (h). [ns co3manus 0IMHAKOBBIX yCIOBHI
oOpaTtuTe BHHMaHHE HA TO, YTOOBI JUIMHA HUTCH, (h)
NPUBSI3aHHBIX K BEPXHEMY M HIDKHEMY KPIOYKaM
LWINHAPOB, ObUIM OxMHAKOBBL [l mpenoTBpa-

IIEHUS MAJCHUs [MINHAPA HA I0JI, BO BpeMs 00-
pBIBa HHUTH, €r0 KPENKO IPUBS3BIBAIOT BTOPHIM
HIHYPOM K OCHOBAHHMIO TTOJIBECA.

2. YUyTh-4yTh NPUINOAHUMUTE BBEPX KapaHMAII, BJIE-

THI B CBOOOJHBIN KOHEI] HIDKHEH HUTH, M PE3KO
notsiHUTE ee BHU3. OOpaTHTe B 9TO BpeMsl BHUMaHHUE Ha TO, Kakas u3 HUTelH obopsercs (i).

3. 3ameHHMB 0O0OOpBaHHYIO HUTh HOBOH, NMOTSHHTE PYYKy BHHU3, MEIUICHHO YBEIMYMBAs IPHKIIA-
JpIBaeMyto crity. OOpaTtuTe B 9TO BpeMsl BHUIMaHUE Ha TO, KaKasi U3 HUTeH (BEpXHsIs WITH HYDKHSIS)
obopBeTcs1, M 00CYAUTE IPUINHY HAOII0IaeMBbIX SBICHHH (j).

O0cyaxkneHue pe3yJbTaToB:

e [ToueMy NpH pe3KOM PBIBKE PY4KU BHU3 OOPBIBACTCS HIKHSSA HUTh?

e [Ipu nocreneHHOM, O4Y€Hb MEUICHHOM AEHCTBHM Ha KapaHIaIl OOpBIBACTCS BEPXHAS HHUTh, HA

KOTOpO# moasemeH quanHap. [louemy?
e KakoBa cBs3b 3THX KCIEpUMEHTOB ¢ | 3akoHomM HeroToHa?

Ipumeuanue. Ipunsme 60 sHUMAHUE, KAK NPOAGIS-
emcst UHepMHOCb Mead U poib NPOOOINCUME b~
Hocmu deticmeust men Opye Ha opyed.

I[IpuMeHeHue B MOBCEIHEBHOM KU3HU:

HagepHo BBI HaOIO 1AM TAKOW IIUPKOBOW HOMEp: Ha
Ipyab, TOPH30HTAIBHO JIEXKAIIEro CUiada YKJIaJIbl-
Baercst HakoBaubHs (50-60 Kr), a €ro acCCUCTEHT HAHO-
CHUT CWJIBHBIN yJ1ap MosioToM 110 HakoBanbHe (k). s
cuiaya TakoM yaap He IMpeCTaBIIsieT HUKAKOM orac-
HOCTH, OJJHAaKO OH BCE BPEeMs OCTEPEraeTcs, 4yTo IS
€ro IpyJHON KJIETKH MOXET BO3HHKHYThH CEPhe3Has
OTIAaCHOCTB. B "4em 3akimrodgaercst 3Ta OnacHOCTH?

IIpoBecTH caMoOOLEHKY: Uy 0)
1. Kakue nounsTust nmopropuin Ha ypoke? Uro u3
9TOr0 BBl XOPOILO MOHSJIN, @ YTO OCTAJIOCh BaM - -
He SICHBIM?

1 1
1 1
2. Ilouemy mHoraa I 3akon HploTOHa Ha3bIBaroT : I P
1
3aKOHOM HHEpIHU? ) i i 45
L 1
3. Ha pucynke gaH rpaduk 3aBUCUMOCTH POESKIIUH

CKOpocCTH Temna oT BpeMenH (/). B kakom mpome-
JKYTKE BPEMEHH CHIIBI, ICHCTBYIONIUE HA TEJO,
KOMIICHCHPYIOT JIpYyT Ipyra?

~
iy
~
N
~+
w
i 4

YTO Bbl Y3HAJIM? Hanummre KOPOTKOE 5CCE10 HIKENPUBEACHHBIX MOHATHX: “TIPUHIMI HHEpP-

99 ¢

mn”’, “MHepLMaIbHas cucteMa oteyera”, © 1 3akon Hprorona”.
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EXED OcHoBsHOM 3AKOH AVHAMMKM: Il 3akon HBIOTOHA

BcnomHuTe cBoun owlyuieHna npn nageHnn B 3uMHee BpemMda roga.

¢ Ha kakyto noBepxHOCTb NagaTb ropa3fao onacHein: Ha 3amMmep3Luyto 3eMIo
unu B cyrpo6 pbixnoro cHera? NMouyemy?

HasepHoe, Bbl HE pa3 Bugenu no TeNeBn3opy, Kak noKapHblie cnacaroTt nogen.

° ﬂoqemy nwoau, cnpbirmBasi C BbiICOTbl HECKOJIbKUX aTaxen Ha TYyro
HaTﬂHyTbIﬁ TeHT, He NoNy4YalroT HUKakKmx HOBpe)KAEHMﬁ?

Mccnepoeanune-1. KakoBa 3aBHCMMOCTDH MEKIY YCKOPEHUEM U CHIIO#?

O06opynoBanue: TpuOOMETp, OJIOK, HUTh, OPYCOK, THHAMOMETP, TEICIKKA, HAOOP TPY3UKOB (11O

1 H), cexynzomep, Becbl U pa3HOBECHI.

Xox ncciiei0BaHusA:

1. [TomecTrTe Ha CTONIE TOPU3OHTAIBLHO TprOOMETp. I10JI05KUB Ha €T0 TOBEPXHOCTH TENEKKY, TO-

MecTuTe Ha Hee Opycok. OJIMH U3 KOHIOB IHHAMOMETpA COCINHUTE C TEJICKKOMH, a K IPYyroMy

KOHILy IIPHUBSDKUTE HUTDH U IIepedpockTe ee uepes 6iok. [ToBecHB K CBOOOJHOMY KOHILy HHTH
Ipy3, BKIIOUHTe cekyHgomep. Omnpesenure cieayonye BeIMUMHbl U 3alUIIUTE Pe3yIbTaThl
n3MepeHui B Tabmuny 2.2 (a):
a) IPOMEXYTOK BPEMEHH t, 3aTpaueHHBIH TEIEKKOH Ha IIEPEMEIICHUE Sy ;
b) pe3ynbTupyoLLyIo iy Fi,, JEHCTBYIOIIYIO Ha TENEXKKY, [0 MOKa3aHHSIM AHHAMOMETPA.

. IloxBecuB BTOpOH TIpy3 K IEPBOMY I'py3y, IOBTOPUTE OIBIT: OTMETHTE B TAOJIMUIE 3HAUYCHHE
TIPOMEIKYTKa BPEMEHH t,, 3aTPAUCHHOT0 TEJIE)KKON Ha ITO XKe TePEMEILCHHE Sy, H Pe3yIbTHPYIO-
yto cuity F,,., TIeHCTBYIONIYIO HA TEJIEXKKY.

2s
3. Beraucnmte 1o opmyiie a = 7z YCKOPCHHUSA A1 H Apy, COOTBETCTBYIOIIHE 000UM CITydasiM.

Tabnuya 2.2
M
Ne Sy, M M, xr m, KT t,c Ay F,, H
C
1 Sx = M= my; = ty = Ayx = Fip =
2 Sx = M = my = ty = Agx = Fiy =

O0cyxkaeHue pe3yabTaToOB:

e KakoBa 3aBUCHUMOCTb MEXIY Pe3YyJIbTHPYIOIIEH CHIION, ASHCTBYIOMEeH Ha TEIeXKy, U TMOIy-
YEHHBIM €10 YCKOpeHHneM?

W3 nccnenoBanust ObLUTO BBISICHEHO, YTO YCKOPEHUE Tella JAHHON MacChl TPSMO-
MPOMOPIMOHATIBHO PE3YIbTUPYIOLIEH Cuile, JEHCTBYIOIICH Ha TENO:
a;
a; Fp
C npyroit CTOpOHBI, TE€la ¢ pa3HBIMU MacCaMH TIOJ] JICHCTBUEM OIHOM M TOM Ke

PE3yJIbTUPYIONIEH CUIIBI TIOJYYar0T Pa3Hble YCKOPEHUS — YCKOPSHHUSI TeJl 00paTHO-
MIPOMOPITHOHATBHEI KX MacCaM:
a; mp

a; m1'
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HetoToH riccnenoBan 3Ty 3aBUCUMOCTB, U 000OIIHII ee B BHJIE 3aKOHA. JTOT 3a-
KOH, Ha3bIBaeMbIl I/ 3axonom Hotomowna, BeIpaXkaeTcs CIEAYOUIM 00pa3oM:
® B unepyuanbHoll cucmeme omecyema yCKopeHue, noayuaemoe meiom, npsamo nponop-
YUOHATILHO pasHOOeticmeyiowell cuie U 0OPAmHO NPOROPYUOHATBHO MACCe IMO20 Meld:
5

=t 2.1

a=— (2.1)
nJIn

mad = F. (2.2)

DTOT 3aKOH MOKHO BBIPA3UTH U TAK: PAGHOOCUCMBYIOuas CUil, 0etucmyiouux Ha

mejo, pasna npou3eeoeHIIo Maccol mena Ha e2o yckopenue: F = md.

W3 11 3axona Hetotona onpenensiercs enunnia cuibl B CU — noromon:
o] HblOmMOH — >MO cuia, Noo delicmauem KOmopou meno maccou I ke noayuaem
YCKopeHue 1%; [F] = [m][a] = 1== = 1H.

2
C
Cuaa sBJjsieTcsl IPUYUHON U3MeHEeHHs cKOpocTH ABUKkeHus! Kak m3BecTHO

13 KHHEMAaTHKH, YCKOPEHHE Tella — 9TO OBICTPOTa U3MEHEHHS €r0 CKOPOCTH:

- -

U — Uy

a=—— (23)
At

IIpunsaB BO BHUMaHue 3TO BhIpakeHue Bo I 3akoHe HproToHa, nmomyyum:

m(T)’_T)’()) =ﬁ'.

At
Brimonaus HpeO6pa30BaHI/Iﬂ, MMOJIy4YHM:
mo—mu - A(mT =
memb _ Fym 2D Z F o (0.4)
At At

BenuunHa MO — Ha3bIBAETCS UMNYA6COM (UNU KOIUYECEOM OBUNCEHUS) MEd.
o Umnynbc — 6ekmopHas (pusuyeckas eeluduna (UHaue Ha3vledemdas KOIudecmeom
MEXAHUYECK020 OBUNCEHUS), PABHAS NPOU3BEOEHUIO MACCHL MeNd HA €20 CKOPOCHb.
Obosnavaemes 6ykeotl p:

p=mv (2.5)
Enununiia usmepenus umiybea B CU:
[p] = [m] - [v] = 1 ——.

II 3axoH HproTOHA Tak)Ke MOXKHO BbIPA3UTh U YEPE3 UMITYJIbC:
o M3meneHue umnyabea (KoIuiecmaa O8UNCeHUs) meid npoucxooum 6 HanpagieHuu
pasHooelcmayiouell CUibl U NPONOPYUOHANLHO IO Clie:

A(mD) = EAt (2.6)
[IpousBenenue cunbl Ha Bpemsi ee AehCTBUsl FAt Ha3bIBACTCA UMNYILCOM CUTDI.

HanpasneHue umiybca CHIIbL, TAKKE SIBISIFOLIENCS BEKTOPHON BEJIMUMHOM, COBIIAIAET
C HaIpaBJICHUEM BeKTopa ciibl. EjmHuticit ummyisca cuisl B CU sBstercst:
KT " M
[FAt] =1H-c=1 .
C
Taxum o6pazom, 11 3akon HeroToHa 00001mMI BaXKHBIHA (HakT JUHAMUKH:
e Jleticm@ue Cuibl NpHEOOUm K USMEHEHUI0 CKOpOCmU mead, m.e. K 603HUKHOGEHUIO
VCKOpeHUs.
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lMpumenenne. Uccnepnosanmne-2. Ilposepum BTOpOii 3akoH HeloToHA.
v M M
3anaua: Teno Maccolt 5 Kr 3a MPOMEKYTOK BPEMEHH 3 ¢ U3MEHUIIO CKOPOCTh € 2 <10 4 -

Omnpenenure:

a) YCKOpEHHe Tela;

b) MOy b PABHOJICHCTBYIOIICH CHJIBI;

C) MIMITYJIBC CHJIBI, ACHCTBYIONIEH Ha Telo;

d) mepemerienne Tea 3a BpeMsi, B TEYSHHE KOTOPOTO MPOU30LIIO H3MEHEHHE CKOPOCTH.
O06cy:x1eHHe pe3yJbTaTOB:

o [lo xakoit (hopMyJie onpeeNiin yCKopeHue Tena?

o Uem omiinyaeTcst paBHOACHCTBYIONIAs CHIIA OT MMITYJIECA CHIIBL, ISHCTBYIOIIAs HA Te0?
o Kak BBI onpenenim rnepeMelieHme teua’?

IIpuMeHeHUe B OBCEIHEBHOM JKU3HU:
Ha pucynke mpencraBieHbl HAalpaBIEHHsS CKOPOCTH M YCKOpEHHMs JeTsimiero Bepronéra. Ompe-
JIeNIUTE HaINlpaBJIEHUE IEHCTBHS paBHOJAEHCTBYIOIIEH CHIIBI U UMITYJIbCA CHIIBIL.

¥ 2

IIpoBecTn caMoOLeHKY:

1. Kakue noHsATHs MOBTOPUIIN HA Ypoke? UTOo U3 3TOT0 BBl XOPOIIO MOHSJIH, @ YTO OCTAJIOCh BaM HE
SICHBIM?

2. MoxHo i Ha ocHoBe dopmyubl 11 3akona Herotona md = F cxa-
3aTh, YTO PaBHOJAECHCTBYIONIAs CHJA 3aBHCUT OT MAacChl Tela U €ro
yckoperus? [louemy?

3. Kak 3anumercs Il 3akon HpioToHa, ecim Ha TeI0 OJHOBPEMEHHO

Fy

OyIyT JeCTBOBATh YEThIPE CHIIbI — ﬁl, ﬁz, ﬁ3 u ﬁ4? a
4. MoeT 1 CKOPOCTh Tejla MMETh HalpaBlIeHHUE MPOTHBOMOJIOKHOE ()
HaTpaBJICHUIO paBHOAeHCTBYIomeH cuibl? OTBeT 00OCHYHTE HpH-
MepaMmi.
5. YTo BBIpa)kaeT TAHTEHC yTIJa @ HA MOKa3aHHOM TPaiKe 3aBHCUMOCTH IPOEKIINH PAaBHOACHCTBY-
IOMIEH CHIIBI OT MPOEKIHN YCKOPEHUS?

Ay

YTO Bbl Y3HAJIMN? 3anummte B paboueM JINCTKE ONPEACIeHIs HIDKEPUBEACHHBIX TIOHATHIA: “‘OTHO-
nieHre yckopenuit tena ...”, “Il 3axkon Heiorona”, “umirynsc”, “UMITynbc cwiibl”, “1 HBIOTOH”, “paBHO-
JeHCTBYOMIAs CHIIa, JICHCTBYOIIAsT Ha TENO™.
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@XD [1E/icTBYE M NPOTUBOAENCTBYE: Ill 3akoH HHIOTOHA

Ha pucyHke n3obpaeHbl ABE O4MHAKOBbIE NOAKKU, Npuyanueatolme k 6epery: aTo JoCTu-
raeTcd C NOMOLLbK HaTArMBaHUA KaHaTta. TaK, NOAOYHUK B nepBon nogke TaAHeT 3a oAuH
KOHeL, kaHaTa, OpYrol KOHeL, KOTOPOro NpuKpenseH k ctonbuky Ha 6epery. JlooovHKK BO BTO-
pou NOAKe TAHET 32 KOoHel kaHaTta, (a)
3a [Opyron KOHeL, KOTOpOro THHeT
yenosek Ha bGepery (a). Kaxabin 13
HUX NPUKNagbiBaeT K KOHLY KaHaTa
OOVHaKOBYIO CUITY.
e Kakas u3 nogok 6bictpee
npuyanur K 6epery?
Mouemy?

Wccnepoesanume-1. Yro npoucxoaur
€O BTOPBIM T€JIOM NPH B3aUMO/IeiiCTBHH
€ro ¢ nepBbIM TeJI0M?
Oo0opyaoBaHme: 1IeMOHCTPALMOHHBIN JJUHA-
MoMmeTp (2 1mT.), mTaTuB ¢ MyQTOif (2 mT.).
Xon wucciaenoBanmsi: J[MHaMOMETpH 3a-
KpPEIUIAIOTCS Ha IITATUBAX BJIOJIb TOPU3OH-
TanbHOH ocu. COeMHUB KPIOYKH JTMHAMO-
METPOB, LITATHBBI JBUTAlOT B IPOTHBOIIO-
JIOXKHBIX HampasieHusx (b).
[pocnexure B 3TO Bpems 3a:

a) TIOKa3aHUAMH JNHAMOMETPOB;

b) HanpaBlieHHEM CMELIEHUS CTPEIIOK JUHAMOMETPOB.

O0cyskaeHue pe3yJbTaToB:

© YT0 MOJKHO CKa3aTh O MOJIYJISIX CHUT TIPH B3aHMO/ICHCTBIN AUHAMOMETPOB APYT € APyroM?

o K kakoMy BBIBOJTy O HAIIPaBICHUAX CHJI ACHCTBHS M MPOTUBOACHCTBHS MOXKHO TIPHUIATH, HAOIIO a5
HAaIpaBJICHHs] OTKJIOHEHHS CTPEJIOK JHHAMOMETPOB?

BbImonHuB nccnenoBaHye, Bbl YCTAHOBHIIM, YTO TPH JIEHCTBUM JJUHAMOMETPOB JAPYT
Ha JJpyTra CHJIbI B3aUMOACHCTBHS 110 MOJIYJIIO PaBHBI, & 10 HAIPABICHUIO TIPOTHUBOIIONOXK-
HBI (CTPETIKH OTKJIOHSIOTCSI B IIPOTHUBOIIOJIOKHBIC HATIPABIICHHS ):

Fi=-F,. (2.7

Ot0 paBeHCTBO BelpaxkaeT /I 3axon Hoeomona:
® B uHepyuoHaibHOU cucmeme Omcyema cubl, ¢ KOMOpulMU 08a meid 0eucmsyom
opye Ha Opyed, pasHbl NO MOOYIH U HARPAGICHbL NO OOHOU NPAMOL 8 NPOMUBO-
NONOJHCHBLE CHOPOHbI.

10T 3aK0H HBIOTOHA [IOKA3BIBAET, YTO NPH B3aMMOJASHCTBUU TEJ APYT C IPYroM
CHJIBI BCET]a BO3HMKAIOT MOIAPHO. DTO 03HAYAET, YTO €CIIM Ha MPOU3BOJILHOE (IIEPBOE)
Teno OyNeT NeCTBOBATH ¢ ONPEICICHHON CHIION JIpyroe (BTOpoe) TeJo, TO U MepBoe
Oyzet nefcTBOBATH Ha BTOPOE TEJIO € TOH XKe MO MOAYJIIO CHUIIOH, TOJIBKO HAIIPABICHHOM
npotuBonoii0xkHO. CorylacHo Il 3axkony HbioTOHa, 3TH CHIIBI COOOLIAIOT TEIaM yCKO-
PEHMA B IPOTHROIIOIOKHBIX HAPABICHHUSX:

mid; = — maa:. (2.8)
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o

I'me m;u m> — Macchl B3aMMOJISHCTBYIOIUX APYT C IPYTOM TeJ, COOTBETCTBEHHO,

du a> — yckopenus 3tux tei. 13 I 3akona HeroToHa mostydaeM ciie 1y oIinii BEIBOS:
o Cunvl 63auUMOO0€UCMBUs BOZHUKAIOM OOHOBPEMEHHO U UMEION 0OUHAKOBYHO NpPU-
pooy. Hanpumep, cunvl 63aumooeiicmsus, 803nHuKarowue Npu ynpy2om CMoOJKHO-
6eHUU Me, 00a UMeIOM INEKMPOMASHUMHYIO NPUPOD).
o Cuibl, 603HUKAIOWUE NPU 83AUMOOENCMEUU meJl, NPUKAAObI8AIOMC K PA3HbIM me-
JAM U NOIMOMY He MOZYm YPAGHOBCWUBAMb Opye Opyed, MO eCmb HUK020d He
Komnerncupylom opye opyea. Komnencuposams oeticmsusi opye opyea mMocym moJib-
KO CUIbl, NPUNONHCEHHbIE K OOHOM) MeI).

WNccnepoeanmne-2. MpumeneHne. Kakoe yTBep:kieHne BepHo?

3amaua: Ha pucyHke rpeicTaBiIeHbI Ba CIIydast:

a) Manbuik TSIHET BepeBKY, NPUKPEIUICHHYIO K CTeHe. B 3To Bpemst AMHaAMOMeTp, 3aKpeTUIeHHbIH Ha
BepeBKke, MokasbiaeT cuity B 650 H (I);

b) Masbuuk TSHET BepeBKy, 3aKHHYTYIO Ha LICIO JIoIa. B 3To BpeMst TMHaMOMETp, 3aKpeTUICHHBIH
Ha BepeBKe, nokaseBaeT cuity B 650 H (II). MccnenoBas n3o0pakeHus, 00CyIUTE BOIIPOCHL:

O0cy:xaeHue pe3y/1bTaToB:

e B kakoM cirydae Malb4uK HPHUKIAIBIBACT Topasao Oojee OONBIIYIO CHITy: IIPH HATSATHBAHUU Be-
PEBKH, 3aKpEIICHHON Ha CTEHE WM BEPEBKH, 3aKUHYTOH Ha mieto jomann? [Touemy?

e MoskeTe JIu 10Ka3aTh TOUKY NPHIOKEHHS M HAIIPaBJICHNE JSHCTBUSI CHJI, BOSHUKAIOIINX B MPE/-
CTaBJICHHBIX B3aUMOJCICTBUSX MAJIbUUK — CTEHA M MAJIBYMK — JIOIIA/Ib?

IIpumeHeHHe B NOBCEHEBHOM KU3HU:

1. Ecin BB HaOloany ruiaBanue peld B BOJIe, BCIIOMHUTE, KaK pblda ImepeMerniaeTcs B Bojie, 0Topa-
ChIBast BOJy IUIAaBHUKAMM. Kak BO3HMKaIOT CHJIbI ACHCTBHS M IIPOTUBOCHCTBYS, 00€eCIIeYUBAIOIINE
IUTABaHUE PBIOBI, B CHCTEME OTCUETA, CBI3aHHOM ¢ Heit? UTo MOKHO CKa3aTh O TOUKE MPIIOKEHUS,
HAMPaBICHNSX 1 COOTHOIIEHUH MEXTy MOIYJISIMH 3THUX CHIT?

2. Moxere nu npuBectd npumeps! npuMeHeHus 111 3akona HproToHa B SIBIEHHAX, BCTPEUAEMBIX
BaMH B ITOBCETHEBHOM KU3HU?

IIpoBecTn caMoOLeHKY:

1. Kakue moHsTUsI TOBTOPWIX Ha ypoke? UTo U3 9TOro BhI XOPOLIO [OHSIIH, & YTO OCTAIOCh BaM
HE SICHBIM?

2. YT0 00IIEro 1 4eM OTIMIAIOTCS MEXKIY COO0Ii CHllbl, BOSHUKAIOIINE B Pe3yJIbTaTe B3auMOJICii-
CTBUS IBYX Ten?

3. MoryT ju KOMIICHCHPOBATh JAPYT JAPyra CUIIbl, BOSHUKAIOIIUE B PE3yJIbTaTe B3AHMMOJICHCTBUS
Ten? [louemy?

4. Kaxyto npobiemy peuraer 1l 3akon HpioToHa, KOTOPYIO HE MOIJIM PEIIUTH MPEIBIAYIIHE 1Ba
3aKoHa?

YTO Bbl Y3HAJIN? Hanumure KOPOTKOE 3CCE IO CIEAYIOIUM TeMaM: “‘IeiicTBHE — MPOTHBOACHCT-
Bue”, “III 3akoit Herorona™.
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m 3AKOH BCEMUPHOI'O TANrOTEHUA

B Tabnuue npeactaBli€Hbl op6v|Tar|be|e CKOPOCTHU

nnaHeT U KaprukoBbiX nnaHeT ConHevyHon cucre- [TnaneTer 1 OpburanbHas ckopocTh
mbl. Wccnegys aty wHdopmaumio, ¢ NerkocTbio LAUHROEEY — -
MOXHO OnpeaennTb, YTo HebecHble Tena 3Tow TUIaHCThL
CUCTEMBI, BNNM3KO pacnonoxeHHble kK ConHuy, nme- Mepkypuii 47,87 172 332
10T 6onee BbICOKYH OpOUTarbHY CKOPOCTb. Benepa 35,02 126 072
¢ [louemy HebecHbIe Tena, ABUrasChb C TaKon Semist 29,78 107 208
6onbLon CKOpOC;’bIO, He nokugatot Con- Mapc 24,13 36 868
HEeUYHYI0 CUCTEMY? Tepepa 17.88 64 363
Op6uTanbHas ckopocTb JlyHbl BOKpYr 3e|vu'v||/|, no IOnuTep 13,07 47 052
CpaBHEHMWIO CO CKOPOCTSIMU U3 NOBCELHEBHOW U3~ Carvon 9.69 34884
HW, TaK e o4YeHb Bonbluas: ~3682,8 km/yac. Op- v i 6,81 21516
HaKo 3Ta CKOPOCTb BO MHOIO pa3 MeHbLUe CKOpOCTH pan J
3emnu Bokpyr ConHua. Henryn 5,43 19 548
e [oyemy JlyHa, NOKMHYB OKOJI03€MHYI0 OpOUTY, IL1yToH 4,67 16 812
He BpallaeTcs oTaensHO BoKpyr ConHua, Kak Xaymea 4,48 16 128
KaprnukoBas nnaHeTta? Makemake 4,41 15 876
e Moyemy Mbl He 4YyBCTByeM B3auMHoOe MNpu- Dpuia 3,44 12384

TAXKEHUe OKpyXaloLmx Hac Ten?

Br1 3HaeTe, uTo Bee Tesa BO BeeneHHOM, MMeroIne Maccy — 3B€3/1bl, TaJIAKTHKH,
CorHIle 1 TUTAaHETHI, TeJla 3eMHON CUCTEMBI, MOJIEKYJIBI, aTOMBI U IPYTHE, B3AHMHO
MIPUTATUBAIOTCS IPYT K APYTY C CUJION, Ha3bIBaeMOU cuou msazomenus (WIN epa-
sumayuonnol cunou). Mccnenosas, OT KakuxX BETUYMH M KaK 3aBUCHT dTa CHJIA,
Hcaax HproTOH CHOPMYTUPOBAIT 3aKOH 8CEMUPHO20 MALOMEHUS.

o Meoicoy m100biMu 08YMA MAMEPUATLHBIMU MOYKAMU OeUCMEYem CUld 83auUmMio2o
NPUMAICEHUS, NPAMO NPONOPYUOHANLHAS NPOUZBEOCHUIO UX MACC U 0OPaAMHO Npo-
NOPYUOHANbHASA KEAOPAMY PACCIOAHUA MENHCOY HUMU:

myim
F=aG % 2.9

I'ne F — Moaysb cuibl TSAroTeHUs (TpaBUTALMM), 71 U M2 — MacChl-MaTepuallb-
HBIX TOYEK, 7' — PACCTOSHUE MEX Ly HUMH, G — KO3 PULIHUEHT IPOIOPLUUOHAIBHOCTH,
HA3bIBAEMBIH NOCMOAHHOU 8CEMUPHO20 MALOMeEeHUs (epasumayuil) WA TIPOCTO —
2pasumayuOHHAs NOCMOAHHAA.

T Imlm] " kr2”
e [ pasumayuonnas noCmosHHAsA YUCIEHHO PAGHA CUle NPUMANCEHUs Opye K Opyey
08YX MAMEPUATLHBIX MOYEK  MACCAMU NO 1. Ke KadicOblll, ecu paccmosiHue Mexncoy
HuMu pasro 1 m.

HucneHHoe 3HaUYECHUE MPABUTAIUOHHON MTOCTOSHHON OMBITHBIM ITyTEM OIPEICITIT
aarmuiickuii yaensrit ['eapu Kapenmum (1731-1810) B 1798 rogy. Oto 3HaueHme
OJIMHAKOBO TSI BCEX TeJ BO BCEICHHOM BHE 3aBUCHUMOCTH OT UX Pa3MEpOB U Macc:

2
G=667-107120  (2.10)

Kax Buafo, uncienHoe 3Haue€HHE TPABUTAIMOHHOW MOCTOSHHON OYEHBH MAo.
[TosTomMy Mex/ly T€JlaMU C OTHOCUTEIBHO MaJIbIMM MacCaMM CHJIa IPUTSDKEHUS HE

. P Fl- 2 H- 2
E;[I/IHI/II_[a IpaBUTALIMOHHOUN MOCTOSAHHOU B CH: [G] == LF1 [T ] =1 -
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YYBCTBYETCSI. DTa CUJia IPUHUMAET OULYTUMBbIC 3HAUCHMUSI IPU B3aUMOJCHCTBUY Tel
C OuYeHb OOJNIBIION Maccoi, HapuUMep, MEXKAY 3BE3I0H U IUIAHETOH, IUIAHETON U
CITyTHUKOM H T.J.

Cuna npuTSHKEHUS MEXKAY ABYMS IPOU3BOJIbHBIMU TEIAMU, HE SIBJISIFOILUMUCS Ma-
TepPUATLHBIMUA TOYKAMH TPHU JAHHBIX YCIOBHUSX, TAKXKE OMpeAesieTcs: hopMyIIon 3a-
KOHA BCEMUPHOTO TATOTEHHSI. B 3TOM ciiydae 3TH Tela paccMaTpPUBAIOTCS KaK COBO-
KYITHOCTh MaTEpUaIbHBIX TOYEK, BBIYUCISIOTCS CHIIBI MPUTSKCHUSI MEXKIY BCEMU
MaTepHUaTbHBIMU TOYKAMU dTUX TEJI, PE3YJIbTAThI BEIYUCICHUH CYMMHUPYIOTCS U OTIpe-
JIEJISTFOTCSI CUJIA TIPUTSKCHUSI MEXKTY STUMH TellaMu. Takue BBIYUCICHUE TPEeCTaBI-
sieT CO0OH CIIOKHYI0 MaTeMaTHuecKyro onepamuto. OmHako gopmyna BeemupHoro
TATOTEHUS JIETKO TPUMEHSETCS IS Tell Mapooo-
pasHoi POpMBL 3a pacCTOSTHUE MEXKIY TEIaMHU IIPH s
9TOM NPUHUMAETCA PACCTOSHUE MEXAY HUX LIEHT-
pamu (a). [ToaTOMY TSI BEIYHCICHHUS CHIIBI TIPUTS-

JKEHHSI MEXIy TPOU3BOJIBHBIM TEJIOM W 3emiieid -
MOKHO HPUMEHHUTH (OpMYJTy 3aKoHa BcemupHoro () r

TATOTEHUs. B ATOM ciydae paccTosiHEME MEXIy HUMH OepeTcs A0 IEeHTpa 3eMIIu:
r =R + h. Cusbl B3auMOJICHCTBUS MKy 3eMIICH U TEIIOM, F’lz u F;l HaIlpaBJICHbI
BJIOJIb JIMHUU, COSIUHSIONICH ATH Tea.

Cornacno I1I 3axony HeroToHa 1312 = —ﬁzp UX MOJYIIU PaBHBL:
Fi; = F;; =F.
mM
F=aG Rin? (2.11)

I'me R — pagmyc 3emHoro mapa, M — macca 3eMid, /i — pacCTOSIHHE OT TIOBEpPX-
HOCTH 3eMJIM JI0 IIEHTpa Teja, BAOIb pajuyca. s Ten, HaXoAs Imuxcst Ha TTOBEepX-

HOCTH 3eMJIU (h:O), 3aKOH BCEMUPHOTO TATOTCHHS 3alIMCbIBACTCA B BUJC!

mM
F=G?

HN3mepeHue rpaBUTAIMOHHON MOCTOSIHHOM

C oroit nensio [.KaBenaui UCTIoNb30Ball KpymuibHble 6eChl.
Cxema BecoB [I0Ka3aHa Ha PUCYHKE: Ha KOHI[AX CTePIKHSI JUTHHOM
2 M OH YCTaHOBUJI IBa CBHHIIOBBIX IIapHUKa Maccoi mo m = 729
2 KOKIbId U JAWaMeTpoM NpHOMM3UTENbHO 5 cm. CTepKeHb
TOJBELIEH Ha YNPYrod HUTH. Y KaXJOro IIapuKa pa3MecTHUIn
OOIBIIINE CBUHIIOBBIC IIAphI MACCaMH TIO m =158 Ke.

B pesynbrate TpUTSHKEHUS MEXKAY OONBIIAMH H. MaIbIMU
[IapaMH HHTh 3aKpPyYHBAETCs Ha OYEHb HEOOJIBINON Yrodl.
VYron moBopoTa ompenensieTcs IepeMelleHieM M0 HIKane
CBETOBOI0 “‘3aluMKa”, OTPaXKEHHOro OT IUIOCKOrO 3epKaia,
3aKpeIUIeHHOr0 Ha HUTH, (b).

3Hasi yroj MmOBOPOTA, MOXKHO ONPEICINTE CHIY YOPYTOCTH Fyup, BOSHHKAIOIIYIO B Pe3ysbTare
3aKpy4ynBaHus HUTH. Crjia yrpyrocTil YpaBHOBEIINBACT CHIIY MPUTSDKEHHS MEXAy IIapamu, T.e.
9TH CUJIBI PABHBI 110 MOIYIO: Fynp= Fnszomenus.

Takum 00pa3oM, yIeHblii, IOACTABUB U3BECTHBIE BEIMIHUHEI B ()OPMYJTy 3aKOHA BCEMUPHOTO TSATOTCHUS,
TIOJTYYHJT JUTSL T PABUTAIIMOHHOI [IOCTOsIHHOM 3HAYEHHE, OYCHb OJIM3KOE K €T0 COBPEMEHHOMY 3HAYCHHIO:
Ny = Foaroresun ° 72 " 67541010

m-M Kr?

(b)
Hcmounux Humo
ceema

OCHOBbI AUHAMUKKN 55



MNpumenenune, UcanenosaHmne. YMeeM Jii Mbl IPHMEHSITH 3aKOH BCEMHUPHOT0 TATOTeHUS ?
3amgaua: OnpenenuTh HA OCHOBE MH(OpMAINK, TPUBEICHHON B TaOIHIIE, MEKITY KAaKUMH JIBYMs
HEeOSCHBIMU TEJIaMU MOJYJIb CHIIBI TIPUTSDKCHUSI HANOOJIBIIN, @ MEK/Ty KAaKMMH HAWMEHBITHIA?

HeGecnoe teno | Macca HebecHoro Tena PaccrosiHne Mex 1y HeOECHBIMU TeIaMu
A m Teno A Teno B
B 4m B | 15R Teno C
C 2m C | 20R 5R
D 3m D | 10R 10R 25R

O0cyxkneHue pe3yjbTaToB:
e OT yero 3aBUCHUT CHJIA NIPUTSHKEHHUS MEXKITY TeIaMu?
o K xakum pe3yjabTaTaM NPUIILIA ITOCIe BBIUHCIICHHI?

HpnMeHeHne B NOBCEIHEBHOM KN3HM:
Kakwue SIBJICHMA, Ha6J'I}OZ[aeMI>Ie B HOBCCI[HCBHOI\/'I JKU3HU, YBUICHHBIC I10 TEJICBU30PY WJIN U3BECTHLIC
U3 Ipyrux UCTOYHUKOB, OOBSICHSIOTCS 3aKOHOM BCEMHPHOT'O TATOTCHUS?

IIpoBecTn camoo1eHKY:
1. Kakne moHsTHs TOBTOPHIN HA ypoke? UTO U3 3TOTO BBI XOPOIIO MOHSIH, @ YTO OCTANIOCh BaM He
SICHBIM?
2. JIBa HEOECHBIX Tella MacCoi My U My, Ha PACCTOSIHUM 7" APYT OT ApPYyra, B3aWMOACUCTBYIOT C
CHJION, TI0 MOAYJII0 paBHOU F. Yemy OyAeT paBeH MOIYJb CHIIbI MPHTSHKEHUS MEXKIY STHMHU
HeOSCHBIMHU TeJIaMH TIPH YBEITHUYCHUH PACCTOSIHUS My HUIMH B JiBa pa3a?

. F
3. YeMy paBHO OTHOILIEHHE MOJLYJICH CHII B3AUMHOT'O TIPUTSDKCHUS F—1 JIBYX MaTepHabHbIX TOUEK C
2
Maccoil my = 16 kru m, = 4 kr? [louemy?

4. C kakoil cuioi npuTAruBaroTcs Apyr K apyry 3emist u Jlyna (macca 3emun 6 - 1
Jynst 7 - 1022 kr, paccrosiuue Mesxty Humu 384 000 km)?

02% kr, macca

YTO BbI Y3HAJIU? 3anumute B pabodyeM JIUCTKE 3CCE Ha CIEAYIOIINE TEMbI: “3aKOH BCEMUPHOIO
TATOTeHUs, “BceMupHas rpaBUTalMOHHAs NOCTosHHAs, “‘M3MepeHue BCEMHMPHOW TIpaBHTALIMOHHOMN

TH

TIOCTOAHHOM .
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m CI/IJ'IA TAXECTWU. HANMPAXXEHHOCTbL M,PABUTALIMOHHOIO MOJIA

BapoH MioHxray3eH gaet Hay4Hyto

VIHd)OpM?LI,VIPO 0 CBOEM “60onbLIOM” OT- = WrHxeHep — He Be-
KpbITUK: “... U3 NPOBEAEHHbIX Uccre- U3HEeCMEeH — |

. putca! BepTukans-
[OBaHWI st onpeaenusl, YTo oKasbl- 3T0r0 6bITh HE HOCTE 30aHMA DO
BaeTCs, BCe 3[laHns Ha noBepxHocTn  MoxkeT! Tak kak Ha A p
3eMr1 NoCTPOeHb! HAaKMOHHO, Kak BCE 3A4aHUs BEiﬁiegE?oTMBngﬁ_l'\&
[Mn3aHckas 6alHs. 3To ¢ NerkocTbio [eiicTByeT cuna

MOXHO NPOBEPMTL NP MOMOLLN NPUTSHKEHIS 3emnn

NPOCTOW TPeyronbHon NMHENKN. Tonb- .

KO Ha momiocax u akeaTope aganns /1 970 AGNCTBUE Ha-

NOCTPOEHbI OTHOCUTENBHO MPSAMO.” NnpaBneHo K LeHTPpY
Bbicnywas 3710 “OTKpbITUE”: 3emnu.

HaKIIOHHbIE, TO OHU
Obl ynanw.

Apud (yvenuk 10-ro
knacca) — A Ha
100% 3Hato, 4YTO Ha
BCE Tesa Ha NnoBepx-
HOCTK 3emMnu, B TOM
yucne Ha 3gaHus,
OEeNcTByeT cuna
TshkecTn. Jta cuna
coobLaeT um ycko-
peHune cBoboaHOro

nageHus.

¢ Kakoe, no-BatueMy, npegnornoxeHue npaBuibHoe:
6apoHa, busHecmeHa, MHXeHepa unu Apuca?

HOBEPXHOCTH, B Pa3HbIC MOMEHTBI BPEMEHU (a)

paBIICHUS] CUITBI TSHKECTH, JCHCTBYIO- ()
1ieil Ha MapuK, ¥ YCKOPEHHs CBOOOI-

HOT'O TMaJIeHHs, COOOIIAEMOro MapH-

Ky 9TOH cuioit?

OO0cyxneHue pe3ybTaToB:

o Kak BbI JlymMacte, K KAKOMY TEITy [IAPUK TPUTS-
ruBaeTcs cuibHee: K 3emie, ConHiyy win Oinu-
xaimmm tenam? [Touemy?

o YT0 sIBISICTCA NPUYMHON BOSHUKHOBEHUS CHIIBI TSHKECTU?

Wccneposanne-1. Kak HanpaBJieHa cHJIa TSZKECTH H YCKOpPeHHe, C0001aeMoe TeJTy 3Tol CHIoi?
3anaua: Ha prcyHke mpeacTaBiIeHbI MOJTOKESHHUS MIApUKa, IBIKYIIETOCS 110 BBITYKJION W BOTHYTOI

Kakumu nugppamu 0003Ha4eHbI Hall- |10

o K xakoli TouKke MpUKIaAbIBACTCS M KaK HaIlpaBlieHa cuia Tsorectu? UeMy paBen MOIyJIb CHIIBI

14

Kak BbI 3HACTEC, MO COBPEMCHHBIM HAaYYHBIM IIPCACTABJICHUAM B3aUMHOC IPUTSI-

JKEHHUE MEXKTy TeJIaMH OCYIIECTBIISIETCS TIOCPEICTBOM 0c000T0 BUIa MATEPHH — IPa-
BHUTAIMOHHOTO TOJIS (CM: pu3uka-6, crp. 77; busuka-7, crp. 40). Kaxmoe Teno Bo-
KpyT ce0s co3aaeTr rpaBuTalloHHOe 1oje. Kak u npyrue gusnueckue moss, rpaBu-
TaI[MOHHOE I10JIE UMEET CBOK) CHIIOBYHO XAPAKTCPUCTHKY — HANPSICEHHOCMb 2pa-
BUMAYUOHHO20 NOJIA.

o Hanpsoicennocmy cpasumayuonnozo nojis — 21mo 6eKmopHas uauieckas eeu-
YUHA, PABHASL OMHOWEHUIO CUTbL RPUMSICEHUSL, OeUCMBYIOWEl HA MaAMEPUATbHYIO
MOuKY (Mmeno) 8 2pasumayjuoHHOM noe, K e20 Macce:

o

F
. (2.12)

gom
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['1ie g — HaNpPsHKEHHOCTh TPABUTALIMOHHOTO TOJIS, 71 — MAcca MaTEPUATbHON TOUKH
(Tena), F - cuna NPUTSDKEHUS, ACHCTBYIOIIAsl HA MAaTEPUAIbHYIO TOUKY B [PaBUTA-
LIUOHHOM TIOJIE.
OT 4Yero 3aBHCHT MOJY.JIb HANMPS:KEHHOCTH TPABUTAIIMOHHOIO 110JIs1?
UTo0ObI OTBETUTH HA ATOT BOIIPOC, OMPEIEINM MOIYJb HANPSKEHHOCTH TPaBH-
TAIMOHHOTO TOJIS U1l TPOU3BOJILHON TOYKH Ha MOBEPXHOCTH 3€MJIM 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 — paduyc 3emnu .
e Mooynvb HanpsAMCenHOCmu 2pagumayuoHHo20 Noas 8 HEeKOMOPOU MoyKe npsamo
NPONOPYUOHANIEH MACCe UCMOYHUKA OAHHO20 MO U 0OPAMHO NPONOPYUOHATIEH
K68aopamy paccmosiHus 00 Mo moy-

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

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

BUMAYUOHHO20 NOJSL 8 NPOU3BOTLHOLL
i ) MOoYKe NoJisl HANPAeGieH 800Jib paouyca
3 il L K yenmpy ucmounuxa nois (b). B oan-

8o7 .
s ¢ HOU MOYKe 2epasumayuOHHO20 NOJA
VA 0 MOOYIb U HANPABIEHUe HANPIHCCH-
- ) HOCMU 2PABUMAYUOHHO20 NOJISL COBNA-
N oaiom ¢ MOOYieM U HANPAGICHUEM ) C-
04
) KOpeHUsl c60000H020 NAdeHUs.
g Eos SBAsIIOTCS 91U HALIPSIKEHHOCTH
00 5 rpaBUTAIMOHHOIO TOJii H YCKO-
0 peHue cBOGOTHOIO HA/IeHHs OHOI U
TOJi 2Ke BeJIMYNHOH?

HanpﬂDICEHHOCmb epasumayuoOHHo20 nojs Ha HOMCHICHHOC B I‘paBI/ITaHI/IOH-

Hanpaenena 6001b paouyca K Yenmpy ucmouHuKda o
o, HOe [IoJIe TPOW3BOJBHOE TENO JeH-

CTBYET CHJIA TIPUTSDKEHHS CO CTOPOHBI
MCTOYHHMKA IMOJIsL. B pe3ynbraTe Tejio moryvyacT yeckopeHue (yCKOpeHHe CBOOOIHOTO
MaJICHUs), HAMPABJICHHOE K IIEHTPY UCTOYHMKA IO (HAIpUMeEp, HEHTPY 3eMIIn).
DTO yCKOpPEHHE COOOMIAETCs Tely ASHCTBYIOMEH Ha HETO Cuiol maxicecmuy TPaBu-
TAI[MOHHOTO ITOJISI.
o Cuna msaycecmu — 3mo cund, ¢ KOmopou 3emis (nianema) npumszueaem mend.
Cuna msocecmu pagna npou3eeoeHulo MAccvl meid, NOMEWEHHO20 6 2Pasuma-
YuoHHoe noe 3emiu (nianemol), Ha YCKOpeHue c60000H020 NAOEHUS.:

S

F,=mg. (2.15)
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Cuta TSKEeCTH Beeria IPUIIOKEHa K LICHTPY MacChl TeJla U HallpaBJieHa BEPTUKAIBHO
BHU3 (MEPIEHINKYISIPHO K TOPU3OHTAILHON MOBEPXHOCTH) K LEHTpY 3eMiH (Tuia-
HETHI) (C).

(©
mg
— —
— Tosepxnocmo 3emau —*
mg mg

W3 BbIIECKA3aHHOTO SICHO, YTO NOHSAMUS “HANPSHCEHHOCb 2PASUMAYUOHHOZO0
nona” u “‘yckopenue c60000H020 nadenus”’ umerom pasHulil QUIUYECKULl CMbICIL.
Taxk, nHanpsceHHOCMb PABUMAYUOHHO20 NOJISL NOSAGTAEMCS 8 CYyYde 803HUKHOBE-
HUSL NOJISL, @ YCKOpeHue c80000H020 NAOEHUsL BO3HUKAeN 8 pe3Vibmame O0eticmeus.
CUbL MAACECNU NPU NOMEWEHUU 8 DTO NOJle NPOU3BOTIbHO20 med (npobHoe meio).

Mpumenenme. Nccneposanme-2. OT 4ero 3aBUCHT HANPSIKEHHOCTH TPABUTALIMOHHOIO M0J1s1?

O0opynoBanme: JIMHEHKA, ITAaHTCHIUPKYJIb.

Xon uccaenoBanus: Mccienyiite TEKCT U pUCYHOK b M ompenenuTe COOTHOIICHHE MEXITy MO-

JyJISIMH HAaIPSDKCHHOCTEH IPaBUTALMOHHOTO MOJIst 3eMIIM B Pa3HBIX €ro TOYKaX.

O0cy:xaeHue pe3y/1bTaToOB:

e OT Yero 3aBHCHUT HAMPSHKEHHOCTDh TPABUTAIHOHHOTO MOJISI?

® Uro 00111ero U B 4eM pazinine MeX/I1y MOHATHAMH “HalpsHKEHHOCTh MPaBUTALMOHHOTO MOJIs” 1
“yckopeHne cBOOOIHOTO TafeHus”?

Hpnmeﬂel-me B NMOBCeAHEBHOM ku3HM: Kak MoxHO O0OBSACHUTH TNpUYIMHY BO3HUKHOBEHUS IIPU-
JIMBOB U OTJIMBOB B MOPSIX U OK€aHaX Ha Bemie?
“pOBeCTl/l CaMOOLICHKY:

1. Kaxue moHsTHs MOBTOPMIK Ha ypoke? YTO U3 3TOr0 BbI XOPOIIO MOHSUIH, @ YTO OCTAIOCH BAM HE
SICHBIM?

2. Kak u3MEHHTCS MOIyJIb YCKOPEHHUs CBOOOIHOTO MaJICHHs1, COOOIIAEMOro CHIIOH TSHKECTH Tely
IIpU YBEIMYECHUH MacChl ATOro Tejaa B 4 paza?

3. Yckopenne CBOOOIHOTO MajeHHs, NEHCTBYIOIIAs Ha TeJo, MOMEIICHHOE B JIAHHYIO TOUKY
M
IPAaBUTALIMOHHOIO MOJIs, PaBHO 7 —. UeMy paBeH MOJyJb HAHPSKEHHOCTU TPABUTALMOHHOIO
c
07T B TOH ke Touke?

4. KakoB rpaduk 3aBUCHMOCTHU HANPSHKEHHOCTH TPABUTALMOHHOTO MOJIS OT paccTosHus? Moxere
71 1300pa3uTh STOT rpaduk?

YTO Bbl Y3HAJIU? 3anummure B pabOUeM JHCTKE OHPEICICHUS HIDKCIIPUBEICHHBIX TTOHATHIL
“HanpspkeHHOCTh I'paBUTALIMOHHOIO mojis”, “Moayiib HalpsKEHHOCTH I'PaBUTALMOHHOIO HOJA .70,
“Cuna sokecty”, “Cuita TSOKECTH paBHa...”’, pasjinHie B QU3NUeCKnX CMBICIAX HOHATHH “HalpsyKeH-
HOCTh IPaBUTAIIMOHHOTO TOJIS” ¥ “YCKOPEHHUE CBOOOTHOTO MaCHUS .
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Bec v HEBECOMOCTB

BusHecmeH — A gymato, 4TO HY O KaKOM HEBECOMOCTM

BapoH MiwoHxray3eH BbICTynumn ¢ B LIeHTpe 3emnu pa3roBop uatun He moxeTt. Haobo-
Hay4HbIM JOKNagoM O CTPOUTENb-  POT, TaM ftoam 6yayT MeTb O4eHb OOMbLLON BEC.
CTBE HEOBLIYHOTO MHOrO3TaXHOTO
30aHUA: “...BeC NEepeBepHYTLIX He-
BockpeboB, KOTOpbIe A MOCTPOI, C©
NpubnnxeHNeM K LeHTpy 3emnu
OyneT yMeHbLIAaTLCA. A B LIeHTpe
3eMnu xkuTenu 3gaHusa 6yaoyT Ha-
XOAMUTBCA MONHOCTHK B COCTOSHMN
HEBECOMOCTU ~.

BricnywaB 3TOT AokNag ...

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

, OHen.

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

¢ Kakoe, no-Bawemy, npeanonoxeHue npaBuiibHoe: 6apoHa,
Ou3HecMeHa, MHXeHepa unu Apuda? OTBeT 06oCHYyWTE.

Uccnepoeanme-1. OnuMHaKoB JIM Bec acTPo-

. (a) 32 YPa
HaBTa Ha Beex Tejax CotHeYHoM cucTeMbl? 2 Camypn
3amaua 1: Bec acrponaBra maccoit 70 kr Ha Mepry, m)‘/ K AN
3emie paBen 686 H. M3menutcs mu Bec acTpo-
Mapc Henmyn
HAaBTa, €CJIM OH BCTAHET HA BEChI HA TIOBEPXHOCTH ﬁ

napyrux ten ConHedHO# cucteMsr (a)? JUis uc-

CJICIOBAHMS TAHHOW IPOOIeMBI MOXKHO BOC-

T0JIB30BATHCSL COOTBETCTBYIOWIEH HHPOPMALMER /74

o tenax CONHEYHOW CHCTEMBbI M3 TaOJHIILI (CM. !

tabimna 2.3). Inymon
o

Ipumeuanue. Kax Bbl 3Ha€TE, BEC TENa HA TOPH- V

Benepd
) FOnumep

30HTALHON TIOBEPXHOCTH B COCTOSIHUH IOKOSI,
YHUCIIEHHO PaBEH . CUJIE TAKECTH, JEUCTBYIOIEH
Ha 310 Teno: P = mg. (em.: pusuka-7, ctp. 49).
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Tabauya 2.3. Hexomopuie xapaxmepucmuxu mea Conneunou cucmemvl
Tena Yckopenue cBo0O/I- Cpezanee paccTosiHUE OT Macca Huamerp
ConHeyHOIl | HOro HajieHus Ha IMo- Connna (x10%*kr) | okBaropa
CHCTEMBI BepXHOCTH (M/C?) (x10° kM) (k™)
Mepkypuit 3,7 58 0,33 4 880
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
O06cy:x1eHHe pe3yJbTaTOB:
o Kax m3MeHseTcst Macca acTpOHABTA Ha MOBEPXHOCTH Tell COTHEYHOI CHCTEMBI?
o Ha 1IoBepXHOCTH KaKoro HeOECHOTO Tela BeC aCTPOHABTA HarOOMbIIHi (HarmMeHbInwii)? [Todemy?

Bec.
® Bec —omo cuna, c KOmopou meio 6ciedcmeue npumsice- — (b)
Hus Kk 3emae delicmgyem Ha onopy uiu noogec. Bec tena
oGo3Hauaercst GykBoii P. Touka MPHIOKEHHS BECa HAXO-
nuTCs Ha omope (wim rmoaBece). Bec HampaBieH neprieHu-
KYJISIPHO MTOBEPXHOCTH OTIOPBI HIIK BJIOJIB T0J1Beca. B 3aBu- }
CUMOCTH OT COCTOSIHHSI TE€JIa €r0 BEC MOXKET M3MEHSATHCS g
WJIM OCTaBaThCs HEM3MEHHBIM. " —

Cayuaii, Korja Bec Tejia He MeHsieTesl. Eciu meno na-

X00umcst 8 COCMOSHUU NOKOSL UL OBUNCEMCST NPAMOIU- P
HEUHO PABHOMEPHO NO 20PUOHMANLHOU NOGEPXHOCIIU, MO
eeo eec He usmensemcs. [louemy?

Coenacno 111 3axony Hetomona, éec mena oeticmgyem Ha
Onopy u paser no MOOYIO U NPOMUBONOLIONHCEH NO HAN-
PAGIeHUIO Cune peakyuu onopbl N. Cuna peaxyuu npunosicena K.camony meny (b):
P=-N (0151 yoobcmea mouka npuiodcenust Cuibl peaKyui Onopbi CMewdemcst 6
yenmp mena).

Ecnu meno na noosece naxooumcs 6 cocmosiHuy. HOKOs Ui 6Mecme ¢ No08ecom
08UdICEMCST NPAMOJIUHEUHO PAGHOMEPHO, o, cozndacho 11l 3axony Hviomona, eec
9Mmo20 med, Oelcmeylowull Ha nooeec, pager No MOOYIIO U HANPAGIEH NPOMUGO-
NONOJNCHO CULE HAMAICEHUS. HUMU T. Cilidrnamsarcenus npukiadbléaemes K Camomy
meny (cM: b): P=-T.

Cormacho 11 3akony HeroToHa, ypaBHeHNE IBIKEHUS TS Tlla, HAXOISIIET0Cs B
COCTOSIHMH TTOKOSI MJIM MPSIMOJIUHEMHOTO PAaBHOMEPHOTO JBMKCHHS HA TOPU30H-
TaNbHOI OIIOpe, 3aruCHBaCTCs B Brje: ma = F.

[IpyarMas Bo BHHMaHHE, YTO PE3yJBTUPYIONIAs CHJIa paBHA BEKTOPHOH CymMMe
CHJIBI TSDKECTH M CUJIBI PEAKIIUH OTIOPbI, YPABHCHHUE JBMKCHUSI IPUMET BT

md =mg+N. (2.16)

=l

~|

=l

Xy
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Jnist perniennst ypaBHEHHUS] BRIOMPAETCSl OCh KOOP/IWHAT, OTIPEJIENSIOTCS TPOSKIIUI
BEKTOPOB CHJI Ha 3Ty OCh U, IPUHSB BO BHUMAHUE 3HAK MIPOCKITNHA, 3aMUCHIBAIOT UX B
ypaBHeHHE. 3a TOJOXHUTENbHOE HamnpanieHue ocu OX BBIOMpaeTCs HanpaBJCHUE
JericTBUS chitbl TspKecTH (cM: b). YuuTeiBast 3HaUeHHS TMPOEKINN CHIT Ha ATY OCh U
PaBEHCTBO HYJIO ycKopeHust Tena (@= 0) B COCTOSIHUM TTOKOSI W TPSMOJMHEHHOTO
PaBHOMEPHOTO ABIKEHUS, TIOTyYUM YPaBHEHHE ABIKCHUS TeJla B CIEAYIOIIEM BUIC:

0=mg—N (2.17)

Otcrofa BUIHO, YTO BEC Teja, HAXOJMAIIErocs B COCTOSHUM TOKOSI WM TPSIMO-

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

Cuayuaii, korjaa Bec Tes1a MeHsieTcsl. Eciu meno emecme ¢ onopoti (i ¢ no08ecom)
08udCeMcs ¢ YeKopenuem 4 6 6epMUKAIbHOM HANPAGNIEHUU, MO, 8 3a8UCUMOCIIU OM
Hanpagnenus 08UNCeHUs, 6eC meia y8eIudusaemcs il YMeHbuaemcs.

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

(c) X4 MOJIO)KHOM HATPaBJICHUIO JISHCTBUSI CHUJIBI TSDKECTH. Y paBHe-
HHE JBIDKCHUS Tela B BEKTOPHOH (opme ocraercs 0e3 n3Me-
HEHUSL:
. L=
N ma =mg+ N.
Eciu HampaBUTh KOOPAMHATHYIO OChb BIOJIb HAIPaBICHUS
(oX a JBIDKEHHSA (C), MOIY4HM:
ma =N —mg (2.19)
mg OTcroa BUAHO, 4TO BEC Tela, IBUKYIIErOCsl BMECTE C OIO-
™ — pO¥i BEpTUKAIILHO BBEPX C YCKOPEHUEM d yBeanuuBaercs. Ta-
KOE COCTOSIHHE TeJla Ha3bIBACTCS nepecpy3Koll:
P P=N=ma+mg=m(a+g) (2.20)

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

Cuayuaii, kora Bec Teja paBeH HYJII0 — HEBECOMOCTb. Eciu meno 0guiicemcs
MONLKO NO0 Oelcmauem pasumayuOHHOl CUbl, MO eCmb e20 YCKopeHue bydem
PABHO YCKOpeHUto c60000H020 nadenus (A = g), mo eec mena Oyoem pageH HyJio.
Takoe cocTOsIHHE Tella Ha3bIBAETCS He8eCOMOCIbIO:

P=N=m(g—g) =0 (2.22)

Nccneposanue-2. NpumeHenne. B kakom esrydae Tes10 ieficTBYeT Ha oaBec ¢ 0oJibIeii cniioii?
3agaya 2. Teno Maccoil m, HOABEIIEHHOE HA HUTH, JIBIKETCS BMECTE C MOJBECOM C YCKOPEHHEM d.
OripezienTe BeC 9TOro Tela, eCJil CHCTEMa Telo-To/IBec:
a) 0sudICeMCsL 8 HANPABIEHUU DCLCBUS. CUNBL TNANCECTIU,
b) Osudicemcs 6 HanpasieHuu, NPOMUBONONIONCHOM Oeticmeuio cunbl msidcecmu. I[lpedcmagome
0BUDICEHUS CXEMAINUMECKU, CONPOINUGTIeHIe 8030YXA He NPUHUMAMb 60 GHUMAHUE.

O0cyxaeHue pesyabTaToB:

o Uemy paBer MOJyJib CHIIbI HATSDKSHUS] HUTH, €CIH CHCTEMa TEJI0-TI0ABEC ABMKETCS B HAIIPABICHUN
JIeicTBUS CUIIBL TSDKECTH?
o Kak 3anyChIBagTes ypaBHEHHUE JIBIDKSHUS TeJa, KOT/la CHCTeMa TeJI0-II0ABEC JIBIKETCS B HaIpaB-

JICHUH, TTPOTIBOIIOIOKHOM JACHCTBUIO CUIIBI TSXKECTH?
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I[IpuMeHeHne B OBCEIHEBHOM KU3HH:

[IpencraBeTe cebe, YTO BO BpeMs MMOE3IKM HA aBTOMOOWIJIE B AEPEBHIO BBI CTOJKHYJIHCH C HEOO-
XOIUMOCTBIO TTPOEXATh 10 TOPU3OHTAIFHOMY JAEPEBSIHHOMY MOCTY 4Yepe3 MONHOBOAHYIO peky. Ha
BBIBECKE y 0OOUYHMHBI IOPOTH OTMEUEHO, YTO MOCT MOXET BBIICP)KaTh MAKCHMAIIBHYIO Maccy B 1,3
TOHHBL. Macca aBTOMOOHIISL ¢ BaMU U ¢ rpy3oM paBHa 1300 kr. Puckrere 1 BBI, HE OCBOOOXKIAs
aBTOMOOWITb OT TPy3a, mepeexath MocT? C KaKol CKOPOCTHI0 HEOOXOIUMO MepPeeXaTh MOCT, YTOOBI
ero He pa3pymuTh? OTBeT 000CHYIiTe.

IIpoBecTn camooLeHKY:
1. Kakue nonsatus nosropunu Ha ypoke? UTo 13 3TOro Bl XOPOIIO MOHSIH, @ YTO OCTAIOCh BaM HE
SICHBIM?

2. B kakux ciry4asx BeC Tella U CHIIa TSHKECTH COOTHOCSTCS Kak:
a)P=mg, b)P>mg c)P <mg?
3. JToKaxxuTe, YTO, €CIU TEJIO ABHKETCS BMECTE C OMOPOM B HAIIPABJICHHUH JACHCTBHUSI CUIIBI TSDKECTH
¢ yckopenueM d, ero Bec pasen P = N = m(g — a).
4. B KaKoM cIryJae Teno HaXOJUTCS B COCTOSHIN HEBECOMOCTH:
a) CIIOPTCMEH, MPBITAFOLINI C TPAMIUIHHA, 10 TTOTPYKEHHS B BOALY;
b) omyckaronmiicst Ha 3eMJTEO MAPAIIIOTHCT;

¢) maccaxup Judra, OJHUMAIOLIEr0Cs BBEPX;
d) magarontuii ¢ 6ayKOHA IIBETOYHBIH TOPIIIOK; OPOIICHHBIA BBEPX M.

YTO Bbl Y3HAJIU? 3amumure B pabodeM JIMCTKE OMPENeICHHUS HIKEIPUBEICHHBIX MOHSTHIL:

<« 9 CLNTS ELINT3 ELINT3

BE€C ', CHJIa PCAKIIUU , CHJIAa HATSDKCHUSA ', TIEPErpysKa , HEBECOMOCTB”.
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* [IPOEKTe® C xakoii CKOPOCTBbI0 HCKYCCTBEHHBIH CIIYTHUK BBIBOAUTCS B KOCMOC?

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

e Ckopocmb, KOMOPYI0 HeOOX00UMO COOOWUMb Mey Y NOBEPXHOCIU NilaHembl, Ymobvl npespa-
Mums €20 6 UCKYCCMEEHHbLI CHYMHUK 2MOU NIAHeMbl, 8pawaromyuiics no Kpy2oeol opbume,
HA3b16a€Mcs Nepeoil KOCMUUECKOU CKOPOCMbIO.

JlaHo Pemenue
Macca nmanetst — M, Ilpumeuanue. VI3BecTeH XapaKkTep ABWKCHUS: a) KPYroBasi TPACKTO-
paanyc miIaHeTs — R, pus ABIDKEHUS; b) nuHelHas CKOpOCTh MOCTOsIHHAsA. B3aumHast cuma

BBICOTA /1 OT IOBEPXHOC- | MPHUTSHKEHMS MEXKIY IIAHETOH M MCKYCCTBEHHBIM CITyTHHKOM CO00-
TH IUTAHETH, Ha KOTOPOH | MIaeT CIyTHHKY IEHTPOCTPEMHTEeNbHOE YycKopenue (a). Ilostomy

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

Tak xax LCHTPOCTPEMUTEIIBHOEC YCKOPEHUE TEJIa, IBUKYIICIOCA PaB-

o v
HOMEpPHO II0 KpyroBoii opOurte Ha BbIcOTe h, paBHO a = 7en S To

MOJIyYUM CUCTEMY ypaBHEHHUIL:
~ 7 (R+h)?
UZ

R+nh
(DopMyna HepBOﬁ KOCMHYECKOI CKOPOCTHU BBIBOAUTCS PEHICHUEM 3TOM

CHUCTEMBl YpaBHEHIH OTHOCHTEILHO CKOPOCTH ». MoxeTe U BB
HOJIY4UTh 3Ty (opmyity?

(a

a=

O0cy:kneHue pe3yJbTaTOB:

e Yemy paBHa mepBasi KOCMUYECKast CKOPOCTb, cOO0IIaeMast TeIry JUIsl IIPEBPAICHHUS €T0 B UCKYC-
CTBEHHBIN CITyTHHK I1JIAHETHI?

o Kak 3aBHCHT nepBasi KOCMHYECKast CKOPOCTh OT MacChl HCCKYCTBEHHOT'O CITyTHHKa?

® BhIUHe/NTE HEepBYyI0 KOCMHYECKYI0 CKOPOCTh y MoBepXHOCTH 3emin (h <K R) M Ha BBICOTE
hi =300 M0t nosepxuoctu 3emsn. [IpuHATs BO BHUMaHKE, uTo Macca 3emu M = 6 - 10%* kr,
a paaunyc R = 6400 kM.
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m C UINA YMNPYITOCTH

Ha ocHoBe npuHuMna .
paboTbl apXMMenoBoON
/TeXHMKI/I B 80-x rogax
XIX Beka napwKckmmn
T B Ill Beke 0o Halueit apbl LMpK “®paHKoHK” BriepBbie
OPEeBHUE IPEKN YCMELLHO Hauan ASMOHCTPALIIO NyLLKN
CTpensoLwen “YKMBbIMU CHapsi-
MCMOJIb30Bav B CPaXXeHUsX,

4.5
<

namn’”.
M3rOTOBMEHHYI0 ApXVMELOoM B aTtTpakuuoHe Nopox v ras He UCMorb-
0BOPOHHYIO “TEXHUKY”. 30Basics, a BO3HMKAIOLWMIA ObIM U 3BYK
HY>XHbl BbIN TOnbKO ANst achdpeKkTHoN fe-
MOHCTpaLMK.

e Yt0 061Iero Mexxay NpMHUMNOM paboTbl ApeBHerpe4yecko BOEHHOWM
TEXHUKU U NYWKU ¢ “*¥unBbiMu cHapsagamn” B XIX Beke?

o 3a cueT Yero MOXXHO AobuTbLcA 6onee ganbHero 6pocka “cHapspa”

A‘ ! Q 3TUM opyKuem?

Wccneposanme-1. Uto onpejelisieTcsi OTHOIIEHHEM CHJIbI K YVIMHEHHIO NPYKUHbI?

ObopynoBaHue: THHAMOMETP, HAOOP TPY3UKOB, INHEIKA, IITATHB C 3aKIMOM H My (QTOH.

Xox uecie10BaHus:

1. 3akpenuB JUHAMOMETP B 3a)KHME LITaTHBA, JTOOCHTHCH, YTOOBI €ro CTpeiKa CTOsIa Ha HyJIEBOM
JIETIEHHML.

2. IlogBecbTe Ha KPIOUOK JIMHAMoOMeTpa Ipy3 Maccoil m. Ilo noka3aHusM auHamoMeTpa U JIMHEHKH
onpezenuTe cuiy F; M yIIMHEHHWe NpPYXUHBI X; (a). Pe3ynbTaTel 3aHecHTe B COOTBETCTBYIOIIHES
stueiky Ta0uIp! 2.4.

3. IloBTOpHTE OMBITHI MOCIIEOBATENHFHO JOOABIASA K TPY3y Ha JUHAMOMETPE BTOPOH, TPETHIL 1 YeTBEp-
TBII TPY3bl OTHAKOBOII Macchl U, onpenesss cuisl Fy, F3, F4 1 COOTBETCTBYIOIIUE UM YIJIUHEHHUS
HPY>KUHBI X5, X3, X4 , 3AHECUTE BCE B TAOJMILY.

E B B

o F,
4. Beraucimre Ha OCHOBaHHH TOJIy"4CHHBIX 3HAYCHUN OTHOILICHU x—l " o
1 2 3 4

Tabnuya 2.4 (a) = & &
No Cuna, felictByrolas Ha | Y JUIMHEHUE E : ’ j,
- rpy3: F (N) TPYXHUHBL X (M) x >
1 Fi = X, = g
2 F, = X = =
3 F3 = X3 =
4 F,= X4 =

O0cy:xaeHue pe3y/1bTaToB:

F
o Kakyo pu3ndeckyro BeIMUNHY Bbl ONIPE/ICIHIIN U3 OTHOLIECHHUS o4

o Kak n3MeHseTcsl 3T0 OTHOIIEHHE C yBEIMHEHHEM Ipy30B Ha fuHamomeTpe? Ilouemy?

Cuiibl 3JIEKTp0MaFHI/ITHOI7I MPUPOALI. I/ISBGCTHO, YTO HA2JICKTPHU30BAHHBIC 3JICK-
TPUUCCKUM SBaps/IOM TEJia TPUTATHBAIOTCA WM OTTAJIKUBAKOTCA CUJIaMH 3JICKTPH-
YECKOI'o Xapakrepa. Ecim xe DJICKTPHUYICCKUC 3apAaAbl B TCIax 6y,Z[yT ABUT'AaTbCA ApYyT
OTHOCHUTEIILHO JpyTra, TO OOIOJHUTECIBHO K JJICKTPUYCCKHUM CHJIaM MEXIY TEJlaMUu
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BO3HHUKAIOT MAarHUTHBIE CHJIbL. DTH CHIIBI, IIPOYHO CBS3aHHBIE MEKTY COOOM, HEBO3-
MOYKHO OTJIEJIUTH APYT OT ApyTa, HOTOMY YTO OHH JIeHCTBYIOT OZJHOBpeMeHHO. [loaTomy
TOBOPSAIT, YTO B3aUMOJIEHCTBIE MEXKIY HadJIEKTPU30BAaHHBIMU TEIaMHU IPOUCXOIUT B
pesynbTate AUCTBUSL Ciul DNeKMPOMASHUMHOU npupoosl. CUITbl YIPYTOCTH U TPEHHUS,
SIBJIFOIIUECS IPUUMHON U3MEHEHUSI CKOPOCTH MEXaHUUECKOIO JIBMKEHUS TeJla, TAKKe
SBIISIFOTCS. CUIAMU IEKMPOMASHUMHOU NPUPOObL.

Cuia ynpyrocTu — 3To CHJIA 3JIEKTPOMATHUTHOM PHPO/bI.

Kak BbI 3HaeTe, mo00e TBEpA0E TEJO M0/ ASHCTBUEM BHEIIHEH CHIIBI HCIIBITHIBACT
odeghopmayuro (cM.: pusuka-7, ctp.45).

o Jlepopmavuei nasvieaemcs usmenenue popmul U pazmepos meia noo Oetcmeuem
eHewnell cunvl. B pesynbrare geopMaliy IpoOUCXOAUT CMELIEHHE aTOMOB U MOJIEKYJI
OTHOCUTENBHO JPYT ApYra: paccTOSHUE MEXIY aTOMaMH WM YBEIUYMBACTCS, WIH
yMenbIaercst. Takoe cMeleHNe BBI3bIBACT COOTBETCTBYIOIIECE YBEINUCHUE MITH YMEHb-
LIEHHUE JEHCTBHS CUII 3JIEKTPOCTATHYECKOTO B3aUMOICHCTBYS 3apsiIOB BHYTPH aTOMOB
(TIOJIOKHUTENBHBIX SITIEP M OTPUIIATEIBHBIX JJIEKTPOHOB). B pesynbrare, B nedopmu-
POBaHHOW YaCTH TeJla BOZHUKAET CHUJIa JIEKTPOMArHUTHON MPUPOBI, ‘“‘cTaparorasics’”
BEPHYTH TEJIO B IIEPBOHAYATIBHOE COCTOSHUE — CUTOU YIPY2OCTU.

e Cuna ynpyzocmu — 5mo cuia, 603HUKAOWAs. npu 0eopmayusx meepoo2o mena u
oelicmeylowas 6 HanpasieHul GOCCMAHOGICHUS MENA 8 NEPEOHAUATILHOM COCIOSIHUU.

Ecnu nocne npexpaiiieHus 1ecTBUS Ha TEJI0 BHEIIHEHW CHUIIbI OHO T0J1 IEUCTBUEM
CHJIBI YIIPYTOCTH MOJHOCTBIO BOCCTaHABIMBACT CBOIO (POPMY ¥ pa3Mephl, TO TaKast
nedopmarysl Ha3bIBaCTCS ynpyeou Oegopmayueli, €Cd Ke 3TO HE MPOUCXOINT,
niacmuueckot oeghopmayueil.

Paznunuarot cienyronye BUAbI AehOpMAaLiN: pacmsaiceHue-cocamue, useuo, Kpy-
yenue u cogue. llpu nebopmauun pacmsoicenue-cocamue N3MEHIETCS] PACCTOSHHUE
MEXIY 4acTAMH Tela, a NpH Aedopmanuu cdguea 4acTH Tella CABUIAIOTCS Mapaj-
JINIBHO JIpyT 1pyry. Jedopmarusi u3rud COCTOMT M3 KOMOMHAIUU Jie(opMaiin
CKaTHsl M PacTsHKEHUSI YacTe TBepHoro Tena, a aedopmanus KpydeHWs U3 KOM-
ounranuu nedopmanuu cnsura (b).

(b)

e 1)

Hepopmayusa Hecpopmayus Lehopmayusa Hecpopmayusn
corcamusi cosuca useuba KpyueHus

3akon ['yka. Jledpopmaiiis pactsokeHHe-CKaTHe TBEPAOTO Tella XapaKTeph3yeT-
Csl BEJIMYMHAMU, HA3ZBIBACMBIMI-UOCONIOMHBIM YONUHEHUEM T OMHOCUMETbHbIM YO-
JIUHEHUEM.

Al=1—1,, (2.23)

e=2=Cb oy

Tl lo
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3neck lp — HavanbHas, a [ — KOHEUHas JIJIMHA TBEJ0TO Tena, Al — ero abcomoTHOE
VIUIMHEHHE, a £ — OTHOCHUTENbHOE yuminHeHue (ecimu Al<<l[), To HaOmomaercs yi-
pyras nedopmarnusi). B CU [Al] = 1 metp, [¢ ] — Oe3pa3mepHas BeIUINHA.

TBepaoe teno, Haxomsmeecs B 1e(pOPMUPOBAHHOM COCTOSIHUH, XapaKTePU3YeT-
CSl MEXAHUYECKUM HANPSINCEHUEM.
o Mexanuueckoe Hanpsa)icenue — dmo GuuiecKkas GeIudUuHd, pagHas OMHOUEHUIO
mooyasi cunvt ynpyeocmu (Fynp), 603nuKwieli 6o epems oepopmayuu, K niowaou
nonepeyroeo cevenus mena (S):

o= (2.25)

Ennnuna m3mepenus mexaandeckoro Hanpspkerwst B CU — nackano (Ila):

H
[o] = 1— = 11la (mackab).
M

e 3akon I'yka: [Ipu manvix depopmayusx MeEXaHUYECKoe HANPsNCeHUue NPImo npo-
NOPYUOHATLHO OMHOCUMENTbHOMY YOTUHEHUIO:
o=E-"|el. (2.26)
E — k03¢ punpenT nponopuroHaibHOCTH, Ha3bIBaeMBIH Modyiem FOnea.
o Mooynv FOnzca — smo usuueckas 6enuyund, YUCIEHHO PAGHAS MEXAHUYECKOMY
Hanpsijcenuio, Heobxooumomy 0as yeeauyeHus ONUHbl MOHKO20 CIMEPICHS 8 08d

pasa. Monyns KOHra 3aBUCHT OT MaTepuania, U3 KOTOPOTO U3rOTOBIIEHO TEJO, €/IH-
[a]
auna ero usmepenus B CU — nackanv: [E] = = 1 Ia.
[Tpunss Bo BHUMaHue ypaBHeHUs (2.24) u (2.25) B 3akoHe ['yka (2.26), momydnm:
R |AL| ES
ynp
—=F— - E_ = —|Al 2.27
S I ynp lo | | ( )
3nech
ES
—=k (2.28)
lo
HA3bIBACTCS KOAPDuyueHmom ynpyocmu Wik HceCmKOCbiO CMEPHCHSL:
JKecmrocmu, 516155Cb KO3DDUYUEHMOM RPONOPYUOHATLHOCTU MENCOY CUNOU Vi~
pyeocmu U abCconOmMHbIM  VOJIUHEHUEeM, 3a8UCUm Om Mamepudid, u3 . Konopozo
U320MOBIEHO MENO, U €20 2EOMEMPULECKUX PAZMEPOB.
[TpunsB Bo BHUMaHue Gopmyiy (2.28) B hopmyne(2.27), 3axoH ['yka MOXKHO

3arucaTh CICAYHOIIUM 06pa30M:

FyrIp = k|Al| (2.29)
OO0BryHO 3aK0H ['yKa uMeeT BU:
P;,np =—kx (2.30)

I'me x = Al BeipaskaeT aOCOTIOTHOE YJUIMHEHHUE, 8 3HAK MUHYC MTOKa3bIBAET, UTO
CHJIa yIPYTOCTH HAMPABJICHA IPOTUB HAMIPABICHUS CMEIICHHUS YaCTHUII Tesa (MTPOTHB
VITHHEHHS).

Enuuanuansmepenus xecrkoctu B CU: [k] = % =1 g
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Jlnarpamma pacTsiKeHust o
o Jluazpamma pacmsiceHust — 5mo papur 3a6UcCuMocmu. G
MEXAHUYUECKO20 HANPSNCEHUS 0T OMHOCUNENbHO20 Y ONU-
HeHust meepoozo mena. Ha nuarpamme (c):

a) yuacTok 0—1 — 5T0 yyacTok, Ha KOTOPOM IIPH MaJIBIX cé"'“‘
nedopmarusax MexaHHIeCcKoe HalpsHKeHHE IPSIMO TTPO- o Zaw /i
npon ==

MOPIHOHAIBHO OTHOCUTENEHOMY YJIMHEHHUIO, TO €CTh
BBITIOJIHsIETCA 3aK0H [yKa.
e Maxcumanvroe 3HaueHUue MeXaHu4ecKko20 Hanpsoice-
HUSL, NPU KOMOPOM euje 8biN0HAemCs 3akoH I yka, Ha3bl- 0 >
6aemcs npeoenom nPOnOPUUOHAILHOCIU (Onpon).
Ha yuvactke rpaduka Beime nudps 1 3akon ['yka Hapymiaercs, HabIr0aeTcsl HelMHelHas nedop-
Marnus;

b) ydacTok 1-2 — COOTBETCTBYET yJacTKy, Ha KOTOPOM yIpyras aehopManus COXpaHsIeTcs, TO eCTh
TIOCJIe TIPEKPAICHNUS BHEIITHET0 BO3CUCTBUS 00pa3el; BO3BPAIIACTCSI K CBOMM II€PBOHAYAIBHBIM
pazmepam.

o Maxcumanvroe Hanpsdjcerue, npu KOMopoM euje 603HUKAen Ynpyaas 0eopmayus, Ha3bléaemcs

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

nracmuyeckyro oegpopmayuio;

C) YYaCTOK 2—3 — MeXaHNYECKOe HAIPSDKEHUE, COOTBETCTBYIONIEE IITACTHIECKOH Ae(opMaim;

d) yuactok 3—4 — 570 yuyacToK “Texydectw” o0Opasma. MexaHHUecKoe HANpsHKEHHE (Omex) UMEET
MIOCTOSIHHOE 3HaYCHUE, OTHOCUTEIIHHOE YATHHEHUE YBEIMINBACTCS;

€) Y4aCTOK 4—5 — 9TO y4acTOK C pe3KUM YBEITMIECHNEM MEXaHMYECKOTO HAIPSDKEHHUS, COOTBETCTBYET
Pa3pyIICHUIO Tela.

o Makcumanvroe mexanuieckoe Hanpsicenue, npueoosujee K paspyuleHuro meid, Ha3vléaemcs

npeoenom npounocmu (0 ;).

Wccneposanme-2. Mpumernenne. Ilpoeepka 3akona I'yka L cu (d)
3agaga: Ha pucyHke j1aH rpaduk 3aBHCHMOCTH JUTHHBI YIIPYTOH HPYKUHBI 4
OT CHJIBI, IPIJIOXKEHHOH K Helt (d). OnpezennTe )KeCTKOCTh NPy KUHBL.
O0cy:xkaeHue pe3y1bTaToOB:

e Kak BbIpakaeTcs 3akoH ['yka?

o C IOMOIIIBIO KaKOH (hOPMYITBI MOJKHO OIPEIENTHTD XKECTKOCTh HPYKUHBI? |
e OT 4ero 3aBUCUT KECTKOCTb IIPY>KUHBI? 0 2 4 FvN
IIpuMeHeHUe B NOBCEIHEBHOM JKU3HU: ]

Hnozoa ympom no 0opoze 8 WKOy, bl MOdcene yeuoens HeKomopbie NOCIeOCEUs CUibHOe0 HOUHO20

6empa: 6bICOKUE U MOICble COCHbL OCMANUCL 8 BEPMUKANLHOM NOJONCCHUY, 0OHAKO HA DMOU dice

meppumopuu HeKomopbie OMHOCUMENbHO HUKOPOCTble YUHAPLL-ObLIU CTIOMAHBL.

e EcTb 1 Kakasg-1u00 CBsI3b 9TOTO SIBICHHUS C CHIION ynpyroctu? OTBeT 0060CHyMTE.

IIpoBecTH CAMOOLIEHKY:

1. Kaxne moHsTHS TOBTOPMIIH Ha ypoke? UTO M3-9TOT0 BBl XOPOIIO MOHSIIH, @ YTO OCTaJIOCh BaM HE
SICHBIM?

. I[Touemy cuma yrpyrocTy sBISIeTCS] CUIIOH JISKTPOMArHUTHOH IPHPOIBI?

. OT 4ero 3aBHCHUT CHIIa yIpyrocTu?

. Uto 0011Iero 1 4eM OTIIMYAIOTCs MeX}1y c000if MexaHnuecKoe HanpspKeHne U Moy b FOHra?

. I[Toctpoiite rpaduk 3aBUCHMOCTH MOLYJISI CHJIbL yTIPYTOCTH, BO3HUKAIOIIEH B IPYIKUHE JKECT-
kocTbio 200 H/M, 01:abcomroTHOTO. Y/UTHHEHNSL.

(S SO I )

YTO Bbl Y3HAJIM? 3anummte B pabodyeM JIHCTKE ONpPEIEICHUS] HIDKCIIPUBE/ICHHBIX IOHATHHI:
“nedopmaiiis”, “cuina yupyroctu”, “mexaHndeckoe HarpspkeHue”, “3akon ['yka”, “momyns HOnra”,
“KECTKOCTH -
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m CI/IJ'IA TPEHUA.

OBWXEHUE Nopa OEMCTBUEM
CUlbl TPEHUA

lMpoBeanTe NPOCTON Ha NepBbLIV B3NS4 SKCNEPUMEHT.
Bo3bmuTe OBa fiLa 04MHAKOBOro pasmepa: 0O4HO CBAapeHO B
KpyTyto, a opyroe cbipoe. [puBeanTe nx ogHOBPEMEHHO BO
BpaLLaTenbHOEe ABWKEHNE (3TOT AKCMEPUMEHT MOXHO
NPOBECTU C NOABELLEHHBIMU Ha HATU SALLAMW).

¢ Kakoe sinuo octaHoBuTCA bbicTpee: cbipoe unu kpytoe? Mouemy?

Wccnepoeanmve-1. YTo BbI HOMHHTE O CHJIEe TPeHMsI?

3agaua 1: Onpenennte KOIPPUIUEHT TPEHUS CKOIBKEHHS AEPEBSIHHOTO OpycKa 110 MOBEPXHOCTH
JIEPEeBSHHOW JOCKH Ha OCHOBAaHHWHM IPEJCTAaBICHHOW Ha PHUCYHKe MH(pOpManuH (a), Omupasch Ha
3HAHMS O cuiie TpeHus (cM.: ¢pusnka-7: crp. S0 u Tabnuua 2); MPUHATH BO BHUMaHHUE, 4TO Kodddu-
IIUEHT TPEHUs CKOJILKEHNUS U1 iepeBo-aepeso u = 0,5; g = 10 22

OGcy:kaeHIIe pe3yIbTaToB: ¢
o Ot 4ero 3aBUCUT KOI(DPUITUEHT TPEHUST CKOJIBKEHHUS?

e UeMy paBeH MOJyJIb CUJIbI TPEeHUA?

e Uro npounsonuio Obl, ey ObI OTCYTCTBOBAJIA CHJIa TPEHUS?

Cunaa tpennsa. Cuia TpeHUs BO3HHMKAeT MEXIy CONPUKACAIOUIUMHUCS JIPYT C
JpyroM TeJlaMH M HaIlpaBJCHA BJOJb MIOBEPXHOCTH COMPUKOCHOBEHUS NMPOTHB HX
OTHOCHUTEIHHOTO JABIKEHUS. [IpHunHON BO3HMKHOBEHHS CHJIBI TPEHHUS SBISIOTCS
HEPOBHOCTH COTIPUKACAIOIINXCS TTOBEPXHOCTEN M “CHIIBI cleIeHus” (CHIIbI MpH-
TSDKCHUS) MEXIY MOJIEKYJIaMHU 3THUX IOBEPXHOCTEH. BO3HMKHOBEHHE TaKHX CHI
MEXJly MOJIEKYJIaMH OTPEAEIISET SIEKTPOMArHUTHYIO IPUPOIY CHIIBI TPEHHUS.

Cy11ecTBYIOT TPH BHA CUITBI TPEHUS:

o Cuna mpenus CKONbHCEHUs — Mo CUNA MPEHUS, BO3HUKAIOWAS NPU CKOJIbICEHUU
00HO20 MeNa no NOBEPXHOCMU OPY2020 med.

e Cuna mpenus KaueHus — 3mo CUuid mpeHus, 603HUKAIOWAs; K020d 00OHO meno
Kamumcs no no8epxHoCmiL 0py2020.

e Cuna mpenus NOKOA — 5mo CUld MpPeHUs, 603HUKAIOULAS MedHCOY. MENAMU, HAXOO51-
WUMUCA 8 COCMOAHUU NOKOSL OpY2 OMHOCUTNENbHO

opyea. Yucnenno cuna mpenus nokos pasta cine  (b) AN)

ms2u, HANpagneHHOl NapaiieibHO NO8ePXHOCMIU (F ) -

CONPUKOCHOBEHUSL HENOOBUIICHBIX Mel, U HANpasie- TP/ ok Forgru
- >

Ha npomus nee (b).

[Ipu ompeneneHHOM 3HAYCHWH CUIbI TATY TEIO
HAUMHACT JBUIAThCA U CKOJB3UTH MO [OBEPXHOCTU Ymg
JIPYTOTO TeJa — BO3HUKAST CHJIA TPSHHSI CKOJILKEHHSL.

Yucnennoe 3Hauerue Cuilbl MpeHUst CKOJIbHCEHUS NPAMO NPONOPYUOHATIbHO CUle PedaK-

yuu onopbuol (cwze daeﬂeﬁuﬂ) U pasHo MAKCUMAIbHOMY 3HAYEHUIO CUTIblL MPEHUs NOKOSL:
max

(Frp')CKO.}'Ib)KeHI/IH - (FTp')l'[O}(Oﬂ - ‘LlN (231)
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I'me u — xo3dHUIHEHT TPOMOPIIHOHATBHOCTH, HAa3bIBACMBIH KO3 duyenmom
mpenusi ckoaviicenus. Kosgpguyuenm mpenus cxonvoicenus 3agucum om mame-
PUanos, uz KOMopwix u320MoG1eHbl CONPUKACAIOWUECs mead, U Kaiecmed oopabom-
KU conpuxacanowuxcs nogepxuocmei. | — 0e3pa3MepHas BeIMUUHA, CIMHNALA H3Me-
PEHHS OTCYTCTBYET.

B 3aBHCHMOCTH OT CBONCTB COIIPUKACAIOIIUXCS TIOBEPXHOCTEN CUILy TPEHUS Ha-
3BIBAIOT CYXOU CUNIOU MPeHUs U CUNOU CONPOMUBTEHUSL.

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

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

JBuskeHMe MoA AelicTBHeM CHJIbI TpeHuUsl. Mccnenyem pazHble ABMKEHUS Tea
Maccoi M MoJ AEHCTBUEM CUJIBI TPEHUS:

1. Teno osusicemcs npAMOIUHEUHO PABHOMEPHO NO 20PUSOHMATLHOL NOGEPXHOC-
mu. Bee cuibl, TeHCTBYIONINE HA TENO, ITOKa3aHbl Ha cxeme (¢). [Ipu paBHOMepHOM
JIBUKEHUN Tena ero yckopenue a = 0, cienoBatensHo, Il 3akon HbroTona, nmu
YpaBHEHHUE IBUKEHMSI T€JIa B BEKTOPHOM BHJIE 3aIIMCBIBAETCS TaK:

0 = Foy + Ep + N +mg.

BriOpaB KOOpAMHATHYIO OCH BJIOJb HANpaBICHHUS CHJIBI TATH (B HalpaBICHUH
JIBVDKEHWS) U TTOJTYYHB MIPOEKIIMK BCEX CHJI Ha 3Ty OCh, MOYKHO HAIMCATh YPaBHEHHUE
JIBUKEHUS (CM: C):

0=Fgu—FEp+0+0.

3mech OBUTO TIPUHATO BO BHWMAHHE, YTO MPOEKIMHM CHJIBI PEAKIIMHA W CHIIBI
TsOKEeCTH Ha 0ch OX paBHBI HYJIO — 3TH BEKTOPBI TEPIIECHIAKYISIPHBI OCH.

Taxum 00pa3om, MOTYJIH CHJI, IEHCTBYIOIIUX HA TEJIO, ABUXKYIICECS PABHOMEPHO
TPSMOJIMHENHO TI0 TOPU30HTAIBHOM MOBEPXHOCTH, TIOMAPHO PABHBI K KOMITEHCHPY-
0T B3aMMHOE JEHCTBHE APYT Apyra:

N =mg Fygy = Frp = uN = pmg. (282)

—
© AN @ AN —AD
ED F)THI‘I/I F<Tp _I;'-)Tgl/l
o
: — , X L. X

Ymg Ymg

2. Teno dsudicemcs NPAMONUHEUHO PAGHONEPEMEHHO NO 20PUSOHMANLHOU NO-
sepxnocmu (d). B aToM ciiydae ypaBHEHKE IBMKEHUH TeJla B 0OIIEM BHIE:
-

- = - —
ma = Fyry + Ep + N +mg. (2.33)
CrpoermpoBaB Cuiibl Ha TOPU30OHTAIBHYIO KOOPHMHATHYIO OCh, 3aIHIIEM YpaB-
HCHUC IBIKCHUSA B CKAJIAPHOM BU/JC!
ma = Fmrn - Frp = Fmrn - pmg. (234)
JIro6as BesamHa, BXOSIIAS B TIOCIIEIHEE BHIPAKEHHUE, C JIETKOCTHIO OPE/IENAETCS.
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3. Ha dsudicyweecs meno oeticmgyem moivko cuia mpenus. Tak Kak cuia Tpe-
HUSI BCEeTa HallpaBJieHa MPOTHB HANpaBliCHHUs JBUKCHUS, TO YCKOPEHHUE, COOO0IIa-
€MO€ 3TOW CHJIOW, HAIlPaBJIEHO MPOTHUB CKOPOCTH ABMXKEHHUA Tena. [loaTomy, ecinu
Ha JBIDKYILEECs TeJIO IEHCTBYET TOJIbKO CHJIa TPEHUs, TO OHO TOPMO3UTCA. B aToM
CiTydae ypaBHEHHUE BMKCHHS 3aIMCHIBAETCS B BUJIE:

md = F,, + N + mg (2.35)
ma = Fy, (2.36).
st yckopeHus Teiia umeeM
P _pmg_
m m

Otcrofia MOXKHO OTNpeIeNTUTh TOPMO3HOM IMyTh M BpeMs TOPMOXKEHHS Tena, JBHU-
KYILIErocs 10 TOPU30HTAIBHON IOpOTe:

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

t .
Poa By oug

TeJ10 IBHsKeTCS 10 HAKJIOHHOM IVIOCKOCTH

® Haxnomunas nockochis — 9mo niockocmy, 0opasyouas
onpeoenennwiil yeon ¢ ¢ 2opusonmom. Kak mokazano
Ha PHCYHKE, CHJIa TSHKECTH, JCHCTBYIOIIAs Ha Teo,
JIBIDKYILIEECS] PABHOMEPHO MOJ] JICHCTBUEM CHJIBI TSTU
10 HAKJIOHHOH IJIOCKOCTH, PaCKJIaIbIBAaeTCs Ha JIBE CO-
CTaBJISIIOIINE CHJIBI: COCTaBJISIONIYIO, IapaUIeIBHYTO
IIOBEPXHOCTH F|, M COCTABIISIOIIYIO, IIEPIICHIIKYJISP-
HYIO II0BEPXHOCTH F/ (€). B 9TOM ClIydae MOJIyJIb CHIIBI
PEaKIIMH OTIOPHI PABEH MOJIYJII0 COCTABJIAIOMICH F /:

N = F, = mgcosa, (2.39)
Ep = uN = uymgcosa, (2.40)
F = mgsina. (2.41)

VYpaBHEHHE JBIKEHHS TeJIa 10 HAKIIOHHOH IUIOCKOCTH B OOIIEM BHJIE 3aIIUCEIBASTCS TaK:
. = = = .
ma = Ey + Fp + N +mg.
Jlnst pemeHns ypaBHeHUs BRIOMpaeM MPsIMOYTOIbHYI0 cHcTeMy KoopauHaT XOY, Hax0JuM MpoeK-
LM CHJI Ha €€ OCH M IIOJIy4aeM CHCTEMY JIBYX ypPaBHEHHN:
may = Emru - Erp — F||
—N-F (242)
may = 4
Beumy orcyrcteus Bmkenns Bionb ocu OY a,, = 0. Yunrbisas 5T0T GakT u ypasHenus (2.39) —

(2.41), MOKHO OIIPEIEIIUTE YCKOPEHUE TeIa:
Frarn <0Frp — B “Bggh — umgcosa — mgsina

a:
* m m
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NMpumeHeHune. UccnepoBaHue-2 ®
‘YMeere 11 Bbl 3alIHCATh YPABHEHHUE IBHKEHHS TeJ1a?

3agava 2: 3anummuTe ypaBHEHHS IBIDKCHHS UL HIDKE-
TIePEUHCIIEHHBIX COCTOSHHMA:

a) Ha TEJO MacCoH 7, IBIKYyIIEecs paBHOMEPHO IIPSMO-

=)

JIMHENHO, AelicTByeT cuila F' B TOM K¢ HalpaBJICHUH, IiTp e

yT0 U cuia tsokectH (f); b

b) Ha Teno Macco m, ABMKyIEecs PABHOMEPHO IPIMO-
o

JIMHENHO, JeiicTByeT cula F' B IPOTHBOIONI0KHOM Ha- F
MIPABICHUHN CHJIC TSKECTH;

C) TEI0 MacCOi M JBHXKETCS MPSMOJIMHEHHO paBHO3a- mg’
MEJJIEHHO.

O0cyxaeHue pe3ybTaToB:

>
° quy PaBHBI MOYJIN CUJIBI PCAKIIUU OIIOPBI U CUJIBI TATH IIPU )lefICTBHH cuiel F B HarpaBJICHUN
CHJIBI TSKECTU BO BPpEMsL HpﬂMOHHHeﬁHOFO PaBHOMEPHOI'O }lBI/I)KeHI/ISI?

IIpuMeHeHuUe B OBCEIHEBHOI JKU3HU:

BHesanHO nepen aBTOMOOMIEM, JBHXKYIIEMCS II0 JKHJIOMY IOCEIKY CO CKOPOCTBIO 72 KM/dac,
BBICKaKMBaeT Opozsdas cobaka Ha paccTosHHHM 5 M. Bomurenb pe3ko TOPMO3UT aBTOMOOHIIb.
VY aapur nm TopMO3AIIni aBTOMOOMITE cobaKy?

IIpunaTs Bo BHUMaHUE, 9TO KOIQPUIMEHT TPEHUS MEXTy ITMHAMY aBTOMOOHIBHBIX KOJIEC U CyXHM
acanbTom goporu pasen: i = 0,5; g = 10m/c?.

IIpoBecTH caMOOLEHKY:

1. Kaxne moHsTHS HOBTOPHIIM Ha ypoke? UTo U3 3TOr0 BBl XOPOIIO MOHSIIH, @ YTO OCTATIOCh BaM HE
SICHBIM?

2. JIBa aBTOMOOWIISI MAaccol, COOTBETCTBEHHO, 10 TOHH M 1 TOHHA JBHXKYTCS II0 MOKPOMY achansTy
C OJJMHAKOBOI CKOPOCTBHIO. Y KaKoro aBTOMOOMIIS, IPY OJTHOBPEMEHHOM UX TOPMOXKEHHU, TOP-
MO3HOI1 Iy Th 0oJIee JUTMHHBII?

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

4. Kaxk 3aBuCHT K03 GHUINEHT TPEHUS CKOJIBKEHH OT CHIIBI TpeHUS U Macchl Tena? OTBeT 000c-
Hyi#Te.

5. OT 4ero 3aBUCHUT CHJIA TPEHHS CKOIBKCHUS?

6. Uemy OyJer paBHa CHJIa CONPOTHBICHHS BO3/IyXa, AHCTBYIONas Ha TEJO, TOIBEIICHHOS Ha HH-
TH, IIPY PaBHO3aMEVICHHOM MIEPEMEIICHUH BMECTE C IT0J{BECOM IIPOTUB HANPABICHMUS JCHCTRBHUS
CHUIBI TSDKECTH?

YTO Bbl Y3HAJIN? 3anummTe B paboueM JIMCTKE ONPEISIICHUS HIDKEIIPUBEJEHHbIX TOHSITHH: “‘CH-

Jla TpeHust”, “‘cuiia TPEHUsI TIOKOS’, “CUJ1a TPEHHSI CKOJIbKEHUS, “‘Cuiia TPeHUs KaueHus”, “TOPMO3HON

ETIN

IyTh”, “CHJIa COPOTUBIICHUS .
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m yCJ'IOBI/IFI PABHOBECWA TEJNA

BcnomHuTe 3HameHuTyto 6acHio pycckoro nucatens U.Kpbi-
nosa “Ilebenb, pak u wyka”.

MepcoHaxn GacHW XOTAT MPUBECTM B [OBWKEHWE IErKYH
Tenery: “..Jlebedb peemcs 6 obnaka, Pak namumcs Ha3ao,
a lllyka msHem 6 800dy... [a monbKo 803 U HbiIHE mam”.

e Kak MOXXHO OOBACHUTbL Ha “sA3bike” (PU3UKK,
noyemMy nepcoHaXu He MOryT CABUHYTb C
mecTa Tenery?

Nccnepnosanue-1. Uro o3HayaeT HaXOKIeHHe Teja (a)
B COCTOSIHHH PaBHOBecHs?

3amaua 1: MoxXeT 11 HaXOJUThCS B COCTOSIHUM PaB-

HOBecHs JI0/IKa Ha BOJIE, HCIBITEIBAS OJHOBPEMEHHOE

JIEWCTBUS TEUSHUsI PEKH U TYIOIIETO I0XKHOTO BETpa

(a)? OGoCcHYHTE OTBET IO CXEME.

Hanpaseaenue meveHus pexu
—p

F!
1!
i
t—————>

F,

P

Hanpaenenue
eempa

O0cy:kneHue pe3yJbTaTOB:
e YT0 03HAa4aeT COCTOSHUE PAaBHOBECHs TeJia? ——

o I 3akony HeroTOHA, HAXOXKICHHUE Tella B COCTOSIHUU PAaBHOBECHS O3HAYAET, YTO
OHO HAXOJUTCS B MOKOE WJIH JBIIKETCS MPSMOJMHEHHO M PAaBHOMEPHO B HMHEP-
UaIbHOM cucteme orcuera. O3HAKOMHUMCS C YCIIOBHUSIMU, TIPY BBITIOJIHEHHH KOTOPBIX
TEJIO OCTAeTCS B COCTOSTHIU PaBHOBECHSL.

PaBHoBecHe TeJia NMPH NMOCTYNATEILHOM JBH:KeHHH. [locTymarensHoe JBU-
KCHHE TeJla MOYKHO pacCMaTpUBaTh KakK JBM)KEHHE OJHON €ro TOYKU — JABMIKEHUE
[EHTPa Macchl. B aTOM ciyvae A71st MPOCTOTHI MOXKHO MPUHSTh, YTO BCSA Macca Tejia
COCPEZIOTOYCHA B IIEHTPE W PABHOJACHCTBYIOIIAS CHIIA, JICHCTBYOIIAS Ha Telo,
MPUKIIAJIbIBAETCS K 3TOM Touke. M3 3akoHOB HbioTOHA 3HAEM, 4TO YCKOpEHUE JIaH-
HOW TOYKU PAaBHO HYJIIO TOTJA, KOTJla PaBHOJACHCTBYIOINAS CHJIa-(IeoMETpUIecKasi
CyMMa BCeX JICHCTBYIONIUX CHIT), PUKITAIbIBACMast K 9TOM TOUKE, paBHa HYIT0. Dmo
VC08Ue PABHOGeCUsl mena npu NOCMYNAmMeNbHOM OBUNCEHUU:

o J{iisi HAX0JCOeHUs: Mela 8 COCMOSIHUU PAGHOBECUSL NIPU €20 NOCMYNAMENbHOM 08U~

JHCEHUU PABHOOCUCMBYIOWAsL CUNA (eeOMemPUYECKasi CYMMA 8cex 0eticmeylouux Ha

meno Cun), NPuKIaAovl8aemas K mejy, 00HCHA Oblib PAGHA HYTIO:
Fi+Fy+i-+E, =F =0,

Ecnu reomerpuyeckas cymma CHl paBHa HYIIIO, TO U CYMMa IPOCKIUI 3TUX CHIT
Ha MMPOU3BOJILHYIO KOOPAMHATHYIO OCh PaBHA HYIIO:

Fiy +For+ .4+ F,=0

Fiy+ Fpy+ ot Fpy =0
Fi,+ Fyy 4 4 Fpy = 0.

PaBHoBecue Teia ¢ Hel'IOI[BI/I)RHOﬁ OCbI0 BpallCcHUs. Ha MPAaKTUKE OYCHb YacCTO
6BIBa€T, 4To. Iipu HeﬁCTBHH Ha TCJIO C HeHO,Z[BH)KHOﬁ OCBIO BpalllCHUA ABYX YUCJIICHHO
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PaBHBIX, HO TPOTHBOIIOJIOKHO HATIPABICHHBIX MMApaJUIENbHBIX CHJI, OHO HA4YHHAET
BpalaThCs BOKPYT 3Tol ocu. Hampumep, 070K, BOPOT | JApyrHe BPAIIAIOTCS 33 CUET
TaKMX MapayieJbHBIX CHJI. 3HAYWT, YTOOBI TEJO C HEMOJBMKHOW OCBIO BpPAIICHUS
HaXOJIWJIOCh B COCTOSHUH PaBHOBECHS, HE JAOCTATOYHO, YTOOBI PaBHOJIEHCTBYIOIIASL
cuia OpUTa paBHA Hymo. Heo0X0aMMo BBITOTHEHHE BTOPOTO YCIIOBUS PAaBHOBECHS —
npasuia MOMeHmos.

o Teno ¢ HenoOBUMNCHOU OCbIO 8paUeHUs HAXOOUMCA 8 PABHOBeCUl, eclu aneeo-
pauyeckas cymma MOMeHmMo8 OeliCmeyIowWux Ha He2o CUl OMHOCUMENTbHO OCU 8Da-

Wlernus pasna HyJo.

Wccneposanme-2. MNMpumeHenme. Kakoe yciioBHe paBHOBeCHSI BBITIOJTHSIETCS
JIUTSE TeJIa HA HAKJIOHHOM IUI0CKOCTH?
3anaya 2: Onpenenute s TeNa Ha HAKIOHHOH miockocTH (b):
a) hopMyITy, BRIPAKAIOIIYIO YCIOBHE PABHOBECHSI;
b) cuiry, KOTOpasi ypaBHOBEILIMBACT CHITy TPEHUS;
C) CHJLy, KOTOPasi ypaBHOBEIIMBACT CHIIY PEaKI[HU OIIOPHI.
OO0cy:kaeHue pe3y1bTaToOB: (b)
e Kakoe yciioBHe JI0JDKHO BBITIOIHSATHCS, YTOOBI TEJIO HA HAKIIOH- a
HOM TIOCKOCTH HaXOIUJIOCh B COCTOSIHUH PABHOBECHS?
o CKOJIBKO CHJI JICUCTBYET Ha TENO, HAXOJSIIIECECsS B COCTOSHUN PABHOBECHS HA HAKJIIOHHOM ILIOC-
koctu? MoskeTe JIu ToKa3aTh 3TH CHIIBI Ha cxeme?

IIpuMeHeHUe B NOBCEIHEBHOM JKU3HU:

BeposarHo, BBl Korga-nubo ¢ Apy3bIMH MPOBOAMIN SKCIIEPHMEHTHI, TTOJ00HbBIE MOKA3aHHOMY Ha

pHCYHKe: KaMeHb, IIOMEIIEHHBII Ha PhIYar, ypaBHOBEMINBAETCS ITHYBUM IIEPOM ().

¢ Kakoe ycrnoBue paBHOBECHS BBITIOIHAETCS B 3TOM
sBeHnn? MoskeTe 11 000CHOBATh OTBET?

© MOKHO JTH CKa3aTh, 9TO Macca MTUYbETO Tepa 1 KaMHs
onunHakoBa? [Touemy?

IIpoBecTH caMOOLEeHKY:

1. Kakue nonsTus noBTOpuian Ha ypoke? UTo U3 3TOro BbI
XOPOILO MOHSUIN, @ YTO OCTAJIOCh BaM HE SICHBIM?

2. MatepuainbHas TOUKa ABHKETCS MO AeHCTBUEM IBYX CHII,
passbix 1o moxymo 60 H u 80 H. Yron mexny cumamu
90°. Ompenenure:

a) HAMpaBJICHHE YCKOPEHUs MaTepHanbHOi Touku (mpen- . (d) i \ P
CTaBBTE 3TO Ha CXEME); ! \\

b) MOLyITb M HampaBIICHHE CHUIBI, IPUKIIAIBIBAEMOI K Ma- : .
TepHAIIbHOI TOYKE JUISi COXPAHCHUSI €¢ B COCTOSHHM, - ===- mmmm mmemde oo

paBHOBecHs (TIPEICTABLTE ITO Ha cXxeme)?

-

L
3. OmpenenuTe COCTABISIONINE PABHOACHCTBYIOMICH CHIBI F
TPE/ICTABIICHHOM Ha PUCYHK®; BIOMb TTYHKTHPHBIX JTUHUI (d).

YTO Bbl Y3HAJIN? 3amumuTte B pab0ueM JIMCTKE KPAaTKOE 3¢Ce O HIDKCTIPUBEACHHBIX MOHATHIX:
“‘yclioBre paBHOBECHS: Tella, JBIDKYIIETOCS IOCTYHNAaTeNbHO , “yCIIOBHE PaBHOBECHS Tela C HEMOJ-
BIDKHOI OCBIO BPAIICHUS .
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2.1. K Teny nmpuKIaapIBalOTCs JIBE CHIIBL, paBHBIE 110 Moayio F; = 8H u F, = 6H. Onpene-
JIMTE MaKCUMaJIbHOE U MUHUMAJIbHOE BO3MOKHOE 3HAUCHHE PAaBHO/ICHCTBYIOIIEH CHIIBI.

2.2. KakoB MOIynb PaBHOJEHCTBYIOIINN CHIIBI, €CIM Yroj MeXAy cuiamu F; u F, u3
npeasLayIen 3agaun, pases: 60°; 90°?

2.3. Onpe,uem/lTe 1o rpa(bm(y 3aBUCHUMOCTHU MPOCKIHNU CKOPOCTU OT BPEMCHU UHTEPBAJI
BpPEMCHH, B KOTOPOM paBHOHCfICTBayIOHIaH CHJia paBHA HYJIIO.

(2%

2.4. B KaKOM HalpaBJICHUH OTKJIOHSIOTCS MTACCAKUPHI IIPU PE3KOM JBIKCHHH aBTOOYCa ¢
OCTaHOBKHM M BHE3aITHOM TOPMOXXCHUHU IPU NPUOIMKEHUS K ocrtaHoBke? IIpoTu-
BOPEUUT JIM 3TO SIBJICHUE NIEpBOMY 3akoHY HbIOTOHA, Tak Kak Ha MacCaKUpOB HUKa-
Kasi IOTOJTHUTENbHAS CUJIa HE IeHCTBYeT?

2.5. Iox peiicTBueM cunbl F Teno maccoif m, gBuskeTcs ¢ ycKopeHueM 3 M/c?, a Teno
Maccoit m, ¢ yckopenueMm 5 M/ c?. C xakum ykopeHuem OyIyT JABUIaThCs ITH Tella,
COe/IMHEHHBIE BMECTE, TI0/]] ICUCTBUEM ITOH K€ CHUIIbI?

2.6. CTpouTENbHBIN KpaH MOJHMMAET BBEPX TPy3 Maccoii 20 ToHH ¢ yckopenuem 0,8 m/c?,
Onpejienute CUITy HATSHKEHUS CTAIBHOTO TPOCA CTPOMTENLHOTO Kpana (g = 10 m/c?;
BEC TPOCa CTPOUTEIILHOIO KpaHa HE YUNUTHIBATh).

2.7. CkopocTh aBTOMOOMIIS Maccoit 1,2 ToHHBI 3a 5 cexkyH/1 ymenbliaercst Ha 60 M/c. Ue-
My paBeH MOJYJIb PaBHOACHCTBYIOMICH CHIIBI, ACHCTBYIONICH Ha aBTOMOOHIIH?

2.8. Teno maccoil m noj IEeHCTBUEM paBHOACHCTBYIOLIEH CUIIbl F 3a MPOMEKYTOK Bpe-
MEHH t TepeMeInIaeTcsl Ha paccTostHue S. Ha kakoe paccTosiHue MepeMecTHTCS Telo
Maccoil 2 m 3a MPOMEXKYTOK BpeMeHH 3 t Mo NeUCTBUEM DTOU K& PaBHOJACHCTBY-
1oniei cuitel (B 000MX Clilydasx HadallbHasi CKOPOCTh paBHa HYJII0)?

2.9. Ha oy mmdTa nexur Teno maccort 100 xr. Onpenenure, ¢ KakKiM YCKOPCHHEM U B
KaKOM HalpaBJICHUU JBHXKETCS JIUQT, €CIIN TPy3 ACHCTBYET Ha IIOJ JIH(Ta ¢ CHIION
1300H (g = 10 m/c?).

2.10. CxopocTh MPSIMOIMHEHHO IBMKYIIETOCS aBTOMOOMII, Macca KoToporo 1 ToHHa, 3a
9 cexynna u3mensiercst or 20 M/c mo 38 mM/c.
Onpenenure:
a) YCKOPCHUE aBTOMOOWJIS;
b) MOyb CHJIBI, ICHCTBYIOIICH B HAIIPABICHUN IBUKCHUS aBTOMOOHIIS;
C) UMITYJIbC CHJIBI, ICUCTBYIOIIEH Ha aBTOMOOWIIB;
d) nepemenienne aBTOMOOMIIS 32 BpeMst U3MEHEHHSI €T0 CKOPOCTH.

2.11. Kak u3MeHHTCs cHI1a NPUTSHKCHUA MCXKAY ABYMA MaTCpUAJIbHBIMU TOYKaMH, €CJIN
pacCTogHue MeXAy HUMU YMCHBIIUTCS B 3 pa3a?

242. Yemy paBHaA HaNpsKEHHOCTh TPABUTAIIMOHHOTO MOJs HA BbIcoTe h = 3R3qy,, OT
HOBEPXHOCTH 3eMiu (Ha oBepxHocTH 3emau g = 9,81 m/c?)?
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2.13. Tlpm noaBemIMBaHUH Ha TMPOBOJIOKE Ipy3a Maccoit 10 kr oHa yanmmasercs Ha 0,5 MM.
OnpejienuTe KecTKOCTh NpoBonoku (g = 10 m/c?).

2.14. TIpu pactspxernu npyxussl Ha 0,15 M B Heif Bo3HuKaeT cuna ynpyroct 0,006 kH. Ha
CKOJIBKO HAJI0 PACTSHYTH MPYKUHY JUT BOSHUKHOBEHUHM B Hell cuitbl yripyroctu 16 H?

2.15. Tlpy>kuHa, pacroyioyKeHHasl epe] METPOBOU JTMHEHKOH, pacTsHyTa TPY30M Maccoii 2 KT.
Onpenenute:
a) Ha KaKOM JICJICHUU OCTAHOBUTCS CTPEJIKA, 3aKpEIUICHHAs Ha PYKUHE, ITPHU M0JIBE-
IIMBAaHHUU K JAHHOMY TPY3y BTOPOTO, TAKOT'O K€}
b) skecTKOCTB TIPYskHUHBI (g = 10 M/C?).

™M
— 100

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

o KM
2.17. ABTOMOOWJIP MacCOi 2 TOHHBI JIBIDKETCS IO IIOCCE CO CKOPOCThIO 126 — Boaurens

ABTOMOOWJIS BUTUT OTApy OBEII, MIEPEXOIAIINX A0POry, Ha paccTostHun 100 M oT Hero n
Ha4YMHAECT TOPMO3UTh. CTOJKHETCS M aBTOMOOWIIb C OTAPOH JI0 MOMEHTA TIOJIHON OCTa-
HOBKH? (JUTsl pE3UHBI Ha [IIMHAX ABTOMOOWIISI TT0 MOKpOMYy acansty p = 0,7;
g=10m/c?)?

2.18. KakoBa nmepBasi KocMHU4ecKasi CKOpOCTh y moBepxHocTH FOmutepa?

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

2.19. KoopauHata Tena, ABMKYIIETocs: NPSMOJIMHENHO MO A1EUCTBUEM 1IOCTOSIHHOM CHJIBI
50 H, u3mensieTcs o 3akony x = 4 + 3t — t2. Oupenenure: a) yCKOPEHUE IBUKEHHUS
tena; b) maccy Tena.

2.20. banka Becom 1600 H monBenieHa Ha ABYX CTalbHAIX Tpoccax. KakoBbI CHIIbI HATSIKE-
HUS CTAJIBHBIX TPOCOB, 3aKPEMIEHHLIX B TOUKAX HA PAacCTOSHUM 3M U 1M OT 1eHTpa
Macchl OaKH (BEC CTAEHBIX TPOCOB HE YUMTHIBACTCS)?
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3AKOHDI
COXPAHEHUWA

OcBouB Matepuansl 3TOl rnasbl —
Bbl CYMEETE:

KOMMEHTMPOBATb NOHATME “3aMKHyTas cucrtema”’, o6oCHO-
BbIBaTb MPUYMHY UCMNOSIb30BaHUS 3TUX CUCTEM YYEHBLIMU;

OOBACHUTL 3aKOH COXpaHeHuda wumMmnynbCa M npoaemMoOH-
CTpnpoBaTb €ro npocTbiMu OMNbliTaMu,

COCTaBJiATb U pelwaTb 3aga4vyn KOJIN4eCTBEHHOIo U Ka4decTt-
BEHHOINo Xapaktepa C lNnpuMeHeHUEM 3aKOHa COXpPaHeHUd
MMnyribca;

00BACHUTL MEXAHU3M BO3HMKHOBEHUSA KMHETUYECKOW U MO-
TEeHUWanbHom Heprun, obocHoBaTb OnbiTaMU CBA3b ATUX
3Hepr|/|l7| Cc apyrmmum (bI/ISVI'-IeCKI/IMVI BEJINYNHaAMWU,

0OBSACHUTL 3aKOH COXPaHEHUS 3HEPrun U NPOLAEMOHCTPU-
poBaTb €ro NPOCTbIMU OMbITAMY;

COCTaBMATb M pellaTh 3adaqn KOMMYECTBEHHOrO N KayecT-
BEHHOrO XapakTtepa C NpUMeHeHMeM 3aKoHa COXpaHeHust
aHepruu;

OOBACHUTb IHEPTUIO KaK BENNYNHY XapaKTepU3YHLLYI Cro-
COBHOCTb Tena coBepLUaTb PaboTy 1 YCrOBUS COBEPLLEHMS
MeXxaHU4eckon paboThl;

COCTaBMATb U pellarb 3a4ayvn KONMYEeCTBEHHOIO U KadyecT-
BEHHOrO Xapaktepa no onpeneneHunio MexaHuyeckom pabo-
Thl¥ MOLLIHOCTH.
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EED 3 AvkHYTAS CUCTEMA. 3AKOH COXPAHEHMS! UMMYSLCA

BapoH MioHxray3eH yTBepxaar, YTo OH Kak 6yaTo Obl Bbl-
Tawmn cam ce6s BMecTe c nolwagpio 13 Gornota, yxsa-
TUBLUMCb 32 CBOW BOJIOCHI.

¢ Kak, no-Bawiemy, BepHoO nu yTBepxxaeHue 6apoHa
MioHxray3seHa 1 BO3MOXHO nu 31o? Moyemy?

e Mor nu cnactucb 6apoH MioHxrayseH 13 6onora
Takum cnocobom?

Wccnepnoeanme-1. YIuBUTEIbHOE CTOJKHOBEHHE IIAPUKOB

ObopynoBanue: xeno6 ["anmtes, craabHbIC MAPUKK OJMHAKOBBIX pa3MepoB (8—10 mTyk), AepeBsH-

Hast oTIopa (WJIH IITaTHB ¢ My()TOH U 32)KUMOM).

Xoa ucese0BaHuA:

1. 3axpernuTe *xenod Ha TOPU3OHTAIBEHON ONOPE M BEUIOXKHTE Ha HEM ITOCIIE/IOBATEIBHO PsiJT IIAPHKOB,
COIIPUKACAOIIUXCS APYT ¢ ApyroM (a). OAUH U3 IIAPHKOB OTJENHUTE U TOJIKHHUTE BJIOJIb JKenooa.
Ipocneute 3a sBICHUEM, IPOU3OLIEIIINM T10CIIE CTOIKHOBEHHS €ro ¢ LEMOYKOH IIAPUKOB.

2. IloBTOpHUTE OITBIT, TOJIKHYB J[BA IITIAPUKA
OTHOBPEMEHHO BJIOJb Kel00a, ¥ Tpo-
CJICIUTE 32 MPOU3OLLICAIINM SIBICHUEM.

3. IloBTOpHTE OMBIT, TOJNKHYB TPHU IIApHKa O1-
HOBPEMEHHO BJIOJIb JKe00a, U 00paTuTe BHI-
MaHHe, CKOJBKO MHIAPHKOB OTACIHIOCH OT
LIETIOYKH IIapHKOB.

OO0cy:kneHne pe3yJbTaToB:

e Uro HaOIMI01a710Ch ITPY YAape OJJHOTO IIapUKa IO [EeTOYKe MIapHKoB?

o CKOJIbKO, COOTBETCTBEHHO, OT/EIHIIOCH MIAPUKOB OT LIEMOYKU MIPU MOBTOPEHHUH OIIbI-

TOB C IBYMSI U TPEMsI IIapUKaMuU?
® BhICKaXUTe CBOE IPEIIIOJI0KEHUE O IPUUUHE 3TUX SIBICHUMN.

Yrto Takoe 3amkHyTasi cucTtema? Kak BBl yXKe 3HaeTe, BCE U3MEHEHUS, MIPOHC-
XOJISIIINE B TIPUPOJIE, €CTh PE3yNIbTaT B3aUMOICHCTBUS MKy TelaMu. CyIeCTBYIOT
pasHbIe BUBI B3aUMOICHCTBUS — SPABUMAYUOHHOE; DNIeKIMPOMACHUMHOE, sI0epHOoe U
cnaboe. XapakTep 3TUX B3aNMOJCHCTBAN 3aBUCUT HE TOJIBKO OT WX MIPUPOJIBI, HO U OT
PACCTOSTHUSI MEXKIY B3aUMOJICHCTBYIONIUMHE TelaMil U CBOMCTB ATHX Tel. B kaxmom
SIBIICHUY OJTUH U3 BUJIOB B3aHMO/ICHCTRIS SBISIETCS H0JIee pEIAOIIMM 10 CPABHEHUIO
¢ npyrumu. Hampumep, eciv rpaBUTAlIMOHHOE B3aMMOJIEHCTBHE HA OOJNBIINX pac-
CTOSTHUSIX ABJISICTCS PEIIAIOIINM, TO Ha PACCTOSTHUAX, CPABHUMBIX C pa3MepaMy aToM-
HOTO sIJIpa, MOKHO TOBOPUTH TOJBKO O ACUCTBUU siiepHbIX cui. Mccnenys onpene-
JICHHBIC SIBIICHUS, YICHBIC HE YIUTHIBAIOT BTOPOCTEIICHHBIE (HE SBIISIOIINECS PEeIIato-
IIMMU B TAHHOM SIBJIEHIH ) B3anMoJieicTBUs. Hamprumep, ipy BEIYUCIICHUN CHITBI TATH
BEpTOJIeTa HEOOXOIMMO- yUUTHIBATh CUITy TPUTSDKEHHS 3emiid. B To ke Bpems
neiicTBre NpUTSHKeHUs JIyHBI U 3JICKTPOMArHUTHOE B3aUMOJICHCTBHE MEKIY BEpPTO-
JIETOM M 00JIaKaMH HE YIUTHIBAIOTCA.
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B o0riieit Hay4HOH KapTHHE MPUPOJIBI TPy 00BEKTOB, CBA3AHHBIX OOIIIMH CBOW-
CTBaMH U YCJIOBHO M30JIUPOBAHHBIX OT BHEIITHEW CPEJIbl, PACCMATPUBACTCS KaK 3aMKHY-
Tas cCUCTeMa.
® 3aMKHYmMAsA CUCIEMA — 210 CUCmeMd Meil, Npu OAHHBIX YCI0BUIX B3AUMOOelCT-
8YIOWUX MOJILKO OpYe C OPY2OM U He 83AUMOOeUCMBYIOWUX ¢ Opy2uMU menamu (PaHo-
Oelicmeylowasi GHeUHUX CUl pagHa Hymo). B 3aMKHYTBIX CHCTEMax BBIONHSIFOTCS
3AKOHbL COXPAHEHUSL.

3aKoH coXpaHeHHs UMITYJIbca. VIMIysbC sBIIsieTCs OMHOU U3 (PM3MYSCKUX BEIH-
YKH, 00OJIQJIAFONIUX CBOHCTBOM COXPAaHEHHS. DTO CBOWCTBO COCTOUT B TOM, YTO IMPH
B3aUMOJICHCTBUH TEJT TOJIBKO APYT C APYTOM CyMMa UX UMITYJILCOB HE MEHSCTCSI, MOJI-
HBIN UMITYJILC CUCTEMBI OCTACTCS TIOCTOSTHHBIM.

o JTonaHbiM UMRYIBCOM CUCHEMBL HA3BIBACTICS 2EOMEMPUUECKAS. CYMMA UMNYTbCOB
6cex mei, U3z KOMopvIX COCIMOUm cucmemd.

B pesynbrare B3anMOJIEHCTBUSI TENT X UMITYJILChI MeHsTIOTCs. Kak oOpasery uccie-
JIyE€M B3aUMOJICHCTBHE JIBYX TEJL.

OG03HaYMM MMITYJIEC [EPBOTO TENA J0 B3aUMOJIEHCTBUS Poq, a MOCIE B3aHMO-
NEACTBUS Py, COOTBETCTBEHHO, IS UMITYJIbCa BTOPOTO Tejla — Pgy U Py. CHIlbL,

- -
JIEHCTBYIOIINE Ha ITH TEJIa, COOTBETCTBEHHO, 0003HaunM F; u F,. Cormacho 111 3a-

koHy HbrOTOHA, nelicTBHE paBHO NpOTUBOAEHCTBHIO: Fy = —F,. Ecnu yMHOXKUTB
00e CTOpOHBI paBEHCTBA Ha BpeMsI AeUCTBHA cuitbl (At), TO U1 3aMKHYTOW CHCTEMBI
pPaBEHCTBO HE HAPYLIUTCA :

Fi At =—F, At 3.D)
VYuuTeBasd, uto F; - At paBHO U3MEHEHHUIO UMITyJIbca IIEPBOro Tena, a Fy + At — u3-
MEHEHHIO UMITYJIbCa BTOPOro Tena (cM: 2.3 TeMa), HoJTydaeM:
- -
Ap, = —Ap;

703173

- - - -

P1 = Po1 = —(P2 — Po2)- (3.2)
o I3Menenus uUMNYIbco8 08YX meil, Npou3outeouue 6 pe3yIbmame Ux 63aimMooeticmeus,
PasHvl N0 MOOYIIO U NPOMUBONOTONCHBL NO HANPAGILEHUIO.

ITocie npeobpa3oBaHuii HOTYYAETCs, YTO BEKTOPHAs (TeOMETPUYECKAs) CyMMa HM-
IyJILCOB JBYX Tell, B3aUMOIEHCTBYIOIMX MeKTy COOOM, OCTAaeTCs HEM3MEHHOI:
P1 + P2 = Po1 t Doz = const.
O606mas nocseHee BHIPAKEHHUE ISl 3aMKHYTOH CHCTEMBI, COCTOSILIEH 3 1 Tell,
TIOITy9HM 3aKOH COXPAHEHUS. UMNYTIBEA:

° BeKmopHaﬂ CYMMA UMNYAbCO6 . Mmel, COCMABIAIWUX 3AMKHYMYIO CUCmeM),
ocmaemcst HOCMOSHHOLL.

p1+p, ¥ p3 + -+ p, = const (3.4)
CToJIKHOBeHHe ABYX TeJl. Pe3ynbTaToM CTONKHOBEHHMS ABYX Tell ABIAETCS Je-
(bOpMaHI/ISI N U3MCHEHHNC UX I/IMHyHBCOB BCJICACTBHUEC ﬂeﬁCTBI/Iﬁ BO3HHUKAKOIINX CUJT

YOpyrocTu. Pazmiyaror nBa HUACATN3UPOBAHHBIX BUJid CTOJIKHOBCHUS: abconommno
ynpyeoe u abeconommo Heynpyzcoe CnmoOJIKHOBEHUe.
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AGCOJIIOTHO YNIPyroe CTOJKHOBeHUE. [Ipu abconomuo ynpyeom cmoakHOGeHUU
npoucxooum ynpyeas 0ehopmayusi — meio 60CCMAHAGIUSAen YopmMy u pasmepul.
Kak nmpumep ympyroii aedopmariyii MOKHO TIPUBECTU CTOJIKHOBEHHE OWIIBSPIHBIX
WM CTANBHBIX MAPOB. [IpH TaKUX CTONKHOBEHUSAX MEXaHWIECKasi SHEPTUs HE MPEeB-
palaeTcsi BO BHyTPCHHIOI HEPTHIO — MOJHAsS MEXaHUYECKash SHEPTHs CHCTEMbI HE
YMECHBIIIACTCSI: KHHETUYCCKAsI SHEPTUs TIOJHOCTHIO MJIM YAaCTUYHO TPEBPAIAeTCs B
MOTEHIIMAIBHYI0 SHEPTUI0 YIpyrow nedopMalliy, a 3Ta SHEPTHs B CBOI OYepe.lb
32HOBO MPEBPAIACTCS] B KHHETHYECKYIO SHEPTHIO mapoB. [t abCOMOTHO yIpyroro
CTOJIKHOBEHHMSI BBIMTOJHSACTCS 3aKOH coxpaHeHus: umnyibca (3.3): [ eomempuueckas
CYMMA UMRYIBCO8 08YX Mell 00 AOCOTOMHO YNPYe020 CMOJIKHOBEHUsL PAGHA 2e0Mem -
PUYECKOLL CyMMe UX UMNYIbCO8 NOCAE CHOJIKHOBEHUSL:

My 0p1 + My 0y, = M0y + My,  (3.5)
F,I[e m1 u m2 — MacCChbl 1IapoB, COCTABJIAIOIINX 3aMKHyTyIO CI/ICTeMy; 301 n
Dy, — HavalIbHBIE CKOPOCTH INAPOB 10 CTOJKHOBEHUS, U; M U, — KOHEUHBIE CKO-
POCTH IIAPOB HOCJIE CTONKHOBEHHUSL.

Yacmuwuii cryuaii: abcomomno ynpyeoe CoakHO8eHue Wapuxa co
cmeHotl. TIpeanonoxum, 9To MIapuK CTAIKABACTCS CO CTEHOH O[T (b)
yrioMm ¢ (b). Crna peakiy, BOSHUKAIOLIAs BO BpeMs yaapa, mep- Pox

TMCHAUKYJISIPHA IIJIOCKOCTHU CTCHBIL. Tak xax HPOCKIUS CUJIbI PEAKITUN :
N Ha och YpaBHa HYJIIO, TO B HaIIpaBJICHUHN 9TOM OCH Ha IHIapuK 5Ta !

;
Do
CHJIa HE JICHCTBYET (IEHCTBHE CHIIBI TSHKECTH HE YUHTHIBACTCH), Poy Soa a
CJICIOBATENBHO, IPOCKIIUS UMITYJIbCA py COXpaHseTcs. 3mensercs N" S
MIPOEKIUS Px: <1 S -
— o X -7
Poy = Py -7
Apy = px = Pox = Px — (=Px) = 2px = 2pysina. Dy JPtas a

I'11e & — yroy Mexly HanpaBIeHHeM HMITYJIbca (CKOPOCTH) P U (-7
IUIOCKOCTBIO CcTeHbl. Tak kak Apy, = 0, To MOy U3MEHEHHSI i

2 .
Ap = 1’ (Ap,)? + (Apy) = Ap, mm Ap = 2p,sina. ¥ V

AOCOIIOTHO HEYNpyroe CTOJKHOBeHMe. Bosnuxarowasi npu. abeoniomHo
Heynpy2oM CMOIKHOBEHUU Oedopmayus NOAHOCMbIO coxpansaemcs. B 310 Bpems
TIOJTHAsl MEXaHWYEeCKasl SHEPTUsl HE COXpaHsIeTcs, HEKOTOpast €€ yacTh [IPEBpaIaeTCs BO
BHYTPEHHIOIO SHEPT 1o cucTeMbl. [Tocie abcomoTHO Heynpyroro CTOIKHOBEHHUS IBYX
Ten o0a 3T Tena, “TIPHIMITHYB’ IPYT K IPYyTy, WA ABMKYTCS C 00IIel CKOPOCTEIO,
WM TIOKOSITCSI.

Taknum 00pa3oM, 3aK0H COXPAHEHHs UMITYJIbCA TIPH a0COTIOTHO HEYIIPYTOM CTOJIK-
HOBEHHH JIBYX TeJI, 00pa3yIomuX 3aMKHYTYIO CHCTEMY, MOKHO 3aITHCaTh:

My U1 + My gz = (My + my)0. (3.6)

[ne ©— mnpuobpereHHas MOCie abCOMOTHO HEYIPYTOro CTONKHOBEHHUs 0OIIast
CKOPOCTB JIBYX TeJi, 00pa3yIomyX 3aMKHYTYI0 cucteMy. Onpeaenum 3Ty CKOpOCTh U3
BEIpakeHus (3.6):

UMITYJIbCA 3TOI'0 CTOJIKHOBEHUS 6yz[eT paBeH: b py

. MyDy; + My 0
5~ Ml 2V02. (3.7)
(my +my)

3aKoHbI COXpaHeHus 81



Mpumenenune. UccneposaHune-2
Hcenenopanne aGcoI0THO HEYITPYTOro CTOJIKHOBEHHUS ABYX IIAPHKOB
3amava. Jlokaxure, 4TO IMocie aOCOMIOTHO HEYNPYTOro IIEHTPATBHOTO CTOJIKHOBEHUS JIBYX IIapHKOB
Maccamu My u my, (Mmy > m,) , IBIKYIMXCS [0 TOPU30HTAILHOM IUIOCKOCTH CO CKOPOCTSMH Ugq U
Doz (Dpr > 302 ) COOTBETCTBEHHO, MOJYJb CKOPOCTH, NPHOOPETEHHOW BTODBIM IIAPUKOM, PaBeH
HIDKETIPHBEICHHOMY BBIPaXKEHHIO (C):

vy = My Uy~ M3 Vo2

m+ m,

(©

o .
Vo1 Vo2

|
|
0 X

O0cy:xkaeHue pe3y/IbTaToOB:
o Kaxkue rocieoBaTelIbHble 1Iard ObIIN OCYIIECTBIICHBI UIS MONYYEHUs Hy)KHOH (opMyIIbl?
e UeMy paBeH MOJyJIb CKOPOCTH BTOPOTO IIAPUKA ITOC/IE a0COIMIOTHO YIIPYTOro HEHTPAIbHOTO CTOJIK-

HOBEHHUS THX K€ IMAPUKOB MPH UX JABIKEHHHM B OJHOM HANpaBIE€HWH, HAPUMEp, B CIydae
JBIDKEHHS TIEPBOTO MIapUKa 33 BTOPHIM?

IIpuMeHeHHe B TOBCeTHEBHOM KHU3HU:

TlepBbIit OMABSAPAHBIN IIAPHK, HAXOMAIIUICS B ITOKOE, IOABEPracTCsl aOCOMIOTHO YIPYroMy ILICH-
TpaJabHOMY CTOJIKHOBEHHUIO CO BTOPBIM HIapukoM. Kak M3MEHSTCS CKOPOCTH MEPBOro0 U BTOPOro
IIapUKOB TI0CJIE CTOJIKHOBEHHUS, COITIACHO 3aKOHY COXPAaHEHHs MMITyJIbca?

IIpoBecTn caMoOLeHKY:

1. Kakue moHsTHS MOBTOPMIN HA ypoke? UTO U3 3TOTO BBl XOPOILIO MOHSIIN, @ YTO OCTAJIOCH BaM HE
SICHBIM?

2. Yrto Takoe 3aMKHyTasl CHCTeMa M C KaKOH IIENBI0 ydeHbIe 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 HEYIIPYrOM
CTOJIKHOBEHHH JIBYX TeJl, 00pa3yoIuX 3aMKHYTYI0 cucTeMy?

5. Yuenuk maccoit 50 Kr co CKOpOCTbIO 8 M/C JJOTOHSIET U 3alpBITUBAET Ha TeJexnKy maccoit 30 kr,

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

w

YTO Bbl Y3HAJIM? 3anummte B pabodyeM JIHCTKE ONpPEACICHUS HILKCIIPHUBCISHHBIX TTOHATHHI:
“3aMKHyTass CHCTeMa”, “TIOJNHBIA MMITYJIbC CHCTEMBI”, ‘“3aKOH COXpPAHEHMs MMILyIbca , ‘“‘abCOIIOTHO

YIIPYroe CTOJIKHOBeHHe”, “aOCOIIOTHO HeYNPYroe CTOJIKHOBEHUE .
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o [IPOEKT o HccnenoBaHue peakTHUBHOIO ABHKEHUSI

Teopernueckasi uapopmanus. THTEPECHBIM MPAKTHUCCKUM MPUMEHEHHUEM 3aKOHA CO-
XPaHCHHS MMITyJIbCa SBJSICTCS peakmueroe Ogudicenue. VI3 xypca ¢usuku 6-ro u 8-ro
KJIACCOB BBI 3HACTE, KAKOE JBIIKCHHE HA3bIBACTCSI PCAKTHBHBIM.

o Peaxmuenvim O6udiceHUEM HA3LIBACIC
dgudicenue, KOmMopoe B03HUKAenm, Ko20a om
mena omoensiemcs u OBUNCEMCsL 8 NPOMUGO-
NOLOACHYIO CIOPOHY OM HANPAGIEHUSL €20 08U-
Jicenust, Kakas-mubo e2o wacms. Hampumep,
JIBUKCHUE PAKEeT OCHOBAHO Ha MPUHIIUIIC PeaK-
TUBHOT'O JABHKECHUA.

ITpunnun xeiicrBusi pakeTbl. Pakera — 3aMkHyTas

CHCTEMa, COCTosIIas N3 000J10uKkH 1 TorumBea. O60-

JIOUKa MPECTaBIIsIET co00i TPyOy, 3aKPBITYIO C OJI-

HO# cTopoHbl. Ha OTKPBITYIO CTOPOHY 00O0JOYKH

HA/IeBAeTCsl COILIO, TIPU paboTe pakeThl Topsiiee

TOIUIMBO HPEBPAILACTCS B I'a3 BEICOKOTO JABJICHUS,

BCJICJICTBUE YETO BBIOPACKIBACTCS M3 COILIA PAKEThI

B aTMochepy ¢ GOJBIIOI CKOPOCTBIO, H B Pe3yJib-

Tare 3Toro 000JI0YKa PAKETHI ABMIKETCS B IPOTHBO-

MOJIOXKHYIO CTOpoHY (puc.1).

Hokasicume, umo ckopocme 060104KU pakemot, no

3aKOHY COXpAHeHUs UMRNYIbCd, Onpedensiemcs

credyroujelt popmynoi:
Uog = — Mras )
06 Myg ras*

CrapT “pakeThl ¢ BOASIHBIM BHTaTes1eM”
Oo6opynoBanue: OyThUIKA U3 IUTACTHKA (00BEMOM
1 aump), Boma (0,5 aumpa), npobka, HacoC co
IIJTAHTOM M WIJIOH JUTsl HaKauyuBaHUs (yTOOILHOTO
Msi4a, IO/ICTaBKa.

Xoa ucciieloBaHus.

1. Haneiite B OyTbuiKy Boabl Ha 1/3 ee oObema. 3a-
KpOMTE ropIibIIKo OyThUIKH IpoOKoii. [Tomecture
OyTBUIKY JOHBIIIKOM BBEPX Ha IOZICTABKY, HOJ
yriiom 40-50° K TOpU30HTY.

2. [IpoTkHYB HTJION OT Hacoca MpoOKy, OBICTPO Ha-
Ka4ynBalTe BO3LyX B OyThUIKY. Uepe3 HeCKOJIBKO
MHHYT B OyTBUIKE HpOM30ieT “HHTepecHOe”
ABJICHUE U “pakeTa”’ MOAHUMETCS B BO3AYX €
6oubI1I0it cCKOpOCTh (pHc.2).

e Yro cTaj0 mpuYnHOii npuodpeTeHus “pa-
keToii” ckopoctu? Ilo kakoii popmyie BbI-
YHUCISACTCS 3TA CKOPOCThH ?

Kocmuuecknii

j“ | Kopabuam 6
b om CTyneHb

|

Bak gusa
OKHUCJIUTEJIS

Bak mua 8
TOTLIABA. II crynens
Hacocsr
Kamepa I crynensn
CTOPaHMA -

Como

puc.1. CxemMa pakeTOHOCUTEIIS U TPEXCTY-
[IEHYATOr0 PAKETOHOCHTEIIS

puc.2. “Pakera” HOAHUMETCS B BO3IYX ¢ OOJIb-
LIOH CKOPOCTBIO
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m MEXAHI/I‘-IECKAH PABOTA U MOLLHOCTb

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

oy Ry "r\.\ e M_ﬂ;?,‘w/_r
7AW N

o Kakoe cnpaBeanuBoe npeanosioXXeHWe MOXHO BbIABUMHYTb O KOMaHAe-nobe-

AvTenbHUUE: “KOMaHaa cnpaBa 6onee cunbHaa” unu “komaHaa cnpaBa 6onee
MolHasa”? NMovyemy?

Mexanuuyeckasi padora. MexaHUJecKas
pabota — (pu3ryecKast BEIMUMHA, XapaKTePH3Yy-
OLIas U3MEHEHUE COCTOSHUS TENa U 3aBUCS-
1iasi OT YKMCIOBOIO 3HAYEHUsI M HAIPaBJICHUS
PaBHOACUCTBYIOLLIEN CHUJIBI U TIEPEMEILEHHS
TOYKH MPUIIOKCHUS STOU CHIIBIL.

o Mexanuueckaa paboma pasHa npousgede-

WccneposaHue-2.

OpaunakoBasi 11 coBepLiaercs padora?
3anaua 1. Ha Bo3xymsslif myTs 298 kM oT
Baky no I'sHmku camoner 3atpaunBaet 45
MUHYT, BepToieT xe — 90 MunyT. MOXHO
JIM CKa3aTh, YTO OTH TPAHCIOPTHEIE
CpPEJICTBA COBEPIIAIOT OJJMHAKOBYIO Pado-
Ty? Kak MOXHO ompenenuts OBICTPOTY

coBepIIaeMoi nMH padoTsI?

O06cyauTe pe3yJibTaThI:

o OT 4ero 3aBUCUT COBeplleHHas padora?

o Kakoii (u3n4ecKkoil BeTMYMHON MOXKHO
OIPEJEINTh OBICTPOTY BBINOJIHEHHS O]
HOH U TOH ke paboThl, COBEPIICHHOMN
Pa3HBIMH MaIlInHaMH?

HUK MOOYJIsL CUbl, Oelicmeyloujell Ha meio,

MOOYJIAL €20 nepeMeujerus U KOCUHyca yena

MeACOY 6EKMOPAMU CUTIBL U NEPEMEUeHsL:
A=F.s.cosa. (3.8)

Pabota — ckansipHast gu3ndecKasi BeIMIu-
Ha, KOTOpasi, B OTJIMYKE OT JIPYTUX CKATSPHBIX
BENIMYWH (HAIPUMED, Ty Th, Macca, IUIOMIAIb 1
JpyTUe), MOKET OBITh paBHA HYJIIO, TPUHU- F

MaTh TOJIOKUTENIBHBIE WM OTPUIIATENbHbIE (a)
YHCIIOBbIE 3HaYEHUE. 3HAK PabOThI 3aBUCHUT OT
HaIpaBJeHUs] TIPUIOKEHHOM K TeNly CUIIBI U .Na J S

HanpaBJICHU IEpEMEIICHUS Tena (a): -

) €CIIM YroJI MEKIy BEKTOPaMU CHJIbI, JEHCTBYIOIIEH Ha TEJIO, 1 ero NnepeMeIleHIeM
paBeH Hyr0 win ocTpeli (0°<a<90°), To cosa > 0 n paboTa, COBEpPIICHHAS CHIIOMH,
nojoKuTeapHa: A > 0;

b) ecnu yroi Mexmay BEKTOPaMH CHIIBL, ICHCTBYIOLICIT Ha TEJIO H.ero MepeMeniecHueM
paBen Hyro i Tymoi (90°<a< 180°), 1o cose < () v paboTta, COBEpIIICHHAS CHITOMH,
OTpUIaTeNbHA:

A<0;
C) eciM CHJIa, JCHCTBYIOIIAs Ha TeNo, NepreHauKyspHa nepemernenuto (o = 90°), To
cosa = () v nanHas cuiia padoTy He copepiiaet: A = 0.
Enunnna namepenus padotsl B CU — dorcoyne (1x):
o | doicoyiv (1 Jlne) — smo paboma, xomopyr cosepuwaem cura 1H, nepemewas

meno Ha 1 m 6 Hdnpaejlernuu oeticmeust Cubl:
2

KIr-Mm
[A]=1H-M = 1—5— = 1/bx
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Yacrubiii ciayyail. Eciu teno nBuxercst BIOAb OCH X, TO

COBEpILICHHAsl CUJIOH F paboTa YnclieHHO paBHa miomaam ¢u-
TypBl, HAXOZSIIEHCs MEXK Ty Tpa(uKOM 3aBUCHMOCTH IIPOESKLIUN
9TOM cuibl Ha 0Cb X 1 0Cbi0 abumce: (b): A = Sgyurypur

Pabota IOCTOSIHHOM 1O 3HAYEHHIO W HAIIPABJICHUIO PaBHOACHCTBYIOIIEH
CHJIBI 00JTa/IaeT IBYMsI BAXKHBIMHU CBOMCTBAMHU: (c)
1. Paboma, nocmosinnoii pagrnooeicmeyioueti Cuiibl o npou360IbHOU 3aM-
KHYmotl mpaekmopuu pagna nymo. 11otToMy, 4To MOJyJIb IIepeMeeHNs
Tesa MO 3aMKHYTOH TPAaeKTOPUH PAaBEH HYIIIO:
o
s=o0 — A=Fscosa=0. Sy M,
2. Paboma, cosepwiaemas nocmosuHou pagrooelcmsyouel cuiol 6o
8peMs OBUINCEHUS MeIA MENHCOY O8YMsL OAHHLIMU NMOUKAMU, He 3ABUCUIN
om opmuvl mpaexmopuu, CoeOuHsIowel Smu MoyKu.
Hanpumep, Tak kak nepemerieHus Teina, JBrxylerocs no tpackropusim OLM u ONM, coeuHsomumm
Touk O U M, OIMHAKOBBI, TO U PabOTHI OCTOSTHHON PaBHOJEHCTBYIOIISH CHIIBI IO STUM TPAKTOPHSIM
OJIMHAKOBA (¢):

0y

Aorm = Aowvm = F - Sy

MomurHocTb. bricTpoTa coBepiiaemMoit paboThI XapaKkTepu3upyeTcst PrH3nIecKon Be-
JUYUHON, HA3IBAEMOU MOUHOCBIO.
o MowHocmulo HA3bI8AEMCSE OMHOWEHUE COBEPUICHHOU pabombl KO 8peMeHU, 3ampa-
YEHHOMY HA GbINOTIHEHUe MO pabombl:

N = % 3.9)
Emununa namepenus motrHocta B CU — éamm (Bm):
Tk KT - M2

[N]=1-~=1——=1Bt.
C C

e | Bamm onpedensemcsi KaKk MOWHOCHb, npu KOmopou 3a Ic cosepuwaemcs pa-
ooma 6 1 [owc. llepByto eqUHUITy W3MEPEHHUSI MOIITHOCTH MPEITOKIIT B 1789 Tomy aH-
rauiicknii Gu3uK 1 u3o0perarens [xkeiiMc YaTT — OHa Ha3bIBANIACK JIOUIAOUHOLL CULOL
(71.c.). 'HOT1A M CeTO/IHS TONTB3YIOTCS ATOW AMHHUIICH:
1 n.e. =736 Bm.

Paborta, coBepiraeMasi TIOCTOSIHHOM CHIIOHN 32 TIPOMEKYTOK BpemeHn t: 4 = Nt. (3.10)
Ha ocHoBannu 310# popMyITel oTyyeHa apyrast eAMHUIA PAOOTHI — KiI08AmMm-4ac:

1 kBm -uac = 3 600000 [xc.

Ecnm MomHOCTh ¢ TeueHHeM BPEMEHH MEHSETCs, TO YMCIOBOE 3HAYECHUS PadOThHI
MOKHO OTPEEINTh Kak IUIOMaab (URypsI, Jiexameld moj rpagukoM MOIIHOCTh —
Bpemst (d): A = Spurypur

[Ipu nmpsMoaMHEWHOM paBHOMEPHOM JIBIKEHUHM Teja
€T0 MOIITHOCTh MOKHO BBIPA3UTh YePE3 CKOPOCTH IBHKCHHUS
tena. Hanpumep, MOIIHOCT ABUIATENs] aBTOMOOMIIS, IBU-
JKYIIErocsl MPSIMOJIMHEWHO paBHOMEPHO (IIPH MOCTOSITHHOM
3HAYSHHWH CWJIbI TPEHNS), PaBHA! 5.

N=2=E2cF.y (3.11)
t t 0

N (@)
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U3 storo BBIPpAXKCHUA TIOJYYAC€TCsA, YTO IIPU TIOCTOSIHHOM MOIITHOCTHU ABHUI'ATCIIA
aBTOMOOMIIS Py MaJIbIX 3HAYCHUAX CKOPOCTU MMECM BBIMT'PBILI B CUJIC TATH (B cjrydac
I nepeaayn CKOpOCTI/I), a Ipyu MajlbIX 3HAYCHHUAX CWJIbI TAT'M HMMCCM BBIUTPHIII B
ckopoctu (B cirydae [V u V niepead ckopocTr aBTOMOOHIIS ):

F N N
=—' D=—
v’ F
WNccneposanue-2. NMpumeHeHune. Kakyio padoTy coBepiiaoT MbILIIbI aTeTa?
3agaya 2. Atiier B TeUeHHE 5 ¢ IOJHUMAET MITaHTy Maccoid 250 kr Ha BeicoTy 2 M. Onpenenure:
a) paboTy, coBepIIaeMyI0 MBIIIeTHON criol atera (g = 10 ciz ;

b) MOIIHOCTb aTJieTa B JIOLIAANHBIX CUJIAX IIPH COBEPILEHUH 3TOH pabOThI.

OO0cyxaeHue pe3ybTaToB:

e Kakoit ¢opmyioii onpenenuin paboTy, COBEpPIICHHY MBIIICYHON CHIONH aTiieTa ¥ CKOJbKHM
JDKOYJISIM OHa paBHa?

o C kaKoif ObICTPOTOH aTIeT COBEPIINII 3Ty paboTy?

e KakoBa MOIITHOCTH aTieTa B J1.C.7

IIpumeHeHne B NOBCEIHEBHOM KU3HH:
MoIHOCTh IBUTaTENeH CIIOPTUBHOTO 00-
nuna (cnopTuBHas MamuHa “@opmytsl-17)
U TPaKTOpa C INTyTOM OfNHAKoBa (e). B
KaKOM M3 HHX MOIHOCTh 3aTPadyMBaeTCs Ha
BBIUTPHIII B CHJIC, @ B KAKOM — Ha BBIMTPBIII
B ckopocTtr? OTBET 000CHYHTE.

IIpoBecTn caMOOLEHKY:

1. Kakue moHATHS HOBTOPUIIH Ha Ypoke? UTo 13 3TOro BbI XOPOIIO MOHSUIH, @ YTO OCTATIOCh BaM HE SCHBIM?

2. B KaKoM cily4ae cuiia TSOKECTH COBEpIIAeT MOJI0KUTENbHYI0 paboTy: Ms4, OpOIICHHBINH BBEPX, WIH
M4, KOTOPBII TaJjaeT ¢ HeKOTOpoi BBICOTHI? OTBET 00OCHYIHITE.

3. ITorpy3um Ms14, IJIaBAIONIHI HA TIOBEPXHOCTH BOJIBI, OIHOCTEIO B BOJTy Ha HEKOTOPYIO TIyOHHY,
a 3aTeM OTITyCTHM ero. Ms4 CHOBA NOAHMMAETCsI Ha TOBEPXHOCTH BOJIBL. B KakoM U3 9THX cirydaes
pabota, coBepIieHHas CWIOH Apxumena, AHCTBYIOIIEH Ha MU, IOJOXKUTEIbHA, a B KaKOM —
orpunatenbHa? [louemy?

4. MOXHO JT OJTHOBPEMEHHO MOJIYYHUTh BBIUTPBILI U B CUJIE, U B CKOPOCTH TIPU JTAHHON MOUIHOCTH?
Tlouemy?

YTO Bbl Y3HAJIU? 3anumure B pabodyeM JIUCTKE ONpeesIeHUs HUKCIPUBCICHHBIX MOHATHIL:
“MexaHnyeckas pabora”, “pKOyIb”, “MOLIHOCTE”, “BaTT .

EED Oerrus - cnocosHo&Tb SUCEEMBI COBEPLIUTD
PABOTY. KUHETUYECKAS SHEPRYS

Mynsa 13 BUHTOBKM U SAPO M3 NyLLKA,

[BUraschb C OANHaAKOBOW ropy3oHTaslb- ‘- .i, \
HOW CKOPOCTbI0, NEpEMeLLIaoTea Ha _/O :
OJMHaKOBOE PacCcTosiHUE 1 nonagatT >
O
-V
s

B OHY U Ty XXe MULLEHb. 'uﬁ

¢ MoxHO nu ckasathb, 4TO MexaHu4eckas paborta,
COBepLLUEHHAA fiynei u sapom, oguHakoBa? Movyemy?
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JHeprus — 3TO CHOCOOHOCTH CHCTEMBI COBeEp-
UTH padoty. Bel yxe y3Hamu, 4To o HOH U3 HU3N-
YEeCKHUX BEJIMYMH, KOTOpPBIE 00J1aJat0T CBOMCTBOM CO-
XpaHEHUs! B 3aMKHYTOH cHUCTeMe, SIBIETCS OOIuit
UMIYJIbC CUCTeMBI. Jlpyroit oueHb BaxHOW (u3u-
YEeCKOW BEJIMYMHOM, 00J1a/1atoleil CBOMCTBOM coxpa-
HEHHUs B 3aMKHYTOH CHCTEME, SIBISICTCS JHepeus.
[TonsiTne “SHEprus’” 4acTO WCIOJB3YETCS B TOBCE-

UccnepoBaHue-1. NMNpuMeHeHue.
3a cuer M3MeHeHHUe, KAKOMH
¢uznyeckoii BeIMUUHBI ObLIA
coBeplieHa padora?

3agaya 1. ABT0OYyC NpH BBIKITIOYCH-
HOM JBHTaTelie HEKOTOpOE BpeMs
JIBIDKETCS TI0 TOPU3OHTAITBHOM J0PO-
Te ¥ 3aTeM OCTAHABJIMBACTCSL.
O0cy:keHue pe3yJbTaTOB:

e [IpoTuB KakuxX CHJI aBTOOYC CO-

HEBHOMW KM3HM (HAIIpUMep, SHEPTHs SBISETCS caMon
00CyX/1aeMOil TeMOH Ha IeperoBopax Mo MeXIyHa-
POIHBIM SKOHOMHYECKHM BoInpocam). Brl umeere no-
CTaTOYHO WH(OPMAIUH O Pa3IMYHBIX BUAAX YHEPTHH

BepImI pabory?
e 3a cyeT M3MEHEHHMs KaKkoil (uzu-
YEeCKOW BEJNNYUHEI aBTOOYC CO-
BepIniI padory?

1 0 €€ IPEBPALICHNH 13 OJHOTO BUa B Apyroi. Camoe

Ba)XHOE TO, YTO JUTS KOKJAOTO BUJIA SHEPTHH YUCHBIMU-(PU3NKaMHU Obla Onpe/iesicHa
cBos (hopmyra. [IpoBeieHHBIE C TIOMOIIBIO ATUX (HOPMYJIT BEIYMCIICHHS KaXIbIA pa3
MOJTBEPKIAIOT OCTOSTHCTBO CyMMBI BCEX BHJIOB SHEPTHU 3aMKHYTOH CHCTEMBI.

Kak BbI 3HaeTE, 9HEpeus xapakmepusyem cnocoOOHOCHb meid Co8epuams pabomy
(cM: pusuka-7, ctp. 62). C ApyToii CTOPOHBI, SHEp2Us — 00UdAsL MEPA OBUNCEHUL U B3~
umoOeticmeus mei. JlgusiceHue meia Xapakmepuzyemes €20 KUHEemu4eckoll dHepeuet,
a 3aumodeticmaue mejl Xapakmepusyemcs NOMeHYUAIbHOU IHepeUell.

PaGora, coBepimiaeMasi paBHO/ICHCTBYIOIIEH CHIION, U KHHeTHYecKasi JHePrust
TeJIa MPU MOCTYNATEeJLHOM JABM:KeHNH. Eciu Teno moj| IeficTBUeM PaBHOJCHCTBY-
IOIICH CHJIBI COBEpIIaeT paboTy, TO MOIYJb €0 CKOPOCTH U3MEHSIETCS OT Uy JIO Uy, TO
€CTb TeJIo TOoJydaeT ycKopeHue. /Il MpoCTOThI MPEAIONI0oKKM, YTO TEJO TOJ JCH-
CTBHEM TApaUIC/IbHOI TOPH30HTY TOCTOSHHOMN PaBHOJCHCTBYIOMICH CHTbl F cOBEp-
[IaeT MOJIOKUTENBbHYI0 paboTy. B aTOM ciydae Teno, IBHTasch paBHOYCKOPEHHO C

F vE—08

YCKOPEHHEM a = —, coBepluaet padoty: A = F s = ma - %
2 2
mu muo

50058 A =TZ—TI (312)

B HOCHCHHeﬁ (bOpMyJIe IMOJIOBMHA MPOM3BCACHUA MACChbl Ha KBaJApaT CKOPOCTU
mu? 9 .
(T) BbIpaXXacT (bI/ISI/IT-IeCKyIO BCJIMYNHY, HA3bIBACMYTO KUHemu4ecKou SHepcueu.

o Kunemuueckas IHEPUsL — IMO IHEP2UA, BOHUKAIOWAA 8 PE3VTbmame OsudIceHUs mena:.

me? 3.13)

E Kk = T

Kunernueckas sHeprus 3aBUCUT OT MAcCChl Tella i MOAYJISL €T0 CKOPOCTH (@ HE OT €ro
HarpaBnienust). Ecmm 3ammmmem . popmyny (3.12) ‘¢ yuerom (3.13), To momyunm
BBIpKEHHE, KOTOPOE HA3BIBACTCS MEOPEMOLL O KUHEMUYECKOU dHEPULL:

e Paboma, cosepuiaemas HA0 MeaoM NOCMOAHHOU PABHOOeNCMBYIoWell CUIOU, PABHA
U3BMEHEeHUI0 KUHeMU4ecKoU SHepeuu meia:
A = Ey, — Epy = AEy. (3.14)

I'ne Eq u Ej, — HavyajlbHOE W KOHEYHOE 3HAYCHHSI KMHETUYECKOW SHEPrUM Tena.
Kunermaeckast sHeprvist — CKasIpHast pr3mdecKasi BeTMYMHA U, B OTJIMYHE OT paboTHI,
MOYKET UMETh TOJBKO TIOJI0KUTEIbHBIC 3HAUCHNUS WM PABHATHCS HYITIO (IIPEBPAIIacTCs
B JIpyToii BUJ 9HEPTHN). M3 BeIpaxenus (3.14) BumHO, 9TO:
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a) ecnu paboma, cO8EPUICHHAS ROCMOSIHHOU PAg-
HoOeticmayrowell cuioll, nonodicumenvra (A>0),

Ilpumeyanue:
1. Ilpu okazartenscTBE TEOPEMBI O KIHE-

MO UBMEHeHUe KUHeMUYeCKOU dHepeuL mena 60y~
we nyn: Eyo— Ep1> 0 — kunemuueckas snepeust
VEEIUYUBACNCSL,

b) ecnu paboma, coseputerntnas nocmosiHHoU pas-
HoOeticmsyroweli cunotl, ompuyamenva (A < 0),
MO UBMEHeHUe KUHEMUYeCKOU JHEpeUU meid

TUYECKOH SHEPrUX He ObUIO OTMEUEHO,
KAaKOBa MPHUPOJIA CHITBI, COBEPIIAOIIEit
paboty. DT 3HAUMT, UTO TEOpEMa O KH-
HETUYECKOH SHEPIHH CTIPABEUIHBA JUTS
TFOOBIX CHIT (CHJIa TSDKECTH, CHIIa
TPEHWs], CHJIa YIPYrOCTH WM MX PaB-
HOZICHCTBYIOIIAS CUJIA), ASHCTBYIOIINX

Ha TEJ10.
menvte Hyna: Eyy, — Eyq < 0 — xunemuueckast

SHepaUsl YMEHbUUAemCsl,
¢) ecnu paboma, COBEPUICHHAS NOCHOSIHHOU
pasrodeticmsyrougeli cunotl, pasHa Hymo (A = 0),
Mo U UsMeHeHue KUHEMUYeCKol SHEpeUU pPagHo
nymo. Eyp,— Eq = 0 — kunemuueckas sHepeus ne
UBMEHSAEMCsl, MO echib OCMAemcs: NHOCHOSHHOU
Ey»=E}1 =const.

W3 TeopeMbl 0 KHHETUUECKOWU SHEPTUH BUJI-
HO, YTO €UHUIICH W3MEpeHHs KHHETHYECKOH

2. Kunerwdeckasi SHEprusi, TaK e Kak U
CKOPOCTb JIBIDKEHVISI, 3aBUCHT OT BbI-
Oopa cucteMbl otcuera. Harmprmep,
€CITH CKOPOCTh TACCAKUPA B JIBIDKY-
[IEMCSI BarOHE OTHOCHMTENIBHO CHCTEMBI
OTCYeTa, CBS3aHHOW C BarOHOM, paBHA
HYJTIO, TO M KHHETHYECKas JHEeprHs
MacCakKupa OTHOCHTENIFHO JTOW CHCTe-
MBI OTCYETa paBHa Hy.Tr0. OTHAKO KUHE-
THYECKasi SHEPIUsl TMacCaKUpa OTHO-
CHUTENILHO CHCTEMBI OTCUETA, CBSI3AaHHON
¢ 3emJiel, OTJIMYHA OT HYJIS.

9HEPTrHH, Kak 1 pabotsl, B CU sBisiercs dorcoyin
(10): [Ep] = 1/1x.
Tak kak CKOPOCTBH CBsA3aHa C UMITYJIbCOM, TO U KUHETUYCCKas SHEPIUs CBA3aHa C UMITYJIbCOM:

E =" =2= P (315)

Ecnm Macca Tena n3BecTHa, TO €r0 CKOPOCTh U MMITYJIEC MOYKHO BBIPAa3HTh Yepe3 KHHETHYECKYIO SHEPTHIO:
2E),

v=\/:, (3.16)

p = 2ZmE;, .(3.17)

UccnepoBaHune-2. NMpuMeHeHne

3amaua 2. Pakera Maccoif m JETHT cO CKOPOCTBIO L. B pe3ynbraTe ropeHns TOIHBa Macca PaKeThI

YMEHBIIACTCS B 1BA Pa3a, IIPH TOM €€ CKOPOCTh YBEIIMUMBACTCS B /1Ba pa3a. Kak B 9T0 BpeMs H3MEH-

A€TCsI KHHEeTUYeCKasi SHepIus pakeTbl?

3amaua 3. Kakyio paboTy HEOOXOIUMO COBEPILINTH YTOOBI OCTAHOBUTE moe3 Maccou 1000 ToHH,

JBUOKYIIHIACS O cKopocThio 108 kM /4ac?

O0cy:kaeHue pe3y1bTaToOB:

e Uemy paBHO M3MEHEHHE KMHETHUECKON SHEepruu pakeTsl? Kak onpenenuiy 3To u3MeHenue?

e Ha ocHoBaHMM Kakoil (opMyJibI BbI ONpPECIIN padoTy, KOTOPYIO HEOOXOIMMO COBEPIINTH IS

ocraHoBkH noe3aa? [louemy?

IIpumeHenue B NOBCEHEBHOM KU3HM:

JlBa yueHnKa BO BpeMsI 3UMHIX KaHUKYJI BEITeTeNH Ha camorere u3 baky B CtamOy:1. Camorter 1eTur Ha

Beicote 8000 M oT moBepxHOCTH. 3eMiTi. B 9T0 BpeMst OZIMH U3 YUCHUKOB TOBOPHUT Apyromy: “‘Camorner

JIETHT, @ MBI HAXOMMCS B TIOKOE, 9TO 3HAYMT, YTO 'y camoJjeTa eCcTh KMHeTHYecKas SHeprHs, a Haiia

KUHETUYEeCKasl SHeprust paBHa Hym0 . Bropoit yueHuk cpasy emy Bozpaswi: “Her, 370 HeBEpHO, MbI Tak

JKe 00J1a1aeM KHHETHICCKOM SHEPTUEH' .

o Kakoif U3 yueHHKOB ToBOpUT BepHO? OOIagaeT i KUHETUYECKOW SHEPTUCH MaccaXxup, HaXos-
IUHCS BHY TPH JIeTaAmero camoinera? OTBeT 000CHYHTE.

IIpoBecTn camoo1eHKY:
1. Kaxuie mosHsTis HOBTOPHITH Ha Ypoke? YTO 13 3TOr0 BBl XOPOIIIO OHSUTH, 2 YTO OCTAIOCH BaM HeE SICHBIM?
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2. Kakoii BBIBOZ ITOJTyyaeM U3 TEOPEMbl O KHHETHYECKON 3Heprun?

3. Ot 4ero 3aBUCUT KMHETHYECKas SHeprus?

4. B xakoM ciryyae KHHETHYECKast SHEPTUsl paBHA HYJIIO?

5. 3aBHCHT JIM KMHETHYECKast SHEPIHs OT BBIOOpa cuctembl orcyera? OTBeT 000CHYHTE.

YTO Bbl Y3HAJIM? 3anummute B pabodeM JIHCTKE ONPESNCHUs HIKEIPHBEACHHBIX MOHATHHI:
“sHeprus’”, ‘“‘KMHETHYeCKast SHeprusi”, “TeopemMa 0 KHHETUYeCKOH sHeprun”’, “KuHeTndeckast SHeprust Mo-

LI )

JKET YBEJIMYUBATHCA, YMEHBIIATHCA UITH ObITh paBHOﬁ HYJIO... , BarT .

m nOTEHLI,I/IAJ'IbHAFI QHEPI'UA

¢ [1pu kakom cnocobe NnoabemMa Manb4uka
Ha BbICOTY /& cuna TSXeCcTu CoBepLUUT
h HauMeHbLUYIo paboTy: Mo CTyneHbKam
HaKINoHHOW necTHuubI (1) unu no Bep-
TUKanbHom nectHuue (2)? NMouemy?

1
(1) @)

Wccnepnosanmne-1. Yemy paBHa padoTa cUJIbI TSKeCTH? - »\
3amaya 1. Teno HaunHaeT ABKEHNE W3 TOUkH 1 Ha BeICOTE A OT TO- (@) @
1

PU3OHTAILHOM TIOBEPXHOCTH U, COBEPIINB JIBHKCHHE BIIOJb CIIOK-
HOUM TpaKTOpHUH, CHOBA BO3BpaIaercs B To4ky 1, (a). Ipyroe Takoe
JKe TeJlo, HavaB JIBIbKeHHe B Touke 1 3aBepiraer ero B Touke 2 (b). —p & - i n S
Yem OTIANUAOTCST pabOThI CHIT TSDKECTH B 9TUX CITydasix? . L .
O0cyaxkaeHue pe3ybTaToB:

o OT 4yero 3aBUCHT CHUJIA TSDKECTH?

® MoseT ji paboTa CHIIBI TSDKECTH paBHATHCS Hym0? [Todemy?

Pabora cuabl TAKeCTH M MOTeHIHMAJIBHAS
sHeprus. [IpeanonoxuM, 4To 3aMKHYTasl CUCTe- (© (d)
Ma COCTOMT U3 3eMJIU U TeJla, HOHATOrO Ha olpe- o [ @ -
JICICHHYI0 BBICOTY h; HaJq ee MOBEpPXHOCThIO. | T "
Ecnm tesio cBOOOHO BBITYCTUTH C 9TOM BBICOTEI, ¥
TO OHO HAUYMHACT JIBH)KCHHUE MO ICHCTBHEM CHIIBI
TSOKECTH B HANPABJICHUM TIOBEPXHOCTH 3eMIM. #i --pege--. hy| -1 @---
Cuna TsOKeCTH, Iepemelnas Telo Ha S5 10 (f
OTIpe/IeICHHON BBICOTBI h; OT TIOBEPXHOCTH h,
3emun, COBEpIIACT MOJNOKUTENBHYIO pa0oTy (1ipu
COBIAJICHUU HAMPABJICHUN CHJIBL. TSHKECTH U
nepemenieHus & = 0) (c):

A = F. -5 =mg(h, =hy). (3.18)

I'me s = hy — hy MOJyIIb IepeMeEIIeHUs CBOOOTHO TTaIAFOIIETO TeJa C BEICOTHI fg
Ha BBICOTY h,.

Ecym Teno OporieHo BEPTUKATIBHO BBEPX C BBICOTHI /17, TO B MOMEHT JIOCTHYKEHUSI €TO
BBICOTBI /12 MOJTyJTb HIEpeMenieHns OyneT paseH s = Ay — h; (d). Tak kak B 3ToM cirydae
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YTOJI MEXIy HaIlpaBJIeHHEM CHITBI TSHKECTH M BEKTOPOM IepeMeltieHns paseH o = 180°, a
cosa = cos180° =—1, To cuna TSHKECTH COBEPILUT OTPUIIATETbHYIO padoTy :
A= —F s =-mg(h, — hy) = mg(hy — hy). (3.19)

Bripaxerue (3.19) cxoxe ¢ BeipaxkeHueM (3.18), To ecTh Tenmo, OpoIiIeHHOE
BEPTUKAIBEHO BBEPX, U CBOOOJIHO MMAJIaf0IIee TEI0 COBEPIIAIOT MO JICHCTBHEM CHIIBI
TSODKECTH OJIMHAKOBYIO paloTy.

e Paboma cuibl maxcecmu He 3a8Ucum om opmvl mpaekmopuu 08UiCeHUs meid,
OHA 3A8UCUM OM HAYATLHO2O U KOHEUHO20 NOJIOJICEHUS. YeHMPd msdicecmuy meid.
o Cunbl, noo Oeticmsuem KOMOPLIX cO8ePUIAemcs paboma, He 3a8UCAuids Om mpaex-
mopuy 08UICEHUsT Tead, HA3bIBAIOMCS KOHCEPEAMUGHBIMU CUNAMU. DO 3HAYUM,
UMO CUNIA MAHCECMU ABNACMCA KOHCEPBAMUBHOU CUNOIL.
@opmyiy (3.18) MokHO 3amMcaTh U Tak:

A =mg(hy — hy) = mgh, — mgh,

nwm A = —(mgh, — mgh). (3.20)

JT0 03HAYaET, 9YTO paboTa, coBepInaeMas CUION TSHKECTH, paBHA N3MCHEHHIO Be-
JUYUHBI Mgh, B3SITOH C MPOTHBOTIOIOKHBIM 3HAKOM. JTa BEJIMYHHA SIBIISICTCS dHep-
2uell B3aUMOJCHUCTBHSI Tela, HAXOSIIErocs Ha BBICOTE A HaJ MOBEPXHOCTHIO
3emn, ¢ camoii 3eMieH.
® Duepeus, Komopou 0badarom ezaumoodeicmsyrowue meaa (Ui 1acmuybsl), Hazol-
8aemcs NOMeHYUaIbHOU IHepeuels:

E, = mgh. (3.21)

[Ipunss Bo BHMMaHue BeIpakeHue (3.21) B Beipaxkennn (3.20), morydaeM BEI-
pakeHue, KOTOPOE HA3bIBACTCS MeopemMoli 0 NOMEHYUATbHOU DHePIULL:

e Paboma, coeepuiaemas Cuiol mAXCECMU, PABHA USMEHEHUI0 NOMeHYUANbHOLL
9Hepeuu, 8351Mmomy ¢ NPOMUBONONONCHBIM 3HAKOM:
A =—(Ep, — Epy) = —AE,, (3.22)

W3 Teopembl 0 TOTEHIMATBHOM SHEPIUH BUAHO, YTO SIMHHUIECH N3MEPEHHs! TOTCHIIN-
ATFHOW SHEPIHH, TaK ke, Kak U pabotsl, B CU sBisiercs dorcoys (1)]1x): [Ep] = 1/bx.

[loTtennmanbHas SHEPTHUs TeNa, Ha KOTOPOE JICUCTBYET CHJIa TSHKECTH, 3aBHCUT OT
BBIOOpa HYJIEBOTO YPOBHS. 3a HYyJIEBOW ypOBEHb MOXHO TPHUHSTH YPOBEHb MOpS,
MOBEPXHOCTh CTOJIA, IOJ KOMHATBl M Apyrue. IloTeHnmanbHas >HEPrus Tena,
HaXOJSIIErocsi Ha KaKOW-TMO0 BBICOTE OTHOCUTENIBHO ITHX YPOBHEH, OyJeT NMeTh
pasuble 3HaueHHs. OJJHAKO Pa3HOCTh MOTCHIUAILHBIX dHEPTHH JBYX, COOTBETCT-
BEHHO, pa3HbIX MOJOKEHUH Tesla He 3aBUCHT OT BLIOOpA HYJICBOTO IOJIOKECHHUS, U
OHa H3MepseTcst paboTOH, COBEpLIEHHON CHIION TshkecTH. M3 aToro momyuaem ¢u-
BUYECKULl CMbICT NOMEHYUANbHOU dHepeuu: [lomenyuanvHas 3Hepeus mena Ha
svicome h pasna pabome, cogepuiaenorl cunou msadxicecmu 8 ciyiae nadeHus Oau-
HO20 mena ¢ 5mou 8blCOMbl HA HYIe80U YPOBEHb.

B 3aBucumocTioT BEIOOpa HyIIEBOTO YPOBHS NMOTEHIMATBHAS SHEPTHS MOXKET
OBITh, KaK MOJOYKHUTEILHOW, TaK U OTpPUIIATEIbHON. Tak, MOTEHIMATbHAS SHEPTHS
TeJsa, OMCIIEHHOTO Ha OTpEACICHHON 6bicome h OT HYIEBOTO YpPOBHS, MOJOXKHU-
TEJIbHA, a MOTCHIMANBHAS YHEPTHsl Teja, TOMEIIEHHOTO Ha ONpEeIeHHOH 21youne
h oT HyneBOT0 ypOBHS, OTpUIATEIHHA.
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PaGora cuiibl ynpyroctu u noreHuuaibHasi 3Heprus. Eie oqHol KoHCepBa-
TUBHOW CHJION siBIsieTcsi cuiia ynpyroctu. [loatomy paboTa, coBeplieHHast CHIIOMH
YIPYTOCTH, TAKXKe J0JDKHA ObITh paBHAa M3MEHEHHUIO MTOTECHIMAIbHON SHEPTUH TeIa.
Hccnenyem 5T0: NpUKpEnMM OAMH KOHEI | (e) :
TIPY>KUHBI K OTIOpe, JIPYTOH Ke KOHEI MpH-

KperuM K Teiy (IIapHuKy), CIOCOOHOMY JBH- OVNN'VVNN
raTteCs MO TNagkoMy crepxkHio. CIOBHHYB 0
IIapUK BIIPaBO, PACTSHEM TMPYXHUHY Ha X .
Monaynb cuiibl YHOpyrocTH, BO3HHKIIEH B — X1
npyxuHe, paseH Fyn,, = —kx; Hon neii-
CTBHEM 3TOM CHJIBI CBOOOJHO OTIYIICHHBIN OVI\/I\/\[I\/ i
HIApUK JBWJKETCS BJIEBO, HAlpHMeEp, U3
nonoxenus 1 B monoxkenne 2 (e). Tak kak B
9TOM TIOJNIOKEHUH Je(opManust TpPYKHHBI
paBHA X, TO MOAYJIb IIEPEMEILECHUS [IIaPUKa /\’I\I)\’N v 2
paBeH pa3HOCTH pPACTSHKEHUH TPy KUHBIL: °V '
S =x1 —x, Tak Kak HampaBJIeHHE Iie- 0
pEMEIIECHUST COBMAJacT C HalpaBlICHUEM
JEWCTBUS CUJIBI YIPYTOCTH, TO PadOTa, COBEPILCHHAsI 3TOH CHIJION, MOJIOKUTEIBHA,
OJTHAKO JIOJDKHO OBITh MPHUHATO BO BHUMAaHHUE, YTO MOJMYJb CHIIBI YIIPYTOCTH HE
MIOCTOSIHEH: OH M3MEHSIETCSl OT 3Ha4eHUst KX, 10 3HaueHus kx». Ha smom yuacmxe
cpedHee 3HaueHue MoOYIis CUTbL YIPY2OCMU PAGHO CPeOHeapuphMemuieckomy sHade-
HUIO €20 HA4anbHO20 KX1 U KoHeuHo2o KX, 3naueHuir:

F _ kxy + kx,

ynp.cpes 2 :

Takum ob6paszom, ympyro nehopMupoBaHHas MPYKHHA COBEPIIAET IMOJIOKH-
TEJIbHYIO PadoTy:

—
o

pof

X

kxy + kx,
A= P;/np.cpea “Sx = P;/np.cpeg ’ (xl - xz) = T ’ (xl - xz)
2 2
wm A= k% — kzﬁ
I1y hopMyITy MOXKHO 3aIHCaTh U TaK:
kx?  kx?
A=—|————|. (3:23)

2 2

Kak BunHO, paboTta, cOBepIICHHAS! CHIION YNPYTOCTH, 3aBUCHT OT HAYaIbHOW M
KOHEYHOH e opMaliy Mpy>KUHBI.

W3 cpaBuenust gopmyn (3.20) u (3.23) BugHO, 4TO paboTa CHIIBI YIPYTOCTH

. kx?

TaKKe PaBHA M3MCHCHUIO HEKOTOPOI BEMIMHEI, B OTOM CJTydae —-, KOTOpas TOKe
SIBIISIETCS] DHEPTUEH B3aUMOICHCTBHSA!
o [lomenyuanvhas (5HEp2us YRPy200edopMUposanHo2o meid pasHd NOJOBUHE
NPOU3BEOCHIUSL ee HCECMKOCTNU HA K8AOPAm paACmANCEeHUA (UIU CoHCamus):
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NMpumeHeHune. UccnepoBaHue-2.
3agaua 2. Jlokaxwure, 4ro paboTa, COBEpILICHHAs CHION TSHKECTH, IIPU MEPEMEIICHUH Tela Mo ee

JeiicTBUEeM 13 TOUKH | B TOUKy 2 He 3aBHCHUT OT (OopMbI TpaekTopuu aBmwkenus (a u b) (f).
Ilpumeuanue. Pazoenume mpaekmopuio Ha MHO20HUCTEHHbIE MATble NPAMOIUHELHbIE YUACHKY U
cymmupytime pabomol COBePUICHHbIE HA IMUX YUACTKAX.

H . .
3agaya 3. [Ipy>xuna sxectkoctsio 300 ~ TIOJI ICHCTBUEM BHEIIHEH CHIBI CXKalach Ha 2 cm. Kakyro

JOIOJHUTEJIBHY IO pa60Ty JOJDKHA COBEPIIUTH BHEUIHASA CUJIA, YTOOBI CXKATh MPY>XKUHY €IIE Ha 2 cm?
Hpumeuanue. ,ZZJZ}Z CoHcamusl NPYAHCUHbL U3 NOJIOHCEHUS X1 6 NOJ0IHCEeHUe

k
X, GHeuHue cubl cogepuiaiom pabomy: A = 3 (x% — x2).

O0cy:xaeHue pe3y1bTaToOB:

e [Touemy pabota, COBEpIICHHAsI CHJIOH TSDKECTH, HE 3aBHCHUT OT (POPMBI
TPaeKTOPHHU JIBIKCHUS Tea?

e Eciu Teno, HauaB IBIKEHUE U3 TOUKH | 110 HEKOTOPOH TPaeKTOpHU
ab, cHOBa OKa)KeTcs B TOYKE 1, TO:

a) yeMy OyzeT paBHa paboTa CHJIbI TSDKECTH, IeHCTBYIOIIEH Ha Hero?

b) YemMy paBHO M3MEHEHHE TTOTEHIMATLHON YHEepruu Tena’?

€) KaK U3MEHSETCS MOTEHIMAIbHAS SHEePrHs Tena? (@

g

IIpuMeHeHue B OBCeJHEBHOM KM3HU: YUEHHUK X0UeT 3a0pOCUTh MAY / \
maccoit 100 rp, Ha GajKOH, HAXOMSIIMICS Ha BBICOTE 3 M OT TOYKH ' .
Opocka. OgHAKO OH HE CMOT MPABWJIBHO PacCYUTATh CHILy OpocKa: M4 4
TIOJTHSIJICS. HA BBICOTY 7 M U TOJIBKO 3aTeM yTas Ha OajIkoH (g). / :
e Yemy paBHa paboTa, COBEpIICHHAs CUIIOH TSHKECTH BJOJb BCEH TPAaeKTo- {
pu (g=10m/c?)? !
I
I
I
I
|

IIpoBecTn caMoOLeHKY:
1. Kakue monatus nmoBTOpwiIM Ha ypoke? UTo M3 3TOro BBl XOPOLIO

TIOHSUIN, @ YTO OCTAJIOCh BaM HE SICHBIM?

2. Yemy paBHa paboTa, COBEpIICHHAS CHIOH TSKECTH? ?‘ _____________
i
1
\J

3. [Toyemy cna TSHDKECTH CUMTACTCS] KOHCEPBATHBHOM CHITOH?
4. B xakoM ciydae TOBOPST, YTO TeJ0 00JIalaeT MOTeHIHAIBHOH dHep-

ruei?
5. Yrto o3HavaeT HyJIeBOH YPOBEHb MOTEHIIMAILHON SHEPruu?

6. OT 4ero 3aBUCHT MOTEHIUAIBHAS SHEPTHS YIPYTO 1e(GOpMUPOBaHHOrO Tea?

YTO Bbl Y3HAJIM? 3anummte B pabodyeM JIHCTKE ONpPEACICHUS HIDKSIPUBEICHHBIX IOHSTHHI:
“pabora cuiBI TSDKECTH”, “TIOTEHIHANBHASI SHEPrHs”’, “TeopemMa O MOTeHIUAILHOW SHeprun”, “mo-
TEHIMAJbHAsl YHEPIUs NPUOOPETaeT OTPHLATEIbHOE 3HAYCHHE ...”, “NOTCHIMAIbHAS SHEPIUs IIpHU-
oOpeTaeT MOJOXKUTEIbHOE 3HAaueHHe...” “KOHCepBaTHBHAs CHJA”, “TIOTEHIUAIBHAS 3HEPIHUS YIPYTro

nedopmupoBanHoro Tena’.
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EXD [onnas MEXAHNMYECKAS SHEPTUA.
3AKOH COXPAHEHUS 3HEPI UM

[MepBbIi MCKYCCTBEHHbIV KOCMUYECKUIA CNyTHUK A3epbanaxaHa
“Azerspace/Africasat-1a”, Bpawascb Bokpyr 3emnu c onpege-
TIEHHOW CKOPOCTbIO, OCYLLIECTBNSAET 0OMeH nHopmaLmen mexay,
MOXHO CKa3aTb, PaANOCTaHLMUSMN BCEX KOHTUHEHTOB (a).

e Kakon MexaHuueckoW 3Hepruen obnagaeTr ITOT CNYTHUK:
KWHEeTMYEeCKOM UNu noteHumanobHon? Moyemy?

Uccnepoeanme-1. Kak nuamensiercs

MOJTHAsI MeXaHNYeCcKast YHePrus?

3anauya 1. CBoGOAHO OTIYIIEHHBIH U3 TOUKH -
1 mapuk Maccoid m IBWKETCs 0e3 TpeHUs 1o
TPAaeKTOPHH, TPEACTABICHHON Ha PHUCYHKE
(b). B xakux ToYKax TPaeKTOPHH TMOJHAS Me-
XaHWYeCKast SHEPTHs IapuKa:

a) naubonvwasn? b) naumenvwas? c) oouna-
xosasn?

Hpumeuanue. Modceme 60Cnonb306amsvcs 3HAHUAMU O 3AKOHe COXPAHEHUs SHepeuU (CM.. usuka-
7, cmp.71-72).

OO0cyskneHne pe3yJbTaTOB:

e Uemy paBHa MONHAs MEXaHUYECKast SHEPTUs [IaprKa B TOUKe Tpaekropuu 17

e UeMy paBHa MOJIHAsE MEXaHUYECKask SHEPIHs MIapUKa B TOUKaX TpaekTopuu 2, 4 u 67

e Uemy paBHa MosHas MeXaHMYeCKas SHEPIusl MIapuka B TOukax Tpaekropuu 3 u 57

e K kaxoMy BBIBO/Ty O TIOJTHOM MeXaHMYECKON YHEPIHHU IIapHUKa MPUBOANT UCCIIEN0BaHKE?

Honmnas mexanuyeckasi IHeprusi. Cuctema Tell OJJHOBPEMEHHO MOXKET 00Jia/iath
KaK KHHETUYECKOM, Tak M MOTeHIIMaIbHOW SHeprueil. Hampumep, camoner, neTaimii fa
HEKOTOPO# BBICOTE C OMPEJICIICHHOM CKOPOCTBIO, 00JIa/IaeT HAPSITy C KHHETHYECKOM SHEP-
THeH, TaKkKe U OTCHIMAIBHON SHEPrUeH BCICACTBHIE B3aUMOICHCTBUS ¢ 3eMIleii.

o Cymmy KUHemu4ecKou u nNOMmeHYyudIbHO SHep2ULl CUCEeMbl mell Ha3bIEaronl ROTHOU
MexaHuuecKkou Inepzuei:
E =Ex + E,.

3akoH coxpaHeHHsI MOJHOI MeXaHM4ecKoii IHepruil. Bl yxe 3HaeTe, 9yTo padbora
CHITBI TSDKECTH W YIIPYTOCTH, SIBJLTFOIIUXCSI KOHCEPBATUBHBIME CHJIAMH, paBHA HM3Me-
HEHUIO TIOTCHIIUATIBHONW YHEPIHU CHUCTEMBI, B3ATOMY C IIPOTHBOMOIOKHBIM 3HaKOM. C
JIPYTOH CTOPOHBI, 3Ta pab0Ta TAKKe paBHA M3MEHEHUI) KMHETHYECKON SHEPTHU CUCTEMBI:

A= _(EPZ » Epl)
A = Ejpy— Eyq.

Takum 00pa3oMm, MoTy4aeTcsi, 4To:

Exp= Ej1 = Epl - Epz-

CrpynmupoBaB COOTBETCTBYIOIINE BETUUMHBL, ATO BEIPAKEHUE MOXKHO 3aIUCaTh B
CIEIYOLIUM BUE:

Exa + Epp = Ejq + Epy,
E = const. (3.25)
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[TomyueHHOE PaBEHCTBO SIBISIETCS BBIPAKCHUEM 3aKOHA COXPAHEHHS TIOJTHOM Me-
XaHUYECKON SHEPTUHU.
o [lonnas mexanuyeckdas dHepeus 3aMKHYMOU CUCeMbl meil, 83AUMOOeUCEYouUx
opye ¢ Opy2oM KOHCEPBAMUBHbIMU CUIAMU, OCTNACMCSL HeUSMEHHOU.

3aKOoH COXpaHCHUS MOJTHOM MEXaHUUYECKOH YHEPTHH SBISICTCS PE3yJIbTaTOM OOHO-
POOHOCMU 8PEMEHU.
e OQ0nopooHocmy epemeHu — Mo CUMMEMPUsL OMHOCUMETLHO NEPEHOCA 80 BPEMEHIL:
Quzuyeckue ceolcmea 3aMKHYMOU CUCEMbl He 3a8UCAN Om 6bl00pA HAYAILHOZO
MOMeHNmMa 8pemMeHtlU, Mo eCmb 6ce MOMeNMblL BpeMeHU IKGUBATIEHMHbL (DAGHONPABHDL).

CornacHo 3aKOHY COXPaHCHHUS MOJHOM MEXaHUYCCKOM SHEPruu, YBEIUUCHUE
MOTEHIIMAIBHOM SHEPTUU CUCTEMBI COITPOBOKAAETCS COOTBETCTBYIOIIUM YMEHbIIIE-
HUEM e¢ KHHeTHYECKOH SHepruu, 1 Hao0opoT. [IpeBparieHue noTeHInanbHOM YHEp-
TUU B KUHETHUYECKYIO0 WJIM KHHETHYECKOM B MOTCHIMAIBHYIO, T.C. COXPAHCHHE
MOJIHOM MEXAHMYECKON HHEPTUU SIBISIETCS OJHUM U3 CAMBIX Ba)KHBIX 3aKOHOB B
MpUpoJIe.

YacrHble CJIyvdau.
1. TlonHas mMexaHW4ecKast OHEprus Ui Tejla, ABMXKYLICTOCS I10J JICHCTBHUEM
CHJIBI TSDKECTH:

i‘_

—
© 4
I'ne h — BeIcOTa HaJl HYJIEBBIM YPOBHEM, Ha KOTOPOM HaXOAUTCs TEJIO B JaH- Tm
h

muv?
E = mgh + - = const.

oal

HBIA MOMEHT BPEMEHH, U — CKOPOCTb €ro JABWKCHUS. 3HaueHue TI0JTHOM MeXa-
HUYECKOU OHEPruyr, OCTaBasCh IOCTOSHHBIM, 3aBUCHUT OT JAHHBIX yCJIOBI/Iﬁ.
‘ 0

cl

Hanpuwmep:
a) eciu Teno ObLIO OpOIIEHO ¢ HyJIEBOro ypoBHS h = 0 BBepX ¢ Ha4aJIbHOI
CKOPOCTBIO Uy, TO €T0 TOJIHAs MEXaHUYECKas SHeprus Oy IeT paBHa:
E = ng -
-
B sToM citydae, 3aK0H COXpaHEHUsI IOJIHASL MEXaHUYECKasl SHEPrHy B IPOM3-
BOJILHOH TOYKE TPAEKTOPUH JBIDKEHUSI 3aIIUCBIBACTCS TaK (C): e % A WS
mug mu? A

= — (d) g
2 mgh + > mg

b) ecnu Teno, OpoIIeHHOE BEPTHKAIBHO BBEPX, TIOJHUMETCS] HA MAKCHMAJIBIYIO
BBICOTY H , TO €ro mojHasi MeXaHH9IEcKasi SHeprus OyIeT:
E = mgH. H —
B sTOM ciydae 3aKOH COXpaHCHHS TIOTHOW MEXaHHIECKOW SHEPTHN Tera, Opo- ——Sw_ .
IICHHOTO BEPTUKAIBHO BBEPX, B MPON3BOIBHON TOUYKE TPACKTOPHH JIBIKCHHS
samchiBaeTcs Tak (d): h i

mo*
mgH = mgh + .- Y

2. Ecnu OTTSHYTB 1 OTITYCTHTB IIAPUK MACCOH M, 3aKPEILICHHBIH K OTHOMY U3
KOHIIOB HEBECOMOM TPY>KHUHBI JKECTKOCTRIO & M COCOOHBIA IBHrathes  (€)
BJIOJIb TJIAZIKOTO CTEPIKHS (IPYroH KOHEIl IPY’KUHBI 3aKPeIUIeH K HemoJI-

BIDKHOH OIIOpE), TO BBIPKEHHE TOMHON MEXaHNYEeCKOH SHepruu Koiebda- ID\/\N\N\NM—
TEJILHOTO JIBKEHHS CHETEMBI “IIAPUK-TIPY)KUHA™ Oy/IeT CIeyIonmM (e): m
kx? mu?

EF—+—= .
> AF > const

- ——

3akoH coxpaHenuns MOJTHOM JHEPIrum. I/ISBGCTHO, YTO ITOJIHasA MEXaHUYCCKas
OHEPrust CBO6OIIHO nmagaromero Te€jia BO BCEX TOYKAX TPACKTOPUH OJMHAKOBA.

94



@

— Ymo npoucxooum npu nadeHuu mena u €20 OCMaHo8Ke Ha NO8EPXHOCIU Jemuu?

— MoocHo 1w 8 3mom ciyuae ckazamo, Ymo “Kax KUHemuueckas, max u nomeH-
YUQIbHAA DHEP2U MeNa PAGHbL HYJI0, MO eCMb MeXAHUYeCcKds dHepeus ucuesaem u
Hapyuwlaemcst 3aKoH coxpanenusi snepauu”?

MexaHndecKkast SHEpTUs TeJ, COCTABIIONINX 3aMKHYTYIO CHCTEMY, He Hmcue3aer!
MexaHuueckas SHEpIus MpeBpaIlaeTcs B IPyroi BU 3HEPTUU — BHYTPEHHIOIO SHEp-
THIO CHCTEMBI: B pe3yJIbTaTe COyIapeHHs Tela C TOBEPXHOCTBIO 3EMIIN CUCTEMA Harpe-
BAETCs 1 €€ BHYTPEHHSISI SHEPTUsl yBEITNINBACTCSL.

MOoXHO NPHUBECTH MPUMEPHI MPEBPAILEHNs SHEPTUH TaKXKe U B JIPYTHX 3aMKHYTBIX
cuctemax. Hanpumep, B cucreme aBTOMOOMIIB-IIOCCE TIPH TOPMOKEHUH JABHIKYIIIETO
aBTOMOOWIISI €ro KHHETWYecKas SHeprusi B pe3yjbrare TPeHHs NpeBpaimaeTcs BO
BHYTPEHHIOIO SHEPTUIO HarPETHIX TIOKPHIIIEK.

Takum 00pa3om, TOBOPS O 3aKOHE COXPAHEHUsI IOJIHOM SHEPTUH, TTOJpa3yMeBaeTCs
COXpaHEHHe BCEeX BHJIOB SHEPTHU (MEXaHMYECKOW, BHYTPEHHEH, SJI€KTPOMAarHUTHON U
JIpyTHE), TPEBPAIIAIONXCS IPYT B APYTa, B 3aMKHYTOW CHCTEME:
® DHepeusi He ucue3aem u He GO3HUKAEM U3 HUYe20, OHA NPeepawaemcs u3 00H020 8UOd
8 Opyeol.

WUccneposaHue-2. NMpuMmeHeHune

3amaya 2. Teno OpoCHIIN BEPTHKAIBHO BBEPX C HadabHOU ckopocThio 10 M/cek. KakoBa ckopocTh
9TOTO Teja Ha BeICOTE 3,2 M (COMPOTHBICHHUE BO3AyXa HE YUHTHIBATh; g = 10 W’ )?

OO0cyskneHne pe3yJbTaTOB:

o Kakoii sneprueii odnagaer Teno, OponieHHOe BePTUKAILHO BBEpX, Ha BhICOTE h?

e Kaxoii popMy0ii BeIpakaeTcsi 3aKOH COXPAHEHHST MEXaHUYECKOW SHEPTHHU TSI 9TOTO Tea?

e Kak ompenenuTs CKOPOCTH Tena Ha BbIcoTe 3,2 M?

IIpumeHenne B noBcexHeBHON ku3HM: Ha pucyHke rmpeacTaBiIeHbl TPH pa3HbIe D Iy
TOYKH TPAEKTOPUH ABIKEHUS Tela, MaJaIoIIero ¢ ONPeIeNeHHOM BBICOTHL.
¢ UeMy paBHa MOJTHAS MEXaHUUIECKast YHEPTHs TeJa B KaXK0H U3 9TUX TOYEK (COT-
POTHUBIICHHE BO3yXa HE YUUTHIBATE)? 5
IIpoBecT caMooOleHKY: 6
1. Kakue monsTHS MOBTOPHIIH HA ypoke? YTo 13 3TOr0 BB XOPOIIO MOHSIIH, a UTO
0CTaJIOCh BaM HE SICHBIM?
2. Ilpu KaKHX yCIIOBHSX ITOJHASI MEXaHUYECKast SHEPT sl COXPaHIeTCs1? h
3. Ilpu KakuX yCIOBUAX IOJIHAS SHEPIUs COXpaHsieTcs? 3
4. B xaxoif BU/I SHEPTUH MOKET NPEBPATUTHCSA YACTUYHO MOJIHAS MEXaHUYeCKas
9HEPTUs B Pe3ysbTaTe TPEHUs Tena’? Q Y

5. Kakne npeBparmienus HepTuy POUCXOIAT B CICAYIONIHNX SBICHUSX:
a) IaJIeHIe MacChl BOJBI B BOJIOMA/IS;
b) mapuk, ckaTsIBaromuiics 10 HAKIOHHOMY skeno0y [ammest.

6. Teno Opocwiy BEepTHKAIBHO BEEPX C HAYAIIBHOM CKOpOCThIO 6,4 M/c. Ha Kakoii BpIcOTe KHHETH-
Yeckast ¥ HOTCHIINAIbHAS SHEPI Ul CHCTEMBI “3eMIli-Teno” OymayT OMHAKOBEIE?

YTO Bbl Y3HAJIU? 3anumure B pabodeM JUCTKE OMpeNeseHUS HIKEIPUBEICHHBIX MOHSTHIL:
“moyHas MeXaHW4ecKas SHeprus”’, “3aKOH COXpPaHEHHs ITOJHOW MEXaHW4YEeCKOH 3Hepruu”, “OmHO-

POIHOCTB BpeMeHH ;" 3aKOH COXPaHEHHs TIOJTHOW SHEpTHn”.

3aKoHbI COXpaHeHus 95



END U cronb30BAHNE ANBTEPHATUBHBIX MICTOYHMKOB
SHEPIUN B AEPEANIKAHE (YPOK-PE3EHTALIMS)

[ToaroroBbTe 3IEKTPOHHYIO MPE3ECHTAIMIO 00 MCIIOJIB30BAHUM B HAIICH pecryOimKke alb-
TEPHATUBHBIX MCTOYHMKAX 3HEpPruu. [Ipym MOArOTOBKE NMPE3EHTAMHM MOKHO BOCIOJIB30-
BaThCsl HIKEMPUBEICHHBIMHU NIEKTPOHHBIMH PECYPCaMHU:

DJIeKTPOHHBIE PECYPChI:

. https://az.wikipedia.org/wiki/Kateqoriya: Azorbaycan su_elektrik stansiyalari.

. https://az.wikipedia.org/wiki/Mingagevir SES.

. www.azerenerji.gov.az/index.php?option=com_content&view=article...

. www.azerbaijans.com > Bas sohifs » IQTISADIYYAT.

. www.president.az/articles/8577.

. www.president.az/articles/3184.

. Www.minenergy.gov.az/?e=526.
8.http://www.azerbaijan-news.az/index.php?Lng=aze&year=2009&Pid=183.

9. www.osce.org/az/baku/40023?download=true.
10.lib.aliyevheritage.org/az/3316976.html.

11. eco.gov.az/.../405-azerbaycan-respublikasinda-alternativ-ve-berpa-olunan-enerji-men...
12. www.carecprogram.org/uploads/docs/AZE-Renewable-Energy-Strategy-az.pdf.
13.www.bizimyol.info/news/61753.html.

14. axar.az/m/view.php?id=64300.

15. www.qlobalenerji.az/page.php?sh=dHVrZW5tel9lbnlq.

16. https://az.wikipedia.org/wiki/Kiilok enerjisi.

17. www.qlobalenerji.az/page.php?sh=Y Xpfa2xrX2Vu.

18. https://www.unece.org/fileadmin/DAM/env/.../TYqdimat_Strategiya.pdf.

19. referat.ilkaddimlar.com/d_word_refe hidro 5030.docx.
20.azertag.az/.../Azerbaycanda kulek ve gunes enerjisinden istifade uchun

21. www.xalqqazeti.com/az/news/economy/40986.

22. www.anspress.com/iqtisadiyyat/07.../kulek-enerjisi-azerbaycana-baha-basa-gelmeyece...
23.apa.az/.../azerbaycanda-gunes-ve-kulek-enerjisinden-genis-istifade-olunmasi-meqsedil...
24. www.anl.az/down/meqale/azerbaycan/2010/aprel/114197 . htm.

25. www.feedly.today/.../azerbaycanda-kulek-ve-gunes-enerjisinden-istifade-ucun-elveris..
26. regionplus.az/az/articles/view/5036.

27. news.atv.az/news/tech/14925-alternativ-energetika-kulek-enerjisinin-gucu.
28.deyerler.org/100916-alternativ-enerji-mjnbjljri-kgljk-enerjisi-ii-yazd.html.

29. e-book.az»book/1834...azerbaycanda...enerjisinden...ve...

30. az.wikipedia.org>Giinas eneryjisi.

31.ebooks.azybook YqyCx9UlLhtml.

32. carecprogram.orgyuploads/docs/AZE-Renewable-. .

33. news.lent.azynews/134868.

34. yeniazerbaycan.com>SonXeber e13759 az.html.

35. physics.gov.az>PowerEng/2004/v1article/art01.pdf.

36. qlobalenerji.azypage.php...

37. webcityhost.net>vergiler/upload/File/art-293.pdf.

38. minenergy.gov.az>db/462.pdf.

39. news.day.azyAzarbaycanca>797906.html.

40. arxiv.azy...azertag...2841297/AVROPADA ATOM...DINC...ILE...

41. az.wikipedia.org)Niive energetikasi.

42. azrefs.org)xulase-tedgigatn-meqsedini-v2.html. ..
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OO0pa3IoBHIii JTaH TOATOTOBKU MPE3EHTANI

o Hazpanne Npe3CHTalnn

I caaiia:
e [ToaroroBuit
11 coaiin: . COCTOj{HI/Ie HCTIOJIb30BaHUS NCTOYHUKOB €CTECTBEHHOM albTEPHATUBHOMN YHEPTHU B
Asepbaiikane
Lo o lcTOpHst MCTIOIb30BaHUS SHEPIHU TEKYIIEH BOIbl B A3epOaiikane
L Gt o lcrionp30BaHKe YHEPTUM TEUCHNE BOJbI B A3epOaii/kaHe B HAILIM THH
. o lIcTOpHst NCIIOIb30BaHUS SHEPIUU BETpa
LI G o llcrionip30BaHKe SHEPTHK BeTpa B A3epOaiiykaHe B HAILM JTHU
V caaiin: o [IepCreKTHBbI UCTIONB30BAHMUS YHEPIHU TEUCHHUS BOJIBI M BETpa B A3zepOaiikaHe
. o Vcnionp3oBanue sHeprun ConHila B AzepOaiiykaHe B HAILIU JTHU
VALGETE o [lepcriekTrBbI HCcTIONb30Banus YHeprun CosHia B A3epOaiipkane
. o [lepCrieKTHBbI UCTIOIB30BAHUS AaTOMHOW SHEPTUH B A3epOaiikaHe
VII caaiia:

o HepCHeKTHBBI HCIIOJIb30BaHUS DHEPTUU T'€OTEPMAJIIBHBIX BO B A3ep6ai/'[]1>1<aHe

3.1. Manpunk Maccoit 50 KT, CTOSIIINI Ha By B KOHbKaX, OpOCaeT B TOPU3OHTAIHHOM
HaTIPaBJICHUU CHEXOK Maccoi 1 Kr co ckopocThio 5 M/c. Kakyro cKopocTs B 3TO
BpEMS TTOIYIHUT MAIBIHK?

3.2. JlokxomotuB Maccoit 150 TOHH mpuONIMKaeTcss K HEMOJBIKHOMY COCTaBY Maccoit
1250 ToHH co ckopocThio 7 M/c. Kakyro CKOpOCTh HmpHOOpETaeT COCTaB IIOCIHE
COEIMHEHUS C JIOKOMOTHUBOM?

3.3. Jlersmmii co ckopocteio 500 M/C CHapsiJi, B30OPBABIIKCH, pPa3icisicTCs Ha JBa
OCKOJIKa C MaccaM# 5 KI 1 15 Kr, COOTBETCTBEHHO. BOIbII0i 0CKOIOK MPOIOIHKIIT
oJIeT co ckopocThio 800 M/C B TOM e HalpaBlICHUH, YTO U cHapsa. Onpenennre
CKOpPOCTBH MaJIOTO OCKOJIKA.

3.4. Manbunk maccoit 60 kr, Oeryimii co CKOpocThio 2 M/C, IOTOHSIET U 3allPhICMBACT Ha
TeNek)Ky Maccor 40 Kr, IBIKYIIYEOCS cO CKOpocThio 1 m/c. C Kakod CKOPOCTHIO
MIPOJIOJDKUT JABHIKEHHUE TEJIEKKA C MATbYUKOM?

3.5. lan rpaduK 3aBECHMOCTH TPOCKIHH CHJIBI, ACUCTBYIONICH HA JBIKYIICECH B0
ocu OX Teno, ot nepemenienus. Onpenenure paboTy, COBEPILIEHHYI) STOH CUIION
Ha myTH 12 M.

Fo, H
18

12

I !

.

04 & 12 16 xx

3.6. Manpuuk, IEHCTBYS ¢ TIOCTOSIHHOW CHJIOH, HampaBieHHOU moj yriiom 60° k Topu-
30HTY, NEPEMECTH UTPYLICUHYIO0 MAIIMHKY MO TOPU30HTAIBHOM qopore Ha 40 M. C
KaKoii CHJION MaJIbYMK TSHET MAallMHKY, €ClM paboTa, COBEpIICHHAs! 3TOW CHJIOM,
paBHa 2 kJ[x?
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3apaum Kk III rnaBe

3.7. Manpuuk 6pocrin Msta Maccoif 100 T BepTHKaIbHO BBEPX, a 3aT€M MOHMAl ero B
Touke Opocka. [IpuHAB BO BHMMaHME, YTO MY BO BpeMs JBIDKCHHUS BBEPX
HOAHSJICA Ha BBICOTY 5 M, BBIUHCINTE pabOTy, COBEPIICHHYIO CHIOH TSXKECTH,
nelictByromieit Ha M4 (g = 10 M/c?) a5t ciryyas: a) OpH JBUKEHHHU Ms4a BBEpX;
b) npu IBIKEHUH MsA4a BHU3; C) Ha BCEM IIyTH [BIKCHHS MA4Ya.

3.8. MoXHO 11 TOAHUMATH Ipy3 Maccoid 30 KT co CKOPOCTBIO 4 M/C MPH TIOMOIIH JJIEK-

TPUYECKOTO ABMTaTeNs MomHocThio 0,9 kBT (g = 10 m/c?)?

3.9. Kamenp maccoit 500 rp OpocaroT BEpTUKAIBHO BBEPX CO CKOpocThio 20 Mm/c. Uemy
OyJeT paBHa KHHETHYCCKAs DHEPTUs KaMHs uepe3 1¢ u 2 ¢ (COMpOTHBIICHHE BO3yXa

He yuuTHIBaTh: g = 10 M/c?)?

3.10. Kak u3MeHHTCS] KUHETHYECKast JHEPIHsl aBTOOYCa MPU YBEIMUYSHUH €r0 CKOPOCTH B

2 paza?

3.11. Hapuk Maccoii 25 Tp, IBUTAsICh CO CKOPOCTHIO 5 M/C, YAapsieTCsI O TPYKUHY KECTKO-

cteio 103 H/m. Onpenenure Bemauny Ae(OpMAaIiy MPyKAHEL

—

1%

3.12. BeuiereBinas U3 BUHTOBKU CO CKOpocThio 600 M/c, myist Maccoit 5 rp mpoOuBaet
JICPEBSHHYIO0 JTOCKY HACKBO3b W BBUICTACT M3 Hee co ckopocThio 200 m/c. Ompe-

nenure paboTy, COBEPIICHHYIO CHIION COMPOTHBICHUS OCKH.

3.13. Ipyxwuna auHamometpa xectkocThio 100 H/M nedopmuposana Ha 2 cm. Ompe-

JICITUTE TMTOTEHIMAIIBHYI0 SHEPTHUIO JIeOPMUPOBAHHON NIPYIKHHBI.

3.14. Kax n3MeHSI0TCS KWHeTUYecKast M MOTEeHIMAaIbHAsl SHEPTH Tella, €CIIN CHIa TshKEeC-

TH, ICHCTBYIOLIAs HAa HETO, COBEPIIACT OTPULATENbHYIO paboTy?

3.15. Kak W3MEHSIOTCA KHHETHYECKas H IMOTCHIMAaJIbHAasA DHEPTUA TEJIla, €CJIM Chuia

TSDKECTH, JICHCTBYIOIIAS HA HETO, COBEPIIAET MOJIOKUTEIBbHYIO padboTy?

3.16. I1pu paBHOMEPHOM IOJHITUM KaMHs M3 KOJIOJIA TIIyOWHOH 4 M Ha NMOBEPXHOCTh

coBepmraercs pabora 150 [Ix. Onpenenure Maccy kamus (g = 10 m/c?).

3.17. Kunernueckasi SHeprusi Teljia, OpOIICHHOT0 BEPTHKAIBHO BHHU3 C BBICOTHI 75 M CO
ckopocTtbto 10 M/c, B MOMeHT yjapa o 3emiro paBHa 1600 Jhx. Onpenenyite maccy
Tela U ero CKOpOCTb B MOMEHT yjapa O IIOBEPXHOCTL 3eMilld (CONPOTUBICHHE

BO3/lyXa He yuuThiBaetcs g = 10 m/c?).

3.18. Teno maccoii 250 rp Gpocuii BepTHKAIBHO BBEPX CO CKOPOCTHIO 15 M/c. Ompenennre
MAaKCHMAJIbHYIO BBICOTY MOABEMA M HOTCHIMAIBHYIO SHEPTHIO Tella Ha 3TOH BBICOTE

(compoTHBIIEHNE BO3yXa HE yUUThIRACTCS g = 10 M/C?).

3.19. Kaky1o ckopoCTh cOO0IIaeT NPYIKUHHBIN IMCTOJIET ITyJie Maccoi 3 Ip MpH pacipsim-

nennn oxatoit Ha 10.cm npyxuabl? JKeerkocts npyxutbl 100 H/m.

3.20. CranpHOH mapuK OpoCHIN BepTHKalibHO BBEpX cO ckopocThio 20 M/c. Onpenenure
BBICOTY, Ha KOTOPOIM KMHETHYECKasl M OTEHIMAIbHAS DHEPTHsI IIAPHKA PABHBI JIPYT

npyry (g=10w/c?; conpoTUBIeHne BO3/lyXa HE yUUTHIBATE).
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MEXAHUYECKHUE
KOJIEBAHUA U BOJIHDbI

OcBouB MaTtepuarnsl 3Tol rnasbl —
Bbl CYMEETE:

® MIepevncCrinTb Npn3Hakn rapMoHN4eCKmnxX KonebaHuu;
e pa3findaTtb BUObl MEXaHNYECKUX konebaHun 1 BOJH;

e OMnpeaensiTb OCHOBHbIE XapaKTEePUCTUKN MeXaHUYEeCKNX
KonebaHuin 1 BOSH;

e COCTaBIsATb U pellaTb KAaYeCTBEHHbIE U KONUYECTBEH-
Hble 3aa4n C NPUMEHEHNEM 3aBUCUMOCTU MeXay Xa-
paKTepUCTMKaMM MexaHN4Yeckmx konebaHui n BosH;

e 00BACHUTD NnpUYnHy BO3HUKHOBEHUA MEXAHUYECKUX KO-
ne6aHun B NPYXMHHOM N MaTeMaTU4eCKOM MaATHUKaX;

e 3anuncaTtb ypaBHEHWUs konebGaHWin NPYXUHHOTO U MaTe-
MaTUYeCKOro MasiTHUKOB, 9KCMEePUMEHTASILHO M Teope-
TUYECKN YCTAHOBUTb OT KakMX BENUYUH 3aBUCAT ne-
pvoa 1 YactoTa 3TUX MasITHUKOB,

e onpeaenvTb Mo rpadpuky rapMoHMYecKUX konebaHuin ne-
PVIOA, YacToTy, LUMKINYECKYH0 YacTaTy, aMnnuTyay Kone-
GaHuin, MakcumarbHbIe 3HaYEHVIA CKOPOCTU 1 YCKOPEHWST;

e onpeaenuTb aKCnepuMeHTanbHO U TeopeTUYeckn npu-
YMHY BO3HUKHOBEHUS B YNpYyron cpene nonepeyHbix u
NpPoaoNbHbIX KONebaHuii;

© MOCTPOUTBL U “NpounTaTh’ rpaddnKy 3aBUCMMOCTU XapaK-
TEPUCTUK MEXAHMNYECKUX BOMH OT BPEMEHM.
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m KOJ'IEBATEﬂbHOE OBWXE
CBOBOAHbIE KOJIEBAHUA|

Mpe. A nec @ YTo nponcxoguT nocne 3Toro?
PEANPUUMYUBLINA NECHMK, AN e

3aLLNTBI MYENVUHOTO YNbs OT MeaBeas NOAHATLCS K ynbio? Movemy?
“cnonb3yeT Tsaxenoe 6peBHo, NoaBe- R s KaiMICIIOEOMIMONKHO XA
LLIEHHOE Ha KPenKo BeTke. paKTepu30BaTh Takoe ABH-
BpeBHO NOMeLLIAETCS YyTh HIDKE YIbsl, NepeKpbisast * enue 6peBHa? MoxHo nun
Aopory Meageeato. Briesatowmin Ha AepeBo Measeab & Ha3BaThb TaKoe ABWXEHMe CBO-
HyXeH OTTarnkvBaTh B CTOPOHY GpPeBHO. b . 6OAHLIM UMW BLIHYKAEHHLIM?

Uccneposanmne-1

3agaua 1. OnpenienuTe, 4TO SABIACTCS OOIIMM, @ YTO HET [UIs CIIEAYIOIIMX IBHKEHUN: /Jeudicenue
nnosya no nogepxrocmu 00wl ", “‘eusicenue Jlynv goxpye 3emnu”, “Jeuoicenue kaueneii”, “/lu-
JiceHue nuivl npu pacnuausanuu depesa’, “‘Jleusicenue epyza na npyscunHom ounamomempe”,
“/sudicenue nopuins 6 yununope osueamens”, “Jleuscenue “gonuxa’ ma nogepxnocmu cmoia’.
O0cy:kaeHue pe3y/1bTaToOB:

o JIBI)KEHHS KAKMX CHCTEM IIPE/ICTABIICHBI B 3TUX MPEIOKEHHSX ?

e YeM OTIIMYAOTCS U YTO 06mero B JIBIDKCHUU 3TUX CUCTEM?

Mexanuyeckoe KojedaresbHoe ABH:KkeHne. OHO U3 HanboJee PacpoCTPaHEeH-

HBIX JIBIDKCHHUI B TIPUPOJIE — MEXAHUUECKOe KOIeOAMeNbHOe OGUIICEHIUe.
e Mexanuueckoe KonebamenbHoe 08UMHCEHUE — MO NOTHOCIBIO WU YACMUYHO NO-
smopsitoujeecs 08uUdICeHUe meid 6 NPOMUBONONIONCHbIX HANPABIEHUAX OKOJO NOJO-
JHCEHUS. YCMOUUUB020 pasHoeecus. JIpyTUMH CIIOBAMH: MeXaHuyecKoe KoiebamenbHoe
08UdICEHIEe — IMO Nepemeujerue mo 6 0OHOM, MO 8 OPY20M HANPAGIeHUU BOKPY2 NOJO-
JICeHUs. PABHOBECUS Mea UIU CUCTEMbL Meil.

KonebarenpHoe IBIKEHNE MOXKET OBITH EPUOANYECKIM U HEIEPHOITIECKIM:

e [lepuoouueckoe KonebamenvbHoe 08UNCEHUE — IMO  KONeOAHUs. mend Ul CUCTEMbl
mei, NOBMOPAIOWUECS. Yepe3 OOUHAKOBbLE NPOMENCYMKU BDEMEHU.

o Henepuoouueckoe koiebamenbHoe 08UNCEHUE — IMO KOAeOaHUst mea wili CUCEMbL
mei, NOBMOPAIOUWUECS Yepe3 NPOU3BOTbHBIE NPOMENCYMKU 6peMetl, Y. marux Kone-
OaHULl ONPeOesieHHbIX NePUOO08 Hem.

[Mepnommyeckne KoneOaHNS B OCHOBHOM OBIBAIOT ABYX BHIIOB: 6bIHYHCOEHHbIE T
€80600HbIe KONCOAHUSL.

o Buinyoicoernvie Konebanus — 5mo Koaedanust, 603HUKAowjue 6 pe3yibmame 6030eli-
CcMeuUsL BHeu el NepuUoOUecKy U3MEHAIOWEUCs CULbL.

o C80000HbIEe KONCOAHUS — MO KONeDAHUS, BOZHUKAIOWUE 8 pe3yibmame OelCmeus.
BHYMPEHHUX CUTL 3AMKHYMOU CUCHEMbL.

CaoOoanble KkoJed0anus. /11 NPOCTOTHL IIPOBEJECHUST U3MEPEHUI U BBIUMCICHUM
IIPH U3YYCHUN KOJIeOATEIbHOTO IBIDKEHNS YAOOHO BOCIIONIB30BAThCS 3aMKHYTOH CHC-
TemMoi. B 3aMKkHYyTO# cucTemMe Telia cOBEpIIaroT KojeOaTenbHbIC IBHKEHHS B PE3yJlb-
Tare AeHCTBHS BHYTPEHHUX CUIL.

Konebanus tpy3a, MpUKPEIUIEHHOTO K TPYXHUHE (cucmema npysHcura-epys3), WM
TeJa; TOABSHICHHOT0 HA HUTH (cucmema Humv-meno), MOKHO OTHECTH K CBOOOTHBIM
KOJIeOaHusAM. BHYTpEHHEH CHIION B cUCTEME MPY>KUHA-TPY3 SBISETCS CHJIa YIIPYTOCTH
HPY>KUHBI, B CHCTEME HUTB-TENO — CHJIA TSDKECTH, JeHCTBYIOIAs Ha Telo.

* |V ¢ MexaHu4yeckue KonebaHusi U BOJHbI * 101



KunemaTnueckne XapakTepucTHKH K0J1e0aTeJIbHOT0 ABHKeHHsA. O3HAKOMUMCS
C HEKOTOPLIMU U3 HUX.
o Cmewenue — smo usuueckas 8eUYUHA, NOKA3LIBAIOWAS, 8 KAKVIO CIOPOHY U HA
CKONIbKO YOQuIslemcsi Om NONONCEHUs PABHOBeCUsl KoNeboweecs meno 3a onpede-
JIeHHbIL npomedcymok epemenu. Hanpumep,
(a) M - m N

- . TIPEAMOJIOKUM, 4TO TEJIO MAcCoil m coBep-
) o * «x, X maeT HOBTOPSIFOIIUECS IEPHOINYESCKUC [BH-
JKEHHsI BOKPYT TOUKHU paBHOBecus 0, BIpaBo
U BIIEBO OT Hee, BAomb ocu X. KoopayHarta Tenma X B TaHHBI MOMEHT BPEMEHH ¢ I10-
Ka3bIBACT CMEIICHUE STOTO TeJa OT €T0 TIOJIOKESHUS PAaBHOBECHS (2).
® Amnaunmyoa — 5mo HauboIbLUee CMelyeHue KoneOIoue2ocs mea om NONONCEHUs PAGHO-
secus. AMITIHTY 12 0003HaYaeTCsl Xy, WK A, a euHuIa ee mamepenus B CU —memp (w).
Ecan teno, aurasce BOpaBo OT TOUKH paBHOBecHs O, cMelaeTcsi Ha aMIUTUTYIy
Xm (Touka N), 3aTeM, OCTaHOBUBILHMCH HA MTHOBEHHE, BO3Bparaercs B Touky O, nBu-
JKETCsI BJIEBO, CMEIIASICh 0 TOYKH C KOOPANHATON — X, (TOUKa M), M OCTAaHOBHBIIIHCH
B JTOH TOYKE Ha MTHOBEHHE, CHOBO BepHeTcsl B TOUKy O, TO 3TO JBHKEHHUE Tella Ha-
3BIBACTCS 0O0HO NONHOe Konebanue (cM: a). Takum oOpaszom, meno 3a epemst 00HO2O
HOJIHO20 KONEOAHUS NPOXOOUN NyMb, PABHBIL 4 AMIIUMY OAM:
l = 4x,,.
Ecnu Tesno 3a mpomexyTok BpeMeHu t copepmt N KoOjieOaHUid, TO MPOHICHHBIN
UM TIyTh Oy/IeT paBeH:

t
l = 4x,N = 4x,,tv=4x,, T (4.1)

Y
—X

Ine v (H10) — vacmoma konebanuii, T — nepuoo konebanuii.
e Yacmoma Konebanuii — 5mo Gusuueckas 6eIudUHa, YUCIeHHO PAGHAS YUCTY KOIeOd-
HULL 30 0OHY CEKYHOY:
N
V= ? (4-2)
3a eJIMHUILY U3MEPEHHs YacToTh KoneOanus B CU npuHsTa BeJMuuia, Ha3BalHas B

yecTh Hemenkoro yuenoro ['enpu ['epia, eepy (1I'm). 1 'y — smo uwacmoma marux
Konebanuii, npu komopwix 3a 1c coeepuwaemcs 1 xonebanue: [v] = 1 F'yp=4c™ L.
o [lepuoo Konepanuii — 5mo pems, 3a KOmopoe co8epuiaemcsi 0OHO HOAHOe Koaebanue:

T—t 4.3
=V (43)

Enunnna usmepenns nepruona 8 CU — cexyroda (Lo): [T] = 1c.
Tlepuoo u vacmoma konebanutl — 63aUMHO 0OPAMHbLE 6ETUYUHDL:

T—1 N\ 4.4
—VI/I.HI/IV—T. (4.4)

o [Juxknuueckas uacmoma, S6ISIACh GEIUNUNOL 8 2T paza 60buLell Yacmomul Koaiebanuil,
NOKA3b18aem, CKOJIbKO. KoaeOaruili coeepuiaem meino 3a 6,28 cexynowl (2750,28):
w = 2mv. (4.5)
3nech @ (oMera) — HuKInYecKast 4yacTora. EnuHuIa U3MEPEHUS [IUKIHUCCKOM

yacToThl B CU:
paa
=1—.
[w] = 1=
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I'apmonnyeckoe koJedanue u ero rpadpuk. CaMbIM MPOCTHIM KOJICOATEITEHBIM
JBIDKCHHEM SIBIIETCS 2apMOHUYecKoe Konebarue.

o [apmoHuuecKkue Konebanus — 3mo KojneOanus, npu KOmopsix GelUdUHbL, XapaKme-
pusvIowue 08uxICeHUe, USMEHAIOMCSL CO 8peMeHeM NO 3aKOHY CUHYCA UMY KOCUHYCA.

V3MeHeHns MOJIOKEHMS Teja, COBEPIIAIOLIET0 CBOOOAHBIE TAPMOHNYECKUE KO-
nebaHus, OTIMCHIBAIOTCS KPUBOW, KOTOPAs IBISACTCSA CUHYCOUOOU UITA KOCUHYCOUOOU.
Kpusyto cunycouapl (Mim Kocu-
HYCOUJIBI) C ISTKOCTHIO MOYKHO Ha-
OmogaTh BO BpeMs TPOBEACHUS
OIIBITA KaK C MPYKHUHHBIM, TaK U C
HUTEBBIM MasTHUKOM, IpeJCTaB-
JIIOIAM  COOOH  HAIOJIHEHHYIO
TIECKOM BOPOHKY C HEOOIBIIIAM OT-
BepctueM BHU3Y (b).

Ora KpuBas COOTBETCTBYET
rpaduKy W3MEHEHHs Tepemernie- (c)
HUSI MasITHUKA X OT BPEMEHH t 110
3aKOHY CHHYCa WJIH KOCHHYca (¢):

X = XpSinwt (4.6)
WIN

X = Xpcoswt 4.7)

W3 rpaduka BUaHO, YTO 3a BpeMsl, paBHOE Neproay Kosnebanus (1=7), MasiTHUK
COBEpIIIaeT OJTHO TIOJTHOE KoJieOaHue (CM: ¢).

)

[}

-x,

* Bunmanmue « OTCyTCTBUE AECTBHS BHEITHUX CHII HA
3aMKHYTYIO CUCTEMY IIPUBOJUT K TOMY, YTO €€ I10JIHAS
MeXaHH4YeCKasi JHEPIUs He U3MEHsIeTCs. DTO O3HA4aeT,
YTO B HACAIBHBIX YCIOBHAX aMIUIUTYAA CBOOOIHBIX
KoJIeOaHUI B 3aMKHYTOH CHCTEME HE M3MEHSETCS, TO
eCTh KoynebaHus He 3aTyxatoT. OIHAKO B peabHOCTH
CcBOOO/HBIE KOJIEOAHMS 3aTyXaloT — IOJ AeiicTBHEM
CHJI TPEHHSI C TEUCHHEM BPEMEHH IOJTHAs MEXaHHIeCcKast SJHEPTHsl CHCTEMbl YMEHBIIACTCH, TO, €CTh
YMEHBIIIAeTCS aMIUIUTY /1A KOJIeOaHuii U konebanus 3aryxarot (d).

® Samyxaroujue Konedanun — 5mo Koaedanusl 8 3aMKHYmMOoL KoieOamenbHoll cucmeme, 8
KOMOpOIL 6 pe3yibmame Oelicmeust CUil Mpenist BPOUCXOOUTN NOCMENeHHoe YMEHbUIEeHIUEe
NOJHOU MEXAHUYECKOU SHEPSUU CUCTEMbL U YMEHBUICHUE AMIIUITYObL KOJICOAHULL.

UccnepoBaHune-2. NMpuMeHeHne

OnpeesieHne XapaKTePUCTHK MasiTHHKA

3amaya 2. MatepuanbHas TOYKa, COBEpIIAs KOJIeOaHsi BAOIb MPSIMO JIMHUM ¢ 4acToToi 2 I'm, mpo-
XOJIUT 32 2 CEKyHIBI ITyTh B 4 cM. Uemy paBHa aMIDIATY 12 KoJieOaHU ATON MaTepHaIbHON TOYKH?
O0cyskaeHue pe3yJbTaToB:

e Uro 0o0miero u 4eM OTIHIAI0TCS AaMILIUTYA U IIepeMelIeHIe MasiTHIKA?

e Uemy paBeH IyTb, IPOUACHHBII MasTHUKOM, KOJICOTIOIIUMCS BIOJb MPSAMOW JIMHUH, 32 TPO-
MEXYTOK BPEMEHH t IIPH OIIPEISIICHHOI 9acToTe KoneOanuii?

IpuMeHeHNe B MOBCEAHEBHOM KU3HN: MOXeTe JIM IOKa3aTh MPUMEPhI KOJIEOATEILHBIX CUCTEM,
BCTpEUYaeMbIX B JMBON U HEKUBOU nipupoze?
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IIpoBecT caMooO1eHKY:

1. Kakue noHstust moBTOpmIIM Ha ypoke? UTo U3 ATOro Bbl XOPOIIO MOHSIIU, @ YTO OCTAJIOCh BaM HE
SICHBIM?

2. Kakoe nBukeHNe Ha3bIBAIOT MEXAHUUECKUMU KO-
neGanusMu?

3. Kakne xoneGanmst Ha3bIBAIOT CBOOOTHBIMU? MOXKHO
JIM Ha3BaTh uX 3aTyxaromumu? OTBeT 000CHYMH-
Te.

4. YTo BBIPAXKAIOT, COOTBETCTBEHHO, YaCTOTA U aMILIH-
Tyza KoseOaHui?

5. Jlan rpadk 3aBUCHMOCTH ITEPEMEIICHNUS OT Bpe-
MEHH JUIsl CHCTEMBI, COBEPILAIOIEH rapMOHHUe-
ckue konebanus (e). Onpeaenure Nepuos, 4acTo-
Ty U aMIUIUTYZy KOJIeOaHui.

YTO Bbl Y3HAJIN? 3anumure B paboyeM JHCTKE OMPEACNCHIs HIDKETIPUBEACHHBIX MOHATHIA: “‘Mexa-

CLI3 CLINT

HUUYECKOE KOojIe0aTeIbHOe JBWKCHUC ', "TICPUOTNICCKOC KoJsiebaTeIbHOe JBIDKCHHC CBOGOHHI:IG Koueba-

29, CLRS LTINS

HUS, “TIepeMelIeHe TP KojeOaTelnbHOM JABIKCHUN , “aMIUINTyAa”, ‘‘dactoTa KoieOaHui”, “riepros

PTIINTS 29 <, 9 G

KoJIcOaHU I ,  HUKJIMYECKas 4aCcToTa ', 3aTyXarolue KOJICOaHHUS , TApPMOHHYCCKUE KoJsicOanus”.

m rAPMOHI/ILIECKI/IE KOJNEBAHUA NMPYXUHHOIO MAATHUKA

B 1985 rogy B ropoge Mexwuko npouv3oLuna yxacHas katactpoda, npuymMHa KoTopon 6bino
3emneTpsiceHne: 5526 yenosek nornbnu, 40 000 Yyenosek paHeHbl, 31000 YenoBek ocTanuch
6e3 kpoBa. VI3 npoBeAeHHbIX 3aTEM UCCINELOBaHWUIA yYEHbIE BbISICHUMM, YTO FMaBHOW npu-
YMHOW paspyLUEeHMIn BO BPEMS 3eMIIETPECEHUS SIBNSIETCA COBMNaJeHne 4actoTbl CBOOOAHbIX
konebaHuii 30aHnin ¢ 4YacTOTON BbIHYXOEHHbIX konebaHuin 3emnu. MosToMy Npu BO3BEAEHUN
HOBbIX 3[]JaHUIA B CENCMUYECKN aKTUBHOW 30HE HeobXxoammo, 4YTOObl 3TM YacTOTbl HE COB-
naganu. 9To AacT BO3MOXHOCTb YMEHbLUNTL NOCNEACTBUSA 3emneTpeceHns. C aTon Lensk
BaXXHO 3HaTb, OT YEro 3aBUCAT YacToTa U nepuop konebaHui.
e OT Yyero MoryT 3aBMCUTb Nepuoa U YactoTa kone6aHun konebatenHOW cucTembI?

Nccneposanune-1. UccienoBanue KoJie0aHUI NPYKMHHOIO MAsITHHKA
OGopynoBaHue: B PYXKUHBI C PA3HBIMU KECTKOCTSMH, HA0OOP TPY30B, CEKyH/I0MED, LITaTHB C
My(TOI U 32KIMOM.
Xon ucciie0BaHus:
1. UccrenoBanue 3aBUCHMOCTH NIEPHO/IA M YACTOTHI KOIeOAHNS OT aMILTHIY/IbI KOJIe0aHHii NPy KUH-
HOT'0 MasITHUKA.
1. 3akpervTe OJIMH U3 KOHIIOB IPY>KHHBI B 3JKHNE [ITATHBA, & PYT'0il KOHEI] PY>KHHBI, IOJBECUB Ha HETO
rpy3 B 100 rp, npuBemuTe B KOIEOATEHHOS TBUKECHUE C HEOONBIION AMILTATYION Xinl.
2. M3MepbTe ceKyHIOMEPOM BpeMsl ¢/, 3aTpaueHHoe Ha N = /() ToNHbIX KoneOaHuii (a).
3. Onperienure 4acToTy U NEPHOJ KOIeOaHUH NPY»KHHHOTO MasiTHUKA IIPU TIOMOLIH (hopMy.I:
N t;
Vi, = tl ) T1 = N.
4. He3HaunTEeNbHO YMEHBIINTE aMIUIUTYy KOJICOAHUS (X y,,) MPYKUHHOTO MAasTHUKA U, TOBTOPHB
ombIT, BEueanute nepuoj (T,) u gactoty (v, ) KonebaHus.
5. CpaBHITE MeXk Ty cOO0U 3HaYEeHNS eprnooB Koebanus Ty U, T, ¥ 9aCTOTHI KOJeOaHMs V1 U V,

HNPYKUHHOTO MasATHUKA.

104



o

II. UccnenoBanue 3aBHCUMOCTH NIEPUOJA U YACTOTHI KOJIOAHUS NPY’KUHHOI0 MASITHHKA OT
Macchl rpysa.

1. TloaBecuB K Npy>KUHHOMY MasiTHUKY TPy3 Maccoil

100 T, mprBemHTE €ro B KOJIeOaTeIbHOE IBH- (a) N=10
HKEHHE ¢ HeOOJIBILION aMILTUTYI0H KoIeOaHus T2 2
Xm1, 1 U3MEPBTE IPU OMOLH CEKyHIOMepa %i %
Bpems, 3arpadueHHoe Ha N = /() IOJIHBIX 1
KOJeOaHHil. xr-l nat
2. Onpenenute niepuox Ty ¥ 4acTOTy V4 KoJeOaHUs
MasTHHKA. u—u‘ . = =
3. Boruucnure T, 1 v, , TOBTOPUB OIBIT C TPY30M
400 (b).
4. 3aHecHTe pe3yJIbTaThl N3MEPEHNH 1 BBIYHMCIICHUH B TaOMIy 4.1 ¥ CpaBHHTE HIDKETIPHBEICHHEIS
COOTHOILICHUSL:
T, m, V2 m;
—U—; — U —
o om 1 my

II1. MiccaeoBanue 3aBUCMMOCTH TIEPHOJIA U YACTOTHI KOJIEDAHHUS OT :KeCT-  (¢)  N=1](
KOCTH NPYKMHbI MASITHUKA.
1. Ha nBe npy XUHBI ¢ pa3HBIMU 5K€CTKOCTSAMHU NoJBeChTe Ipy3bl o 100 r.
2. O6e npyKUHBI IPUBEAUTE B KOJIeOaTeIbHOE JIBIDKCHHE U BEIMHCIUTE Tq U V1,
H3MEpHB BpeMs, 3aTpadeHHoe Ha 10 HMOJHBIX KoyeOaHui.
. [Hoeropure ombIT ¢ Tpy3om 400 T 1 Beruncaute T, U v, (¢).
4. 3anecure pe3yIbTaThl N3MEPEHUH U BBIYHCICHUH B Tabauiy 4.1 u cpaBHUTE
HIDKCTIPUBECHHBIC COOTHOILICHUS:
T, ks V2 k,

Tk w Nk

(5]

Tabnuya 4.1
T. V; m k
Ne m, KT N t,c T,c v, I'o 2 =2 — 2
Ty Vi my ky
1 0,1
0,4 10

O0cy:xaeHue pe3ybTaToB:

1. Kak 3aBHCST NepuOA ¥ 4acTOTa KOJIeOaHUH NPYKMHHOTO MasSTHUKA OT aMIUIATYABI?

2. Kak 3aBHCAT NEPHOJ U Y4acTOTa KoJieOaHUH NPYKMHHOTO MasTHUKA OT MACChl HOJIBELIEHHOTO K
Tpy>kuHe rpy3a’?

3. Kax 3aBHCAT nepuoj 1 4acToTa KojaeOaHui NpyKMHHOTO MasTHUKA OT KECTKOCTH TIPYKHHbI?

OpHolt U3 mpocTeNnX KojaedaTeIbHBIX CHCTEM, COBEPLIAIOIINX TAPMOHHUYECKHE
KOJICOAHUSI, SIBIISIETCS NPYICUHHBIN MATMHUTK.
o [IpysrcunHblll MAAMHUK — 3O KOLEOAMENbHAA CUCIeMA, COCIOSAWAS U3 NPYHCUHBI
u 3axkpenniennoeo Ha Heu mend. KonieOanusi, BOZHUKAIOIHUE B IPY>KUHHOM MasiTHUKE,
SBIISIFOTCS TAPMOHMYECKUMU KOJICOaHU MU
e [100 capmoHuyeckumu KOJICOAHUAMU NOOPA3YMEBAIOMCA KONeOAHUs, 803HUKAIO-
wiue noo oelcmeueM Cuibl, NPAMO NPONOPYUOHATLHOU NepemMenjeniio i HanpasieH-
HOU NPOMUE HANPAGIeHUs nepemMeneHus.

UccnenoBanne kojie0aHUN NPY>KUHHOTO MasiTHUKA UMEET OOJbIIOE MpaKTHUe-
CKOC 3HAYCHUE, HAPUMED, TIPU BBIYMCICHUN KOJICOAHUI peccop aBTOMOOHIIS MpH
€3/1e; B HCCIICJOBAHNHN BO3ICHCTBUS KoleOaHUt Ha (yHIAMEHT 3AaHUI U TSKEIBIX
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CTaHKOB, B OIPE/ICIICHUH 3TaCTHYHOCTH YIIHBIX IEPEHOHOK IIPHU AUATHOCTUKE JIOP-
3a0oneBanuii. [lo 5TOH mpuuMHEe H3y4YeHUE KOJNEOAHWH MPYKWHHOTO MAasTHHKA

ABJISIETCS] aKTYyaJIbHOH MPOOIeMOii.
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C nenmpl0 yMEHBIICHHS KOJMYECTBA CHIL,
JICUCTBYIINX Ha KOJIEOATEITHLHYIO CHCTEMY, TIeTIe-
CO00Pa3HO KCIOJIb30BATh TOPH3OHTAIBHO PACIIO-
JIOKEHHYIO KOJICOATeTIbHYI0 CHCTEMY TpyXKHHA-
mapuk (d). B aToli cucreme AeHCTBUS CHITBI TS-
’KECTH U PEAKIH OMOPHI YPABHOBEIIMBAIOT JPYT
npyra. [Ipy BeIBeAeHUM IIApUKa U3 COCTOSHUU
PaBHOBECHSI, HAIIPUMEP, NMPU PaCTSHKEHUU TpY-
JKUHBI JI0 TIOJIOKEHUS X = Xm, CUJIA YIPYTOCTH,
BO3HHUKAIOIIAsi B HEH, COOOIIAeT IApHKy YCKO-
pPEHHUE ¥ TIPUBOJIAT €r0 B KOJIEOATETIHHOE JBHKE-
nue. I1o II 3akony HbroTOHa ypaBHEHUE JIBUXKE-
HMS MasiTHUKA MOYKHO 3aIlicaTh TakK:

ma, = —kx,, (4.8)

WA

Ay = —— X

(4.9)
m

@opmyna (4.9) sersemcs ypasnenuem ceo-
OOOHBIX 2APMOHUYECKUX KOIeOAHUL NPYIHCUH-
HO20 MASIMHUKA.

I'ne m — macca mapuka, 3aKperieHHOTO Ha
MIPYKUHE, dx — MPOCKIUS YCKOPEHHUSI IIapuKa
BJIOJIb OCH X, Kk — KECTKOCTb MPYKHHBI, X —
YJJIMHEHUE MPY)KUHBI, PABHOS aMIUTUTYIE KO-

. o k
nebanusl. I[JI)I JaHHOU KoJIeOaTEeNLHON CHCTEMEI OTHOIIIEHUE ; — IIOCTOSAHHAA I10JIO-

JKUTENIbHAs BEIMYMHA (TaK KaKk Macca M )KECTKOCTb HE MOTYT OBITh OTPULATCIBHBIMH).
[Ipu cpaBHeHMM ypaBHeHHUs KoneOaHWH (4.9) MPYKWHHOTO MasTHUKA C BEIpa-
’KEHHEM JUIS IPyroro BUAA MEPUOJMYECKOTO IBIKCHHS — H3BECTHBIM BbIPayKCHUEM
LEHTPOCTPEMHUTEIILHOTO YCKOPEHUsSI IPH PAaBHOMEPHOM ABHKEHMI MO OKPY>KHOCTH

k
(cM.: pusuka-10, Tema 1.8) momydaercs, 4To OTHOILICHHE — COOTBETCTBYET KBA/[paTy

LUKITHYECKOi 4acToThI (w?):

nim

a, = —Exm
a, =w?R
w =

m

- Nl (4.10)
w? =, .

(4.11)

Taxum 00pazom, ypaBHEHHE ABKEHHS MPY>KMHHOTO MAasSTHAKA MOYKHO 3aIACaTh U TaK:
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VYpasuenue (4.12) mokaspiBaeT, YTo KoJIeOaHMS MPYKUHHOTO MAsTHUKA C LUKINYECKONH 4acTOTOH @
SIBIIIIOTCS. CBOOOJTHBIMH TAPMOHHYECKMMH KoneOaHusAMHU. VI3 MaTeMaTHKH M3BECTHO, YTO pEIICHHEM
9TOTO YPaBHEHHS SBIIICTCS:
x = xpcos(wt + @g)

Tak kak TpUroHOMeTprYecKast (pyHKIHS SBISETCS TApMOHNYECKON (DYHKIMEH, TO 1 KOJIeOaHHs NPy KUH-
HOT'O MAsITHUKA SIBIISIOTCSI TAPMOHHYECKIMH KOJICOAHNSIMHL.
3nech wt + @, = ¢ dasza konedanus, o — HavanbHas ¢asza. Enuanna mmepenus ¢aser B CU —
paduan (1 pax). Pa3y Takxke MOKHO U3MEPATH B rpamycax: 7 (pag) = 180°.
3HavyeHHe HaYaIbHOM (ha3bl 3aBUCUT OT BBIOOpAa HAYAIBLHOTO MOMEHTa BpeMeHH. HawanbHbIi MOMEHT
BPEMEHH MO)KHO BBIOPATh Tak, 4To0b! o= 0. B 9TOM Cityuae opMyity rapMOHHYECKHX KOJIeOaHHIt Ipy-
JKUHHOTO MAsITHHKA MOYKHO 3aITHCaTh TaK:

X = X;, COS Wt WIH X = X, Sin wt. (4.13)

W3 cpaBuenus Boipakenudt (4.11) u (4.5) onpenensroTcsi BEUYMHBI, OT KOTOPBIX
3aBUCAT MEPUOJ] U YaCTOTa KOJIeOAHMIA PYKUHHOTO MasTHHKA!

w = 2TV
k 1|k 4.14
- =— [—. .
w= |— Y 2w m ( )
m

T ! T=2 \/m 4.15
=— - T= —. .
” LN CR )

W3 Beipaxkennii (4.14) u (4.15) BUIHO, 4TO IEPHOJ] M YACTOTA ITPYKUHHOTO MasiTHUKA
3aBHCST OT )KECTKOCTH IIPYKMHBI U MacChl IPy3a, MIOBEIICHHOTO K HEMY.

Wccnepnosanmne-2. MNpumenenne. Kak u3MeHATCS MePHO U YACTOTA KoJieGaHus ?

3agaua. Kax m3MeHATCS 9acTOTa U IepHO KOIeOaHn ! IPY>KUHHOTO MasITHUKA, €CITH aMIUTUTY Ly €r0
KosieOaHUH YBEJIMUHUTE B 2 pa3a, a Maccy rpysa, OABEIICHHOTO K IIPYKHWHEe, yMEHBIINTD B 2 pa3a?
O06cy:xaeHHe pe3yJbTATOB:

o Kak niepnoz n yactora KoyiebaHuii IpYKMHHOTO MAsITHUKA 3aBHUCST OT aMILTUTY 6! KosieOaHui 1
Macchl rpy3a?

IIpnmeHeHue B oBceIHeBHON n3HN: Kakue mapamMeTpsl ynpyrux peccop, CBI3aHHbIE C OChIO Bpalle-
HHMS KOJIeC aBTOMOOWIISL, BarOHA U caMoJieTa, He0OXOAUMO IIPUHSATH BO BHUMAHHE JIPH UX CO3aHIN?

IIpoBecTn caMOONEHKY:

1. Kakne moHsTHS HOBTOPHIHN Ha ypoke? UTO U3 3TOT0 BBI XOPOIIO MOHSIIM, @ YTO OCTajl0Ch BaM HE
SICHBIM?

2. OT KaKuX BEIMYMH 3aBHCHUT MEpUOJ KOJIeOaHWs NpyKMHHOTO MasTHHKA? [IpencTaBeTe rpaduku
9TUX 3aBUCUMOCTEH.

3. OT KaKkuX BEJIMYHMH 3aBHCHUT YacTOTa KoyieOaHuUs TIpyKHUHHOro MastHuka? [IpeacTaBpTe rpaduku
9TUX 3aBUCUMOCTEMH.

4. OT KaKuX BEJIMYUH 3aBUCHUT LUKIMYECKas HaCTOTa MpyxuuHOoro maarHuka? [Ipeacrasbre rpa-
(KM 3THX 3aBUCHMOCTEH.

YTO Bbl Y3HAJIM? Jaiite kpartkoe OOBICHEHHE. HWKEIPHBEICHHBIX IOHATHH: “NPYXKMHHBIA

LEIY3 99 4.

MasTHUK”, “TIepro]| KoJieOaHusl IPY)KUHHOTO MasTHHUKA™; “‘4acTOTa KOJIeOaHus IPYKHHHOTO MasTHHKA .
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EXEB [ APMOHUYECKVE KONEBAHNS| MATEMATUYECKOIO
MASITHUKA

[o Hawwux gHen powna Takas uctopuyeckas nHdopmMaums: ogHaxabl B 1583
roAy UTanbsHCKMI yyeHbi I.Fannnen, Haxoasck B Xxpame ropoaa lNMusa, obpatun
BHUMaHWe Ha konebaTenbHoe ABWXEHWe MCTPbl, NOABELIEHHON Ha ANMHHOM
Tpoce. OH, cpaBHMBasi konebaHusi NICTPbI CO CBOUM NMyNbCOM, ONPEAENuI, YTO,
HECMOTPSI Ha yMeHbLUEHNE aMnnUTyabl konebaHus, Bpemsi, 3aTpayvMBaemMoe Ha
oaHo nornHoe konebaHve (nepuop konebaHus) NCTpbl, HE U3MeHsieTcs. 3aTtem
[anunew B pe3ynbTaTte MHOrOYMCIEHHbIX MPOBEAEHHbIX UCCNIEA0BaHNUIA, U3MEHAS
ONVHY HUTEBOrO MasiTHWKA, MaccCy MOABELUEHHOro K HeMy rpysa, BbICOTY
pacnonoXxeHns MasiTHMKa (No CpaBHEHMWIO C YPOBHEM MOPS1), Onpegenws, oT 4Yero
3aBUCAT Nepuoa 1 Yactota konebaHu MasiTHUKa.
e Mpepnoxute cBow runortedy: K kakum pesynbTatam npuBenu
uccnepoBaHuAa Manunesa — oT 4yero 3aBUCAT Nepuoa U yactoTa
Kone6aHMW HUTEBOro MasiTHUKa?

Wccneposanme-1. UccrenoBanne kojieOaHUii HITEBOr0 MasiITHHKA

O0opynoBaHmne: MajleHbKUN LIapUK, 3aKPEIUICHHBIM Ha JAJIMHHOW HUTH, JIMHEHKa, CEKyHIOMep,

mTaTuB ¢ My(TOil U 32KNMOM.

Xox uccse0Banus:

1. UccrenoBanue 3aBUCHMOCTH NTEPHOIA H YACTOTHI KOJI€0AHHST HUTEBOI0 MASITHHKA OT AMILIUTY/IbL.

1. ITomecture mraTuB Ha Kpail crosa. CBOOOJHBIN KOHEI HUTH C LIAPHKOM 3aKPENUTE B 3a)KHME
LITaTHBA TaK, YTOOBI IIAPUK HAXOAMIICA OT IMoJia Ha BBICOTE 1-2 cM (a).

2. VI3MepbTe paccTOsIHME OT TOUKH 3aKPEIUICHHs] CBOOOIHOTO KOHIIA HUTH B 3KHME
IITATHBA JI0 [IEHTpa [apHKa (JTIHA MAsSTHUKA), OHO JIOJDKHO OBITH TTopsiaka 160 cm.

3. [IpuBeaure B KoieOaTeNbHOE NBIKEHHE MAsTHHK C MaJlOi aMIUIUTYJOM
KONEOAHUsI X1, U W3MEPHTE CEKYHIOMEpOM BpeMs t; 3aTpaueHHOEe Ha
coBepieHre N=5 MoJHbIX KoJeOaHUH.

4. OnpenenyTe NepUo/] U YaCTOTy HUTEBOTO MasTHHKA ITPY IIOMOIIHN (hOpMYT =
T, =t;/Nu v; = N/t; , COOTBETCTBEHHO. :

5. He3HauMTenbHO yBENMUBTE aMIUIMTYy MAsTHHUKA (X;,,) W, TIOBTOPYB OIIBIT, "
Berunciire nepuoj (T,) u yacrory (1) KoneOaHuii. |l —

6. Cpasanre nepuons! Ty u Ty, a TakoKe YacTOTHI V4 U V, KOJMEOAHWH HUTEBOTO
MasITHHKA.

I. HccenoBanne 3aBHCHMOCTH MEepPHOAA M YACTOTHI KOJIeGAHUSI HHTEBOTO
MAsSITHHKA OT Macchl MOABEIIEHHOT0 IPy3a. g

1. 3ameHHTE MIAPUK HA HUTH APYTHM, C HECKOJIBKO Ooubieii maccoid. IlpuBenute (a) :
B KoJIeOaTebHOE ABIKCHNE MAsTHUK C TOH K€ MAJIOH aMIUTUTY 101 Komeba-
HUSA X1 U U3MEPHTE CEKYHIOMEPOM BpeMs t,, 3aTPAuYeHHOE Ha COBEPILEHUE
N=5 mosHBIX KONCOAHHH.

2. Onpenenute nepuon T, ¥ YaCTOTY V, KONEOaHHii.

3. Cpasuute nepuozel Ty i T, 4 TAIKE YACTOTBI V4 1. Vs KONEGAHMIT HUTEBOrO MASTHHKA.

I11. McenenoBanue 3aBUCHMOCTH IEPHOJA ¥ YACTOTHI KOJIe0aHUsI HUTEBOT0 MAsITHUKA OT
JUTHHBI MAsITHHKA.

1. HamoraB HUTH Ha JiepkaTelip MTATUBA, YKOPOTHTE JIMHY MasTHUKA B 4 pa3a W IpPHUBEAUTE B
KoJIe0aTeIbHOE ABMKEHNE MASTHUK G TOH JKe -MaJloi aMIUIUTYIOH KOoIeOaHus X, . Vi3mepbTe
CEKyHJJIOMEPOM BpeMs, 3aTpadyeHHoe Ha coBepliieHne N=5 MOJHBIX KOJIeOaHHi.

2. OnpenenuTe NEPHOL TZU H YaCTOTY V, KOJICOAHHIA.

3. 3anmmmTe NPOBEICHHBIC N3MEPEHNUSI 1 BBIYHCIICHNS B TAONHITy 4.2 ¥ CpPaBHHUTE HIDKEPUBEICHHBIC
COOTHOMICHUSL:

e

”

T, L v 0
T1 " ll’ 121 " ll.
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Tabnuya 4.2

TII n l
Ne I,m N t,c T,c v, ' 2 Yz 2
Ty V1 L
1 1,60
2 0,4 >

ObcyskeHne pe3yJbTaTOB:

e Kak nepuo/1 1 4acTora KojieOaHui HUTEBOTO MassTHUKA 3aBUCST OT aMILTUTYAbI K Macchl Ipy3a?
e Kak nepuo 1 yactora KoJieOaHUH HUTEBOTO MAasTHUKA 3aBUCAT OT JJTMHBI MasTHUKA?

o K kakoMy BBIBOy MO>KHO MPUITH 13 Hccae oBaHus?

I'apmoHnYeckue KoneOaHUsl BOSHUKAIOT TaKXKe IO ACHCTBUEM CHIIBI TSHKECTH.

3TO MOKHO HAOIIOAATh C IOMOLIBIO MAMEMAMUYECKO20 MASTNHUKA.
o Mamemamuueckuii MAAmMHUK — 5M0 UOANUZUPO-
sannas Korebamenvhas cucmema, cocmosujas uz mame-  (b)
PUATLHOU MOYKU, NOOBEUIeHHOU HA HeBecOMOU U He-
PACMAACUMOU HUMUL.

Jlnist uccnenoBanus KojaeOaHU MaTEMaTHUECKOTO MasiT-
HUKa MOXXHO HCIOJIB30BaTh CHUCTEMY, COCTOSIIYIO U3
TOHKO# JTMHHOM HUTH 1 mapuka (b). Cuna tsokectr (mg),
JICHCTBYOIIAsl HA IIAPUK B TOJOXCHUU PaBHOBECHS
MasiTHUKA, YPAaBHOBEIIMBACTCS CWJIOW HATSHKCHUSI HUTH
(7). OnHAKO, €CIM BBIBECTH MASTHHK W3 COCTOSHHS
PaBHOBECHS, CMECTUB €TI0 Ha MAJIbII YTOJI ¢ B CTOPOHY, TO
BO3HHKAIOT JIBC COCTABIISIOLLME BEKTOPA CHIIBI TSDKECTH —
HampaBJICHHas B0 HUTH FH Y TIepIICHANKY I pHAS HUTH

F F. Cuna HaTsDKeHHs: ] M COCTABIISIOIIAS CHUIBI TSIKECTH
FH YpaBHOBEUIMBAIOT APYT Apyra. [loaTtomy paBHOAEHCT- ~~----

ByIoIasi cuia OyJeT paBHA COCTaBIISIOICH F '/, “TBITaro-
miercs” BEpHYTh TEJIO B TOJOXKEHHE PaBHOBECHS (CM.:
puc. b). YunuteiBas BbIIeyKa3aHHOE U cchUiasich Ha Il
3akoH HpIOTOHA, MOYKHO HammcaTh ypaBHEHHE KoyeOa-
TEJHHOTO JBWKCHUS TEJIa MacCOi 7 B MPOSKINAX Ha OCh
OX:

o =—F.
IIpunsB BO BHUMaHUE, 4TO:
F, = mgsina,
. xm
sina = T (mpuy MaJiblX 3HaYeHUSAX yTrjia CMelLleHHs Q).

I[J'ISI YpaBHCHUSA ABUKCHUA MATCMATUYECKOr0 MassiTHUKA IMOJTYyYUM:

a, = —%xm. (4.16)

[0e | — Onuna mamemamuyecko2o Masmuuka (Humu), g — yckopeuue c60000HO-
20 NAOCHUSL Ky — AMPAUMYOA KOeOAHUS.

JIist manHO# KosebaTeIbHON CHUCTEMBbI OTHOILICHUE % — IIOCTOSTHHASI TTOJIOKUTEIIbHAS

BCJIMYMHA, TOTOMY YTO YCKOPCHUC CBO6OZ[HOI‘O NaACHUSA U JJIMHA HUTU HC MOT'YT OBITh
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orpurnatensHbiMi. Ecim cpaBHUTH ypaBHenws (4.16) u (4.10), ¢ JETKOCTBIO MOYKHO
YBHJICTh, YTO OTHOIIICHUE % TaKKe COOTBETCTBYET KBAJPATy LMKIMUECKOH yacToThl (w?):

w? = %, (4.17)
NJIIn
W= %. (4.18)

Takum 06p8.30M, YpaBHCHUC NBMKCHUA MATCMATUYCCKOTO MasiTHUKA MOKHO 3aIiiCaThb
" TaK:

ay = —0%xp. (4.19)

VpasHenue (4.19) mokaspiBaeT, 4to KoJMEOAHHUS MATEMATHYECKOTO MAsTHHKA SBISIFOTCS 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 MATEMATHYECKOTO MAsTHUKA SIBJISIOTCS
rapMOHUYECKHMH KOJICOaHHSIMH.

OTCIO,Z[a OMPEACTAOTCA BCIWYHMHBI, OT KOTOPBLIX 3aBUCAT IEPUOJ M 4YaCTOTa
KOoJIeOAHMH MaTEMaTHIECKOT0 MasSTHHUKA:

-1 4.20

T2 (4.20)
l

r=om . (4.21)

Taxwm 006pazom, TIEpHOT 1 YacToTa KoJeOaHni MaTEMaTUIECKOTO MAsITHUKA 3aBUCST
OT JITMHBI MASITHUKA U HAMPSDKEHHOCTH TPABUTAIIMOHHOTO TIOJIS B IAHHOM TOUKE.

Uccnepoeanme-2, NMpumenenme. KakoB nepuoj kosiedanuii?

3agaya. OnpezaenuTe NEpUoJ U 4aCTOTY KoJIeOaHUH MaTeMaTH4ecKoro MasTHUKA JTHHOM
225 cm. CKONBKO BpEeMEHH 3aTPAaYuBaACT 3TOT MasTHUK Ha 20 MOJTHBIX KoieOanuit
(compoTuBIIeHHE BO3[yXa HE YUUTHIBATh; g = 9 le, m=3)?

Obcy:knenne pe3yJabTaToB: ® CKOJIBKIM CEKyHIaM PaBeH IIEPHOJ MaTEMATHIECKOTO
MasITHHKA U KaK BBl €0 OTPEAeIIHIN?

IlpumeHeHne B TOBCeXHEBHOW :ku3HM: [Ipu oTctaBanuu win “3aberaHuu Brepen”
HAaCTCHHBIX 4aCOB C MAATHUKOM €I0 HaCTpauBaroT, USMEHSA Z[J'[I/IHy MasTHUKA.

o Kak Hy’)XHO M3MEHUTb JUIMHY MasTHUKA NpH ‘3a0eraHuu Bhepen” HACTEHHBIX 4acoB?
TTouemy?

ITpoBecTn camooneHky: 1. Kakue noHATHSA TOBTOPHIM Ha ypoke? YTO U3 3TOr0O BB XOPOLIIO TTOHS-
JIH, @ YTO OCTAJIOCh BaM He CHEIM? 2. OT Yero 3aBUCHUT MEpUOJL KOJIeOaHUHi MaTeMaTHYECKOrO MasT-
Huka? IIpencraBbTe 3aBUCUMOCTh rpaduuecki. 5. OT 4ero 3aBHCHT 4acTOTa KojeOaHnii MareMa-
THYECKOro MasiTHHKa? IIpencraBple 3aBUCUMOCTD rpaduueck. 4. OT 4ero 3aBUCHT LUKINYCCKAsT
4acToTa KoJiebaHHil MaTeMaTHieckoro MasTHiKa? IIpeacTaBbTe 3aBUCHMOCTD rpadHYecKH.

YTO BbL ¥3HAJIN? [aiite KpaTkoe 00BSICHEHHE HUKCTIPUBEICHHBIX MMOHATHH: “‘MaTeMaTHICCKUN

MaATHUK”, “HEPUOJ KOIeOaHW MaTeMaTHYeCKOro MasTHHKA”, “9acToTa KOJCOAHH MaTeMaTHYeCKOTo
MasiTHUKA .
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NMPAKTUYECKAA PABOTA

OMNPEOENEHUE YCKOPEHUA CBOBOAHOIO NAOQEHUA
NP NOMOLLUUN MATEMATUYECKOIO MAATHUKA

Hean: YCBOUTH HaBBIK OIPEICNICHUS] YCKOPEHHUSI CBOOOIHOTO T1ajIe-
1
HUsl Ha ocHOBe opmyiel T = 21 \/; riepuoyia KosnebaHus MmaTema-

THUYECKOTO MAasITHHKA.
O6opynoBanue: MajleHbKUN IIAPUK, TOJBEIICHHBIN Ha JJIMHHOM ot o
(=160 cMm) HMTH, U3MepHUTETbHAA JICHTA (WU pYyJIeTKa), CeKyH-
JIOMep, ITAaTHB ¢ My(PTOH U 32)KUMOM.

Xoa uccieq0BaHms:

1. IlomecTuTe MITaTUB Ha Kpail CTOMA, 3aT€M MO/IBECHTE K HEMY MasiT-
HHK TaK, YTOOBI IIAPUK HAXOJUIICS HA BbICOTE | —2 cM OT noa.

2. V3amepbTe paccTosiHUE OT TOUYKU 3aKpEIUICHHsT CBOOOTHOTO KOHIIA
HHUTH B 32)KHME IITaTHBA 10 HEHTpPA IIapuKa (JUIMHA MasTHUKA),
OHO JIOJDKHO OBITH mopsizika 160 cm. =0

3. OTKJIOHUB MAATHUK Ha PACCTOSIHUE 5 CM OT MOJIOXKEHUS PABHO-

BECHsl, OTIYCTUTE €ro U M3MEPhTE MPU MOMOIIU CEKyHI0Mepa
BpeMs, 3aTpadeHHoe Ha N=10 mosHbIX KojeOaHuil. 3aHecure
pe3yabTaThl H3MepeHnit B Tabuuity 4.3.

4. I1oBTOpUB OMBIT €lI€ /IBA pa3a MpH TEX K€ YCIOBUAX, ONpee-
JIUTE 3HAYCHUE CPETHETO BPEMEHH, 3aTpadeHHoro Ha N=10 moi-
HBIX K0JI€0aHUH 1 BEIYUCIINTE CpEeTHEE 3HAUCHHE MTepHOa KOJle-

GanusL.
ti+t, +t
tcp — $; Q
3
fo
T =N
5. Beraucnure cpeniHee 3HaYeHUE yCKOPEHHs cBOOOIHOTO najienus (1 = 3,14):
_4m?l
gcp - Tc%) .
Tabauya 4.3
Ne I, cm N @ tepsC p, W 8epr M/ c?
1 160 10
2 160 10
3 160 10

M
6. 3aHecuTe Bce pe3ylIbTaThl B TAONIILY M BEIMUCIHITE OTHOCHUTENBHYIO IOrperHocTs (g = 9,81 C—Z):

£=@-100%.
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m CKOPOCTb N YCKOPEHMUE NMPU TAPMOHUYECKUX
KOJIEBAHUAX

Bbl yxe 3HakOMbl C OCHOBHBIMW TPUFOHOMETPUYECKMMU DYHKLUMSAMU U yMeeTe CTpouTb
rpacouky TPUroHOMETPUYECKUX YPaBHEHUI, OMMCLIBAKOLNX rapMOHMYeckme konebaHms (cm.:
maTtemaTuka-10).
¢ Y10 O3HayaeT U3aMeHeHue BeNMYNHbI MO rAPMOHNYECKOMY 3aKOHY?
e Kakne metoabl noctpoeHus rpadPmkoB TPMFOHOMETPUYECKUX
(pyHKLMI Bbl 3HaeTe?
e B kakux dpm3nyeckmx npoueccax MOXHO NMPaKTU4eCKU NPUMEHUTb
nocTpoeHus rpachmKoB TPUrOHOMETPUYECKUX (PYHKLUIN?

Wccneposanne-1. MartemaTHka — paBasi pyka (puzuku!
3agaya-1. Onpezenyre COOTBETCTBHE: KAKHM TPUTOHOMETPHUECKUM YPAaBHEHHSM COOTBETCTBYIOT TPA(UKH?

a) X = xpy, coswt; b) f(t) = —cos 2t; ¢) f(t) = —3sinwt; d)x = 10sinwt; e) f(t) = 3 cos wt.
O0cy:xaeHue pe3ybTaToOB:
o Kakoii 13 rpaKoOB N3MEHSIETCs [0 3aKOHY CHHYCa, a KaKoil 1o 3akoHy kocunyca? [Touemy?

[Mpr rapMOHMYECKHX KOJICOAHUSIX MAasTHHKA €ro CMEIIeHHEe H3MEHSETCS 10
TapMOHUYECKOMY 3aKOHY, IIO3TOMY HE TPY/IHO JI0Ka3aTh, YTO €r0 CKOPOCTh H yCKO-
pEeHHE TaKXKe M3MEHSIOTCS 10 TAPMOHUYECKOMY 3aKkoHy. [Ipeanonoxkum, 4to cMe-
HICHUE U3MEHSIETCS M0 3aKOHY KOCHHYCa M HadallbHast (paza paBHA HYITIO

(@9 =0):x = Acoswt.

Tak Kak CKOPOCTH SIBJIICTCSl NEPBOM IMPOM3BOJHON CMEHICHUS  (KOOPIUHAT) T10

BPEMEHH, TO:

s
Uy =x’= (Acoswt) = —Aw - sinwt = Aw - cos (wt + E)' (4.22)

WIH
Uy = — Uy, Sin wt. (4.23)
Kak Bugno u3 Beipaxkenus (4.23), CKOPOCTh, H3MEHSIOMIASICS TI0 TAPMOHUICCKOMY
3aKOHY, OTIepeKacT KoJieOaHuss CMETeHHs 110 thase Hag (a).
MakcumarbHOE (aMILTUTYJHOE) 3HAYeHHEe CKOPOCTH 3aBUCHT OT aMILIUTY/IbL, Yac-
TOTHI U MIEPHOJIA KOJICOAHHUI:

21
Uy, = WA = 21VA = ?A. (4.24)

Tak KaK yckopeHue sBISeTCs IEPBOM MPOU3BOJHON CKOPOCTH IO BPEMEHH, TO T0-
JYYIM:
a, = Uy’= (—Aw- sinwt) '= —Aw? * coswt = Aw? - cos(wt + m) (4.25)
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i a, = —a,, cos wt. (4.26)
Kak BumuM, Kose0aHusi yCKOPEHHs, M3MEHSIOIIEr0Cs M0 TaApPMOHHYECKOMY 3a-

s
KOHY, OTEPEKAIOT KOJieOaHusI CKOPOCTH 110 (aze Ha 54 KOJICOaHUs CMEIICHHSI Ha

T (CM.I puc. a). MakcumanbHOE (aMHJ’II/ITy,[[HOC) 3HAYCHUC YCKOPCHUA 3aBUCUT OT
AMIUIUTYAbI, 9aCTOTBI 1 I€pHUoaa KoJIcOaHMiA:

4n
am = w?A =42 VA =—A.  (4.27)

UccnepoBaHue-2. NMpuMeHeHne v, we (b)
Hccaenyiite rpadux OIN"""N 7/ T/
3amaua 2. Ha pucynke mnpencraBiieH rpaduk H3MEHEHHs
CKOPOCTH KoJIeOaHus 110 rapMOHHYecKoMy 3akoHy (b). On- 0 n 5 3 e
penenuTe: a) aMIUIMTYIHOE 3HaU€HHE cKopocTH; b) yacrory \-/ \/ U '
KoJIeOaHUif; ¢) mepro KoueOaHH. ~10
O0cyskaeHue pe3yJbTaToB:
e Uro 03HAaYaeT U3MEHEHHE CKOPOCTH KOIeOaHUs 110 TapMo-

HUYECKOMY 3aKOHY?
o Kak BbI ONpeaenim aMILIUTYAHOE 3HaUeHUEe CKOPOCTH, YaCcTOTY M MEPUOJT KonebaHus?
IIpuMeHeHNe B OBCETHEBHOIT KU3HHU:
Ha mpakTuke rpaduky rapMOHHYIECKHX KosieOaHMi Hanboee 9acTo NCTIONB3YIOTCS B MEIHIIMHCKON

JIMAarHOCTUKE, PAJUOIICKTPOHUKE, HA TPEIPUATHIX, TPOU3BOSIIMX TOYHEIC MPUOOPEL, ¥ B IPYTHX
00IacTsx.

e KaknM croco6oM 1 ¢ KaKo# IeNbI0 UCIONB3YIOTCS rpaUKi TAPMOHMYECKAX KONeOaHUH B 9THX
obmacTsax? MoskeTe HCII0Ib30BaTh IEKTPOHHBIE PECYPCHL.

IIpoBecTH caMoOOLEeHKY:

1. Kakue noHsaTHs NOBTOPUIM Ha ypoke? UTO U3 3TOT0 Bbl XOPOLLIO MOHAIY, @ YTO OCTAI0Ch BaM He
SICHBIM?

2. Ot yero 3aBHUCHT aMIUIUTYAHOE 3HAUCHUE CKOPOCTH TAaPMOHUYECKHX KOJIeOaHuii?

3. Kak aMmmuTyIHOE 3HaU€HHE YCKOPCHNA TaPMOHUYECKIX KOIeOaHUH 3aBUCUT OT BPEMEHHU?

4. Yemy paBHBI, COOTBETCTBEHHO; X, Uy, @, HPH TdPMOHHYECKOM KOJIEOATEIbHOM [BIDKCHHU B

T
MOMEHT BPEMEHH ¢ = — B Cllydae @y = 0 (em: a)?

YTO BbI Y3HAJIN? Jlaiite kpaTkoe 00bSICHEHHE HIDKSIPUBEICHHBIX MOHATHH: “MaTeMaTHYeCKUil
MasTHUK”, “TIieprojl KojebaHusi MaTeMaTHYECKOro MasTHHKA”, ‘4acToTa KOJNeOaHHs MaTeMaTHYeCKOro
MasTHAKA .
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@X [resrAuIEHNA SHEPTUM NPY FAPMOHNYECKMX
KONEBAHUSAX (YPOK-NPE3EHTALINS)

[ToAroTOBBTE AIEKTPOHHYIO MPE3EHTALUIO O MPEBPALICHUSX SHEPrUM IPU FapMOHU-
yecknx Kojebanusx. [Ipn moaroToBke npe3eHTauu BHUMATEIBHO HecieyiTe Tadmuy 4.4
1 03HAKOMbTECh ¢ MH(pOPMAIHEH, JaHHOH 110 3aroyioBKoM “Teoperndeckuii marepuain’”.

Tabruya 4.4
IIpespamienus suepruu B |IIpeBpamenus saepruu B | IlocieqoBaTesbHOCTH MIPOLECCOB
NPY/KUHHOM MasTHHKE MaTeMaTH4eCKOM MasTHHKe|B CHCTEeMe
x=A; v,=0; E,,,;,=0 x=A B HauanbHBIH MOMeHT t=0 MaATHUK
A’ v,=0 OTKJIOHEH OT IIOJIOYKEHUS PABHOBECHUS
pmax h=H Ha paccTosgHUe X=A U HAXOIUTCA
B A’ =0 E,nin=0 B cocToaHuH nokosa (V,=0). Cucreme
2 7 E,,...— mgH| coo0Iiaercsa JOMOJHUTETbHAA
S E- mgH |TOTEHIHATbHAS OHEPTHs.
—4% ITonHasa MexaHUYeCKas dHEPrus
0& 3 X paBHa MaKCHMaJIbHON INOTEHIIMAJIBHOM.
x=0; v,=v,; ! ] Cucrema HauHeT JBUTATHCS BJIEBO B CTOPOHY
s Y x=0 TIOJIOYKEHUST PABHOBECUsI. B MOMEHT BpeMeH:n
- 2"’ ; ig L7n U t=-=T cucTeMa IIPOXOIUT IIOJIOKEHVEe
I
v/ 2 =0 y PaBHOBECHsI, CMEILEHNs] MAsTHUKA CTAHO-
Epmin=0; v/ - . '";’m BUTCS PABHBIM HYJIIO, & CKOPOCTb CTAHO-
4 BUTCA MaKCUMaJIbHOU. HUIEHIH’I&JILH&SI
omin=0 SHEPIUs CHCTEMbI PABHA HYJIO, 8 KHHETUYe-
mv’, CKasi MaKcuMaibHa. [IoJIHAs: 9HepIrus paBHA
o X 2 MAaKCUMAJIBHON KUHETUYECKOM.
7
=—A: =0: = 1
x=—A; v,=0; Eyy, Q B momenT Bpemenu t= ET cucreMa
_ A’ / ! x=—A HAXOJUTCS B JIEBOM KDPAIHEM IOJIOKEHUIL
pmax 2 / ! v,=0 (x=—A) 1 CKOpPOCTb CTAHOBHUTCS DABHOIi
E = WAl / . h=H Hyso. IloTeHnpanbHAS dHEPIUA
2 I, E t=Lm E,pin=0 prodperaeT MaKCHMAJIbHOE 3HAUECHHE,
Eopi 2 E,,,.~ mgH |KHHeTHUECKAs DHEPIHs yObIBaeT [0 HyJIA.
TlonHas sHeprusi paBHA MaKCHMAJbLHOM
] E= mgH P
5 IIOTeHIIaJIbHOU.
*A (0] X
x=0; v,=v,; | %=0 CucreMa HaUMHAET ABUDPATHCA BIIPABO
\ i 2 =iy K MOJIOXKEeHHIO paBHOBecus. B MomeHT
i
”wi, \ 'E= m;,,, o BpemeHut = T cueremMa HAXOAUTCH
xmax 2 \ - B IIOJIOYKEHNM DPaBHOBECUsI, CMeI[eHIe
E,,,,=0; \; 3 wnas=— 3~ | PABHO HYJIO, CKOPOCTb MaKCHMaJbHA.
pmin~ V3 L t=27
4 0 Iloreniumanbhas 9HEPrUs CHCTEMbl paBHA
o HYJII0, KHHETHYeCKas 9HePrus MaKCH-
=t ='";’m manbHa. IloHas oHeprus paBHA
0. ‘\ X MAKCUMAJIbHON KHUHETUYECKOM.
x=A; v,=0; E,;,=0 | .
5 Ux=U5 Bypin ! \ x=A B MoMeHT BpeMeHU, paBHBIH IEpPUOLY
_xA® o\ 0,=0 t = T, cucTeMa BO3BpAIAETCS
pmax 2 ! \\ h=H B IIePBOHAYAJILHOE IIOJIOKEHUe
2 1
p=KAT L B, =0 Konebanus (x=A, U,=0).
2 Ef,‘;"” Eg..— mgH |Kunernueckas sueprus pasa 0.
E-mgH IlonHasi sHeprus paBHA
: MaKCHMAaJIbHOH IOTeHIIHAIbHOIM.
0 A X

Teoperndeckuii matepuaJ. IloTeHanbHas 1 KHHETHYECKAsk SHEPI U CBOOOJHBIX Tap-
MOHHMYECKHX KOJIcOaHMIi B 3aMKHYTOH CHCTEMe IEPUOANIECKH IPEBPALIAIOTCS APYT B APYyTa.
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B Ttabmmme 4.4 maHo cpaBHEHHE TPEBPAIICHUN SHEPTHH B MPYKUHHOM M MaTeMaTH-
4eCcKoM MasiTHHKaX. Kak BUIHO W3 TaOJHIIBI, MOTCHIIHAIbHAS SHEPTHsI KOJIeOaTeIbHOM Crc-
TEMBI B TOUYKE BO3BpAIICHUS (X = 4) HMEeT MaKCUMAaJIbHOE 3HAUCHHE:

kA?
Epmax = - (4.28)
Ecnm sxe MasTHUK HAXOAWTCS B TOUKE PAaBHOBECHS, MOTEHIMATIBHAS SHEPTHsI MUHIMAJIbHA:
Epmin = 0. B @
Kuneruueckast DHEPrusi CUCTECMbI, Ha06op0T, B TOYKE A Ex +E, =Er
Bo3BpateHus: MUHUMaIbHA (Eppmi, = 0), a B Touke A
paBHOBECHUS] MaKCHMaJIbHA: N\ L '
muv® : :
Ex max = T (4.29) ' E '

Ha pucynke (a) naHbl rpaMKi 3aBUCHMOCTH I10- : |
TEHLHUAIbHON ¥ KMHETHYECKON SHEPrUy MpHU FrapMOHU- A (%) 1 (Xm) 7
Y4ECKOM K0J1e0aTeIbHOM IBIKEHUH OT CMEILCHUSL. E,

[Nonmas MexaHWYecKast SHEPTHsl 3aMKHYTOH KoseOa- ‘ ®)
TEIBHOM CHUCTEMBI B IIPOU3BOJIBHBIM MOMEHT BpEMEHU ¢ W
0CTaeTCsl TIOCTOSIHHOM (TPEHHE HE YUUTHIBAETCS): 0 — T iy ip 4 ¢

a) JUTS IPY>KMHHOTO MasTHHKA: E, 4 2 4

me? | kx? ; N
E=EBtEn=—mt /\ \/
b) 11 MaTeMaTHYECKOro MasTHUKA: 0 Ir 7 ET T t

mu?
E =Ek+En =T+mgh.
Ecnu npuHATH BO BHUMaHHE W3MEHEHHE CMEIICHUS M CKOPOCTH 110 TAPMOHUYECKOMY
3aKOHY B ()OpPMyJIax MOTCHIMAIBHOW M KWHETHYECKOH YHEPTHH KOJIeOaTeIbHOTO JBIKCHUS,
TO CTAHET OYEBU/IHO, YTO ITPH FAPMOHNIECKUX KOJICOAHNAX ITH SHEPTHUH TAK KE N3MCHSIIOTCS
0 TapMOHIYecKoMY 3aKkoHy (b):

kx? kA?

EH = T = TCOSZ((A)t + (,00), (430)
mv? mw?d? kA?

By =—-= Tsmz(wt + @o) = Tsmz(wt + @o). (#.31)

Kak 6bUIO OTMEYEHO BBIIIC, [OJNHASL YHEPTHs CHCTEMBI HE M3MEHSETCSI MO TapMOHH-
YECKOMY 3aKOHY:
mv*  kx®  kA* kAz kA?
Er = - + —- =5 cos (wt + @) + —sin (wt + @y) = — (4.32)

o [lonnas sHepeus 2apMOHUYECKUX KONCOAHULL NPSIMO NPONOPYUOHATLHA KEAOPANTY amMIiunyObl
Konebanul.

Ecnu xe B cucreMe cyniecTByeT cuila TPEHUS, TO €r0 MoJiHasi YHEPTHsl HE COXPaHsIeTCsl —
HM3MEHCHHE TIOJTHON MEXaHHMYCCKOW YHEPTIN paBHO pad0Te CHITBI TPeHUS. B pesynbraTte Ko-
nebanust 3aTyXatoT: AE ., = Ay,

Obpasey niana no020MOGKU NPe3eHmMayiils

1 cmaiin: e Haspanue npe3eHTaun

o [logroroBun
-1V caanpsi: e [IpeBpallieHus S5HEPruM B IPYKUHHOM MASITHUKE
V=VII caaiigpr: o LIpeBpalieHus SJHepruy B MATEMaTHYECKOM MAasTHUKE
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e Onucanue U3MEHEHHs IOTEHIUAIBHOW SHEPTUH C TIOMOILBIO (POPMYIIBI U
rpaduka rapMOHHYECKHX KOJIeOaHHI 10 FapMOHUYECKOMY 3aKOHY

e Onncanne N3MEHEHHsI KHHETUIECKOH SHEPTUH ¢ MOMOIIBIO (HOPMYJIBI 1
rpaduka rapMOHHYECKHX KOJIeOaHH 110 FApPMOHUYECKOMY 3aKOHY

e CoxpaHeHHEe NOJTHOW MEXaHWIEeCKOW YHEPTHH 3aMKHYTOH CHCTEMBI, COBEP-
IIAI0IIEeH TAPMOHWYECKHE KoeOaHus

VIII chaiing:

IX caaiing:

X caaiix

m BbIHY)K,D,EHHbIE KOJNEBAHUA. PE3OHAHC

HaBepHo, Bbl Cribllanu 0 ABYX HEOObIYHbIX UICTOPUYECKNX COOBITUAX:

— Korpa B 1905 rogy B ropoge CankT-INeTepbypr (Poccus) no Brcademy LenHomy Ervnetckomy
MOCTY AfMHOM 55 M Npoxo-
QNN KaBanepunck1nm ackag-
POH, MponeTbl MocTa He-
OXWAAHHO PYXHYNX Ha nea
pekun ®oHTaHTKa (a).

—B 1940 rogy B 0OVH 13 BET-
PeHbIX JHEN NoaBECHON
mocT “Takoma” anvHon 1810
M, MOCTPOEHHbIN Yepes Npo-
nmB Takoma-Xeppoy3
(CLWA), paspymncs (b).

e YT0 ObLUero B npousoLues-

LUMX COOBLITUAX U MOTYT NN ObITb 3TV COOLITUA CBA3aHbI C KoriebaTernbHbIM ABMKEHNEM?

Wccneposanme-1. Kakoii u3 MasiTHHKOB KoJie0ercs ¢ (©)
0osb1IeH aMITUTY 101 ?

ObopyaoBanue: 2 mraTuBa ¢ My(TOH HIH 1B OMOPEI, 3aKPETLICHHBIE

Ha OJHOM OCHOBAHMH, TOJICTas HHUTb, HUTEBHIE MAsTHUKH Pa3HOU

JUIMHBI (Macca IIapHka Ha OJHOM M3 MAasTHHKOB OOJblle, 4eM Ha 5

JIPYTHX MasTHUKAX).

XoJ ucciiei0BaHuA:

1. 3akpenuTe Ha OMOPax, CUIBHO HATSIHYB, TOJICTYIO BEPEBKY, & MasT- 1 4 9
HUKH TO/IBEChTE HA HEl, KaK MMOKAa3aHO Ha PHCYHKeE (¢). @

2. [IpuBeaute B cBOOOHOE KOJIEOATENBFHOE IBI)KEHHE KPaWHUHA MasiT- K
HuK (1-#f wam 7-i1). Onpexenure, Kakoi U3 MaSTHUKOB KOJI€OIeTCS C ?

aMIUIUTY 10N ¥ 9aCTOTOH, paBHOM aMIUTHTYJE U J4acTOTe KojaebaHui
4 MasTHHKA C IIAPUKOM OOJIBIIEH MacChl.
O0cy:xkaeHue pe3y/1bTaToB:
o Kakoli 13 MassTHUKOB COBEpIIACT CBOOOIHBIE, & KaKOW BhIHY KICHHBIC KosieOanusa? [Touemy?
o Kakoli MasiTHHK KOJICOJIETCS ¢ TOH e 4aCTOTOM, 4To U MasTHHK 47 [Touemy?
o Kakoli MasiTHHK coBepIIaeT Koiebanus ¢ Oonpineit amrmmutyxoi? [Touemy?

[Ton nmeiicTBHMEM M3MEHsIOUIENCS 110 TAPMOHMYECKOMY 3aKOHY BHEIIHEW CHIIBI
(marmpumep, F' = Fy=cos @ t) B k01e0aTeIbHOW CHCTEME CO3Aar0TCS BRIHYKICHHBIC
KoJIe0aHws.

o Yacmoma GulHYICOeHHbIX KOIeOAHUIl 6ce20d co8nadaem ¢ Yacmomotul U3MeHeHUs.
sblHyoHCcOaroell. Cilibl — ¢ KAKOU Yacmomoll USMeHAemcs 6HeWH s Culd, ¢ maKou
Jrce yacmomoil Konebnemces cucmemd.
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® Amnaumyoa GbIHYICOEHHbIX KOJeOAHU 3a8UCUm OMm d Al
yacmomul vinydicoaroweli cunvl. Ilpu npubiudsxicenuu
BHAYEHUsL YACMOMbL GLIHYIHCOAIOUEl] CUTbL K 3HAYEHUIO
uacmomol C80000HBIX KONCOAHUL CUCTNEeMbl AMNJIU-

myoa xonebanuti yeeanuuusaemcs (d). Ilpu paBeHcTse

3THX YacTOT (W= () HAOIFOTACTCSL:

o Pezonanc — pe3xkoe 603pacmanue amMniumyobl 6bl- A =

HYHCOCHHBIX KOJLCOAHUT CUCTEMDbL.

dopma pe30HAHCHOW KPHUBOM 3aBUCHUT OT 3HaAYe-
HUS CHJIBI TPEHUS B cucTeme. Tak, pu MaJibix 3Haue-
HUSIX CHJIBI TPEHUs PE30HaHCHAs KpuBas BbImie (1-s
KpHUBasi), a Ipy OONBIINX 3HAYSHHSIX CHIIBI TPEHUS, HA000POT, pe30HAHCHAST KPUBas
HIKe (3-51 KpuBas).

Cl

Hccemyem 3TO TEOPETHIECKH C TIOMOIIBI0 TOPU30HTAIb- (e)

HOI'O IPYXUHHOI'O MasATHUKA: MPEAIIOTIOKNUM, YTO HIAPUK I\Il /\ .~1
Maccoi M COBepIIaeT BEIHYKICHHbIE KOJICOAHNs O JIeH- W v V'V %
CTBHEM BHEULIHEH CHIIBI, H3MEHSIOIIEHCS 110 3aKOHY

1
i i
| |
F = E,coswt (e). i A: 25
VYpaBHeHHE BBIHYKICHHBIX KOJeOaHWI MasTHUKA C yde- a, =0 i— !
ToM Il 3akona HeroTOHA MOKHO 3amucaTh TaK: AAAARAA 'F, i
ma, = —kx + E,coswt. TV, L
Ecnu B 3TOM ypaBHEHHH IPUHATH BO BHUMaHUE (HOPMYIIbI J :
CMEIICHUSI W YCKOPCHHS, M3MEHSIOIINXCS MO TEePHOAU- -A 0 X
YecKoMy 3aKOHy X = Acoswt
u a, = —w?Acoswt,
TO: —mw?Acoswt = —kAcoswt + Fcoswt,
W —mw?A = —kA + E,,.
Eciu sxe npuHATH BO BHUMaHUE
k = mw?,
TO: —-mw?A = —mw3A + E,
— Fn
Nim A= m a (4—33)

I'me wy — mukIMYeckast 4acToTa CBOOOJHBIX KOJIEOAaHUH KOJIeOATEIBHOI CUCTOMBI, () — IUKIH-
YecKasi 4aCTOTa BBIHYKJIECHHBIX KOJIeOaHUN, A — aMITUTY/1a BEIHYKICHHBIX KOJICOaHMiA.

U3 dopmynsr (4.33) 3aBUCUMOCTH aMIDTUTYIbl KOJIEOAHUH OT IUKIHYECKON
Y4aCTOTHI BUIHO, YTO MPH SIBJICHUH PE30HAHCA, CCIIH W = W, AMIUIUTY I KOJeOaHuUs

R
m(w?—w?) = 7%

Pe3oHaHC BBIHYKICHHBIX KOJICOaHMI KOJIECOATEIBHON CUCTEMBI CO3/IACT OOJBIITYIO
Pa3pyIIUTENBHYIO CHITy, KOTOpas MOXKEeT ObITh NPHUYHHOW KaTacTpodsl. Hampumep,
€CIIM YacTOTa JICHCTBUS BBIHYX/AMOMICH CHJIBI, co3/laBacMasi MapIUpYIOIeld uepes
MOCT BOHCKOBOM 9aCThIO, COBITAJACT C YaCTOTOM CBOOOIHBIX KOJIEOAHUH MOCTa, TO aM-
TUTMTY /12 BBIHY K JICHHBIX KOJIeOaHUH MOCTa PE3KO YBEIMUMBACTCS, YTO MOJKET ITPUBECTH
K €ro paspymeHuio. 110 aToil nmpuduHe mpu mepexojie Yepe3 MOCThI COJIaTaM TIpH-

KasbIBarOT UATH BOJIBHBIM IIaroM.

YBEITUYUBACTCS 10 OCCKOHEUHOCTH: A =
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UccnepoBaHune-2. NMpuMmeHeHune

Hccaenyiite pe3oHaAHCHYI0 KPUBYIO

3anaya. Onpenenure neproa CBOOOTHBIX KOIeOaHU cuc-
TeMbI Ha OCHOBAaHHMH JAHHOH pe30HaHCHOM KpuBOii ().
Obcy:xnenne pe3yabTaToB: 1. CKombko [y COCTaBisieT
4acToTa CBOOOMHBIX KoyebaHmil cucteMbl? 2. Kak ompe-
JICNTAITA TIEPHOJT CBOOOTHBIX KosieOanuit cucteMsr? 3. Ue-
My paBHA PE30HAHCHAsI aMIUTUTY/Ia BBIHYXKICHHBIX KOJIe-
OaHuii cUCTeMBbI?

05 115 2 253 vy
IIpumenenne B noBceaHeBHOI ku3HU: Kak BB 3HaeTe, IBIKCHHE MOPIITHS B IMIIHHAPE aBTOMOOMITH-
HOTO JIBUTATEIISI SIBJIICTCS KOJIeOATeNIbHBIM JIBIKeHNeM. K kakoMy BUIy KoaeOaHMi OTHOCATCS Koyieba-
TENBHOE JIBYDKEHHE TOPIIHS B IMIHH/PE: CBOOOTHBIM WITH BBIHYXIeHHBIM? [Tlouemy?

IIposectn camoonenky: 1. Kakue noHsTHs NOBTOPUIM HA ypoke? YTO U3 3TOr0 BBl XOPOLIO OHSIIN,
a 4TO OCTaJOCh BaM He sicHbIM? 2. B uem mpuumna paspymenus “Erunerckoro mocra” B CaHKT-
[TerepOypre? 3. [lo xaxoii mpuunHe paspymmics MocT “Takoma” B CIIA? 4. Ot yero 3aBUCHUT
aMIUTUTY/1a BBIHYKICHHBIX KoneOauuii? 5. IIpm Kakux ycIOBHSAX BO3HHKaeT pe3oHaHc? 6. Kakoit
(axTOp ompenenseT BHICOTY PE30HAHCHOH KPUBOIi?

YTO BbI Y3HAJIU? [laiite kpaTkoe OOBSICHEHHE HWKETIPUBEICHHBIX MOHSTHIL: ‘‘BBIHYKICHHbBIC

KoJIe0aHus”, “aMIUINTY/1a BBIHYKIEHHBIX KOJIeOaH! pe3oHaHC”.

CTLINT3
n-,

P AcnPoCTPAHEHME KONEBAHMIA B YNIPYrOM CPERE:
MEXAHUYECKAS BOMHA

Kak Bbl 3HaeTe, BO BpeMsi 3eMIeTPSICEHNSS CKOPOCTb
pacnpocTtpaHeHnd npoaoSibHbIX BOJTH P-tuna, e YT10 Takoe BOJSIHA U TONbLKO Jin

BO3HUKalOLWMX BHYTpM 3emnu, 6Gomnblue CKOPOCTU B TBepAbIX Tenax oHa
pacnpocTpaHeHusi MmomepeyHblx BomH  L-tuna, BO3HUKaeT?

BO3HMKaIOLMX Ha nosepxHocTM 3emnn. Ha ocHO- e Yto nepeHOCUTCS BOMHOM:
BaHMW Pa3HOCTY MeXAy 3TUMU CKOPOCTSIMU YYeHble- BeLlecTBO UM aHeprua?
CencMOrory OMpeaernsioT PaccTosHNE OT TOYKM Pac- o OT Yero 3aBUCUT CKOPOCTE
NMosnoXeHns cencmorpada o SMULEHTPa 3eMneTps- pacnpocTpaHeHsi BONHbI?

ceHus (cMm.: usuka-7, cTp.143).

Wccneposanmne-1. YUTo NPOUCXOAHT B CBSI3AHHBIX KOJIe0ATENbHBIX CHCTeMax?
O0opynoBaHue: MOETb, COCTOSIIAS U3 CBSA3AHHBIX MPYKUHAMI IIAPUKOB; MOOMIBHBIN Telae(oH.
Xoa uccjie10BaHusI:

1. [JomecTuTe MOJIETH Ha TIOBEPXHOCTH CcTONA. CMECTHR KpaHUi JIEBBIH MApHK B TOPU3OHTAIBHOI
TJIOCKOCTH OT ITOJIO’KEHUSI PABHOBECHSL, TIPUBE/INTE €r0 B KosebaTeIbHOE ABIDKCHHUE (a).

2. Cororpadupyiite cBepXy MOOHIBHEIM TesneOHOM KapTHHY KOJIeOaHHH MapUKOB, CBI3aHHBIX
NpY>XMHAMH, BOSHUKIIYIO B TOPU30HTAINBHOH Tu10cKocTH (b).

3. OcraHoBuTe KOJIEOATENFHOE JBIKEHUE CHCTEMbI U NPHUBEIUTE KPaHUH JIEBBI 1IapUK B rOpu-
30HTaJIbHOE KoJiebaHue BJOJIb Ienotkn mapukos (c¢). ChororpadupyiiTe BOSHUKIIYIO B 9TOM
clly4yae KapTUHY KOlIeOaHuUs CBSA3aHHbBIX MIAPUKOB ¢ OOKOBOM CTOPOHBI, TO €CTh B BEPTUKAIBHON
TIOCKOCTH.

4. Pacneuarar Qororpadgun Ha HMpUHTEpe, BKICHTE MX B pabouMil JIHUCTOK, M HCCIEAyHTE, YeM
TIOXO0JKH, A UeM HET BOSHHKIIHNE KapTHHBI KOJICOATEIFHOTO JIBIKEHHS KOJIe0ATeTbHON CHCTEMBI
LIAPUKOB, CBSI3AHHLIX MPYKHHAMU.
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(a) (b)
[ 707 SUPSYG ZHTRS SFS 200 NG PG TS SRS S A )
O,
QHDUDNIUIMAWD WD

-~ s NW‘“”M%

O0cyxneHue pe3yJbTaToOB:

e Yr0 00111er0 U YeM OTINYAIOTCS KapTHHBI JIBYX PA3JIMYHBIX KOJIEOAHUH 0THOr0 MasiTHHKA (Kpaii-
HET0) B CUCTEME IIAPUKOB, CBA3aHHBIX NPYKUHAMH?

e C yeM MOKHO CPaBHUTH 9TH KapTHHbI?

Bonna. Mexannveckue koneOaHusi ObUIM M3YYCHBI B PAa3HBIX 3aMKHYTHIX KOJIE-
0aTeNbHBIX CUCTEMaX — NPYKMHHOM M MaTeMaTHYeCKOM MasTHHKaX. OIHAKO B MpH-
pozie HanboJee YacTo BCTPEUAOLIMMHUCS KOJICOAHHUSIMHU SIBIISIIOTCSL KOJICOAHUsSI B C653-
HbIX KOIeOamenbHbIX cucmemax. B CBSI3aHHBIX KOJIEOATENBHBIX CUCTEMAaX KOJeOaHMs
MepeIatoTesl OT OJIHOM YacTH CUCTEMBI K Jpyroil. Hampumep, npy najieHun KaMHs Ha
MMOBEPXHOCTh CTOSIYCH BOJIbI HAOJFOMACTCS BOSHUKHOBCHHE KOHIICHTPUYCCKHUX BOJISI-
HBIX KPYTOB, KOTOPBIE PACXOJISATCS M3 TOUKH TaJICHUS] KAMHS BO BCE CTOPOHBI. Kaxercs,
4TO BOJA TEPEMEIIACTCS B TPOCTPAHCTBE B (opMe depeloBaHUs BBIMYKIOCTEH |
BraguH. OJIHAKO, €CJIM PACHOJIOKUTh OKOJIO TOUKU IMAfCHHUs KaMHs IMOIUIABOK HITH
TEHHUCHBIN MSIYHUK, TO HAOJFOIAETCS TOJILKO €0 KOJIe0aTeIbHOE IBIKCHNE BBEPX-BHU3
Ha omHOM MecTe. Takum 00pa3oM, BO3HHMKAKOIIME B OMNPENEIICHHOW TOYKe KoieOa-
TENbHBbIC JBWKCHHS YACTHYEK BOJBI, MEPEIaBasCh COCEJIHMM YaCTHYKaM BOJIbI
BBI3BIBAIOT KOJICOATEIIHHBIC JIBUKCHHS BCE HOBBIX M HOBBIX YACTUYEK BOJIbI, H CO3/IAI0T
PacIpOCTPAHSIOIINECS] BO BCE CTOPOHBI, KONIEOATEIbHbIC JIBUKCHHUS CHCTEMbI CBS3aH-
HBIX yacTidek. [Ipu TakoM pacrpocTpaHeHUH, Ha3bIBAEMOM GOIHOLL, TIEPEHOC BOJIBI HE
[IPOUCXOJIUT, & MIEPEHOCHUTCS TOJILKO (hOopMa ee. JBUKCHUS

® Boana — smo npoyecc pacnpocmpanerusi KoreOanuii. 8 npoCmpanHcmee ¢.me-
YeHueM BpemMenu.

B 310 BpeMs B cpejie MPOKUCXOIAT CIEAYIOIINE SBICHUS: @) KorebameibHvie 06l
JICEHUsL Yacmudex cpedbl, 8 KOMOPOU PACHPOCHPAHAEMCS 6OTHA — YACTNUYKU CPedbl
cosepuiaiom KoiebamenvHble OBUIICEHUsL MOIbKO BOKPY2 NONOICCHUA CB0e20 pag-
HOBECUsL, U 8 BOIHE HE NPOUCXOOUN NEPEHOC Geulecmad; b) 63aumo0eticmels Yacmuiex
Cpeobl ¢ COCCOHUMU HACMUYKAMU — 8 Pe3pIbmame. 83aumoOoeticmeus. Mexicoy Hac-
MUYKamu npoucxooum neperoc suepeuu. 110 9Toil NpUYIMHE BOJHE MOXKHO JaTh Clie-
JYIOILee OTpeeieHue:

® Bonna — amo npoyecc nepenoca sHepeui 6€3 nepeHoca 6euecmaa.

Mexanndeckas BoTHA. Baipupoje sauboree 4acTo BCTpeyaeTcs MexaHuuecKas
60JIHA.

o Mexanuueckas 60Ha — 510 NPOYECC pacnpoCmpaHeHs Mexanuyeckux Koneoanuil 6
cpede (MexaHu4eckds 60NIHA 8 6aAKYYMe He PACnpocmpansemcs). Mexanuueckue 60iHbl
PACHPOCMPAHAIONCSL MOIBKO 8 YRPYeUX cpeddx (meepobix meidax, HCUOKOCHSX U 2a3dx).

o Vupyeue 60JiHbL — 910 NPOYECC PACHPOCIPAHEHUsL MEXAHUYECKUX KOAeOaHULl 8 ynpy-
201 cpede. Dmoni npoyecc NPoUCXooum ¢ 4acmomotl, COOmeemcmayioujell 4acmome
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KOAeOAaHUs UCTOYHUKA, CO30alowe20 dmy 60HY. 3a npedenamu cpedbl ynpyeue G0JiHbl
He cywjecmayiom. BonHbI OBIBAIOT IBYX BHIIOB: NONEPEUHble U NPOOOTbHBIE.
o ITonepeunasn 60ana — 2mo 60JIHA, PACKPOCHPAHSIOWASCS NEPREHOUKYTSPHO HANPAsTie-
HUIO KOeOamenbHo2o 08UdiCeHUst yacmuy cpeobl. Ilonepeunvle 60Hbl MO2YM pacnpocni-
PaHAMbCSL MOTLKO 8 MBEPObIX Meax u
no nogepxrocmu sxcuokocmeii. Ilonepeu-
Hble GONIHbI PACHPOCMPAHSIIOMCSL 8 CPeoe
6 hopme cmensirowux opye opyaa GbinyK-
saocmett u enaoun (d).
e IIpooonvnas eonna — 3mo GoJna,
PACHPOCMPAHAIOWAsACS 800b  HAN-
pasieHus KoaebamenbHo2o O08udice-
Hus yacmuy cpeowl. [IpodovHbIe 8O MOZYI PACIPOCPAHAMBCS 80 BCEX CPEOAX
(meepOvix menax, HcuoKocmsax u 2asax). IlIpooonvHvle 80HbBI PACNPOCMPAHAIOMCS
8 cpede 8 hopme cmeHAWUX Opye Opyed 30H CSYWEHUS U PA3PeNCeHUs CPeobl.
Hanpumep, npomnycTuB Yepes JITUHHYIO TIPYKUHY TIaCTMACCOBYIO HUTh, 3aKPETINTE
TOPH30HTATIBHO 002 KOHI]A HUTH U OJIMH M3 KOHIIOB MPYXHHBI K OITOpaM, 3aTeM, Ie-
pHOAMYECKH JIBUTAs CBOOOJHBIN KOHEI| NPY>KUHBI BIPABO-BJICBO, MOXKHO HAOIIIO-
JIaTh YepeJOBAaHME 30H CTYIICHUS U PACCEHBAHUS KOJICII IPYKUHEI (€).

XapakTepuctuka BOJHBI. KoneOaHus, IporCXoIsiIie B KaKOH-THOO TOYKE
Cpeibl, IepeIaloTCsl B IpyTHe TOYKH HE MTHOBEHHO, a C ONPE/ICIICHHON KOHSYHOM
CKOpOCTBIO, KOTOPasi ONPEACTISIET CKOPOCHb BOIHDI.
o CKOpocmb 8OJIHBL — 21O CKOPOCMb PACHPOCMPAteHUsl Kolebanuil 6 cpeoe.

Tak Kak BOJIHA B OJTHOPOAHOM Cpeie pacipoCTpaHsieTcs pPABHOMEPHO, CKOPOCTb BOJI-
HBI OyJIeT paBHa:

l
L= e (4.34)
I'ne [ — paccrosiHre, HA KOTOPOE PACTIPOCTPAHSIETCS BOJIHA 32 BPEMS £
l=v-t

JIpyruMu XapakTepuCTUKAMH BOJHBI SIBIISTFOTCS 4aCmoma, nepuoo U OuHA GOIHbL.
e Yacmoma 60tnwl (nepuod) — >mo yacmoma (nepuod) KoneOuHuU UcmoumiKa, co3oa-
1ouje2o 60IHY .
e /[nuna éonnwt — smo paccmosnue (I = 1), na Kemopoe 01HA PUcnpPOCMPaAHAEMCsL
3a 8pems, pasHoe 00HoOMY nepuody korebanus (t =1).

[lpussB Bo BHMMaHue 3TO ompezeneHue B (4.34), MoMyynM BBIPRKCHHE IS
CKOPOCTH PacipoCTPaHEHHS BOJHBL:

| 4.35
L= (4.35)
Win O= V- A (4.36)

Ine A (naM6p4a) — umHa BomHbl, B CU enunannia ee usmepenust — memp. 13 moc-
JISJTHUX JIBYX (hOPMYT MOXKHO ONPEACTUTh JUTHHY BOJHBI:
v
A=v-T; A=—. (4.37)
1%
Cropocmu 607Hbl He 3agucum om ee yacmomvl u nepuood. CKopocnms 80IHbI 346U~
CUmM OMCB0UCME U A2Pe2anmHo20 COCMOHUS Cpeobl. [[uHa 80HbL 8 00HOPOOHOI cpede
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(L = const) npamo NPONOPYUOHAILHA NEPUOOY KOAeOAHUL U 0OPAMHO NPONOPYUO-
HalbHa Yacmome KoueOaHul.

IIpu nepexode uz 00HOII cpedbl 6 OpyeyIo Yacmoma U NeEPUOO BONIHbL He MEHSIIOMICS, 00-
HAKO MAK KAK CKOPOCHb BOJIHbL 8 PA3HBIX CPeOdX PA3HAS, MO OIUHA BOIHbL MEHAEMCAL.
o J/[nuna 80aHbL — 5MO PACCMOSIHUE MENCOY O8YMSL ONUNCATIUUUMU TROYKAMU, KOO0~
WuMUCs 8 0OUHAKOBbIX ¢pazax. JITMHa BONHBI B TIONEPEYHBIX BOJHAX PaBHA PacCTOs-
HUIO MEXJTy BYMS COCEJHUMH TOYKaMH BEpIIMH BBIMyKIOCTeH (WK BaanH) (cM:d),
B TIPOIOJILHBIX JKE€ BOJTHAX, — PACCTOSHUIO MEXKTY IBYMSI COCETHIMU TOYKaMH 30H CTy-
meHns (WA pa3pexeHus) (cM:e).

YpaBHeHHE BOJTHBI

Tpeanonokum, 4T0 ICTOYHHK BOJIHBI KOJIEOIETCs 10 FapMOHNYECKOMY 3aKOHY X = Acoswt, Koie-
GaTenbHOE IBMKEHHE PACTIPOCTPAHSAETCS CO CKOPOCTBIO U B OKPYIKAIOMIEH HCTOUHUK CPEJIE, TOT/IA B
pe3ynbTaTe BO3HHKAST BOJNHA, KOTOpas dYepe3 OMpPEeAeIeHHBI MPOMEXYTOK BpeMmeHH T (Tay)

JOCTUTHET TOYKH, HAXO/SIIIEHCS Ha PACCTOSHUU | OT HCTOYHHKA:

l
T ==
1%
910 3HA4YUT, 4YTO KoJIeOaHus B TOYKE, HaxOJSIIENcs Ha pacCToAHUN loT HNCTOYHHUKA, IPOUCXOJAT

I10 TOMY K€ 3aKOHY 1 BOSHUKHYT C OlIa3/ITaHUEM Ha T CEKYH/. HOE)TOMY YypasHeHue 60JIHbl, Z[OCTI/IFHIef/i
HpOH3BOJ’ILHOﬁ TOYKHU Ha paCCTOAHUU [ OT WcTOYHHKA I(O.l'[e68.HI/I${7 MOKHO 3aIlucaTh TakK:

x = Acosw(t — 1) = Acosw (t — i) = Acosz—n (t — i) (4.38)
[ T )
I'padux BoMHBI 110 OpME CXOXK C TPAPUKOM rApPMOHHUYECKUX KOJIEOAHHM, OHAKO 3TO HE OJHO U TO
xe. Tak, eciiu rpaik rapMOHUYECKUX KOJIEOAHHI TOKA3bIBAET M3MEHEHUE 110 TAPMOHUYECKOMY 3a-
KOHY OJIHOW M3 XapaKTePUCTHUK KOJIEOIIOIIEHCS TOYKM, HAlpuMep, cMemieHus: ot Bpemenu (f), To
2paghux 0aHbL — MO KAPMUHA PACHONOICEHUS CBAZAHHBIX MOYEK CPeObl 8 OAHHbII MOMEHN 6peMeH U,
Mo ecmuv 2apMOHUYHOCTIL MOU 80IHbL 6 cpede (g).

X T X

p

PR T o

2 T

(f) — nepuoduuna no epemenu (8) — nepuoduuna ¢ cpede

UccneposaHue-2. NpuMmeHeHue

Pemure rpagpuyeckyio 3agauy. X, M (h)

3agaga. Onpenenure Ha OCHOBaHHUM Tpabu-

Ka BOJIHBI ero nepuoj u dacrory (h). Cko- 0,25

POCTh pacnpocTpanenus BosHbl 12 M/ c.

O0cy:xaeHue pe3y/1bTaToOB:

1. KakoBa ajinHa BOJHBI? (¢ }

2. ITo xakoii popMysie OnpenesiniIia YacTOTy 2 6 0 4 1 Lm
(M IepuoJT) PACTIPOCTPAHCHUS BOJIHBI?

-0,254----->
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3apaum k IV rnaBe

IIpumeHenne B MOBceTHEBHOM *KU3HM: 113 IPOBEICHHBIX MCCIIEIOBAHMI OBIIO ONPEEeNIeHO, YTO

BEIJIETIsIEMasl B pe3yJibTaTe BHIOpPOCA OFHON BOJHBI ATIAHTHYECKOTO OKEaHa, OMBIBAIOIIETO 3a-

najiHoe nodepexbe OpaHiny, SHePrHs SKBUBAICHTHA MOIITHOCTH yapa B 75 MUJUTHOHOB KHJIOBATT.

© MO’KHO JT1 BOCIIONIB30BATHCS SHEPTHEH, TEPEHOCHMOIt BOTHOH okeaHa? Ecim BO3MOXHO, TO KaKHM
crocobom?

IIpoBecTH caMOOLEeHKY:

1. Kakue noHATHS MOBTOPWIN HA YpoKe? YTO U3 3TOro Bbl XOPOLIO MOHSIIM, a YTO OCTAJIOCh BaM He

SICHBIM?

2. Yewm otnmyaetcs rpaduk KonedaTeTsHOro IBIKEHHS OT rpaduKa BOIHBI?

3. [Touemy MexaHHWYecKas BOJIHA B CPEZIEe PACIIPOCTPAHAETCS, B BaKyyMe — HET?

4. YeM CXOKH U 9€M OTIMYAIOTCS MOIEPEUHBIC U MIPOIONbHEIC BOIHBI?

5. IoyeMy BO3HMKAET pa3HOCTB (ha3 KOIeOATeTLHOTO IBIDKEHHS [Tl PA3HBIX TOUEK MEXaHNIECKOH BOJTHBI?

6. Jlonka kagaeTcsi Ha BOJIHE, KOTOPOSI PAacIPOCTPAHSIETCs CO CKOPOCThIO 4 M/c. [lepron koebanus

BOJHEI 3,2 ¢. UeMy paBHa JIMHA BOJHBI, HA KOTOPOH KadaeTcs JoaKa?

YTO Bbl Y3HAJIN? 3ammmmte B pabodeM JIMCTKE ONpEIEICHNUS HIKETTPUBEACHHBIX OHATHIA: “BOHA”,
»

“MexaHHYecKasl BOJHA”, “‘ympyras cpena”, “ympyras BoiHa”, ‘“TionepeydHasi BonHa”, “TIpoAoJIbHAast BOIHA™,
“CKOPOCTH BOJTHBI, “4acTOTa BOJHBI, “TIEPHOJT BOJIHBI, “IUTMHA BOJHBI, “TpaMK BOJIHBI .

4.1. Mastauk 3a 10 ¢ mpoxomut mmyTs 80 A. Onpeenure nepro] KojieOaHus MasiTHAKa (A — aM-
TUTMTY/1a KOJICOaHUS).

4.2. CKOJIBKUM aMILIUTy1aM Oy/IeT paBeH IyTh MasiTHUKa 3a 10 ¢, eciin yacrora ero KoJje-
0anuii pasHa 0,5 I'i?

4.3. KomebarenpHas cuctema 3a 1 muH. coBeprmaet 90 komebanuii. YUemy paBHBI IEPHOT,
4acTOTa M MUKJIMYECKast 9acToTa 3TOU cucteMsl (T = 3)?

4.4. CrosbKO KOJICOaHUI COBEPIIUT MasiTHHK, Mepro kotoporo paeeH 0,2 ¢, 3a Bpems 20
¢? Uemy paBHA 9acTOTa M IUKJIAYECKAs YaCTOTA KOJICOAHHS ITOT0 MasTHHUKA (1T = 3)7

4.5. TlpyXMHHBII MasTHUK, aMIUTUTyaa KosebaHuii kotoporo paBHa 0,2 M, coBepiuaet
rapMOHHYECKHe KojiebaHus ¢ 4acToToil 2 ['u. 3anuiure ypaBHeHHE rapMOHHYCCKUX
KoJIeOaHUH MasTHHKA.

4.6. TlpyXWHHBIA MasSTHHUK, aMIUTUTYAa KoieOaHuii koToporo paema (0,2 M, coBepmiaet
rapMOHHYECKHe KoJIe0aHHs [0 3aKOHY CHHYyca ¢ 4acToToi 2 I'il. 3anuimre ypaBHEHHE
rapMOHUYeCKHX Konebanuii (r = 3; ¢, = 0).

4.7. T'py3 maccoii 100 Tp, 3aKperieHHBIH Ha TPYKUHE; KOJIeOICTCs B TOPU3OHTAIBHON
II0CKOCTH 0e3 TpeHus ¢ gacToToi 2 ['m. OnpeennTe JKeCTKOCTh MPYKUHBI (T = 3).

4.8. T'py3 maccoit 250 rp, 3aKperuieHHbIH Ha. IPYKHHE KecTKOCThIo0 16 H/M, Kosebercst B
TOPU3OHTAIIBHON TIOCKOCTH 0e3 Tpenus. Onpenenure mepuoa KojaeOaHui Mpy KUHBI
(r = 3).

4.9. Onpenenure NIMHY MATCMATHYCCKOTO MAsSTHHKA, TICPUOJT KOJICOAHMIT KOTOPOTro paBeH 1 ¢
(g =9,8Mm/c?).

4.10. MaremaTH4yecknii MasSTHHK; aMILTATY/1a KOTOPOTO paBHA 5 cM, coBeprmaeT 150 xoie-
Oanuii 3a 1'muH. [lo KakOMy 3aKOHY H3MCHSICTCS KOOPAWHATA MAsTHUKA, CCITH
HavansHas (as3a kojicbanus papHa 45° (r = 3).

4:11. Koopautara KolicOaTebHON CUCTEMbI H3MEHSIeTCs 110 3akony x = 4,5cos4mt. Onpe-
JIEHTEe aMIUTUTYIy U 9acTOTy KoJeOaHuil.
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4.12. Yemy paBHa aza KomeOaHIif MasTHIKA B MOMEHT BpeMeHH! 1,5 ¢, el iepHo ero
KoseOannii paBeH 4 ¢ (¢, = 0)?
4.13. Ha pucynke jaH rpaQuk 3aBUCHUMOCTH  x cy

CMELICHUSI OT BPEMEHHM ISl MaTepHaib- 25

HOW TOYKH, COBEpUIAIONICH rapMOHHYE- \

ckue konebanus. OnpenesnuTe aMIuIuTy - 0 AT

HOE 3HAYCHUC CKOPOCTH MasITHUKA (11=3). 25 ____N/6 8 {K Le
4.14. Ha pucynke jaH TpaQuk 3aBUCHMOCTH  x cy

CMEIIECHHUS OT BPEMEHM JUIsi MaTepHalib- 12

HOM TOYKM, COBEpIIAIOIIEH TrapMo-

Hu4Yeckue  kosiebanus.  Ompenenure 0 AT

aMIIUTYJHOE 3HAYCHUE YCKOPEHUS MasiT- 12 )emm N 12 14 \ Le

HUKa (T = 3).

4.15. Ha pucynke maH Tpaduk 3aBHCHMOCTH v M
CKOPOCTH OT BPEMEHH, JUIS MaTEPHAITBHOMN ’
TOYKHM, COBEPIUAIOLIEH TI'apMOHHUYECKUE 167
konebanus. OrnpenenuTe amIUIUTYIHOE ﬂ /
3HaYCHHE YCKOpEHUE MasiTHHUKA (1T = 3). 5 2 \6/ {0 1=4 ‘e
7,4 —
4.16. Ha pucyHke naH TpaduK 3aBUCHMOCTH V,E
CKOpPOCTH OT BPEMEHHM ISl MaTepUalbHON €
TOYKH, COBEPILAIONIEH rapMOHMYECKUE KO- 817 /\ /
nebanus. Omnpenenure aMIUIUTYIHOE 3Ha- )

(0] t + + t
YEeHHe CMEIIeHUs MasiTHUKA (1T = 3). 3 \9/ 15 W
)

4.17. Onpenenure 10 jaHHOMY rpaduky me- x
PHO/1, 4aCTOTY W JUIMHY BOJHBL. CKOpPOCTH

pacnpocTpaHenus BoJHbl 240 M/c. 8 /\ /\ /
O
IR
-8{--7%

4.18. BIUMCIINTE JJIMHY BOIHEL, €CIIM CKOPOCTh €€ pacnpocrpanenus 550 M/c, a mepros
koJiebanuii B et 0,02 c.

4.19. Mopckas Boina 3a 30 ¢ 15 pa3 BeiOpaceiBaeTest Ha 6eper. CKOpOCTh pacpoCcTpaHe-
HUs BOJHEI 4 M/c. Onpenenvre IJIMHY MOPCKOM BOJIHBL.

4.20. KonebaHnnst B cucTeMe MPOMCXOMAT 10 33aKOHY X = 7cos4mt. C Kakod 4acToToi
JIOJDKHA ICHCTBOBATE BBIHY K/IAI0IIAs CHIIA, YTOOBI B CHCTEME BO3HUK pe30HaHC?
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PEJNNIATUBUCTCKAA
MEXAHUKA

OcBouB maTtepuansl 3TOM rnasbl —
Bbl CYMEETE:

e pasnmyaTb NOHATUA “NPOCTPaHCTBO”, “BpemMsa” 1 “OBuxeHne”
C TOYKM 3PEHUS KNAaCCUYECKON 1 PENATUBUCTCKON MEXAHMKN;

e 0OBACHUTH HayHHbIVI CMbICJT chneunansHom TEOPUN OTHO-
CUTEJIbHOCTU;

e 00BACHUTBL CyLeCcTBOBaHUE oyHAAMEHTarbHOW CBA3U MEX-
Oy Maccoun n aHepruewu;

e OOBACHUTL OTHOCUTENTBHOCTb BpeMeHW, ONMNHbI, SHEPTUN U
nMmnynbca, NHBApPMaHTHOCTb MaccChbl, MOCTOAHCTBO U KOHEY-
HOCTb CKOpPOCTU CBeTa B BakKymMmMe BO BCEX CUCTEMaAX OT-

cyeta;

e peLlaTb 3aga4yun C NpMMeHeHnem crneypnansHom Teopui OTHOCK-
TEeJIbHOCTW.



“Kapta noHaTun” ana V rnaBbl

~—

B2~ (pe)? = (mc?)?

—

Er =
— =
v+ v
J Uy = oo
A 1+ A
C
dopmyna dopmyia
1 1
N
( R dopmyna (
PenstuBuctckuii UMIyabe pl 4 - PensiruucTcKas sHepris
OTHOCHUTEIIEH OTHOCHUTEJIbHA
\ / PenstuBncTckmii 3akon ~ -
CJIOKEHUS CKOpOCTel
(" ) ( )
At =
—— E — 2 —_— =
0 =mc
N J b N J
Cas3aHa ¢ dHeprueit 4
Dopmyna P dopmyia
| | ¥ |
PensTuBuCcTCKOE BpeMs
p Macca HHBapHaHTHa PenstuBucrckas anuna
OTHOCHUTEIILHO OTHOCHTEIIbHA
Tomy4aemsie
g g
Bo scex unepyuanviuix = CIELIMAJIBHAS < Bo ecex unepyuanvuvix
cucmemax omcyema cKopocms g TEOPUSA OTHOCH- § cucmemax omcuenmd 6ce
ceema 6 axKyyme umeem = TEJIHOCTHU = 30KOHbL npupodbt OOUHAKOBbL
00uHAaKoB8oe 3HAYCHUE - =
OO6OCHOBEIBACTCS q)OpMyﬂlnpyeTCﬂ OO6OCHOBEIBACTCS
OBIIIAS TEOPUA
( [.Tanueii: OTHOCUTEJIBHOCTH I[)K MakcBemr:
“Knaccuueckast Teopust “Teopus 21€KTPOMarHUTHOTO
5
OTHOCHUTEIBHOCTH” T10JIs1
( 1 .~ A
cI1a0blii IPUHIUI YKBUBATEHTHOCTH: TMonyuaemsre CHJIbHBINA TIPUHIMIT SKBUBAJCHTHOCTH:
UHEPYUATbHASL MACCA PAGHA pesymbTatin 6ce 3aKOHbL PUBUKU BLINOTHAIOMCSA KAK
2pasumayuoHHol macce npu omcymemeuu 2pasumayui
(. J
v y ¥

PACAPOCMPAHEHUs C8eMd U UCKPUB-
JleHue ayda ceentd noo oetemeuent
epasumayuonrozonons Connya

-
Hapywenue 3axona npamoiuneinozo | 3amednenue spemenu 6 2pasu-
MayuoHHoM noje — 603HUKHO-

6eHle 2PABUMAYUOHHO0
“kpacnoeo” cmewenus

H3nyuenue pasumayUuoHHbIX 60H 6 pe- )
3yIbMame CMoaKHOBe s, OUHAPHBIX
(0B01IHbIX) 36€30HbIX CUCEM, PACULU-

perus Beenennoti u opyaue

PenaTtuBucTckas MexaHuka
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EES OcHoBbl TEOPUM OTHOCUTENBHOCTH

Ha kanengape 29 gekabpsa 2035 roga. Yepes aBa gHs MexayHapoaHasi KOMaH4a acTpo-
HaBTOB OTMPAaBMSETCHA B MEX3BE3AHbIN KOCMUYECKMI noneT. KanutaHom komaHab! sBnseTcst
44-netHnn asepbangxaHel. lMpowascs ¢ 16-netHen goukon HaspuH, yyeHuuen 10-ro
knacca, oH roBopuT: “‘[louka, Mbl, NepemMeLLasicb paBHOMEPHO B KOCMOCE CO CKOPOCTbIO
nopsigka 0,95 ckopocTu cBeTa NPOBEAEM UCCMEAOBaHNS 1 BepHeMcs Ha 3emnto Yepes 20
net. Ecnu 6ynem 300poBel, TO, Koraa Bctpetumcs, Tebe 6yaet 80 neT, a mHe 64 roga”.
HaspuH ¢ yaneneHvem Bospasuna: “OteL, Tbl FOBOPULLL O KakoM-

T0 chaHTacTUYecKoM sBreHn. Mie depea 20 net Gypet 36 ner’.  ® BepHO nu rosoput

HaspuH? Moyemy?

Nccnepnosanme-1. OTHOCHTE/ILHA JIH CKOPOCTH?

3anauva - 1. JBe 4acTHI[BI IBHXKYTCSI HABCTPEUY APYT APYTY cO CKOpoCThio v = 10 M/c. Yemy paBHa
cKkopocTh 1-i YacTHIBI OTHOCHTENFHO 2-0i (a)? Yemy OynmeT paBHa CKOpOCTh 1-i YacTHIIBI
OTHOCHTEIIBHO 2-#, €CIIM 9TH YacTUIBI OyIyT JBUTaThCSd HABCTPEdy APYT APYTY CO CKOPOCTEIO,
paBHOI1 cKOpocTH cBeTa B BakyyMme (¢ = 3 - 108 m/c)?

O0cy:k1eHne pe3yJibTaToB: (a) D D
1. YeMy GyjyT paBHBI CKOPOCTH YaCTHI[ OTHOCHTENBHO JIPYT <:> o
npyra?

2. MOKET JIi CKOPOCTh YaCTHIbI OBITH OOJIBILE CKOPOCTH CBETA? @_£ f_e

Hpunuun otHocutensHocTH [amuiies. B 1636 roxy I'.I'amineit, o6o0mmast uccnemo-
BaHMS TI0 M3YYCHHIO JABHKCHUS TeI, CHOPMYITUPOBAIT HPUHYUN OMHOCUMETbHOCIILL
® 3aKOHbl MEXAHUKU 80 8CEX UHEPYUATILHBIX CUCTEMAX Omcyema 0OUHAKO8bI.

OTOT NPUHIMI TIOCTABUJI OIPEJCICHHBIC OTPAaHUYCHUS TPH COCTABJICHUU
YpaBHEHUI MEXaHWYECKOTO JBWKCHUS: VPABHEHU, GbIpANCAIOUUE MEXAHULECKOE
08uUdICEHUE 80 BCEX UHEPYUATILHBIX CUCTEMAX OMcYemd, UmMerom 0OUHAKO8bIU 8UQ.

o 3TuM npesicTaBiIeHUAM, Ha3bIBAEMBIM KIACCUUECKUMU, NPOCIPAHCIMEO U 6PEM,
XapaKTEPU3YIOIINE MEXaHUIECKOE JIBIDKCHUE, CUUTAIOTCS adOCOMOMHbIMUY — JTAHSUHBIC
pa3Mepsbl TeJa He 3aBUCAT OT TOTO, TIOKOUTCS TEIO WIIH IBUKETCS, CKOPOCHIb Jice ceema
CUNTAETCS Oeckoneuro OONBIION BeaTnunHoi. HpI0TOHOBCKAsI MEXAHHMKA HEIMKOM Oblia
MOCTPOSHA Ha 3TOM IpuHIMIE. TakuM 00pa3oM, B KIACCHUSCKON MEXAHUKE KOOPTH-
HaTa, BpeMsl, JUTMHA W CKOPOCTH Tell OTHOCHUTEIHHO JIFOO0W MHEPIMAITFHON CHCTEMBI
oTcyera OBUTH TIPEACTABJICHBI B CBSI3aHHOW KOMIAKTHOW (OpME ¢ TIOMOIIBIO TPEoo-
pazoBanuii, Ha3piBaeMbIX “TIpeoOpazoBanusivu ["aimesi” (cm.: Tabnuna 5.1). OnHako
SIBTICHUSIM, BO3HUKAOIIMM TIPH CKOPOCTSIX, OJHM3KHX K CKOPOCTH CBETa, HAIpUMEp, B
DJIEKTPOMArHUTHBIX, TPABUTAIIMOHHBIX 1 BHYTPUATOMHBIX TIPOIIECCAX, KIACCHUCCKIC
MPE/ICTABIICHUSI HE MOTYT JIaTh OOBSICHECHHUSI.

CoeunajbHasi TeOpUsi OTHOCHUTEIbHOCTH JHIITEHA. ACTPOHOMHYECKHUE HC-
cieioBanus, TiposeieHHbIe Omagom Pémepom B kore XVII Beka, mabopaTopHbIe
nccnenoBanus Jlyn @uszo B cepeaune XIX Beka 10 ONPENENIEHU0 CKOPOCTU CBETa U
TOIJIa K& MPOBE/ICHHBIE TeopeTHdeckue padoThl [x.MakcBemia 1Mo MCCICIOBaHUIO
AIIEKTPOMATHUTHOTO TIOJIS I0KA3aJId KOHEYHOCTh CKOPOCTH paciipocTpaHeHus cBera. B
Havanme XX Beka KIACCHYCCKUI TPHUHITUI OTHOCHUTEIFHOCTH W PE3yJIbTaThl TIONY-
YaeMbIC U3 HErO, ObLIM UCCIICIOBAHbI 3aHOBO. BbUIM onpesenHbl (JOPMYJIbI, CBS3bI-
BaloMMe (DM3UYSCKHE BEJIMYHMHBI, XapaKTEPU3YIOIIHE MPOCTPAHCTBO M BpeMs B
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WHEPIMAIBHBIX CHCTEMaX OTCUETa, JBIKYIIUXCS CO CKOPOCTSAMH, OJM3KUMH K CKO-
pocTH cBeTa.

O0001MB BCe MPOBENICHHBIC B 3TOM 00NacTH uccienoBanus, A.DiiHiTeiH B 1905
roay c(hopMyIHpOBAT HOBYIO TeOpHio — “‘CIIeIMaNbHYI0 TEOPHIO OTHOCHUTEIFHOCTH
(CTO), Tem camMbIM 3aJI0KHB TEOPETUICCKYIO OCHOBY PesMUBUCHICKOL MEXAHUKLL.

o Pensamueucmckas mexanuxka fpasaeﬂ qbu3ul<u, u3yuai0u;uﬁ 30AKOHblL MEXAHUKU npu
OBUICEHUU METL CO CKopocnisimu, CpaABHUMbBIMU CO CKOPOCMbIO ceemd.

MaremaTiueckuMH pacueTaMul DHHINTEHH JI0Ka3ail, YTo IIPU IEePEXO0JIe OT IMOIBHIKHON
CHCTEMbI OTCYETa K HEMOJBHKHON MPOCTPAHCTBEHHO-BPEMEHHBIC KOOPMHATHI TIO]I-
BEPraroTcs COOTBETCTBYIOIIUM MPeoOpa3oBaHUsAM TPH TIOMOIH YHHUBEPCATHHOTO
MHOKETETIS ompenenenHoro Jlopertiem (cM.: Tabmwma 5.1).

)

1—-=
c2

OcuoBy CTO cocTaBusioT Ba MocTyjaTa:

o [ nocmynam: Bce 3akoHbl (hu3UKU 0OUHAKOBbL 80 BCEX UHEPUUATBHBIX CUCTHEMAX
omcuema u HU OOHUM DUULECKUM ONbIMOM HE8O03MONCHO OMAUYUMb UHEPYUAIb-
Hble cucmemsl Opye om opyea.

o [I nocmynam: Cxopocmuv ceema 8 8axKyyme 0OUHAKOBA 80 8CEX UHEPUUATLHBIX CUC-
memax omcuema u He 3A6UCUIM OM CKOPOCHMU O8UNCEHUS UCHOYHUKA U NPUEMHUKA
ceema. Ckopocms cema — MAKCUMATIbHASL CKOPOCTb, CYWeCmeyouas 8 npupooe.

B cnermanbHOi TEOpUHM OTHOCHTENTBHOCTH DWHINTEHHY y/IajIoCh YCTaHOBUTH CBS3b
MEXIy MPOCTPAHCTBOM M BPEMEHEM M OOBCAMHUTH UX B EAMHBIA HPOCTPAHCTBEHHO-
BPEMEHHON KOHTMHYYM — “TIPOCTPAHCTBO-BpEMs”. DTO O3HAYaeT, YTO MPOU3BOJILHOE
SIBJICHUE XapaKTEPH3yeTCs CBOMCTBAMH HE TOJIBKO MPOCTPAHCTBA, TE OHO TPONCXO/IHUT, HO

1 BPEMCHH, XaPAKTCPU3YIOIINM IMOCICIOBATCIIBHOCTE TTPOUCXOAAIINX SIBJICHUU.
Tabnuya 5.1

A
31ech: a) BeIMYMHBI 0e3 ITPHXa XapaKTepu3yIoT JAaH- Y Y u
~ E—
HOE IBIICHHUE, IPON30IIE/IIee B HEMOABIKHON CHCTEMe o
orcuera K; b) BenmmuHMHBI Ke CO IUTPUXOM Xapak- K K’ *—
TEPHU3YIOT ITO e SIBIICHNE, IIPON3OIIS/IINE B CHCTEME . :
N
orcuera K, IBHXKYIIEMCS CO CKOPOCTBIO % OTHOCH- ut 9
TEIBHO CUCTEMBI OTCUeTa K; €) ¢ — CKOPOCTh CBeTa o 0 /LOo" VO X X’
KJTACCHYECKHM TIPEICTABICHHUSIM OSCKOHEYHA, a B Peilsi- x
THBHCTCKOW MEXaHMKe MMeeT KOHEUHOE 3HAUCHHE. Z Zy
IIpeodpa3zoBanue I'annies IIpeoGpa3oBanue Jlopenna
lIpsimoe Lpsmoe O6pamnoe
P Obpamuoe npeobpazosanue P P
npeobpazosanue npeobpasoeanue npeobpazosanue
, x—ut x'+ut’
’ 7 X = — X = —
x'=x—ut x=x"tut 2 2
1-= X
@2 G2
[ - 4 [ g— [
= & Y=Y Yy =Y
z'=2z z=2z" z'=2z z'=1z
_ux 4
2 7
t 7= C t = @
=6 t=t’ > = >
1-= 1=t
c? 2
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Tabauya 5.1 (npodondicenue)

Pe3yabTaThl, ojiyuaeMble U3
npeobpazoBanus ['ammniesn

Pe3yJbTaThl, HoJIy4yaemMble U3 npeodpa3oBanuii Jlopenna
COIIACHO MoCcTyIaTaM JDiHINTeiHA

[IpomesxyTK BpeMeHH aOCOIOTHBL:
At’= At

IIpoMesxyTKH BpeMeHH OTHOCHUTEIBHBI: 8peMs 8 NOOBUICHOU
cucmeme KOOpOUHAM 3aMeONACMCs. OMHOCUMENbHO Henoo-
BUIICHOLL CUCTEMbL KOOPOUHAM.:

At,
At = 0

uZ
-5

20e At — npomescymox 6pemeHu 6 HenoOBUICHOU Cucmeme
Koopounam, Aty — cobcmeenHblil NPOMeNCYmOK epemenu,
CBA3AHHDBIUL C NOOBUIICHOU CUCTNEMOTL KOOPOUHAM.

[IpocTpancTBEHHBIE pa3Mepsl ab-
COJIIOTHBI:
Al’= Al

[IpocTpancTBEHHBIE Pa3Mepbl OTHOCUTENbHBL: IUHEUHbIU PA3-
Mep mea 8 NOOBUNCHOU cucmeme KOOPOUHAM Kopoye, Yem 6
noxosweics cucmeme KOOPOUHAm.

20e | — Onuma mena 6 HenooBudiCHOU cucmeme KOOpPOUHAM,
ly — Onuna mena 6 n0OBUICHOUL cucmeme KOOPOUHAN.

Macca WHBAapUaHTHA: 6blNOJIHAEeNCA
80 BCEX CUCMEMAX OMCHema. m ' =m.

Macca HWHBAapuaHTHA: 60 e6cex cucmemax omcyema 6bl-
NOJNIHAemcs paseHcmea. m ‘=m.

[IpaBuiio ciioxeHus cKopocTel 1o
Tamurero © = 0’+ . Banmopeii-

Ckopocmb ceema 8 6aKyyme 0OUHAKOBA 6 I0OOM Hanpaegie-
HUU B0 6CeX UHEPYUATLHBIX CUCIEMAX OMCYema:

CTBUC IEPEAACTCSA HE C KOHEYHOM

v+u
CKOpOCTH ¢, a MFHOBCHHf). v=""2 = ¢ npuEATE U'=C,TO Ux=c.
IIpu nepexoie U3 OJHON CUCTEMBI 1+

KOOpAHWHAT B JPYTyI0 3HAYCHUE
CKOPOCTH MOXET YBEIHIUBATHCS
J10 OECKOHEUHOCTH:

= e = ,
v=v0'+tu,c=v'=0c

L= o0+ U=

Oo6mast reopusi orHocuTeIbHOCTH (OTO). C nenbio ycTpaHeHHs! HE0CTaTKOB ClIENMATBHOI TEOpHM OT-

HOCHUTEIEHOCTH M OOBSICHEHHSI “TEOPHH TPABUTALMK C PEILSITHBUCTCKON TOYKHM 3peHus, A DIfHIITeHH B

1911-1916 rogax chopmysmposai 001yt TeopHio oTHocuTenbHOcTH. Hegoctarin CTO crejyronpie:

a) 9Ta TEOpHs BBINOJIHSETCS TOJBKO Ul MHepHUanbHbIX cucteM orcueta. CTO He BBINOIHSETCS B
CHCTeMaX, JABIKYIIHXCS C YCKOPEHHEM OTHOCUTEIBHO JIPYT JPYyTa;

b) 3Ta TEOpUsi MOKET HCIOJIb30BAThCSI TONBKO B MIOCKOETH MPSMOIMHEHHBIX KOOPAMHAT, B APYTUX
CHCTeMax KOOPZMHAT €€ HCIOJIb30BAHAE HEBO3MOXKIIO.

OTO cocTouT U3 IBYX OCHOBHBIX IIPUHIIUIIOB:

1 npunyun — npuHyUn dKEUSANEHMHOCIUY WY CIAOLIT NPUHYUN SKEUBANCHMHOCMU.: HA OCHOBAHUL DINO20

NPUHYUNG UHEPYUATLHAS MACCA IKEUBANEHINHA 2PASUIMAYUOHHOU MACCe, MO eChib OHU PABHbL OpYe OpY2y.

B xnaccudeckoil MexaHUKe MCIOIB3YIOTCS [1Ba MOHATHA “‘MacChl’: UHepmHas Macca, Haxo[Lsasics B

COOTHOIIIEHUH C YCKOpeHHeM, Ha ocHOBe Il 3axoHa HproToHa M SIBJISIOLIASICS NCTOYHHUKOM TpaBHTa-

LHOHHOTO TOJISI — 2PAGUMAYUOHHEsL MACCa. DWHIITEHH (usuyeckumu dKCnepumenmamil T0Kasai, 9To

00e 3TH MacChl OJIMHAKOBBL

11 npunyun — cunbHvlil APUHYUN  SKEUBAIEHIMHOCHIU: N0 3MOMY NPUHYUNY 8 CUcmeMme, naoaiowell ¢

VCKOpEHUeM, DABHBIM YCKOPEHUIO C80000H020 NAOeHUs, 6Ce 3AKOHbL (DU3UKU BbINOTHANMCA KaK 0bl 8

OMCYMCHIBUU PABUIMAYUY, MO eChlb 8 SMOU CUCTEME HEBO3MOIICHO PAZIUYUING IPPEKm NPUMA’CeHUs.

U YCKOPEHHOE O8UICeHILe.
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I'naBHBIC pe3yNIbTaThl, MOIYYaEMbIE U3 3THX IPUHIUIIOB:

1. Hapywenue 3aKona npsAMOIUHENHO20 pACNPOCMPANeHs C6ema U UCKPUBTIEHUE JIy4a C8emd noo
Oeticmeuem epasumayuorrozo noia Connya: npocmpancmeeHHO-8peMeHHble KOOPOUHAMbL NOO-
sepearomest uckpusienuio. ITot 3G HEeKT HallesI CBOe MOATBEPKACHNE B PE3YJIbTATe IIPOBEICHHBIX
HaOroeHnit Bo Bpemst 3atmenust Comnana B 1919 romy.

2. 3ameonenue epemMenU 8 SpasUMAYUOHHOM NOJle — 603HUKHOBEHUE 2PABUMAYUOHHO20 “KpaACcH020 ™
cmewgenus. DTOT 3G dexT ObuT ONBITHO oATBepKIeH B 1960 roxy B madoparopuu ["apBapackoro
yauBepcutera ¢pusukamu CIIA P.ITaynnom u I'.PeOxu.

3. Uznyuenue epasumayuoHHbixX 60JH 8 pe3yibmane CMoIKHOBEeH U OUHAPHBIX (OBOTIHBIX) 36€30HbIX
cucmem, pacuupenusi Bcenennoti u opyeue. CyliecTBOBaHHE TI'DaBUTALMOHHBIX BOJH OBLIO
obHapyxeno depe3 100 ner, yuensivu CIIIA, B 2016 romy, nmpu HAOIIOAEHUH CTOJKHOBEHHS
“UepHbIX AbIp” (MOTYXIIHE 3BE3/bI).

Wccneposanme-2. NpumeHenne. Yepe3s cKkoJIbKO JeT BepHeTcsl Ha 3eMJII0 KOCMHYeCKHit
KoOpaodJn?

3anaya-2. CraproBaBmmii B 2036 romy KocMuyeckuil kopabmb co ckopoctbio 0,95 ¢, coBepmus

MEXKIUIAaHETHBIN TepesieT, BepHysics Ha 3emiio. [1o yacaM Ha KOCMHYECKOM Kopabiie mepeseT mpo-

nomxancst 20 et. CKOJIBKO JIET POI0IDKAJICS KOCMHYECKUIT epeseT 1o yacaM Ha 3emiie?

Jlano Pemenue

v=0,95c, At = 0

Aty = 20 rop, 2
At—? / 1-3
O0cy:xaeHue pe3ybTaToB:
o CKOJIBKO JIET TIPOJUTHIICS KOCMHUYECKHUH TIepereT OTHOCHTEIbHO 3emin Ha ocHoBaHnu CTO?
o CKOJIBKO JIET MPOTHIICS KOCMHUYECKHUH MepeseT OTHOCUTENBHO 3eMITH MO KIACCHUECKOH TeopHun
OTHOCHTEIBHOCTHU?
I[IpumeHeHue B MOBCEAHEBHOM KU3HU:

JlopoxxHast MOJHIMST COOMpAETCsT BHITUCATh MITpad BOIUTENIO aBTOMOOWIIS, MPpOeXaBIIeMy Ha
KpacHbIil cBeT cBeTodopa. Boaurens Ha 310 Bospaxaetr: “B “IIpasunax dopooicnozo ogudicenus”
VKaA3aHo, 4mo npu NpUOIUNMCEHUU K c6emodopy ¢ 60IbUON CKOPOCIbIO A6MOMOOUNL MCHOBEHHO
ocmanosums Heeo3MoJicHo. A dice 08u2ancs ¢ maxoii CKOpoCmbvio, Umo He M02 OMAUYUMb YEenl
ceema — KpacHwlll Uiy 3e1eHHblll .

e BepHo 1111 TOBOPHT BOAUTENB: C KAKOH CKOPOCTHIO TOJKEH JBUTAThCS aBTOMOONIIE; ITOOBI BOH-

TEeJb He MOT OTJIMYHTH IIBET CBeTa Ha cBeTodope?

IIpoBecT caMooOLeHKY:
1. Kakne moHstist HoBTOpHIM Ha ypoke? UTo U3 3TOT0 BEI XOPOIIO MTOHSUIH, & 9TO OCTAJIOCh BaM He

SICHBIM?

2. YeM omiimuaeTcs CIIEIMAIbHAS TEOPHs] OTHOCUTENIBHOCTH DHHIITEHHA OT HPHUHIMIIOB OTHOCH-
tensHOCTH ["anunes?

3. Kakue nmoctynatsel nexat B ocHoBe CTO?

4. Kakue pe3yasTaTsl momy4arorcs u3 mocryiaros CTO?

5. KakoBa nprunHa BOSHUKHOBEHHA 00IIEi T€OPUN OTHOCHTEIEHOCTH?

6. Kaxue riaBHbIC pe3yIbTaThl BRIBOASTCS U3 O0IIEeH TEOPHH OTHOCUTEIBHOCTH?

YTO BbI Y3HAJIU? 3anummre B pabodyeM JIMCTKE OMpeeieH sl HIDKETIPUBEICHHBIX MOoHATHI: “TIpo-
CTPAHCTBO, BpeMsI M JIBWKEHHE B KJIACCHYSCKOM TpencTapieHu...”, “TIpuHIMI OTHOCHUTEILHOCTH
lamnes”, “Ilepssrii moctysiar CTO ..., “Bropoii moctynat CTO ...”, “pensaTuBucTCKas MeXaHuKa”, oOmmast

TEOpHsI OTHOCUTENBHOCTH, “TJIABHbIE MPUHIAIIBI OOIIEH TEOPHH OTHOCUTEIBHOCTH ... .
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m 3AKOH B3AUMOCBA3U MEXOY SHEPIMMEW U MACCOW

KameHb maccoit 30 kr nogHAT CormnacHo TEOPUM OTHOCUTENBHOCTY DIHLUTENHA, B
Ha BbICOTY 2 M. KamHe Macco 30 Kr FoKanmn3oBaHoO (COCpeaoTO4EHO)
-27-10Y7
« Kak B 3T0 BpeMsi U3MEHUNUCh OrpPOMHOE KOMNMUYECTBO 3Hepruu - 27 + 10~ k.

Macca v 3Heprusi KamHa? e Kak 3TO BO3MOXHO?

Uccneposanune-1. MoBTopeHue — MaTh yueHusi!

3amaua 1. [lpy u3MeHEHMH MacChl CHCTeMbl dYacTtuil Ha 1 a.eM. (Am = 1la.e.Mm.= 1,6605-

10~27kr), sHeprus 3Toif cucTeMb! H3MeHsAeTca Ha 931,5 MaB. Kak n3sMeHHTCS HEpTHs CHCTEMBI IpH

W3MEHEHUH e¢ Macchl Ha 4 a.e.M.?

O0cy:kneHue pe3yJbTaTOB:

o Kax onpenensercs N3MEHCHHE SHEPTHH CHCTEMBI JaCTHUII, CBS3aHHOE C N3MEHCHHEM MacChl 3TOH
cucreMsl (cM.: pusnka-9, ctp. 191-192)? Kakosa cBsi3b MeX1y Maccoil u sHepruei?

B3aumocBsa3b Mexay Maccoil M 3Heprueil. B kiaccuyeckoil MexaHuke UMEIOTCs
JIBa BHJa MATEPHH: BEIIECTBO U (PH3HUYECKOE MoJIe. [ TaBHOE CBOMCTBO BEIIECTBA — €T0
Macca, a TJIaBHOEe CBOMCTBO (PU3NUECKOTO MOJIS — HAINYKE Y HETO SHEPTHH.

CornacHo TeOpHUH OTHOCHTEIBHOCTH MEXKIy MAacCOi M 3HEprHeil CylecTByeT
B3aUMOCBSI3b, TO €CTh €CJIM BEIIECTBO 00JIa/IaeT MACCOI, TO OHO 00JIaaeT U SHEPTUEH.
B 1905 rony A.DHHIITEHH cHOPMYITUPOBAII 3AKOH 83AUMOCEA3U MACCHL U SHEPSUL
e JIroboe Temno obnanaet suepeueti nokost, 3Ta SHEPrus paBHa POU3BEICHNUIO MACChI
TeJa Ha KBaJpaT CKOPOCTHU CBETA B BaKyyMe:

E, = mc?. (5.1)
e Ouepeus nokos (Eg) — smo suepeus mena, naxooawezocs 6 cocmosanuu noKos
omuocumenvHo eblopannoll cucmemvl omcyema. U3 Beipaxkenns (5.1) BUaHO, 9T0
MAaKpOCKOIIMYECKasi Macca sBJISIETCSI BAXKHOM XapakTEpUCTHKOW sHepruu. Hampn-
Mep, Ha OCHOBaHMUHU COOTHOLICHUS (5.1) ¢ JerKOCThI0 MOYKHO BBIYMCIHMTE, YTO TEIIO
Maccoii 1 rp SKBUBAJEHTHO >Hepruu nokos 9 - 1013 [ix:

Ey = 1073kr- (3-108)2 M2 /c? = 9 10° I,

Taxkast 3Heprus BO3HUKAET B MPOIIECCE B3phIBA aTOMHOM 0OMOBI (cM.: (u3uka-9,
ctp.191) u 3TOH SHEPrUM 10CTaTOYHO, YTOOBI peBpaTiTh 30 000 TOHH BOABI B map.

DJIEKTPOMArHUTHOE M3JIyYCHHE CHUCTEMBI, HallpuMep, CBETOBOE H3JIyYEHHE, 3TO
TIpOIIeCC MPEeBpaIeHNs] BHYTPEHHEW SHEPINH CUCTEMBI B SHEPTHIO M3TydeHHs. B atom
MPOLIECCe Macca CHUCTEMBI TAKKE YMEHBIIAETCS] SKBUBAJICHTHO YMEHBIICHHIO BHYT-
pEHHEN SHEpruu:

E
U3JyIeHust
Jin = —Bnyienss,
Cc
H3MmeHneHnne Macchl 9KBUBAJICHTHO U3MEHEHUIO OHCPTUH:
AE
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HenpepriBaoe mznyuenue CosHUa M Ipyrux 3BE37 03HAYAET, YTO OHU MOABEP-
raroTCsl HEMPEPHIBHOM MOTEPEe SHEPIHH ¥ MAcChl. 3 POBEIEHHBIX BBIYUCICHUH ObI-
JIO OTIPENIETIEHO, YTO 32 KaXKIYI0 CEKyHNy B pe3yibTare u3nydeHus macca CosHia
yMenbaetcst Ha 4 000 000 ToHH.

DHeprusi B peJITHBHCTCKOH MeXaHHKe (WJIH I0JIHAs SHeprust). CoriacHO TEOpHH OTHOCUTEIb-

HOCTH TIOJIHASI SHEPTHSI CHCTEMbI PaBHA CyMME €r0 SHEPIUH MOKOSI M KHHETHIECKOH YHEPIUu:
E=E0+Ek =mC2+Ek. (53)

OUHIITEWH ONMpEeNes I, YTO MOJHAs SHEPTUs YAaCTHIBI, IBIDKYIICHCS CO CKOPOCTBIO U < C U He

B3aUMOJEHCTBYIOIIEN ¢ IPYrMMU YacTHIIAMH, IPU MEPEeXoJe U3 OAHON MHEpPIHUAIbHOW CHCTEMBI

OTCUeTa B IPYTYIO, MOABEPraeTCsl PEISITHBUCTCKOMY IIPE0OPa30BaHUIO:

c
E=m—. (5.4)
UZ
\ / 1-=
c
EcIi Tero HaXOMHUTCS B COCTOSHHHM MOKOS: 0 = 0, TO M3 BEIpaKeHHs (5.4) TOTydaeTcs, 9To OHO
obnaaeT sHeprueif moxkos E, = mc?.
Kunerndeckasi HepIusi B PeJsiTHBHCTCKON MeXaHuKe. Kunemuueckas dnepeus mena pasHa
DasHOCU €20 NOTHOLL IHEP2ULL U IHEP2ULL NOKO:
E,=E—Ey,=E—mc? (5.5)
EcIi B 3TOM BBIPaKEHHH BMECTO TIOTHOM SHEPTHH 3alUIIeM BRIpaKkeHHe (5.4), To MOy druM:

E, = mc?- ;Uz—l . (5.6)
1-a
Hmnynbe B pesTHBHCTKOI MexaHuke. COrlIaCHO TEOPUU OTHOCHTENLHOCTH UMITYJIbC CHCTEMBI
MIPU TIEPEXO0Ae W3 OJHON MHEPIMANBHOM CHCTEMBI OTCUETa B APYTYIO MOABEPraeTCsl PEeIsITUBHUCT-
CKOMY IIPpeoOpa30BaHUIO:
. ©
pP=m—. (5.7)
[z
c
CBs13b MKy MOJTHOM IHePruei U UMILYJIbCOM. MeXy IMOTHOH SHEpTUei U IMITYIbCOM B pelisi-
THBHCTKOW MEXaHHKE CyIIeCTBYET HIDKCIIPUBEICHHAS CBA3b!
E? = m%c* + pic?, (5.8)
WA
E? —p%c? = m?2c*. (5.9)
DTO COOTHOIIICHHE BBITOIHIETCS BO BCEX HMHEPIHUAIBHBIX CUCTEMAX OTCYETA. le/l Hnepexonc mns OJIHOﬁ
HMHEPIHAIBHON CUCTEMBI OTCYETA B APYTYIO MOJIHAS SHEPIUs U UMITYIJIbC M3MEHSIOTCSI, OJHAKO UX pa3-
HOCTB He MeHsietcs. Ecim macca Gy et paBna Hy:to (m = 0), To u3 Beipaxkenus (5.9) nojtydqaercs:
E?=p%? > E=pc. (510)
[MpunsB Bo BHuManue (opmyiis (5.4) u (5.7) B HOCTHEAHEM BBIPOKCHNUH, MOTYYHUM COOTHOIICHHE
MEKIy IOJIHOM SHeprueil 1 UMITyJIbCOM YaCTHIIBL:
2 2 (5.11)
c )
W3 5T0T0 BBIpaXKEHMS BUIHO, 9TO ey 11 = 0, TO JacTHma ABHTaeTCcsi CO CKOPOCTHIO CBETa (HampuMep,
¢doton): L = c.

Nccneposanne-2. NMpumeHenne. “Kakasi 3Heprust 6osbime?”

3agava 2. Onpenenure SHEPriio MOKOs, - COCPEAOTOUCHHYIO” B yueOHuKe “@unsmka’ maccoit 300 rp u

cpasHuTte ee ¢ sHeprueit 14-10%kBr-uac, BoipabaTbiBaeMoiit MUHTSUEBUPCKOM SJIEKTPOCTAHIMENH 3a TO/I.

O0cyxaeHue pe3yibTaToB:

e Kaias sHeprus 60Ibliie: SHEprus Mokos ydeOHnKa “Ou3nKa’” Hin SHeprus, BeIpadbaTeiBacMasi MUHTsUe-
BUPCKOW 2JIEKTPOCTAHIINEH 3a Tox?
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IIpuMeHeHUe B NOBCEIHEBHOM JKU3HU:

o B kakux 00nacTsx HayKH ¥ IPOU3BOJICTBA CBSA3b MEXJLy MacCOi M SHEPrUeil UrpaeT BaXKHYIO pob?

IIpoBecTH caMoOLCHKY:

1. Kakvie moHATHS MOBTOPHIH Ha ypoke? UTo M3 3TOT0 BBl XOPOIIO MOHSIIH, @ YTO OCTAIOCh BaM He
SICHBIM?

. UTo xapakTepu3yerT, COTIIacHO KJIACCHYECKHUM IPE/ICTABICHUSM, ITOHATHE “Macca’?

. Kakoii cmblci umeet noHsTHE “Macca” B pEIsTUBUCTCKON MeXaHUKe?

. Uto Takoe sHeprus noxos?

. ITouemy m3nyuenue CosHIIA CONPOBOXKIAETCS OOJIBIINM KOJIMYECTBOM MOTepH ero Maccbl? Ha oc-
HOBAaHHMH KaKOH ()OPMyYJIbI 3TO MOXKHO JJOKa3aTh?

6. Uem oTnmyaeTcs pelsTUBUCTKASI SHEPTUS OT TOTHOM YHEPTUH B KIIACCHUECKON MeXaHuKe?

W\ AW N

YTO Bbl Y3HAJIM? 3anummTe B pabodeM IHCTKE ONpPEAEICHUS HIDKCIIPUBEICHHBIX MOHATHH:
“IOHATHE MAacChl B TEOPHH OTHOCHTEIBHOCTHU ...”, “SHEprHs MOKOs’, “IKBHBAIICHTHOCTh MAacCHI C

LIS

SHEpruei ...”, “peNsITUBUCTCKAs TOJHAS SHEPrus ...”, “pesITUBUCTCKAs KMHETUYeCKas dSHeprus ...”,
“penATUBUCTCKUM UMITYJIBC ...”

5.1. CKOJIBKO BPEeMEHHU MPOHIET Ha KOCMHYSCKOM KOpabJie, ABIKYIIEMCS CO CKOPOCTHIO
v = 0,81 c otHOCHTENBEHO 3emiH, ecau Ha 3emute npoitner 50 aer?

5.2. C xaKko# CKOPOCTHIO JOJDKEH JBUTaThCsl KOCMUYECKHH KOpadiab OTHOCUTEIBHO 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
onmuMIuapl 1o ¢pusuke Haspun B komany actponaBToB. Koryia komanza nocie 5-
JIETHETO, 110 YacaM Ha 00pPTYy KOCMHUECKOT0 KOpaliisi, MEeXIUIAHETHOT'O MIeperieTa co
ckopocthio 0,98 * ¢ Bepuynace Ha 3emmo, Ha3pun ucnonamics 21 rog. B kakom
BO3pacTe OyIyT CBEPCTHHUKH U3 €€ KJlacca, OCTaBIIUeCs Ha 3emuie?

5.4. Yemy paBHa IrHA 3-METPOBOH JTHHEHKH, IBUKYIIIC-
ficst co ckopocthio 0,9 ' ¢ B cucTtemMe oTcyeTa, CBsI3aH- =
HOM ¢ 3emeit ? 15m

cl

5.5. Kak usmensTcst paamepsl NPsSMOYTOJbHUKA, JIBHKY-
merocst co ckopocthio 0,8 - ¢ oTHOCHTENFHO HEMO- 5m
BIDKHOTO HaOromaresnsa?

5.6. DHeprus nokos saekTpona pasHa 8,1 : 10~ /. Uemy paBHa ero macca?

5.7. poton maccoii 1,7 - 10727 kr aeuskeTcs co ckopocthio 0,8 - ¢. UeMy paBHa ero pe-
JSATUBUCTKAS KHHETHYECKask SHEPrus?

5.8. Iporton maccoit 1,7 - 10~ 27kr memxerca co ckopocthio 0,8 - c. Uemy paBHa ero
HOJIHAS HEPrus?

5.9. TTonsipHas 3R€3/1a U3/Iydact B OKpyKarollee NpocTpaHcTso 5,4 - 1028 [l suepruu B
cexyHAy. Ha ckoJIbKO yMEHBIIAeTCst Macca 3BE3/bI 32 CEKYHIy?

5.10. DrexTpoH co ckopocThio 0,4 ¢ OTHOCHTENLHO 3EMITH JIBHKETCS HaBCTpedy (OTOHY,
UMEIOLIEeMy. CKOPOCTh ¢. YeMy paBHA CKOPOCTh ()OTOHA OTHOCHTEIILHO AJIEKTpOHA?
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MOJNEKYNAPHO-
KUHETUYECKAA TEOPUA

OcBouB MaTtepwuanbl 3TON rnaBbl —
Bbl CYMEETE:

e KOMMEHTUPOBATb OCHOBHbIE MOJIOXEHUA MOJIEKYITAPHO-KUHE-
TU4ECKON TEOPUN M NoJtyHaeMble U3 HUX pe3yribTaTbl;

HanucaTb OCHOBHOe ypaBHeHue MKT u nony4aemble U3 Hero
pesynbTaThl B BUAe popmyn;

OOBbACHUTL MOHATUE MAearnbHOro rasa, YpaBHEHNE COCTOAHUA
M 3aKOHbI naearibHOro rasa,

nceneagoBaTtb U30rpouecehbl U CTPOUTb UX Fpad)I/IKI/I;

KOMMEHTUPOBATbL POflb XMMUYECKON CBA3N B (DOPMUPOBAHUU
CBOWCTB TBEPLOro Tena, pasnuyatb Kpuctannmyeckune n amopd-
Hble Tena;

0OBACHUTL MpoLEeCcC Napoobpas3oBaHMs C TOYKK 3peHust MKT,
pasnnyaTb HaCbILEHHBIN M HEHACBILLEHHBIN Napb;

0OBSACHUTL CBOMCTBA >XMAKOCTEM C TOYKM 3peHusi MKT, npo-
BOAWUTb OMMbITbl MO ABNIEHNAM NOBEPXHOCTHOrO HaTAXKeHUs1, cMa-
UMBAHUS N KANUINIAPHOCTU XKUOKOCTEN;

COCTaBNATb U peLlaTh 3a4a4u pasHoro Xxapakrepa ¢ npumeHe-
HMeM OcCHOBHOrO ypaBHeHust MKT, ypaBHeHWA COCTOSHUS
nOenbHOro rasa u 3akoHOB MaeanbHOro rasa.



“Kapta noHatun” ana VI rnaBbl
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EEW MonekynspHo-KMHETUYECKAS TEOPUS
M EE OCHOBHBIE MONOXEHMS

Bbl, HaBepHoO, He pa3 Habnganu ABMKEHNE B3BELLEHHbIX B BO3- :

ayxe MbIIMHOK B COJTHEYHbIX JydaX, MPOHUKALWMX B KOMHATy - I"

Yyepes OKHO.

o [loueMy NbINIMHKN ANUTENbHOE BPeMs OCTaloTCA B ||
noaBeLIeHHOM COCTOSIHUM B BO34yXe, a He nagaroT nop
AOeACTBMEM NpUTsHKeHus 3eMnu?

3BeCTHO, YTO BAbIXaeMbIi HAMU BO34yX COCTOUT U3 ra3oB pas-
HOW NIOTHOCTU — a3oTa (N, ), kucnopoga (0, ), yrnekucnoro rasa
(CO,) n ppyrux. 9T rasbl AOMKHbI ObINKM Bbl PacnonoXWTbCA
cnosiMm nocnefoBaTenbHO ApYyr Hag ApYrom, B COOTBETCTBUM C MX NMOTHOCTAMW M cune
TSDKECTU, OENCTBYIOLLEN Ha HUX: CHayana, Kak camblii MMOTHbIA, Y MOBEPXHOCTU 3emnu
yrnekucneii ra3 (C0O,), Hag HuM kucnopog -0, w Bbllwe a3otr —N,. OgHako 3TOro He
NPOUCXOAUT — HaC OKpYyXXaeT OQHOPOAHbI ras.

e Y10 ABNAETCA NPUYNHON NpeBpalleHUsa B OQHOPOAHYHO CMeCb pa3HbIX ra3oB B aT-

mocdepe 3emnu?

NbLIUHKU

Wccneposanme-1. [loyemy Teia “cilMniIuch” Apyr ¢ Apyrom?
I onibiT

OGopyoBaHHe: CBUHIIOBBIC IFTHH/PEI ¢ KPIOYKaMH (2 IMIT.), Habop IPpy30B, IITATHB ¢ My()TOH 1 JIATIKOH.
Xon nccaenosanus. 1. [IpmkaB cBe)XXCOTIOIMPOBAHHBIMHI TOBEPXHOCTSIMH JIBA CBUHIOBBIX IIMJINH-
Ipa, 1o6eifTech NX NpHiIHIanus Ipyr K apyry. [loasecsre mmmmuaps! Ha mratuse. 2. [loaBemmBaiite
K HIDKHEMY KPIOYKY LIMIMHPA IPy3bl 10 UX OTPBIBA APYT OT Apyra. LIuInHape! BEIIECPKUBAIOT, HE
OTpPBIBasICh, HECKOJIBKO KHJIOIPAaMMOB I'py3a (a).

OO0cy:xaeHue pe3ybTaToB: K KakiM BBIBOJIOM NPUBOAUT HCCIICAOBAHUE?

II onbiT (a) (b)
OGopynoBaHue: CTEKISTHHAS IUIACTHHKA C KPIOYKOM, IPUKPEIUICHHBIM K ee
TIOBEPXHOCTH, NIPYXKHHA, CTAKaH C BOJIOH, ITAaTUB C My()TOI 1 CTEpPIKHEM.
Xonx uccaemoBanusi: 1. IlogBechTe Npy)XUHY Ha IITATHBE, HMPHKPENUB K
HIDKHEMY KOHILy CTEKJITHHYIO IDTaCTHHY ¢ KproukoMm. 2. [Tpubnmsbre crexi-
SIHHYIO IUTaCTUHY K BOJIC B CTaKaHE TakK, l[T06]>I HIWXHAA TOBEPXHOCTD IJIACTUHBI
KOcHyIach Bojpl. [locTapaiitech, BUrast CTaka ¢ BOJIOH BHU3, OTOpBATh IUIac-
TUHKY OT TIOBEepXHOCTH BOJHI (b).

Obcyskaenne pe3ybTaTOB:

» Kakne nunTepecHbIe SBICHNS HAOIIOMAIOTCS B OMIBITE?

» Kak MOXHO OOBSICHUTS TIPHYHHY TPFUTATIAHNS TNTACTUHKY K TTOBEPXHOCTH BOIBI?

MouJiekynsapHo-kunernyeckas teopusi (MKT). Mur camMu 1 OKpysKaroluii Hac
MHUD SIBJISIEMCS] CUCTEMOU MAKpOCKONUYeckux me.
© Maxpockonuueckoe meio — o mejio, CoCmosuyee 13 DoIbUI020 YUCIA AMOMOS U MONEKVIL.

[prmepoM MakpOCKOITMYECKHX Tl MOTYT ObITh TIECYMHKA, BOJA B COCY/E, Ta3 B Oal-
JIOHE, JKeJIe3HbIHI cTepxkeHb, JIyHa, ConHlle 1 [pyrue. B MexaHrnke MaKpOCKOIMMYECKOE TEJI0
paccMarpuBaeTcs Kak 00BEKT, 00IaIaroIHiA ONpeIeTIeHHOW MacCOM, TIPOCTPAHCTBEHHBIMH
pazMepaMu, SHEpIryeil, N3ydaeTcsl MOJOKEHHE STOro Tella B MPOCTPAHCTBE M B3aHMO-
JiefcTBrE ero ¢ ApyrumMu TesiaMu. OIHAKO MEXaHMKa He MOXKET OOBSICHHTH BHYTPEHHEE
CTPOCHME MAKPOCKOIIMHYECKMX TeJ, B3aUMOJICHCTBHE MEKITy aTOMaMH M MOJIEKYJIaMH, W3
KOTOpPBIX OHH COCTOST, U PsJI CBOWCTB BelllecTBa (TEIUIOBOE pacIIMpEeHHe, HarpeBaHHE,
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OXJIaXKIIeHre, TapooOpa3oBaHie, KOHICHCAIIHIO, TUIaBIIeHIE, 3aTBepieBanue, Tuddy3uro,
KOHBEKIIUIO U JIp.). B (pusrke BbIICIICH pa3ziel — MoneKyIspHas husuka, B KOTOpOM coOpa-
HBI Pe3yJbTaThl M3y4CHHs] BHYTPEHHETO CTPOCHHS BELECTBA.

® Monexkynapnasa gpuzuxa — smo pazoen (hu3uKu, 8 KOMopoM U3YYaromcs 6HympeHHee
CMpoeHue MAKpOCKONUYECKUX MeJl, UX C8OUCMBA U OCHOBHbIE 3AKOHOMEPHOCTU MeNI0-
6020 OBUICEHUSL MAMEPULL.

o Monekynapro-kunemuueckas meopus (MKT) — meopus, obvsacHsowas ceoticmed
MAKpOCKONUYECKUX meJjl U meniogvie Npoyeccyl 8 SMux meiax Ha OCHO8e Npeocmas-
JIeHUll 0 eujecmee Kak o cucmeme amomos u MojieKyi, 6ecnpepvleHo U XAOMUuYecKu
OBUINCYUUXCSL U 83AUMOOCUCIMBYIOUUX OpYe ¢ OPY2OM.

OcCHOBHBIE I10JI0KEHUSI MOJIEKY/ISIpHO-KMHeTH4Yeckoii Teopun. B ocnoBe MKT
Jie’KatT TPU TIOJIOKEHUST:

1 nonoscenue: sce sewecmsa cocmosm uz wacmuiex — amomos u monexyi. Cy-
IIIECTBOBAaHME aTOMOB M MOJIEKYJT OBLIO TpeIcKa3aHo elle APEeBHUMHU (pritocohamu.
OpHaKo SICHYI0 KOJIMYECTBEHHYIO TEOPHIO ATOTO (hakTa BIEPBbIC MPEIIOKII aHT-
muiickuil yueHbli-xumuk Jxon [anton (1766—1844). CoctaBuB TaOIUIly OTHOCH-
TEJBHBIX aTOMHBIX MAacc psja 3JIEMEHTOB, OH 3aJI0KWJI OCHOBY TEOPHH aTOMHOTO
CTpOeHHS BeliecTBa. B Haime Bpemsi, HCIOB3Ys CITOCOOHOCTH AJIEKTPOHHOTO MUK-
pOCKoOIIa yBEITMYUBATh B MUJTMOHBI pa3 pa3Mepbl 00beKTa, MOKHO YBHIETh U C]o-
TorpaupoBaTh JOCTATOYHO OOJIBIINE MOJIEKYJIBI.

Il nonostcenue: wacmuyvi, U3 KOMOPLIX COCMOUM BEUWECMB0, HAXOOSMCS 8
Henpepvi8Ho2o U OeCnopsi00YH020 (XAOMUYECKO20) OBUICEHUSL.
BeprocTb 3TOT0 M0NI0KEHUA ObIIa YCTaHOBJIEHA HA OCHOBE OTKPBITHSI, CIICTAHHOTO B

1827 roz[y aHTIMHCKUM O60oTaHukoM Pobeprom bpoyHoM, HaOIFOMAaBIIMM B MUKPOCKOTI
3a JIBMYKEHHEM [IBETOYHOH MBUIBIIEI B BojJie. OH OOHAPYKHII, 9TO
MBIJTbIIA COBEPIIAET XAOTHYECKOE ABWKEHHE M U3MEHSET CBOE
MOJIOXKEHHE TIO0 CJIOKHOW Tpaekropuu (c). becmopsgodnoe
JBIKCHIE YACTHIl, HA3BIBAEMOC “‘OPOVHOBCKUM O8UdICEHUEM
TEOPETUUECKU ObLIO 00BsicHeHO A.DuHIITeHOM B 1905 rony, a
OIBITHBIM TyTeM ObUTO moATBepxkaeHo B 1909-1911 romax
(hpanmy3cknm pusukom SHOM batuctom Ileppenom (1870—
1942). O moaTBepAwsI MPEINONoKEHNEe DUHINTEHHA, YTO TPUIHHON XaOTHUECKOTO
JIBIDKEHHSI YaCTUYEK KPAaCKU B BOJIC SIBISIETCS TEIWIOBOE JIBUIKEHUE MOJICKYJI BOJIBI.
[leppen onpeaenwi, 9TO HHTEHCUBHOCTh OPOYHOBCKOTO JABIKEHHS YaCTHUI] 3aBUCHT HE
OT WX XHMHYECKOH TPHUPOJBI, a OT TEeMIEpaTyphl: C YBEIUUCHHUEM TEMIIePaTyphI
WHTEHCUBHOCTH OPOYHOBCKOT'O JBHKECHUSI TakKe yBenmunBaercs. Takum o0pazom:

o bpoyHoecKum O08uxceHueM HA3bl8aemci. HecnopsaoouHoe O8UdCeHUe 4acmuy,

836CULCHHBIX 8 HCUOKOCTU (UNU 2a3€).

Jpyrum siBnenuem, moareepixaatonmmM sropoe monokerne MKT, sisistercst dugpghysus.

o Jluchghyzueir nazvisaemcsa npoyecc camonpous3soNbHO20 63aUMHO20 NPOHUKHOBEHUS

anmoMo8 Ui MONEKYIL 0OHO20 BeUeCmBa 8 MEXCAMOMHbLE WL MENCMOJIeKYISAPHble NPOo-

MEAHCYMKU-OPY2020 8eyecmaa.

IlepBoe KOIMUECTBEHHHOE OlNMcaHue npoiecca Auddysun nan B 1855 roay He-
Menkuil Gm3uk u pusnonor Anonsd dux (1829-1901) B 3akoHE, HA3BaHHOM ‘‘3d-
KoHom OQugphyzuu Ouxa”
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1II nonoscenue: yacmuyvl sewecmsa 3aUMoOeticm- (d) —
8VIOM Opye ¢ Opy20M, MO eChtb MeNCOY HUMU CYUIECTI- VN Al BN
/ Y \
BYIOM CUIbL 83AUMHO20 NPUMANCEHUS U OMMATIKU- I LV _\
— — Vl\‘ —
6AHUA. \\ om Fupuy{ \ /l
\ N\ 7/
[NonTBepKaeHUEM 3TOTO TIOJIOKCHUS  SIBIISICTCS R TG )
BO3HMKHOBEHHE CHJIBI YIPYTOCTH BO Bpemsi Jedop-
Mally Teda. OTH CHJIbI UMEIOT XapakTep OJM3Ko- AT A
o - 7/ Ko \ —
ACHCTBHS, SICKTPOMATHUTHYIO NPUPOAY W B 3HaYM- F — / Fom| \ F,,
TEJIBHOM CTCTICHH 3aBHCAT OT PAacCTOSHHSL MOXKIy | ==
yactuiiaMi. Harmprvep, ObI10 orperiesieHo, 9To CHITBI AN Epum |/
TIPUTSDKEHAST MEXKTY MOJICKYJIaMH YMEHBIIAIOTCS 110 T o
1
3aKOHY —, & CHUIbI OTTAIKMBAHHS MEKTY HHMH YMCHb- e~ Uty
1 P . // F_; \\ // F’ \\
_— / om m
WIAIOTCS 110 3aKOHY —. PaBHOJEHCTBYIONast STHX CHIT _ Lo
\
HA PAcCTOSIHUSIX, B 2-3 pasa OONBIIMX JAUaMeTpa \ F - \\F apum 7
MOJIEKYJIBI [T > (4 + 6) 10] M Ha pacCTOSIHIM, PAaBHOM S S~

JIMaMeTpy MOJIEKYIIBI (I = Ip), MOXKHO CKa3aThb, paBHa HyITto (d).

XapakTepucTHKA aTOMOB M MOJIeKYJI. Bam M3BeCTHBI XapaKTEPUCTHKN aTOMOB U
MOJIEKYJT (CM.: XUMHSA-8): MX JIMHEHHBIC pa3Mepbl, OTHOCHTEIbHAS Macca, X YHCIIO B
eMHULIE 00BEMa, KOJTMYECTBO BEILECTBA U APYTHe KOJMYCCTBCHHBIC XaPAKTEPUCTUKH

(cM.: Tabmuma 6.1).

Tabnuya 6.1

XapakTepucTuka
YaCTHIbI

Boipaxkaercst

AToMHas eJHUIA
Macchl (a.e.M.)

Amomnast eOuruya mMaccel (a.e.m.) — 9mo eOUHUYA UBMEPEHUS MACCbL 8 AMOMHOUL U
a0epnoii usuxe, pasna 1/12 maccvt usomona *2C:

1 2
la.e.m. = 13 Moc = 1,66 - 10~%7kr

Mg ¢ — Macca aToMa yriepoja.

OtHocuTeIbHAs
MOJICKYJISIpHAsT
Macca BEIeCTBa

OmuocumenvHoll MOTEKVIAPHOU (AMOMHOLL) MACCOU 8eueCiBa. HA3bIBAeMEs OMHO-
wieHue Maccbl MOIeKYIvbl (amoma) eewjecmea My K 1/12 maccwt amoma yenepooa:

my
M, =+
—m
127 0C
M, — oTHOcUTeNbHAS MOJICKYJISIpHas Maccd, 1M, — Macca MOJEKYJbl (aToma)
BEIIECTBA, M ¢ —Macca aToma yriiepona. OTHOCHTETbHAA MOJNEKYIAPHAs Mac-

ca He UMEeET Pa3sMEepHOCTH.

Yucno ABoraapo

Yucno Asoeadpo — 3mo nocmosnHas enuuuna, pagHas Yucty monekyn ( ui

amomos)  00HoM mone nobo2o eewecnisa: Ny = 6,02 - 1023monn 1.

KommuaectBo
BEIIECTBA

Konuuecmeo sewjecmsa (1) — 1o omHoweHue Yucia MOAeKyIl Wil amomos OdH-
N
HO20 6ewecmed, k yuciy Asocadpo Ny:v = e N — yucno monexyin 6 danHom 6e-
A
weemese. Eounuya kommecmsa eewjecmea sensiemest ocHogHoul eouruyett ¢ CH:
[V] = 1moub.
1 monb — dmo Konuwecmeo sewecmsd, 8 KOMopomM COOEPIHCUMCSL CIOTLKO Jce
MosteKyil unu amomos, ckonvko ux 6 0,012 ke yenepooa.

MorsipHas macca

Monsaprotl maccotl Hazbleaemcs Macca 0OHO20 MOJISL BeUeCmed.
M= mgy - N e
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Eounuyeti  monapnou maccot ¢ CH  aensemcsa  kunogpamm Ha  MOJb

(1 KI' ):[M]=1 KI'

MOJIb Mostb

M
Macca ofHOM MOJIeKyJIbI BelllecTBa: My = — — Ny = —
Ny mg
m
Macca swb6oro BewectBa:m =mg-N - N =—
my

Cﬂedoeameﬂbno, KoJjiuuecmeo eeujecmed padeHo ONHOWEHUIO MACCbl eeujecmed K
o m
€20 MOJIipHoU macce: v = H

7 i i i M onpe-
Ypiciio MOJICKYJI B UC10 MOJIEKyl 6 1060M seujecmee maccou m u MOJAPHOU MACCOU onpe:

o m
BElIECTRE oensemces popmyno: N = v- Ny = v Ny.

Wccneposanne-2. MpumeHeHne. Moaejab GpOyHOBCKOIO ABUKEHUS

O0opynoBaHue: TIacTHHA Pa300OPHOrO KOHIECHCATOpPA, CTEKIISTHHBINA OajUloH Ui BaKyyMa, TOHKast

JKeJIe3Has TOJIOCKA, YCUIIUTEINb, IIyCTOTENbHbIE IApUKH u3 amoMuHeBod ¢omeru (10-12 mryk

JTMAMETPOM 8 MM), TCHHUCHBIH MSTYHK, TTO/IBEIICHHBIN Ha HUTH, CKOTH, TI0JICTABKA IITATHBA.

Xona ucciie10BaHuA:

1. IToAroToBETE YCTAaHOBKY, MOJICIHPYIOLIYI0 OPOYHOBCKOE JBI)KEHHE.

ITocneoosamenvHocms uiazog 6 U320MOGIEHUN YCHAHOGKU:

I waz. 3axpenus OusIeKMpULECKyIo pyuKy niacmutbl KOHOEHCamopa 6 no0Cmagke wmamusd,

0obeiimech, Yymobbl NOAYHUNCS 20PUZOHMANLHbLIL AIOMUHUEBbI cmoauK . [Ipukietime ckomyem

MOHKYIO Jicene3nyio nojocKy usHympu K cmemke cmekiaHHo20 O6aniona.

II waz. [Ipucoeounume 8uix00bl ycunumens K anoMuHuegoMy

CIMONUKY U JiceNIe3HOU NoJioce.

III waz. Ilpuxneus nenmoii c600600HbIIL KOHEY HUMU C MeH-

HUCHbIM MAYUKOM K GepUIUHE CIEKIAHHO20 OANIOHA USHYMPU,

co30atime HUMEBOU MASMHUK (MASIMHUK OOINCEH HAXOOUMbCSL

Ha gbicome 5-6 CM OM NOBEPXHOCMU ATIOMUHUEBO20 CINOJUKA).

1V waz. 3axpotime cmekiAHHLIM OANIOHOM PACCHINAHHbIE NO

NOBepXHOCMU CIMOMUKA ANIOMUHUEEble WAPUKU — YCMAHOBKA

eomoasa (e)!

2. Brmo4nB ycwiInTeNb, cO3/laliTe B IEMH HAaNpshKEHHE B 25
kB. B 3T0 Bpems amoMHHUEBBIE MIAPHUKH, Kak B “CriopTio-
TO”, HAYMHAKT OCCIOPSAAOYHOC JBHKCHHE MEXKIY
JKEJIC3HOU II0JIOCOM M allFOMMHUEBBIM CTOJUKOM. OHH
HAHOCSAT yJapbl B Pa3HBIX HANpaBIEHHUSX Kak JIpyT ApYyTy,
TaK ¥ TEHHUCHOMY MSYMKY Ha HUTH. BHMMarenpHO mpo-
CIIE/IUTE 3a TPaeKTOpHeEl JBIKEHUs] TEHHUCHOTO MSYMKa 1
CXeMaTHYIECKH MPEACTaBbTE 3Ty TPAEKTOPHUIO Ha padouem
JIACTKE.

O0cyxaeHue pe3ybTaToB:

e Uro Takoe OpoyHOBcKoe BIpKeHue? [Ipyr momMoInm Kakix Tejl B I3TOTOBICHHOM YCTPOUCTBE

OBLTH CMOJTYIMPOBAHBI MOJIEKYJIBI U OPOyHOBCKHE yacTHUKH? OTBET 000CHOBATE.

IIpumenenue B NOBCEIHEBHOM KUSHH:

e Jlnst gero HeoOXOMMO 3HATE OCHOBHBIC TIOI0KEHHS MOJICKYIIPHO-KHHETHIECKOH Teopun?

[Tpu oTBeTe HA JaHHBIH BOIPOC MOXETE MCIIONB30BaTh HIKEIPHBEACHHBIC KIIFOUEBHIE CIIOBA.
Kniouegvie cnoea:-aepecammnule cOCMOAHUA BeWeCms 8 NPUPoOe; KPy208opom 600bl 6 NPUpooe;
napoobpazoeaiiue u GIadicHocmb 6 npupooe u ovimy; oudgysus 6 npupode u Ovimy.

IIpoBecTn camMoO01eHKY:

1. Kakue 1oHATHA IOBTOPUIN Ha ypoke? UTO U3 3TOTO BBl XOPOIIO MOHSIIH, @ YTO OCTAJIOCh BaM

HE SICHBIM?
2. B uem 3akirotaeTcs BaXXHOCTD MOJICKYJISIPHO-KHHETHYECKON Teopuu?
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3. CxonpKo aTOMOB BoZopoja uMeercs B Metane (CH,) maccoit 12 kr
(Na= 6 - 10% mons™'; M=0,016 kr/mous)?
Jlaro Penrenne
m=12rp=12" 1_0_31(1“ Tmar: Ncy,) = % “ N,
Ny = 6-10*monp!
M = 0,016 kr/Mo.jb
Ny—?

4. KakoB ¢usuueckunii CMbICI OCTOSTHHONW ABOraapo?
5. [ToctpoiiTe “KapTy XapakTepUCTHK MOJIEKYJIbI.

1I mar: NH =4- N(CH4)'

YTO BbI Y3HAJIM? 3anumute B paboueM JUCTKE ONpeaeSeHUs A CIeAyIOMMX HOHAThi: “Mak-

pockonuyeckoe Tesno”, “MorekysspHas hu3uka”, “MONeKyITHO-KHHeTHIecKast Teopunst”, ‘I momoxenue
CEETY

MKT”, “II monoxenue MKT”, “IIl monoxenune MKT”, “AToMHast equHHMIIA MAcChI”’, “OTHOCHUTEIbHAS
MoJIeKyIspHas Macca”, “Kommdectso Bemecta”, “MorsipHas macca”.

m M,D,EAJ'IbeIVI FA3. OCHOBHOE YPABHEHUE

MOJNEKYNAPHO-KMHETUYECKOWU TEOPUU MWOEANBHOIO
FA3A

B monekynsapHou gmsmnke n3yyatoTcs CBOMCTBA BELLECTBA BO BCEX arperaTHbIX COCTOSIHUSIX, B TOM
yncne v razoobpasHom. B npupoge nouti HeT oTAENbHO B3ATOrO rasa, peanbHbIi ras atTMocdepsbl
npeacTaBnsoT COBON CHOXHYIO CUCTEMY PasHbIX ra3os.
OcHoBHas 3agaya MOMeKynsapHO-KUHETUYECKON TeOpUM — YCTaHOBIIEHVE CBA3N MeXay Makpo-
CKOMNYECKUMU U MUKPOCKOMMYECKMWN  MapamMeTpamu, XapakTepusyloLMMM CBOWCTBA 3TON
CrnoXHow cuctemMbl. C 3ToM Lienbio pearnbHbIN ra3 CoXHOro coctaBa 3aMeHSeTCs YpOLLEHHON,
naeanusnpoBaHHON MOAENbIO.

¢ Kaknmun cBoiicTBamu rasa obnagaet ynpouieHHas mogenb rasa?

¢ Kakne cBoicTBa rasa MOXXHO oxapaKkTepusoBaTtb ero

MaKpOCKOMNYECKMMU U MUKPOCKONNYECKMMU NapameTpamn?

Wccnepoeanme-1. MoaejupoBaHue JaBJIeHHs] MOJIEKY. ra3a
OoopynoBanme: cyxoit Mopckoif necok (0,5 kr), KapToHHBIH T (2 1T.), ydeOHuK (2 WT.), MOOMIIL-
HBIH TenedoH.
Xoa ucciieloBaHus:
1. Pacnosnoxkute, Kak OKa3aHO HAa PUCYHKE, KAPTOHHBII JIUCT MEXIY ABYMsl Y4eOHUKAMH.
2. PaBHOMEPHO ChIIbTE KPYIIMHKH [IECKa Ha TIOBEPXHOCTH TOPU30HTAIBHOTO JINCTA U choTorpadupyiite
MOOMIBHBIM TeliehOHOM HaOmogaeMoe SBJICHHUE ().

3. [IpescraBbTe, 4TO KPYIHHKHM MIECKA — 9TO MOJICKYJIBI I'a3a; @ KAPTOHHBIH JINCT — 3TO CTEHKA COCy/a, B \/

KOTOPOM HaxOJHTCS I'a3, ¥ IMOIyMaiiTe, Kak OOBSCHUTD (DU3UIECKHIT CMBICI JaBJICHUS rasa.
4. TloBTOpHTE OIBIT, YBEIMUYMBAs BHICOTY IIaJCHHS KPYIHHOK IIECKa, TO €CThb yBe- < %

JIMYMBAsi UX CKOPOCTb. [IpocieanTe 3a MpOU3OIICAIINM SBICHUEM.

(@)

O0cy:xaeHue pe3yJabTaTOB:
o K kakoMy BBIBOJIy BbI IIPHILIN B HCCIEAOBAHUU: B 4eM (QU3MUECKUIi CMbICT

JIABJICHUS Ta3a, KaK 3TO JIaBJICHHUE CO3/1acTCs?
o Kak u3MeHseTcs 1aBICHHUE I'a3a C yBEJIMYCHUEM CKOPOCTH “MOJIEKyJI ra3za’”?

Hneanvuplii ra3. [lepBsiii mar B co3qanuu Jito00i (GU3NIECKON TEOPUU COCTOUT
B [IOCTPOCHUN HJICAM3UPOBAHHON MOJENN peallbHOTO oObekTa. Takas Mojaenb
BCErJa UMEEeT YIIPOIIECHHBIN BUJ JCHCTBUTEIBHOCTH, U C €€ IOMOLIBIO U3YyYarOTCs
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KOJIMYECTBEHHBIE M KAYeCTBEHHBIC 3aKOHOMEPHOCTH 1 CBOICTBA PEaTbHOTO 00BHEKTa
C YYETOM OIPEICICHHBIX OTPAaHUYCHUH.

Jlis u3ydeHusi CBOMCTB ra30B B MOJICKYJISIPHO-KUHETUYECKON TCOPHH TPUMEHSI-
eTcsl uIealIu3UPOBAHHASI MOJIEIb — “UjieaIbHBIN Ta3”.

e Hoeanvuutit 2a3 — 5mo 2a3, yO06IemMEopaouuii C1eoViouUM YCi08UAM:

— JIUHELIHbLe Pa3MEPbl MOLEKYIL 60 MHO20 Pa3 MEHbULE PACCIOAHUL MENHCOY HUMU U
He NPUHUMAOMCca 80 HUMAaHUe. 1109momy MONMCHO CKA3amy, Ymo MOAEKYibl UOedlb-
HO20 2a3a He 63auMOo0eticmeyiom opye ¢ OpyeoM, Mo ecmb NOMEHYUATbHAS IHEPIUs]
83aUMOOEUCMBUSL MOJIEKYJL UOAbHO20 2a3A PABGHA HYIO!

E, = 0.

Tloomomy udeanvHuill 2az MONHCHO CKOTLKO Y2OOHO CHCUMAMNb,

— MOJLKO NPU COYOAPEHUU MOTEKYL Opye € OPY2OM UL CO CIEHKAMU COCYOd MeNHCOY
HUMU 803HUKAION CUIbL OMIMANIKUBAHUS,

— COYOapeHUst MONeKYl ADCOIOMHO ynpyaue,

— CKOPOCH1b MOJEKYIL MONCEM UMeMb NPOU3BOIbHbIE SHAUEHUS, OBUNCEHUE KANHCOOT
MOJIeK)YIbl NOOUUHSEMCS 3AKOHAM KIACCUYECKOU MEXAHUKLL.

CBoIiCTBa MIEATFHOTO Ta3a XapaKTEePU3YIOTCS MUKPOCKONUYECKUMU U MAKPO-
cKONnUYecKuMy IapaMeTpaMy U CBS3SIMU MEXTy HUMH.

o Mukpockonuueckue napamempul 2a3a — 3mo napamempbul, XapaxKmepusyouue
ogudicerue Monexkyn eazd. K HuM OmHOCAmMCs macca MOJNeKyIbl, e20 CKOpPOCHb,
UMAYIbC U KUHEeMUYeCKasa dHepeUus NOCHYNAMeNbHO20 OBUNCEHUSA MONEKYIbL.

o Makpockonuueckumu A6IAIOMCA MaKue napamempuvl 2dasd, KAk ee OdasieHue,
00veM u memnepamypa, onpeoensiowue CeoUCmed 2a3d 6 YeioM.

OcHOBHOUL 3a0auell MONEKYIAPHO-KUHEMUYEeCKOU Meopuu A61Aemcs YCmaHo6-
JIeHUE 83AUMHOU C8A3U MEHCOY MUKPOCKONULECKUMU NAPAMEMPamu, XapaKxmepusy-
IOWUMU MOJIEKYIbl 2a3d, U MAKPOCKONUYECKUMU (UBMEPAEMbIMU) BeTULUHAMU, XA-
PAKMEPU3YIOWUMU 2A3.

OcHoBHOe ypaBHEHHE MOJEKYJISAPHO-KHHETHYECKON TeopuH WHAeaJbHOT0
rasza. l3BecTHO, 4TO JaBJIEHHE ra3a BO3HUKAECT B PE3yJIbTare MHOI'OUYMCICHHBIX
HENPEPBIBHBIX U OECTIOPSIIOYHBIX COYAapEHUM MOJEKYJ ra3a O CTeHKU cocyla, B
KOTOPOM OH HaXOIHUTCA. JTO JaBJICHNE PABHO CPEIHEMY 3HAYCHUIO MOJIYJII paBHO-
JIEUCTBYIOLLEH CUJIbI, NPUXOAALIENHCA HA €IUHUILY TUIOLIAIH:

F
p= 3

B 1857 r. nemenkuit ¢pusuk Pynonsd Kmaysmyc (1822—1888), ucrons3yst Moiensb
WJICaIbHOTO Ta3a, ONpPEJIeNIII ypaBHEH e [Uisl JaBJICHUS Ta3a, Ha3bIBAEMOE OCHOGHbLM
VPagHeHUeM MOLEKYIAPHO-KUHeMUYECKOU Meopuu U0eaibHO20 2d3d.

o Ocnoenoe ypaenenue MoaeKyiAPHO-KUHEMUUECKOI meopuu udeaibHozo 2a3a —
9MO ypasHenue, CeA3bl8aloujee MaKPOCKONUYeCKUll napamemp 2asa — e20 odeienue, ¢
MUKPOCKONUYECKUMU NApamempami, XapaKxmepusyouwumu MoieKyivl 2a3a:

p= gmonﬁ. (6.1)

1 N .
I'ne 3~ KOMMYCCTBEHHBIH K03 (hUIMEHT, XapaKTepH3yIOIINA TPEXMEPHOCTh TPOCT-

paHCTBa U BBIpaXKaOIIMKA PABHOIIPABHOCTh BCEX TPEX HAMpaBICHUA B XaOTHYECKOM
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JIBIDKEHUU MOJIEKYJL, 1M — Macca OJHOW MOJEKYJIbI, 7 — KOHIIEHTpAIUs MOJIEKYI,
‘U — cpenHsis KBaipaTUiHasi CKOPOCTh MOJICKYJL.

° KOHb!eHmpCZl/;M}Z MOJIEKYJl — OO YUCIO MOJIEKY]l 8 eduﬁuue obvema:

2 (62)
n=-—. .
4 1
Enunnua konuentpaimu 8 CU: [n] = = = -3,
M
o Cpeonsis KeaopamuyHas CKOPOCHb MOJIEKVI PABHA KOPHIO K8AOPAMHOMY U3 cpeoHell
apugpmemuneckoll 6eIUUUHbL K8AOPAMo8 CKOPOCmell OMOelIbHbIX MONEKYIL:

— [P+ s+t g
Ucpn, = | V* = .
P N

Tak xak CpeAHEC 3HAYCHUC KBa/IpaTa CKOPOCTH MOJICKYJI CBA3aHO CO CPEIHUM 3HA4YC-
HUEM KUHETUYECKOU SHEPI'UN UX MOCTYNATEIbHOIO ABMYKEHMS, TO, CJIEIOBATEIILHO, U 1aB-
JICHUEC UICAJIbHOI'O I'a3a 3aBUCUT OT CPCAHOI'O 3HAYCHUS KHUHCTHYCCKOM OHEPIrun MOJICKYJI:

—  myt?

Ek = B (63)
) 2

p= gnEk. (6.4)

.,ZZ(IBﬂeHue UOeanbHO20 2a3d npAMO nponopyuoHdlbHO KOHYeHmpayuu moaiexyil u
cpeaHemy 3HAYEHUIO KUHEMUYeCKOl SHep2cUU MOJIEeK)l.

m moN
Ecnu npuHATE BO BHUMaHUE, 4TO IJIOTHOCTb Ta3a p = v =, =Mons (6.1),
TO TOJTyyuTCst (POpMyJia 3aBUCUMOCTH JABJICHHS HICATBHOTO I'a3a OT €€ INIOTHOCTH:

1 —
p =§pz)2. (6.5)

Wccneposanme-1. NMpumenenne. OnpenenTe CPeTHIOI0 KHHETHYECKYIO JHEPTHIO aTOMOB Ia3a.
3agava. Buanvas armocdepa Commia (ortocdepa), MOXKHO CKa3aTh, COCTOUT U3 BOIOPOJHOTO Tasa.
KoHueHTparms aroMoB B BOZIOPOHOM rase (GoTocdephl Mpromm3uTensHo pasHa n=1,6.102'v7; . 1as-
nenme xe pasHo p = 1,25-102%[la. Yemy OyneT paBHa cpeiHsAs KHHETHHECKAs SHEPIHs HOC-
TYNaTEeIbHOTO JABMXCHHUSI aTOMOB BOJIOPOJTHOTO ra3a (hoTocdepbl, €cii MPUHATH €10 3a HeaibHbi ra3?
O0cy:xkaeHue pe3y1bTaToOB:

e KakoBa CB3b MEXKy CpeIHEH KMHETHYECKOW SHEprueil MmocTynaTeabHOr0 ABMKEHHSA MOJICKYJT

(aTOMOB) U/ICATFHOTO Ta3a U €ro JaBICHHEM?

IIpumeHeHHe B IOBCeIHEBHOM *KU3HU: [Ipeanonoxum, uTo OKpy ka1 HAC BO3IYX COCTOUT
13 OAWHAKOBBIX Mojekynd. C Kakoil cpefqHeil KBaAPAaTMIHON CKOPOCTBIO 9TH MOJEKYIBI, IPH
HOPMAIIBHBIX YCJIOBHSIX, HAHOCAT HaM yzapsl? [Ipu HOpMambHEIX YCIOBUSX JaBICHHE BO3TyXa
paBHO 10°Ma, a mwiotHocTs — 1,29 KF/M3.

IIpoBectn camoonenky: 1. Kakue nonarys nopropmin Ha ypoke? UTo U3 3TOro Bbl XOPOILO
MOHSJTH, & YTO OCTAJIOCh BaM He scHbIM? 2. Kak obbsicHsercs naenenue raza B MKT? 3. Ilpu
KaKHX yCJIOBHUSX I'a3 MOXKHO Ha3BaTh MACAIbHLIM? 4. UTO XapakTepu3yIOT MUKPOCKOIIHUECKUE U
MakpocKommyeckne mapamerpel raza? 5. Ilouemy Qopmyna maBmeHuss upeambHOTO Tasa
Ha3bpIBaeTCs 0CHOBHBIM ypaBHeHneM MKT? 6. [Toctpoiite kapTy nmonsTus “VaeanbHerii raz”.

YTO BbI Y3HAJIN? 3anumuTe B paboyeM JIHCTKE ONPEISICHUS ISl CIICIY FOLIMX TIOHSTHI: “Hieab-

CLIS 29 ELETS

HBIA Ta3 , MHUKPOCKOIIMYECKHUE IapaMETPhI rada ,” MaKpOCKOIMMYCCKHUE MMapaMETPhbI rada, "OCHOBHOC

LIS LIS

ypasrenne MKT maeansHoro rasa”, “KOHLUEHTpALUs MOJIEKYJ”, “‘CpelHss KBaJpaTHYHas CKOPOCTh

CLINT3

MOJIeKyT”, “IaBleHUe HeanbHoro raza’.
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m TEI'IJ'IOBOE PABHOBECUE. TEMIMEPATYPA

MoHsTe TemnepaTypbl 3aHVMaeT BaXHOe MECTO B MOBCEOHEBHOM KM3HW. Tak, roBopsi Tem-
neparypa, Mbl 06bI4HO NoZpasyMeBaeM CTENEHb HArPETOCTH (ropsivee, TENSOE, XONOAHOE) Tena.
Takoe pacCMOTpeHWe B OCTATOYHOI CTeneHy Cy6bekTUBHO, MOTOMY YTO TeMnepaTypa 3aBuUCuT
HE TOJIbKO OT COCTOSIHUSI PAacCMaTpPYBaeMoro Tena, HO M OT HaLlel YyBCTBUTENbHOCTMW.

e Kak MoxHO n3bexatb CyObLEKTUBHOCTM B onpeaeneHnn TemnepaTtypbi?
e T[loyemy pns onpepeneHusi TemnepaTypbl Hallero Tera PTYTHbIA (Mnun
CNUPTOBLINA) TEPMOMETP BbiAEPKUBaAETCA NoA MbILLKON 5-10 MUHYT?

Nccneposanune-1. U3rorosiieHne BOASTHOI0 TEPMOMeTPa
OoopynoBanme: CTEKISIHHBIN cocyn ((akoH), TOHKasi mpo3padHas TpyOka (a)
(MO>KHO B3ATh ITyCTOU CTEPKEHB MAPUKOBOM PYyUKH), MOAKpAIICHHAs BoAa (4-
Smi), TUTaCTWIIMH, KIIeWKas JIeHTa, JUCT OyMaru, JIMCT KapToHa (6 X 6 cM), -
HUTb, JIe]l, CHUPTOBBIH TEPMOMETP, CTaKaH, dIEKTpoHarpesatens, Boaa (0,5 1),
KapaH/aIl.
Xoa uccaenoBanusi: 1. HarnonHus HarmonoBuHy cocy1 HOJAKPAIIEHHON BOJOH,
3aKpoiite ero mpooOxoii. 2. [IpomycTus oxuH KoHeI TPyOKH depe3 OTBEpCTHE B
npoOKe, MoJICOeUHUTE e€ K aMIryje. 3ajeluTe IUIACTHIIMHOM BO3MOXKHYIO
nieab Mexay Tpyokoi u nmpookoit. 3. Cornys Tpyoky B U-00pasHyro dopmy,
3aKpelHTe ee OTKPBITHIH KOHEIl Ha JucTe Oymaru, 3To OyaeT “mikana” Tep-
MoMeTpa. 3aKpernuTe HUTHIO JIUCT Oymaru Ha KaptoHe. BojsHoii Tepmomerp
rotos (a). 4. [Iporpagyupyiire Tepmomerp. [ist aToro, HarpeB BoAy, HAIPHMED, W,
1o 50°C, nanefite ee B crakaH. OMyCTUB CITUPTOBBINA U BOASHON TEPMOMETPHI B e
CTaKaH C BOJIOH, MOMOXKINTE HECKOIBKO MHHYT. OTMEThTE IMITPHXOM YpPOBEHb BOJABI B TpyOKe
BOISHOTO TEPMOMETpa M HANHWIINTE IIepe] IITPHXOM YHCIO, COOTBETCTBYIOIIEE IOKA3aHHUIO
CIMPTOBOrO TepMoMeTpa, HanpuMmep, 45°C. S. Ilponomkaiite rpayupoBKy IIKaibl TEPMOMETPA O
Mepe OCTBIBAHHMS BOJIBI B CTAKaHe.
O0cy:kaeHue pe3y1bTaToOB:
1. Yro siBisieTCs MPUUMHOI HEM3MEHHOCTH [TOKa3aHUI TEPMOMETpPa B TCUEHHE JJIUTEILHOTO BpeMeH!?
2. B xakoM TeMIepaTypHOM HHTEpBajJe MOXKHO H3MEpSATH TEMIIEpaTypy BOJSHBEIM TEpPMOMETPOM?
[ouemy?
3. O6bsicauTb ¢ Touku 3pernst MKT: moueMy npu HarpeBaHUM BELIECTBA €r0 TEMIICPATYpa yBe-
JIMYUBACTCS, @ IPH OXJIAXKICHUH, HA000POT, yMEHbIIAETCA?

TemioBoe paBHOBecue. /3BeCTHO, UTO MPH COMPUKOCHOBEHMHU [IBYX TEI C pas-
HBIMH TEMITEpaTypaMHi MEXly HHUMHU TPOUCXOAUT TEITIOOOMEH: TEIIO HEPEXOTUT OT
TeJNa ¢ BBICOKOW TeMIlepaTypoii K Tely ¢ 0oJiee HU3KOW TeMIIEpaTypoii. DTOT Tpoliece
TIPOJIOIKACTCST IO TEX TIOP, TIOKa TEMIEePATyPbl 000X Tl He CPABHSIOTCS. JTOT (pakT
YUUTBIBACTCS MPU U3MEPEHUU TEMIIEPATypbl TEI — TEPMOMETpP MPUBOIUTCS B COIPU-
KOCHOBEHHE C TEJIOM, HO €ro MOoKa3aHHs CHUMAKTCS He cpasy, a yepe3 ONpe/IeNICHHBII
MIPOMEKYTOK BPEMEHH, B TEUEHUE KOTOPOTO MEXK/Iy TEJIOM 1 TEPMOMETPOM YCTaHABIIH-
BACTCS MMeniogoe, WM Tak Ha3bIBAEMOE mepModuHamuieckoe pagrosecue. I1pu Tepmo-
JTUHAMAYECKOM PaBHOBECHM MAKPOCKONUYECKUE MapaMeTpbl CHUCTEMbI OCTalOTCs
MTOCTOSTHHBIMH, TO €CTh H3MECHEHHUE arperaTHOr0 COCTOSHIS BEIIECTBA HE MTPOMCXOIHT.
e Tennosoe unu inepmoounamuyecKoe pagHogecue — 5mo cocmosiHue Cucmembl,
K020a ee MAKpOCKONUuecKue napamempuvl OIUMENbHOe 8peMs OCMAIOMCA Heus-
MEeHHbIML.

CocTosifine TemiIOBOTO paBHOBECHS CUCTEMBI XapaKTePU3YETCs meMnepamypoll.
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o Temnepamypa — usuueckas GeIUUUHA, XAPAKMEPUIVIOUWASL COCMOAHUE TEN0-
6020 pagHoBecUsi MAKPOCKONUYECKOU CUCMEMbL: 8 COCMOAHUU MENI08020 PAGHO-
6ecusi memMnepamypa 6cex yacmet Cucmemsbl 00OUHAKOBA.

KavecTBeHHOE M KOJTMYECTBEHHOE ONpE/CICHUE TeMIIepaTyphl T0KHO OCHOBBI-
BaThCS Ha ONpPEACICHUN (PU3NUECKON BEIIMUNHBI, KOTOpasi, BO-MIEPBBIX, JOJDKHA Xa-
paKTepu30BaTh COCTOSIHHUE TEJa, BO-BTOPBIX, JOJDKHA OBITH OJJMHAKOBA JIJISl BCEX Tell,
HaXOJSIINXCS B TEIUIOBOM pPaBHOBECHH. TaKol BETMUMHOM SBJISIETCS CPEIHSS KUHE-
THUYECKas SHEPIHs [TOCTYNATEIBHOTO IBM)KEHHS MOJIEKYJT BelecTBa. MOXKHO JIETKO
OTPENICNIUTh €€ 3HAUCHUS JUIS TMOCTYIATENFHO JBHKYIIUXCS MOJIEKYJ OJHOATOM-
HOT'O HJIealTbHOTO ra3a.

C 37011 1ebIo OBLT MOCTABIICH CIIEAYIOIINH HHTEPECHBIN YKCIIEPUMEHT: TPH 0aj-
JIOHa pa3Horo o0bemMa, cHaOKeHHBbIe MaHOMETpaMu (TIpUOOp ISl M3MEpPEHUs J1aB-
HCHI/ISI), 3aIll0JIHCHBI PA3JIMYHBIMU T'a3aMH, HAIIPpUMEpP, aproHoM, HCOHOM U I'CJIMCM.
Bannonsl nomeriarores cHavyaa B Tarormi Jiex (to= 0°C), a 3aTeM B KHUIISIIY O BOIY
(t=100°C) (b).

(b)

IIpousBeneHHbIE BBIYMCICHUS [10KA3bIBAIOT, YTO B 000UX Cliydasx (U IIPU TEeM-
neparype 0°C, u npu temneparype 100°C) nmpu A0cTHKEeHHH TemIOBOIO PaBHO-

PV
BCCHs, OTHOIICHUEC 7 BO BCEX OalsIOHaxX OCTaeTCs ITOCTOAHHBIM, HCCMOTPA HaA TO,

YTO JAaBJICHUE U KOHICHTPAIH Ia30B pa3Hasi:

% V. V-
b1iVa — b2V2 — P3V3 = 3,76 10721H - M = 3,76 - 10—21A)K’
Ny Ny Ny
mpu ¢ =100°C — B PR BRC 5141072 H M = 5,14~ 1072 I

Ny Nz N3

npu t=0°C->

V 1
Ecmm IIPUHATH BO BHUMAHUE, YTO — = — , TO IIOJYYaA€TCs, YTO IIPHU TCIIJIOBOM paB-
N n

HOBECHH OTHOIIEHHE JABJICHNS Ta3a K ero KOHIIEHTPALMK PAaBHO MTOCTOSHHON BEJN-
YHHE, U3MEPACMON B AUHUIIAX SHEPTUU — OHCOYIISIX:

p_
~=9. (6.6)
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3nech 6 (TeTa) — ABISETCS MOCTOSTHHOW BETMUMHOM, 3aBUCSINEH I BceX paspe-
YKEHHBIX Ta30B, MPUOIIKEHHBIX K HICATFHOMY Ta3y, TOJIBKO OT TEMIICPaTyPHI:

0 = kT. (6.7)
T — abcomoTHas TeMIieparypa, k — siBisercs: Kod(hGpuIreHTOM IPOTOPIHOHATIEHOC-
TH ¥ Ha3bIBACTCA noCcmosnHol borvymana, B 9eCTh aBCTpHUiCKOTO (pr3uka JIrogBura
Bonbimana (1844-1906). OnpITHBIM TTyTeM OBUIO ONPEAEICHO, YTO MOCTOSHHAS
Bonprmana paBHa:

Jox
k=1,38-10"23 < (6.8)
Ilocrosinuass bonbliMaHa cBs3bIBaeT Temrmeparypy 6, usMepseMyro B €IMHHIIAX
sHepruy, ¢ abcomroTHoM Temneparypoit T, nsmepsemoii B KenbBunax. M3 Boipa-
KeHuH (6.6) u (6.7) momyvaercst BRIpaKEeHHUE IS TaBJICHHUS UeabHOTO Tra3a;
p = nkT. (6.9)
Bripaxkenue (6.9) MOkeT ObITh MCHOIB30BAHO VISl OTIpE/IEICHUs] aOCOTIOTHOM

temnepatypsl B KenpBuHax:
r="L. (6.10)
nk

®opmyna (6.10) maeT BO3MOXKHOCTH CO3[AaHWSI HOBOHM TEMITEpATypHOM IITKAJIBI.
Taxas TemneparypHas IIKajia, Ha3bIBaeMas WKAIO0U aOCOIOMHbIX memnepamyp, oblia
npemioxena B 1848 roxy anrmumiickuM ¢pusukoM YuibsiMoM TomcoHoMm (1824-1907).
3a Bkyan B oonacty husuku B 1892 romy oH ObIT HarpaXK/ieH TUTYIIOM 1opoa Kenvsuna.
TlorTOMy mpenoxkeHHass UM IIKajla TeM-
(© neparyp HasblBaeTcs wkanou Kenveuua.
Ilxana Lenscus IlIxana Kewvsuna Hynesas Touka mkansr KenbpBuna, TO ecTh
=127 r=ee273 memnepamypa  abcoomHo20 HyJis, 3TO
camasi HU3Kast TeMIIepaTypa, Kakasi BO3MOX-

°C K Temnepamypa

100=<- - g A 8000 Ha TEOPETHIECKH H MPAKTHIECKH. Cornacuo
80 353 9TOM IIKaJIe TeMIIepaTypa IUIABJICHUs JIbAd
60 333 paBHa Ty = 273,15K. CooTHOIICHNE MEXK-
40 313 Jly TeMIepaTypHoi 1ukajion [lenscus u
20 993 Temnepamypa mkaoii KenpBuHa esteyronias:

S org Hasren Teda T =t +273,15.

20 253 [Ipy BBIMUCTIEHUSIX 3TO0 COOTHOILIEHHUE MOJK-
-40 233 HO 3anmcath B Oosiee mpocToi (hopMme:
-60 213 T=t+273. (6.11)
-80 193 Enunuia nsmepenus a0COIOTHON TEMIIE-
-100 173 paTypbl, sBIsAIOIIEHCcs ocHOBHOM B CU —
-120 153 Kenbun (1K): [T] = 1K.Drta temnepa-
-140 133 Typa cooTBeTCTBYET TemmnepaTtype 1°C mo
-160 113 mikase Lenscus. [Toatomy, pazHocTh TeM-
=180 E? nepatyp u o mkajie KenbBuHa, 1 1o mka-
L @ ne llenscns ogquHakoBa:
-220 53
-240 33 dcomommnii AT = At (C) A
) 18 s Temmnepatypa — Mepa cpenHeil KHHe-
@}3 ———————— OJEEE -~~~ =~= THYecKoil 3Heprun moJiekya. Ha camom
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JieTie 13 cpaBHEHMs BhIpakeHui (6.4) u (6.9) momydaem, 9To aOCOITIOTHAS TeMITIeparypa,
SIBJSIFOLIASICS. MAKPOCKOIIMYECKUM TIapaMeTPOM HJICATBHOTO ra3a (WM pa3peKeHHOrO
rasa), CBsi3aHa CO CPE/IHEH KHHETHUYECKOM YHEPTUEH MOJICKYJI, SBISIOMICHCS €€ MUKPO-
CKOMTMYECKHUM MapaMeTpOM:

o Cpednss KuHemuueckdas dHepeus NOCMYNAMenrbHO20 OBUICEHU MOLEKVI 2a3d
nPSMO RPONOPYUOHATLHA €20 AOCOTIOMHOL MeMNepamype:

— 3
Ex =5 KT. (6.12)

U3 popmyisl (6.12) sicHO BUieH (pU3NUECKHN CMBICI TEMIIEPATYPHhI:

Temnepamypa — 2mo mepa cpeonel KUHemu4eCcKol HepUuL ROCMYnamenbHO20 08U-
JICeHst MONeKy med. ITO YTBEPIKACHUE TaK JKe BEPHO YIS HKHUIKOCTEH M TBEPJIBIX
tei1. Y3 popmysibl BUIHO, YTO Cpe/iHEe 3HAYCHUE KMHETHYECKON SHEPTUHU MOCTYIa-
TEJIBHOTO JBYDKEHUS, a 3HAYUT, U CPEIHSS KBaJpaTUYHAs CKOPOCTh MOJICKYJ IPHU
a0COJFOTHOM HYJIE PaBHA HYJIIO.

Cpennsisi KBagpaTH4YHasi CKOPOCThL MoJiekyJ. U3 dopmyn (6.1), (6.3) u (6.5)
MOKHO BBIYHCIIUTH CPEIHYIOI0 KBAJPATHUHYIO CKOPOCTh MOJICKYJI:

2E, 3kT  [3p
Ucp.xs. = P = P = |—. (6.13)
0 0 p

Wccneposanune-2. Mpumerenne. Ha cko/IbKO yBeJIMYUTCS TeMIepaTypa?

3anaya. Temnepatypa naeanpHoro rasa paBaa 373 K. Ha ckonbko yBenmuuuTCS TEMIIEpaTypa Hicab-

HOTO T'a3a, eCIIM CPEeHAS KBaApaTHIHAs CKOPOCTh €T0 MOJIEKYJI yBenn4uTcs B 3 paza?

O0cy:kaeHue pe3yabTaToOB:

e KakoBO COOTHOIICHHE MEXTy TEMIEPaTypol WACaNbHOTO Ta3a M CPeIHEH KMHETHIECKOW SHEprueit
€ro MOJIEKyI?

e Ha CKOIbKO yBenM4NTCS TEMIIEpaTypa ras3a, €Cu CpeHsAs KHHETHIECKas YHEPTUS €T0 MOJIEKY
yYBEIUUHUTCS B 3 pasza?

IIpumeHeHHe B NOBCEJHEBHOM KU3HU:
o Kak ¢ mOMOIIbI0 0OBIYHOTO TEPMOMETPA MOXKHO U3MEPUTH TEMIIEPaTypy MypaBbs?

IIpoBecTH caMoOOLEeHKY:

1. Kakne noHstyst IoBTOpHiIX Ha ypoke? YTo U3 3TOro BBl XOPOIIO ITOHSUIN, @ YTO OCTAIOCh BaM He
SICHBIM?

2. Yro xapakTepu3yercs TeMmrepaTypoit?

3. Uro Takoe TemioBoe paBHOBecHe? UTO MOXKHO CKa3aTh O TEMIIEPATypax Tes, HaXOJSIIIUXCS B
TEIUIOBOM PaBHOBECUU?

4. KakoB ¢usndeckuii cMbICII aDCOTFOTHOTO HYJISA?

5. Kaxkoii Temneparype no mkane KensBuna coorBetctByeT —73°C? 6. [locTpoiite KapTy HOHATHI
“remmepaTypa’”.

YTO BbI Y3HAJIU? 3anumurte B pabodeM JTUCTKE OlpeeIeHns Ul CIIeAYyOINX MOHATHIL: “Temio-
BOE paBHOBecHe”, ‘“‘reMmeparypa’, “abCcomoTHas TeMIlepaTypa”, “CBA3b MEXKIy IMIKAIAMH TeMIIEpaTyp

CLINTY

Kenpeuna n Llenscus™, “Gu3ndeckuii CMBICT TEMITepaTypsl .
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EXB OnrenenernE CKOPOCTY IBMKEHNS MONEKYN FA3A
(YPOK-MPE3EHTALS)

[ns nogrotoBku npeseHTauuu no teme “ViccneqoBaHve pesynbTaToB AKCNEepUMEH-
TanbHOro onpefeneHns CKOpoCcTU ABWXEHUS U B3aUMOAENCTBUS MOSEKY”, MOXHO
BOCIMOMb30BaTLCH 3HAHUSIMUW, HaBbIKaMu U TEOPETUYECKOW MHpopMaLIMER, NONyYeH-
HOW Ha npepblayLlem ypoke.

OnpenesieHne CKOPOCTH JIBHKEHHUsI MOJIEKYJI T'a3a. MOJIeKyJIbl ra3a HaXOIsATCs
B HEMPEPHIBHOM XaOTUYHOM JIBUKCHUU. Y IMBUTEIBHO TO, YTO OCCIIOPSI0YHOE JIBU-
JKEHHE OIPOMHOTO YHCJIa MOJICKYJI Ta3a MOAYMHSCTCS OINpPENeICHHON 3aKOHOMED-
HOCTH pacIpeaeacHus o CKopocTsaM. B tabiuiie 6.2 1aHo pacrpeneieHue mo cKo-
pOCTSM JJIsE MOJIEKYJT a30Ta (P KOMHATHOM TeMIIEpaType U B MPOIEHTaX OTHOCH-
TEJIBHO OOIIEro KOJIMYECTBA MOJIEKYI).

Tabnuya 6.2.
Ckopocts, M/ 0-+100 | 100 +300| 300 = 500| 500+ 700 | 700 +900| > 900
OTHOCUTENIBHOE , 1 25 4 24 7 1
YUCIIO MOJICKYI, Yo

W3 tabmuiel BunHO, uTo 1% OT 00111€r0 Yrciia MOJIeKy 1 ABIKETCSI C OUCHBb MaJIbIMU
ckopocTsami. [ [pubam3nTensHO MoJI0OBIHA BeeX MOJNEKyYI (42%) NBUKETCS CO CPeTHAMHU
ckopoctsamu (300 = 500) % 91% oOriero ymciia MOJICKYJI IMEIOT CKOPOCTH B Ipeieiax
ot 100 % 710 700 m %

B 1860 roxy anrnuiickuii pusuk Ixeiimc MaxkcBemt (1831-1879), ucnionbsyst Teo-
PHIO BEPOATHOCTH, ONPENIEINII 3aKOHOMEPHOCTh PACIIPEIENICHNS MOJIEKYJI ra3a o CKO-
pocTsiM 1 m300pasi ee rpadudecku (a). MakcumyM rpaduka COOTBETCTBYET HAMOOIICe
BEPOSITHOMY 3HAYEHHIO CKOPOCTH (Uy). TO ecTh HanOobIIIee KOINYECTBO MOJIEKYJI Ta3a
NP JaHHBIX 3HAYEHUSIX TEMIIEPaTyphbl U 00beMa JIBIKETCS CO CKOPOCTSAMH, OTM3KUMU

K Haumboneee BEPOSTHOMY 3HAUEHHUIO Uy

§ E (@) (HampuMep, U1 a3QTa NpH Temreparype
2 E Lo 20°C v, = 415 m/c). € yBemuticHreM TeM-
22 2 > b MepaTyphbl pacTeT YHCIIO MOJEKYJI, JIBHKY-
= IIMXCS € OOJIBITMME CKOPOCTSIMH, 1 YMECHb-
2 5 IaeTcsl YMCII0 MOJIEKYJ; 00aqatonmX Ma-
© : JIEIMU CKOpOCTAMH. B pesynbrare yBenuuu-

BAETCs 3HAUCHNUE U, 1 HAONIFOIAeTCsI CMelle-

0 U, v, 7 HHC MAKCHMYMa KPHBOH “pacrpesie/ieHus” B
CTOPOIY OOJBIIMX CKOPOCTEH (CM.: a).

[lepBble 3KCHEPUMEHTAIBHBIC UCCIICIOBAHUS 110 U3MEPEHUIO CKOPOCTEH MOJIEKYJI
raza nposedn B 1920 roxy nemernkuii yaenbii Otro tepn (1888—1969). Berancnennsie
UM 3HAa4eHMs ISl CKOPOCTEH MOJIEKYJ COBIAJIM CO 3HAYECHHSMH, OIPEICICHHBIMU Ha
ocHoBe MKT. Hayuynoe 3nauenue onbiToB LlITepHa cocTOUT B TOM, 4TO CKOPOCTh MO-
JIeKyJN ra3a 0bLIa OIpejieNicHa DKCIIEPUMEHTAIBHO, U B TOM, YTO 9TH ONBITHI MOJI-
TBEPAMIIN TEOPETHYECKH YCTAHOBJICHHYIO 3aKOHOMEPHOCTh PACIpEACICHUsT MOJIEKYT
rasa 1o CKOPOCTSIM.
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TIpumepnuiil naan no020MosKU npeseHmayuil
e Ha3paHue npeseHranuu

I caaiin
o [TogroroBun
11 conaiin ® Makpo- ¥ MUKpOIIapaMeTPhl, OT KOTOPBIX 3aBHCUT CKOPOCTH JBIKCHUS MOJICKYJT
UJI€aIbHOIO raza
111 cnaiix ¢ Onpe/eneHne 3aKOHOMEPHOCTH paclpe/IeIeH s ABMKSHUS] MOJIEKYJI rasa 1o

CKOpOCTSIM Ha OCHOBAHMY aHAJIU3a TabIHIbI 6.2
IV caaiin | e Anamus rpaduka 3aBHCHMOCTH OTHOCHUTEIFHOTO YMCIIA MOJICKYI OT CKOPOCTH

V canaiin | e Pesynbrar, nomydaemsiii u3 onsita Llltepna

m yPABHEHVIE COCTOAHUA UOEAIIBHOIO FA3A

Bbl uccnegosanu naeansHbin ras ¢ nosvumin MKT n onpegenvnu cBA3b MeXay ero Makpo-
CKOMUYECKUMN Y MUKPOCKOMNYECKMI NapameTpamMu.

o Kakue makpockonuyeckMe U1 MUKpOCKONu4Yeckue napameTpbl CBA3bIBaeT
ocHoBHoe ypaBHeHue MKT wupeanbHoro rasa? Kak 3anucbiBaeTcs
ypaBHeHue?

e MoXxHO nu cBfAizaTb B OAHOM BbIPpaXeHUn TP MaKpOCKOMUYeCKUX
napameTpa, XapaKkTepu3ylLmnx coOCTOsHUe upeanbHoro rasa (aaene-
Hue, 06bLeM n Temnepartypa)? Kak ato moxHo caenaTtb?

Wccneposanme-1. Kakasi 3aKoHOMePHOCTH CBSI3bIBA€T MAKPOCKONMMYEeCKHE MapaMeTphbI ra3a
JaHHOIi MacchI?

Oo0opynoBanue: criib(OH, MaHOMETP, AaKBAPHYM, TEPMOMETP, BOJIOHATPEBATEIb, BoAa (2.71).
Yempoiicmeo cunvghona. Ipubop cocmoum uz  2epmemuuHo20 MEMALIUYECKO20 20HPUPOBAHHOLO.
YUTUHOPA NepeMeHH020 0bvema — Cutb@oHa (2), Kk komopomy npukpeniena kpviwka (1). Ha kpviuike
npubopa umeemcst nampy6ox (3) ons coedunerus ¢ manomempom. C nomowgpro sunma (4) uzmersemcs,
00veM YunuHOpa, 8 pe3yabmame 3mo2o OasieHue 6030yXa GHYMpU YUIUHOPA MAK Jice U3MEHSemcsl.
Obvem 6030yxa, 3aKII0UEHHO20 8 YUIUHOPE, USMEPSIEMCSL 8 YCIIOBHbIX COUHUYAX HA OCHOBAHUU WIKATIb]
(5), 3axpennennoii c6oxy k npubopy, a daenenue usmepsemcs manomempom (6) (a).

Xon ucciaenosanus: 1. Coequuue cmiib(HOH ¢ MAHOMETPOM, OTMEThTEe 00BbeM V; U JaBiicHUE Py
BO3/lyXa B IIWJIMHApE Npu KoMHaTHOW Temmepatype (T;). Beraucnure Ha 0CHOBAHNM HOIYYEHHBIX

o pia
3HAUCHHUI OTHOIICHHE — —. 2. 3menuB 00beM ciIb(oHA, TOMECTUTE €ro B TeIuTyIo Boxy. OTMeTh-
1
T€ MapamMeTpbl HOBOI'O COCTOSHUS Bo3yxa — Ty, Vs, p, (b). Bbruricnure Ha 0CHOBAaHNM MOJIyYEHHBIX

p2V; o
223, CpaBHI/ITe 00a OTHOIIIEHSI. TI0JIYYCHHBIE U3 OIIBITOB, U CACIAUTE BbI-

3HAYCHUI OTHOIIICHHE T
2

(b) a/ 9 O6¢ .
i ) yK/IeHHe pe3yJIbTaTOB:

&
%,, g/ e Kakast 3aKOHOMEPHOCTb OTIE/ICITH-
JIach T10CJIC BBIYUCICHUS MaKpo-
CKOIMYECKUX I1apaMeTpOB, COOT-
BETCTBYIOLIMX Pa3sHbIM COCTOSHUAM
rasa (Bo3/yxa) JaHHON Macchl?

/]—* e K kakuM BBIBOJAM NPUBOIUT IIPO-
= BEJICHHOE UCCieI0BaHme?
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YpaBHenue Knaneiipona. CBsi3p MEXIy TpeMsl MAKPOCKOIIMUYECKUMH MapaMeTpa-
MU (IaBJICHUE, 00BEM U TEMIIEPaTypa), XapaKTePU3YIOIIUMK COCTOSHHUE HJICaTBHOTO
rasa, ONpeeIseT YPaGHe e COCIOAHUE UOCATbHO20 2a3d.

o Ypasnenue cocmoanus udeanvHozo 2aza — 3mo ypasHeHue, ONucblearoujee COCmosi-
HUe 2daza u YCmamasusaoujee CeA3b Mexcoy NApaMempamu e20 HAaAu4dibHO20 U
KOHEUHO020 COCIMOSHUII.

Ecnu 4ucno Monekys MAeaIbHOTrO Ta3a OCTaeTcsl MOCTOSHHBIM, TO €CTh Macca U
MOJISIpHAsE Macca He MEHSIOTCS, TO TP IepexoJie WACATFHOTO ra3a M3 OJHOTO CO-
CTOSTHHSA B ApyToe, u3 popmy (6.2) 1 (6.9) mMeeM JIst STUX COCTOSTHHA:

{prl = NkT; (6.14)
poVo = NKkT,. '

I'ne pq, V1, Ty — napamerpsl HACaIbHOIO Ta3a B HAYAJIBHOM COCTOSIHUH, Py, Vo, Ty —
rapaMeTpbl UIEATIBHOTO Ta3a B KOHEYHOM COCTOSTHUU. [Ipn moMoIm npocTeix MaTeMa-
THYECKHUX TPeoOpa3oBaHUi BeIpakeHUH (6.14) M mmearsHOTO ra3a JaHHOH Macchl
(m = const) noxyaum:

P1_V1 p2V>

Ty T

pV
T = const. (6.15)

3Oto ypaBHeHue (6.15), XxapakTepu3yroIee COCTOSHUE HICATLHOTO Ta3a, BIICPBHIC B
1834 roay momyuun gpaniy3sckuii pusmnk berya Kimaneiipon (1799-1864), mostomy ero
Ha3BaU ypasHenuem Knanetipona.

o OmHouwenue npousgedeHus: 0asieHuUs UOealIbHO20 2d3a OAHHOL MACChL Ha e20 00bem
K abcontomuou memnepamype A6isAemcs HOCMOAHHOU 8eTUUUHOLL.

YpaBuenue MenzaeneeBa-Kianeiipona. [Ipunss Bo BHUMaHHE (OPMYITY, CBA3bI-
BAIOLYIO YMCJIO YacTHYEK BEIIECTBa, OOIIYyI0 MacCy BEIECTBA, MOJSAPHYIO Maccy
yucao ABoraapo,

N = mN
=27 Na
B Gopmyie (6.14), momyqnm:
pV = kN, =T (6.16)
M

[IpousBenenue noctossHHON bonblMaHa Ha MOCTOSHHYIO ABOTAIPO TAKKe SIBISCTCS
TOCTOSTHHOW BeNMM4rHON. OHO Ha3bIBACTCS VHUBEPCAIbHOL 2430801 ROCTOAHHOLL, 0003-
HadaeTcst OyKBOH R M IMEET YHCIIOBOE 3HAUECHNUE!

Jx
MoJib * K

[TpunsaB Bo BHUMaHMe BEIpakeHue (6.17) B (6.16), momy4yaeM BBIpakeHUE, Xapak-
Tepu3yIolee COCTOSHNE WACATFHOrO Tra3a M Ha3bIBaeMoe ypaeHeHuem Menoeneesa-
Knaneupona:

R =kN;y=831 (6.17)

m
pV = RT = VRT. (6.18)

DU3HUYECKUI CMBICT YHUBEPCAIBHOM ra30BOM IMOCTOSIHHOW OINpeNesieTcs U3 Mmoc-
JIeTHETO BBIPAKEHNUS:
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YHMGEPC(,UZbH(l}l 2a3o6as nOCMOoARHAA paéHa OMHOWEHUIO npouseedesz oaeenus

U 0bvema Kk abCconOMHOU memnepamype 00H020 MoJis 100020 2a3d.
Vpasuenue MenaeneeBa-Kianeiipona MoKHO 3amucarh U B TAKOM BHJIE:
o
p= MRT' (6.19)

m
I'me p = — — nioTHOCTH rasa.
14

Wccneposanune-2. NpuMeHenme. YMeeTe JIU Bbl IPUMEHATh YPABHECHHE COCTOSIHUS M/IeaJIb-
HOro rasa?

3anaua -1. Bamion o6semom 0,143 3amonnen razom maccoit 8,9-1073 kr npu Temmneparype 0°C u

nasnennn 10°I7a. Onpenenute MolsApHyIo Maccy rasa. Kakoii 1o ras?

3agaya-2. MeTeoponorndeckuii Imap, HAIOJHEHHBId BOAOPOJAOM, MOAHSJICS HAa BBICOTY, I/

Temrneparypa Bo3ayxa 0°C. OnpeznenuTe IIOTHOCTH BOJOPOA, €CIIH AaBICHHE BHYTPH IIapa CTajo

pasro 1,5-10°ITa.

O0cy:xkaeHue pe3yabTaToOB:

e [lo xaxoit popmye onpenenseTcss MOIspHas Macca raza?

o Kax, nCXo/s 13 IPUBEICHHBIX B YCIIOBHH MAPAMETPOB, MOJKHO OMPEJIENUTh IIIOTHOCTh Ta3a B METEO-
poItorudeckom daioHe?

IIpuMeHeHUe B NOBCEIHEBHOM JKU3HU:

o JIy1s1 4ero Hy»KHO 3HATh yPaBHEHUE COCTOSHHS MIeaNbHOro ra3a?

Kakoii n3 HIDKenprBeICeHHBIX OTBETOB BBI BEIOEpETE?

1. Vpasuenue cocmoanus 0aem 603MOHCHOCTG ONPeOeNUms mpemui napamemp no 08ym opyaum
UBBECHIHBIM NAPAMEMPAM, XAPAKMEPUVIOUJUM COCIOSIHUE 2A3d.

2. Vpasnenue cocmosanus oaem 803M0ACHOCHb Onpedenums X00 pa3HblX NPOYeccos 8 cucmeme npu
onpeoeeHHbIX BHEUHUX YCI0BUSX.

3. Ypasnenue cocmosnus 0aem 603MOAICHOCHb Onpedenums UsMeHEeHUe COCMOSHUSL CUCTeMbL,
OKpyorcaiowell Hac.

IIpoBecTH caMOOLEHKY:

1. Kakue noHsTus oBTOpMIM Ha ypoke? UTo U3 3TOro Bbl XOPOILO MOHSUIY, & YTO OCTAJI0Ch BaM HE
SICHBIM?

. Uto onpezenseT ypaBHEHHE COCTOSIHUS UICaTIbHOTO raza?

.B HCCJICJOBAHUHN KAaKHUX SIBJIEHUI HUCIIOJIB3YETCS YPAaBHECHUE COCTOSTHUS?

. Uto xapakrepusyet ypaBaenue Kianeiipona?

3aBUCHMOCTh MEXIy KaKHMH IIapaMeTpaMH Ta3a Ha3bIBaeTcs ypaBHeHueM Menjieneea-

Knanetipona?

6. Ilpn mepexome MaHHOTO Tra3a M3 OJHOTO COCTOSHMS B APYroe €ro JAaBJICHHE YMCHBHIACTCS,

TeMIeparypa yBennanBaercs.. Kak n3amenntcst oobem raza?
7. KakoB (pu3nueckuii CMBICI yHUBEPCAIBHON Ia30BOI OCTOSIHHOM?

VIR NEREN

YTO Bbl Y3HAJIU? 3anuummre B padoyeM JIMCTKE ONpele/IeHUs HIDKENPUBEICHHBIX MMOHATHH, U
COOTBETCTBYIOIIME MM ypaBHEHHs: ‘‘yPaBHEHHE COCTOSHUS WICANBHOTO Tas3a”, “ypaBHEHHE

EEINT3

Knanetipona”, “ypaBaenne MenneneeBa-Kmaneiipona”.
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EXD [ A30BbLIE 3AKOHDI

¢ Kakue U3 napameTpoB, XxapaKkTepu3yroLwmx
cocTosiHMe Bo3ayxa B 6annoHe, U3BMeHATCA?

¢ Kakue U3 napameTpoB, XapaKTepu3yroLwmx
cocTosiHMe Bo3gyxa B 6annoHe, He U3MeHATCA?

o Kakoi chopmyrnoi MoxHO onpeaenuTtb
cocTosiHMe Bo3ayXxa B 6annoHe?

Mpennonoxum, 4To Bbl NpUHE-
CINN C XOJTOOHOW yNuLbl B Ten-
Nyl KOMHATy MIIOTHO 3aKpbl-
Tbii 6annoH ¢ Bo3gyxom. Ye-
pe3 HEKOTOPOE BPEMS:

Wccneposanue-1. Kakasi 3akoHOMepHasi CBSI3b CYIIECTBYeT Me:KAY ABYMS IPYTHMH NapaMeT-
PaMH ra3za JaHHOH Macchbl, ecJIM TeMIIEpaTypa ra3a ocraercs Hen3MeHHOH ?
O0opynoBanue: ciiib(OH C MOJKIIOYCHHBIM MAaHOMETPOM (a).
Xos ucciie0BaHus.
1. OrmetsTe B Tabmie 6.3 HavdaIbHBIE MapaMeTph BO3LyXa B CHIIb(OHE IIPH KOMHATHON TeMIleparype:
p; = 10°Ia = 1 yc/oBHas eAMHUIA AaBJAeHUs; V; = 8 yCI0BHBIX eJUHUI] 06beMa.
2. Bpammas BUHT, HOCTENIEHHO YMEHbIIaKTe 00beM BO31yXa B cuiibhone. Kaxkplil pas oTMedaiiTe

HOBOE 3HaU€HHE 00bEMa U COOTBETCTBYIOIIEE EMY JJaBJICHUE. @%
\ j

3. 3amucaB pe3yabTaThl H3MEPEHHH B TAOJIMILy, BBIYUCIUTE IPOU3BEACHUE (a)

COOTBETCTBYIOIIMX 3HAUEHUI 00beMa U fAaBieHus p,Vi; v,Vs; ...

Obcy:xnenue pesyabtaToB: 1. Kak m3Menmiocs naBieHue rasa
(BO3IyXa) TAaHHOW MAacChl C M3MEHEHHUEM €ro 00bheMa MPU IMOCTOSH-
HOM Temmeparype (KOMHaTHOH Temmepatype)? 2. Kakas 3akoHo-
MEpPHOCTb  HaONIOJaeTcsi MEXTy IPOU3BEJCHUSAMH  COOTBET-
CTBYIOIIMX 3HAYCHUH 00beMa u faBieHus p,Vy; p,Vsy; ... Ha KakI0M
stane onbiTa? 3. K kakoMy BBIBOIY MPUXOJIUM U3 UCCIETOBAHUSI?

Tabnuya 6.3. 5 -
V,ycn. en. 8 7 6 5 4 3 2
D, yCIL. en,. 1 1,1

C moMoIIbI0 YpaBHEHHsI COCTOSIHUSL HACAIBHOTO ra3a MOKHO HUCCIIEI0BATH MTPO-
LIECCHI, IPH KOTOPBIX COXPAHSIOTCS TOCTOSIHHBIMHU Macca ra3a U OJIMH 13 ero Makpo-
CKOMUYECKUX MapaMeTpOB.

e ['a306bimMu 3aKOHAMU HA3LIGAIOMCS 3AKOHbL, ONPEOEIAIOUUE KOIUUECNEEHHYIO
3a6UCUMOCTE MEICOY 08YMA MAKPOCKONUYECKUMU NAPAMEMPamu 2a3a O0anHOU Mac-
cbl (m = const) npu coxpaneHuu NOCMOSHHbIM 3HAYEHUS MPEMbec0 MaKpPOCKONnuye-
CK020 napamempa.

e H3onpoyeccamu (epeu.: izos — “pashviu’’) HA3LIBAIOMCS NPOYECCH, NPOMEKAIUUE &
2a3ax OaHHOU MAccol (M = CONSt) NPu NOCMOAHHOM 3HAYEHUU 0OHO20 U3 MAKPOCKONU-
YecKux napamempos.

3akon Bboiinsa-Mapuotra: DTOT 3aKOH ObUI ompenesieH B 1662 rogy aHrimi-
ckuM ¢usukom PobGeprom Bousiem (1627-1691) u B 1676 romy dpaHiry3ckum
¢usuxom Daom Mapuortom (1620-1684).

o /151 0aHHOU MACChL 2430 NPU HEUSMEHHOU MeMnepamype npousgeoeHue 0asneHus 2aa
Ha e2o obvem nocmosnio (T = const,m = const):

m
pV = MRT = const. (6.20)
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J1s maHHOM Macchl rasa IpU HEM3MEHHOH TeMIlepaType IpOU3BEICHHE TaBICHUS
HAyaJIbHOTO COCTOSIHUS P4 HA €ro MepBOHavYalibHbIA 00beM V) paBHO MPOM3BEICHUIO
3HAUEHMH THX NapaMeTpoB P, U V, MPOU3BOIILHOTO COCTOSIHUSL:

vomov, SPLZV2 eog
P1V1 = P2V v (6.21)
P2 1
o H30mepmulteCKuM Ha3vleaemcs npouecc UBMEHEHUSL COCMOSHUA aaHHOuv mMacenwl
udeanvho2o 2aza npu nocmosnnou mevnepamype (T = const). B uzsomepmuueckom npo-

yecce dasierue 2aza u e20 00vbem 0OPamHo nPonopyUoHaIbHsL opye opyey (b).

(b) p p V
__const
P p= VvV
D
0 v, Vv,V 0 T 0 T

3akon I'eii-JIroccaka: DT0T 3aK0H OBLIT SKCTIEPUMEHTAIBHO ycTaHOBIEH B 1802

roay ¢panimy3ckum ¢puznkom xozedom Jlyu I'eit-Jlroccaxom (1778—1850).
o /[ OanHOU MAcchl 2a3a NPU HEUSMEHHOM OAGIeHUU OMHOueHUue 00vbeMa 2asa K e2o
abcomomnoli memnepamype nocmosnuo (p = const, m = const):
V_mR1_ 22
T=M - const. (6.22)

[Ipy HeM3MEHHOM JaBJIEHNH OTHOIICHWE MepBOHAYAILHOTO 00beMa V) rasza kx ero
[IEpPBOHAYAJILHOU TeMiepaTtype T; paBHO OTHOILIEHUIO napameTpos V, x T, B mpous-
BOJIBHOM COCTOSTHHU:

vi_ Vs
T, T,
3akon [ eif-Jltoccaka MOJKHO BBIPA3UTh U TaK:

(6.23)

o /{1151 OaHHOU MACCHI UOCATbHO20 2A3a NPU HEUSMEHHOM OA6/IeHUU OMHOCUMENbHOE U3~

MeHeHue 06vema npsImMo NPONOPYUOHATLHO USMEHEHUIO MeMNepantypbl
(p = const,m = const):

V-1

Vo =a(t—ty), to=0= V =Vs(1+ at) (6:24)

I'ne V) — 06bem uaeambHOro rasa mpy MoCTOSHHOM JaBiieHny pu Temrepatype 0°C,

V' — 06beM KOHEYHOTO COCTOSHHSA, ¢ — KOAPPHUIIUEHT 005eMHOTO pacimpeHust. OnbITHI

MOKa3bIBAIOT, YTO MpU HArpeBaHuu Jiroboro paspsukeHnoro rasa Ha 1K (1°C), npu

1
IOCTOsAHHOM JaBJICHWH, €TI0 00BeM YBEIUYHUBACTCA HpI/IGJ'II/IBI/ITCJ'ILHO Ha ﬁ qacTb

00beMa MepBOHAYATLHOTO COCTOSHHS:
_ Voo —Vo 11_ 11 6.25
"~ 100°C-V, 273°C 273K’ (6.25)
o H300apHbiy HA3BI6AI0OM BPOUECC UBMEHEHUSL COCOSIHUSL OAHHOU MACCHL UOEATLHO2O
easa npu nocmostHHom oasnenuu (p = const) (¢). Ilpu uzobaprnom npoyecce obvem
OUHHOU MACCHI 2430 NPSMO RPONOPYUOHALEH €20 meMnepamype.
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© vy l=const=tga

T pt P p
v,
2| 2 <

P, <D,
v/ ,
1

¢ 0 : 0 .

0" pm, T T -273°0 t v

3axon Lapas. DTOT 3aKOH 3KCIIEpUMEHTAIbHO ompenenut B 1787 romy ¢pan-
y3ckuit ¢pusuk Llapne XKak Anexcannp Cesap (1746—1823):
e /{1 OaHHOU MACchl 2a3a npu NOCMOAHHOM 00beme OmHouleHue OagieHUs 2a3d K e2o
abconmomuol memnepamype ocmaemcs veusmenuvim (V = const,m = const):

p mR 1
? = 7 ' V = const. (626)

OTHoIIeHUE NTEPBOHAYAILHOTO IaBJICHUSI Pq Ta3a K ero remneparype T; paBHO OT-
HOIIIEHUIO TTApaMeTPOB P, K T, B IPOM3BOJIBHOM COCTOSTHHH:
b1 _P2
- = (6.27)
n T,
3axon [1lapns MOXKHO BBIPAa3UTh U TAK:
o /[1151 0aHHOU MACCHI UOCATILHOO 243 NPU HEUZMEHHOM 00beMe OMHOCUMETbHOE USMEHEHUE
0aseHs nPAMO NPONOPYUOHATLHO USMEHEHUIO MeMnepamypul (P = const, m = const).
P — Do
0
I'ne py — naBneHne Ha4aIBHOTO COCTOSIHMS MIEAIBHOIO Tasa (IpH Temriepatype to),
p — JaBIieHNe KOHEYHOTO COCTOSHUS (TIpH Temreparype t), f— koa(pdUIreHT mmMeHeHs
JaBineHust. M3 orbIToB ObLIO ONpeieNieHo, YTO IPU HArPEBAHHUH JIF000T0 Pa3psHKEHHOT0 ra3a
Ha 1K (1°C), npu mocTossHHOM 00BeMe, €r0 IaBJICHHE YBEITMUMBACTCS IPHOIU3UTELHO Ha

1
——- 4acCTbhb JaBJICHUA IICPBOHAYAIIBHOI'O COCTOSHMSA:

273
__ P1oo — Po 11 11

= ~ — = —=. 2
g 100°C-py 273°C 273K (6.29)

o U30xopHblM Ha3bIACHICA HPOUECC UBMEHEHUS COCMOSHUS | OAHHOU MACChl
udeanbHo2o 2aza npu nocmoanuom oowveme (V = const) (d). lpu uzoxopnom npoiec-
ce daslienue OaGHHOU MACChl 2a3d NPAMO NPONOPYUOHANILHO €20 memnepamype.

@ P b v
vV, W, |- - e—
J v |
/V|< V, ;
0 T 0 0

v, V, V T

o

3akon JJanbToHa. O10T 32K0H B 1801 rogy ycTaHOBHI aHIIIMHCKUI UCCIEI0BATENb
Jxon [amston (1766-1844):
o Jlagnenue cmec XuMUUecKy He 63aumMo0elicneyIouux UOeaibHbIX 2a308 PAGHO CyMMe
NApYUAnBHLIX OAGNEHUIE SIUX 2A306:

p=p1+tp+-+pn (6.30)
o Hapuuaﬂbﬁoe daeﬂeuue — Mo aaeﬂenue OmaeﬂbHO B35Mmoco ca3a u3 261306011 cmecu.
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3akoH ABoraapo. JTOT 3aKOH, KaK TPeIoIoKeHre, ObUT BEIIBUHYT B 1811 romy
uTanbsHCKUM (pusukoM Ameneo ABoraapo (1776—1856). B mocnemyroiem 310 mpea-
TMOJIOKEHHE OBLIO MOTBEPKICHO MHOTOUUCIICHBIMU OITBITAMH.
® B pagHbix 06veMax pasiuyHbix 2308, 3AMblX NPU OOUHAKOBLIX MEeMNEPamypax u 0as-
JIeHUU, CO0EPACUMCS OOUHAKOB0E YUCcio Monekyt. Hanpumep, uucio monexyn 6 1 mone
npou3soabHO0 2a3a pasHo. Ny = 6,02 - 1023monb L. Tlpu nopmansHbix yeiousx 00vém
1 monsa eaza pasen 22,4 1 (W/moas). Smom 00bEM HA3LIBAIOM MOTAPHBIM 00BEMOM

UoeanvHo2o 2aszd.

Wccneposanme-2. MNpumenenne. Kakoii n3onpomnecc nmpeacrasiieH Ha rpaduke?

3anaya. Han uaeanbHBIM Ta30M OBLT COBEPILEH MPOLECC, MPEACTaBICHHBIN Ha pucyHke (e). [lo-
cTpoiiTe s 3Toro mpouecca rpaduxu 3apucumoctu p — T (f) u V — T (g). Temmepatypa raza B
HauambHOM cocTostHnH 250 K.

© M 4 x105Pa © v, m3
gLl 3 st
9 2 ol
b 1 ol
A T

V.m3 1 1 f T }
250 500 750 T.K 250 500 750 1,

1

2 3

O0cy:xkaeHue pe3y/1bTaToOB:
e ['paduk KaKoro M30IMpoLEecca HaJl HeaIbHbIM Ia30M JaH B 3aj1aue?
o Kak Boirsiaar rpaduku 3aBucumoctu p — T (f) u V — T (g) anst atoro mpouecca?

IIpumMeHeHue B MOBCceTHEBHOM KM3HM: [[poriecc MpIXaHs, KaK BAKHEHIIHI aTpHOYT HAIICH )KU3HH,
SIBISIETCST (PM3MYECKUM TporieccoM. Tak, My JbIXaHWH MEKpeOepHBbIe MBIl U Aradparma mnepuo-
JIMYECKH MEHSIOT 00beM TpyaHol kieTku. [Ipu pacmmpeHun rpyHoOi KITKH JaBlICHHE BO3/IyXa B
JIETKHX Ma/IaeT HIDKE aTMOC(EpPHOro, U B pe3yJIbTaTe MPOUCXOIUT MpoLiece Boxa. JIpyrumu cnosamy,
JI0 YPaBHOBEIIMBAHMUS JaBJIEHNUs BO3yXa B JIETKHX C JABIEHHEM BO3/yXa OKpPYXKaroIlel cpespl Mmpo-
HCXOIUT CaMOCTOSITENLHOE TEUEHHE BO3IyXa B JIeTkue u3BHe. [Ipu BbIIOXE jke MPOUCXOAUT OOPaTHBII
TIPOIIECC: B PE3yNIbTaTe YMEHBIIEHH 00beMa JIeTKHX JaBICHHE BO3IyXa B HUX OOMbIIe aTMOC(hepHOro
JIaBIICHNUS, ¥ BO3yX BBIXOJUT M3 JIETKHX B aTMOCheEpy.

o Kaxoii m3omporecc NpoUCXOIUT MPU BAOXE U BBLIOXE?

IIpoBecTn caMoOLeHKY:

1. Kaxue noHsTus noBTOpmin Ha ypoke? YTo U3 3TOro Bl XOPOIIO MOHSIIN, & YTO OCTAJIOCh BaM HE
SICHBIM?

. Uto ompexersieT ra3oBblid 3aKOH?

. Uro Taxoe usonporecc?

B gem cocrout cMbich 3akoHa boins-Mapuorra?

. Uro onpexenser 3axoH I'eii-JIroccaxa?

. KaxoB ¢uznuecknii cmpicn xorddrinnenta 00beMHOI 0 PACIIUPEHIS?

. CBs3b MEXIy KaKMMU IapaMeTpaMH rasa onpezessiet 3axkoH [apmis?

YTO Bbl Y3HAJIM? 3anumure B padodeM JHUCTKE OIpeAeIeHUs Il CIelyOMMX MOHATUH: “Ta3o-

(LIS LIS 29 e, 2 <, LIS

BbIU 3aK0H”, “‘U30mporecc’”’; “3akoH boits-Mapuorra”, ““3akoH [ eii-Jlroccaka”, “3akon lapns™, “3akon
JanpToHa”, “3ak0H ABOragpo”, “M30TepMHUYECKHI Mporecc”, “U30XOpHBIA mporecc”, “H300apHbIHA
mporecc”.
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CBOVICTBA MAPOB: HACbILLEHHbIW N HEHACBILEHHbI MNAP

e Yem, no Bawlemy MHeHur, oTNIn4arTCcA npeacrtaB-

TymaH — ogHO 13 Hanbonee neHus o TyMaHe y Xxutenen 60nbLINX FOPOJOB U
YacTo HabnogaembIx npu- noaen, KUBYLUUX B CENIbCKOW MECTHOCTU?
POAHbIX SIBMEHUI B CENbCKOM | ¢ YTO NpeAcTaBAsaIoT co60i TyMmaH B ero Hay4yHoM
MECTHOCTU 1 B ropoae. NMOHMMaHWKU: Korga v rge oH obpa3syerca?

e HaGnopganu nu Bbl TymMaH goma? OTBeT obocHyuTe. |

Wccnepnosanme-1. [loueMy pa3mepbl Kanjim 04eHb MaJIbl?

O0opyaoBaHMe: IpeIMETHBIC CTEKIa (2 WIT.), CIUPT, BOAA, PACTUTEILHOE MACiIo, MUIETKA, CIIUP-

TOBKa (MJIM CBEUYKA), BEHTUIIATOP.

Xos ucciieloBaHusl.

1. KanHuTe 0aMHaKOBOE KOJHMYECTBO KAKIOH KHUIKOCTH (CIHUPT, BOAA U PACTUTEIBHOE MAclio) Ha
mpeaMeTHoe cTekno. IIpoBeaure HaOMIONCHMS 32 TeM, Kak M3MEHSIOTCS pa3Mephl Karenb Ha
TIOBEPXHOCTH MPEIMETHOTO CTEKJIa, ¥ C/IeNIaiiTe BBIBOIBI.

2. KanHuTte numneTkoi oJJMHaKOBOE KOJIMYECTBO BOJBI HA MOBEPXHOCTH JABYX IPEIMETHBIX CTEKOII.
HarpeBass ogHO M3 IpeAMETHBIX CTEKJI CHU3Y, IPOBEIUTE HAOIIONCHWS 3a KalULIMH Ha
HOBEPXHOCTH 000MX CTEKOJI U CJIeIaliTe BHIBOJIBI.

3. KanmauTe mumeTKkoit OJIMHAKOBOEC KOJIUYECTBO CIUPTA HA MTOBEPXHOCTH ABYX NPEAMETHBIX CTEKOJI.
OTJ0XHUB OHO U3 TIPEIMETHBIX CTEKJI B CTOPOHY, HAIIPABUTh CTPYIO BO3/LyXa OT BEHTUIATOPA Ha
apyroe. [IpoBeauTe HaOMIOIEHNUS 32 KAIUIIMH HA TIOBEPXHOCTH 000OMX CTEKOI.

O6cyxaeHne pe3yJbTaToOB:

1. K xakoMy BBIBO/y NPHIIIH 13 HAOMIOACHNUS 33 KAIULIMH U3 TPEX Pa3HBIX XKUIKOCTEH Ha MOBEPX-

HOCTH CTEKJIa B TIEPBOM OIBITE: Y KaKOIf U3 Karelb pa3Mephl yMeHbIIIHCH ObicTpee? [Touemy?

2. UTo BBISICHUIIM U3 BTOPOTO M TPETHETO OMBITOB?

Hcnapenne. B sxxunkoctsx (M TBEp/BIX TeNax) IpH 1000 TeMIiepaType CylecTBy-
€T HEKOTOpOE KOJIMYECTBO MOJIEKYJ (MM aTOMOB), KHHETHYECKas! SHEPIHsl KOTOPBIX
OoTbIle TIOTEHIMATLHOM SHEPTHU B3aUMOJICHCTBHS C COCETHUMM MoJieKynaMu. Eciti
TaKhe MOJIEKYJIbI HaXOAATCS MOOIM30CTH OT TIOBEPXHOCTHU JKUJIKOCTH, TO OHHU C. JIeT-
KOCTBIO TIOKHIAIOT TIOBEPXHOCTD M CO3JA0T HaJl €€ TIOBEPXHOCTHIO Map.

o [lapoobpazosanuem Ha3pi6aemcs nPoYecc nepexo0a Gewecmed U3 HCUOK020 co-
CMOsAHUSL 8 243000pA3HOE.

Tapoobpaszosanue OCYUIECTBISICTCS IBYMSI CIIOCOOAMHU: UCHAPEHUEN U KUTLEeHUEM.

e Ucnapenue — 5mo napoobpazosanue, npoucxoosujee ¢ OmKpbimou HO8epXHOCMU
JrcudKocmu npu 1060t memnepamype.

e Kunenue — smo napoobpazosanue, npoucxoosiyee no cemy odvemy HcuoKocmu
npu onpedenenHotl memnepamype (cm.: Gusura-8, cmp. 75—76).

[Ipn ucnapeHnn 9acTULbl, 00IagaroIie OOJIBIIONH KMHETHYECKOH SHEpTHEH, To-
KHJIAFOT MOBEPXHOCTh XKUJKOCTH. B pe3ynbraTe POUCXOJUT YMEHBIIICHUE CPETHETO
3HAYCHUS] KHHETHUECKON IHEPTHH OCTaBHIUXCS YACTHUII )KUAKOCTH. [loaTOMY B Ipo-
necce uecnapeHus HaOII0aeTcsl OXJIaiICHHE )KUAKOCTH (TOIBKO €CITH YKUIAKOCTH He
NepeIaeTcs TEIIoTa CO CTOPOHBI).

CKOpOCTh UCTIAPCHIIS 3aBUCHUT OT: memMnepamypbl HCuUOKoCmu, niowaou c80000-
HOU NOBEPXHOCTNIL HCUOKOCIIU, CKOPOCTU MedeHUs 030VXd, OKPYHCAIOUWe20 NOGEPX-
HOCIb HCUOKOCIU, Od61eHUs, OKA3bIBAEMO20 HA NOBEPXHOCTD JHCUOKOCMU (C V6Ee-
JiudeHueM [ 0asieHus. CKoOpocmb UCNAPEHUsT YMEHbULAEnCs), YOelbHOU Meniombl
napooopazo8aHUs HCUOKOCIU, MO eCb OM POOd HCUOKOCHIU.
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o Voenvhas menioma napooopazoeanus HUCIeHHO PAGHA KOIUYECmE)y Menaombl, Heo0xo-
OUMOMY  OJ1A NOJIHO2O NpegpaujeHus Hcuokocmu maccou 1 ke 6 nap npu noCMosHHOU
memnepamype:

L==. (6.31)

I'me L — yoenvnas menioma napoobpazosanus, Q — menioma napooopazosanus.
Enununa usmepeHus yJelibHOM TEIUI0ThI apooOpa3zoBanus B CU:
Jox M2
[L]=1—=1—=-
KT c

3Ha4YeHUE yACIBHON TEIUIOTHI Mapoo0pa30BaHuUs 3aBHCUT OT POJIA KUAKOCTH H
e€ TeMIiepaTypbl — C YBEITMUYCHUEM TeMIIEPaTyphbl 3HAUCHUE Y/ICIIbHOM TEIUIOTHI T1a-
poobpazoBaHus yMeHbIIaeTcs. MUHIMAaIbHOE 3HAYSHHE YIeIbHOW TETJIOTHI ITapo-
00pa3oBaHMsI COOTBETCTBYET TEMIIEPATYpe KUTICHHUS KUAKOCTH.

o Tennoma napoodopazo8anus — 5mo KOJU4eCmeo meniomvl, Heobxooumoe OJis npe-
8paeHUs HCUOKOCMU MACCOU M 8 NAp NPU NOCMOAHHOL MeMnepamype:
Q =Lm. (6.32)

[Iportecc, oOpaTHEI TapooOpa30BaHUIO, OAMH U3 TIPUPOIHBIX TIPOIIECCOB, HA3KI-

BaeMbIil Kondencayuetl, IPH KOTOPOM Tap MPEBPAIIACTCS B )KUIAKOCTb.
e Konoencayus — 3mo npoyecc npespawerus napa 8 xcuokocms. Konoencupyemuwiil
nap nepeoaem oxkpydicaiowell cpede Koauvecmeo meniomol Q = Lm. [Ipu xonoeu-
cayuu napa 6bl0esemcs maxoe Jce KOAU4ecmeo meniomsl, Komopoe 0vlio 3ampa-
YeHO Ha NapoodPA306aHIUe CKOHOEHCUPOBABULETICS HCUOKOCTIU.

HacpieHHb1ii 1 HeHachIEeHHBIH map. [1o xapakrepy 3aBUCMMOCTH IJIOTHOCTH U

JIABJICHHS OT TEMIIEPATYPHI TIap MOXKET OBITh HACHIUECHHbIM T HEHACHIUECHHBIM.
o Hacvuiyennwiti nap — 2mo nap, Haxo0AWuLcsa 8 OUHAMUYECKOM PABHOBECUL CO CBOell
arcuokocmopio. JInHaMUYECKOe paBHOBECHE MEXKITY JKHIIKOCTBIO M €€ TTapOM BO3HUKACT
TOT/Ia, KOTJIA YHCII0O MOJIEKYJ, TTOKHIAIONINX CBOOOJHYIO TOBEPXHOCTH JKHIIKOCTH,
CTaHOBUTCSl PaBHBIM YHCITy MOJICKYJI, BO3BPAIAIOIIMXCS B KUAKOCTh, HachIeHHbIIT
rap BO3HHUKAET HaJl CBOOOIHON IMOBEPXHOCTHIO JKUJIKOCTH B 3aKPBITOM COCY/IC.

Ecnm e cocyn OTKpBIT, TO 9acTh MOJIEKYJI, MOKUHYBIINX MTOBEPXHOCTH JKHIKO-
CTH, HcnapsieTcsi B atMocepy 1 He BO3BPAIIIACTCSI B KHJIKOCTh, TO €CTh HAPYIIIACTCH
JTMHAMUYECKOE PABHOBECHUE U MAp MEPEXOAUT B HEHACHIUJeHHOE COCTOSTHHE.

e Henacvlugennwlil nap — 3mo nap, He Haxo0AWUCa 8 OUHAMUYECKOM PABHOBECUU
€O cB80ell HCUOKOCBIO.

CBoiicTBa HACBIIIEHHOT' 0 NTapa:

a) JaBIICHUC, IUIOTHOCTh U KOHLEHTPALMsS HACHILCHHOTO
mapa Tpd TIOCTOSHHOM TemmepaType oT o0BEmMa Mmapa He
3aBHCAT, TO €CTh HACBHIIEHHBIA TAp HE TMOAYMHSAETCS 3aKOHY
Bboitna-Mapuorra (a);

b) ¢ mnoBemieHueM TemrepaTypbl JIaBlICHHE, TUIOTHOCTh U 0 v
KOHIICHTpAIHs HACKIIIEHHOTO Mapa Pe3KO YBEIHMYUBAIOTCS, TO
€CTh HACBHIIIEHHBIN Map He moxuuHseTcs 3akoHy [llapms. OTo mpoucxoaut moromy,
YTO  YBEIMYCHIEC JIABJICHUsI HACBIIICHHOTO Iapa NPOUCXOIUT B COOTBETCTBHH C

AD, p, 1
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y ,n
(b) P, p BEIpaKeHUEM p = nkT HE TOJBKO 3a CYET IMOBBIIMICHUS TEeMIIC-

partypbl, HO U OJIHOBPEMEHHO 32 CUET YBEIMUYCHHS KOHIICHTPAIIIH

(moTHOCTH) MOJeKy: mapa (b).

ob-—-" > CBoiicTBa HEHACBIIIEHHOTO Mapa:

Dy p a) IaBJICHHUE U IJIOTHOCTh HEHACKIIIIEHHOTO TTapa JIaHHOH Mac-
CBI TIPH TIOCTOSIHHOM Temrepatype 00paTHO MPOMOPIMOHATBHEI
ero o0beMy, TO €CTh Uil HEHACBHIIEHHOTO Iapa BBIIOIHACTCS
3aKkoH boitnsa-Mapuorra (c¢);

L == N
0 % b) naBiieHMEe HEHACKHIIEHHOTO Tapa JAHHOW Macchl MPH MOCTO-
@ p SIHHOM 00beMe IpPSMO NPONOPLMOHATIBHO €ro TeMIieparype, TO
€CTb JJIs1 HCHACKIIIIEHHOT O TTapa BBITIOTHsIeTCs 3akon [lapns (d).
Ilap mo:keT mepexoaMTh U3 HEHACHIIIEHHOTO COCTOSIHHA B
o HachIIIeHHOEe U HA000POoT.
T o [Ipu usomepmuieckom pacuiuperuu HacolujeH-
© pa HbIU NAP MOdHCem NPespamumscsl 8 HeHACbIUeH-
D HbllL nap.

e [Ipu uszomepmuueckom CoHcamuu HeHAaACbl-
WeHHbI  nap  MOJicem  Npeepamumscs 6
HACbIUWEHHbL nap.
Oto npoucxoaut Tak. [Ipeamnonoxum, 4To B
V., LWIHNHIPE, TOAKIIOYEHHOM K MaHOMETPY, I0A
MOPITHEM HaXOAUTCS HEHACBIIIEHHBIN nap mpu
E_—j temmneparype T, 00beM KOTOporo paseH Vy (e).
[Ipu n30TepMHUUECKOM CHKAaTHH ITapa €ro 00beM
yYMEHBIIIAeTCs, a JaBJICHUE, INIOTHOCTD M KOH-
HEeHTpaIys yBenuunBatorcs (yuactok AB rpa-
¢duxka).
IMpn moctmxeHnn o0beMa mapa’3HAYCHUS
Vg OH HauMHAET KOHACHCHPOBATHCS, B LHJINH-
Ipe o0pa3yroTcsl KamlelbKd MKUAKOCTH — Iap
HEePEeXOAUT B HACBILIEHHOE cocTosHue. Jlasie-
Hacoumennpii  HAC, TUIOTHOCTh W KOHICHTPAIMS Tapa IpH-

nap HUMAIOT MaKcHMaIbHOE 3HAYUCHUE TIPU TaHHOM
Temneparype. JlanbHeiiee yMeHbIlIeHHE 00be-

Hoeanvhuiii Ma TIpUBOJWT K KOHACHCAIIMK TIapa M TIpe-
eas BPAILIEHHUIO ero B XUIKOCTH (yuacTok BC rpa-
o> (buka). DTOT mpoIecc MPOJODKACTCS 10 TOJ-

T HOT'O MPEBPAIICHHS HACBIIIIEHHOTO MMapa B KH/I-
kocTh (Touka C). JlampHeinee CxaTwe TPOU3BOIUTCS HAIl KUAKOCTHIO, U OYCHB
Mayiasi C)KMMAaeMOCTh JKUJIKOCTH; [PUBOIUT K PE3KOMY YBEIMYCHUIO TMOKa3aHUI
MaHomerpa (yuactok CD rpaduxa).

o [Ipu u30X0pHOM HACPEBAHUU HACBIUWEHHBII NAP NPEeSPALYAEmCsl 8 HEeHACHIUEeHHbIL.
Ha rpaduke 3aBHCUMOCTH JaBIICHHs Mapa OT TEeMIEepaTypbl MPH MOCTOSHHOM
00beMe yUacTOK 1—2 cOOTBETCTBYET HACHIIIICHHOMY cocTOsiHUIO mapa (f).
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Ilpumeuanue. [Ipy M30TEpMUUECKOM CKAaTHM NPEBpALLEHUE Ha-
CBIIIEHHOTO Iapa B JKUJIKOCTb BO3MOXXHO TOJIBKO IIPU TEMIIEe- P
patype HIXKe Kpumuyeckoul memnepamypul. JKuoxocns @
® Kpumuueckas memnepamypa — smo memnepamypa, npu Komopot

ucye3aiom guzuiecKue pasiuius Meicoy HCUOKOCMbIO U ee HACbI-

wjennvim napom. I1pu KpuTHuecKol TemriepaType III0THOCTh HAChI- Haconyennviii
IICHHOTO T1apa paBHa INIOTHOCTH YKUAKOCTH (). nap
Ipu Temrieparype Bbllle KPUTHYECKOI TemIieparypsl Beiiecto 0 T, T
MOXET HAXOAUTHCSA TOJHLKO B OJIHOM arperaTHOM COCTOSHUU —

ra3000pa3zHoM (T1ap) COCTOSIHMU U HU IIPU KAaKUX JIABJICHUSIX OHO HE MPEBPAILACTCS B KHUIAKOCTb.
3uauenue kpumuyeckol memnepamypbl 3a6Ucum moabko om pooa napa. Hampumep, ans renus
T = 4K, st asora T, = 12K.

Wccneposanue-2. lNpumerneHne. CpaBHUTE MacChl ApOB

3anauya. CpaBHHUTE MacChl TapoB B ToUKax 1, 2 u 3 rpaduka 3aBUCHMOCTH JJaBJIEHHs BOJSTHOTO Mapa
OT TeMIIepaTypsl P MOCTOSIHHOM o0beme (cM: 1).

O6cyxneHue pe3yabTaToB: ® Kak m3MeHsieTcss Macca mapa Ha ydactkax 1-2 u 2-3 rpaduka 3a-
BUCHMOCTH JIaBJICHHS BOJSHOTO IIapa OT TeMIIepaTypbl IpU NOCTOSIHHOM o0beme? [louemy?
IlpnMeHenue B MoBceTHEBHOI sku3HU: [IpeacTaBbTe cebe CTPYIO Mapa, BEIXOISIIYIO Yepe3 MaJleHb-
KO€ OTBEPCTHE Ha KPBIIIKE TOIBKO YTO 3aKHIIEBIIETO CaMOBapa.

o Cprﬂ napa CTaHOBUTCA BH/IHA TOJIBKO Ha ONPEIACIIEHHOM PACCTOAHUU OT BBIXOJHOT'O OTBEPCTHA.
[ouemy?

IIposecTn camoonenky: 1. Kakie moHsaTHs MOBTOpHIN Ha ypoke? YTO U3 3TOTO BBI XOPOIIO MOHS-
M, a 9TO OCTANoCh BaM He scHBIM? 2. Kakoli mporecc XxapakTepu3yeT NpeBpalieHne KUIAKOCTH B
ra3zoo0pasHoe coctostHre U HaoObopot? 3. Kakoa “dyHkmms” BenTmwisitopa? 4. Kakoit map sBisercs
HacbleHHbIM? [louemy? 5. B ueMm omindue cBOMCTB HACBHILIEHHOI'O Iapa OT HEHACBIIEHHOr0? 6.
Kax MoxHO mpeBpaTuTh HEHACHILEHHBIH Iap B HacelmleHHbIH? 7. Kak MoOXHO mpeBpaTuTh
HACBIIICHHBIN Map B HEHACBIIIICHHBIH?

YTO Bbl Y3HAJIU? 3anumure B paboyeM JMCTKE ONMPEACTCHHUs U CIEAYIOMNX MOHATHHA: “Tapo-
oOpazoBaHue”, “HcrmapeHue”, “HACHIIICHHBIA Map”’, ‘“‘HeHACBHILCHHBIA Map”, “yaenbHas TEIUIoTa Mapo-

99 <, 29 G 99 G

00pazoBaHusT”, “TETIOTa MapooOpa3oBaHus”, “KOHJEHCAIMS , “KPHTHIECKas TeMIeparypa’”.

m BJ'IA)KHOCTb BO3AYXA. TOYKA POCBbI

WHorga Bo3ayx, KOTOPbIM Mbl AbILLMM, ObIBAET CyXON, a MHOrAa BraXHbIN.

e Kak 3aBMCAT CyXoCTb U BNaXHOCTb BO34yXxa OT CTEMEHU ero HachileHUA BOASIHbIM
napom?

o Kakoin Bo3ayx 6onee Tsixkenbin Npy faHHbIX.-TeMAepatype 1 gaBneHuu: 1 kyounyeckumn
MeTp CyXOro uUnu oauH Kybu4yeckuim meTp BrnaxHoro Bosgyxa? MNoyemy?

e B kakom Bo3ayxe ucnapeHue, a 3Ha4YUT, U OXJIAXKAEHWE HaLlero Tena NpoucxoauT
ObicTpee: B cyxom unu BnaxHom? MNovemy?

Wccneposanune-1. Iloyemy Bo BIa2KHOM BO3AyXe IaBJICHUE NAlaeT?
3agava-1. B cocraBe BIaXXHOro BO3AyXa MMEETCS ropa3go Oosbliee KOJH-
YEeCTBO MOJIEKYJ BOJBI, 4eM B cyxoM. OJIHaKO mepes JOXKIEM, TP yBETHISHUH
BIXHOCTH BO3/yXa, MoKa3aHue 6apomeTpa-aHeponsa magaet. [logemy?
O0cyxkIeHue pe3yabTATOB:

o Kak Brusiet f1ajieHie AaBneHiisi BO3/IyXa Ha ero MIOTHOCTh?

e [loyemy mpu YBEIMYCHHN BIYKHOCTH BO3/TyXa aTMOc(epHOe JaBJieHUE MafaeT?
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Bnaostcnbtit 8030yx — 5mo 6030yX, 8 cocmasge KOMoOpo2o uMeencs 8005HOU nap.
OCHOBHBIMH KOJINYECTBEHHBIMH XapaKTepUCTHUKAaMH TaKOTo BO3AyXa SBISIOTCS
abcontomuas u OMHOCUMENbHASL BLANCHOCTD.

o Abconomnan 61axcHoCmb — 2Mo usuuecKas 8eaudUHd, PABHASL NIOMHOCHU
B00AHO20 NAPA 8 6030YXe 8 OAHHBIX YCIOBUSIX.

AOCONIOTHYIO BIQXKHOCTP (IUIOTHOCTH BOJISIHOTO TIapa B BO3yXe) MOXKHO BBIpa-
3UTh 4epe3 MaplHajbHOE JaBJIEHHE BOJSHOIO Iapa Ha OCHOBAHWU YpPaBHEHUS
MenpneneeBa-Knanelipona:

PnM
Py = RT (6.33)

'ne p, — IJIOTHOCTH BOJSHOTO MHapa B BO3JyXe — aOCOJIOTHAs BIAXHOCTb,
T
M =18 —— — MOJIsIpHAs Macca BOJIbI, T — teMmmnepaTypa BO3yXa, p,; — HapLuaib-

HOE JaBJIeHUE Tapa, R — yHuUBepcaibHasg ra3oBas nocrosiHHas. OOBYHO abcooT-
Has BJIQXKHOCTb UBMEPSICTCA B F/M3.

OnHako HEBO3MOXHO OIPEIENUTh, B KAaKOM COCTOSIHUM HaXxOJUTCS Iap, Ha-
CKOJIBKO OH OTJIMYAETCSl OT HACBHIIIEHHOTO COCTOSHMS, 3HAs TOJBKO IUIOTHOCTH H
MnmapuyajbHOC OAaBJICHUE BOASHOTO ITapa MpW HaHHBIX YCJIIOBUAX. H03TOMy ObLIa
BBEJ/ICHA BTOPAs XapaKTEPUCTHKA CTEIICHH yBIIQXKHEHUSI BO3/LyXa — OMHOCUMENbHAS
BNIANACHOCTD.

o OmHocumensHas 61ax3CHOCMb — MO PuU3UYeCcKas BeIUdUNA, PABHAS OMHOUEHUIO
abCONOMHOU  8IANCHOCMU 8030YXA NpPU 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 HACBHIIICHHOTO BOSIHOTO IMapa B BO3AyXE, () — OTHO-

CUTEIIbHAS BIXXHOCTH BO3/IyXa.

Ccplnasch Ha CBsI3b IUIOTHOCTH BOJASIHOTO TIapa B BO3JyXE C €ro MapliiaibHbIM
NaBJieHUEM, W3 paBeHCTBA (6.33) OTHOCHUTETHHYIO BIIAXKHOCTH MOYKHO BBIPA3UTH
qyepe3 JlaBJIeHHe:
o Omnocumenvbuas 61ANCHOCIb PAGHA OMHOULEHUIO NAPYULTLHO20 0delenus 60051
HO20 napa 8 6030yxe npu OAHHOU meMnepamype K OAGIeHUI0 — HACLIUYEHHO20
B005IHO20 NAPA NPU MOLL Jice meMnepamype:

o =2 100%. (6:35)
Po
Taxum 00pa3oM, OTHOCUTENBHAS BIAKHOCTD OIPEIEIISSTCS HE TOIBKO aOCOIMFOTHON

BII&KHOCTBIO, HO ¥ TEMIEpaTypoi Bozayxa. OTHOCHUTENTbHAS BIAXHOCTH BO3IyXa
M3MEPSIETCS C MTOMOIIIBIO TICUXPOMeTpa M rurpomerpa (cM.: ¢pusmka-8, ctp.83—86).
Ecnu maprimansHoe gaBiieHHE BOISHOTO Mapa B BO3AyXe MPH AaHHOHM TemIiepa-
Type OyZeT paBHO JABJIICHHIO HACKHINCHHOTO TMapa MpH TOH ke TeMrepaTrype, TO
COCTOSIHUE BOZSIHOTO Hapa B BO3JyXe OyJeT HachIeHHBIM. ECITM TIIOTHOCTh BOJIS-
HOTO Mapa B BO3J(yXe MPH JaHHOHN TeMIiepatype OOJIbIIIe IJIOTHOCTH HACBIIIICHHOTO
BOJISTHOTO Wapa P TOM XKe TeMIlepaType, TO B 3TOM CiIydae TOBOPST, YTO BOJASHOMN
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map B BO3JyXe HAXOAWUTCS B NEPEHACHIUjeHHOM COCTOSTHUH. Takoe COCTOsSTHUE TIpH-
BOJIUT K KOHJICHCALIMH T1apa.

Temnemapypa, npu Komopoii  pe3yibmane U300APHO20 OXJAHNCOEHUsL BOOAHOU
nap 6 6030yxe npespawaencs 8 HacblWeHHbIll, Hazvleaemcs moykoi pocsl. [1pu na-
JICHUU TEMIIepaTypbl BO3JyXa HIKE TOUKU POCHI TIPOUCXOIUT KOHJICHCAIUS BOJISI-
Horo napa. Hampumep, npeanosioxkuM, 4To TeMIeparypa Bo3ayxa aaem t; = 32°C,
a IJIOTHOCTh BOJITHOTO Mapa B BO3ayXe cocTapiseT p, = 20,5 r/m3. Houslo ke TeM-
neparypa Bo3nyxa t; = 18°C, MmIOTHOCTh HACBIILIEHHOTO BOJSHOIO Mapa npu 3TOU
e Temmeparype po = 10,2 1/M3. 3HauuT, M3MMIIKKM Napa KOHAEHCUPYIOTCS, TO
€CTh BBIMIAACT poca. DTOT MPOIECC SIBISETCS MPUUYNHON BOZHUKHOBEHHS TyMaHa,
00JIaKOB U HOXKIIEH.

Wccneposanme-2. NpumeHeHne. Yemy paBHO napuuaibHoe AaBJleHHe BOASTHOTO Napa B Bo3ayxe?

3anaua-2. B baxy npu temmneparype 16°C otHOcuTensHas BaaxaocTsb 80%. Beraucnure napnnanb-

HOE JIaBJIeHHE BOJSIHOTO Mapa B BO3AyXe (JaBJIE€HHE HACBHIIIEHHOTO BOJSHOTO Mapa B BO3AyXe IPH

temneparype 16°C pasno 0,8 kPa).

Oo6cy:x1eHHe pe3yJbTATOB:

e KakoBa CBS3p MEXIy OTHOCHTEIBHON BIQXHOCTHIO BO3AyXa W MapIHAILHBEIM JaBICHHEM
BOJISTHOTO Tapa BO3/yXa IIpHU JJaHHOH TeMnepatype?

e UeMy paBHO MapuuaabHOE IABJICHHE BOJSHOTO Mapa B BO3AyXE, BBHIUHCICHHOE Ha OCHOBAHHH
yCIIOBHS 3a/1auu’?

IIpumeHeHHe B NOBCEHEBHOM KU3HU:

o Kakyro poib urpaer B Hamel >KM3HHU BIaXKHOCTB BO3ayxa?

® B kakoM M3 Ce30HOB BJIQXKHOCTB BO3/lyXa HanOoJIbIIas: 3uMoit wiu stetom? [Touemy?

IIpoBecTn caMoOLeHKY:

1. Kakue noHATHA NOBTOPUIM Ha ypoke? YTOo U3 3TOro BBl XOPOIIO MOHSJIN, a YTO OCTAIOCh BaM He
SICHBIM?

2. Yto 03HauaeT “BIaKHBIN BO3AyX ?

3. Uem oTnnyaroTcs (U3NUECKHE CMBICIBI MMOHATHH “‘a0CONIOTHAS BIAXHOCTH U “OTHOCHUTEIbHAS
BIIQKHOCTH” TI0 CBOMM (DPU3UYECKUM CMbICTIam?

4. Yro Takoe “To4ka pocs’?

. Kax n3mensiercst Bl1a)xHOCTB BO3/1yXa B KJIACCOI KOMHATE C MOBBIIICHHEM TEMITEpaTyph?

6. Kak mu3mensieTcss abCONMIOTHAs ¥ OTHOCHUTENbHAS BIQKHOCTh BO3JyXa C HMOBBIILICHNEM TeMIepa-
TypbI?

7. Kax omnpeiensieTcst OTHOCHTEIbHAS BIIAKHOCTh BO3/yXa IIPH IMTOMOIIH IICUXpoMeTpa (eM.: du3nkas
8, c1p.85-86)?

(92

YTO Bbl Y3HAJIU? 3anummuTe B paboueM JHUCTKE ONpPEAeNeHis 1is CIeAYIOMNX MOHATHHA: “BlIax-
HBII BO3/IyX”, “a0COJIOTHAST BIAXKHOCTB’, “OTHOCHTEIIBHAsS BIQKHOCTE - (IO IUIOTHOCTH)”, ‘“‘OTHOCH-
TeJIbHAs BIIAXKHOCTH (TI0 JJaBJICHHIO0)”

99 <,

TIepEHACHIIIEHHEIH map”’, “TOYKa pOCkI”.
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EXB [10sEPXHOCTHOE HATSKEHVE XNAKOCTH.
KAMUNMAPHLIE ABMNEHMS

HaBepHo, Bbl B €TCTBE He- HeopHoKpaTHO Ha ypokax prcoBaHusi Bbl Habnoganm, Kak
O[ZIHOKpaTHO coopyKarnu u3 CMUMLINECA CyXue BONOCKM KWUCTEW packpbiBanucb npu
BIIAXXHOrO necka “3amku’. OnyCKaHnn nx B BOAY.

e [louemy 3TN “cTpouTennb- ¢ MNoyemy cnuniumecs BONOCKU KMCTU pacKkpbiBarOTCs
Hble” paboTbl NPOU3BO- B Bode, a NpyU BblHAMaHUM KACTU U3 BOAbl CHOBa
OATCA BNaXHbIM NeCKOM, cnunatotca?

a He cyxum? ¢ 3agyMbiBanuchb N1 Bbl Hag NPUYNHON BO3HUMKHOBe-

HUA 3TUX ABNEHUN?

Mccnepoeanme-1. JKCNepuMEHT ¢ MbLILHBIM PaCTBOPOM
O0opynoBaHue: N3rOTOBIEHHOE U3 TPOBOJIOKU KOJIBIIO C PYUKOH, MOKaPEHHBIN CaXxapHbINA MECOK
(5-10 rp), mpuTbHAs cTpyxKa (510 p), Boza (0,5 1), mabopaTtopras nocyaa (3 mryku mo 250 M),
HUTB, BOJJOHATPEBATEINb, NTOJIKA, CITHIKH.
Xoa ucciaenopanus. 1. [IpuroroBbTe MBUIBHBIA PacTBOP: A 3TOrO PacT-
opute B 100 Mr BoJibI OKapeHHbIN caxapHblil ecok. Pacteopure B 1py-
\ roii mocyne B 100 mMr Teruioif Boabl MbUIbHBIE CTpyKKkH. CMmernaiite oba
pacTBOpa B OIHOM IOCY/ie — MBUIbHBII pacTBOp roToB! 2. 3aKpenuTe HUTb,
HE HaTATUBAasl, BOJIb IMAMETpa KOJIbIA U, OITyCTHB €TI0 B MBIIBHBIH BOJHBIIH

pacTtBop, Me/UIeHHO BhITatuTe. [[poHaditoaiite Bo3HUKIIEE siBICHHKE (). 3.

HarpeB oMH KOHEIl WIJIbI, IPOTKHHUTE UM MBUIBHYIO IUICHKY IO (OZHY

CTOPOHY OT HUTH B KoJblie. [Iponabmronaiite Bo3nukuiee sisinenue (b). 4. 3a-
@f o)

KpeNMB Ha KOJBIIE YeThIpe OTpe3Ka HUTH B (hOopMe KBampara B KOJLIIE,
OIyCTUTE eT0 B MBUIBHBII PAcTBOp, @ 3aTeM MeJUIeHHO Bhrranyte. [Iponad-

JIOfIaliTe BO3HUKIIEE siBIeHKE (c). 5. HarpeTbiM KOHIIOM MIJIBI HPOTKHNUTE

MBUIBHYIO TUIEHKY O BHEITHMM KpasiM KBajpara U IpoHadmogaiTe B03-

Hukiee siiierue (d). 6. OmycTuTe MmycToe KOJbLIO B MBUIBHBIA PacTBop, a
@ @

3aTeM MEJJIEHHO €r0 BBITALIIUTE U OCTApaHTECh BBITYTh MBUIBHYIO ITIEHKY

13 KonbIa. [TOBTOpHTE OMBIT HECKOJIBKO pa3 U MPOHAOIo1aiiTe, Kakyro (op-

My IpUOOpETaeT MbUTbHAS MITEHKA, OTOPBABIIKCH OT KOJIbIIA (€).

5 O0cyxkaeHue pe3yabTaToOB:

e Yto HEOOBIYHOrO HAOMIONAETCS B OMBITaX C HM3MEHEHHEM (HOpMBI
MBUIHEHOH MIICHKH, 00Pa30BAHHOI HUTSMHU B Kapkace?

o Kak MoxH0 00bacHNTE ¢ Touku 3penust MKT npuuniy ymensimenus
IUIOIIAIM MBUIBHOI IUIEHKH, 00pa3oBaHHON B Kapkace?

e [Touemy MEBUTBHAS IUICHKA, OTOPBABIIMCH OT Kapkaca, cpasy Hpeod-
peraer cepryeckyro Gpopmy?

r

()

Cuna moRepXHOCTHOT0 HATSKeHHs1. B oTimume oT ra3oB KHMAKOCTH UMEIOT CBO-
00/IHYI0 TIOBEpXHOCTh. MOJIEKYJIbI, PacIiO0KEHHBIC HAa TOBEPXHOCTH YKUIKOCTH, U
MOJICKYJIbl BHYTPY KUAKOCTH HAXOJSATCA B PA3HBIX YCIOBUSIX:
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) MOJIEKYJTbI BHYTPH KUIKOCTH OKPYKESHBI JIPYTUMH MOJICKYJIAMH JKHIKOCTH CO BCEX
cTOpoH. Morstekyia 1 BHYTpPH JKUJIKOCTH UCIIBITHIBACT JACHCTBUE COCEAHUX MOJICKYJ CO
BCEX CTOPOH, TIO3TOMY PaBHOJICHCTBYIOIASI CHJI TIPUTSDKEHUS, TEHCTBYIOIINX Ha HEe,
paBHa HyHO (f'; MOsTekyna 1);

b) MOJIeKyJIbl Ha TIOBEPXHOCTH YKUIKOCTH HCIBITHIBAIOT JICHCTBUE CO CTOPOHBI
COCETHUX MOJICKYJI HJKOCTH TOJbKO COOKY M cHU3y. [IpuTskeHHe co CTOPOHBI
MOJIEKYJI Ta3a (1apa )HUIKOCTH WX BO3/1yXa) HaJl KHUIKOCThEO BO MHOTO pa3 ciabee,
9YeM CO CTOPOHBI MOJIEKYJI KHJIKOCTH, IIOATOMY He NMPUHUMAIOTCs BO BHUMaHue (f;
MoJieKyJa 2). B pe3ymibrare Kakaas u3 paBHOJCHCTBYIOIINX CHIT FiuF, JICUCTBYIOIIINX
Ha MOJICKYJTy 2 CO CTOPOHBI COCEJTHUX MOJIEKYJI BHYTPH KUJIKOCTH, COCTOUT U3 JIBYX CO-
CTaBIISTFOIINX: TAPAIIICITBHBIC TTOBEPXHOCTH JKHIKOCTH CHITBI ﬁ1|| uF 2|| ¥ IEPTIEH/MKYJI-

SIpHBIE 3TOW NTOBEPXHOCTH F7; n F,. Tlox nei-
CTBUEM TMEPNEHIUKY/APHBIX cocTapistorux ()

MOJIEKYJIbI TOBEPXHOCTHOTO CJIOS CTPEMSATCS ) .
BIVTYOb SKUJKOCTH, BCIEJCTBUE 3TOT0 MOBEPX- Fy 2 Fy
HOCTHBIH CJIOM OKa3bIBaeT Ha KUIKOCTh [aB- 1§ /\
nenue. Tlox nefcTBHEM apauIeIbHBIX COCTAB- 7 N BMpIENE,
JIIOLIMX CO3/IAK0TCS CHIIBL, YIEP/KUBAIOIUE [O- . .

BEPXHOCTh B HATAHYTOM COCTOSHHH, TO €CTh S ’ 7o

CUTIbL NOBEPXHOCMH020 Hamsicerust Fi . e L2

o Cuna no8epXHOCMHO20 HAMAICEHUSL — IMO
CUNA, HANPABNIEHHASL RO KACAMENbHOU K NOGEPXHOCHIU HCUOKOCTU, NePREHOUKY ISP~
HO K JUHUU, 02PaHUYes8aloujell NOBEPXHOCHb HCUOKOCU, U CIMPeMSIWAscs COKpa-
mumos naowads nosepxvocmu skcuokocmu. Cuia noBepXHOCHHO20 HAMANCCHUS
nPAMO NPOROPYUOHATLHA ONUHE SPAHULYLL CONPUKOCHOBEHUSL CBOOOOHOU NOBEPXHOC-
MU HCUOKOCIU C MBEPObIM METIOM:
F, =01 (6.36)

3neck F, — cuia MOBEPXHOCTHOTO HATSHKECHUS JKUJIKOCTH, [ — JUTHHA TPAHHUIBI CO-
MIPUKOCHOBEHUSI CBOOOTHOM MOBEPXHOCTH KUAKOCTH C TBEPIBIM TEJIOM; G (CUrMa) —
KO3(ghuyuenm noeepxnocmnoco HaAmsICeHUsL:
e Koahpuyuenm nosepxnocmnozo HamaixiceHus — 4ucjieHHo paser cuie nogepx-
HOCMHO20 HAMSNCeHUs, NPUXOOSEUCs HA eOUHUYY OMUHbL JUHUU, OSPAHUYUGA-

romeﬁ no6epPxXHOCmMb IHCUOKOCU:
F,
o= 7” (6.37)

3navyenue kK03 urenTa HoBepXHOCTHOTO HATHKEHUS 3aBUCHT OT BU/Ia KUJIKO-
CTH M €€ TEeMIIEPaTypbl, TO €CTh C.YBEJIMUECHUEM TEeMIIEPaTyPbl KUIKOCTH K03 hu-
[IMEHT €T0 MOBEPXHOCTHOTO HATSHKEHUS YMEHBIIIAETCS U MPH KPUTHYECKOW TeMIIe-
parype paBeH HyJr0. Ennanna kos¢dunrenTa noBepxHocTHOro HatshkeHus B CU:

H
[] =1—
M
CmauupAioias ¥ HeCMaYMBaIoIIast ;KUIAKOCTh. [Ipy BHUMATEILHOM PaccMo-

TpEeHWK MOXHO YBUIUTH UCKPHUBJICHNUC MOBEPXHOCTHU KUJAKOCTH HA I'PAHUILIC MCIKIY
KHUIKOCTBIO W TBEPABIM TCIIOM.
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o Menuck — 2mo uckpusienue c60000HOU NOBEPXHOCIU HCUOKOCTU 8 Mecme ee CO-
NPUKOCHOBEHUU C NOBEPXHOCMBIO MEEPO020 mena (uau Opy2oul sxcuoxocmu). Yeon
MedHcOy NOBEePXHOCHIbIO MEHUCKA U NOBEPXHOCHIBIO MEEpO020 meld HA3bI8AeNnICA
Kpaegvim y2iom.

3HaueHne KpaeBoro yria 6 (TeTTa) 3aBUCHT OT TOTO, SIBISCTCS JIM JKHUIAKOCTH
cmavusaroueli NI HecMavusaoueli meepooe meio:
o Cmauugarouasn HeudKoCHb — 310 HCUOKOCTb, Y KOMOPOL KPAeoll Y20 OCHPUbILL.
Cuna B3aMMHOTO TIPUTSDKEHHST MEXY MOJICKYJIaMH CMadHMBaIONICH KHJKOCTH H
TBEPJOrO Tesia OOJIbIIe, YeM CHIIbI B3aUMHOTO TPHUTSHKCHUS MEXKIY MOJICKYJIaMH
caMmoll kuAKOCTH. B pesynpraTte cBOOOAHAs MOBEPXHOCTH XHUIKOCTH B COCYJE
CTaHOBUTCSl BOTHYTOH, HallpUMep, BOJla B CTEKISTHHOM COCYy/e — CMaddBaromas
JKUJKOCTB ().
3 o Hecmauusarowas xncuokocms — 5mo d#cuo-
Kocmb, y Komopotl Kpaegou yzon mynot. Cuna
B3aMMHOT0O IPUTSHKCHUS MEXK]Ty MOJICKYJIaMH He-
CMAaYMBAIOIIEH )KUIKOCTH ¥ TBEPJIOTO TeJIa MEHb-
e, YeM CUjla B3aMMHOTO TMPHUTSIKCHUS MEXIY
MOJISKYJIaMH CaMOW JKUAKOCTH. B pesyibrare
CBOOOJIHAS TIOBEPXHOCTh JKUAKOCTH B COCYyJIe
ObIBACT BBIYKJIOH, HAIIPUMED, PTYTh B CTEKJISIH-
HOM COCY/I€ — HECMauUBAarOINAs )KUIKOCTH (i).

Kanuansipuslie siBjaeHusi. B noeceaHeBHON
JKU3HH BCTPEYAIOTCS M HCIOJB3YIOTCS Teja, C
JIETKOCThIO BIIUTHIBAIOIIUE B ce0s BOJY, HAIIPH-
Mep, TOJOTEeHIIe, POMOKaTellbHasl Oymara, ca-
Xap, KUPIUY, pacTeHUss U Jip. ITO CBOMCTBO B
Tenax OOBSCHSCTCS CYIIECTBOBAHMEM B HUX
0O0JIBIIIOTO KOJMYECTBA OYCHB Y3KUX TPYOOUEK —
Kanuinsapos.
e Kanunnsap — smo yskas mpyoka (kanan) oua-
Mmempom menvute 10°m.
B A B YpoBeHb KHIKOCTH BHYTPU KANWILUIApA, OIYy-
IICHHOTO B KHIKOCTh, B 3aBUCHMOCTH OT €€
CBOMCTB (CMauMBarOMIAs WM HECMAaYHBAIOIIas),
OTJIMYAETCS OT OOIIEro YPOBHS KUIKOCTH:
Boda e KanunnapHvimu A61eHUAMU HA3bIBAIOM A8le-
G HUsA noowvesa cmadugarowel U OnycKamus He-
cuavusarouelt HeUOKOCmu no Kanuisapy omuo-
CUMENBHO 00We20 YPOBHsL ICUOKOCHU HOO Oeli-
cmeuem Cull LOBepPXHOCMHo20 Hamsiicerus ().

B Tabnume 6.4 nmaHa 3aBUCUMOCTh MEXKIY
W BEITMYMHAMH, XapaKTePU3YIOMIMMH >KUIAKOCTB,

MOTHUMAIONIYIOCS B KaITHILISPE.

(€]
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Tabnuya 6.4
XapakTepUCTHKH KHIKOCTH,

. Dopmyna
MOJAHUMAIOIIEHCS B KaMLIIpe
Bec xxuaxocTn, mogHuMaronencs P =mg=F, =0l =2nro = ndo. (6.37)
B KaIlMJLIApe I'ne r — panuyc kanmwisapa, d — quaMeTp Kanuusipa.
Macca KHIKOCTH, = Fy, _2nro _ mdo (6.38)
HOJHAMAIOLIEHCS B KAIMILIAPE g g g’ '

20 -cosf 4ocosb
h = =
pgr ped
Ecnu uJKOCTh MOJTHOCTBIO CMauMBaeMasi, TO rmojydaem 6 =

BricoTa xxuakocTu 0% = cos = cos0° = 1:
A > 20 40

MOAHUMAIONIEHCS B KaITHILIIPE h= =—. (6.40)

pgr pgd
I'ne p — MWIOTHOCTH JKHUIKOCTH, TIOAHUMAIOIIEHCS B KaITHILISIPE.
Bvicoma noovema srcudxkocmu 8 Kanwuisipe 3a8ucum om pooad
JHCUOKOCIU U OOPAMHO NPONOPYUOHANLHA PAOUYCY KANUNTADA.

(6.39)

20 20 4o
aBJICHHUE KUIKOCTH,
HOﬂHiMa}OIueﬁCﬂ B KarmuJIIst p=pgh=pg——=—="— (6.41)
pe pgr 1 d
Wccneposanne-2. MpumeHenne. Yemy paBeH K03 puuueHT £

TMOBEPXHOCTHOT0 HATSIZKEHHUS?
3agava. Yemy Oyzner paBeH KOd()(HUIIMEHT MOBEPXHOCTHOTO HATSHKEHUS
JTAaHHOM JKUJIKOCTH, €CIU JJISl OTPBHIBA OT MOBEPXHOCTHU KHUIKOCTH KOJIbLA
JMaMeTpoM 5 cM K Hemy mpmiaraercs cuia 0,016 H?

O0cyxaeHue pe3ybTaToOB:

e [1o kakoit popmyie onpenensiercss KOAQUIMEHT TOBEPXHOCTHOTO Ha-
TSDKEHHMS JKUJJKOCTU M OT Y€ro OH 3aBHUCHT?

I[IpumeHeHne B NOBCeTHEBHOM KUZHM:

Jlyis yBenMYeHUs] BpEMEHH JKCIUTyaTallid METAUTMIECKUX M3enuid (Kopiryca Kopaliel, HUCTepH,

TpyO 1 JIp.) UX MOBEPXHOCTH MOKPHIBAIOT CIIOEM MACIISTHOM KPACKH C IEJIBI0 3alIUTHI OT XMMHUYECKOM

KOPPO3UH KUAKOCTBIO.

® UT0 03HaYaeT “CIION MaCIISIHOM KpackH 3alMIaeT MeTall OT XUMUYECKOH KOPPO3HUH JKI/IKOCTHI0”?
Kaxk 3T0 MO>XXHO CBsI3aTh ¢ TOBEPXHOCTHBIMH CBOMCTBAMU KUJKOCTEH?

IIpoBecT caMoOOLCHKY:

1. Kakue noHsATHs HOBTOPUIM Ha ypoke? YTo U3 3TOT0 BBl XOPOILO HOHSIIH, @ YTO OCTAJIOCh BaM He
SICHBIM?

. Uto o3HavaeT “cBOOOAHAS MOBEPXHOCTH KHUIKOCTH 00J1a1aeT OCOOBIM CBOHCTBOM?

. UTo Takoe MOBEpXHOCTHOE HATSHKEHNE KUAKOCTH? B 4eM CoCcTONT ero (pu3HMIecKui CMBICIT?

. Kaxwue siBIeHys BOSHUKAIOT IIPH B3aNMOJICHCTBHI MOJICKYJI JKUIKOCTH ¥ TBEPJIOTO Teya?

. Kax MOHO onpenienuTs, sSBIISeTCs KUAKOCTh CMAYMBAIOILEH NIIN HeCMadlBaroIen?

. B wem cocrout pu3nueckuii cMbICT KallUISPHBIX SBICHU?

. l_[pl/IBeI[I/ITC NIPUMEPHI KAITWJIAPHBIX HBHCHHﬁ, HNpOoUCXOsIINEeX B IIPUPOAE U GLITy.

N N B W N

YTO Bbl Y3HAJIM? 3ammmmre B pabotdeM JMCTKE HIDKETIPHBEJCHHBIC OINPEACNCHMS, MOHATHA W

9

(hopMyIIBL: “‘criIa TOBEPXHOCTHOTO HATSDKEHHS ', “KOA(MUIIMEHT MOBEPXHOCTHOTO HATSHKEHUS , “MEHHUCK”,

s
99 < LEITs CLINT3

‘“‘cMauMBaroIIas HKUJAKOCTE , "HECMavMBaromas XUJAKOCTb ',  KallWUIAPBL ', ~ KallWJUIAPHBIC SIBIICHUS .
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m TBEP,EI,bIE TEJNNA U HEKOTOPbIE UX CBONCTBA

CyuiecTByeT BblpaXeHUe “Tpeckyume Mopo3bl’, BO3HUKHO-
BEHME KOTOPOro CBSI3aHO C TEM, YTO B MOPO3HYH Moroay B
necy TONCTOCTBOSIbHbIE AEPEBBSA U MHU, @ TaKXKe cTapble Ae-
pEeBSIHHbIE CTEHbl JOMOB, TPELLaT, TO eCTb CMIOBHO Tpecka-
10TCA. HaBepHO, YyYeHVKM CenbCkOM MEeCTHOCTU Takue
SABNEeHWa HabnaanyM HeOQHOKPATHO.

e [louemy Ha mopo3e (“Tpeckyumne Mopo3bi”) B
necy TOJNICTOCTBOJIbHbIE AepeBbsA U MHU, a
TaKke cTapble AgepeBsiHHble CTeHbl AJOMOB
“rpeckaroTca’?

Bbl 3HaeTe, YTO nef — TBEpOOE COCTOsSIHME BOApbI.
e [louemy nep He TOHeT B Boae?

Uccnepnoeanme-1. YeM oTiIM4aloTCsl TBep/ble Tejia APYr OT
apyra?

3amaya. MbI 5)kMBeM Ha IOBEPXHOCTH 3€MHOT'O IIIapa, SBIISIOIIETOCS

TBEPIBIM TEJIOM, )KUBEM B JOMax, TIOCTPOCHHBIX W3 TBEPIBIX TEI,

CHJIVIM Ha IapTax B KJacce, U3TOTOBJICHHBIX U3 TBEPABIX Tell. Takxke

TBEP/IBIMH TEJIAMH SIBJISTFOTCSI KapaH/Ialll, CAXapHbIi IECOK, JICJICHETI,

COJb, CTEKJIO, CMOJIa, JPAarolleHHbIC KAMHH, Kay4yK, CHE)KHUHKH,

iacTMaccoBble n3zenus. Hecmotps Ha T0, uro Hame teno Ha 70%

COCTOUT M3 BOJIBI, OHO TOXE TBEP/IOE.

O0cy:kaeHue pe3y1bTaTOB:

e [lo kak1M CBOCTBaM MOKHO pa3iinyaTh ATH Tena?

® B yem cocTouT 0011iee CBOMCTBO ISl BCEX TBEPABIX TEi?

TBepable Tea — 3TO Tena, COXPAHSIOMIUE CBOIO (JOPMY U 00BEM TIPH OTCYTCTBUH
BHEIIHETO BO3/eicTBUs. Hanpumep, Tena, M3roTOBJICHHBIC U3 METAILId, [NIaCTMACCHI,
CTeKJIa U Y00HUTA, SBIISIOTCS TBEPABIMH TeIaMU. TBepAbIe Tena Mo ¢Boeil npupoje u
(U3MYEeCKUM CBOICTBAM AENATCS HA ABE TPYIIIBI: KpUCMAIUYECKUE U _amopghible
mena. K kpucmannuueckum menam OTHOCSTCS MUHEpPAJIbl, HalpHMep, MOBapeHHas
COJIb, KBapI, TOPHBIA XpyCTalb, METAUIBl B TBEPAOM COCTOSHUM: K amopgHvim oce
menam OTHOCSITCA 300HHUT, CTEKJIO, IUIACTMACCHl, CMOJa, KaHU(OIb, SHTAph, OIAI,
obcuauan u apyrue. YeM oTIIMYatoTcst KpUCTALIMIECKHE Tena OT aMOp(HBIX?

Kpucranimdeckue tenaa. Yacmuyxu kpucmaniimyeckux mei (amomoi, MOIeKy-
Jbl URU UOHBL) 001a0aiom 8 NPOCMPAanCcge: YNOPAOOUEeHHbIM PACTONOICEHUEM,
obpazyrowum Kpucmaniudeckyio peuwtemxy. Kpucmaninuveckum menam npucywa
onpeoenieHHas memnepamypa nideneHus.

e Mecma pacnonoxcenus yacmuiy 6 KPUCIAITUYECKOU peulemKe Ha3bl6aom y3namu
KpUCmaniu4eckou peremsu.

Wneansroe KPUCTAIITMIECKOE TEJIO COCTOMT M3 MHOXKECTBA ITOBTOPSIOLIUXCS B
NPOCTPAHCTBE KPHCTAUTMIESCKUX STYeeK Ha IPOU3BONIbHOM yaanenuu. [1o atoii mpu-
YHHE B KPUCTALUIMYCCKUX TellaX HAOJII0AaeTCsl PaCONOKEHHE UX YaCTHIL B OdlbHeM
nopsoke.
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Kpucraminyeckue teiaa MOTYT OBITh MOHOKpucmaiiudeckumu (mono — “enu-
Huna ) u noauxkpucmaniuveckumu (poli — “mMHOTO ).
o MoHnoKpucmani — smo KpUCmail, GO3HUKAIOWULL 8 Pe3VIbmame pocma €20 uz 00-
HO20 YyeHmpa.

B pesynbrarte ynopsio4eHHOrO pactosioyKeHHsT YaCTHI] MOHOKPUCTAIUT HIMEET CHM-
METPUYHYIO TEOMETPUUECKYIO (OpMY, OTPaHUIECHHYO INIOCKUMU TIOBEPXHOCTAMH (a).

OCHOBHOE CBOMCTBO MOHOKPHUCTAJIIOB — UX AHUZOMPONHOCTNY:

() 9 —9
MoHokIHHas T'unc Kybuue- @9 CBuHIIOBast
CHMMETpHS cKast pyna

CHMMET- Q/’oq ad

pust
I'excaronanbnas M3ympyn Tetparo- e 9_— Nno-
CHMMETpHS HaJbHAs Kpa3

CHMMe-

Tpust }

° Q
9
TpuronansHas g Ksapn Optopowm- ?—? Tomnas
/L

CHUMMETpUsL ° Oudeckas

CHMMETpHS '

0// OO 00

TpuxnnaHas AKCHHHT (b)
CHMMETpHS

® AHU3OMPONHOCHIL — SO 3A8UCUMOCTID (DUBUYECKUX CBOLICIE BEUeCmBad (MeXaHuye-
CKUX, TENIo8bIX, NeKMPULecKUx, onmuyeckux u op.) om uanpaenenus. Hanpumep,
TEIUIOBOE PACIIUPEHIE MOHOKPUCTAJJIA B PA3HBIX HAMIPABICHUSAX PA3HOE!

BonpmMHCTBO TBEpABIX TEJ, BCTPEYAIOMIUXCS B TPHUPOJE - TIOJyHaeMbIX Ha
MIPOU3BOJICTBE, COCTOUT M3 MAJICHBKUX OECIOPSII0YHO OPHEHTHPOBAHHBIX MOHO-
KpUCTaJUIOB. Takue TBep/iple Tesla Ha3bIBAIOTCS NOAUKPUCTALLAMU:

o [lonukpucmannel 603HUKAIOM 8 pe3yibmame POCMd U COEOUHEHUs MHO20YU-
CEHHBIX MOHOKPUCAILLO08, XAOMUYHO OPUEHMUPOBAHHBIX 6 NPOCMPAHCMEE.

Bce MeTanipl, MOXKHO CKa3aTh, MOJMKPUCTAILTEL. HampuMep, eciim BHUIMATEIBHO
ITOCMOTPETH Ha CBEXKUU PA3IOM UyTyHa, TO BUIHO, 9TO OH COCTOUT M3 MHOTOYHC-
JICHHBIX KPUCTAIUTMUYECKUX 3EPEeH, HE MMEHIINX NPaBUIbHYI (OpMYy M Hampas-
JIEHHBIX B pa3Hble cTOpoHHI (B). Kaxnoe kprictammyexoe 3epHO MOIUKPUCTAIIIA B
OTAETBFHOCTH — aHW30TPOIHO, OJHAKO, BBUIAY TOTO, YTO TU 3€PHA PACIIOJIOKCHBI
OecnopsIOYHO, MOJUKPUCTAIIT B LETIOM U30MPONEH:

o U30mponnocmuio. HA3618aemcsi He3ABUCUMOCMb (DU3UUECKUX CBOUCME Om Ha-
npasaeHus. Hanpumep, TEIIoBoe paciiupeHue MOIUKpUCTalIa, MOKHO CKa3aTh, BO
BCEX HAIPABIIEHUIX OJITHAKOBO.
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Bupl KpucTaUIMYecKoii pemreTky. B 3aBHCHMOCTH OT BHIa XUMUYECKOH CBSI3U M B3aUMO/ICHCTBHS
MEXy YaCTUIIAMHU, PACIIOIOKEHHBIMU B y3J1aX KPUCTANIMYECKOH PEIETKH, CyLIECTBYIOT YEThIPe
BUJIa KPUCTAJUTMYECKUX PELIETOK. DTO MEMAanIu4eckas, amomHas, UOHHAS A MONEKYIAPHAS KPUC-
MAIUYECKas peuemKa.

MeTajanyeckasi pemieTka. B y3iax mMemaniuieckou peuemxky HAX00amcs NOA0ACUMEeNbHbLe
uonvl memaiana. Takue KPUCTAIIBI BOHUKAIOT B Pe3yJbTaTe B3aMMOJICHCTBHUS MEXIYy aTOMaMU
OJTHOTO BH/Ia METaJlIa C OYeHb MaJICHbKOH YHEpruel HOHU3ay. BHENTHNE BaJICHTHBIE JJICKTPOHEI
B aTOMaX METAJIOB OYeHb cl1abo CBsA3aHbI ¢ AApoM. [Ipu mepexone B TBEPAOE COCTOSHUE ATOMBI
PAacIoararTCcs HaCTOIBKO OIU3KO APYT K APYTY, YTO BAJICHTHBIE 3I€KTPOHBI HOKHAAIOT CBOH aTOM
Y CTAHOBATCS CBOOOHBIMH BHYTPH KPHCTAIIA.

OCBOOOK/ICHHBIE BAJICHTHBIC SJIEKTPOHBI B BUE SJIEKTPOHHOTO raza OeCIOpsIIOUHO IBIKYTCS MEXKITY
TIOJIOXKUTENIbHBIMIA MOHAMH KPHMCTAJUINYECKOH PELISTKN M, CBSA3bIBAS MX, 00pa3yloT METALTMYECKYIO
cBs13b (¢). KoHmeHTpamus CBOOOTHBIX 3JIEKTPOHOB B METAJLIE paBHA KOHIIEHTPAIIUH HOHOB.

(© d () ®
o—0 o0 0O
R @9«
00008 R
o0 O 0 O a0 N4 A PRV [
L] e RS
R

Q
{} —HMOHBI METaJIJIA 9 —HOH XJIOpa —aTOM KHCIIOpOa
© — CBOOOJIHBIC DIIEKTPOHBL + —noH HaTpus — aToM BOJOpOJa

ATOMHAasI penieTKa. B y31ax amomHoul pewiemKu Haxo0samces Heumpanshvle amomul. KoBaaeHTHast
CBA3b MEXKJy aTOMaMH BO3HUKAeT 3a CUET JJICKTPOHHOM Mapbl UX BAJCHTHBIX JJIEKTPOHOB.
KoBanienTHas cBs3b XapakTepHa s KPUCTAIUIOB SP 2JIeMEHTOB. Kak mpumep Takux KpUCTAUIOB
MO’KHO IIPUBECTH KPEMHUH, FepMaHui U Apyrue. ATOMbI 9THX 3JI€MEHTOB Ha BHEIIHEM 3JICKTPOH-
HOM YPOBHE MMEIOT YeThIPE BAIICHTHBIX 2JIEKTpOHA. KaK/blil 2JIEKTPOH Takoro aroma obpasyer
KOBAJICHTHYIO CBS3b C OJIHUM U3 3JIEKTPOHOB COCEHEr0 aTOMa, B Pe3yJIbTaTe 00pa3yIoTCs YeThIpe
KOBaJICHTHbIE CBA3U. Takum 00pa3oM, aToM, IPHCOEIUHUB K ce0e YeThIPEe HIIEKTPOHA, IIPUOOpeTaeT
YCTOHUMBYIO SIEKTPOHHYIO KOH(PUIYpPAIMIO BOCHMHUAJIEKTPOHHOTO HHEPTHOTO rasza s2p°. B ko-
BAJICHTHOH CBSI3U JIBUXKEHHE DJIEKTPOHOB UMEET HAllPABJICHHBINA XapaKTep, TO €CTh KaX bl JJIeK-
TPOH JABMKETCS] BOKPYT si/Iep YeThIpex aToMoB (d).

Honnas pemerka. B y3nax HOHHOM pelIeTKH HaXOAATCS MOJI0KUTENIbHbIE U OTPUIIATETbHBIE HOHBL.
VonHast cBsI3b BO3HMKAET M3-32 OOMEHa SIEKTPOHAMU B pe3ysbTaTe B3aUMOJCHCTBHSA ABYX PasHBIX
aTOMOB C MaJIOM U OOJBIION SHepruel noHm3anun. KyJoHOBCKas CHiIa MPUTSIKEHUST MKy HOHAMU
TIPOTHBOIIONIOXKHBIX 3HAKOB YACP)KHUBACT MX B y3JIaX KPUCTAUTHIECKOH peliieTky. Kak oOpasern Takoro
BUJIa BEIIECTBA MOKHO IPHBECTH KPUCTAJUIMYECKYIO PEIHICTKY COEIMHEHUs BOAOPOJAA C IIEIOYHBIM
metauiom, Harpumep, NaCl (e).

MounexyJsipHasi pemieTka. B y3iax MoJeKyJIspHOM KpUCTAIIMYECKOM PELIETKH HaXOISATCsA MO-
neKyisl. MonekyIibl, pacrosiarasichk B ONPeeIeHHOM MOPsAKe, CO3AAI0T APYT C JPYroM MEKMO-
JIEKYJISIPHYIO CBA3b. Haxosmmecs B ra3000pa3HOM COCTOSHUYI BOIOPO, XJIOP, YETHIPEXOKCHTHBII
YTIIEepoJ B TBEPAOM COCTOSIHHM 00Pa3ylOT MONEKYIAPHYIO PEIMIeTKy. Y KPHCTAIIOB TAaKOTO THIA
CBSI3b MEXK/y MOJIEKYJIaMH O4YEHb. cabasi, II03TOMY OHA pa3pyIlaeTcs MpH HU3KUX TeMIepaTypax,
TO €CTh BEIIECTBO IUIABHUTCS. DTO MOKHO SICHO BHACTH HA MOJenH Kpuctamia ybaa (f). M3 momenn
BHJIHO, YTO Ka)XKJIBIH aTOM KHCIOPOAA OKPYIKEH HeTHIPbMSI aTOMaMU BOJOPOJa. ATOMBI BOAOPOIa
WUIparOT CBA3BIBAIOLIYIO POJIb MEXIy aroMaMmu kuciopoja. Ilpu HarpeBaHHH JibJla €ro KpUCTai-
JIMYeCKast perrerka ObICTPO pa3pyaeTcsl.

Amopdusie Tena. AMophHBIE Tena XapaKTepH3yIOTCs OTCYTCTBHEM AATbHETO I10-

psJiKa B paCioJIOKCHUN YaCTHUIIL. Taxk kak 3ToT TOPSAAOK BBITIOJIHACTCA TOJIBKO IJIA CO-
CCAHUX YdCTHUI[, TO TOBOPAT, YTO aMOp(I)HBIC TCIa — 3TO TBCPABIC TCJId, YaCTULIbI
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KOTOPBIX 00JaJat0T OUMCHUM NOPSAOKOM PACnonodceHus. BRICOKOKOHIIGHTPHPOBAH-
HBIC KHUJIKOCTH (BS3KUE KHUJIKOCTH) MOYKHO OTHECTH K TBEP/IbIM aMOP(HBIM TeJlaM.

® Amopghnbie mena — >5mo meepovie meid, YaCMu4Ky KOMOpsiX He YHOPSIOOUeHbl 8 NPO-
cmpancmae, u (huzuyeckue ceoticmaa Hympu no 6Cem HanpagieHUAM 0OUHAKOB8bL — OHU
U30mMponHwvl. Y amopuwix men nem onpeoeneHHo memnepanypsl dgieHus, mo ecmb
10 Mepe HASPeBaHUst OHU CMASUAIOMCS U NPEBPAUAIOMCL 8 HCUOKOCTD.

BerectBa MOTYT MepexoiuTh U3 aMOP(PHOTO COCTOSHUSI B KPUCTAILTHYECKOE U 00-
parHo. Hanpumep, eciu cHadana pacIiuiaBUTh KPUCTAUI caxapa, a 3aTeM OXJIAIHTh
€ro, OH MpeBpalaeTcs B aMophHbIH neneHern (“‘crexistHay 0’ KoHpeTy). C TedeHnemM
BPEMEHH Ha TIOBEPXHOCTH JICJICHITA CHOBA HAUMHAIOT BO3HUKATH KPUCTAILIBI caxapa.

Il1aBjieHue U OTBepAeBaHHE, CYOTUMAIUS U eCyOTUMAIIUS.

o [Ipoyecc nepexoda ewjecmaa uz meeoo20 COCMOAHUSA 8 HCUOKOE HA3bIBAemcs H1a6-
JIeHUeM, a npoyecc nepexooa Uz HCUOK020 COCMOSHUSA 8 meepode — OmMeepOesanuem,
wiu Kpucmanauzayued.

[InaBneHne KPUCTAUITMUECKOTO Tella IMPOUCXOIUT TIPH OTPEICICHHON TeMITepa-
Type — memnepamype niaeieHus, HapuMep, TeMIlepaTypa IJIaBJIeHUs BOIb(ppama
3410°C, npga 0°C, pryt — 39°C.

o Temnepamypa, npu KOmopou OanHblii KpUCMALL NAAGUMCS, HA3bI8AEMC s meM-
nepamypoii njiasieHus, Uiy MmoYKol n1aeieHus;.

OMnBITEI TIOKA3BIBAIOT, YTO JUIS IUIABJICHHS TEJNa HE JOCTAaTOYHO HATrPeTh €ro Jo
TEMIIePaTyphI IUIABICHUS, a HEOOXOAMMO TPOIOIDKATh TIepeiady KOJIMYEeCTBa TEIUIOTHL.
OpHako HECMOTpSl Ha HAarpeBaHWe, TeMIIeparypa IUIABSIIErocs KpucTajlla He YBEIH-
grBaeTcs. TONBKO TOCIE TOr0, KaK KPUCTAIDT TTOJTHOCTBIO PACIUIABHUTCS, TIepeaaBacMoe
€My KOJIMYECTBO TEIUIOTHI MPUBOJUT K YBEIIMUYCHHIO TEMITCPATYPhI MOTYyYSHHOM KUJIKO-
ctu (g). Yuactok AB rpaduka raBieHns KpucTaUTIYeCKOro Tella COOTBETCTBYET Harpe-
BaHHIO TBEPOTO TeJa 0 TeMITepaTyphl miaBneHus; yaactok BC rpaduka cooTBeTCTByeT
MPOLIECCY TUIABJICHUS, B 3TO BPEMsI TEJIO HAXOJMTCS KaK B TBEPJIOM, TaK U KUIAKOM CO-
crostauy; ydacTok CD rpaduika COOTBETCTBYET MPOIIECCY HATPEBAHUS KUIKOCTH (EM: g).
CormnacHo 3aKOHY COXpaHEHHs SHEPTHH, OTBEp/ICBAHIE JaHHOW KHUAKOCTH IPOUCXOIUT
TIPH TOH ke TeMIepaType, pu KoTopoi TBepoe Teno miaButcs (h).

Tak kak s aMOpP(HBIX Tel OTCYTCTBYET OIPEICIICHHAs TeMileparypa IiaB-
JISHWsI ¥ OTBEPAECBAHNS, TO UX TPaPHUKN 3aBUCUMOCTH TEMIIEPATyPBI OT BPEMEHH JIJIS
TpoIiecca MIaBJIeHUS U OTBEPACBAHUS OTIIMUAIOTCS OT COOTBETCTBYIOMNX IPaPUKOB
KpUCTaUTHYECKuX Te (i).

o Konuuecmeo menyiomol, He00X00uMoe 05 nepexooa neia U3z meepoozo COCMOAHUSL 8
JHCUOKOE NPU MeMNEPamype Nias/eHUs,, Ha3bl6Aemcsi Mena0moil niae1eHUs.

® z 4 W) @)

Omeepoesarue

Temmneparypa
%
Temnepatypa
a
Temmneparypa

A D

Bpeﬂlﬂ B pems B, pems
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Uto0bI mepeBecTr OJMHAKOBBIE MACCHI Pa3HBIX BEIECTB, HATPETHIX 10 MX TEM-
MepaTyp IJIaBJICHUS, B KHJIKOE COCTOSIHAE, HEOOXOIUMO COOOIITUTh KaXKIOMY U3 HUX
Pa3IUYHOE KOJIUYECTBO TEIUIOTHL.

o Yoenvnan mennoma nnasnenun — >smo Qusuueckan eeiuyund, NoKA3ul8aroOwWas,
KaKoe KOIUYecmao meniomvl Heooxooumo coobwums 1 ke Kpucmaiiuieckoeo ee-
wecmea, umoovl nepesecmu €20 U3 Mmeepoo2o COCMOAHUSL 8 HCUOKOE NPU memnepa-
mype niaenenus:

Q

A== (6.42)

A — ylenbHas TEIIOTA IUIABJEHMs JaHHOTO BEINECTBA. EaWHMIA YAENbHOM
K
teroThl masnenus 8 CU: [A] = 1 Ax
KI'

Coenacno 3aKoHy coxXpamenus sHepeuut, NOAYYeHHOe MeloM KOAUeCcmeo menio-

Myl 80 8peMs NIAGNEHUS. PAGHO KOIULECMEY Meniombvl, 8bl0eI1eMOMY NpU omeep-
desanuu dTOTO Tena. MHoraa TBepable Tena, MUHYS JKUJIKOE COCTOSIHHUE, cpasy Iie-
pexoaar B ra3000pa3HOE WM HA0OOPOT, MPOUCXOAUT TPOIECC MPEBpAIlCHUS H3
ra3000pa3HOro COCTOSHHUSI CPa3y B TBEP/IOC:
o [Ipoyecc nepexoda meepooco mena, MUHys JHCUOKoe cOCosHue, 8 2a3000pasHoe
cocmosinue HA3bIBaemcs cyoaumayuen (ucnapenue meepooco meia), a 00pammwiil
npoyecc nepexooa 2az000pasHOco 6ewecmsed, MUHYsl JHCUOKOe COCMOsIHUE, 8 maeep-
doe Ha3zvleaemcs decyonumayueil.

Wccneposanme-2. MNpumenenne. Cydanmanus U Aecy0JuManms
O6opynoBanue: repMeTHIHAs KOJI0A C KPUCTa/UIAMH HOJla BHYTPH, CIIMPTOBKA.
Xoa ucciie0BaHus:
1. Harpeiite kon0y Ha ClIUPTOBKE M POHAOIFOIAITE 32 IPOU3OLICIINM SIB-

nenueM (j). M
2. 3aracuB CIUPTOBKY, jAaiiTe Koj0e OCTHITh U MPOCICIUTE 3a SIBICHUEM

MIPOU3OLICAIIMM BHYTPH HEE.
ObcyskaeHne pe3sybTaTOB: L & y
© Uto HAOIOIAIOCE TIPH HATPEBAHUK U OXJIAXICHUH KOJIOBI? N
o Kakue siBneHnst Bbl Habmrogamm?
IIpumeHeHne B MoBceAHeBHOM :ku3HM: HaBepHO, BEI HAOTIONAIM TaKUE SBICHIS, KaK YMEHBIICHIE
C TEUYCHHEM BPEeMEHH Ha BETKax JIePEBbEB 3UMOI MHEsl, BBICHIXaHHUE 3aMEPIIeH MOKPOIf O/1C)K b,
o Kakne (u3ndeckue mpomnecchl IPOUCXOIAT IPH ATUX SBICHHAX?
IIpoBecTH caMoOOLEHKY:
1. Kakne moHsTHsI HOBTOPHIIN Ha ypoKe?
UYro 13 3TOr0 BBl XOPOIIO HOHSIJIM, @ YTO OCTAJIOCh BaM HE SICHbIM?
2. CpaBHHUTE KpUCTAJUTHYECKUE U aMop(HbIe Tena 1Mo auarpamme Benna.
3. Uto o3HayaeT AaNbHUKN U ONMM3KUN TOPSAOK HacThL?
4. ITo KakuM CBOMCTBAM OTIMYAIOTCS APYT OT APYTra MOHO- U MOIUKPHUCTAIIBI?
5. YUro obmiero Mex 1y MpoIecCaMy ILIaBICHIS 1 OTBEPICBAHMS?
6. Uto Takoe yzesibHas TEII0TA IIJTaBICHIS !
7. IlpuBeure mpUMEpHI ABICHUS CYOIMMALNH U ACCYOIUMAIIIH.

YTO Bbl Y3HAJIM? 3anumure B pabodeM JINCTKE HIDKETIPUBEICHHbBIEC ONPE/ICNICHNUS, MOHITUS 1

LLITS 2 LLI3 LT3

(bopmyItbl: “Kpuctaiimueckoe Teno”, “amopdHoe Teno”, “MOHOKpHCTAILT”, “MOJUKPUCTAIT, “H30-

99 < EERNT3 CLINT3 CLINT3 ELINTS

TPOMHOCTE |, ~aHU30TPOIHOCTL ', "TUIABJICHUE , "OTBEPACBAHUEC , TEMIIEpATypa IUIABJICHUSA , yCiIb-

29 <

Has TCIJI0Ta IUIaBICHNA

CEIN13

cyOnmumanus”, “necyonumanus’.
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6.1. Bo3aymiHelii rap HaIoJIHEH BOJIOPOIOM Maccoi 4 r. OmpenenuTe YUciIo MOIEKYIT
BOJIOPOZA B IIape.

6.2. Kakoe konm4ecTBo BemecTBa umeercs B “cyxom sbje” (C0,) maccoit 220 r?

6.3. MomsipHast Macca BOZIOPOJIA U KHCIIOPO/Ia, COOTBETCTBEHHO, My, = 2+ 107 3kr/mMoub
u My, =32 1072Kr/Mo.1b. ONpejIeNIuTe Maccy MOJIEKYJI 3THX Ia30B.

6.4. OnpepenuTe MOJSIPHYIO MacCcy M Maccy OJHOI MOJIeKyIBI cynbdara mean (CuSO0,).

6.5. OmnpeennTe KOHIEGHTPALIMIO MOJIEKYJI Ta3000pa3HOTr0 KUCIOpO/ia MPH JIaBICHUN

2 - 105Pa. Cpennss KBagpaTHIHas CKOPOCTh MojieKy 700 %

6.6. Onpenenure CpeAHIO KUHETHUYECKYIO YHEPIHI0 MOCTYNATEIbHOIO JBMXKEHUS MO-
JIEKyJl KUCIIOpOJa MPH HOPMAJIBHBIX YCJIOBHUSX, €CIM KOHIEHTPALUs €ro MOJIEKYJI
2,7 -10%5m73,

6.7. I'a3, kak cucrema, B IIEPBOM CIIyyae HaXOAMUTCS B 3aKPHITOM TEILIOM30JUPOBAHHOM
cocylie, a BO BTOPOM Clly4ae B METAJUIMYECKOM COCy/e. MOXKHO JIM CYUTATh 3TH CUC-
TEMBbI 3aMKHYTHIMU U U30JIMPOBAHHBIMU?

6.8. JIBe yaiiHbIe JI0’)KKHM OJJMHAKOBOT'O pa3Mepa, U3TOTOBIICHHBIE W3 Pa3HbIX METAIIIIOB, HAXO/I-
SITCSL B XOJIOIMIILHUKE B TEIUIOBOM PaBHOBECHH. MOYKHO JIM TIPEAIONOKHTh, UYTO W3B-
JICYEHHBIC U3 XOJOAMIFHAKA B KOMHATY JIOKKH Cpa3y MPHIAYT B TEIUIOBOE paBHOBECHE?
MooxeT 1 B KOMHATe MEXK/Ty STUMU TeIaMHi BO3HUKHYTh TEIJIOBOE paBHOBECHE?

6.9. PaccMoTpuM cucTeMy BOJa-Jie/l: KyCOK JibJla IIOMEIIAETCS B BOJY C TEMIIEpaTypoi
15°C. Bo Bpemst TasiHbs JibJla OMYIEHHBIA B BOJy TepMmomerp mnokaspiBaeT 10°C.
MosxHO 1 yTBEpKAaTh, 4TO “‘TeMiepaTtypa cucreMsr 10°C”?

6.10. Temmeparypa BemectBa Ha riyoune 100 km ot nosepxnoctu 3emin 1200 K. Uemy
paBHa 3Ta TemIiieparypa o mkaie Llemscns?

6.11. Kputnueckas temnepaTypa BoasHoro mapa 647 K. IIpu xakoil Temmeparype Boja
OyJeT TOJIBKO B Ta3000pa3HOM COCTOSIHUN?

6.12. B xakoM arperaTHOM COCTOSTHUH OyzeT Kuciopos mpu Temmneparypax 150 K u 190 K?
Kputnueckas remneparypa xucinopoaa 154 K.

6.13. Kakue ywacTku JQuarpaMMbl COOTBETCTBYIOT HU30TEPMHUECKOMY  CIKATUIO M. U30-
TEPMHUYECKOMY PACIINPEHHIO HACATHLHOTO I'a3a JAHHOW MacChl?

6.14. Kakue Y4acCTKU JuarpaMmabl COOTBETCTBYIOT U30XOPHOMY OXJIAXKICHUIO U U30XOP-
HOMY Harp€BaHHUIO NJCATIBHOTO rasa ﬂaHHOﬁ Macchr?
P

6
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6.15. Kakoil y4acToK aAMarpaMMbl COOTBETCTBYET COCTOSIHUIO YMEHBIICHUS TEMIlepa-
TypBI HACATBHOTO ra3a fanHoil Mmaccs! (CD n3orepma)?
P4

B, C
A— D
0 v
6.16. B cocyne umeercs 8 T kuciopaa npu nasnennn 10°Ta u Temneparype 300 K.
Beruuciure 06beM raza: (M = 32+ 1073 %, R = M(;Ejl'l}:'K)

6.17. Ipu yBemiyYeHUH aOCOTFOTHOM TEMITEpaTyphl ra3a B 6 pa3 MpH MOCTOSHHOM JaBJICHHN
ero oobem cran pasex 18 - 1073m3. BhunciuTe nepBoHadYaibHbINA 00beM rasa.

6.18. JlaBmeHue maeadbHOTO Ta3a JAHHOW Macchl yBeMMYMIach B 2,8 pa3a, a 00beM
yMmeHbIIIICS B 4 pa3a. Kak m3MeHmIacy abCoMoTHas TeMIiepaTypa rasa?

6.19. OnpeienuTe MIOTHOCTH BO3yXa MpH Temnepatype 17°C u masiennu 3 - 10°T1a

(Myoapgna = 29+ 1073 —— R = 822,

)
MOJIb MoJb K

6.20. KoHIleHTparus BOAsSHOIO Mapa B Bo3ayXe Ipu Temnepatype 27°C passa 2 - 1023m~3,

KakoBo JiaBlieHre BOSHOIO napa npu 31oil Temneparype (k = 1,4 - 10723 %’K)?

r
6.21. ILTOTHOCTB BOASIHOTO Mapa B Bo3ayxe mpu temrneparype 15°C paBna 9,1 ~3 @ OTHO-

curenbHast BiaxHOCTh 70%. KakoBa MIIOTHOCTH HACHIMIEHHOTO BOJSHOTO Tapa
Ipu 3TOH Temnepatype?

6.22. Kakoe KoaM4ecTBO TEIJIOTHI BhIASIUTCS IpU KoHnAeHcauuu 200 r napoB cuupra
o _ 5 ok 2
IIpH MOCTOSIHHOM Temmepatype (L = 9 - 10 ;).
6.23. B xanmuisipHO# TpyOKe Kakoro pajuyca pTyTh ciycTuTes Ha 30 cM

— MH - 103K o — 1o
(0=510"",p=136-10°2, g = 105)?

M3’

6.24. Onpenenute 00bEM MOAHSBILEHCS BOIbI B KAMILLIPHOH TPYOKE paguycom 0,25 M

K

_ mH _ 3 KI _ M _
(0'— 727,,0 =10 F"g = 10C—2,TL'— 3)
6.25. BonsiHast Karuis naJjaeT u3 BEPTHKAIBHO PACIIONIOKEHHON TPYOKH HAMETPOM 2 MM.
. H
Onpenenure Maccy BOASHOM KA (G, = 73 M; ).
6.26. Macca 76 xamens MAHEPAIbHOTO Macia, KalaioIlnX M3 MUMeTKH, paBHa 910 mr.

Buytpennunii paguyc nunetku 1,2 mm. Onpepennre K03()OUIHMEHT MOBEPXHO-
CTHOTO HATSDKEHHS Macia.

6.27. Yem ompezemnsieTcst aHU30TPOIHS MOHOKpHUCTAILIA?

6.28. Kakumu BHEIIHUMU TIPU3HAKAMH MOXHO pa3anyaTb MOHOKPHUCTAILIBI?
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OCHOBDbI
TEPMOOUHAMUKW

OcBouB MaTepwuarnbl 3TON rnaBbl —
Bbl CYMEETE:

OTNMYUTb TEPMOANHAMUYECKYHO CUCTEMY OT BCEX APY-
rMx hU3NYECKMX CUCTEM MO E€ CBOMNCTBaM

KOMMEHTNPOBATb BHYTPEHHIOKD 3HEPIrnio Kak (byHKLl,I/lI-O
COCTOAHUA TepMO,D,VIHGMVI‘-IeCKOVI CUCTEMBI;
OEMOHCTPMUPOBATb 3KCNnepunmMmeHTaribHO cnocobbl name-
HEeHunA BHyTpeHHeI‘/‘I SHEpPIrmnu,;

e KOMMEHTUPOBATb HepBbIVI 3aKOH TepMOAUHaAMUKN U
00BACHUTL nony4vyaemble U3 HEro pasysibTaThl,

e 0OBbACHUTL HEeoOpPaTMMOCTb TEMMOBOro MNpoLecca,
KOMMEHTUPOBaTb (PU3NYECKMI CMbICIT BTOPOro 3aKOHa
TepMoaANHAMUKN;

e OOBACHUTL MPMHUMM PabOoThLl TEMMOBLIX ABUrATENEN 1
XOSOAWSbHBIX YCTAaHOBOK;

e KOMMEHTUPOBATL 3aCNyrM yYeHbIX B CO34aHUN U pas-

BUTUM TEMNOBON GOU3VIKIA;

onpenensitb CBA3b Mexay hrsnyeckumm BennimHamu,

XapaKTepusylunviv TepMoguHaMmyeckme nNpoLeccsl;

® COCTaBJIATb N peLlaTh 3a4a4n pa3fmiM4HOro Xxapakrtepa c
npUMEeHeHnemM TeNroBbIX SBMEHUN.



“KapTa noHatun” ansa VIl rnasbl

r 3aKkoH

Bropoii 3akon Tepmoau-
HaMUKH — onpeoensiem

OCHOBHOE TIOHSATHE

3akoH ——

{

IlepBrlii 3akoH
TEePMOANHAMUKH —
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HanpasieHHocmy (Heoo- N onpeoensiem coxpaneniie
PamuMoCcms) npupoOHbIX BHYTPEHHSA SHepaull 6 NPUPOOHLIX
npoyeccos DHEPT'UA I~ ABNEHUAX
J I
Crioco0bI U3MEHEHUS OTHOCHTCS Bripazaercs
— [Ipumensercs ~ v
Oueprus (
pr AU=Q+A
T B3aHMOJICHCTBUS - WL
CILIOBBIC MEXy MOJICKYJIAMH — 0=AU+A’
ABHTATCIH XUMHUYECKasi SHePTUs -
| IIpumensiercs
OCHOBHBIE YaCTH ——
' [TorenunanbHas sHeprus N3oTepmuueckuit
TpaBUTAllMOHHOI'O Iporecc:
B3aUMOJICHCTBUS YaCTHI] - T = const,
a Q=-A
MOTEHIMAIBHAS YHEPTUS L )
Y KoJIe0aTeIFHOTO IBIKE- T =
XOPHBIH T :
[XOHOIIHJILHLIG yCTaHOBKI/I] HUs aTOMOB 1 MOIIEKY T SOXOP &
N V = const,
e - —
DHeprus 3JIeKTPOHOB B m = const.
[COBeP g pa6OTH] JIEKTPOHHOHN 000I0UKe 3
p Q = AU == vRAT
aTOMOB U MOHOB 2
[ Tennonepenaua ]<— N
I K N N J
WHETUYeCKasi SHepIus r = M
Buzst P - V306apHslii nporecc:
TEIIJIOBOTO JABMKEHHUS
p = const,
JacTHUI] =
N Y, m = const.
S 'T S ,
5 I Q=AU+A"=
OTEHIHANbHAs SHEPTus |~
o S = W o P = AU + pAV
= = = B3aHMO/ICHCTBUSI YaCTHII
oo o = )
£ g 3 1
2 2 2 ) AnnaGaTtHblii Tiporiecc:
Q 5 ;g Dueprusi B3auMOACHCTBUS  |~g— = Q=0:
S :
£ MEXTy HyKJIOHAMU AU=A=—A"
o J i\
— — e/



TEPMO,EWIHAMI/I‘-IECKAFI CUCTEMA.
BHYTPEHHAA SHEPT UA

[ononHute npeanoXeHusl, UCNOoNb3ys AaHHble KIYeBbLIE

croBa (KMioYeBble CrioBa MOXHO MCMONIb30BaTh HECKOMLKO Kniouesble crosa:

pas; OKOHYaHUsI NPeasioKEeHW 3aBepLUNTE COOTBETCTBY- ¢ CKOpOCTb

LM cydpUKCOM ), HA OCHOBAHUU U3BECTHbIX 3HAHUI (CM.: MexaHuueckas pabota

®usuka-8, ctp. 20-26). * Temnepartypa

Cpocmom ... meria, 20 ... ... y8eruqusaemcs, makK KakK yeesiu- * nsny4eHue

yugaemcs ... ... 08LpKeHUsT MOJIeKys1 U amoMo8, U3 KOMOpbIX e aTOM U MoreKyna
cocmoum mesio. 3mMo 03HaYaem, Ymo marKe yeenuyueaecs . .. e CpeaHsAs KMHeTU4ecKas
... Moriekyn amozo mena. C MoHWXeHUeM ... mena eeo ... ... 3Heprus

ymeHbLuaemcs. [pu cogepuwieHuU ... Had mesoM unu pu ... mesna e BHYTPEHHSAS 3Heprus
€0... ... U3MEHSIemCs — y8enuqueaemcs.

¢ Y10 nogpasymeBaroT noA BbipaXkeHUEM “BHYTPEHHAA aHeprua tena”?

e Kakumu cnoco6amm MOXKHO U3MEHUTb BHYTPEHHIOIO 3HepPruto Tena?

o Kak mameHUTCA BHYTPEHHANA 3HEprusa Tena, HanpumMmep rasa, npyu A4eNCTBUM Ha Hero
BHELWHUX CWM, NoA AeNCTBMEM KOTOPbIX OH CXXUMaeTcs UIn paclumpsieTca?

Mccneposanume-1. 3a cueT 4ero H3MeHHWJIACh BHYTPEHHsISI JHEPIHsl CHCTeMbI? J

O0opyoBaHHe: TOHKOCTEHHAsi OpPOH30Basi TpyOKa, 3amasHHasi C OJTHOTO KOHIA, IPOOKa, 3QHPHBIiL

CITUPT, IIHYPOK, ITOJICTaBKa JJIs IITaTUBA.

Xoa ucciie0BaHusA:

1. Haneiite B 3aKperieHHyI0 Ha ToJICTaBke TpyOKy 3-4 cM? criupra. ITomoxaas 1-2 MUHYTBI, IIIOTHO
3aKpOUTE MPOOKOH OTKPBITHIN KOHEI TPYOKH.

2. ObepHHTE ONWH pa3 MIHYPOK BOKPYT =

TPyOKH W, B3SBIIMCH 33 €TO KOHIbI, (a) ‘

TSHUTE TO B OJIHY, TO B APYT'YIO CTOPO- - P

Hy, CO3/1aBasi CKOJIL)KCHHE IIHypa IO
MOBEpXHOCTU TPYOKH (). [Ipomomxaii- ¥
TE 3TOT IPOLECC [0 BO3SHUKHOBEHHS
“HE0OBIYHOTO” SBIEHHS B CHCTEME.

O0cy:xaeHue pe3ybTaToB:

e Kaxoe “He00bI9HOE” ABJICHNE HAOIIOIAIOCH B CHCTEME MIPH HETIPEPHIBHOM TPEHUM IIHYypa 0
HOBEPXHOCTH TPYOKH? Kak MOXKHO OOBSICHUTD IPUYHHY BOSHUKHOBEHHSI HTOTO SBICHUSA?

e KakoBa CBs3b 3TOTO SIBJICHUS C U3MEHECHUEM BHYTPEHHEH SHEPTUH CUCTEMbI?

Tepmoannamuueckasi cucrema. Paznen Gu3uiy, U3y4aromnil TEIIOBbIC SBIIC-

HUSI B MaKpOCKOIIMYECKMX CHCTeMax, HasbIBaCIcs mepmoounamuxou. B ocHoBe
TEPMOJIMHAMUKY JISKAT TEPMOJMHAMHYECKIE 3aKOHBI, OMHMpAroIyecs Ha OobIoe
KOJIMYECTBO SKCIEPHUMEHTAIBHBIX (PaKkTOB. DTH 3aKOHBI OTBEYAIOT Ha BOMPOC “Kak?”,
HarpuMmep, Kak I3MEHsIETCS COCTOsIHNE Tela (TBEpA0ro Tea, )KUAKOCTH HIIH ra3a) IpH
HarpeBaHuM (WM OXJIAXKICHNH), B KAKOM HAlPABICHUH U KaK IIePEAaeTcs TEIUIo, KaK
M3MCEHSIETCSl TeMIIepaTypa ra3a IpH ero paciupeHun u apyrue. OObeKTaMu uccie-
JIOBaHHUS TEPMOAMHAMUKI ABIISIOTCH MEpMOOUHAMUYEKUE CUCTNEMDL.
e Jlioboe makpockonuyeckoe meno uiu CUcmema MAakpOCKONUYecKux mej Ha3ol-
saemcs._mepmoounamuuecxkou cucmemoti. COCTOSHIE TEPMOIUHAMUYECKOH CHC-
TeMbl XapaKTEPHU3YeTCs MaKPOCKONWYECKUMH WM TEPMOAMHAMHUYECKHMH Tapa-
MeTpamu (Macea; IIOTHOCTh, 00bEM, JaBICHUE, TEMIIEPATYPa).
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BuyTpennsisi sHeprusi. Benn4uuHbl, ONpeeNsoniie COCTOsIHIE TEPMOTHHAMU-
YECKOW CHUCTEMbI B JIAHHBI MOMEHT BPEMEHHU, TO €CTh COOTBETCTBYIOIIUE STOMY
COCTOSTHHIO MaKpPOCKOITUYECKHE TTApaMETPhI, Ha3bIBAIOTCS (DYHKYUAMU COCTNOSHUSL.
OCHOBHOM Cpe/iv 9TUX BEITUYUH SIBISICTCS GHYMPEHHSIL DHEPSUSL.
® Buympennssn aHepzus — 3mo cymMma KUHEeMUYeckux SHepeutl pasiuiutslx GUo0s,
O0BUDICEHUSL HACMUY, CUCTNEMbL U NOMEHYUATIbHBIX IHEPSULL 83AUMOOCUCINGUSL IINUX
yacmuy (cm.: mabauya 7.1).

Tabauya 7.1.
Y BHYTPEHHSISI DHEPT'UA
Y
e N = N N )
< =
Zog = £
« | O x > = = =
g = g & ER =g = 2 E_E
- = = = I 3 = 5 6 [N
= 2% = = g2 = S 3 m 2 = 23
[SI) o~ 0 &= =i 2 9 SR zZ o5
T X On R = 2] O 0O = ) o] = o o
oE 4 o8& 5= 58 = 8§ s c 3 = I 2
= a4 = © O o = = < =
m;:[S: s T L ® O = X = o]
X I = 0N S w SDE O x = == 5= 5
o © Q = O Jor] 5 o =g S S 5L
0 & S 28 = T = S & S A = & 5 S8
5 O 5 56 9 o‘a S ¥« = & Q a o cE¢e
= R =5 = = D 2w w ST = = X EE X
S = 5} o o <
2 5 S2s || 25 || 225 ||5EE ||Es 5E:
£5 58 3 g =652 £ g g s g
w E o ) 5 E Q) = 2
= s 255 3 QS ==
: R :
N J\ VAR )\ AN N\ J

BHyTpeHHsIs1 SHEPTHST TEPMOJUHAMUYECKONW CUCTEMBI SIBIISICTCS (QYHKIIUCH TeM-
nepaTypsl 1 06bema, onpeaenstonmx cocrosaue cucremsr: U(T, V).

BuyTpeHHsist JHeprus 0JHOATOMHOI0 HIEAJIBHOTO0 ra3a. [ a3, MOeKyIbl KOmo-
P00 cocmosam u3 00HO20 AMoOMa, HA3bIEAION 0OHOAMOMHBIM 2a30M. BHYTpEHHSSA
SHEprusi OJJHOATOMHOTO Ta3a paBHA CyMM€ KMHETHYECKHX JHEepruil MocTynaTellb-
HOTO JIBM’KEHHUS YaCTHUI] M MOTEHIUAIBHBIX SJHEPTUH X B3aNMO/ICHCTBU:

U=N-E,+ E, (N — uucsi0 yacTuI rasa).

OpnHako BHYTPEHHSISI SHEPrusl WAealbHOIo Tasza JJaHHOM MacChl paBHa CyMMe

CPEeIHUX KHHETHYECKHUX dHEPTUil Xa0OTHYECKOI O JIBMKEHUS YaCTHII:
U=N-E.

CpenHsil KMHETHYECKas YHEPIHs. ONHON 4YacTHIBI OAHOATOMHOTO HAEAIBHOIO

rasa OMpeeNsercs BrIpaKeHneM By = ng, CJIeTOBATEIHbHO, BHYTPEHHSSI DHEPTUS

TAKOI'0 ra3a 3aBUCUT TOJIBKO OT TEMIIEPaTypPhI:

U—3N kT—3N kT—3 RT—BmRT 7.1
~2 B R T h 7.1
DTO0 BBIpaKEHUE SABISAETCS POPMYIOH 3aKkoHa [{ocoynsd:

® Buympennsis SHepeus u0edarbHO20 2a3d 3a8UCUm OM ee MACChl, pood (MOISPHOU
Maccel) u nemnepamypsi. [lasxce eciu OasieHue u 00veM 2a3d USMEHAMCA, npu
NOCMOAHHOIL IeMnepamype e20 HYMpeHHsis SHep2Usl He USMEeHUMCA.
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ComocraBuB popmyiy (7.1) ¢ BelpakeHreM MenneneeBa-Knanelipona, moxydnm:
3
U= EpV. (7.2)

Cnoco0bl M3MeHeHWsl BHYTpPeHHell 3Hepruu. [ M3MeHeHus BHYTpEHHEH
SHEPTrUU TEPMOJMHAMUYECKOM CHUCTEMBbl HEOOXOJMMO HM3MEHHUTHb WM CPEAHION0
KMHETUYECKYI0 DHEPIHI0 TEIUIOBOIO JABMIKEHUS MOJIEKYJ CHUCTEMBI, WIM MOTEH-
[UAITBHYIO SHEPTHIO0 WX B3aMMOICHCTBHSA, WM K€ W3MEHUTh 00€ DHEPTUu OIHO-
BpeMeHHO. V3 MHOTOUUCIICHHBIX OMBITOB OBLIO OMPEAEICHO, YTO CYIIECTBYET JIBa
crioco0a U3MEHEHUS BHYTPEHHEH SHEPTUH: menionepedaua u cogepuietue padomsi
(cm.: @usuxa-8, cmp.23).

o [3meHenue HympeHHel dHepeuy CUCmeMbl nPOUCX00um 08YyMA CHOCOOAMU:
nepedaueti konuvecmea meniomol Q u cogepuienuem pabomol A.

AU = Q + A. (7.3)

Ecnu BHYTpeHHSAA 3HEPTHS U3MEHSETCS TOJIBKO B pe3yiIbTaTe TEIIo00MeHa, TO
M3MEHEHUE BHYTPEHHEH SHEPTUU PaBHO MOIyUYECHHOMY (WM OTAAHHOMY) CHCTEMOM
KOJIMYECTBY TeIIOTHL. Hanmpumep, Mpu HarpeBaHWU U OXJIAXKACHNU Tella N3MEHEHUE
€ro BHYTPEHHEH SHEPTUU ONPEIEISIETCS TaK:

AU =Q = cm(T, — Ty) = cmAT (7.4)

N3meHeHne BHYTpEHHEH 3HEpPrUM B IPOLECcCe IUIABJICHHS TBEPAOrO Tela WU
KPUCTAJUIM3AlMHA KUAKOCTH MPOUCXOAUT 3a CYET W3MEHEHHs IOTEHLIHAIbHON
SHEPruu B3aUMOJICHCTBHS MOJIEKYN Tena. MI3MeHeHue BHYTpPEHHEW SHEpPruu Npu
9THX IMIpOIeccax YUCICHHO PaBHO TEIUIOTE IUIABICHUS (KPUCTAIUIU3ALIUH ):

AU = Q,, = Am. (7.5)
F;[e /1 — YACJIbHAas TCIJIOTA IJIaBJICHUS.

W3meHeHne BHYTpEHHEH SHEPIUU Teja B Tpolecce Mapoodpa3oBaHus U KOHICH-
Callly TaK)KE PaBHO 3aTPAYCHHOMY BO BpEMsI 3TOTO MpoLecca KOTUYECTBY TEIIOTHI:

AU = Quap = Lm. (7.6)
I'me L — ynenbHas TeIioTa mapooOpa3oBaHusl.
Usmenenue enympernuell sHepeuu 00OHOAMOMHO20 UOEdNIbHO20 2d3a Onpedens-
emcs usMeHeHuem e2o memnepamypol.
3 3m 3m
AU = UZ - Ul = E v R(TZ - Tl) = EMR(TZ N Tl) B EMRAT (77)

I'ne U1 u U2 — COOTBETCTBCHHO, 3HAYECHIA BHYTpeHHefI OHEPruu OAHOATOMHOTI'O
ra3a B HA4aJJbHOM M KOHCYHOM COCTOSHUAX.

Buumanue. Hzmenenue enympenneii snepauu mepmooOuHamuieckou cucmemol
3asucum He om 8U0A NPoyeccd, a onl 820 HAYUIbHO2O U KOHEYHO20 COCMOAHUAL.

Pa6oTa B TepMOAUHEAMHUKE. EC/iu uzmMeneHue 6HympenHell SHepeut npouUcxooum
MONLKO 8 pe3vibmanie CO8epUeHUs MEXAHUYeCKOU pabombl, Mo 5mMo U3MeHeHue
PABHO UNU PAOOme BHeWHUX CUl HAO cucmemoll (A), unu pabome cucmemvl NPOMus
sHeWHUX cun(A’):

AU =A=—A" (7.8)
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e Paboma 6 mepMOOUHAMUKE — IO OOHA U3 Mep USMEHeHUs 6HYmMpeHHel dHepeul
MepPMOOUHAMUYECKOU CUCHEMDL.

PaGora rasa. IIpeamosoxum, 4To B TOJCTOCTEHHOM
LWINHIPE HAXOIUTCA ra3, CKUMaeMblil nopuiHem. llpu
S CKATUM MOPIIEHb NEepeaeT 4acTh CBOEW KMHETUYECKON
SHEpPTUU MOJIEKYJIaM ras3a, B Pe3yJIbTaTe 4ero yBeIn4u-
— o BAETCSI BHY TPSHHSIS] SHEPTHSI Ta32 U TIOBBIIIACTCS €T TEM-
F ‘P_l mepaTypa — BHEIIHHE CHJIBI COBEPIIAIOT paboTy Haj
I razoM. [Ipu pacmupeHnn, Ha00OPOT, MOJIEKYJBI Ta3a,
rnepenaBas 4acTb CBOGM KHHETUYECKOM HHEPTruu
MOPIIHIO, YMEHBIIAIOT CBOIO CKOPOCTh M Ta3 OXJax-
JlaeTCsl — OH COBepIlaeT paboTy Haj BHEIIHMMH CHIAMH
(b).
Taxum oO6pa3oM, paboTa, COBEpIIeHHAs Ta30M HaJl BHEIII-
HUMH CHJIaMH, B PE3YJIbTaTe PACIINPEHNN ra3a JaHHOW MACChl P MMOCTOSTHHOM JaBIICHHU paBHA:

A’=F-Ah =pS- (hy — hy) = p(Shy — Shy)

(b)

J

S—

unu
A’=p(V, —V;) = pAV. (7.9)
Pabora e, coBepIeHHast BHEITHIMY CHJIAMH HaJl Ta30M PaBHA :
A=—-A'=—pV, V) =p(Vy —V;) = —pAV. (7.10)

I'ne F = pS — cuia, ¢ KOTOPO#i Ta3 AEHCTBYET Ha MOPIIeHb, Ah — CMelIeHe OPIIHS, P — AaB-
JIeHHe ra3a, S — IUIOIIa b IIONePEYHOro CeueHus nmIuHapa, AV — u3MeHeHne o0bema rasa.

CoBepirannasi padoTa YMCICHHO paBHA IUIOmaau (Gurypsl, oOpa3oBaHHAs TPaUKOM B CHCTEME
KoopmuHat p — V: npu pacwupenuu 2aza (m.e. npu yeéenuuenuu oovema eaza) A’> 0 unu A < 0;
npu colcamuu dce 2aza (m.e. npu ymenvuenuu oovema 2aza) A’< 0 unau A > 0 (c¢).

Ecnn B mporecce coBepieHHs: pabOThl Ta3 uyepe3 HEKOTOpPOe BpeMsi BO3BPAIIACTCS B IEP-
BOHAYaJILHOE COCTOSIHHE, TO TAKOH IIPOLIECC HA3BIBACTCS 3AMKHYMbIM WITH YUKIUYECKUM NPOYECCOM.

Ecnu cmpenku, nokaseisaiowue Hanpasnenue YuKIu4ecko2o npoyecca, CO8Naoaiom ¢ HanpasieHuem
8paujenus 4acoevlx CMpeiok, mo paboma 2aza noiodHCUMenvHad, a paboma GHewHux Cil ompuna-
menvua (d). Ecnu oice cmpenku, onpedenaiowjue nanpagienue npoyeccd, HAnNpagienbl npomue
8palyenUs Haco8vlx CMPenok, mo paboma 2aza OMpuyamenbHa, a padoma GHewHUX CUil NOA0AHCU-
menvHa.

(0 P} (d) @i
A
1 2
Pit---1 ! B
| | |
| { :
| | ‘
I
: : [ c
| | 1 1
: | ! :
0 Vv, VvV, V 0 v, vV, V
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Wccneposanue-1. MNpumeHeHne. B kakoM npounecce BHyTPEHHsIsl JHEPrHsi MEHsIeTCsl TOpa3io
0onbe?

3amava: B tepmoguHamMmudeckoi cucteme ObLIM COBEPIIECHHI MPO- P 2 N (©
LIeCChl, IPeCTaBICHHbIC HA auarpamme p — V (e). CpaBHHTE H3Me-

HEHHe BHYTPEHHEH SHEepruu M paboThl, COBEPIIAEMBIX CHCTEMOH B
npoleccax nepexoza u3 Touku M B Touxy N. 5

OO0cy:xkaeHue pe3y/1bTaToOB:

e OT 4yero 3aBUCUT U3MEHEHHE BHyTpeHHeﬁ OHEPIrur TEPMOaAMHA- M
MHYECKOI cucTeMbl?

e B KkakoM ©3 MpoLECCOB BHYTPEHHSAS DSHEPrusi CUCTEMBI
n3Mensiercs ropasao oonpe? [louemy?

o B kakom 13 mporieccoB paboTa, coBepiiaemas CUCTeMOi, ropasno 6ombiie? [Togemy?

IIpuMeHeHHE B NOBCEAHEBHOM KU3HU:

IIupuna knaccHoit koMHaThl 5 M, uinHa — 10 M, a BeicoTa — 4 M. TemnepaTypa Bo3yxa B KOMHATe

IIpU HOpMaJIbHOM atMocdepHom nasienun 20°C.

e Uemy OyJer paBHa BHYTPEHHISI SHEPTHS BO3yXa B KOMHATE, €CJIM OH COCTOUT TOJIBKO U3 OJIHO-
aTOMHOTI'0 UJealbHOro raza?

e Ha kakoil BbICOTEe NOTEHIMAJIbHAS SHEPrHsi aBTOMOOWIISI Maccoi 2 TOHHBI OyJeT paBHa BHYT-
PEHHEN SHEPruy Bo3lyXa B KJIacCHOH koMHare (g = 10 m/c?)?

ITpoBecTH caMoOOLEHKY:

1. Kakue moHATHA NOBTOPHIH Ha ypoke? UTO U3 3TOT0 BBl XOPOIIO MOHSIIH, @ YTO OCTAJIOCh BaM
HE SICHBIM?

2. Kakue MakponapaMeTpsl ONpe/es0T BHY TPEHHIOK SHEPTHIO Tesa?

. OT KaKMX MaKpoOIapaMeTpOB 3aBHCUT BHYTPEHHsIS SHEPIHsl OHOATOMHOT'O HJI€aIbHOTO ra3a’?

4. Yemy paBHO M3MEHEHHE BHYTPEHHEH SHEPIrHU TEPMOANHAMHYECKON CHCTEMBI, €CIIH B HEH 1po-
HCXOJUT TOJIBKO TEINI000MeH?

S. INouemy coBepiiaemas MexaHH4YecKas paboTa MOXKET W3MEHHTh BHYTPEHHIOIO SHEPrHIO CHC-
TeMb1?

6. Kakue MakpornapamMeTpbl TepPMOIMHAMHYECKOH CHCTEMbl H3MEHSIOTCS B IIPOLIECCE COBEPIICHHS
paboTer?

7. Tlouemy paboTa, COBEpIICHHAs ra30M, U paboTa, coBepliacMas BHELUIHUMU. CHJIaMH Hajl ra3oM,
OTJIMYAIOTCS IPYT OT Apyra 3HAKOM?

w

YTO Bbl Y3HAJIM? 3anummre B paboyeM JHCTKE ONPEENCHUs HIDKEIPUBEICHHBIX TMOHATUH U

MIOJIOKEHUI: “TepMOAMHAMHKA”, “TepMOAMHAMHYCCKAsl CHCTeMa”, “BHYTPEHHSIS SHEPI U, “BHYTPCH-
RIS EEINTY

HsIsl SHEPIUsl HICAIbHOTO Ta3a JIJAHHON Macchl”, “CrIoco0bl M3MEHEHIs BHY TPEHHEeH sHeprun”, “padoTa
B TEPMOJAMHAMUKE”.
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nEPBbII7I 3AKOH TEPMOAUHAMUKA

(a) Maruut

HeBo3amoxHO npeacTtaBuTb cebe MOBCEOHEBHYH XM3Hb 6e3
pasHoLeneBow TEXHUKKM, obreryatoLen Hally XusHb. Mpu no-
MOLLM 3TOM TEeXHWUKX TIOAM BChaxvmBalT 3eMIlo, 400blBaloT
HedTb, ras, pyay v gpyrme nonesHble Mckonaemble, “Cokpa-
waT” 6onblune paccTosHus 1 T.4. [MaBHOe CBOWCTBO BCeW
TEXHWKN — CNOCOBHOCTL COBEPLLEHMS MU PaboThl.

[Mo aTOM NpuyKnHe elle ¢ APEBHUX BPEMEH N0an
nbiTanncb co3daTtb CNocobHbIN paboTaTb BEYHO
perpetuum mobile, TO eCTb BeYHbI OBUraTenb.
Kak ogHy 13 nHTepecHblx paboT B 3TOM Hanpas-
NEHMM MOXXHO MoKasaTb OPUrMHanbHbIA MPOEKT,
NPeanOXEHHbIN aHIMIMACKUM CBALLEHHUKOM KO-
HOM YunkeHcuHoM B XVII Beke, OCHOBaAHHbIN Ha
[EeNCTBUM MarHMTHOro nons.

Mo noee npoekTta, BeYHbIM ABUraTernb OOMMKeH paboTaTb Tak: WapooOpasHbiii MarH1T no-
MeELLIEH Ha BbICOKYIO OMOPY, K KOTOPOW MPUKPENIAOTCS ABE HAKITOHHbIE MIIOCKOCTU, BEPXHASA
NSIOCKOCTb NPSIMOSIMHENHAS, @ HWXKHSS U30orHyTas (a).

B pesynbTate nNpuUTSXXEHWS MarHUTOM LUApWK, MOMELLEHHbIA B HWXHEN 4acTu MPSMON
MIIOCKOCTU, HAaYMHAET NOAHUMATBLCA BBEPX W MPOBANMBAETCA Ha HUXKHIOK MNTOCKOCTb Yepes
oTBepcTue 1 B BEpXHEN YacTu NNOCKOCTU. 3aTeM, cKaTbIBasiCb BHU3 MO M30TrHYTOM NNOCKOCTH,
CHOBa MonazaeT Ha NpsiMy MITOCKOCTb Yepes3 OTBEPCTUE 2, 1 BCE NOBTOPSETCHA CHOBA. €

e ByneT nu BeyHo paboTaTh 3TOT “ABUratenn”’? MNouemy?
o Kakor cpyHaameHTanbHbIA 3aKOH JOJKEH BbINOJNHATLCS
ansi paboTtbl AgBuUraTensa?

Uccneposanmne-1. Moxer Jid HelpepbHIBHO COBEPIIATHCS
padota, 0e3 0 Iy4eHHs] JHEPIUH CO CTOPOHbI? (b)
Mpicaennblii  dxkcnepuMenTt. Dpaniry3ckuil  n3obperaTens
Jennn Ilanen (1647—-1712) npennoxun NpoeKT MPOCTOH TUI-
paBIMYECKOM MAIIUHBI, CIOCOOHOH paboTtate BewHo. Ilo
MPOCKTY K HIDKHEH YacTH LIMPOKOrO COCyla HPHIIAUBACTCS
H30THYTas TpyOKa Takoi GOpMBI, YTO OTKPBITHIN KOHEIl TPy OKH
MaJIOTO THaMeTpa MOMEIIAeTCs HaJl BEPXHEH 9acThI0 IIMPOKOT0
cocyna (b).

ITo mpenmnosoxeHuo nu3o0peTaTens, Tak Kak BeC BOJIbI B IIH-
POKoOI1 yacTu cocyna Gosibllie, 4eM BeC BOJbI B Y3KOH 4acTH, TO
BO3ZHMKAIOIIAs PA3HOCTb JAaBJICHUH CO3/1aCT BEYHOE JIBHIKEHHUC
BOJIBI K Y3KOMY KOHITy TpyOKu. DTOT perpetuum mobile [Tamena
He 3apaboTai.

O0cy:xkaeHue pe3y/1bTaToOB:
e B uem ommbka 1/1306peTaTen${? Kaxkoii 3axoH He OB TIPUHAT BO BHUMAHHE B 3TOM Z[BI/Il"aTeJ'Ie?
o Kak MOXHO 00€CIIeUnTh HEMPEPHIBHYIO MEXaHUIECKYIO paboTy?

[epsriii 3akon TepMoauaAMUKH. COTIIaCHO OJHOMY U3 (YHIAMEHTAIBHBIX
3aKOHOB MPUPOJILI — 3aKOHY COXPAHCHIS DHEPTHH, ITOJTHASI SHEPTHsI (MEXaHUICCKas
Y BHYTPEHsISI 9HEPTHsl) 3aMKHYTOW CHCTEMBI OCTAaeTCsl TIOCTOSHHOM MpH BCeX IMpo-
1eccax, NPOUCXOASIINX BHYTPU STON CUCTEMBI:

E 4+ U = const.
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3aKOH COXpaHEHMS SHEPTUH, IPUMEHSIEMBIH K TEIIOBBIM IIPOIleccaM, Ha3bIBalOT
nepeuiM 3aKOHOM MEePMOOUHAMUKU
o JI3menenue 6HympeHHel SHepeul mepmoOUHaAMU4ecKoll CUCMEMbl PAGHO KO-
yecmey menyiomvl, NepeoaHHoMy Mol cucmeme, U pabome GHEUWHUX CUTL, COGep-
ULEHHOU HAO CUCEMOU:

AU=Q+A (7.11)
Hay 3aMKkHYTOM 1 M30JIMPOBAHHOMN CUCTEMON BHEIIHUE CUJIBI HE COBEPIIAIOT PaboTy
(A = 0) u He MPOUCXOAUT TeII00OMeHa ¢ oKpyx aromumu Teiaamu (Q = 0). B atom
Cllydae, COIVIaCHO II€PBOMY 3aKOHY TEPMOAMHAMMKH, BHYTPEHHSSI SHEPIHs
3aMKHYTOW U U30JIMPOBAHHOM CUCTEMBI HE U3MEHSETCS:
AU=U,—-U; =0 - U,=U,

Tak kak pa0oTta, coBepiIacMas CHCTEMOW Haj BHEIIHMMH CHJIaMH, paBHa paloTe,
COBEPIIIAEMO BHEIITHUMHY CHUJIAMH HAJl CHCTEMOM C IIPOTUBOIIONIOKHBIM 3HAKOM: A =—A,
TO TIEPBBIM 3aKOH TEPMOANHAMUKI MOXHO 3aIIMCaTh TaK:

e Konuuecmeo menniomvl, cooOUjeHHOE MepMOOUHAMUYECKOU cucmeme, 3ampa-
YuBAeMcs HA USMEHEeHUe ee 6HYMPEeHHell SHepeull u pabomy, KOmopyio cucmema
cosepuiaenm NPomue GHEUHUX CU:

Q=AU+ A" (7.12)

[locie OTKpBITHS 3aKOHA COXPAHEHHsI YHEPIUU CTaja OYCBHIHONW HEBO3MOXK-
HOCTB CO3/IaHUsI BEUHOTO O8ueameins nepeo2o pood.
® Beunpiti dgueamens nepeoeo pooa (perpetuum mobile 1) — smo dsueamens, Komopowiii
0y0yuL 00HANCOBL NPUBEOEH 6 OeliCmBUe U He NOTYYAsL SHEP2UIO U3BHE, cosepuiden pabomy
6EUHO.

CornacHo Beipaxkenuto (7.11), s coBepiieHus: paboTbl cUCTeMa WM JO0JDKHA
MOJyYaTh SHEPTHIO U3BHE, WM MCIIOB30BATh CBOIO BHYTPEHHIOI SHEPTHUIO:

A’=Q—-AU (7.13)
B npotuBHOM ciydae, To ectb ecniu Q = 0 u AU = 0, To u padora A’= 0, a 310
03HaYaeT, YTO paboTaOLUINK BEUHBIH IBUTaTe]Ib HEBO3MOXKCH.

IIpuMeHeHUe MepPBOro 3aK0HA TEPMOJAMHAMHKH K Pa3HBIM IPOIECCAM.

1. H30mepmuueckuit npoyecc (m = const, T = const).

Tax kak B 9TOM TpoIecce TeMIepaTypa CHCTEMBI OCTAETCs TIOCTOAHHOM, TO U €€
BHYTPCHHSISI DHEPTHUS OCTACTCSI TIOCTOSTHHOW, M3MEHEHHUE K¢ BHYTPEHHEH dHEPTUU
pPaBHO HYJIIO:

U=const — AU =0.
W3 Beipaxkenuii mepBoro 3akoHa tepmoauaaMuiu (7.11) u (7.12) momydaem:
Q=A" (7.14)
Q=-4 (7.15)
o [lpu uzomepmuueckom npoyecce 6C€ KOAUUECNBO MENiomvl, nepedanHoe
cucmeme, 3aMpavUBaemcs Ha cosepuienue pabomst.

2. H3oxopustii npoyecc (m = const, V = const).

Tak kak B 3ToM Iporiecce 00beM CHCTEMBI OCTACTCS IIOCTOSTHHBIM, TO U3 BhIpaKe-
Hus (7.10) cnemyer, uro pabora He coBepmaetcs (A = 0, A”= 0). [lepBslii 3akoH
TePMOIMHAMUKH TTPHOOpPETAET BUJI:

Q=AU (7.16)
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I[J'ISI OJJHOATOMHOI'O MACAJIBHOT'O Ira3a:

—AU—BmRAT 7.17
Q=4U =S RAT  (7.17)

o Hpu U30XOPHOM npoyecce Koauvecmeo menjiomal, nepedaﬂnoe cucmeme, yeiuKkom
sampavdueaenicia Ha UsMeHeHue 6Hymp€HH€ﬁ OHepcuu.

YaenbHasi TEIIOEMKOCTh OJHOATOMHOTO HAEAJbHOIO ra3a, NMpH IOCTOSTHHOM o0beme. Eciu
B BbIpaxkeHnH (7.17) ydecTb BbIpaKEHHS BHYTPEHHEW SHEPIMH OJHOATOMHOTO HIEaJbHOTO ras3a
(7.7) n xonmvectBa TemwnoThl (7.4), To momyuuM GOpMyIy U YIACTbHON TEINIOEMKOCTH IPU

IIOCTOSIHHOM OOBEME:
3R

Cy = EM (7.18)

3. H3ob6apuwtit npouecc (m = const, p = const).
B sTOoM mporiecce aBieHne CHCTEMBI OCTAETCs TOCTOSHHBIM, a TeMIIepaTypa 1 00beM
M3MEHSIOTCS. [|71s1 5TOro mporiecca mepBblii 3aKOH TEPMOTMTHAMUKHY 3aMMCHIBACTCS, TaK:
Q =AU+ A’= AU + pAV.(7.19)
o [Ipu uzobaprom npoyecce (pacuwiuperuu) nepedanHoe cucmeme KoIuyecmeo men-
JIOMbl 3aMpavuU8aenics Ha ygeauyeHue e2o HympeHHell dHepeull U Ha cosepuienue
2azom pabomsl NPOMUBE GHEUWHUX CUIL.

YaelbHasi TEMI0eMKOCTH OJXHOATOMHOIO HA€AJbHOr0 ra3a NpH TMOCTOSSHHOM JaBJICHUU:
[Ipunss B (7.19) Bo BHUMaHUE BBIPaXKEHUS JUIS OJHOATOMHOTO UJI€aJIbHOTO rasa:

m
A’=pAV = —RAT,

M
B (7.20)
AU = EMRAT
TIOJTYIIM:
_>am RAT 7.21
Q =57 RAT. (7.21)

C YYE€TOM 3TUX BI;Ipa)KeHI/Iﬁ MOXHO OIPEACINUTDH YACIbHYIO TCINIOEMKOCTE OAHOATOMHOI'O MACAJIb-

HOTI'O rasa 1npu nnocTosIHHOM JaBJICHUU KaK:
5R R

Cp = EM =cy+ M (722)

W3 cpaBuenns Beipakenni (7.20) u (7.21) BuAHO, 9TO IPH H300apHOM MPOIIECCe Ui OJJHOATOMHOTO
HICAIBHOTO Ta3a CYNIECTBYIOT CIEAYIONIHe COOTHOMICHHS MEK/LY TIePeaHHbIM KOJINIECTBOM Tell-
JIOTBI, U3MEHEHHEM BHYTPEHHEW SHEPTHH M COBEPLLICHHOM PabOoTOl:

AU = 0,6 Q, (7.23)
AU =154/, (7.24)
= 0,40. (7.25)

4. Aouabammnuwiit npoyece (m = const, Q = 0).
® Aouabammuulii npouecc — Mo npoyecc, npoucxoosuuli be3 meniooomena cuc-
membl ¢ OKpYHCcaioueti cpedoll.
Tak KaK B 9TOM IIpoIlecce OTCYTCTBYET TETNIOOOMEH CHCTEMBI CO CTOPOHHUMHU
TeJIaMHu, TO MEPBEI 3aKOH TEPMOJIUHAMUKY MOYKHO 3aIliCcaTh TaK:
AU = —-A"
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WU
AU =A (7.26)
[lpn agmabaTHOM pacIIMPEeHHMH Ta3a €ro TeMIeparypa U BHYTPEHHSSI SHEPTHsI
YMEHBIIAIOTCS, TO €CTh a3 OXJIaXKAaeTcs, a IPH a1uabaTHOM )K€ CKaThuH, Ha000poT,
€ro TeMIlepaTypa ¥ BHyTPEHHsISI SHEPTHsl YBEININBAIOTCS, TO €CTh T'a3 HarpeBaeTCsl.

WNccneposanme-2. NpumeHenune. Ha ckoJbKo H3MeHHIAaCh BHYTPEHHSISI JHepTrHsi?

3agaya: OQHOATOMHBIM WIEaNbHBIN a3 MpH AaBlIEHUH 2 - 10°Ma, n300apHO pacHIupssICh, yBe-

nmann o6beM Ha AV = 0,5 M3. Onpenenure u3MeHeHHe BHYTPEHHEH SHEPTHE U HOTYYeHHOE KO-

JIMYECTBO TEIUIOTHI IIPH 3TOM IIPOIecce.

O0cy:xaeHue pe3ybTaToB:

e UeMy paBHO M3MEHEHHE BHYTPEHHEH SHEPrUM OJJHOATOMHOTO HAEATBHOTO ra3a MpPH ero U30-
6apHOM paciupeHun?

e Kak onpesensieTcss KOJIMYECTBO TEIIOTH, TOJTyYCHHOE HACAIBHBIM ra30M B 3TOM Hporecce?

IIpumeHeHHEe B NOBCEIHEBHOM KU3HU:

HaBepﬂoe, BaM IPUXOANUTIOCH HaGJ’[}O}IaTI: 3a MPOJIMBHBIM JOXKAEM W BBINNAJICHUEM I'pajia B JICTHEES
BpeMs. Kak 3to npoucxoaut?

HarpeTblii y OBEpXHOCTH 3eMJIM BO3/LyX, HOJHUMASCh ¢ OOJIBIION CKOPOCTBIO B BEPXHHUE CJIOU aT-
Mocdepsl, pacIIpseTCs U B pe3yJibTaTe Pe3Ko oXJiakaeTcs. BoisgHol map B HUX, KOHJICHCUPYSChH
B MaJICHbKHE KallelIbKHM BOJBI M OTBEPACBAsk B KPUCTAUIMKH JIbJA, 00pa3yeT «TsbKelbiey obaka,
KOTOpBIE 3aTeM MPOJIMBAIOTCS B BUJIC IIPOJIMBHBIX JI0XK/ICH WM BBIIIAACHUS TPpaJia HaJl HEKOTOPBIMU
obnacTsiMu 3eMin.

e B pesynbTate Kakoro mporecca Hajl BO3MyX0M (Ta30M) MPOUCXOUT OMUCAHHOE aTMOC(hEpHOE sBIIe-
Hue?

IIpoBecTn caMOOLeHKY:

1. Kakue moHATHS NOBTOPHIH Ha ypoke? YTO U3 3TOTO BBl XOPOIIO MOHSIIH, @ YTO OCTAJIOCh BaM

HE SICHBIM?

2. BeipaxeHunem Kakoro (pyHIaMEHTaTbHOTO MPHUPOJHOTO 3aKOHA SIBIISIETCS MEPBBIH 3aKOH TEPMO-

IMHAMUKA?

. Kaxoit BaskHBIH BBIBOZ MOJKHO CAENATh M3 MEPBOTO 3aKOHA TEPMOANHAMHKH?

4. ToyeMy npy M30XOPHOM MPOIIEcCe KOIMYECTBO TEIUIOTHI, IepeTaHHOE Ta3y, ITOJHOCTBIO 3aTpa-
YHMBAETCSI HA U3MEHEHNE ero BHYTPCHHEH SHeprun?

5. INovyemMy npu M30TEPMHUYECKOM IPOLECCE KOJIUYECTBO TEIUIOTHI, MEPEeJaHHOe raszy, PaBHO CO-
BEpLICHHOH paboTre?

6. 3a cuer yero B mporecce aanabaTHOTO PACHIMPEHUs ra3a COBEpIIaeTCs MeXaHn4decKas padora?

7. 3a cyer yero npu aguabaTHOM CXKATHU COBEPIIACTCS MEXaHUYecKas padora?

|98}

YTO Bbl Y3HAJIU? 3anummTe B padoueM JHCTKE ONPEICIICHUS HIKEIPUBEJACHHBIX MOHITUH M
MOJIOKEHUM: “HepBbIl 3aKOH TEPMOAMHAMMKM, “HEPBBIM 3aKOH TEPMOJUHAMHUKHU Ul H30TEp-

MHYECKOro nporecca’”, “nepBblif 3aKOH TePMOJAMHAMUKH UL M300apHOTO Ipolecca”, “IepBblil 3aK0H
s » o«

TEPMOJUHAMUKH JIUIsl K30XOPHOTO dipolietca’; “‘amquadaTHbiv mpouecc”, “BeYHbIN ABUraTelb MEPBOro
2
pona”.
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Bropoit 3akoH TEPMOAMHAMMKMY.
NPMHLMN PAEOThI TEMNOBbIX ABUIATENE

WNHoraa MoXHO BCTPETUTL Takue
MeXaHN4eCcK1e SIBNEHNS!, B KOTOPbIX
npoLiecc NpoTekaeT OANHAKOBO Kak B
NpsIMOM, TaK 1 B 06paTHOM Hampas-
nieHun. Hanpumep, CHSIB Ha BUOEO
noBTopstoLLMeCcs KonebaTenbHble
OBMWXeHNA matemMaTu4eckoro nnum npy-
XNHHOIo MadaTHUKa, npoucxogdiline 3a
HebOombLLOV NPOMEXYTOK BPEMEHW, U
NPOAEMOHCTPUPOBAB SIBMEHWE B 06-
paTHOM HanpaBreHUn, MOXHO YBUAETD,
41O KOnMebaHus, Npoucxoasiume B
06paTHOM HanpaBneHUN, B TOYHOCTU
NOBTOPSIOT konebaHus, nponcxoasime
B MPsAMOM HarnpasfeHuu.

OpHako BCe eCTeCTBEHHble SABMEHUS,
npovcxogswme B MNpupode, MOXHO
ckasaTb, OOHOHAaMpaBrieHHbIe; Hamnpu-
Mep, POCT pacTeHui, NnageHue macchbl
BOAbl B BOAOMNAAeE, CTapeHne YernoBeka
n gpyrue. Takke UMeeTcst onpeneneH-
Has HanpaBrEHHOCTb SIBMEHUIA B MOB-
CEeOHEBHON >KW3HW, B KOTOPbIX Mbl
yyacTByeEM; Hanpumep, MsY nocre
yoapa ¢yTtbonucrta cHadana yckopsi-
eTcs, a 3aTeM, 3aMeanasacb, ocTaHaB-
NnnBaeTCcd; unu nanarou.w?l C BbICOThbI
KamMeHb, yJapuBLUUCL O 3emIllo, ocTa-
HaBMMBaeTCs, Kkunswas Boda B Yaii-
HVKe, ocTaBneHHOM 6e3 BHVMMaHUsi Ha
KyXHe, MOMHOCTbI0 MNpeBpallaeTcs B

nap v ap.

¢ Kak MOXXHO Ha3BaTb TakMe o4AMHAKOBO
npoTeKkarome siBrneHna? B kakown cte-
NneHu BaXKHO HanpaBrieHue npouecca
OnA 3TUX ABNeHun?

BbINonHsieTcs nNu 3aKOH COXpaHEeHUs
3Hepruu ans 3Tux siBneHun? OTBeT
060CHOBaThb.

B03MOXHO N caMonpoun3BosibHOe
TeyeHue BceX 3TUX NpoLeccoB B 06-
paTHOM HanpaBneHun? Hanpumep,
MOTYT JIu CaMONPOU3BOJILHO NPOTeKaTb
npouecchl: NOAHATUE AO0XAEBbIX Ka-
nenb c NOBEPXHOCTU 3eMNM HaBepX B
He60, NoAbLEeM KaMHsl C 3eMIv Ha BbiCO-
Ty, YCKOpPeHUe Msiua U3 COCTOSAHUA
NOKOA B HanpaBneHuu dyTéonucra,
“TeyeHue” Bogonaga CHU3y BBeEpX,
OMOJIOXeHWe CTaporo YernoBeKka u
apyrue?

Kak MOXHO Ha3BaTb NPOLECChl, NPOTeKa-
loLMe TONbLKO B OAHOM HarnpagsrieHumn?

BbinonHseTca nu Ana HUXx nepBle 3aKOH
TepMoAanHaMUKN?

JIM4ecKas J0XKKa, TEPMOMETP.
Xoa uccyie0BaHusI:

WNccnepoeanme-1. K kakoMy BBIBOAY MOKHO NPHIATH U3 HA0/1101aeMbIX IBJIEHUIT?
ObopynoBanue: BOJJOHArPEBATENb; 1a00PAaTOPHbIM CTakaH (2 IIT.), KPUCTAIUTBI KPACKH, METal-

OmnpiT 1. HanonuuTte crakan Terwioil Booi. bpocuB kpucTaibl Kpacku B BOZY, MPOCIEANUTE 32
X0J0M U PY31H, TO €CTh 32 OKPAIIUBAHUEM BOJIBI IO BCeMy 00beMy (a).

OmnpIT 2. Hanu BO BTOPOIi CTakaH TEIUION BO/IbI, U3MEPbTE TEPMOMETPOM ee TeMIiepatypy. Yepes
MHHYTY MOMECTHTE METAJUIMYCCKYIO JIOXKKY, HMEIOIIYI0 KOMHATHYIO TEMIICpATypy, B
Boxy (). IlporabmromaiiTe TOCTIKEHHE TETNIOBOTO PAaBHOBECHS, BO3HHUKIIIEE B CHCTEME.
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(b)

O0cy:xaeHue pe3y/1bTaToOB:

© Bo3MosKeH JIn caMOITPpOHU3BOJIBHBII MPO-
LECC pa3/ieNeHHs TTOTydeHHON B Pe3yib-
tate nuddys3un cmecu (OKpalieHHas
BOJIa) 3aHOBO Ha YHCTYIO BOLY U KPHC-
Tayutel kpacku? Iouemy?

e OT KaKoro Tena K KakoMy CaMOTIPOH3-
BOJIBHO TI€PEAACTCs TEIUIO MPH MOMEIIe-
HHUHJ TEPMOMETpa U JIOXKKHU B TEILTYIO BO-
Jty? MOKeT 1 3TOT TPOIIECC cam Mo cebe
HJTH BCIIATH?

© MOXHO JIN OIIPEIENUTS 10 IEPBOMY 3a-
KOHY TepPMOIMHAMUKH HaIlpaBJICHUE
nporecca temionepenayn? Otser 060C-
HOBATh.

Bropoii 3akoH TepmoanHaMuKu. [IepBblil 3aKOH TEPMOAMHAMUKN — 3TO 3aKOH
COXpaHEHUS YHEPTUH JJIs1 TETUIOBBIX MPOIIECCOB. DTOT 3aKOH MOATBEPKIACT HEBO3-
MOHOCTB CO3/[aHUsI BEYHOTO JIBUTATEIIS ePBOro poja. OJIHaKO 3TOT 3aKOH HE OIl-
penenser, B KakoM HallpaBICHUH MIPOTEKAIOT TEIIOBBIE poiiecchl. Hampumep, mpu-
BEJIEM B COMPHUKOCHOBEHHE APYT C APYTOM JIBa TeJia C pa3HBIMH TEMIIEpaTypaMHu.
Uepe3 HEKOTOPBIH MPOMEKYTOK BPEMEHH MEHKy HUMHU YCTAaHOBUTCS TEILJIOBOC
paBHOBECHE, TO €CTh BBHITIOIHICTCS HEPBhIA 3aKOH TEPMOJAMHAMUKA — KAKOE KOJIH-
YECTBO TETUTOTHI OTAACT OoJiee TOpsYEe TEN0, TAKOe JKE KOTMIECTBO TETUIOTHI TTOTY-
guT Oosee xomomHee Temo. Ecii 651 ATOT mpoliece mpou3oIies Hao00poT, TO €CTh
XOJIOJTHOE TEJIO CaMOIPOM3BOJIBHO (0€3 BHEIIHETO BMEIIATEIhCTBA) MEPeaaio Obl
KOJIMYECTBO TECILIOTHI TOPSYEMY TeJy, TO TIEPBhIA 3aKOH TEPMOJINHAMHKH TaKKe Obl
BBITIOTHsIICS. ~OHAKO HU OJWUH W3 JKCIEPHUMEHTOB, IPOBOJMUMBIX YYEHBIMH B
TEUCHHUE BEKOB, HE YCTAHOBWIJI MPOTEKAHHE 3TOTO IMPOIEecca CaMOIPOU3BOJIBHO.
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Hpyrumu croBamu, poriecc Teruionepeaadn B TePMOINHAMUYECKON CUCTEME, IMe-
IONIMH KOHEYHOE 3HAYCHHE Pa3HOCTH M3MEHEHHs TEeMIIepatyp, HeoOpamum. ITa
uzes, chopMmynupoBaHHas HeMeukuM yueHbM P.Knaysuycom (1822—1888) B 1850
TOJTy, JIEKUT B OCHOBE 81MOP0O20 3AKOHA MEPMOOUHAMUKU

o Hegosmooicen npoyecc, pe3yibmamom KOMopo2o AAemcs MoabKO Camonpous-
B0JIbHDIL NEPEX00 KOJUYEeCMEAd Menjionmsl 0m X0100H020 mena k meniomy. Teniosas
9HEpeUs CAMONPOU3ZBOTILHO MOdCeMm NepeddsamvpCs MOIbKO 8 HANPAGIeHUU Menio-
8020 pABHOBECUS, MO eCb OM MEeNJI020 meid K XOJ00HOMY.

Bmopoii 3akon mepmoounamuxu onpeoeniem 3aKOHOMEPHOCHb HANPABIEHUS
mepmoouHamuyeckozo npoyecca. OH noxkazvleéaem, 4mo npoyecc nepeoadu menia
Om X000HO20 Mmend K meniomy He MOoXdcenm NpomeKamy CAMONPOU3B0IbHO, dMOM
nPOYecc MOJNCHO peanu308ams 8 pe3yibmame cosepuletis padomeol.

B nmanpHeimmx uccnenoBaHusAX OBUIO OMPEAENICHO, YTO HE TOJIBKO TETUIOBHIC
MIPOIIECCHI, HO M BOOOIIEM, BCE €CTECTBEHHBIE MPOIIECCHI, MPOUCXOSAIINE B TPH-
pone, Heobpamumul.

e Heobpamumulii npoyecc — 5mo npoyecc, CAMOnpoUu380ibHoe npomeKanue Komo-
D020 8 NPOMUBONOLOHNCHOM HANPABIEHUU HEBO3MONCHO.

MpuHuun padoTsl TemyioBoro ABuraressi. [IpuHIUI paObOTHI TEIIOBBIX Ma-
IIMH OCHOBAH Ha TIPUMEHEHHH BTOPOTO 3aKOHA TEPMOJUHAMHUKH U COCTABIISIET €T0
HAy4YHYIO OCHOBY.

o Tennoean Mawtuna — 5mo mepMoOOUHAMUYECKAS CUCEMA, 8bINOIHAIOWAA YUKIIU-
YecKUll npoyecc (Cosepularuds MexaHuieckyro pabomy), nepedasas Koauiecmaso
Meniomvl on 00HO20 meid OpPY2oMy.

TennoBbie MalMHbI OBIBAIOT JABYX BUJIOB: MeNI06ble O8UAMENU U XOI0OUTbHbIE
YCMAHOBKU.

o Tennoevim 0suzamesnem HA3bl8aAencs YCMAHOBKA, NPeoopazyioulds 6HympeHHI0
SHEPeUIO PA3IUYHO20 BUOA MONIUBA 8 MEXAHUYECKYHO IHEPSUIO.

HeszaBucumMo oT ocoOeHHOCTEH CTPOEHUS, BCE TEIUIOBBIC ABUTATEIN COCTOST U3
TpeX OCHOBHBIX YacTeh (cM.: pusnka-8, ctp.90-92):

1. Haepesamenb — smo uacmu 08uzames, COXpAHAIOWAA NOCIOSHHYIO 8bICOKYIO
memnepamypy Ty, docmueaemyio 3a cuem c2opanusi pa3Hvix UO0G MONAUEA UTU 6
pesynvmame GvlOeieHUs IHePeUL 8 S0EPHLIX PeaKyisx.

2. Pabouee meno — smo 2az uiu nap, €o8epuiaioujuill Mexanuueckyo pabomy 8
pe3yibmame pacuiuperHus-Coxcamus.

3. Xonoounvrux — amo wacmo oguzamens ¢ memnepamypoui T, (T, < Ty): oxpy-
Jrcarowas cpeda (ammocgpepa), 8ooa.

[TpuHIMnUanpHas cxema padOoThI TETIOBOTO JIBUTATENS Clieyromas: pabouee Te-
JIO TIOJTy4YaeT OT HarpeBarTelisi KOJMUYIeCTBO TeIIOTH (1, OTIACT XOJIOAMILHHUKY KOJIHU-
YECTBO TEIIOTHI (5 M 3a OJIMH IIMKJI COBEPILACTCS ToJie3Has padora A ’(c):

A= Qi — Q. (727)
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(©) Harpesateas, T,

A,=Q1_Qz

Xoaoguiabuuk, T,

Jliist HenpephIBHOW pabOThI TEIJIOBOTO JABUTATEISI IMTPOIIECC, MPOUCXOISIIHIA B JIBH-
raresnie, OJDKeH OBITh IuKiIndecknM. C 3TOH IeNblo ABUTATENb Peryupyercs, Tak,
4yTo0BI paboyee Teno (ra3), BHa4Yajle PaCUIMPHUBIIKUCH TOCIE MOTYyUYCHUS KOJMYECTBA
TEIUIOTHI, TOJKAET TMOPIIEHb B IWUIMHAPE W COBEPIIACT PadOTy HaJ HUM, a 3aTeM,
CKAMasiCh, BO3BpAIIaeTCsl B TIepBOHavabHOE cocTostHue. [locie aToro ras cHoBa pac-
MIAPSIETCS, W TPOIECC NUKINIECKH MOBTOPSIETCA (TPEHHE MOABM)KHBIX YacTel JBH-
raresisi ¥ TeII000MEH ¢ OKPYIKarOIEeH Cpeior CBOIUTCS IO MUHIMYMa) (CM.: C).

B 1851 ronmy anrmmiickuit yuensnii Ywunbsim (Kenssun) Tomcon (1824-1907),
V3YYHB MPUHIMIT pabOTHI TETJIOBOTO JABHUraTellsl, Aajl HOBOe mpouTeHue /I 3akoHa
MepMOOUHAMUKY:

o Tennosoti 0gueamens, 8bINOIHAOWUN YUKIUYECKUL npoyecc, 6e3 XO0N0OUlbHUKA
pabomamv He MOdiCEM.

JleficTBUTENBHO, KOJMYECTBO TEIIOTHI (1, IOJyUYEHHOE OT HarpeBaTens, 3aTpa-
YUBAETCS Ha COBEPIIEHHE TOJEe3HONW paboThl B JBUTATENE HE JIOIHOCTRIO, Ha 3TO
YXOJUT TOJMBKO €ro OMpeAeNiCHHAsl 4acTh, OCTaJIbHAS KE €ro HacTh — KOJIUYECTBO
TEIUIOTHI Q,, TIepeaeTCsl XOMOMIBHUKY. XapaKTepUCTUKa, ONPEACIIoNIas, KaKas
YacTh KOJHMYECTBA TEIUIOTHI, TIOJYYCHHOTO OT HATPEBaTENsl, 3aTpauyuBaETCs Ha CO-
BEpILICHUE TOJIC3HON pa0OThI, HA3BIBACTCS KOIPDHUYUEHMOM NONE3HO20 OCUCMEUs.
(KI1/]) TenmoBoro IBUTATENS.
® Koagppuyuenmom nonesnozo oeiicimeus (i) mennoeozo oeuzamens Ha3vi8aom
OMHOULEHUE COBEPUUEHHOU UM NOTIE3HOLL PAOOMbL K KOAULECMEY MenI0mbyl, NOTYYeH-
HOMY Om Hazpeeameris:

A Q- Q0
LI B, 2), & Mn2 ) 7.28
=l o o (7.28)

HeBo3MoxHOCTh pabOTEI TEIDIOBOTO JIBUTATeNsi 0€3 XOJIOMIBbHUKA TPUBOIUT K
tomy, uro ux KIJI Bcerma mensie 100%. Oto 3HauwmT, uto 1l 3aKkoH TepMouHaMUKN
MOATBEPIKIaeT HEBO3MOMKHOCTD CO3JIAHUSI 8eUHO20 O8Ueamens 6mopozo pooa (perpe-
tuum mobile I1):
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. ® Beunwlil dgueameinsb 6mopozo pooa (perpe-
p (a) tuum mobile II) — 3TO ABUTATENH, MPEBpa-
MIAIOTTUH TTOTHOCTHIO KOJIMUECTBO TETUIOTHI,
MIOJIy4CHHOE OT HArpeBaTelis, B IMOJEC3HYIO
paobory.

B 1824 rony ¢paHiy3ckuii HHXKEHEp
Camu Kapuo (1796-1832) paspaboTtan Teo-
pUIO TPHHIUIA PAaOOTHI MACATHHOTO TEI-
JIOBOTO IBUTATENS (IBUTATENh, TPUHITU pa-
0OTBI KOTOPOI'0 IMOJYUHSIETCS TIa30BbIM
3akoHaM). [lo 370l Teopumn, MakcUMaIbHOE
KIIJI wmmeampbHOTO TEILIOBOTO JBHTATEIISI
3aBUCHUT TOJBKO OT a0COTIOTHEIX TEMITepaTyp HarpeBaTess U XOJIOAMIbHAKA!

n-T
Mmax = T,

‘V

0

=1 I, 7.29
=1-7.(729)

W3 Beipakenust (7.29) Buano, uto 1uis ysennuenus KI1/] aurarenst Heo0xoanmo
MOBBIIIIEHHE TEMIIEPaTyphl HAarpeBaTeNlsd M IMOHMKEHUS TEMIIEpaTypbl XOJOIMIIb-
HUKa.

Huknuueckuil mpouece, pean3yeMblil HI€albHbIM TEIUIOBBIM JABUTATENIEM, CO-
CTOUT M3 JBYX H30TEPM M JBYX anuadar u HaszbiBaercs yukiom Kapuo (d). s
TEIUIOBBIX JABHTraTeNIed dTOT UK HA3bIBACTCS NPAMbIM YUKIOM.

Ipunyun paéomel x0100unbHBIX YcMano8oK. /s pabomol 0gueameist 8 pexucume Xo0100UNbHOT
YCMAHOBKU O0IAHCEH BLINOTHAMBCA Npoyecc, oopammuwlil yukny Kapno — oopammblil yuxi (e).

(e) pA

[0 >

W3 cxembl IpeBpamieHust SHEPTUH B XOJIOJMILHON yCTAaHOBKE BHIHO, YTO padoyee Telo, pac-
LIUPSISICh, TOJIy4aeT OT XOJOAMIbHOM KaMEpbl ONpelesIeHHOe KOJIMYECTBO TEIIOTh Q5. B 310
BpeMsI BHEIITHUE CHJIBI, COBEpINas padboTy A, CKIMAIOT pabodee Telo, B pe3ysIbTaTe OHO IepeaaeT
HATPEBAaTEI0 ONPE/IEICHHOE KOTMIECTBO TeIOTE Q4 (Q1 > Q3) (f):
Q=0+ A

Takum oOpa3om, npomect nepefadd KOJINYECTBA TEIUIOTH OT XOJIOJHOTO Tella K TeIIOMy B Tep-
MOJMHAMHUHECKOI CUCTeMe TPOUCXOANUT HE CAMOCTOSTENBHO, a B pe3yIbTaTe COBEPIICHHUS PaOOTHI
BHEITHUMH CHJIAMU.

186



BaxHo#l XapaKTepUCTUKONH XOJOJWIBHOH YCTaHOBKH
SIBISIETCS. KODhhuyuenm oxnaxicoenus.

Harpesatreus, T,

o Koaghpuuuenmom oxnascoenusn (& — psi) xonoouno-
HOl YCIMAHOBKU HA3bIEAIOM OMHOWEHIEe KOIUYecmea me-
NIOMbL, NOTYYEHHO20 OM XOJIOOUNbHUKA, K pabome, co-
6EPUIEHHOU  BHEWHUMY CULAMU  (Hanpumep, S1eKmpo-
odgueamenem):

Q2 Q2
E=—=——. (7.30)
A Q-0
KoagdurpenT oxmaxeHust UeanbHOH X0I0AMIEHOH yC-
[LHOBRIE r Xosaoaunabuuk, T,
2

gmax = ﬁ (731)

Wccneposaume-2. MNpumeHeHne. OnpeeieHne MoJie3Hoii pagoThbl, COBEPIIEHHOH TEIIOBbIM
JBHraTeJieM

3amaya: [lone3nas pabota, COBEpIICHHAS TCIIOBBIM JBUTATENIEM, TOTYYHBIINM OT HArPEBATEISI KO-

smyecTBo TerioThl 800 k/Ix, coctaBiset 40% OT KoJIMuecTBa TEIUIOTHL, IEPEAAHHOIO XOJIOAMIBHUKY .

Ornpeenute Moye3Hyo padoTy, COBEPIICHHYIO TEIUIOBBIM JBUIATEIIEM.

O0cy:xaeHue pe3y/1bTaToB:

o [To kakoit hopmyJie onpeensieTcs moyie3Has paboTa, COBEpIlIeHHAs: TSIUIOBBIM JBUraTeIeM?

e Uemy paBHa moJie3Hasi paboTa TEIUIOBOTO JABUTATEINsl, ONPECICHHAsT U3 HPOBEICHHBIX BBIYUC-
JICHUH?

IIpnMeHeHue B OBCEHEBHON JKU3HM:

CpaBaure mMakcuMmansHoe 3Hadenue KIIJI nuratens aBromoOmns B baky B 3uMHHe M JeTHHE
Mmecspl. Temneparypa HarpeBatenst asurarens 1000°C, remneparypa atmocdeps! 3umoii — 3°C, a
nerom xe — 37°C.

e Ot yero 3aBucHuT MakcumasibHoe 3HaueHue KI1/] reroBoro neuraress?

e B kakom cezoHe MakcumanbsHoe 3Hauenne KII1/{ TemoBoro nuratens ropasno 6osnpiie?

IIpoBecTH camMoOLeHKY:

1. Kakue nmoHaTHst HOBTOPWIM HA Ypoke? YUTO K3 ATOr0 BbI XOPOLIO MOHSIIH, @ YTO 0CTaJI0Ch BaM
HE SICHBIM?

2. KakoBa 0CHOBHast 0COOCHHOCTD IPUPO/THBIX SBICHHIA?

3. Kak BbIpakaeTcs BTOPOH 3aKOH TEPMOAWHAMUKHI?

4. Yto Takoe BEUHBII IBUTATENH BTOPOTO poaa?

5. Uemy pasen KI1/] rerutoBoro nsurarens?

6. Uemy pasen KI1/I ueanpHOTo TEIIOBOTO ABUATATEIS?

7. Kakoe 3HaueHHE UMEET BTOPOI 3aKOH TEPMOAMHAMHUKH JJISI ’KUBBIX CHCTEM?

YTO BbI Y3HAJIMN? 3amummrte B pabodeM JIMCTKE ONPeieiIeHHs HIDKSIPUBEICHHBIX MOHATHH H
MOJIOKEHUI: “BBIpaXKEHHE BTOPOTO 3aKOHA TepMoauHaMUKH 1o Kiaysmycy”, “BbIpa)keHHE BTOPOTO
3aKOHA TEPMOANHAMUKY 110 ToMCOHY”, “HE0OpaTUMBIX IIporece”, “TeIIOBOI ABUraTeb , “OCHOBHBIC
gactu teruoBoro asurarens’, “KIIJ TermnoBoro nBurartens”, “BeYHBIH ABHTaTelb BTOPOTo poja”,

“muka KapHo™.
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o[IPOEKTe ITOAI'OTOBUTD DJIEKTPOHHVYIO ITPESEHTALIMIO ITPOEKTA
10 TeMe
“TENVIOBBIE IBUT'ATEJIN U OKPYXKXAIOIIIAS CPEJIA”

IInan npoekra:

1. Ponb TEMJIOBBIX IBUTATENEH B 3arpsI3HEHUN OKPYIKAIOIIEH CpeJibl.

2. ITonokuTenbHbIE U OTPULIATEIbHBIE aCIIEKTHI HCIIOJIb30BAHHS TBEP/IOTO TOPIOYETO.

3. Bo3nukHOBeHME B atMocdepe “TapHUKOBOro” sddekra u ero BpeHoe BO3aAeHCTBHE
Ha OKPY’KaIOLIyIO CPeLy.

4. “Kak pemratorcs npo6semst yseandenust KITJI 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-¢irklonmosi
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
stoyotabaku.az

ebakuexpocenter.azr>az/exhibitions.php
encp.ge>files/ESG...azerbaijanulad/sabunebismetyvelo...
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7.1. Tlpn HarpeBaHUM 2-X MOJICH Ta3000pa3HOTO aproHa €ro BHYTPEHHSS dHEPIUs yBe-
mmunBaetcd Ha AU = 480 [[x. Ha ckonmpko yBenuuurcs TeMmeparypa aprosa (R =

Mox )?

MoJib K

7.2. Berunciure paboTy, COBEPUICHHYIO B IIPOIECCE PACIINPEHHS BO3/{yXa JaHHOH Macchl
ot 0,05 M 110 0,1 M* ipu nocTostHHOM faBnenuu 2 - 10°Ta.

7.3. Bo3myx maHHON MacChl IPH H300apHOM pacIIupeHHH 00beMa OT 2 JI 10 5 71 COBEPIIIHIT
paboty 4 xJ[x. OnpenenuTe qaBieHIE BO3AyXa.

7.4. Hax ra3om Obuta coBepiieHa pabora 40 kJ[x, ra3 nepenai ctopoHHuM Testam 60 kJ[x
KoJI4ecTBa TeroThl. Kak n3MeHmnacs BHyTpEHHsISI SHeprus raza’?

7.5. Hax uneanbHbIM Ta30M JTaHHOM Macchl pousse/eH npouece 1-2-3. Kak usmensercs
BHYTPEHHSIS DHEPrUs Ha yyacTkax npouecca 1-2 u 2-3?

VA
3V

2V~

Vo

T

7.6. Ham uaeaibHBIM Ta30M JJAHHOM Macchl pou3BeeH nporecce 1-2-3. Kak nsmensercs
BHYTPEHHSS PHEPTUs Ha yyacTKax mporecca 1-2 u 2-3?

v
3V

2V —

Vo -

[ T P —— Y

Ny

T
2Ty 3Ty

7.7. B ujeansbHOM TEIJIOBOM JIBUTraTese MPOXOJUT IUKINYECKHH rporecc a —b — ¢ —
d — a . Onpenenute paboTy, COBEpPIICHHYIO I'a30M Ha yJacTKe rporecca a — b — c.

Py
2po b g
Do a d
0 ) 2V, T
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7.8. B njieaibHOM TEIIOBOM JIBUTATENE MIPOUCXOIUT IIUKIMUYSCKUI rporiecc a — b —
c—d-—a.
OnpenenuTe N3MECHCHNUE BHYTPEHHEH YHEPTUU ra3a Ha ydacTKe mporecca a — b — c.

Ph b
2po ¢
Do a d
0 ) 27, Ty

7.9. B pe3ynbTare nepeaaun 0JHOATOMHOMY HJI€aIbHOMY T'a3y IaHHOM MaccChl, TOMEIIEH-
HOMY B 3aKpBITBII COCY/I, KOJIMYECTBA TEIUIOTH 5 KJI>K €ero temreparypa yBeIuuu-
Baetcsa ot 0°C go 100°C.

Omnpenenure:
a) Ha CKOJIbKO YBEIIMYNIIACh BHYTPEHHSIS SHEPTUs rasa;

b) KonMUYEeCTBO BeIeCTBa B COCY/IC.

7.10. Koadhdummment noxe3sHoro aedcTBus TeruioBoro asuratens 20%. Omnpenenute mo-
JIE3HYI0 PabOTy, COBEpIICHHYIO JBUTATENIEM, €CIIM KOJMYECTBO TEIUIOTHI, epe/aH-
HOE XOJOAWIBHUKY 3a OAMH IUKJI, paBHO 1,2 kJ[X.



. CNOBAPb TEPMUHOB .

A

Aouadammuwlii npouecc — npoyecc, nPOUCXo0siuull 6 cucmeme 6e3 menioodMeHa ¢ OKpy-
Jrcarowyelt cpeooltl.

Axcenepomemp (no-nam.: accelero — “yckopsio” u no-epeu.: metreo — “uzmepsiio”’) —
npubop 015 UsMEPEHUsL YCKOPEHUSL.

Amopghnvie mena — meepovie mena, amomvl U MOAEKYAbL KOMOPHIX HE PACNONOHCEHbI
VHOPAOOUEHHO 6 Mpocmpauncmee. AMmopgHvie mena u3omponHvi, m.e. ux @usuueckue
CBOUCNBA 8HYMPU NO BCEM HANPABIEHUAM OOUHAKOBbL. Y aMOphHbIX mei Hem onpeoesieHHO
memnepamypvl niagieHus, no mepe HASPesanus OHU CMASHAIOMCA U Npespauaomcs 8
HCUOKOCTD.

Ajumzumyda Konebanuil — nHaubonvuuee cmeujerue Konebrowe20csi mena om NoJL0NCEHUs.
pasHoeecus.

Auu30mp0nuocmb — 3aesucumocniob qbusuttecxux ceoticme esewecmea (MexaHMIlECKMX,
menjoesblx, IEKMPUYEeCKUX, OonmudeckKux u dpyzux) om HanpaeleHusl.

Amomnas eounuya maccel (a.e.M.) — GHECUCMEMHASL €OUHUYA MACCHL, NPUMEHseMAast OJist
MACC MONEKY, AmMOMO8, AMOMHBIX 50ep U JNeMEHMAPHbIX Yacmuy, pagras 1/12 maccel uzomona
12 .

cC:
1 =27
la.eM =—my, = 1,66 10"“"kr
12 7

Yucno Agozadpo (nocmosannan Aeo2adpo ) — uucio monexyn (amomos) 8 I moie seiyecmad.

Onpedensiemcs, Kax KOa4ecmeo amomos 6 12 apammax uzomona yanepooa 2 C.:

N, = 6,02 1023monp 1.

3axon Aeozadpo: 6 pasHvix 0Obemax N0ObIX 2Aa306 NPU OOUHAKOBOU memnepamype u
o0asieHuL co0epAHcUmcs: 0OUHAKOB0E HUCITO MOTEKYIL.

Abcontomuasn e1ax3cHOCMb — PuU3ULECKAs GEAUYUHA, PAGHAS NIOMHOCU 800SIHO20 NAPA
6 8030yXe 8 OAHHBIX YCIIOBUSIX.
AGCOTIOTHYO BIQXKHOCTH (IWIOTHOCTH BOJIHOTO Mapa B BO3/yXe) MOKHO BBIPA3UTh Yepe3
napIraIbHOE IaBJICHHE BOASHOTO Tlapa Ha OCHOBE ypaBHeHus MenjeneeBa-Kianelipona:
_ M
Ps = RT. .
I0e p, — niomuocms 6005HO20. napa 6 6030yxe — abOCOMOMHAsL GlANCHOCHb, M =

r
8 — — monapuasaacca 600vl, T — memnepamypa 6030yxa, p, — napyuaibroe 0asieHue
MOJIb

60051020 napa, R = 8,31 —VHUBEPCANbHAA 2A308d5 NOCMOAHHAA. Abcontomuas

Kmousb
BIANCHOCMb 00BIYHO Umepsemcs 6 I‘/M3.
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BpoyHnosckoe oOsuricenue — HenpepvlgHOe XAOMUYECKOe OBUNCEHUe MANbIX Yacmuy,
838CULCHHDBIX 8 HCUOKOCIU UNU 2a3e.

3akon bouna-Mapuomma: 0115 0aHHOU MACCYL 243a NPU HEUIMEHHOU memnepamype npous-
6edenue OaslieHus 2a3a Ha e2o obvem nocmosinko (I = const,m = const):

V—mRT— t
pV =4, RT = const.

Jnsi maHHOM Macchl ra3a IpH HEM3MEHHOH TeMIeparype MNpOM3BEACHHE JaBIICHUS
HAaYaJbHOTO COCTOSIHHS Ta3a p; Ha €ro MepBOHAYaNbHbBIA 00beM V) paBHO NMPOU3BEICHHIO
3HAQUYEHUH 3TUX apaMeTpoB P, U V, B IPOM3BOJILHOM COCTOSIHUM:

piVi = poV, = P E
p: W
Ilpoyecc usmenenusi cOCMOAHUA UOCANLHO2O 2A30 OAHHOU MACCHL NPU NOCHOAHHOU
memnepamype (I = const) Ha3v16aIOM UZOMEPMULECKUM RPOUECCOM. B uzomepmuueckom
npoyecce oagienue u 00vem 2aza 0opamHo NPONOPYUOHAILHBL OpYe OpPYey.

B

Beunviii osucamenv nepeozo pooa (perpetuum mobile 1) — dsueamens, 00HANCObI
npugedeHHblll 8 Oelicmeue, cogepuidaem pabomy 6eUHO, He NOTYUAsL FIHEPSUID UZBHE.

Beunwtit 0s6ucamens emopozo pooa (perpetuum mobile II) — osucamens, noaHoOCHMbIO
npespawarwuil noy4eHHoe on Hazpesamelis KOIUYecmeo meniomul 6 nojie3Hylo pabonty.

Bec — amo cuna, ¢ komopoii meno eciedcmeue npumsdicenusi K 3emae oelicmeyem Ha
onopy uau noogec.

Buympennsa snepzus — cymma snepuil, Xapaxmepusyowux pasusie 6Uobl 0GUNCEHUA U
63AUMOOEUCMEUs YACUY, U3 KOMOPLIX COCIMOUM Meo.

BryTpennss sHeprust

4 \fg\f E\f Y4 N - I
= % = | =
=
=5 == s & =5 € Sew || B,
[~ = -~ © Q_‘%':: mT l—<>’ Q0 o
58 ||2e ||g2 ||s2E&(|Ees||l2css]|l g5
o

=% T o =N St W O S B = S = 3 o I
= 12} o o < = S .2 = T g R
S oo = = oS =0 9 S =2 = =
m R = | o> Q 3 O o = = mom
S EE ] 5 O o g 2 Sl X N = = 8
= 3 T = & E 358 = 0 x = E&s % 5 &5

o Q ) = O = = ] =

;Gggg 5% 2 2 5@5@ %ég 228 §§’E
55 X

S IS¢ KE EE(Q)E gE ® A g = o~
£ O L S = B o = o s 2
= z g B J[GE8E||ses |58z || BES
= B (D) 8‘% HLOQ d.);4 ozx HL‘S
5 2 E5 Z 5 8 =5 = 2 °c 3
% = 2 Ol 5 g o = O s = =

o
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Bonna — smo npoyecc pacnpocmpanenus Koiedanutl 6 nPOCMpancmee ¢ meueHuem epe-
MEHU.

3akon ecemupnozo msacomenus — meducoy HooObLIMU 08YMSI MAMEPUATLHLIMU MOYKAMU
Oeticmayem Culd 63auUMHO20 NPUMSANCEHUS], NPSMO NPOROPYUOHATNbHASL NPOU3EEOCHUIO MACC
IMUX MOYEK U 0OPAMHO NPONOPYUOHATILHAS, KEAOPAIMY PACCMOSIHUSL MENCOY HUMLL:

F=2
r

I'me FF — Momyib CHJIBI NPUTSDKEHUS (TPABUTALIMK), #1; U M, — MAcChl MAaTePHATBLHBIX
TOYCK, 7 — PACCTOSIHIE MEXKIy MaTepUATbHBIMUA TOUYKaMU, G — KO3(DPHUIUEHT IPOIOPIHO-
HAJIBHOCTH, Ha3bIBAEMBIN NOCMOSHHOU 6CEMUPHO20 MAOMEHUs. (Spasumayuu) WId POCTO
2PasUMayUOHHOU NOCMOAHHOU.

Bamm (1Bm) — eounuya uzmepenuss mowrnocmu ¢ CU. 1 Bm — mowmocms mexanusmd,
xomopwil 3a 1 ¢ cosepuiaem pabomy 6 1 [ic.

Bexmopnasa eenuuuna — eenuyuna, onpeoensiemas Kpome Yucio8020 sHadenuss (Mooyis),
makoice u HanpaeieHUeM.

Buinysicoennvie Konebanus — KoniebaHus, npoucxooaujue noo Oelcmeuem 6HEUIHUX,
NepUOOUYeCcK UIMEHSIOUUXCS CUIL.

r

3akon I'eu—Jloccaxka — 05t OGHHOU MACCHI 2434 NPU HEUSMEHHOM OAG/LeHUU OMHOULCHUE
obvema eaza k e2o abcomomuou memnepamype nocmosinio (p = const,m = const):
V mR 1

T M *— = const.

I[pu HeM3MEHHOM JIABJIEHUH OTHOIIEHHE MEPBOHAYAILHOIO 00bheMa I/} Ta3a K ero HauaIbHOM
Temmeparype T; paBHO OTHOIICHHIO napameTpoB V, k T, B MPOU3BOIBHOM COCTOSIHHIM:
i 'V,
T, T,
Ipoyecc uzmenenus cocmosHus OaHHOU MACCHL UOCANLHO0 243 NPU NOCMOSHHOM 0d6-
JIEHUU HA3618aemcst u300apHbolm npoyeccom (p = const). [lpu uzobaprom npoyecce 06vem
OQHHOU MACCHI 2A3a NPAMO NPONOPYUOHAIIEH €20 MmeMnepamype.

Tapmonuueckue Konedanus — Konebanus, nNPu KOMOPbIX GuuiecKue BeIuyUHbl, XapaxKme-
pusyiouue COCMosiHue CUCMeMbl, cosepuiaroujeli. c0b0O0Hble KONeOUHUsl, USMEHTIOMCSL CO
8pemeHeM No 3aKOHY CUHYCA UNU KOCUHYCA.

I'pasumayuonnas nocmosnnas — YHUSEPCANbHAS (QU3UHECKAs NOCMOSHHASL, KOID-
uyuenm nponopYUOHAILHOCMU 8 3AKOHE BCEMUPHO20 MALOMEHUS. — YUCIEHHO PAGHA CULe
NPUMSAICEHUSL MENCOY OBYMSL MAMEPUATLHBIMU TOYKAMYU MAccoll 1 Ke Kaxcoas, paccmosmue
MeACOY KomopbIMu pagHo 1 m.

UucneHHoe 3HaYSHHUE TPABUTAIMOHHOM MOCTOSHHOI OMBITHBIM TIyTeM B 1798 roay or-
penenun anruickui ydensnid [enpu Kagenguin (1731-1810). Oto 3HaUeHHE OAWHAKOBO
JUISL BceX Tell Bo BeeneHHoM, BHE 3aBUCHMOCTH OT UX Pa3MEpPOB U Macc:

2

H-m
G =667-10"1 —
KT
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Jorcoynn (1 Jloc) — eounuya usmepenus pabomer 6 CH. 1 J]oic — amo paboma, komopyio
cosepuiaem cuna 1 H, nepemewasn meno na 1 m 6 Hanpasnenuu 0eicmeus Cuibl:
2
r-m

K
[A]=1HM=1C—2

= 1/Ix.
Jnuna eonnvt — paccmosnue (I = 1), na xomopoe pacnpocmpansemcs 601Ha 3a 8pems,
pasHoe 00HOMY nepuody kKonebanus (¢ =T). /[nuna 601HbI 8 0OHOPOOHOU Cpede NPAMO

NPONOPYUOHATLHA NEPUOOY KOeOaHUtl U 0OPAMHO NPONOPYUOHATLHA YACTOMeE KONeOaHUIl.

Jepopmayusn — usmenenue popmul u pazmepos mena noo Oeticmsuem 6HeuHel CUbL.

C XIS “

Jlunamuka (no-epevecxu dinamikos — “cunvhwiil”, “mowHwlll”’) — pazoein MexamuKu, uzyya-
10Ul IPUYUHBL BO3HUKHOBEHUS MEXAHUYECKO20 O8UNCEHU U GNIUAHUE DIMUX NPUYUH HA XAPAK-
mep OBUICEHUL.

Juazpamma nanpscenusn — 2pagux 3a6UCUMOCHIU MEXAHULECKO20 HANPSIICEHUL OM
OMHOCUMENbHO20 YOIUHEHUs EEPO020 meid.

3akon /lanomona — 0agnenue cmecu XumMuyecku He 83aumMo0etcmayIouux UOeaibHbIX 2A3068
PABHO CYMMeE NAPYUATLHBIX OAGIEHULL DIMUX 2A308:

p=p1tpz+t-+pn

n

Hcnapenue — npoyecc napooopazo8arus, npoucxoosmull ¢ NOBEPXHOCU HCUOKOCHIU
npu 11000u memnepamype.

Hoeanvnolii 2a3 — 2a3, y0081emeopAIOWULL HUHCECTEOVIOWUM YCIOBUAM:

— PACCMOSAHUA MeAHCOY MONEKVIaMU 80 MHO20 pa3 bonvuie pasmepos monekyr. Obvemvl
MOJIEKYIL NPEHEOPENCUMO MAIbL, NOIMOMY UOCATbHBIIL 243 MOICHO CHCUMANTL CKONLKO Y20OHO,

— 63aUMOOECMBUS MENCOY MONEKVIIAMU HACMONILKO MAJIbl, YN0 UX MONCHO HE YUUMbIEANb.
Ilosmomy nomenyuanvhas suepeus 63aumMo0eicmeus Moiekyn pasua wymo: E, = 0.

— Tonvko npu coyoaperuu MoneKyn opye ¢ Opyeom Uik cO CHEHKAMU COCYOa MeHCOY. HUMU
BO3HUKAIOM CUIbL OMMATKUBAHUSL, COYOApeHUst MONEKY]l AOCONIOMHO Ynpyaue;

— Ckopocmb MONEKYl MOdcem umems NpPOU3BOTbHbIE 3HAYCHUS, OBUIICEHIUE KUNHCOOU
MOJIEKYIIbL NOOUUHSIEMCSL 3AKOHAM KIACCUYECKOU Mexanuku Hotomona.

Hmnynve — 6exkmopHas usuueckas 6eIuyuHd, HA3bIGAeMAsl MUKICe KOIUYeCmeom Me-
XAHUYECKO20 OBUIICEHUSL, PABHA NPOU3EEOCHUIO MACCHL Med HA e20 cKopocmb. Joosnavaemcs
OYK6OUL P

- —
p = muo

I/I30mp0nuocmb — He3aesucumocms (j)usuqecmtx ceolicme sewecmea om HanpaeleHusl 6 Hem.

3

3amknymas cucmema — cucmema, cOCMosYAs U3 Mell, HAXOOSUUXCS 60 G3AUMOOCUCMEUL
MOILKO Opye ¢ OpY2oM. Ui He G3AUMOOEUCMBYIOWUX C MEIAMU, HE X00SUUMU 8 CUCIeM) (DAGHO-
oeticmeyowasi 6HEWHUX €Ul pasHa Hymo). B 3aMKHYTBIX CHCTEMax BBITIOJHSIIOTCS 3AKOHbL
COXpaHeHus.
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Kpumuueckaa memnepamypa — memnepamypa, npu KOMOPOU UCHE3AON pPA3IUYUs
MeACOY ACUOKOCTBIO U ee HacbleHHbIM napom. [Ipu memnepamypax eviuie Kpumu4eckou 2as
HeB03MOMHCHO CKOHOCHCUPOBATNb HU NPU KAKOM OA6/IeHUU.

Koaghpuyuenm nonesnozo oeiicmeusn (1) mennoeozo osuzamens — omuouleHue no-
JIe3HOU pabombl, COBEPUIEHHOU O8U2amenem, K KOIULecmey Mmeniomol, NOLYYeHHOM) Om
Hazpesamens:

Ay 01 =0Q  Q

X A _q_=xf

0 ¢ Q1

Kanunnap — mpybouxa (kanan) ouamempom menvwe 10> .
Kunemuueckas snepeus — suepeusi, Komopoti obnaoaem 08ulcyujeecs meno:

£ - muv?
k=5
Konoencauus — npoyecc npespawenus napa 6 sxcuokocms. Konoencupysco, nap nepe-

oaem okpyscaioweli cpede Koauvecmeo meniomol Q = Lm. B pesyismame xondencayuu
AHCUOKOCMU 8bIOCISLEMCSL KOIUYEeCNE0 MEeNnlombl, 3ampaieHoe Ha ee napooopasosanue.

Konuuecmeo seewgecmea (v) — usuueckas Genuuuna, Xapakmepusyowas KOIUYeCmeo
uacmuy (MOJeKYI, AmMomo8s U m.o.), cooeprcamuxcs 8 sewgecmee. Onpedensiemcsi Kax:

V=N—A.

N — uucno monexyn 6 OanHom sewecmee.
Eounuya usmepenus konuvecmea seujecmea — ochosnas eounuya 6 CH [v] = 1 mone.
1 MOb — 91MO KOMUUECIBO 6ewecmed, 6 KOMOPOM COOEPHCUMCS CHIOTBKO Hce MONEKYI UL
amomos, ckonvko ux cooeporcumes 8 0,012 ke yenepooa.

Konuenmpayus monekyn — yucio mMonekyn 8 edunuye obvema:

N
n=—.
%4
Kosghpuyuenm nosepxnocmmnozo namsaxceHus — Kod3Q@uyuenm nponopyuoHaibHo-
cmu Medicoy CULOL NOBEPXHOCTIHO20 HAMSINCEHUSL U ONUHOU KOHMYPA, HA KOMOPOL 9Mo CUid
Oeticmeyem. Yucienno pager 3Ha4eHuIo CUibl HOBEPXHOCTHO20 HAMSICEHUs], NPUXOOIUetics
HA eOUHUYY ONUHbL CONPUKOCHOBEHUSL:
Fy
o=—
l
Korppuyuenm oxnascoenus (& — psi) x0100unbHoil ycmano6Ku — omHouleHue Kou-

uecmea meniomul, NOLYYEHHOU OM XOJIOOULbHUKA, K pabone, COBEPUEHHOU 6HeUHUMU CULAMU
(Hanpumep, sn1eKkmpoosueamenem):

= R:Q 9%
A w02
Koaghpuyuenm oxnaxcoenuis naeaabHON XOIOAMIFHON YCTAHOBKH:
b =7
max T, — Tzl
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Juneinas ckopocmos — M0OyIb CKOPOCHIU MAMEPUATLHOU MOYKU, 08UNCYWelics NO
OKPYIHCHOCIU.

M
Mownocme — cranapras Qusudeckas GenuduHd, paeHds OMHOULEHUIO COBEPUIEHHOT
pabomvl Ko 6peMenU, 3ampaieHHOMY Ha BbINOJIHEHUE DMOU pabombyl:

N =2
Enunanma mmepenust momrHocta B CU — eamm (Bm):
Jox KT - M2
[N]=1—= 1c—3 = 1BT.

Mamepuansnasa mouka — mesno, pasmepami. Komopo20 MOICHO NPeHedpeUb 8 YCI08UAX
ucciredyemou 3a0aqu.
Makpockonuueckoe meno — meno, cocmosiuyee u3 601bU020 YUCIA AMOMO8 U MONEK)L.

Mexanuka — nayka, u3yuarouds 3aKOHOMEPHOCIU MEXAHUYECKO20 O8UNCEHUS U NPUYU-
Hbl 6O3HUKHOBEHUSI O8UdICeHUs. (0m epeueckozo crosa mekhane — “mawuna”, “mexanuzm”).

Mexanuueckasn 601Ha — npoyecc pacnpocmpaHeHiis MeXaHu4eckux Koieoanuil 6 ynpyeou
cpede (Mexanuueckds 601HA 8 8aKYyMe He PACIpPOCMPAHACIC).

Mexanuueckoe 0gudicenue — UsMeHeHUe NONONCEHUsL MeNd OMHOCUMENLHO Opy2ux mei 8
npoCmMpancmee ¢ mevyeHuem epemMeHu.

Mexanuueckaa papoma — cKalAPHAA QUSUUECKAS GETUHUHA — KOIUUECHIBEHHAS, Mepd
oelicmeus CUlbl HA Meo, PAasHas NPOU3BEOEHUr) MOOYIA CUTbl, MOOYIA NepemeujeHus U
KOCUHYCA Y2liad MexcOy 6eKMOpamu CUbl U nepemMeujeHusl.

A=F-.s-cosc.

Mexanuueckoe KonebamenvHoe O8uUdMCEHUE — NOSMOPAIOWeecs O8UdCeHUe meld 8
IPOMUBONONOHCHBIX HANPABIEHUAX OKOJIO0 NOIOHCEHUA YCMOUUUBO20 PABHOBECUS.

Menuck s#cudKocmu — uckpusienue c60000HOU NOGEPXHOCHIU HCUOKOCU 8 Pe3yibmaine
CONPUKOCHOBEHIU ee ¢ NOBEPXHOCTBIO MEepO020 mena (Unu ¢ Opyeoll HCUOKOCHBIO).

Monexynapnas guzuka — pazoen Qu3uKy, 8 KOMOPOM UZYHAEMCs 6HYMPEHHEe CIPOCHUE
MAKPOCKONUYECKUX Mejl, UX C60UCMEA U OCHOBHblE 3AKOHOMEPHOCHIL. MENI068020. OBUICEHUS
mamepuu. Tlonodicenus MONEKYIAPHO-KUHEMUHECKOU IMEOPUL:

1 nonosicenue: ece eewecmea cocmosm U3 Yacmuy — amomos it MOJIEKy .

11 nonosrcenue: yacmuyvl, U3 KOMOPLIX COCMOAM 8eUjeCMEd, HAXOOAMCS 8 HENPEPLIGHOM U
06ecnops00YHOM (XAOMUYeCKoM) OBUIHCEHULL.

111 nonosicerue: yacmuysl 8ewecmsa HAXOOAMCA 0 83AUMOOCUCMBUL Opye C OPYeOM —
MENHCOY HUMU CYUECTNBYION CUNLL B3AUMHOL0 NPUTHANCEHUSA U OIMMATKUBAHUA.

Monapnasa macca — macca 00HO20 MO 8eUleCHIBA:

M =my, Ny

20e my — macca 0OHoU moneKybl, N — uueno uacmuy 8 1 mone. EOuHuya usmeperust MoaspHoU
maccewvl 8 CH — ke/morns.

MonoKkpucmani — Kpucmaini, OSHUKAIOWULL 8 pe3yibmame pocma e20 U3z 00H020 YeHmpd.

Mamemamuseckuit MAAMHUK — UOeaTU3UPOBAHHASA KOJleDamenbHas CUCHeMd, COCMOsi-
was u3 MAmepuanbHoU Mouku, NOOBEUEHHOU HA HeBECOMOU U HEPACHANCUMOT HUMU.

Mooyne IOnza — kod3¢hPuyuenm nponopyUOHAILHOCHU MeNCOY MEXAHUYECKUM HANPsL-
JHceHueM U OMHOCUMENbHbLIM yOnuHenuem 6 3akone I yka. Yucnenno pagen mexanuieckomy

196



HAaNPsAdICeHUIo, Gbl3blealoujemy yeeauuenue onunsl oopasya 6 2 paza. Moxyns FOnra xapax-
TEpU3yeT CBOMCTBA Marepualia COIPOTUBISITECS Ae(OPMaIiK, 3aBUCHT TOJIBKO OT CBOWCTB

MaTepHaa U He 3aBUCHUT OT pa3MepoB U ¢opmbl Tena. Enunnia usmepenns 8 CU — nackany:

[o]
E] =2 =1la.
[E]="74 a

H

Hacvuuennoiii nap — nap, Haxooawuicss 6 OUHAMUYECKOM PABHOBECUU CO CBOell
arcudrocmvio. Junamuueckoe pagrogecue mexncoy HCUOKOCHbIO U ee Napom Hacmynaenm,
K020a YUCTO YaAcmuy, NOKUOGIOWUX HCUOKOCb 30 eOUHUYY 6PEMEHU, PABHO YUCTY Yacmuly,
8038PAWAIOUUXCSL 8 HCUOKOCTND 3d IO HCe BPEMSL.

Henacviuwennvtit nap — nap, ve Haxo0AWUICA 8 OUHAMUYECKOM PABHOBECULU CO CBOell
AHCUOKOCMBIO.

Heoopamumptit npoyecc — npoyecc, Komopbvlii MOdCem CAMONPOU3BOILHO NPOMEKANs
MOAbLKO 8 0OHOM HANPABTEHU.

Hecmauugarowan scudKocms — s#cuoKocms, MOJEK)Ibl KOMOPOU NPUmMAUaomcs opye
K Opy2y cunviee, 4em K MOJeKy1am meepoo2o menad. B pesynbrare cBoOOAHAs IOBEPXHOCTD
KHJKOCTH B COCYyJl€ CTAHOBUTCS BBIIYKJIOH (CHIIBI TPHUTSHKEHHS MEXKIYy MOJEKYJIaMU
JKHJIKOCTH COOMPAIOT ee B KaresbKy). Tak BeneT ceOst pTyTh Ha CTEKJIe, BOAA Ha mapaduHe.
KpaeBoii yron (yros cMaumBaHUs) Ul HECMA4MBAIOIIEH JKUIKOCTH — TYIOW (IIPU MOJIHOM
HecmaunBanuu 0=180°).

Hanpsacennocmy zpasumayuoHn020 NOaa — 6eKMOPHAs PU3UIECKAs BeNUYUHA, PAB-
HAsl OMHOWEHUIO CUTbI NPUMANCEHUs, 0eUCMmBYIowell Ha MAmepuUaIbHyo mouky (meno) 6
2PABUMAYUOHHOM NOJe, K €20 MAcCce:

s F
8=

['ie g— HanpsHKEHHOCTh TPABUTAIIMOHHOTO IOJIS, 771 — Macca MaTepUaIbHON TOUKH (TeJia)
B 'PABHUTAIIHOHHOM IOJIE, I — CHIa IPHTSHKEHHS, ASHCTBYIOMAsS HA MATEPHABHYIO TOUKY: B
IPaBUTAIIMOHHOM IIOJIE.

Mooynb HanpsceHHOCMU 2PABUMAYUOHHO20 NOJISL NPAMO NPONOPYUOHANIEH Mdacce Uc-
MOYHUKA OAHHO20 NOJA U 0OPAMHO NPONOPYUOHAEH K8AOPANY pAcCmOAHUSA 00 OAHHOL MOY-
Ku. MoOynb HANpsAsCEeHHOCMU 2PABUMAYUOHHO20 NOJIA He 3A68UCUNT OM_MACCHL Meid, Noye-
WeHHO20 6 Mo noie. Bekmop HanpsjiceHHOCmu ZpasumayuoHHO20 NOJA 8 NPOU3E0IbHOU
MoyKe 3Mo20 NoA HANPAasIeH 8001b paoUyca K YeHmpy UCmoYHUKA nois. B dannol mouke
2PaABUMAYUOHHORO0 NOJIA MOOYTb U HANPAGIEHUEe BeKMOPA HANPAHCEHHOCHIU SPABUNAYUOHHO2O0
noJIsL CO8NAOAION ¢ MOOYIeM U HANPABIeHUeM YCKOPEHUS C80DOOHO20 NAOCHIA.

1 3axon Hvlomona: cywecmgyiom maxue cucmemvl Omcuema, OmHoCUmensbHo KOmopblx
meina COXpansom c8oe COCMOsIHUE NOKOS Ul PABHOMEPHOLO NPAMOTIUHENHO20 O8UNHCEHU NPUL
OMCYMcmeUuU KaKo2o-mbo 6HeuiHe20 6030elicmeliss Ha Hux (Wi Oelicmeyiouue Ha HUXx CUitbl
ypasHogewusaom opye opyaa).

11 3axon Hvtomona: 6 unepyuanbroll cucmeme omcyema ycKopeHue, nouyuaemoe me-
JIOM, NPAMO NPONOPYUOHATLHO DABHOOCUCMBYIOWell cule U 0OPAmMHO NPONOPYUOHATLHO
Mmacce mena:

- - =
a= WA ma = F.

3|

111 3axon Hotomona: 6 unepyuaibHoll cucmeme omcuema Cuisl, ¢ KOMopulMu 08a meid
deticmgyrom Opye Ha Opyed, paeHbl NO MOOVIK U HANPABIEHbl NO NPAMOU 8 NpPOmu-
BONONOIHCHBIE CHIOPOHDBL.

Fl = _Fz.
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1 nsvromon (1 H) — eounuya usmepenus cunvt ¢ CHU. 1 Hotomon — amo cuia, noo oeli-

~ & M
cmeuem Komopou mejio Maccou 1 ke noJjydyaem YyCKOpeHue 1 c_z:

[F] = [m][a] = 1KFC'2M — 1H.

(0)

O0nopoOHOCIb 8peMEHU — CUMMEMPUS ONMHOCUMETLHO NAPALIETLHO20 NEPEHOCA BPEMEHI:
Qusuueckue ceolicmea 3aMKHYMOU CUCINEMbl He 3ABUCAT O 8b100PA HAUATLHO2O MOMEHMA
BpeMeHL, MO eCb 6ce MOMEHMbL BPEMEHI IKEUBAIEHIMHbL (DABHONPABHDYI).

OcHnognas 3a0aua OUHAMUKU — ONpeoelumy XapaKmep O8UNHCEHUs meld 8 COOMEEemCcneul
¢ Oelicmayloweti Ha He2o CUTOLL, Wi Haobopon, No Xapakmepy OBUNICEHUsS. MeJid ONPedelunty,
KaKas cuna oeticmayem Ha Heeo.

OcHogHoe ypagnenue MOeKYIAPHO-KUHEMUYECKOIl meopull uoeanbHo2o 2a3a — ypasHe-
HUe, C6A3bI8aIoUee MaKpOCKONUYECKUll napamemp 2asa — O0agieHue, ¢ MUKPOCKONUYeCKUM
napamempami, XapaKmepusyouumu. MOIEK)IIbl 2a3d:

p= 3 monv?.
OmuocumenvHas MoneKyiapras (AmomHan) macca eeuiecmea — QusuiecKas Genuyund,
PABHASL OMHOWEHUIO MACCHL MONEKYIbl (amoma) sewjecmea my K 1/12 maccwl amoma yenepooa.

— ity
M, =

—mo,c.
M,. — oTHOCHTENbHASI MOJISKYIIIPHAS Macca, 1M, — Macca MOJIEKYJIbI (ATOMa) BEIIEeCTBA,
mg ¢ —Macca aroma yriaeposa.

Omuocumensnas 1aHCHOCMb — PU3ULECKAS 6EIUYUHA, PABHAS OMHOWEHUIO ADCONION-
HOU IAJICHOCMU 6030YXa NPU OAHHOU meMnepamype K RA0MHOCMU HACLIUWEHHO20 OOSHOZO
napa npu mou sice memnepamype. OTHOCUTEINIbHAS BIa)KHOCTh BBIPAYKACTCsI B IPOLIGHTAX:

p
@ =—-100%.
Po

I'ne py — MWIOTHOCTH HACKHIIEHHOTO BOJSHOTO [1apa B BO3JYXE, P — ILIOTHOCTH BOJSIHOTO
mapa B BO3Iyxe (a0COJIOTHAs BIQXHOCTh BO3/yXa), (9 — OTHOCHUTEJIbHAs BIAKHOCTh
BO3JyXa.

Ilepeblit npunyun ooweli meopuu OMHOCUIMETbHOCIU — NPUHYUN IKEUBANCHIMHOCIIU WU
Cnaowvlll NPUHYUN SKEUBAIEHIMHOCMIU, HA OCHOBAHULL 31020 NPUHYUNA UHEPYUATbHAS MACCa
CUUMaemcsi SK8USALEHMHOU SPASUMAYUOHHOU Macce, MO eCib OHU PAGHbL OpYye Opyey.

Bmopoii npunyun oouiei meopunu OMHOCUIMENbHOCHU — CUTbHBIL NPUHYUN IKEUBATICHN-
HOCIU: 1O 9MOMY NPUHYURY. 6 Clucmeme, Naoaiowell ¢ YCKOPEHUeM, PAGHbIM YCKOPEHUIO
€80600H020 NAOEHUS, 6Ce 3aKOHbL (DUBUKLL BINONHSIOMCS KAK Obl 6 OMCYMCMEUL 2pAsUmayul,
MO ecmv 8 9MOU CUCEME HEGOZMOIICHO PAZIUYUND IPPDeKnm Npumsdicenus. u YCKOPEeHHOe
osudicerue.

I

Ilapoobpaszosanue — npoyecc nepexooa 6ewjecmed U3 AHCUOK020 COCMOAHUS 8 2A3000-
pasmoe.
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Ilepuoo oopawgenusn — spems, 3ampayeHHoe HA 0OUH NOJHbIL 0OOPOM MAMEPUATLHOU

MOYKU NO OKPYIHCHOCMU.

T_t
=

I'ne T — nepuox oOpaiennsi, N — 4UCIIO MOJHBIX 00OPOTOB MaTEpPUAIBLHONW TOYKH 32
Bpems t. 3a eounuyy nepuooa obpawenus 6 CH npunsma cexynoa. [T] = 1c.

Ilepuoo konebanuii — épems, 3a Komopoe cogepuiaemcsi 00HO NOJIHOe KonebaHue.

Ilpamonuneinoe nepagnomeproe 08uUICeHUE — NPIMOTUHEUHOE OBUICEHUE, NPU KOMOPOM
30 pagHvle NPOMENCYMKU PEMEHU MAMEPUATbHAS TNOUKA COBEPUIACH PA3HbLE NePEMEUECHIs.

Ilpunyun omnocumenvnocmu Ianunes: 3aKOHbl MeXAHUKU 60 6CeX UHEPYUATLHBIX
cucmemax omciema 0OUHAKOBHI.

Ilapyuansroe Oagnenue — OasieHue OMOETLHO 63AMO20 KOMNOHEHMA 23060l CMECU.
Obwee dasnenue 2a30801 cmecu AGNAENCA CYMMOU NAPYUATLHBIX OA8/IeHUL €€ KOMNOHEHIMO8.

Honukpucmannwl — Kpucmainel, 603HUKAIOWUEe 6 pe3yivbmanme pocma U cOeOUHeHuUs.
MHO20HUCTEHHBIX MOHOKPUCATIO8, XAOMUUHO OPUESHMUPOBAHHBIX 8 NPOCIMPAHCTIEE.

Ilomenyuanvuas nepeus zpasumayuoHHO20 63aUMOOCUCEUA — dHEP2Usl, KOMOPOll
obaadarom 3aumooeticmsyrowue meaa (U Yacmuybvl):

E, = mgh.

Ilomenyuanvnan snepzun ynpyzo 0epopmuposannozo mena — SHepeus, KOMOpPOU
obradarom OeghopmuposanHvle mend, paeHA NOJNOBUHE NPOU3BEOCHUS JHCECTNKOCTIU
NPYACUHBL HA KBAOPAM ee YOIUHEHUL:

Ilonepeunasn 601na — 601HA, PACHPOCMPAHAIOWAACSH NEPHEHOUKVIAPHO HANPABTIEHUIO KO-
71e0amenbHo20 08udCeHUs yacmuy cpedvl. Ilonepeunvle 8OIHBI MOSYI PACHPOCMPAHAMbCSA
MONBLKO 8 MEEePObIX Menax U Ha No8epxXHoCmu Heuokocmetl. Ilonepeunvie 80116l pACHPOCM-
PAHAIOMCsL 8 cpeoe 8 (hopme CMEHSIOWUX Opye Opyed SbINYKIOCMe U 8NAOUH.

Ilocmynamensnoe oOguicenue — OsudiceHue mend, nNpu KOMOPOM 6Ce €20 MOYKU
08UICYMCSL OOUHAKOBO.

IIpooonsvhas eéonna — 6onna, pacnpocmpanAIowascs 60016 HANPAGIEHUs Koaebameib-
HO20 O8udiceHus yacmuy cpeovl. [IpoO0onvHble 80IHBI MO2YM PACHPOCIMPAHANGEA 60 BCEX
cpedax (meepobix menax, HeUOKoCmsx u 2azax). [Ipodonvhwvlie 80OIHbI PACHPOCMPAHAIONCH 6
cpede 6 popme cmeHAWUX Opye Opyea 30H CCYUeHULL U PA3PANCEHUL BeLecEd.

TIpysicunnslit MasmuUK — KoneobamenvHas CUcmemd, CoOCMosast U3 NPYJICUHel € 3aKpen-
JICHHbIM HA Hell MeloM.

Ilepemewgenue — nanpasieHHvili OmMpe3oK NPAMOU, COCOUHANWUN HAYATLHOE NOJO-
JHCeHUe 0BUNCYWYELIC MAEPUATLHOU MOYUKU C €€ KOHeUHBIM NOL0NHCEHUEM.

P

Pasnonepemennoe osudricenue — OgudiceHue, npi KOMopom 3a aodvle pasHvle npome-
JACYMKU BPEMENU U3MEHeHUe CKOPOCIN mend _ocmaemcs nocmoanunvim. Ilpu pasnonepe-
MEHHOM O8UNCEHUU 3HAYEHUe U HANPABIeHUe YCKOPEHUs Mend He MEeHAeMm s

— — —
L, b=y Av
ad = ———=— = const.
t t

Pasnomeprioe 0susicenue no OKPyHCHOCHU — 08UdCeHUe, NPU KOMOPOM MpaeKmopus
MamepuaIbHOU MOoYKY NPeocmasisien cooou OKPY*CHOCHb, MOOYIb ée CKOPOCHU 8 KAHCOOU
mouKe Mol OKPYHCHOCIU OCMAEMCS HeUSMEHHBIM.
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Pagnomepnoe npamonuneiinoe 0gudicenue — 08UINICEHUE, NPU KOMOPOM MPAEKMOPUsL
MAMeEPUAIbHOU MOYKU NPeOCmasisiem cooot npsamylo JUHUIO, U 3d PAGHLLE NPOMENCYMKU
8pemenu cogepuiaem O0OUHAKogvle nepemeujenus. IIpu pagHOMEpHOM NPAMOIUHEHOM
OBUINCEHUU MOOYIIb U HANPAGIEHUE CKOPOCMU C MEeYeHUEM 8PEMEHU He UZMEHSIOMCSL:

U = const.

Paouyc-eexkmop — eexmop, COeOUHAIOWUL HAYAI0 KOOPOUHAM C NOJONCEHUeM Md-
MepuanbHOU MoYKU.

Penamugucmcekan mexanuxka — pazoen QQU3UKLU, pAccmMampuearouuil 3aKOHbL MEXAHUKU
(3aKOHBI OBUIICEHUS) NPU CKOPOCMAX, CPABHUMBIX CO CKOPOCIbIO C8emd.

Pesonanc — sgnenue peskoeo 03pACMAanUs AMIIUNYObl GbIHYHCOCHHBIX KOACOAHUL NpU
COBNAOCHUU YACTNOMbl USMEHEHUS BbIHYHCOAOWell CUlbl ¢ YaACMOomou cOOCMBEHHbIX KoJle-
banuil cucmemst.

C

Cuna manycecmu — cuna, ¢ Komopou 3emnn (nianema) npumscueaem mena. Cuna
MAACECTNU PABHA NPOU3BEOCHUIO MACCHL MeNd, NOMEWEHHO20 8 SPASUMAYUOHHOE noJe 3emau
(nnanemol), Ha ycKkopenue c60000H020 NAOEHUSL:

E. =mg.

Ckopocmp 801HbBL — CKOPOCMb pacnpocmpanenus Korebanuil 6 cpede. CKkopocmbv 601Hbl
He 3asucum om uacmomel u nepuooa Koredoanuil 6 ueti. CKOpocmv BOIHbI 3A6UCUM OM
CBOUCME U acpe2amno20 COCMOSHUSL CPeOb.

Ilpu nepexoode 60.1HbL U3 OOHOU CPeObl 8 OpYYIO €€ Nnepuoo U 4acmoma He U3MeHAMCs,
MEHAIOMCA TUb CKOPOCb U ONUHA BOJIHBI.

Cuna mpenus KaueHus — cuna mpeHus, 803HUKAWAS, K020d 0OHO eN0 Kamumcs no
nO8epXHOCMU OpY2020 mend.

Cuna ynpyzocmu — cuia, 803HUKAIOWAs npu oeghopmayusx mena u Oeucmeyouds 8
HANPAsNeHUU 80CCMAHOBNEHUA Meld 8 NePEOHAUATLHOM COCIMOAHUU.

Cucmema omcuema — cucmema, COCMOAWAsA U3 mena Omcyema, CUCmemMvl KOOPOUHAN,
CBA3ANHOU ¢ DMUM MENOM, U npubopa O omcyema pemenu.

Cneyuanvhas meopus OMHOCUMETbHOCHIU:

I nocmynam — 6ce 3aKombl UIUKU OOUHAKOBLL B0 6CEX UHEPYUAILHBIX CUCTIEMAX
omcuema u Hu OOHUM QUUYECKUM ONLIMOM HEBO3MONICHO OMIAUYUNLL I CUCHIEMbl OpYe
om opyea.

II nocmynam — ckopocmbo ceema 6 8aKyyme 0OUHAKOBA B0 8CeX UHEPYUATLHBIX CUCTNEMAX
omcuema u He 3a8UCUm Om CKOPOCHU OBUNCEHUS UCTOYHUKOS U NPUEMHUKO8 CEemd.

Ckopocmy ceema — MAKCUMAIbHAA CKOPOCHIb, CYUECTNEYIOWAs 8 NPUPOOE.

Cmauusarowias HcudKOCms — HCUOKOCHb, MOAEKYIbl KOMOPOU NPUMASUBAIOMCS OpY2 K
Opyey ciabee, uem K MONEKyIamM meep0o2o mena. B pesyivmame c600600Has NOGepXHOCHY
ACUOKOCTNU 8 COCYOe CIMANOBUMCS 802HYMOU (HCUOKOCb CMPEMUMCS NPUANCAMBCS K NO-
8epxHOCMU MEepO020 meaa, pachivieaemcs no neu). Tax éedem cebs pmymo na yunxe, 600a
Ha cmekne. Kpaesotl (yeon cmauusanusi) Olisi CMAuUsawell JcuoKoCmu — ocmpuiil (npu
noanom cmavusanuu 0= 0).

Cpeonss KeaopamuuHas CKOPoCHb MOJIEKYl — KBAOPAMHbLIL KOPEHb U3 CPEOHe20 3HA-
ueHus Kkeaopama cKOpoCmu:

J: U§+U§+...+UIZV
UCp.KB.= V= N D
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B MKT cpennsis kBagpaTH4Hasi CKOPOCTb MOJIEKYJI BEIUUCIISIETCS IO HYXKETIPUBEACHHBIM

dbopmytam:
_ |2E, _ [3kT _ [3p
UCp.KB. - m - m - p-

I'ne T — abcomoTHas Temieparypa, k — nocrosiHaasi bonbivmana, m, — mMacca ogHOU
MOJICKYJIBI, T — KOHLEHTpPAaUUs MOJIEKYI, Ej, — cpeiHee 3HAYCHHE KUHETHYECKOH SHEPrUH
HOCTYIATEIBHOTO JIBUKEHUSI MOJICKYJI, 0 —IUIOTHOCTB, P —JaBJICHHUE.

Cuna conpomugienus — cuid, 803HUKAIOWAsL 80 8PeMs OBUICEHUsL MBEPO020 meld 8
JHCUOKOCMU U 2a3e.

Cuna no6epxXHOCMHO20 HAMANCEHUA — CUIA, HANPABIEHHAS 800Ib NOBEPXHOCMU, Nep-
NEHOUKVIAPHO K JUHUU, OSPAHUYMUBAIOUEl NOBEPXHOCMb JICUOKOCU, U CIMPEMAUAscs
CoOKpamumu naowadb nosepxHocmu dxcuokocmu. Cuna no8epxHoOCmMHO20 HAMANCEHUS NPAMO
NPONOPYUOHANLHA ONIUHE SPAHUYbI CONPUKOCHOBEHUST CBODOOHOU NOBEPXHOCIIU HCUOKOCHIU
€ MmeepobIM MeNIOM:

E,=0-1

I'ne F, — cuia MOBEpXHOCTHOTO HATSDKEHHMS JKUJIKOCTH, | — JUTMHA TPaHMIBI COMPHKOC-
HOBEHUsI CBOOOJHOW MOBEPXHOCTH KHMAKOCTH C TBEPIABIM TEJIOM, 0 (CUIMa) — Kkoaghpu-
YUeHm no8epXHOCMHO20 HAMAICEHUSL HCUOKOCTIU.

C60000H0€e nadenue — 35mo 08UdICEHUE Mel NOO OeUCMBUEM MOAbKO CUJIbL MANCECTU
(noo deucmeuem npumsdicenust 3emau). C60600HOe nadenue s6isemcs paeHOYCKOPEHHbIM
08UICeHUEeM U3 COCMOSIHUSL NoKos (Vy=0), ¢ ycKopeHuem &.

C60000HbBIE KONEOANUA — KONCOAHUSA, BOZHUKAIOWUE 8 Pe3Ybmame OeUCmEUs. GHYMPEHHUX
KOHCEPBAMUBHBIX CUIL 68 3AMKHYMOU CUCEME .

Cuna mpenus CKONbIHCEHUs — CULA MPEHUsl, 0ZHUKAIOWAsL NPU CKOIbIHCEHUU OOHO2O0
mena no nogepxnocmu 0py2020. 4ucnosoe 3uavenue Cuibl Mpenust CKOIbICEHUsL NPSIMO NPOo-
HOPYUOHATILHO CUTIE PeaKyULl ONOpbl (Culle OagNeHUsl) U PABHO MAKCUMATLHOMY 3HAYEHUIO CUTb]
MPEHUsL NOKOSL:

(Erp')CKOJTb)KeHHH = (Erp)max TMOKOA = uN.

I'me ¢ — k03¢ HUIHEHT MPOMOPIIMOHATFHOCTH, Ha3bIBAEMBIN KO3 Duyuernmon mpenus
CKOIbIICEHUS, 3A6UCUM 0N MAMepPUanos, U3 KOMOPbIX U320MOGNEHBI CONPUKACAIOUUEcs
mena, u Kauecmsa 06pabomKu CORPUKACAIOWUXCS NOGEPXHOCME. [ —0e3pa3MepHas Belu-
YHHA, SIUHNAIA U3MEPEHHUS OTCYTCTBYET.

Cuna mpenus nOKos — cuia mpeHusl, 603HUKAIOWAS. MeNCOY MeadMUl, HAXOOSUUMUCS 8
COCMOSIHUU NOKOSI Opye OMHOCUmMenbHo opyed. Cuia mpenus noKos no MoOYuio pagHa cuie
msieu, oeucmeyloujell 8001b NOBEPXHOCHU CONPUKOCHOBEHUSA, U HANPABGIEHA NPOMUBONO-
JIOMHCHO el

T

Temnepamypa — MdAKpoOCKonu4eckas eeiuduna, xapakmepusyrnowas menjioeoe paeHo-
gecue cucmemvl: npi menioeom paeHoeecuu memnepamypa 6cex yacmetl cucmemvl
oounarosa. T emnepamypa — mepa cpedyezl KUHEemuyYecKotl OHepcUU Xaomu4deckoco nocmyna-
MENbHOCO OBUNCEHIUS] MOJIEKY meild.
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Tepmoounamuka — pasoen usuky, u3yuarOWUll meniogvle CEOUCMEA MAKPOCKONU-
YecKux cucmem u CnOCoObl nepedayu U npespalerus SHepeull 8 Hux.

Ilepgulii 3aK0H MEPMOOUHAMUKU — U3MEHeHUe 6HYMpeHHel dSHepeuu mepmoound-
MUYECKOUl CUCeMbl PABHO KOIUYeCmS)y Menaiomyl, nepedanHo2o dmoti cucmeme, u pabome
BHEWHUX CUJL, COBEPULEHNOU HAO CUCTNEMOIL:

AU = Q + A.

[lepBBIii 3aKOH TEPMOAWHAMUKH MOJXKHO 3alHCaTh TaK: KOJUYECHBO MEnjiomul,
cooOUjeHHOe MepMOOUHAMUYECKOL CUcmeMme, 3ampaiuaemcs HA USMEHeHUe ee GHYM-
peHHell dHepeuU U pabomy, KOmopyro CUCHEMA CO8epuLaent NPOmue 6HEUHUX CUIL:

Q=AU+A"

Bmopou 3akon mepmoounamuku: (onpedeisiem HANPAGIEHHOCb MEPMOOUHAMU-
uecko2o npoyecca) Mmeniosas SHepeus Camonpou3BoIbHO MOHICEN NepeddsamsbCs MoabKo 6
HanpaeneHuy YCmaHogIeHus Menio6o20 pasHo8ecUs, mo ecmv On menio2o0 meida K Xo-
n00Homy. Ilpoyecc nepedauu menia om Xono0HO20 Mend K Meniomy 803MONCEH MObKO 6
pe3ynomame cosepuietus padombt.

Tepmoounamuueckasa cucmema — 11060e MAKpOCKONUYECKoe Mmeio Ui cucmema mei.
CocTosiHIE TEPMOIMHAMUYECKOH CHCTEMBI XapaKTEepU3YeTCsl MAKPOCKOITMYECKUMH, WITH Tep-
MOAMHAMHYECKUMH, TIapaMeTpaMu (Macca, III0THOCTh, 00bEeM, JaBJICHHE, TEMIIEPATypa).

Tennoma napooopaszosanusn — KOIUYECMEO MENIOMbL HEODXOOUMOE Ol NPEBPAUYEHUS.
AHCUOKOCIMU MACCOU M 8 NAP NPU NOCMOSHHOU meMnepamype:

Q = Lm.

Tennogoe unu mepmoouHaMu1ecKoe pagHogecue — COCMOosHUE CUCIEMbL, KO20d ee
MaKpoCKonuiecKue napamempsi OTUMenbHoe 8pems He USMEHAIOMCAL.

Tennosan mawuna — mepmMoOUHAMUYECKAS CUCHEMA, BLINOTHAIOWAS YUKTUYECKU Npo-
yecc (cogepuiarouas Mexanuieckyio pabomy), nepeoasas Koau4ecmeao menionsl 0nm 00H020
meina Opy2omy.

Tennosoit dguzameny — ycmanoska, npeodpa3yowas 6HYMpPeHHIO SHEPSUID PAZHOZO
8UOA MONAUBA 8 MEXAHUYECKYIO IHEP2UIO.

He3aBucumo OoT 0COOCHHOCTEH CTPOCHHS, BCE TEIUIOBBIC ABUTATENIM COCTOAT M3 TPex
OCHOBHBIX YacTeM:

1. Haepesamenv — smo uacmo 08ueamens, cOXpaHAIOWAs NOCMOSHHYIO 8bICOKVIO MeM-
nepamypy Ty, cozoasaemyio 3a cuem c2opanusi pasHvix U008 MONAUEA UL 8 Pe3yibiname
8blOCICHUS IHEP2UU 8 SOEPHBIX PEAKYUSIX.

2. Pabouee meno — 2mo eas uau nap, CO8epUIAIOWUll MeXaHu4eckyo pabomy é pe-
3YIbMAMmMe PAcUiUp eHUA-CHCATNUS.

3. Xonoounenuk — amo uacms ogueamens ¢ memnepamypoui T, (T; < Ty): okpysrcarowas
cpeda (ammocgepa), 6ooa.

3a ouH OUKI paboyee TeJIo OMyYaeT OT HarpeBaTens KOJINYeCTBO TEIUIOTH (1, OTAaeT
XOJIOAMIBHUAKY KOJIWYECTBO TEIIOTH Q; M COBEPLIALT IOJIE3HYI0 PA00TY Apjojest

Anbnes = 01503

Teopema o Kunemuueckoil snepeuu: padboma, cosepuiaemas Hao Mmeiom HOCMOIHHOU PAGHO-

Oelicmayroweti CUNoOt, PA6HA USMEHEHIIO KUHEMUYECKOU SHEp2UU meia:
A = Ey, — Exy = AE,. (3.14)

Ioe Exqy u Ey, ~ HauanvHoe 1 KOHeUHOe 3HAYEeHUs. KUHeMU4eCKol dHepeuu meJd.

Teopema o nomenyuanbHoul Inepeun: paboma, cosepuiaemas KOHCEPEAMUGHOU CUNOU
PABHA UBMEHEHUIO HOMEHYUANLHOU IHEPSUU, 83AMOLL C NPOMUBONOLONCHBIM SHAKOM:

A=—(E,; — Epy) = —AE,,
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Tpaexmopus — nunus, KOMOPYIO ONUCLIBAENT MAMEPUATbHASL MOYKA NPU CEOEM O8U-
JHCeHuU 8 OAHHOLL cucmeme omcyemd.

Y

Yenosean ckopocmo (unu Kpyzosas uacmoma) — husuueckas GeIUUUHA, USMEPICMASL
OMHOWEeHUeM yeld NOBOPOMa K NPOMENICYMKY 6PeMeHU, 3d KOMOopoe SMOon No8OPOnL CO-
8epuien.

w=—
t

I'ne w — yrioBasi CKOpPOCThb. Yenosas ckopocmv MamepuaibHol mouKu, O8UIICYUlelics
PABHOMEPHO NO OKPYICHOCMU, C MeYeHUeM PEMeHU OCMAemcs NOCMOsSIHHOU (w = const).
Enununa yriosoii ckopoctu B CU — paduan 6 cexynoy:

[w] = 1228
c
Ynpyzue éonnvt — npoyecc nepedauu mexanuueckol 601HbL 8 YNpyeoll cpeoe.
Yoenvnan mennoma napooépazosanus — pusuueckas 6eIUMUHA, YUCIEHHO PAGHAS
KOAUYeCmsy meniombvl, He0OX00UMOMY OJisl NOTHO20 NPESPAYEHUsL HCUOKOCHU Maccoll I ke 6
nap npu NOCMOSIHHOU memnepamype:

L=—.
m
EnnHnna n3amepenns yaenbHON TEIIoThl apoodpa3oBanus B CU:
2
Jx M

Ll=1—=1—.
[L] KT e

Yoenvnas mennoma nnagnenus — uzuueckas eenuuuHa, YUCIEHHO PABHA KOAUYECBY
Meniomyl, 3ampaieHHoMy Ha npeepawenue 1 ke KpUucmaiiuiecko2o 6euecmea 6 HCUOKOCms
npu memnepamype niaeieHusl.

Q
A=—
m
Enununa n3Mepenus yJaensHol TeruioTs! miaBneHus B CU:
Jox M2
Al=1"==1—
KT €

Ypasuenue cocmoanusa uoeanvnozo 2aza — ypasnenue, onucvigaiouiee COCMoIHUE 2a3a 'l
onpedensiroujee c6s3b MeANCOy MAKPOCKONUUECKUMU NAPAMEMPAMU €20 HAYATbHO2O U KOHEUHO20
COCMOSIHUIL.

Vs _ Pl WM AL N const
T, T, '

Ycnosus pasnosecusn:

1. Teno, Odsudicyweecss nocmynamenvbio, HAXOOUMCs 6 COCMOSHUL PAGHOBECUsl, eCiu
oeticmeyiowas Ha He20 PABHOOCUCBYIOWAs (S€OMEMPUUECKAsi CYMMA BCeX OelCmBYIOUUX
Ha meJso Cujl) pagHa Hyo: ﬁl 4F 132 S ﬁ'n =F=o.

2. Teno ¢ nenooBUICHOI OCbIO BPAUEHUST HAXOOUMCS. 8 COCMOSHUU PABHOBECUS], €U
aneebpauiecKas cymma MOMEHmMOoE Cui, OeucCmeyIouux Ha He20, OMHOCUMEIbHO OCU 6Pd-
WeHUs pasHd HYIO.

My +M,+ ..+ M, =0
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Vckopenue — sexmopnas (uzuueckas 6enuUHa, paeHas OMHOUWEHUIO UMEHeHUs CKO-
pOCmu Ko 6pemMeni, 3a KOmopoe Mo UsMeHeHUe NPoU30ULTo:
-1y, AD

At At
Hanpaenenue eexmopa ycKopenus coénadaem ¢ HANPAGIeHUeM 6eKmopa UMeHeHUs
ckopocmu AD.

Yzon noeopoma — 5mo y2on, na Komopblil NOEOPAUUEACMCS PAOUYC-6EKMOP, COCOUHSIO-
Wil meno, O8UICYyUeecs N0 OKPYICHOCHIL, C YEHMPOM IMOLl OKPYICHOCHIL. Y201 nosopoma
pasen omHoOweHWIO ONUHbL Oy2U OKPYHCHOCHIU MEXHCOY HAUANbHLIM U KOHEYHbIM NO-
N0JNCEHUAMU Mend K pAOUYCY OKPYICHOCHIIL

a=

!
=%

31ech @ —yros IMOBOpOTa, | —ajuMHA Jyrd, COOTBETCTBYIOUIAs YIJy IIOBOPOTa,
R — pajnyc OKpy>KHOCTH.

1

Luknuueckas wacmoma — Puuueckas eIUUUNA, NOKAZbIBAIOWAS, CKOIbKO KOLEOaHUT
cogepuiaem KoaebarOweecs meno 3a 2m cekyHO (3a 6,28 ceKyHObl),no3MoMYy YUKIUYECKAs
yacmoma 8 2T paz boabue 00bIYHOU YACTOMblL KOLeOAHUs.

P |

Yacmoma eonnsl (nepuod) — uacmoma (nepuoo) KoiedaHull UCMOYHUKA, CO30Ar0We20
80N
Yacmoma obpawenus — 4ucio 060pomos MamepuaibHol MoUKu No OKPYICHOCHIU 3d

€OUHUYY BPEMEHU.

N
v=—.
t
3a eounuyy wacmomur epawenus ¢ CHU npunsm oOun noinsiti 060pon 3a ¢exyroy uiu

2epy:
1
[v]=E=c‘1=1I‘u.
Yacmoma epawjenus 06pamHo nponopyuoHaibHA NEPUOOY 0OPAUYEHUS:
1
v=rg TE—

T 1%
Yacmoma Koneoanuil — usuyeckas eeiuduHd, YUCIeHHO PAGHAS YUCTY KOIeOaHUll 3d

OOHY CEKYHOY.
3

3a1<0n COXPDAHEHUA UMRYIAbCA: 6EKMOPHAA CYMMA UMNY1bCO6 mejl, COCMABIAIOWUX
SAMKHYNYI0 CUcCmemy, ocmaemcsi H€u3MeHHOL71
D1+ Py + D3 + -+ P, = const
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3axon Hlapna — ona OaHHOU MACCHL 230 NPU HEUSMEHHOM 00beme OmHOuleHUe OasIeHUs

2aza « e2o abcomomuou memnepamype nocmosinno (V = const, m = const):
p mR 1
TSV const.
Ecni 00beM ra3a octaeTcsi HBU3MEHHBIM, TO OTHOILICHNE HAYaILHOTO JIABJICHUSI Py ra3a
K €ro HavaJIbHOH Temrieparype T; paBHO OTHOILICHUIO NApaMeTPOB P, K T, B IPOU3BOIBHOM
COCTOSIHUM:
b1 _ D2
T, Ty
H3oxopnuiii npouecc (V = const) — 5mo npoyecc usmeHeHus cOCMosAHUA OAHHOU MACChl
UOeabHO20 2a3d Npu NOCMosHHOM obveme. IIpu uzoxopHom npoyecce OasieHue OAHHOU

MACChl 2a3a NPAMO NPONOPYUOHAILHO €20 memnepamype.

3aKoH COXPaHEeHUA NONHOU MEeXAHUYECKOU IHePSUU: NONHAS MeXAHUYecKds SHepeus
BAMKHYMOU CUCTEMbL Me, 83AUMOOCUCBYIOUUX Opye ¢ OPY2OM KOHCEPBAMUBHBIMU CUNAMU,
ocmaemcs HeusMeHHOU.:

Ekz =F EPZ = Ekl aF Epl'

E omn = const.

9

E)Hepzuﬂ ROKOA — JHepeus med, Haxodﬂu;eeawz 68 COCMOAHUU NOKOsA ONMHOCUMENbHO
6bl6paHHOuy 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 1 —3,5 m; 29°. 3.2. 0,75 m/c

13¢=3+bc=vaZ+bZ =32 1 42 = 5, 3.3. 400 m/c

1.4. a)(:O, 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 u 16 cm; 36 cM n 3.7. =5 ]L; SUx; 0

3.8. Her

~11,06 cm; 48 cm u 0 cm.
1.7. Tenexxku M u O IBHUTrarOTCSI OTHOCUTEIIHHO
TeneKku N B IPaByIO CTOPOHY.

3.9. Epy = 25/1x; Eyp, = 0 [Ik.
3.10. yBenuuuTes B 4 pasa

1.8. Tenexku M u O OTHOCUTEIIBHO TEIEKKH N 3.11.2,5 Sg[ )
HaXOMSATCSI B COCTOSTHUM TTOKOSI. 3124 = 2 (U% — vf) = —80/x
1.9. ~11,7 MuH; 5 KMm. 3.13. 0,021

3.14. Kunernueckast SHEprHsi yMEHBIIUTCS,
MIOTCHIHAIIbHAS SHEPTHs YBEIHMIUTCS.
3.15. Kunetuueckasi 3Heprus yBeIUUUTCS,
MOTECHIHAIbHAS] SHEPT sl 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%,

V3 =275 Uy = 14750 .

1.17. 50 m; 40 m.

L 1= 254

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, POU3OIIC/IIEE SIBICHNC

SIBJIICTCSI MHEPIHAIBHBIM SIBJICHHEM.

2.5. 1,875 m/c%.

2.6. 216 xH.

2.7. 14,4 xH.

2.8.45c.

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 _ 0611
(h+R3EM}IM)2 2

2.13. 200 kH/m

2.14. 40 cm

2.15. =60 cM; =~ 66,7 H/Mm.

2.16. 90H.

2.17.1l; = 87,5 M — aBTOMOOWIb yIAPUT CTAJIO.

2.18.~ 13 - 10°m/c.

2.19.2 M/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 xonebanmii; 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 mm.

4.10. x = 0,05cos(15t+0,75)m.
4.11.4,5wm; 2 ',

41227,
4

4.13.0,1875 wm/c.
4.14.0,0075 m/c?.
4.15.12m/c?.

4.16.16 M.

4.17.12 m; 0,05 c; 20 I'n.
4.18. 11 m.

4.19. 8 M.

4.20.2 I'n.



5.1. #29 net
5.2.~092-c

5.3. #B Bo3pacre 41 JeT
54.~1,3 M

5.5. Ilonepeunslit pa3Mep HE U3MEHSETCA, a JUIMHA
YKOpaunBaeTcs Ha 2 M.
5.6.9-103'kr
5.7.10,251 - 10~ Ix
5.8.25,5 - 1071 JIx

5.9. 0,6 - 10°ToHH
5.10.c

6.1.1,2 - 10%*
6.2. 5 MoJ1b
6.3.3,3-10727kr; 5,3 - 10~ 26kr
6.4.M = 0,16 —; mgy = 2,7 - 10~25kr

MOJIb
6.5.2,3-10%°m73
6.6.5,6 - 10721 Ik
6.7. B mepBom ciryuae, na. Bo BropoM cirydae — 3am-
KHYT, OJJHAKO HE H30JHPOBAH.
6.8. Her, B Hagaie Mex Iy TelaMH TEIUIOOOMEH He
MIPOUCXOANT. Jla, paBeHCTBO TeMIepaTypbl CMECH
TeMIlepaType BO3/AyXa B KOMHAT€ TOBOPHUT, YTO
MEXly HIMH BO3HUKJIO TEIIOBOE PABHOBECHE.
6.9. Her, cucrema He HaxXxoQWiach B TEIJIOBOM
PaBHOBECHHU.
6.10.927°C
6.11. IIpu Temmneparype Boime 647 K
6.12. [Ipu temneparype 150 K — >xuakocts, mpu
190 K — ras.
6.13. Yactp 1 - 6 COOTBETCTBYET H30TEPMHYC-
CKOMY C)KaTHIO, a 9acTh 1 = 3 — H30TEPMHUIECKOMY
pacIIupeHuro.
6.14. Yactp 1 — 2 COOTBETCTBYET H30XOPHOMY OX-
JNaXIEHHIO, a 4acTh 1 —» 5 — M30X0opHOMY Harpe-
BaHHIO.
6.15. Yacts DA
6.16.6 - 107 3m3
6.17. 3-1073m3
6.18. YBenmuuminocs B 0,7 paza

Kr

6.19.5—
6.20. 840 Ia
6.21.13 #
6.22. 180 x/Ix
6.23. 0,25 mm
6.24. 10,8 mm3
6.25.0,043 r

6.26. Oyacso = 31,8%7

6.27. Pa3HbIMH (h)M3UYECKUMH CBOMCTBAMH B
pasHbIX HaIpaBJICHUSIX BHYTpH

BEILECTBA

6.28. Tlo uncny u hopme yriioB MEXIy
CTOpOHAMH

7.1.20 K

7.2.10 x/Ix

7.3.5-10°Ta

7.4. Ymenpmminock Ha 20 k/lx

7.5. Hayactu 1 — 2 yBestmuuioch 3 pasa;

Ha yacTtu 2 — 3 He U3BMEHUJI0Ch

7.6. Hayactu 1 — 2 He U3BMEHUJIOC;

Hayactu 2 — 3 yBesinuusioch 3 pasa

7.7. 2p0V0
78.U =2pV; AU = U — U, =

3 9
= ;(4P0V0 —poVo) = EPOVO'

7.9. a) yBennuusnoce Ha 3k/x ; b) 2,4 Mmosb

7.10. 0,3 x/Ix
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