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OT ABTOPA

[auHan kHUra 33AyMaHa KaK METOAHYECKOe MocobHe AMa yuutesel
(PU3UKH, CTYAEHTOB MJaAWHNX KYPCOB BY30B ([IpexJe BCero nejarort-
qecxux), a TaKxe a4 yanﬂ.HXCH CTapIHPIX KJ1alCOB CI)EIIHI/IX IUKOJA
{ocobeHHO WKoJ HU3HKO-MaTEMaTHYECKOr0 npodunn). Jasi IKONLHUKOB
Ha [MepBBLIX NOPax KHHUCAa MOXET NOKa3aTbCA TPYAHOH (B OCHOBHOM,
OAHAKO, H3-3a HEMPHBLIYHOCTH BEKTOPHOro u3noxenus), TeMm He menee
JIOCTaTOYHO YIIOpHble yuallpecsl, HAJO0 10J1ararh, IMOYEPIHYT IJIs cebs
MHOI'O TOJE3HOrOo.

ABTOp C’I‘apaJICH Be3je npnnepmnaarbc;x €JJUHOro Meroja pemeﬂym
3anayd, B OCHOBRE KOTOpOI‘O JICKUT HCNOJIBL30OBAHHE }1660.11}911]01‘0 KOJIHu-
yecTBa (pYHlIaMeHTaJ!beIX 3aKOHOB Q)PISI/IKI/I C HpI/IBJqueHHEM no Mepe
HaJ.IO5HOCTH He3HAyUuTeJLHOTI'O KOJMHYeCTBa BernoMorare/bHbiX q)OpMyJI.

Iasi Gonbinell iCHOCTH M3JI0KEHUS KaXKA0My Pa3iesy Mpeiroc/anb
OCHOBHBIE TEOPETHUECKHE II0JIOKEHHSI.

B kuure Her oOGCTOATENLHOCO OTBETA HA BOMPOC «KaK HAyuHTh
YUYEHHKOB» peluatb 3aflauH, HGO 3TO yKe BONpOC npernonaBaHuf. ABs-
TOp COMHEBaeTCs B HEOOXOAMMOCTH IIOZYEPKHBAHHA O1BeTa Ha 5TOT
BOMpPOC B KHHre, MOCBSILEHHOH HEMOCPEJCTBEHHO MOAXOAY K peuie-
HHIO H camomy pemeﬂmo 3ajady ¢ BO3MOXKHO 6o.m>meﬁ CTpOFOCTblO.

3azadd B OCHOBHOM COCTaBJIeHBl asTopom. llesnit psAA 3agau Ha-
POUYHTO NaH B BEChbMa «Pa3MhLITOM» (OPMYJHPOBKE C LEJbI0 HAYYHTD
IIKOJILHUKOB MBIC/KTHL OOMIMMHU TOJIONeHUsiMu, Ge3 H3numHell IpuBA-
3aHHOCTH K KOHKPETHbM ZRaHHBIM. C 3TOfl Ke IleJbl0 B HEKOTOPBIX
3aja4yax ykKasaHol He Bce JaHHble, Heo6XoAuMble AJISI OTBICKAaHHUSA
OTBeTa; pewlalolluii TAKYI0 3aJauy JOJIKEH caM BBECTH HeJoCTalolve
JaHHble, KOTAa €My CTaHeT OYeBHAHOH uUX HeoOXOAMMOCTb.
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Boabinoe suHMaHHe yRessieTCsl OrOBOPKAM O TOM, Kakue AOMyLle-
HHUS 1€JIAIOTCS HPRY PelieHUud NaHHOM 3ajlaun, B KakOM OPHOJIMKEHNH
oHa pemaercsi. Hccaenyercs pemenue psja sajnau. B nekotophiX
CAyuasix M3 pesyabTaTa pPeIleHHs 3anauyn oblero THna noJyuarorcs
pewenus Gojiee YacTHHIX 3alad. Taxoll 5/1eMEHT HCCNeLOBaHHS ABTOP
cunTaeT Ge3yc/IOBHO BAKHBLIM AJISI PasBUiusl (H3UUECKOrO MbillJIeHH.

Hanoxenunlit meton peiluesHs 3ajay anpob6HPOBaH aBTOPOM B He-
CKOJIbKHX OOLIYHBLIX CPEAHHX M CnelHalHSHPOBAHHBIX (QH3HKO-Maie-
MaTH4YeCKHX WKoJaaxX JIenunrpaja, a Tak:ke H3jnarajcs Ha cemMHHape
yuutesell ¢U3NKN CperHUX wkoJa Jleuwunrpasa.

Aprop Ganarozapen Ausekcannpe Bacunberne Tumopesoil, Eaene
$enoporre Slpywunoit u Esrenmo Wpanoeuuy Byiukoy 3a psan

o

KPpHUTHUECKHIX 3aMe€uaHHH, KOTOpELIe, pasymMmeeicd, Oninu YUTEHDL.



QACTDH I

MEXAHUKA

1. 9JIEMEHTh! REKTOPHOY AJITEBPB!

B Kypce ajieMeHTapHON QU3HMKH, KaK H3BECTHO, HPUXOJMTCA oOre-
PHPOBATL ABYMS] KATErOPUAMH BEAHYHH — CKAJAPHBIMHE H BEKTOPHLIMH,
CyumecTBseHHbM OTJAHMYHEM BeKTOPa OT cKajaspa
ABJAAETCHS HANPABJEHHOCTDh BEKTOPA, YeM H O5yCJOBICHD!
ocofbbie npasuaa AefcTBHI HaJ HUMHU, HOCSILUIHE rEOMETPHU-

yecKHH xapakxTep. p
[Tockonbky pefictBus Hapy Bex- Celep

TOpaMH N0 CYUECTBY  Y4al(HUMeH A

U3BECTHBI MJIOX0, TO NpeICTaBJisier-

csl HEOOXOAUMBIM PacCMOTPETh MPOo- 0 A

crefiiiie onepamuy HaJ BEKTOpPaMH
nepes H3JIOKEHHEeM OCHOBHOI'O Ma-
Tepuana sroli kuuru. Heodxoau- 0
MOCTh 3THX [NPELIOChIOK  06bsic-
HFeTCA elle M 1eM, YTO BEKTOpHan 192
3aMUCh MHOCUX vpaBHemm (hU3HKH Puc. 1.
Gonee moaHO oTo0pa:Kkaer COOTBET-
CTBYWIIHE npolecch H sBJAsercss Gosee NPOCTOR H  KOMIAKTHOM.
Bexrop onpenensercs abcoMOTHON BeaHUNHOH (MOLyJIeM) U Hanpas-
JIEHHEM H Ha uepTexkax u300pamaercs HalpasJeHHBIM OTPESKOM, ANuHa
KOTOpOI'0 B ONpelieIeHHOM MacliuTade xapaxktepu3yeT aSCoIoTHYIO BeJH-
YHHY BeKTOpa. Tak, ABHXKEHHE Kakoro-aufo Tend Ha CeBepo-BOCTOK
€o ckopocTeio 30 m/cex MOkeT ObiTh H300paKeHO OTPE3KOM, Hanpas-
JIEHHBIM HA CEeBePO-BOCTOK (I TOJMBKO Tyaal) M HMEHM AJHHY,
onpeze/aaemMylo Macuitabom; Hanpumep, npu mMacmraée B 1 cu 10 m/ces
Juinna otpeska OA nomxua ObTh 3 ¢m, a npu MaciuTabe B 1 cm 15 m/cex —
—2cm 1. A (puc. 1). Touka O HaspiBaercs HayaJoM BEKTOPaA,
Toyka A — ero KOHIOM.
[Tpunaro pis oTamuua BEKTOPOB OT CKaJsipOB 0003HAYaTh B TeK-
CTe BEKTOPBI KU P HBIMH OYKBAMH /M Haj GyKBAMU CTAaBHTb uepTy

Hu crpeaky. Hanpumep: &, v, E uin a, v b wia, v, Enr I
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AGcomoTHEIe 3HAUEHHST BEKTOPOB 0GO3HAYAIOT TEMH Ke GYKBaMH,
HO 6e3 BCAKOTO BhiAGJEHHS HX, Hanpumep: a, v, E wm B Buge |al,
Jol, |E!.

PopManbHO BEKTOPHBIE DABEHCTBA HMEIOT TOT K€ BHA, 9TO H

ckanapuble, Hanmpumep, a--b=c. Crpeakn xe nan 6ykBamMH o03Ha-
Yal0T, YTO MBI MMeeM [J€10 C FeKTOpaMHd H, 3HAYHT, OMepaunu Haj
HUMH TIPOH3BOZATCA 1O OCOOLIM [PABHAAM, O KOTODHIX peyb Oyjer
MATH B janbHeHuieM. B YacTHOCTH, Takas 3alMChb O3HA4aeT, uTO eCiiH
a==2 1 b=23, 170 ¢ He ofs3zareqbro GyjieT paBHO 5.

Q) YMHONEHUE 6eKMOpPA Ha CKAAAP

YMHOMEHHE BEKTOPa @ Ha Kakoil-n1u60 MOJOMKHUTENbHBIH CRANAD

JAeT BEKTOp TOro Ke HanpaBieHHsd, 4T0 H BEKTOP 4, HO B KU pas
Ooaplph no BeaMuuue (pHc. 2).

2 5-4a

Sty PO el Fi Fz_.g[i
- - - 4—_—_—-—-——-.
d<4a I=na Lo - -
e o e e - g=-3d h=md
) i ——— > — — am———)
Puc. 2. Puc. 3.

Ymuoxenne BEKTOP2 a Ha OTpHHﬂTEJIbHHﬁ CKaJigap m RaeT BEKTOD

NPOTHEOMNONOKHOFO BEKTOPY a Hampapjenus W B {m| pas GoJbluKi
1o Beauuune (puc. 3).

6) caoxenHue geKkmopoes

CnoXHTh HECKOJIbKO BEKTOPOB — 3TO 3HAUMT 3aMEeHHTb HECKONbKO

Ha CaMOM JeJle WMEIOLIMXCH BEKTOPOB TaKHM OJHHM, KOTOpPHI Ghut Obl
. SKBUBAJIEHTEH BCEM 3aMeHeH-

a\ﬁ‘ HBIM. PesynsTupylolinil BeKTop

HaxXOMSIT KaK 3aMBIKAIOULYIO TOH

JIOMAHO! JIHHUH, 3BEHLSMH KO-
TOpO¥M SIBJASIOTCA  COCTaBJsIO-
npe Bekrtopel.  Hanpumep,
HAJO CROMMHTH H300paxennble

Ha pHc. 4 BeKTOpH a, b, ¢

-
5 o
/75
d u d. JI;is 3TOr0 NPUCTPaUBAIOT B
f mo6oM Nopsiike K KOHIY OJIHOTO
(npeablaylmiero) BEKTOpPa Ha-
4aJo APYroro (Nocaefyolero).
PeayarTupyolinii BeXTOp j/ HanpaBieH OT Hadaja NEpBOro Cjia-
raemoro ¥ Kouny mnociaepnero. Ilpy 3TOM HMeeT MECTO KOMMYTaTH-
BHOCTb, T. €. TO, WYIO Ol NEPECTAHOBKH COCTaBJMIOUIMX CyMMa He

¢ d

i/
f

(31}

]

Pruc. 4.
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mensiercs. VI3 pucyHKa BUAHO, HAmpuMep, ut0 a-b-c-+d =
—btatd+te

B uacTHOM cJyYae CJOXKeHHS NBYX BEKTOPOB IPH MOCTPOEHHH
0Jly4aeTcss TPEYroJbHHK, ABE CTOPOHbI KOTOPOI'O — COCTABJSIOILUE,
a TPeTbsi — Pe3yJpTHPYIOWHA BEKTOp.

8) sbidumanue geKmopos

Kak u B cayyae CKaJsapoB, BbIUHTAHHE BEKTOPOB €cTh JEHCTBHE,
o6paTHOe CJOXEHHI0. PaccMOTpMM BBIUMTAHHE HA NpHMepe ABYX
BEKTODOB.

[lycts Hago H3  Bek- . 3
Topa ¢ BHIYECTh BEKTOD @ /

M TeM HalTH HX pasHOCTb

b=c—a. Yrobul HaiTh g

Pa3HOCTb  HBYX BEKTOPOB
C H a, Hal0 K BEKTOpy ¢

Qs

[y
Ry
=y

BN

> . d
) / 3
& @ >
b
Puc. 5. Puc. 6.

npubaBUTb BEKTOp (— a), T. e. BEKTOPOM b=c—a 6y11e1‘ BEKTOD,
HANpABJEHHBIH OT HAYa/la BEKTOpa ¢ K KOHZY BeKTopa (— a) (PHC. D).
Ha puc. 6 noxkasaHs! 18a
BeKTOpa @ M b, HX cymma &
c=a-b, pasnoctn d=
=b—auf=a—>b

a
z |
N~

Puc. 7. Puc. 8.

™

M3 puc. 7 Buavo, 410 B Mapajjelorpamme, MOCTPOEHHOM Ha
BEKTOPaX @ M b Kak Ha CTOpOHaX, ofiHa AHAroHaJb (€) mmeer cmuica
Cymmbl, a Apyras (d) — pasHOCTH BEKTOPOB b H .



B npouecce H3MeHEHHA BEKTOpa MOTYT MeHAThCA o6e XapaxTe-
PHCTHKH BeKTOpa: H €ro BeJHuYHMHA (MOAYJb) M Hanpasjenue. Ha pue, 8

NOKas3aH HEKOTOPHI BEKTOp, HM3MEHHBILMIiCS OT Uy O U, a TaKike
AD — NOJIHOE M3MEHeHHE BeKTOpa C YueTOM H3MEHEHHS ero fo BeJi-
uune (Av,) n no sanpassenuio (Av,). JIerko BHAETH, YTO

KE::EZTA-EZW

2) paszaoxenue gexmopa Ha cocmasaamnuiue

Yacto 6nipaeT Heo6XOAUMO .3aMEHHMTh OJHH BEKTOD TaxkuMH He-
CKOJIbKHMH, KOTOpbie B CymMMe cBoefl ObliH Obl 3KBHBANEHTHEI ATCGMY
sameneHHoMy. Taxast omepauns HaskiBaercs pasfoKeHHeM BeKTopa
Ha COCTaBJfiOLIME BEKTOPHL. PaccmMoTpum TPH cjyuas, Korja CocTas-
JASIOIX BEKTOPOB JAOMAKKHO MOJYUHTBCH ABa:

1. VszecTHpl KpoMe pacKiajblzaeMoro BeXTOpa HanpasJeHHs cocTa-
pasiiownx. [Toanexar HaXoXKAeHAIO BEJTNUHHDBL COCTABAAIOLINX BEKTOPOB.
-QueBuJHO, MeOMETPHUECKH 3ajaua CBOAUTCH K MOCTPOEHHIO TPEYrOJb-
HUKA 0O OJHO# U3 CTOPOH W MNpHJEKAallUM K HeH ABYM yriam d
HAXOMKIEHHIO CTOPOH II0JYuHB-
merocst  TpeyrosibHUKa  (WJu
napasnnesorpamma).

2. M3Becten Kpome packJsa-
IBIBAEMOTO BEKTOpa OJUH H3
COCTaBMAONLX BeKTOPoB. Hajo
HalTH BTOpPOHl CocCTaB/fAOUIN
BekTop. I'eomeTpHuecky sagaua
CBORMTCS K IIOCTPOEHHIO Tpe-
_ yroJBHHKA [0 JBYM CTOpoHaM
¥ Yray Mexly HHUMH (HJIH K NOCTPOEHHIO apasjiejiorpamma no uia-
FroHaJH, oAHOfA M3 CTOPOH H YIIYy MeXAy HHMH), OIpelesieHuIo
TPETHEH CTOPOHBI TPEYTOJBHUKA H YIVd, COCTABJSEMOrO 3TOfH CTOpO-
HOfl ¢ OJHON M3 3ajaHHBIX CTOPOH (HJH COOTBETCTBYIOHUX 3JeMei-
TOB NapaJijieorpaMma).

3. MsBecTHR Kpome PacK/ajbiBA€MOro BEKTODA BEAHUYHHBI COCTaB-
JsiolX  BekTopoB. Hazo mafitu ux Hampapgaednsi. [eomeTpuuecku
3ajla¥a CBOJMTCH K INOGCTPOEHHIO TPEYroJbHHKA 10 TPEM CTOpOHaM
(n1d  papajsenorpaMma O AHAroHaJ#d U CTOpOHAM) ¢ MocJje-
AyIoUlM  omnpeflesieHieM YILJIOB TPEyroJpHuKa (WM napasiesno-
rpamma).

Ha puc. 9 noscnenst st 1pu cayuad. [lepsomy caywaio coor-
BETCTBYET MOCTPOEHHE MapasjjiesorpaMva HJH TPeyroJibHHKa [0 M3Te-
CTHHIM ¢, o H § C NOCAEAyIOWUM onpefesnesneMm a U b. Bropomy
CJIy4alo — NOCTPOEHHE O 3aJlaHHbM ¢, ¢ U B (uau ¢, b U «) ¢ no-
caenylomnM onpefesienHem b n o (unu a u B). Tperbemy cilyuan —
MOCTPOEHHe N0  H3EECTHBIM ¢, @, b C FmocaeAyoliMm oOnpejee-
HUEM @ H B, - : : : :

8

Puc. 9.



d) peutenue 8eKmMOpPHBIX MpPeyzoAbHUKOS

Peienie BEeKTOPHBIX MHOTOYrOAbHUKOB, T. €. [AKHX, CTOPOHAMH
KOTODBIX fIBJIAIOTCA BEKTODH, INPOH3BOMUTCS IO TEM Ke NpaBHaaM,
YTO M pellieHke OOBIUHAIX MHOFOYTOJBHHKOB,

B Tom uactHOM cayyae, Korja noJyuupluascs Qurypa spisercs
KOCOYTOJIbHLIM TPEYTOJILHHKOM, €€ pellieHHe CBOAUTCA K NPHMEHEHUIO
TEOPEMbl KOCHHYCOB H TeopeMbl CHHYCOB
(¥ peRKOo Teopembl TAHIEHCOB).

Teopenma KocHHycoB: ksadpam  crio-
FoHUE MPEYSONbHUKD PaBeH CYMME KBQOpi-
mos 08yx Opyeux CcmopoH 6e3 yoeoeHH020
npou3sedeH SMUX CIOPOH HA KOCUHYC
Yy2aa MeCy HUML.

Tax, ans cnyuas, szo6paxenyoro na
puc. 10, umeem:

¢F=a*-} b*— 2abcosy;

a'=c*"4 b*—2cb cosy;

b*=a*--¢* — 2ac cos B. \
Tebpema CUHYCOB: CRIOPOHOL MPEYEZONbHUKA NPONOPYUOHAAbHBL CUHY-

Cam NPOMUBOACHQUUX SMUM CIMOPORAM Y2106,
Hns cayuas, usofpaxenHoro sa puc. 10, numeeM

Puc. 10.

a __ sina
b sinp?

a_sina” b sin 8
¢~ siny ¢

B Tem cayuae, Korja TPeyroJbHHK [OJYUYaercsl mpsMOYTOJIbHBIM,
pewenne ynpowaerca. PaccmaTpuBarbh 3T0T caydali Mbl He Gyaem.

e) NpoeKy UL BEKMOPA HA OCU KOOPOUHAM
U CONOCMAagAEHUE BEKMOPHOMY PABEHCMEY
CKAAAPHOIX paABeHCNE

Bocnonb3oBasiulich CKa3aHHBIM B NYHKTE 4 (cayuait 1), mMoxio
BBECTH MNOHATHE O NMPOEKLHAX BEKTOPA Ha OCH KOOpIHHAT.

[lycts Ha nJjockoctd 3ajgaH Bekiop c. BBegem B 3Tofl e mio-
CKOCTH J[Be B3aHMOMEPIeBAHKYJADUbLIE OCH KOOpAMHAT X H Y,
nosoKuTeAbHble HalpaBJeHusl KOTOPBIX YyKasaHw crpeaxamu. Torpa
PEKTOp ¢ OIpeiefuTCs CBOEH BEJIHUMEON ¢ H YIJIOM, KOTOPHIi oH
COCTaBJISET ¢ KaKo-Iub0 Ochio, Hampumep, ochio x (puc. 11).

PasnomuM BeKTOp ¢ Ha BEKTOPH @ H D, HanpaBJeHHLIE BAOJb
ocefl x W y, M CIPOEKTHPYEM HX Ha OCH KoopAuHaT. Torja MpoeKinH
9THX BEKTOPOB OYAyT OLHOBPEMEHHO H NPOEKIHAMH BEKTOpa ¢ Ha
ocd KoopauHar. Ilpoexkuusa BekTOpa CUHTAaeTCA IOJIOXKUTEIBHOH, €CJH
COOTBETCTBYIOLIAl COCTapJsiollasi BEKTOPa - HampasJjena B CTOpoHY
NOROMHTEABHOLO - HapaB/leHus OCH, ¥ Haobopor. Hanpumep, Ha
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puc. [ Cx U Cy MNOJIOXKHTEJbHB!, T4K KaK COOTBETCTBYlOUHE HM

cocraBastiomige BekTopa ¢(a MM b) HaupasieHsl B CTOPOHH [10JIO-
JKUTENBHBIX 3HQUEHHH X H Y.
Ha puc. 12 npoekuus c, NOJOXKHTENbHA (TdK KaK COOTBETCTBY!O-

mas e cocraBaAnILAA

gk
. & o
¢ -
2 c 4y
3
/{ - :
& ~ .
ey b L z
' x
g Cx X 0 Oy
Puc. 1. Puc. 12,

BEKTOpa ¢ HalpasjeHa BJOJb MOJOXKHTEIbHLIX 3HAa4YeHUH OcH x), a
NpoeKuusa ¢, OTpHUATe/bHA (TaK KaK COOTBETCTBYOLlasi €f cocTas-

JSAOL(asl BEKTOpa ¢ HampaBJjieHa B CTOPOHY, NPOTHBOMOJICKHYIO IO-
JIONKUTENLHOMY HANPaBJCHHIO OCH Y).

OueBuanO, YTO 3aJlaHKe BEKTOPA €T0 BeJIHUHHON U YIJIOM, KOTOPBI

OH COCTaBJISIET ¢ KaKo#-nHG0 OCblO, COBEPLICHHO 3KBHBAJIEHTHO 3aia-

7 HHIO NPOEKLHA 3TOrO BeKTOpa Ha -

ocH. JleficiBHTENbHO, 3HAs ¢ U &,

T MOKHO HalTH C,==CCOSa H Cy==

I by % =csina. BepHo n obparHoe: sHas

fIpOEKLMU BEKTOPA, MOXKHO HalTH

p ero BeNMHUHHY M  HampasJetue,
J ay ' a HMEeHHO

T 2 [4
'l c=VaFa ntga="2,
ar by *

o3

S
&Y

Ilycrp tenepr Ham 3a4aHO Bek-

bz TOpHOe paBeHcTBO a - b==—c. Hso-

Puc. 13. OpasuM TpPU ITHX BEKTOpa B COOT-

BETCTBHH CO CKa3aHHbIM B IYHKTE 2.

ITpoexTupys Bce BeKTOpH Ha OCH KoopauHar (puc. 13), noayuum

OUEBH/IHbIE PABEHCTBA

=0y~ b, UMM c,=acosa-}bcosp;
¢y=a,-+b, umm c¢,=asina--bsinp,

T. €. [0 MPOEKUUAM BEKTOPOB @ M b JICrKO HAXOASTCS MNPOEKUUH

CyMMapHOro BeKTOpa C. Ho NPOEKUHH BEKTOPA BMOJHE ONPEILAAOT
CaM BE€KTOD, HMEHHO

c=Veci-c n tgy——-%.
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Takum o6pasoM, BCSKOMY BEKTODHOMY DaBEHCTBY BHAA
a+b—c+ ...+ h=T+F—. . +0 (M

MOXXHO COTIOCTaBHTBL Ha TJIOCKOCTH J(Ba CKaJSPHBIX PABEHCTBA MpPOEK-
LHHA BEKTOPOB

by Oy ves by =Ly fo— . B @
ayt+by~c+ . k=1l +fy— ... +h &)

Tlpn 3TOM nonMyueHHas cHCTeMa COBEpIIeHHO SKBHBANEHTHa HCXOI-
HOMY BEKTODHOMY DAaBEHCTBY B TOM CMBICJIE, YTO IIO3BOJISET Onpene-
JUTH TIPOEKIMH HHTEPECYIOLIEr0 HAac BEKTOpa MO NPOEKLHSIM OCTalib-
HBIX BEKTOpPOB.

B cayuae, ecam BeKTOpH JieXaT He B OAHOM IJOCKOCTH, TO
K ABYM DaBeHCTBAM NPOEKLUHI Ha OCH, X H y J06aBJsiOT TpeTbe
PaReHCTBO NPOEKLMH BEKTOPOB Ha OCh z, GO B TPEXMEPHOM Cliyvuae
BEKTOP ONpelesifeTcsl TPeMsi IPOEKIHSMH Ha OCH.

MpuMmevanne. Pemesne BeKTOPHHX PABEHCTB, KAK BUJHO, MOXET GHITh
CHENaHO KaK C IOMOLIbI0 TEOPEM CHHYCOB M KOCHHYCOB, TaK K C NOMOLIbIO
CONOCTAaBACHHA BEKTOPDHOMY pPaBEHCTBY pPaBEeHCTB CKalapHuX. [lepBhifi cnoco6
Enom‘n B TOM Ciyuae, €CAM B BEKTODHOM TpPeYIONbHMKe 3afaH ONHH M3 YraoB,

cayyae e, €CAW BCe Yribl 3alal0TCA N0 OTHOLIEHHIO K OJHOMY M TOMY e
Hanpasjaenulo, yno6en BTOpolt cnocob.

Ha uepTexkax uwacTo 3aMeHEHHBIE BEKTODHl TOMEYAl0T BOJHHCTOH
uyeptoukoil. Hanpumep, Ha puc. 12 BEeKTOp ¢ pasjoxeH Ha COCTaB-
JfAI0IHEe BEKTOPH @ H b (T. e. 3aMeHeH UMH), MO3TOMY OH NOMeueH
Tako# uepToYKof. IDTH INOMETKH He o00A3aTebHE, HO B CJayuasx,
MOrYLIMX Bbl3BaTh HeIOpasyMeHHe, IOJIe3HHL.

Hano sanoMunTb, 4TO 3HaKH, CTOsillHe B paBeHcrsax (2) u (3),
HHKaKOro OTHOWEHHUS! K 3HAKAM NPOEKUMI BEKTOPOB He HMEIOT H 03Ha-
YalT JHIL Te NEeHCTBHSA, KOTOPble NPOH3BOIAT C BEKTOPaMH H HX
NpoeKHUAMH. DTH 3HAKH NPOCTO MEPEeHOCSTCS H3 BEKTOPHOrO PaBeH-
crBa (1) B (2) u (3); o 3HaKax Xe mNpoEKUHH cJelyeT CYAHTb MO
CKA3aHHOMY B MNOSICHeHMHM K puc. 11 u 12,

OTMeTHM, 4YTO JJIsi COKpAalleHM$sl 3alucH NMPOeXIHi BeKTOPOB HA
OCH KOOpZIHHAT, KOTOpblM OHH MapaJjuyiesibHBl, Mbi B TeKCcTe 0003Ha-
yaerm uX “ta, =6 u T. 1. BMecToO, HalpUMeED, ay, b, v 1. . Honpu
5TOM NOMHUM, UTO @, ==a WIH by==b npu affox u b{ox, ecam xe
aN 0X WJH bN 0X, 70 Qy=-—a U by=—>0. HupiMu cnsoBamu, Mbl
cpasy yuuTbiBaeM TOT axkT, UTO BEKTOp, Mapa/jeNbHbl KaKo#-aH60o
OCH, IPOCKTHPYETCH Ha Hee IJIIOC-MMHYC MOJAYJeEM (a Ha OCTaJbHbe
OCH, pasyMeeTcsl, OH CIOPOEKTHPYETCA HYJIAMH).

Yacto B Tex cJay4asx, KOFja HanpapjieHHe BEKTOpa OYEBHJHO,
MBI YKa3bIBAaEM TOJLKO €r0 MOAYJb.
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2, MPUMEPHAS CXEMA PEWEHHUS 3ANAY

Pazymeercs, ofwero peuenta st pellleHMA 3aaay HeT, HO NpH-
JIePKHUBATLCA KaKOH-JHGO CXEMbI XKe/IatesH0. ABTOP CHMTAET MOJE3HOM
CAEAYIOULYIO CXeMmy:

1. YcranoBurs B 06mMHKUX uepTax YyCNOBHA 3ajaud.

2. Cpenarp KpaTKyio 3aMuCh YCJAOBHIL.

3. Chenars ueprex, cxeMy, PHCYHOK, NOACHAIOUIHE ONUCAHHLI
B 3ajaue npolecc.

4. Hamucare ypaBHedHe HJA¥ CHCTeMy ypaBHeHHH, oTo6paraio-
IAX MPOHCXOASIMIUI Ipouecc.

5. Ecan paBencTsa BeKTOPHLIE, TO HM COIIOCTABUTh CKajfApuhie
paselcTsa. :

Hcnonb3ys yenoBUs 3apauu w0 uepTex, npeobpasonBaTb HCXOMN-
HLIE paBeHcTBa Tax, Y1o0bl B KOHEYHOM BHIE B HHX BXOJHMJHU JHllb
YNOMSAHYTHE B YC/IOBHSIX 2afa4ydl BeJHYMHB W Tabnuuuble RanHble.

7. B cnyuae HeoOXOAMMOCTH HCCJIEN0BATh NOJNYUYCHHBIE DPEUIEHHST.

8. Bce BesuuuHBl NepeBecT B OfHY CHCTEMY eIMHHIL.

9. IlpousBecTH BHIUHCJIEHHS.

[epebie 3ajaun B 3Tofl KHHIE pellels! AOCTATOUHO NOAPOGHO,
a pff NOCKeAyIonX — CoJlee €KaTo, C ONYIEHHBIME OYEBHAHOCTAMM.
HauGonee tpyausie 3amauu nomeueHs! 3pe3gouxoil. B naparpadge 14
HpOBefeHo OJOCHOBAHHE MOAXOJAA K pEUICHHI pAja 3ajay Mo Me-
XaHHMKe W AaHBl BapHanuH B HX DPeElUeHHX.

3. KUHEMATUKA MATEPUAJIBHOW TOUKH

Kunemaraka — 310 pasjen MexaHHKH, HIYYAOMHA pa3JduHbie
JABHKeHI Tesn 6e3 pPacCMOTpeHHs TeX NPHUMH, KOTOPHIE BbI3bIBAIOT
9T0 Asikenne. Ecan pasmepsl Tena B JaHHOH 3aJavue HECYLURCTBEHHLI
(4acTo 3TO 03Ha4deT, 4TO JHHEHHblE pasMepbl Tead MHOTO MeHblue
paccTofiMMi MeXKAYy HHMH H BpalleHHs Tel OTCYTCTBYIOT), TO Takoe
TEJI0 HA3bIBAeTCsl MaTeRHaNbHOR TOUKOH.

HBienne MaTepHaAbHOH TOUKH CYHTAETCH H3BECTHBIM, eCiH
H3BECTHO €€ MO0JIOKEHHe OTHOCHUTEJLHO BLIOPAHHO{ CHCTeMBI OTCYeTa
B Jo0ofi MOMEHT BpEMEHH, HJH, uTO BCe DaBHO, €CJAH Mbl 3HaeM,
KaK H3MeHseTCs NOJIoKeHHe MaTepHalbROi TOUKH B NPOCTPAHCTEE
CO BpEMEeHeM.

Beejem mnonsTHe pazmyc-BexTOpa £ TOukM N Kak BeKTopa, Co-
CIMHSHOEro HAYyaJ0 KOOPAHHAT C HHTepecyiolefi mac Ttoukofi N
(puc. 14). OueBnmHo, YTO NPOEKIMH KOHNIA 3TOr0 BEKTOpa eCTh
KoopauHarhl TOuKH. OyeBHIHO TaKiKe, UTO 3aJaHHS OJIOKEHHUS TOUKH

ee KoopiMHaTamMu (X, y W 2} HJIM pajuyc-BekTopoM (r) DKBHBA-

JIEHTHBI JAPYr JAPYTY.
[Tpn xBuxeHWH MaTepHANBLHON TOUKH e€e KOODAMHATHl (4 BHAUHT
H ee paiuyc-BekTOop) OYyAyT MEHATbCA, 3ajauell KHHEMATHKY sSIBAACTCH
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YCTAHOBJICHHE 3aBUCHMOCTH 7 or BpPEMEHH f, WJIH, KaK rOBOPST, yera-
HOBJleHne 3aBHCHMOCTH r..._r(t) WIH 3aBHCHMOCTEH

x=x(l); y=yt);, z=2(0).
DTH ypaBHEHHS HA3HIBAIOTCH KMHEMATHUECKHMH ypaBIEHHAMH JBH-

KEeHUS MaTepHaJIbHOﬁ TOUK .
- 0

x
Puc. 14. Puc. 15.

[
.
I\

&

Ecau B pesysabtaTe JBHMKEGHHSI BJAOJb KakoH-TO KpHBOH MartepH-
ajbpHas TOUKA mepeMecTHjach 3a BpeMst A7 W3 NoJoXKeHud, onpefe-
JIACMOTO  PajHyC-BEKTOPOM 7y, B TOJIOMEHHE, Onpeje/sieMoe paju-
YCOM-BEKTOPOM 7, TO BEKTOP Ar = r — ry HaspiBaeTCs nepeMenieHHem
MatepualbHOA TOYKM, a IJMHA YacTH KDUBOH MEXKAy KOHeYHoH H
HexonHuel Toukamp — nyreM As (puc. 15).

Puc. 16.

Hano uetko cefe MpeacTaBuTb pasHHLy MEKIy mepeveienuem A
H mytem As: Ar — BexTop; As — cxansp; |Ar|— usmepserca mo nps-
MOH MeKAy HCXOIHLIM H KOHEUHBIM MOJIOKEHHSIMH TOYKH; As — H3me-

pserca gioanr Ttpaektopuu. OueBHaHO, As>|Ar! B nByx cayuasx
Mexay . lAr[ A As Her pasupuel: 1) ABHIKeHHE NPAMOJHHEHHOE, B OAHY
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CTOPOHY; 2) JIBHiKeHHE KDPUBOJMHEAHOE, HO J[BA COCEAHHX I10JI0XKe-
HHSl MaTepHasbHOH Toukd I M 2 cTONb OJMH3KH, YTO HET BO3MOMKHO-
CTH OTJHYHTL AYry As oT xopjipl }Ar[ (puc. 16).

B cooTBeTCTBUH CO CKAa3aHHBIM MOXKHO BBECTH IIOHSITHE O CpCA-

o - Ar
HEH CKODOCTH MNEPEeMEIICHHA Ucp‘——-jﬁ

, As - . o
KIEHUS] MYTH Uep == z7. [Tpu oM Uep U Ucp OTIMYAIOTCS B TOH XK€

H CpeiHeH CKOpOCTH MpOXO-

Mepe APYr OT Apyra, uro U Ar ot As.
Yacro yyaiiHecsi CKJIOHHBI CUHTATh CPEJHION CKOPOCTDH ABUMEHUA
B BUJE

Uep

boalNU e o/ B i e A
— . ,
£ae vy, ..., U, — CKOPOCTH HBHXKeHHfi Ha 1, 2, ..., n-M yuacTKax.
It10 ownboyHOE MHEHHE. :
CpenHsis CKOpOCTb, 1O ONpejeseHulo, eCTh OTHOLEHHE OoO6LIero
nepeMelleHns Ar K TOMY NPOMEXKYTKY Bpemenu Af, 3a KOTOpBI# 3TO
nepeMelIeHHe NPOUSOULIO, T. €.

= =R+1?2+...+A7',, 4 o AsitAs . ds,
T A, - At L Af, & At - Aty ... Af,

@) pesyrbmupyotiee u OmHocUmMesbHoe OBuIeHue

Paccmorpum ABa ciyyas OIHOBPEMEHHOIO JBHIKEHHUA JABYX Tel,

1. OnHo 43 Ten OBHXKETCH N0 APYroMy Tely, B CBOIO O4Yepenb
Toxke JBHKyuiemycsi. Hanpumep, uenosek ABHxKeTca o Kopabmo,
JBHKYIlEMyCH OTHOCHTeNbHO Geperos 6e3 BpauleHHs, T. €. NOCTY-
naTeapbHo. -

[Tycte npu stoM Ar; — nepemerienye kKopabas OTHOCHTENBHO Oe-
pera u Ary — nepeMelleHUE YEJIOBEKA OTHOCHTEJIBHO Kopabis.

Torna no 3akoHy HE3aBHCHMOCTH [BHXKEHHH IepeMelicHHe Yeso-

BeKa OTHOCHTENbHO Gepera Ar,., — pesysbTUpyioliee nepemMerierue —
OylneT CKJaJbBaThest U3 Ary H Arp, T. e

Bfges = Ary -4 By,

Jenst o6e wactu pasenctBa Ha Af —Bpems, 3a KoTopoe Ipo-
H30LJIM 5TH NepeMellieHHus, MoJyyuM

F]2'6':} _—K;.: +A—r;
Af T At At
UJH
vpe3=vl+v9'
HpyruM npumepoM #ABJAfETCA ABHXKEHHE JOJAKH OTHOCHTEJBHO
Geperos B ciydae, eclIH rpefer nepeMeilaer JOAKY OTHOCHTENbHO
BOAbl, 2 BOJa HepeMellaeTcA OTHOCHTEVbHO Geperos (puc. 17).
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Taxkum ofpasoM, pesyJbTHpYWOILIHE E? H U H306paxaoTcs reo-
METDHYECKOl CyMMOH COCTaBASIOIEX Ar M v. AHanoruyxoe coot-
HOIIEHHE HMeeT MeCTO AJs YCKODEHHH (€C/M HeT BpaleHui).

2. lBa Tema ABHMIKYTCS HE3aBHCHMO JPYr OT ApPyra B HEKOTOpPOH
cucTeMe orcuera. Kak onpenensiercs HMX IBHXKEHHe JLDYr OTHOCH-
TeJbHO Apyra?

Paccmotpum 3TCT caykail Ha npumepe ABYX xopaénen JLBHXKY-
HHXCH OTHOCHTeAbHO Gepera. ITycTe M3 HeKoTOpoOH Touku A (puc. 18)
BHIXOJAT JBa Kopabus, H OAMH U3 HHX yJAaJseTcss Of A Ha paccrosi-

Hue Ary, a Ipyroil — Ha paccrosiuve Are. OyeBHAHO, OTHOCHTEJNbHOE

g Toes ATz
GA
- A
Puc. 17. Pue. 18.

HX NepeMelleHHe onpelienseTcss B3aHMHEIM paCCTOHHHeM K;om I/I 3Ha-

YHT, OTHOCHTEJIbHOE TlePeMEleHHe PaBHO Pa3uocTH Ary u Ary. [lpu
5TOM nepeMellleHde 1-ro OTHOCHTENBHO 2-r0

Ary g==Ar; — Ar,,
a nepemelieHde 2-ro OTHOCHTENbHO 1-ro

Af(a, 1=Afg—-Af1.
OueBunHo, uro
Arl, g == — Arg, 1.

Heans nepeMenieHnsa Ha BpeMﬂ, 34 KOTOpPOC OHH INpPOHA30IUIH, HMECM

HIIH

- - - -

U1, e=—01 = Vg, U 1= Ug— V1.

Auanoruuno 51,9=a1—a~1 H Qs 1=Qy—a; (eCM HeT BpalleHHs),
rfe @ M Gy — YCKOPEHHA 1-ro u 2-ro Kopabiieil OTHOCHTE/bHO Gepera.
TaKuM 06pa30M, OTHOCHTE/IbHEIE IepeMellleHHe H CKOPOCTb ABYX TeJ
OTIPENeISIOTC BEKTOPHOH PAa3HOCTBIO HX TEpeMelleHHil W CKOPOCTed,
33jaHHLIX IO OTHOWIGHMIO K OZHOH M TOHl e CHCTeMe OTCYeTa.
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6) pasnomepnoe Gsusenue

PaBHOMeprIM Ha3biBaeTcs JABHKeHHe C MOCTOSHHOMH CKODOCTLIO,

T. e. ¢ v==const. SicHo, uTtO PN TaKoM JABMXKEHUH (O ero onpe-
J€JIeHNI0) HU MOAYJb, HY HanpaBJIeHHE CKOPOCTH He MEeHSIOTCH.

3apauga 1

Ilepsyio nONOBUHY BPEMEHH TENO JABHKETCS CO CKOPOCTHIO
=20 m/cex nop yraom o;===60° K 3a5aHHOMY HanpaBJIeHHUIO, a BTO-
PYIO TIONIOBHHY BPEMEHH —~ [0 YIVIOM oy=120° K TOMy JKe HaIpaBs-
JEHHIO CO CKOPOCTHIO vy =40 axtjcex, Hality cpepniolo CKOpoCTb ABAH~

Kenus vcp (puc. 19).

¥ 8

Puc. 19. Puc. 20.
Pemenwue

Tak kak Tesio COBEPILNJIO JBa NEpeMEIHeHHda, TO CyMMapHoe nepce-
MELICHHE ONPCHCAHTCS PABEHCTBOM

37 :.A_’:l + Z;i)
OTKyAa

~ A AAr, AR AR 1 =

Vop =37 = "7y, =y (01 +03).
COﬂOCT&BJ]ﬁH 5TOMY BEKTODHOMY paBeHCTBY JBa CKaJ/sIpHBIX, NoO-
JyquM

U €08 - Us COS Ay .
Ugp,, == 5 =—5 m/cex;

v, sin a; -~ v, 8in a,
Uep, == ‘2 2 =153 Mjcer.

3agaua 2

Teno copepmiaeT gBa NOCACHOBATEALHMX, OXUHAKOBBIX MO BesH-
YHHe nepeMelieHHsl CO CKopocTamu Uy ==20 m/cex noj yraom a; = 60°
U vg==40 m/cex nox yraom oy==120° X 3aJaHHOMY HampaBJeHHIO.

Haiitu cpeauiolo ckopocTb E;CP (puc. 20).
16



Peumrenne .

Kak #-Bnpefsayiel sanaue, Ar=Ar, - Ary, WIH Uepl = 03t; -
-} vgle,” OTKY A

e 'Ult + Uztg
Uep = T
uJiaun
- Arl - Arz
- +
Vep= Arl é[g .
v, Uy

A tar Kak Arq==Ar;, TO MO COKpPAIIEHHH HA HETO HMEEM
- ] - 1
. Ut v, + v, 0s
Ucp"— 1 1 ]
171 Uy

—

HJM B NPOCKNUAX HaA BblﬁpaHHbIe HanpasJaeHust

Ty COS ! +- v, cos a I
! Lo, 2 *v, __cosa; - cosay

Uep, = T i == n
57 bg Uy Uy

v, $in « l -+ vy sin a 1
S ! g, T Py, sing -sina,
Py 1 P
Uy Ug Uy Vs

HO}ICTHBJIHF{ UHUCJICHHBIC SHAYCHHA, NOJYUHM

3
Vep, =0;  Uep, =20 —lg— Mjcek.

3agaua 3

Hsa xopaGas HABHAKYTCSI CO CKOPOCTAMH U; M Uy TIOX YIJIOM &
Apyr K apyry. Ha#iti cropocTh nepsoro kKopaGisi OTHOCHTENLHO

Broporo (puc. 21).

Pemeune

3necy peup HIET 06 OTHOCHTE/NBHOU CKOPOCTH, HOITOMY

04, 9== Uy — Vq.
17



Tak Kak siech YNOMSIHYT Yrojl a MEXAy Uy H Us, TO yno6HoO BOC-
NOJNbL30BATLCS TEOPEMAMH CHHYCOB H KOCHHYCOB

Uy, g== Vv";’ ~+ v3 — 2v,v4 COS @

Hanpasaenne vyo onpenenum, HampH-
Mep, yrJjom B; torza us

sinf _ sina
v Uy, 2
uMeeM
. sin a
Sin p: Uy =
Uy, e
_ 7, Sin a
Puc. 21 Vo7 + vl — 20,05 cOSa
3anaua 4

Jloka nmepeiBUTaeTCsi OTHOCHTENBLHO BOAbI B PeKe CO CKOPOCTHIO U
TNOA YIJIOM o K TEUEHMIO, CKOPOCTh KoToporo pamna u. HaiiTu cko-
POCTb JIOJKH OTHOCHTeNBHO Gepera (puc. 22).

&

Puc. 22.

Pewmenue

OueBHINO, UTO MCKOMAasi CKOPOCTb Upes =0 1. Tak KaK yIJbl «
A B 9BASIOTCS ONHOBPEMEHHO M YTJIAMH NTapasuieslorpaMmMa H yraami,
33JAIHBIMH 110 OTHOLIEHHIO K OJAHOMY M TOMY JK€ HAMNpPasJieHwio, TOo
pewaTy NOJyYeHHOE PABEHCTBO MOXKHO JIOObIM M3 JBYX CIOCOGOB.

Tonbsysce Teopemauu KOCHHYCOB M CHHYCOB, HOJYYUM

vpeg‘—“l/v‘*-}-u2 940 c0s (180 —a) =V 0* - >+ 2uv coso;

sin (180 —a) __ sin §

Upea v !
OTKY/a
sin ﬁ . v sin a
Vv ut - 2uvcosa

18



B npoekuusix Xe Ha OCH X M Y NOJYYHM H3 Upey==0 4 &

Upea, = U COS 2 - U;
Upea, = U sina.

IMokaxeMm, 4TO BTOPOE pPEUICHHUE TOKACCTBESHHO MNEPBOMY

Upes == va,egx - v;’,eay =V v costx 4 u? -+ 2vu cosa4-vlsinfa =

=V v¥ (sin¥a - cos¥ &) |- u¥ - 20 cos 2 = I 0 - u? - 2uucos a,

vp“y . 2 sin a
Upea Voi+u®F 2eucose

sinf=

Taxum ofpasoM, ofa peuleHHs 3KBUBAJEHTHBl, KaK H JOJKHO ObiTb.

8) pasnonepemennoe daudcenue

HPH ABHKEHUH TeJa CKODPOCTh €ro MOXKET U3MEHATLCA. J_-[Jlﬂ Xa-
PaKTEPUCTUKHU 6blCTp0Tbl 3TOr0 H3MCHCHHUA BBOAAT MOHATHC CPEAHCIO

YCKOpeHUs) AJs NPOMEXYTKa BpeMeHH Af

-~ AU 0—7,

Qp =% =& >
OTKYIa

V=10 + [{CpAt-

IMockonbky Af=1t—1, TO

=10 —{-— Qep (f -— to).
Ecnn Bkmouath yacel B MOMeHT fh=0, TO

U(t)=0s+a, () £.

I[BH}KQHHQ, NpH KOTOpOM a=const, HA3bIBACTCHA PaBHOMCDEMCHHBIM,

B srom cayuae a,,==a H, 3HauuT,

= Uo+ at.
nOKa)KeM, 4YTO IpH TAKOM JABHXECHHH
= U4 0
Uep =————2,——,
HJY, 4TO BCE paBHo,
__'on+vx_ _ Uoy + ¥y
Uepy="5 3 Ucpy—' — Ty

i poxasarennCTBa 3TOrO MOCTPOHM rpadUKH 3aBUCUMOCTEH

Up==Upe - ayl; Uy ==0gy - ayt.
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Hssectno, uro na takux rpadukax (puc. 23) samrpuxoBanHas mjo-
Hiaib YHCIEHHO paBHA COOTBETCTBYIOUIEH IIPOEKIHMH nepeMelieHu,
npouclieaiero 3a Bpema t. Ho B Takom cayuae
Ugy ~+ Uy D +'U

(Ax u A_/ NoJCUNTAHL Kak nJomand Tpameunit). C apyroit cropous,
H3 Ar_.vq,t nmMeem

Ay =

Ax =vgp 1 Ay = vcpyt.

Iosromy, moab3ydach DABEHCTBOM (), NOJYUHM

Vo -+ Uy fe— o £ Ugy - Uy fe /
— G *-*‘Jcpx’ — —-Ucpy.
Cokpamas B 060MX paBEHCTBAX f, MOJYYUM
- Vox -+ Vs Yoy + vy
vcpx*—’_‘?—“. Ucpy'—‘ 9 ’
HJag, 4ro BCC paBHO,
- Dot v
Ucp =2 5 )

4yro B TpeGOBaJOCh JAOKA3aThb.

us

’N

Sxs8x
Yox
g t

Puc. 23.

Henonp3yem nosyueHHbIl pesy/inTaT ILJs BbBOAA APYyroi ocHOB-
HOH OpMYJIBl PaBHOLEpEMEHHOrO JABHIKEHH.

o G T Gk aabdt, o, @
Ar:vcpt_-:vojvt:vo+go+ :Ugl‘-{—-u—

D1y dopMyay MOXKHO BLIBECTM H HHaue, TOACTaBUB Cpasy B () 3ua-
YeHMs U, U vy, Torza

9

L2 ayt
Ax:va 2 H Ay:UOyt+T,

Y10 3KBHBAJEHTHO (bOpMyJIe
s - at?
Ar : Ugt + bR
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[MTonyyeuusie dopMyast
: i - - — - —.t’
v=0y-} af;  Ar==uv <}- [—’Z

NOo3BOJIAIOT pewinThb JIEOﬁy'lO KHHEeMAaTH4YeCKyt0 3ajaadyy Ha pasHonepe-
MCHHOE ABHKEHHE.

3amaua 5

H3 amm rayGunofl A Gpocaior Teno noj yrioM oy K TOPU3OHTY
€O CKOPOCTHbIO Ug. HafiTH moso:iehue W CcKOpoOCTL Teda uepes Bpemd !
(puc. 24)

Y

Ly gz
2

n

Puc. 24.

Pemenne
[poexTupyst ypasrenue
— - of?
—o il 8
Ar=uyt 455
Ha BbiGpaHHBiE OCH, MOJIYUUM
X — xp==04f COS 0y;

]

. ¢
y——yG:L’QtSIHZQ*——%—

B yuuteiBas, uro Xo=0 W y,=——h, Halinem

X =0yt COS &y;

. gt®
Yy=—h—+ v sinay—=-.

Ananoruuso HAX0AUM CKOPOCTH U3

_U = Uy —i—- gt
locne mpoexTupoBannsi Ha ocu mMoJyuae

Uy ==Up COS %; Uy ==0ypSsinag— gi.
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3anava 6

Teno GpoweHo NMOX YIJIOM oy K TOPH3OHTY €O CKOPOCTBIO Uy U2
TOUKH C KOOPAMHATAMH Xp, Yo. HallT 3aBHCUMOCTL y =y (x), T. €. 1O-
JY4HTh YpaBUEHHE TPaeKTOPHH (CM. pHC. 24).

Pewenne
M3 ypaBnenns
— - of®
Br=o¢ 4-&

NOJNYYUM B TIPCEKIIHAX Ha OCH
2

M . t
X — X == Uo! COS a5’ y—y(,:votsmao—%—

HIH, MCKJAWUYas H3 3THX yp BHEHHH BpeMS t,

[ 3
e A K Ko s __glx—x)
Yy—Yo= o cos ay %= Gt cos® ap ?
OTKYAa OKOHUATENLHO
.2 . _ glx — x)?

§ 4 Yy=uo-t (x —x) tg 2v3 cos® ay

!

[P 7
3apaua 7

HajiTs MakCHManbHYIO BHICOTY IIONXBEM3 Ymsx H HaHOONBUIYIO
HaNbHOCTh TOJIETA Xyax AIS T1€/a, GPOIIEHHOTO NOJ yTJIOM 0y K TO-
PU30OHTY €O CKOPOCTBIO Uy.

Pemenmne

MakcHManbHOR ZadbHOCTH NOJETA Xpax COOTBETCTBYET y ==0 (TeN10
ynano). Ho rorga, nosaras B ypaBHEHHH

— X
Y=Y+ (x — X tg“o—%%'c?s%
y=0, mosyunm

g (Xxmax — x)?

Zogcosto, (Smax — 12) g %0 — 4o =0.

Peluas 370 ypaBHEHME OTHOCHTENBHO (Xmax— Xo), HaigeM 3atem
H Xmax-
3agaua ynpomaercst npu y,=0. Toraa

g (xmax -— Xx,)°
20} cos® a,

TTo COXpalleHHH HA (Xmax — Xo) M YHPOUIEHHH MOJYYHM

v? sin 2a
Xmax = JT'J‘ + Xq.

— (Xmax — Xo) tg ag==0.
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Orcioa BHJHO, YTO NPH 33aJAaHHBIX Xy H Uy RAJLHOCTB MoJera Oyner
Hauboabiueii npu ay=45°, ([lpu y, 7y peayastar Oyaer APYrum).

Hafitem Ymax HCXOAA H3 TOTO coOOpaKeHusd, YTO B HaMBbICUIEH
gouxe Tpaektopuu vy,=0. Toraa u3

. £2 .
y—y(,=votsma0—§2—; 0=uv,sinoy— gt,
HCKJAOUaa Bpemsa f, NMOJYUHM

. v, sin a, gu} sin? a,
Ymax — Yo =="UySiN 0y g — 2g2 s

OTKYyAa I10CJi€ NPHBEACHHA NnofoSHBIX UJIEHOB

o3 sin? «
ymax=—02—g‘_o+y0-
CueBHAHO, YTO TpH 3afaHHBIX Uy M Yy BHICOTA Ypax OyIeT HauGOJb-
weid npu ay==90°,

3anaya 8

IBa tena GpoleHbl OXHOBPEMEHHO
H3 HekKoTopoit Toukd. HaiiTu ypaBHe-
HMA OTHOCHTENBHOIQ JBHXKEHHUS HX
(puc. 25).

Pemenue

OueBHJHO, YIO NOAJIEKAT HAXOK-
JEHHIo

Afx' P Arl —_— Afg
—- - — Puc. 25.
H U1, g == Uy — Uy,
T. €. OTHOCHTEJIbHOE nepeMeuieHne H OTHOCHTEJbHAA CKOPOCTH ITHX
T,

Ho ns3
. - ”lz
Aflzvmt—l—%"; (1)
— — "tt
Bry=vget - &5 @)

nocsie BeuMTAaHHA (2) U3 (1) noayuum

Ary, o= (Um — Uos) L
Aunanoruuno us
UVi=Uy+gt H UVa=vu-+gt
HMeem
Uy, 3 = Ugg — Ugq-
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Takum ofpazoMm, Tena, Opouw:ennbie B [10€ THHKECTH ORHOBpE-
MEHHO, APHXKYTCH AO CBOGIO MaJjenus APYr OTHOCHTENbHO Apyra

——y

PaBHOMEPHO H NPAMOJMEEHHO, T. €. C vy, o= Uy = cOnst.

4. JMHAMUKA MATEPHAJIbHOW TOUKH
(coGeTsenno 3axons HploTona)

Pemenye 3ajau wa sakonsl HbiooToua npepnonaraer, ecTeCTBEHHO,
UCHOMbL30BAliHe BCEX TPeX 3aKOHOB B CHOCH COBOKYHIOCTH HE3aBH-
CHMO OT KOHKPETHOrO Buja sasaun. Paswacnum ato.

i. JhoGoe onucanne Js060r0 MEXAHHUECKOTO JBHIKEINS HMEET
CMBLICAl JIHIIb NPH YKA3aHHH TOfi CHCTeMbl OTCYETa, MO OTHOIEHHIO
K KOTOpOll H3MepeHbl II0JCXKEHHE, CKOPOCTh H yCKOpeHHe HHTepe-
CYIOLIEro Hac Tejia, a TAaK)Ke CHJBl, [ellCTBYIOILHE Ha 3TO Teso.

M Ttak kax B cpefHesl ILKOJE pPacCMAaTpHBAIOTCH TOJMBKO HHEp-
LHanbHble CHCTEMBI OTcHeTa (T. e. Te, O KOTOPBIX [OBOPHUTCH B Hep-
BOM 3axoHe), peuleHHe 3ajaull, eCcTeCTBeHHO, HYKHO HauMHalb
¢ (PUKCUDOBaHHS HEKOTOPOH HHEpUMAaJbHOR CHCTeMBl OTCYeTa, 3a
KOTOPYIO NpHOJHKEHHO MOXKHO NPHHATb, NPH HeGOMBIMIMX NPOAOJI-
IUTENBHOCTSIX JABHMIKEHMST TeJ 10 3emMJe, 3eMJo  uJau Jioboe - Teno,
LBHXKYLIEECs] OTHOCHTENLHO HEe PaBHOMEPHO.

Taxknum ofpa3oM, cCbiIKa HA NEPBHIT 3aKOH OUEBHAHA.

2. Onpepenuth xXapaxTep JABHKeHUs Tesja HeBO3MOXKHO 0e3 aua-
nu3a cHiu, ReHCTBYIOIMUX Ha kero. Ho cuiiel — 5T0 Mepa B3anmopeil-
CTBUS TeJ. 3TO O3Hauaer, 4YTo 6e3 pacCMOTPEHHS B3aUMOJEHCTBUS
nHTepecyloliero Hac Tesja ¢ APYIMMH TeJaMH 3ajaua pelueHa Obith
ne Moxer. BaaumojelicTsue ke, a8 3HAUNT, U ONpEJesieHHe BCeX CHJ,
JCHCTBYIOIMX 134 HCCAENyeMOe Teso, HEMBICJHMO 6e3 IOoJb3oBannd
TPETHHM 3aKGHOM.

3. Tax kak H3MeHeHHE CKOPOCTH Tejid ONpDefeJqsercs yCKopeHHem
Tena, a BeJUUHHA €r0 Onpefessercs H3 BTOPOTO 3aKOH&, TO scHa H
€ro HeoOXOHHMOCTh IIPH DEleHHH MEXanu4eCcKHX 334au.

Heo6xoaumo 0TUeTVIHBO NpPEACTaBHTH cefe 3TY B3aMMOCBA3b BCeX
Tpex 3aKoHOB [HbloTOHA, CECCMBICAEHHOCTh MX  HCRONL30Banus
B OTPLIBE APYr OT ApYyra.

Paccmorpum HeckonbKO TpUMEpoB B ofuleM BUIE ¢ TeM, 4YTOGH
NP OHJIIOCTPIIPOBATE CKAa3aHHOE BhIIIE.

Bpumep 1. Jlowans peser B ropy BO3, ABHIKEHHE KOTOPOTO nac
HHTEDECYET.

1. EcrecTBeHHO 3a CHCTEMY OTCHeTa B3sAThL 3EMJIO, JOPOTY uau
ropy M cBf3aTh C HeA cucremy KOoOpAHHAT (puc. 26).

2. Ha Bo3 cymectsentbiM oGpasoM LefCTBYIOT: a) 3eMaa ¢ cHaoill
Tarorenus P, HanpaBJIesHO BEPTHKANbHO BHH3; 0) nedopmupoBau-
Hasl, «IPOTHYBLUAsics» ONopa (Aopora) B HANPaBJEHHH, MEpPIEHAHKY-
JAAPHOM K cee ¢ cuioii (; B) cuaa TATH CO CTOPOHB JIOWakH F,

BIOJL -FOPH - BBEPX; T) cHJa Tpenus Fy, BAONb JAOPOFH - BHHS

24



o6yCNOBJCHHAS MHKPO- H MakpomepoxoaaTocmMH (c Touxu 3pemm
MEXaHHKH) ALOPOTH.

Ecrecrenno, Ha B03 pefictsyer équncnennoe MHO)KeCTBO Apy-
X CWJ, HO HX LEHCTBHE HECYILeCTEEHHO B JaHHOM Cly4dae.

A
Puc. 26,

3. Pesyabrar paccMmoTpesHst CHJ TO3BOJISET Hanucatb BTOPOi
3aKOH B BHJRE
P+Q+Fi+Fop

m

a—=

NMpumep 2. Kamenub, nexaimuil Ha pyke, noabpacusanT
BBEPX (puc. 27, A).

1. 3a cucremy oTcuera Gepem 3eMII0 B CBA3biBaeM € Hed
CHCTEMY KOOpJAMHAT, Hauajo KOTopoil pacrionaraeM B JoGoil GM3KO#A
K KaMHIO TOYKeE. )

2. Ha xamenn JefiCTBYyIOT:
a) pyka c¢ cujofi Q; 6) 3emas
¢ cunoil P; B) conpoTHBJeHue
Bo3ayxa ¢ cuwiiolt F.. Ocraib-
Bble CUJBl HeCyHIECTEEeHHBI. .

3. Bropoii 3akoH szanuch- fe
BaeM B BHLe

iy

H

P T -1

5=@+ﬁ+?‘c 4 5

m Puc. 27.

TMpumep 3. [TopaGpomennn i xamMens netnt Beepx (puc. 27, b).
To ixe, uTo H B NpeablAyUIEM pHUMEpE.
2. Ha xamenb IefCTBYIOT: a) cHJia TAxel1H P co CcTOpoHH 3eMiH,
6) cuna COMPOTHBJEHHA BO3KYXA Feonp; 3TH CHABI HampasJellsf
BEpTUKAJIBEHO BHHS3.
Heo6xoaMo OTMETHTB, YTO Y4allHECSi CKJOHHH B NOROCHHX
C/yyasx emie - NPHIHCHIBATEL K MEPEYHC/AEHHbIM . YKe CHJAaM. «CHay
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HHepLUHH», «CHAy ABMXKeuMsix # T. A. HykHo ydacHuMTb, 4TO
NO TPeTbeMy 3aKOHY CHJIbl «IOPOXKAAITCSH» TONBKO TEAaMH H HHMKAK
HE CKOpOCTbIO, HHepuyHed U T. A
B naweM npumepe CyIIECTBEHHBIX CHJ TOJBKO ABE — P H Fonp.
3. Bropo#t sakoH s sTOrO Ciiyuast HMeer BUJ

OrMerdM  ewle OAWH CJAYY&H, YACTO NPHBOAAMHKA yUaU{HXCA
B cmyinenve. Peub HAeT O cuJax, AeHCTBYIOILHMX Ha «CAMOABHIKY-
[IHecs» Tesa — aBTOMOGUMN, M0e3/a, MHBOTHLIX.

Yyainuecst CKJOHHBE CUMTaTh, YTO ABHXKYIIeA CHJAOH B ciyuae
asToMO0H/Is1 ABASETCA CHJAa TAMH MOTOpa. 3JT0, CTPOTO  TOBOpH,
nesepHo! Teso He Moxer camo cefe COOOWIUTB YCKOpEHHe, IJTo

-
fa3
277 7777 PITT777?777777
TITIII7TI7Y qr 7 (4 z
- » ad
fia f3a

'

Puc. 28,

MOLYT cJefaTb JHIDp Apyrue 7Tena. KakoBo e NPOUCKONKIAECHHE
9TOH cuabl THAMH, JBHXKYLiedl Cuabl, coofwamLieii aBTOMOOH/IO
ycKkopedue?

Ilpu BRJIIOUEHHOM JBHTaTe]e COOTBETCTBYHOHIME MEXAHU3MBl (TpaHc-
MHCCHA) NepefalnT BO3HHKAOUlee B LHJIHHAPAX MOTOpa YCHAHE Ha
Koseca. Koneca, BO3ReficTBYsS Ha 3eM/i0, OTTAJKHBAOT €e C CHJION

F, . (puc. 28). Ilo Tperbemy 3aKkoOHY, 3eMJs TOJKAaeT KoJjeca, a sHa-
YHT, H aBTOMOGH/Db C CHJIOH, PaBHOH H NPOTHBONOJOXKHON IO HANPAaB-
JEHUIO F, ;. D1UM ¥ oGycnoBneHa cuna tard. OHa — OTBeT, peakuus
Ha fefiCTBHE KOJeC Ha 3eMIo. EcjM HCKIIOYHTH CLEMJEHHE KOosec
c 3emsief, TO ]ABMraTesib YCKODEHHsI aBTOMOGHJIO He COOOUIMT.

Moxuo ckasaTe, 4T0 aBTOMOOH/Ib NPHBOAHTCA B ABHIXKEHHE CHJIOH
aBuxymero rtpesus. (He nmytate ero ¢ TpenueM TOpMO3siiiEm!)

Heckonbko cnoB o cujie Tpenusi. Benuunna cuabl TOpmoO3sinero
TPEHHS NIPH ABHXKEHHH T€J NOACYHTHIBaercs no ¢opmyJe

Frp == kQ;

rae Q — cuia, ¢ KOTOpOH Tesia NpuMartHl APYr K APYyTy; OHAa Hampas-
Aiena NepneHfHKyIAPHO K MoBepXHoCTH compukacaommxes Ten. Cuna

F-,p HanpasJ/eHa B CTOPOHY, NPOTHBOMNOJIOKHYIO OTHOCHTENILHOH CKO--

2%



poct mBuxennda. Cuna XKe JBHKYyulero TPEHMS HAnNpaBjaeHa B CTO-
pOHY IBHKEHHS W SIBJSCTCS Yallle BCEro CHJON Tpenus mnoxos. Cuna
TPEHHST NOKOA HE MOXKeT ObiTb MNoAcCUMTana 1o ¢opmyne Fp, = kQ,
TAaK KaK NpH OIAHUX H TeX Xe &2 H Q Fip noe MOMKET HMETb Camce
pasjnunoe 3HauenHe. [Jo3TOMy nNOACUMTHIBATBL CHJY TPEHHs TIOKOs

MOXHO JIHIbL HCXOAfl M3 BTOPOro 3akoHa HptoToHa — HMEHHO Fip nox
BCETJa paBHAa H NpPOTUBO-
NOJI0XKHA TOH cHJe, KOTo- A;
pad, LefcTBYS NO KacaTedb-
HOH K MNOBEPXHOCTH, «CTpe- -
MHTCST» CIBUHYTBH TEJO. LA . )
fipumep 4. Ha crone Frp
NEKNT OPYCOK, KOTOPHII — TRIRTIrEInrsrintrromy it iiiirasssese
NLITalOTCS CABHHYThH BIPaBo, VA
NPUKJNAJBIEA K HeMmy CH-
ay F. KakoBa cuia Tpenus
noxos (puc. 29)?
Tak xkaxk OpycOK TOKOMTCS, TO CHJB, JeHCTBYIOUIME Ha Hero,
ypaBHOBelIeHb B J06OM HanpaBJjieHWH, B YaCTHOCTH U BJOJb TOBEpX-
Hocti crosia. Y1 motomy u3

a’_ —F—*- FTp, nox
m

Puc. 29.

n3-3a a=0 caenyer
. - F+F1p.nok=0,
O0TKyAa Fry nox=—F. )
B TOM uacTHOM ciyuae, KOTAa MO YCJAOBHAM 3313l Frp nox MaK-
CHMaJjbHa, €e C Majoil MOTPEMIHOCIBbIO MOXKHO CUHTaTh PAaBHOH CHJe

) = -
yex Fres a 47

7 iy — e —-

Usamedn > —

U=const ,7“063:0,. G- 0; 4T =0

57
Pnc. 30.

Tpenud cKoabXenua. Y torna Fihee max=—£Q. Ho 3To Tonnko B cay-
Yyae MaKCHMaJbHOH CHJBH TPEHHS NOKOs!
OtMmerum eme 03HO0 OOCTOSITENBLCTBO, Kacawollleecs B3aHMHON OpH-

eHTalli¥ BEKTOPOB CKOPOCTH v, M3MEHEHHs cKopoctH Av, yckope-
HHSl @ M cHabl F JAJ1 HEKOTOpOro Teda. '
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Bextopst Au, a u F uanpasnens 8 omiy Cropouy H e 06s3a-
TebHO COBNAAAIOT N0 HanmpaBieruio ¢ v u Ar. [losicuenuss namut
Ha puc. 30 u 31.

M3 cxasannoro cienyer, B YacTHOCTH, YTO CKOPOCTS 1O JeficTeHeM
CHJIBI MOMET MEHsITb KaK CBOIO BEeIHYHHY, TaK M HanpaBJeHHE.

B cnyyae kpHBOMHMHEHHOrO ABHMEHUA

Uyen BTOpO#i 3akon HbioTOHa MOXKHO 3anu-
&7 cath KaKk OOBLIYHO B BHAE
e
- £ a7 g=1L
a4 =—,
- m
Usaredn
—
o7 7

!-q
n

Puc. 31. Puc. 32.

Wi, BBOJS FANpaBJCHUE O ABMKEHHMIO (f-HAmpamJieuue) u emy nep-
HepreHauKyanpuoe (n-HanpasJ/cie), B BULE

—fn

- a == —
m’ n m?

F
at:——*t—

rie @ W F,— mpoeKUMU YCKOpPEeHHS H CHAB Ha f-HanpaBJieHue;

@, ¥ F, — npoexuun ycKopenus H CUJABl Ha n-HanpaBjiende (puc. 32).
Ipn s10M @, nokasblBaeT, Ha CKOJbKO H3MEHHJIAChb CKOPOCTE 3a
efMHHILY BPEMEHH IO BeJuuHHE (TaHTelHAaJbHOE WM KacarénbHoe
YCHODeNHs); a, — H3MEHeHHe CKODPOCTH [0 HANpaBJeHHIO 33 eANHULY
Bpenmeil (HOpPMaJibHOe WJH LEHTPOCTPEMUTENbHOE YCKOpeHHe).

) deusenue 0O0HOU MamepuarsHol MoKy
nod Odeticmeuem NOCMOAHHOLX 80 8PEMEHU CUA

[lockoAbKy cHapl, AeHCTBYlOUIHE Ha Tes0, MOCTOSIHHBL, TO B COOT-
BETCTBHH CO BTODbLIM SAKOHOM Hpuiotona u YCKOpEHHE 6y11er nocTo-
SHHBIM. 3T0 03HAauaeT, 4ToO Mbl BNpaBe no/b30BarbCs, KOra ato HEod-
X0iUMO, GopMYyIaMu

v =0, -} df, (1)
B =g+, )
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BecbMa yao0HEIMH SBASIOTCH U (GOPMYAH

Ui — Uge = 2a,84; 3)

, vy — vy =2a,7,, 4)
KOTOPBIE B ClIyuae Ip AMOJHHEHHOr0 ABHKEHHS MOXKHO CBECTH K ORHO
v? — vj = 2als. (5)

Hapo umers B BHRy, uto ¢opmyast (3), (4) u (5) cssasbiBaloT
MEXAY COGOH craNspHbie BeJHGHHDL

Yxasaunbie ¢opmyas (1) — (5) HCMOAL3YIOTCS COBMECTHO CO BTO-
priv sakonom Huiotoma B rex ciywasx, KOTZA B YCAOBHSIX 3a7auu

Heoﬁﬂsmenbho ynowmaercl )cxopeﬂne HO yl'IOMUHaPOTCﬂ 0, L\/‘ nJu f.
3anaua 9

Ha 7eno maccoit 2 ke reficteyior cunnl Fi=3 # n Fo=4 1 nog
yraamu 60° w 120° x nauanpuofi ckopoctu v,=20 m/cex. Haiitn

hy

o2 /:I

oy

) X P

[y

Puc. 33.

yCKOpenue Tesa, €T0 CKOPOCTDb U Ilepemellienue K koHmy 10-# cexynaut
DERKenus (puc. 33).

Pemennue

Tak kak CHJLI, lleﬁCTBle[U.He Ha Te€JaO0, NOCTOAHHLI, TO U YCKO-
penpe 6yne’r NMOCTOSAHNBIM

7 F,—{~P~A_
m
BbIﬁHpaﬂ OCH KOODAMHAT BIOJb 0y (ocp x) H mepneHAMKYJAsIPHO

K vy (0Chb y), nogyuum

facosa - Fycosay g op Mmfcek;

ax - ;

Fysina Fysina
ay=-! ‘;}: 2—2 A3 mfcex’



Tak kak a="Cconst, 10
U= 0+Et
nan
{ szv()x"f' al;

Uy == Upy + ayf;
B TaK KaK Up,==0; H 0y, =0, TO
{ Uy == Uy~ a,t;
Uy==qa,lf.

Tlockonbky a, n ay yxe waiizensl, To, NOCTABAAS HX 3HAYEHHS,
NONYUHM ve==17,5 mjcex; v,==30 m/cex.
Abanoruuno Haiizem M mepemerienue
g
ol at
Ar =— 00[ -—i——Z- ,
HIM B NIPOGKUMAX HA OCH

2 2
Ax =0yt |- agt : Ay:th_{_f{;_.

B cany Toro, uro vy, ==uv, u Uoy =0, umeem Ax==187,5 m; Ay~
~ 150 m.

3azaua 10

Bpycok BecoM P TaHyT mo ropusonTanbHol MOBEPXHOCTH, MpH-
Knageisas cuay F onop yraoM « K ropusonty. Ilpu stom 6pycox

A\y

L V¥4
A T
NN \\l TR T EEERRRRN
i

Punc. 34,

32 BpeMsa ! USMEHUJ CBOIO CKOPOCTb OT U, 0 U, IBHrascCh YCKOPEHHO
B oauy cropoHy. Hailltu xoappuuuent rtpenus 6pycka o nosepx-
HOCTD & (puc, 34). ‘
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Pewenue

Cunwl, neficTylouie Ha O6pycok, oueBRAHL. [Jofe3HO 3aMeTHUTH.
uyto Q< P (3T0 6yZAeT OTYETNIHBO BHAHO H3 peLUEHHH).
[lo BTOpPOMY 3aKOHY

P+ F+0Q+Fip
- .

aq =
Tax kak B YCJAOBHAX 33AaYl YyCKOpEHHEe He qmrypupyer, av, Uy H t
YNOMSHYTHI, TO €CTECTBEHHO HCNOJbL30OBAHHE (bOpMy.TIbl
v==v,-} at.
Hcekniovas H3 3THX (bOpMyJ] YCKOpEHHE, NOJNYUNM

v—v0 __P4+F+Q-+Frp
t - m :

IlpoexTHpys Bce BeKTOPH HAa OCH X M y M YUHTHIBAs TpPH STOM,
UTO Uy==0U H Upy==0p (TAK KaK JABHIKEHHE NPOHCXOAMT BJIOJbL OCH X),
TIONYUYUM CHCTEMY

t mn ’
‘ 0___—-P+Fsina+Q

m

!'v—vo Fcosa — Frp

Tak kKak F.,=£kQ, ng, TO

v—1v, Fcosa—kQ

; P&
0=—P-Fsina—Q.
Beipakas us Broporo pasenctBa Q=P — Fsina (o TOM, uTo B 3T0#

sagaue Q< P, yxasbiBajioch BhIE) W IMOIUCTABJSA €ro 3HayeHHe
B NepBce PaBEeHCTBO, MNOJYYHM

v—v, Fcosa—k{P — Fsina)

t P ’
OTKYyAa
Feosa— 2=% P
k= t £
- P -— Fsina
3amaua 11

ABTOMOGHABL, MMEBIIMH y OCHOBAHHS TOPHl C YIJIOM HaK/JOHA «
CKOpQCTb ¥y, ABHIKETCH BBEPX C BHIKJIOUEHHBIM ABHrateneM. Cuurad
KO3(ppUIMEeNT TPEeHHHd DaBHBIM A, HAHTH H3MeHeHHe BbLICOTH 4BTOMO-
6uns Hal OCHOBAHHEM ropbl 3a Bpems f (puc. 35).
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Ouesunuo, uTo

Wckamouas 0Tciofa @, MOAYYHM
P+0Q+4Frp __ 28r — Jot

m t?

WY, NPOCKTHPYHA BCE BEKTOPLI HA OCH X M Y,

- mgsin a — Fy, 28x - 2u,f

m ¢ '
— mgcosa -4 Q =0
m -
(u6o mo ocu y yckopenuust ner). Tak kKaxk Fp,=k(Q, a H3 BTOPOrO
pasencrsa @ =mg cosz, TO

—mgsine —kmgeosa  2Ax — luyt

m - £ :

¥

Puc. 35.

Cokpawan ciepa Ha m H 3aMeuad, uro Ah==Axsina, NOJYydHM

A
5_’<Uot-— h )
'—__——-_—’

sin a

g(sina--kcosa) = m

OTKYAa
A== [vot —_ g_gﬁi_n__a_—‘{zﬂsi) t*] sin a,
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3apaua 12

AsTomMoOunL BecoM P, mBurasick B ropy € yrJoM HakjoHa a,
Ha NyTH AS yBelHuHBaeT CBOIO CKOPOCTb OT Uy A0 v. Cuutas Kos¢-
dHuLKenT TOPMO3ALIEre TPEUUA paBHBIM &, HAHTH CUdy [ABHKYWEro
Tpenus (puc. 36).

WY

Puc. 36.

Pewmenue

O‘«IeBIrIllHO, YTO INpoHcxoasdalne C aBTOMOOHAEM MeXaHHUeCKHe
IIPOIECChl ONHCLIBAIOTCA B llaHHOﬁ aajaye ypaBHeunaMu
Fp4-Q+fp+P, ,__v—9
m ’ T 2As ¢
Tak kax Bo BTOpYIO (OpMYJly BXOAUT BEJHYHHA YCKOPEHHS, a B Iep-
BYIO — BEKTOp YCKOPEHI/IH, TO HUCKJW4YaThb YCKOpeHHe HEeJAb3d A0 TeX
nop, mnoxa [IepBoOMYy paBeHCTBy HE ConocCraBJ/ieHbl CKaJIsIPHLIC, HMECHHO:

— Fip4frp—Psina
m 4

ad=

0=Q—Pcosa;
-1
4= -

3xecn ygreﬁo, 9T0 ay==0 M, SHAYMUT, a,==0a. Y UuTHIBAA, 4T0 F1; == kQ
U m=-_ W HCKIOYasl U3 CHCTeMbl Q@ u a, noayuum

v¥ — v} — kP cosa 4= frp— Psina
24s T P &

[rp= (2As g-{-kcosa—[—-sma)

2 B. K. KoGymkud ) 33

OTKyJa



3anava 13

Ha uutn, Buaepxupawliell Barsokenne He Gonee Tax, MORAHH-
MalOT Tpy3 BECOM P 13 COCTOSIHMSI NMOKOSI BepTHKajibHO EBepX. CuH-
Tasi CHJy CONPOTHBJIEHHS CPelbl paBHOH Feonp, HaHTH HaMGOMBIIYIO

BHICOTY, Ha KOTOPYIO MOXHO IOI-

Ay HATb TPY3 3a Bpems ¢ (puc. 37).
Pemenne
A = Oqesm&xu»paeencrsa
o T+P+Fon,
—
KF =yt 4- 45

&‘1

UAM B INPOEKUHMAX Ha BEPTHKAJD,
¢ yuetom vy,=0 u wuckaOuas q,
NOJYUHM
T—P— Feonp 24y
m =T

MNpepenbnas BhiCOTAa oOnpezensercs B JaHHOM CJyuae NPOYHOCTBIO
HUTH, T. €. NpH Ay=lhmpax T ==Tnax. Tlo3TOMY

Puc. 37.

Toox = P = Feonp 2y,
P - e
OTKYJa
Ty —P—F £
hmax — ___m_’XX____P_____C_OrE) g 5
3anaua 14

Ilpnunapuueckoe BeAPO € BOAOH MOZHMMAOT pPAaBHOYCKOPEHHO
M 3a BpeMsl ¢ CKGPOCTb €ro H3MeHSIOT OT U, A0 v. 3Has, YTO Macca

BOAB paBHa m, a MJOUlalb OCHOBANHA Y

Beipa S, HafiTH laBjenne BOJAb HAa AHO a

(puc. 38). — . —
Pewenue TN _-

OueBHHO, YTO IEBHXXEHHE BOJb! onpe- _ - — &
JeNseTCcss pPaBCHCTBEAMH - — — -

2 0Q+P, - - - - -
m ' 7 7 Z
V=10 -} at,
13 KOTOPHIX CJiefyeT no HCKJIOYEHUU a &
O+P _ 5—7 v
4 Puc. 33.

m -t



HJAH B NPOEKUHH HA BEePTHKAJIB

Q—mg __v—uy,
m ot

oTKYJa

Q=1 (g+25%).

— E- .
Ho no Tpetbemy 3akony (Qy=—@H/aH B NPOEKUMH Ha BEPTHKA/b

Ql =Q.
YuuThiBadg, 4To Z
p= 21
OKOHYATENbHO HMeeM s
p=5(g+"52).
3anaua 15 Az

Kamens BecoM P, mapas ¢
BLICOTHl Ay M monajas B CHer,

npobuBaeT B HeM SIMy Iay6H- /
HOHl hy. Cunras JBHXKenue B8 7

BO3AYyXe H B CHery pasHonepe-

MEHHBbIM, CHJIY COIIPOTHEJIEHHS B 73

EO3AyXe paBHO#l Fi, HafiTH cuay 7 /

CONPOTHBJIEHH 1 ABHKEHHIO B CHe-
ry F, (puc. 39). Pac. 39.

Pemenne

CucByano, YTO ABMMKEHHS KaMHsl pacnajaercss Ha ABa »Tana (s
BO3AyXe H B CHETY), H MOTOMY

P 3



YuuteiBag, u4t0 vy =0, v,=0, vy=Up==v U CuuTas HANPaBJCHHE
BHU3 TIOJIOHTENbLHLIM, HMeeM

P F
QG =—75—g (1)
ot
al—'Q]lla (2)
P-—F,
— =5 g (3)

B ypaBHeRMAX @y B3ATO CO 3LAKOM «MHHYC», M0G0 @y HAIPABJCHO
BBEPX NpH BLIGOpE MNOJIOXKUTENILHOrO HaNpaB/jeHHS BHHS.
Mexmouas 83 (1) u (2) a; v u3 (3) u (4) as, NOJYuHM

o8  P—F v P—F
o, = —p &¥ gy =——7p &

IIC./TH 5TH paEEHCTBa OJAHO Ha I{pyl‘OG H ynpouiad, HOJIY‘I&GM
— hy hy
Fy=P (G 4-1)— Fijt.
3anaua 16

Kaxce naufoJblliee KOJHYECTBO BArCHOB MOXRET MAPOBO3 BE3TH
B ropy ¢ ykaonom 0,025 (sina==0,025), ecan usBectHo, uro 1) Bec
napcBo3a B TpH pasza CoJblue Beca BaroHa; 2) kosdduiMenT Makcu-
MaJbHOro Tpenus noxos ke=20,1; 3) xosqduunenT Tpenus kavenus
ky=0,0017
Pemeune

Ha cocrae geficteyior (puc. 40): 1) cuna TsxecTtn
Peoer=PparN ~ Ppop = Pyor (N - 3);
2) cuja TOPMO3SLIEro TPeHHsA
FTp == k1Qcocr
3) cuna IBUKYWIETO TPEHHS!
f-_— k‘EQnap-
Cuntas JBUXKEHHE COCT2BA BBEPX -paBHOMEDHEIM, NOJYYHM
@(0C1+f+pCOCT+FTp=O
MU B NPOEKUHSX HA I- W A-HaNpaBJeHu s
f— Peoer Sina — Frpy =0;
Qeocr — Peoer cOsa=0.
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Tak xax FTp =k1Qcocr, 8 f= kiQnap

k*lQuap — PoerSina — BiQeoer =05
Qeocr — Peocr OS2 =0.

Hekmouast Qeoer H y4IuTLIBAA, UTO Quap==3Pya COS @, MOSYUHM

k3P yar CO8 & — (N -1-3) Pyae sina — &y (N - 3) Pogp cOs =0,

OTKYA2

_ 3[(ky— Ry cosa —sina]
N= sin o -}- &, cos « =9

Puc. 40.

HurtepecHo CpaBHHTL 3TO YHCJAO € TEM YHC/JAOM BAaroHOB, KOTOpoe
Bes Obl MapoBo3 MO FOPH30HTAaJbHOH jgopore (T, e. a=0)

N =3k — k) __ og7,
ky

Orclofa BUAHO, Kak CHJABHO CKasplBaeTcs Jaxe MaJblfl yKJIOH Ha
yucae N.

3agaua 17

Ilo Hak/JOHHOH NJIOCKOCTH C YrJIOM HAKJOHA ¢ U KO3PULHEHTOM
TpeHHsl k ABUMeTCA TOA JAeHcTBueM cHinl F, cocraBasoieil yros
B ¢ mampasjeHHeM BBepX BJOJb HAKJOHHOH IIJIOCKOCTH, TejO Mac-
coit m. Teno pABUrajoch BBEDX 3aMe[JIeHHO, HMEA HAuajbHYIO CKO-
poctb v,. Uepes kaxoe Bpems ! OT Hauaaa HaOJIOAeHHA Teno OYAeT
HMeTb CKOPOCTb U YK€ IPH ABHUMKEHHH BHH3?
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Pemenue

Ipu nemwenuu Tena eeepx (pue. 41, A)

mg ~+ Frp, 4 Q+ F = mi; (1)
a—;:__v'-;vo’ (2)

The v —— KOHeYHas npr JBUXXEHHW BBEpPX M HauyajgbHad npu JABHAE-
HHH BHH3 CKODOCTE.

N A 0( \;ﬁ \ NN NN 5“ {B\ii
Puc. 41,

Ilpn nBuxennu Bnus (puc. 41, B)

mg -+ Frp -+ Q4 F = may; ®)
a=ﬁg”. (4)

Hckmouas a; us (1) 1 (2) 1 Gy 13 (3) 1 (4), TONYIHM C YueTOM ¥/ = 0

-y

mg 4 Fup, Q- F= —m;
mg + Fup, +QF-F=m3..
TlpoekTHpysi BCe BEKTOPBl Ha OCH, no.ﬁytmm ¢ yuetoM Fo,=4Q

mgsina-}-kQ—-Fcos@:-’%—fﬁ;
1

~—mgcosa--Q-4 Fsinp=0;
mno

mg sina——kQ—-FcosB:T



UM, HCK/o4Yasd H3 3THX PABEHCTB Q,

mg sina. -k (mg cos & — F sin 8) — F cos §="72; (5)
1

mgsinoc——/e(mgcom——Fsin[%)——FcosB::”%v—. (6)
3

Buipamas us (b) £, a u3 (6) #; ¥ ckaaneisas X, HalileMm U00C/e
OURBU/HBIX NIIpeolpa3oBanuil

{— mu,
T mg(sina -+ & cosa) — F{cos B+ & sin ﬁ)+
my
+mg(sina—kcosa) ~— F(cosB — ksinB)*

5) JdeumxceHue cucrmemot MAMEPUAAbBHOBLXY MOYek,
CBABAHHUX HEPACMAINUMBDMU HEB2COMBMU HRUMAMLU,
U menp umenuUux 830UMHROE YCKOPEHUA

B npuuiune pemeHde 3ajay 3Toro naparpada He oTaH4aerca oT
peLicHHs 3ajad NMpeAplAyliero naparpada: Hago paccMaTpuBath CHJIL,
JeficTByIOIMe HA KaXAce H3 HHTEPECYIOUIHX HAac TeJa, M, Hamndcas
BTOpPOH 3aKOH A KaXA0TO0 M3 HUX, pellaThb CHCTEMY ypasHeuiil.

!

./

G 2
The A

T2 7y
5
quc. 42,

B rex cayuasix, KOrAa Hac He HHTEPECYIOT CHJb, BO3HUKAIOLLHE
B HUTAX, MOXHO pPacCMaTpHBAThb CHCTEMY COBMECTHO ABHKYILUXCH
TeJ KaK OJHO TeJO.

BripaxeHHe «HATs:KeHHe HHTH B JAHHOM MecTe» O3H4YaeT CHJy,
¢ KOTODOHl OJiHA YacTb HMTH AeHCTBYeT HA ADYryiO B AaUHOM Cedes
uun (puc. 42, A). Ilo tpervemy 3akony |7y e|=|Ts 1], 4 nNOTOMY
Mbl 00O3HAYHUM BENHYHHY HATsKeHHs HHTH OyxsoH T Ge3 HILIEKCOB.

[ToxaxkeM, 4TO BeJHUHHA CHJBI HATSKEHUT 0O BCeH HHTH Ofi-
HAaKoBa, €C/H HUTb HEBECOMAa H €CJH Ha HHTh He JeHCTBYIOT HHKa-
KHE BHEMLIHHE CHUJbl, NPHJAOKEHHbIE K ITOBCPXHOCTH HHTH BAOJDb €@
oci. Jasi 3TOr0 BHIZEJNHM MBICAEHHO JIOGOH KycoueK HHTH Al

(puc. 42, 5). Ha nero peficteyioT 73  Ts.
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Mo Bropomy zakonHy Ty~Te=Am.a. Tak kak Am=0 (sutH
Hesecoma), 10 Ty=—7Ty u, suaunr, {|T1|=|Te|=T =const no
BCEH HHTH.

AHanornuHo J0KasklBaeTCsi, YTO CHJBI, JefiCTBYIOIIHE Ha Jjo6oe
HEBECOMOe TeJ10, HAI0T B CyMMe HyJb. B UACTHOCTH, 3TO OTHOCHTCS
K HeBeCOMBIM 6JI0KaM, YHOMHHAICWIEMCH B 3afauax.

EcTecTBeHHO, TIOHATHE «HEBECOMOE» TEJO O3HA4aeT JHILbL TO, UTO
ero Macca HMYTOXKHO Majia MO CPaBHEHMIO ¢ MaccaMH JIoOhIX APYTHX
TeJl, YIOMAHYTBIX B 3ajaue.

Ecan Tesia ABHKYTCA C YCKODEHHSIMH OTHOCHTENLHO APYT JApyra,
TO A5l pelieHUS 3aJauH 4acTo HeoOXOAMMO GHIBAET 3TH YCKOpEeHHS
CBA3aTh JAPYT C APYLOM, AJA YEro Hafo HMeTb B BUAY, HTO Gpes ==
==Q; -0y U 01, 9==a; — @ (B COOTBeTCTBHY CO CKa3aHHLIM B Ia-
parpage 3, n. a).

3agava 18

Ha aBa Gpycka MaccaMH my M 11y, CBS3aHHBIX HEPacTSKHMOMN
HuTho, AelicTByloT cuanl Fy v Fy mop yraamu oy <90° u ap >>90°

74
TR

)4 4o 457 f

C!.e /:3
£ ST LLSTS o s w M
:Z\F\‘R\\ AN NNNNRNN SN TR
B £
v %

Puc. 43.

K Hanpabaenunio Apwkenus. Hafitu yckopenue cucreMsl, ecan xosdu-
UHEeHT Tpelns MeXKAY OpyCcKaMH H TODH3OHTAJNBHOIH NJIOCKOCTLIO paBen
k (puc. 43). bpycxu OT NJIOCKOCTH He OTPLIBAIOTCH.

Pemenne

Tak Kak ycKopeHus O0OHMX TeJ OAMHAKOBBL M CHJIBI HATSKEHUS
HAC HE MHTEPECYIOT, MOXKHO DAacCMaTPHBaTh BCIO CHCTEMY KaK OAHO
Teno. Torna

Fyd Qi Frp + P+ Qo+ T4 Frp,+ Py
my -+ my )
Cunrtas HanpapJ/cHHe BAOJbL JBHKEHHA TNIOJOXKHNTEJNbHBIM H YUHATLIBA4,
uyto a,=0 (4, cnepomaTtesbHO, Q;=a), MCJAYIUM
= Fycosay — Fpp A Fycosay — prg_
T L K

0:F1 Sindi—\l-Q]—Pj—“‘—Qg—*—FgSinaQ——Pg.

fo —
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A Tar Kag Fiy=Fi, 4 Frpy=k (Q1 -} Q). 0

azF,cosa, - Fycosay — £ (Q, - Qu)
my -+ my ’

0::F1Sinal—Pl—l—FQSiﬂag—Pg+(Q]+QQ).

Hckmouaa orciona (Qu~Q:) v yuureBasg, uto P==mg, nonyuum

_ Ficosay + Fycosay — k (mg 4 myg — Fy sinay, — Fy sin ay)
- my - my

a

IMpu stoM Tak Kak ae >90°, To c0Sae <0 m Fycosa,< 0.

3anaua 19

Ha ropusontaibHOd nOBepXHOCTH ¢ KOSQQHIHEHTOM TpeHusa A
nBuxKeTcs OpycoK BecoM Py, COeIHHEHHBI! HHTBIO €O CBHCANOWAM
Opyckom Becom Py Hakrtu
HATSIZKEHHE HHTH U CHJY
JABJEHNS Ha OCb HEBeco- G

y o
Moro GJoka (puc. 44).

, 726
Pemenne LF:}_";"ﬁW

- i
3pecy T4y, 6—cHaa Ha- 7
TSKEHUA HUTH, JeHCTBYlO- ¥
was Mexay OJCKOM M Inep-
BbIM TeJIOM; T g g-— CHJIA Ea-
TSUKEHHST HHTH MeX1y B10-
puim Tesiom 1 Gnokom. QOue-
BUJHO, 4TO

;_P1+T1,6,
=",

— ﬁ2+ﬁrp+62+72,6 ﬁl

o ==
s m,y v

Hago wumMerh B BHILY, 4TO Puc. 44.

31eCh a1 H Q9 BEKTOPLI, 4H-
CJAEHHble 3HAUeHHsd KOTOPhIX paRrHBl, HO HallpaBJIEHHS1 pasHbIC.

Hostomy @) 75 @e, HO |a1]=|az]==a. To xe U ¢ HaTAXKEHUEM HHMTH:

~y

7:1,5#7:9"5, HO 1?1,5|=179'5;=T.

B panuoMm cayuae yzoGHO BCe BEKTODH IPOeKTHPOBaTb Ha f- H
n-HanpapJeHs, H Tak Kak a,==( (HalpaBJcHHE CKOPOCTH JBIKEHUS
TeJl HE MEHACTCH), T0 g,==a,
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[losToMy paBeHCTBA B NpPOEKIHAX HA f- M n-HanpaBJeHHS (BLOAL

U nonepek ABHKeHUA) OyAYT HMETb BHA:
P —T —kQ:+ T
a=- -g; a= : g 0=—Py+Q,.
Py Py
Hckmouas u3 3T0H cucTeMbl @ H @y, MOJAYYHM IIOCJIE HECJOXKHbBIX
npeo6pasoBanuit

T=P1'Ps(1+k)

PPy

Jna HaXOMEEHHS CHJBI AABJEHHS Ha OCh 6/10Ka yuTeM, 4To (puc. 45)
Te, 1+ Ts 2-+Qs=0,

T. €. 10T ¢aKT, 4To 60K HaxoauTcs B pasHoBecuH. 3gech T U
T, 2 — CHJABl HATSKCHUA HUTH, JEHCTBYIOLHE MEXKIY OJIOKOM H NEPBLiM

-

ag

o
~N

¢
S

4 75,1

N\,

\,

|
!
|
[
l

"R T I -E

Is
r

Puc. 45.

H BTOPBIM Te€JIAMH COOTBETC1BEHHO (IpH 3TOM Ty, 1 =T¢ o=T); Qs —
CHJsIa, JeACTBYIOAA Ha och 06JI0Ka CO CTOPOHH NojAcTaBKH. Ilpoextupys
CHJIbI HA TOPH3OHTANbHOE M BEPTHKA/IbHOE HANpaBJEHH, IICJydHM

— T+ Qs cos 45° =0; - T = Qg cos 45°;

— T4 Qssin45°=0 T = sin 45°
BosBoaa B KBajpaT KamAOe U3 DAaBEHCTB 3TOH CHCTEMbl M CKJaAbiBag
HX, IOJNYuYHM

2T =Q% (c0os?45° }-sin?45°) uau 2T =Q3,
OTKYJa
Q=T Va.
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Qs MOXHO GBIIO HafiTH W WHaue. 3aMeHsas T.s g—l—T“ Ha HX
P €3y NLTHD yIOLLYIO F, nonyuum F+Q6_0 uwm Qs=—F. Ho, kak
BHAHO H3 NpsMOyroanpHuka, F= TV 2. 3naunr, u Q=TV 2.

3agaua 20

Mo wepoxoBaToit (PN HAMUUKU TPEHHMA) FOPH3OHTANLHON MOBEPX-
HOCTH NOJA neficTBHEM rOPU30HTANLHOU CuJbl F ABHKETCA OAHOPONHBIH
NOCTCAHHOTO ceuenns Gpycox amuuo#t [. Haltd HaTsxeHue B Opycke
KaKk QYHKUMIO PAacCTOSHMSA OT €ro 3ajHero Kpas (puc. 46).

A »
' AO:

_ x _ ‘i‘ f1-x} .
71,2 £
2 rq—'_—k Frp, I
TTEEETRERETXY x‘;\\\ NRRNRSERERSNN AANNNNN
o |
& -
. - "p,
F‘rpa To
£,
Puc. 46.
Pewenune

PazoGrem Mpicienno Opycok cedennem ADB na nse wactu. Tax

Kak Opycox JBHJKETCSI Kak OAHO Hesnoe, TO g1==das==a U TOrha
JJia ABYX uacteli Opycka

_ mg+F, + T+ G

my

o

[TpoekTHpys BCE BeKTOPH Ha f- U n-HaNpaBjeids, NOJYUUM, YUHTH-
Basi, uto Frp=kQ ¥ Tye=To=T

a=—ta-T+F, ()
O=— mulg + Qi @)
a=:———k§i + 1 G
0= — myg + Q. 4)
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Hekmouas u3 (1) 1 (2) Qq, a u3 (3) u (4) Qs, HmeeMm

a=-—km‘g—~ 17+ F;
my
g=T kinyg -+ T.
my
Hckmouas a, nonyuns
T Y T
E T T = TR
OTKYZA
T=-—"".
i
L+
Ho

m__ Vi _esl—x)__ Ly
my~— pVy  psx  x

[Moxcrapnsa 310 3uaueHue B BbIPpAXKEHHE A7 T, noJiydyaeM OXoHYa-
T€JBHO
F

= —X.

3apaua 21

Ilo rJiuHy, rpaHd KOTOPOrQ COCTABJSIOT YrJIbl @3 H @, C TOPH30H-
TOM, ABHXKYTCA JBa OpycKa, MAacCel KOTOPHIX My U M. CBSI3biBalo-

Puc. 417.

Ias MX HHTb IEpeKHHyTa uepe3 OnoK. 3Hast KOIDPHIMEHTH TpeHus
OpyCKOB O KJMUH ki U kp, HalTd (puc. 47): a) YCKOPEHHUS TeJ;
0) HaTsKeHHE HHTH; B) CHJY JaBJIEHHs HA OCb 6J10Ka.

Pewenue
Cuinl, meficTByioliMe Ha OPYCKM, OYeBHIHLI, H T0O3TOMY
@+ Q1+ Ty, ¢+ Frpy = mm;
mog ~T'e, 6 -+ Qa - Frpy == matts;
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Cunras YKa3aHHbIC HAIIPaBJACHHA { 1 N NOJIONKHTEJNBHBIME U YuHuThIBad,
YTO BEJMYHHA LAaTsSKEHHMN 1O Bced HUTH ONHHAKOBA U paBHa T, no-
JIYUHM B NPOCKLHAX HA OCH C YUETOM g1 =Q;=a

migsinagg — T — £iQy = mya; (H
— mg cos oy 4 Q=0 2)

— myg sinay 4 T — kyQy = moa; )
— Mg COS dg ~- Qa==0. (4)

Herkmouana us (1) u (2) @1, a u3 (3) u (4) @, Oynem umerb
mg sina; — T — kmhg COS o4 ==1ma,
— feg Sinag — T ~— kyt1ia g COS 0y =1y,

OTKV/ia IOCJIE pelieHHA CHCTEMbl HAXOILHM

a’__g(m1 Sin oy — m, sin a,) — (R, i1, cos ay - kol €OS ay) |

my - my ’
T :g(sin a; -+ sin a2l) - (};, Cos a; — Ry COS ay),

my g

Gy

Yro Kacaercd CHARL JaBACHHA HA 0Ch G/I0KA, TO, NOCKOJbBKY O6ROK
yCeKOpenusa He umeer (puc. 48),

Qs T 1-+Ts.e=0
QG_I"—F»:O)

HJIH

IO
F=V TP TT=2T7¢0s (s 4 a2) = TV 21 —c0s (m-02)] =
= oTsint %,

Iockonbky T yxe naiifeHo, TO T€M H HCUEPNbLIBACTCH pelleHHe 3a-
Jauqu.



3apaua 22

Ha ropusonTajbEOli NJIOCKOCTH JieXKUT Gpycok Mmaccoiét M, Ha
KOTOpOM noMelleH Apyrod 6pycok maccoff m. 3Has, 410 KOhuLU-

. -
n \Q1n
Aoy
Zr -
P
F‘P‘ - F7 2 7 W i
Ymg
Mg
l:.
Puc. 49.

€HT TPEeHHS MEXKAY OpPyCKOM H IJIOCKOCTBIO DaBeH &, a Mexay 6pyc-
KaMd — k3, HAATH CHJY, KOTODYIO HAJO0 IMPUJOKUTH K HHXKHEMY
OpycKy, yto0bl BEepXHHH OPYyCOK COCKOMB3HYA (puc. 49).
Pewenue
OueBHHO, YTO
Mg+Q1,a+F1,2+FTp+Q1, nn+F=Ma11
mg 1= Qe,1 -+ Fo,y = may;

WK B NPOCKUHUAX C yueToM Fop=£kQ

— kyQy — kQy -+ F=May; (1)
— Mg — Qs+ Q1=0; )
kyQs = may; 3)
—mg -+ Q=0, (4)

rue Q1=‘—‘l@1,n|; Qa=lai,el=lée,1‘-
[Noacrasnsg Qu u3 (4) B nepBhie TpU ypaBHeHHs, a 3alem Q
u3 (2) B (1), nosyunwm

—ky (M -}-m) g — kamg 4 F = May;
kgg=ag.
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Tak kak nna CcoCKanab3biBaHHA OpyCKa m HEOGXORMMO a; > d;, TO
F — g{rRM - (B, + ko) m)
7 > kag,

OTKYAa HCKOMAsl CUJa
F> g (k1= ks) (M +m).
* 3apaua 23

Cucrema rpysoB c¢ my, my, M my; H3o0pamena Ha puc. 50.
Baoku A ¥4 B u HUTH HEBECOMB!;, fy >y~ fily U my >>my. Haiita
YCKOPEHHE TPY30B OTHOCHTEILHO SEMJIH

OueBujHO, 4TO 3TH pPABEHCTBA JaAyT
B IPOEKLHAX UETLiPE CKaNAPHBIX pa-
BEHCTBA, a MNOANENAT HaXOKAECHHIO
NThb BeJWYUH: @y, @y, G, T3 u T
Heo6xoaumo eme oxno papencreo. [lo-
AYYHM €ro M3 Toro, 4To

H HATSKEHHE HUTE(L AOA
Pewenune l
Cuabl, JeficTByloliHe Ha Tesa, oue- Al
BHJ{HBI, ITO3TOMY 7, 7
- - - L
. 3
mg -+ Ty, a==may; O 3 \
<
- ~ . - S8
Toa+TostTos=mpag (2 §
- - g
meg ~ Ta, p= maty; 3) =
@
- - g
myg —+ T, 5= mya, @ 3
‘ Y]
S
g
§

e

ay==ap - ay; :
aazaﬁ—}-aé, Puc. 50.

rfe ag— yckopenne 6/10Ka B OTHOCHTE/NLHO 3eMJH; Q) H @ — YCKO-
peHns 2-ro ¥ 3-ro Tesa, oTHocHTenbHO Gioka B. Ho

EB'—_" —21,
nosTomy
G= — o, ay
&= —a+a,
YuHTHIBAS, 4TO E;-—: —-6—1;, MOJIy4HM, CKJaJblBaf 3TH PaBEHCTBA,
&+ ay= — 2a,. ' (5)

INycte wanpaBnenne BHH3 GyleT NOJOKHTeNpHEM. Toria g, H3-3a
my > (m;--ms) HanpaBneHo BHH3. Yro kacaercs @ H @z 10 @
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063aTeNIbHO  HAMpaBJgeHO NPH 5TOM BBepX H3-32 gy >my O na-
YIpaBJeHHH G; HHYEro cKasaTh HeNb3sl A0 KOHLA PellieHHs 3ajaud.
Bysem noka mnpeanojaraTh @y HAmpaBAEHHBIM BHH3.

Ipoektupyss paseHcrsa (1) —(5) Ha BepTHKaNb, NOJYYHM
(¢ yuetom Toro, ur0 T3 4=Tp a=Ti u Tep=Tp =Ty p=
=Tpg 3=Ts, a Taxxke c yueToM rmp=_0)

mg — Ty=rmay; (6)
T, —2Ty=0; (7)
msg ~ To= ma; (8)
g — To== — myay; 9
a; — 3= — 2 (10)
unu ¢ yuerom Ty =2T, no (7)
2T,
ay=g— mf; an
T,
a~z=g"“,;l;: (12)
Ty
—a;]:g— ", N (13)
—2a1=dg—ag. (14)
Ckaaneisas (12) u (13), noayqum
1
ay — @3=2¢ — T2<E+E>' (15)
Tlopcrasasa a; u3 (11) 8 (14), noayuum
4T,
a2—a3=—2g+ﬁ. (16)

IMpupasuuBas npassie uactu (15) u (16), mocne mpeobpasosanuit
umeeM

TQ — 4g

mny + mg + m,
3uas Ta, HaxoguM no (11), (12) u (13)

8 4
ay=4g 1-——'—"?‘—); G=g I—Tr;z—:—-—_— ; (17)
( 4+ m: -+ my + ity

—_ 4 1
61,'3—'g(—4m_3+m)+-1 - )

m,

BrisicHuM HampaBsieHHe @ Mbl  cudTanmH  ero HanpasJeHHLIM
BHH3, T, € [OJarajii ero NpOeKLHIO ¢y NosoxuTenabuofi, Ho ans
as >0 neoGxoaumo no (17)
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Macchr m,, filg B fly3 AOJKHBI YACBJIETBODHTbL COOTHOLICHUIO

myms
m
v < By — iy 3m, — dmg *

B NPOTHBHOM C/yuae d; HalnpaBJieHO BEEpX.

T. €.

* 3agaua 24

Ilo kauHy ¢ yrjiocM Hak/JOHA o M Maccoii M, nBuxyneMmycs 1o
TOPU3CHTAJMBHOM NOBEPXHOCTH (€3 TpeHus, CKOJMb3UT BHHU3 OpyCOK

Puc. 51.

maccoft m. Cuntas kosppuUHeHT TpeHud MEXIYy KJIHHOM H OGpyCKOM
paBHbIM %2, HaWTH ycKopeHHe KJAHHA Q; M yCKOpeHHe Opycka a OT-
HOCUTENBHO 3eMam (puc. 51),

Pewenue

Cunnl, ZelicTByOWHE HA Tena, ouyeBUAHBL. Torja

Mg Q2+ Q. nF Frpt, o= Maq.
Mg =~ Frpe, 1+ Qa, 1=ma.
I/IJH/I B NpPOCKUHUAX Ha BbIGpaHHbIe HamnpasJ/JCHHUA C ydeToMm

y=0; Quoe=0s1=0Q1; Qi a=0Q% Frp1, o="Frpa1=14kQ,

— Qisina - £Q; cosa= — May; )

— Mg — Qi cosa - Qy — £Qy sina=0; 2)
— kQi cosa—Q, sina==rma,,; 3)

— mg -+ kQ; sina - Q; cos & =ma,,. (4)

OueBugno, ueTeipex ypaBHeHHH A pelICHHS 3aJayd HeA0CTa-
TOYHO, 60 HEH3BECTHLIX IMATH.
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Hatinem nstoe ypaBHeHHe, CBSI3aB a;, @ H 4, Tle @ — YCKO-
penne 6pycKa OTHOCHTEIBHO KIHHA; MMEeM

a=ay}a.

Iockonbky Gy!|Ox ¥ @ HanpasneHo BRoJb KJHHA BHH3, TO B HpO-
eKIHAX Ha OCH HMeeM

ay=—ay-+a cosa; a,=—a’sina.
Hckiouas oTcioia BeTHUHHY OTHOCHTEJIBHOrO YCKOPEHHS @, MOJAYUnM
ay==—(a, + a.) tg . )
Ipu stoM a, >0, a, >0 n a,<0.
Ckaazrsas (1) u (3), noayunm
ma, — May=0. {(6)
Hcknwouas Qp u3 (1) u (4), noayunm

ksina 4 cosa
may=—mg+ sina — kcosa May

HJH

M kitoa 1
——gt BR AT @)

Hckmouas a, us (5) u (7), umeem

_ Ma, ktga-1

m iga—Ek == (@) ax) tg o. (&)

Fewas cuctemy (6) u (8), Haxoaum

8 .
ao—Ml+T£a+ta’ (9)
m tga—k g
— &
a,=—
141g%a m
'——_—'tga — +7VT tga
Hna naxoxmpenus a, noiactaBuM B (D) ax—_:lfni—- n3 (6), a

noioM yxe Haifizennoe q,. Torzaa

M
ay= — (@ —ay) tga= _a0<1 +—m—>tga= M _1<_+'l1&_>+tga.

m iga —&

SlcHo, uTO pelueHMe AN 4y, Gx M @y UMEET CMBICI JHIUb NpH tga > 4,
TTonyuenHoie pesyabTaTel NOJE3HO HCCAGAOBATh JJid  CJyuaes
M>m, m&M, k=0, a=0, a==90.
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3apaua 25

C KakKuM yCKOpeHHeM JOJKEH eXaThb BHH3 3aBOAHOH aBTOMOOHIb
Maccoit m mo jocke Maccoft M, nexamefi Ha HemoABHXKHOM KJHHE
C yIJOM HaKMOHA @, yTofbl JOCKA PAaBHOMEDHO CKOJb3UJA BBEPX MO
kauny? Koadduuuent TpeHns aBTOMOOHJIA O JOCKY pased &j, JOCKH
0 KAHH — &y (puc. 52).

Puc. 52,

Peuwenue

Hmeem B NPpOCKUHAX Ha OCH:

f-+mgsina — Fy = ma; ¢y
Qy — mg cosoa=20; 2)
Fi+Fy+ Mgsina — f=0; 3)
Qa—Q — Mgcosa=0, 4)

rie f=/{,,.="F,1 — CHZAa ABHXYylLlero Tpeuus; fy==F, ,=¥F,, — T0p-
MO3llee TPEHHEe MEXAY aBToMoOH/IeM M JOCKOH; Fy — TOpMO3fluee
TpeHHe MexAY MAOCKOH H KJ/HHOM. :

CxaameBas (1) ¢ 3) v (2) ¢ (4), HaxoauM

g(m-4 M)sina - Fy=mma, (5)
Q—g(M-m)cosa=0. (6)
YunTHIBasg, 410
Fy= keQe,

umeeM us (5)
g (m--M)sina -+ kQ, = ma.

Moacrasnsia ciopa Qq, BeIpaxkenHoe u3 (6), mosayyaem
g (m -+ M) sina -~ keg (M + m) cos a = ma,

OTKyJAa
a =g<l —+ ——fni) (sina - kg coOS a).
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Buaso, uto @ He 8aBMCHT OT By, T. €. OT TPEHHS MeXAY aBTOMO-
6ujeM U JIOCKOH B TOM CMBICJIE, UTO OHO MOXET ObITb JIOOLIM, HO
OTJNUYHEIM OT HyJAs1 (B NpPOTHBHOM cayuyae f—0 ¥ pocka BBepx
CKOJIb3UTh EE€ CMOXKET).

3apgaua 26

Ha xkpasx tenexkn maccoil M u AymHo#t | maxonarcs ABa yetlo-
Bexka MaccamH #iyy 1 ma. KosppuuueHT TpeuMs TeneXKH O rOpH30H-
TaJIbHYI0 TMOBEPXHOCTL paBeH k. C KakuM yCKopenneM a Oyjer IBH-
raThcsl TesieKKa, €CIH JIOJM MOBAYT HKaBCTpeuwy APYr Apyry c
YCKOPELHSIMH @; U Q3 N0 OTHOWIEHHIO K 3eMie (puc. 53)?

-
Grn

}
-I;f_gi 7?/ 7. - ’i:,r 'L:? r
t‘: . Fr ' f}, 2 Z%

ANNNY

L

(MG +0ry +07,5)

Y

Puc. 53.

Peuwenue

QueBuauo, ua Tena AefCTBYIOT, NMOMHMO CHJI TSIKECTH M peakuHi
onop, cuabl Tpeuust. Ilpd 5TOM Ha KaXXKAOTO YeslOBEKA H Ha TEIEKKY
LefictByI0T H cuabl aBuikymero (f) ¥ cuabl 1opmossuiero (F) Tpenus.
VveeM cpasy B npoeKildsix Ha JHHHIO JBHXKEHHS C yueToM Fo,= k0

fr — Fi=may;
— fo+4 Fo= — mqas;
—f1+F1“l-fe‘-Fa—kQ=Ma-

Ipu srom 3mak a HeusBecTeH. CkJajwlBas 3TW DABEHCIBA H
YUUTLIBAS, YTO

Q=Mg+Q+Q=M-4m+my)g,

noJysaem
— k(M + my -+ my) g = Ma - mya; — myay,
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oTKyIna
_ May — ma -—k(M—{—ml-kma)g
— M

Orciona BHJIHO, 4TO a>0, T. e. Tene:xxkxa OyAeT UMETb YCKOPEHHE
B -CTOPOHY t—(BnpaBO) JIHUIL TP

muay > may -+ k(M -+ my--ms) g. (%)
Bapaua 27

Cunras, 4T0 B pefslAyllell 3ajaue M3BECTHO YCKODEHUE TENEeXKH
@ ¥ YTO YCKOpEHHs JOfeH OTHOCHTEJBHO TENEKKH PaBHbl U UPOTH-

BONIOJIQO2{HbI (T c. al_- ~—a,) Ha#dTU YCKOpEHUs JIIOJe# OTHOCHTEABHO
SEMJIH.

PeweHnue
OuesyfiHo, uTo peuieHue 3TOH 3akaud JacT Kax ¥ B peasiyliel
— R (M - my - my) g = Ma |+ migy — mMaas. ()

Jlns Haxomuenust @; U @y HEOOXOAHMO eilg OAHO ypaBHEHHe, CBA3hI-
BaoOWlEe @, @y U ¢a. 110 yCJOBHIO 3ajaun
ai__— ‘—a‘;)
HO
gq=a-ta ua=a-} a,

oTKyla
o —a= —(6,—a)
HJau
o+ o =2a.

Cuuras, 4yTo a u ay HarnpaBsJeHbl BIPAaBO, a Qg — BJAEBO, NOJYYUM
B NIPOEKHHUAX Ha JHHHIO JBHKCHHS

a — ay=2a. (##%)

Pemaa (##) U (w#x) COBMECTHO, HAXOAUM

P a(2mg+M)+k(M+m1+ms)g
1 My — my
P a(2m1+M)+k(M+ml+ms)g
9 My — 1,

Orciona BuiHo, 4To npu a >0 (4To HMeeT MecTo [pH YCIOBHH (#)
npeapiayuiell 3ajaud), SHAKH @1 U Ay ONPENEJISIOTCS COOTHOLIEHHEM
MEXLY My W Mgl NPH My >my HAalle NPEANONOXKEHHE O HampasJe-
HUSIX Q; U Gy CIPABEAJUBO; NPH mg < m; — HET.
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5. 3AKOH UBMEHEHHA KOJIMYECTBA JBU)KEHUA
CUCTEMBI TEJ1 U 3AKOH EIr'0 COXPAHEHHW

Yacto Tena B3aNMOLEHCTBYIOT CTOJb CJAOXKHBIM 0OGPa3OM, YTO
pelleHne 3ajaul C HCMOJb30OBAHHEM BTOPOro 38akoHa Hpblotona
CTaHOBUTCA 3aTpyAHuTesNbHBIM. Ho ecim B Takoro poja sajauax
HAC He MHTEPeCyOT YCKOPEHHsI H KOOPIHHATHl B3aHMOJEHCTBYIOULHX
TeJ, TO Pa3yMHO BOCIIOJIL30BAThCS 3aKOHOM H3MEHeHHsl KOJHuecTBa
LBIZKEHHS] CHCTEMBI Ted:

FAf=(mu ... - ity ) — (Mo, A m,).

3jecy F — pe3ayabTupyioniass BCEX BHEMIHHX CHJ, ZeHCTBYIOIIMX Ha
CHCTEMY; M;U; — KOJMMYECTBO JABUIKEHMST [-r0 Tejaa IO Hawana nel-

—

CTBHA CHJ; M li; — TO 3Ke TOChe BO3AEHCTBHA CHII.
Kaxk Bcerza, 3TOMy BEKTODHOMY PAaBEHCTBY MOXKHO CONOCTABHTL
TPH CKAJSPHBIX:

Fo A =(muix ... mattny) — (o1, - .~ 11,0,,.);
Fy At={(myy ...~ mullyy) — (mory .o - m0,,);
Fo At =(muy, ... mul,,) — (M, —- . ~F M,0,).

Ecan B xakoM-1100 HanpaBjelUH BHEIIHHE CHJIBI HAa CHCTEMy He
DENCTRYIOT, TO CHUCTe€Ma B 3TOM HanpaBJeHHH CBOEr0 KOJHYECTBa
JBUKEHHS He MmeiseT.

Ecmu FAf=0, 10 cncreMa BooSile He MeHSIET CBOCTO KOJHUECTBA
npnKenua, EcrecTBeHHo, TaKHX CHCTeM B HpHPOJe He ObIBaeT, HO
OBIBaiOT TaKHe CHCTEMBl Ted, A5 KOTopuX F.Af~=0. Takue cucre-
MBI MOUTH HE MEHAIOT CBOEro KOJIMHECTBA JBHKEHHS 33 BpeMs
Af{ B TOM CMbICJE, UTO H3MeHeHHe OOLIEro KOJHYECTBA KBHIKEHHS
CHCTEMbI MHOTO MEHBILIE TOTO KOJHUYECTBA JBHIKEHHH, KOTOPBIM CH-
crema ofsiajana Ao BO3zeiicTBHA BHemHHX cun. Iipw stom F-Af mo-
XKeT ObITh GIH3KO K HYJIO Kak 3a cyeT Fa~ 0 npHu GosabinoMm Af, Tak K
sa cueT Af~~0 npu Goabwoir F.

Cucrema, Ha KOTOpYHO He JeHCTBYIOT BHEIIHHE CHJIBl B KaKOM-
aufo HanpaBJEHMH, Ha3plBA€TCS 3aMKHYTOH B 3TOM HampaBJieHHH.

PacemoTpuM HECKOJBKO NPHMEpOB.

1. Heckonbko mapos mafawot B Bosgyxe. OuesujiHo, 4TO MO Bep-
THKaMU CHCTEMa He SaMKHYTa, a B FOPH3OHTAJBHON NJIOCKOCTH Beer
cefs1 Kak 3aMKHyTas.

2. Ha nenoip#’kHOPB TrOPM30HTAJNLHOH I1E€POXOBATON TOEBEPXHO-
CTH JIBHTAeTCsl HECKOAbKO IIApOB. 3lech MOJOXKEHHe Kak pa3 obpar-
HOE: IO BepTHKAJH CHUJBI, IeHCTBYIOWME Ha CHCTEMY, YPaBHOBELLEHH!
H B TOM HaNpaBneHHH cHCTeMa BererT cebs Kak 3aMKHYTasl; HO B
FOPH30HTANLHOM NJIOCKOCTH JIeHCTBYIOT, BOOOIIE TOBOPS, HEYPaBHO-
BEILEHHbIE CHJIBl, H MOTOMY B 3TOH NMJAOCKOCTH CHCTEMa HE 3aMKHYTa.

3. Hsa wapa craJKHBamOTCH B BO3ayxe. Bo Bpeusd CTONKHOBEHHSA
Ha Waph LefiCTBYIOT H CHJB TSXKECTH M CHJLl CONPOTHBJEHUS, NO-
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9TOMY CHCTeMa He 3aMKHyTa. Ho Tak Kak BpeMa ylnapa BecbMa
MaJjio, 10 34 BpEeMs yjJaapa KOJAHYECTSO [JBHIKEHHS CHCTEMB
CylecTBEHHO He u3MenHTcd, IlostoMy Bo BpeMs yjapa cucrema
MaJ0 OTJIHYaeTCH OT 3aMK-
HyTOH. 1

4. Manpunk, cros Ha
Jply, Opocaer KameHnb IN0j
YILJI0M K FOPH30HTY, NpHYEM
Jie3BUsl KOHBKOB pacnoso-
JKEHBI B NJOCKOCTH Opoca-
uus. Slcuo, wro B Hanpa-
BJIEHHH 2, NEPHeHIHKYAAp-
HCM K 3T0H IJIOCKOCTH, CH-
cTeMa 3aMkHyTa (puc. 54),

B =nanpasnesuy X Cu-
cTema He 3amKHyTa 6aaro-
Japs cuiaM COnpoTUBJ/CHUS,
B Hampas/eHUH Y CHCTEMa Puc. 54.
TOXKE Le 3amgHyTa Onaro-
jJaps cujaM CONpOTHBJIEHHWA H CHjaM, JAEACTBYICILMM Ha CHCTeMY
CO CTOPOHB! 3¢MJH (TArQIEHHE M Onopa).

[Ipu sToM cTeneHp HapylueHUss 3aMKHYTOCTH CHCTe€MBI B HampaB-
JEeHHAX X H Yy 2aBHUCUT OT yraa 6pccanus a.

Ecou, opHako, TpeHHe MaJo, TO BO BpeMmsa 6pocxa CHC-
TeMa B LANpaBfeHUH X MaJ0 OTiMuaeTcsd OT 3aMKHyTcH. B mnampas-

JIEHHH 2Ke Y OHa 3aMKHYTa

/ JAUb npy o==0,
3agaua 28

(M+m)i, Jpe oAHHAKOBbie JOJKH
(M”?)Zfz ABHTAMHCD €O CKOPOCTSIMH

o Uy U Uz TOJI YIJIaMH oy U og
K HeXKOTOpOMY Hampasje-
(’“m)”' (M+m)Z,  wuo. Koria ionxu I<))1<aaa-
JIHCh HA CYeHb GJH3KOM pac-

CTOSIHHH, NaCCaXXKUPHI JOZOK

Puc. 53. OJHOBPEMEHHO OOMEHSIHCh

OZMHAKOBBIMH MeUIKAMH C

rpy3oM TaxK akKypartHo, 4YTO IPH OTZEJCHHM MeluKa O «CBOEM» JIOAKH
CKOPOCTb JIOAKM H MellKa He H3MeHuJach. Cuurtas Maccy KaxJoi u3s

JIOJOK BMECTE C IaccakupoM B n pa3 Gosblueidl Macchl Memka, Haii1u
CKOPOCTH JIOZOK Mocae o0MeHa mewkamu (puc. 55).

Pemenue

Iocne oTfeneHns MEWKOB OT JIOAOK JIOAKH HMEJIH HMITYJbchl Moy
n Mvug, a MELIKH m0; B mvg.
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Tlpu coepunenun JIONOK ¢ MEWKAMH HMeeM, npeHebperas ummnyJip-
COM BHEWHUX CUWJI

Moy~ muvg == (M- m) uy;
Muvg - moy = (M —+ m) ds.

ByneM uckaTh He BeJHUHHBI CKOpOCTel uy H Uy H ONpelensioniue
MX HanpaBlesHs yIJabl $; M s, a NPOCKUMH CKOPOCTeH Uiy, Uiy,
Usy U Ugy. TOrja B NPOEKUHAX Ha OCH MOJYUHM:

Muv; cos ag - mvg coS ag== (M -} 1m) uy4;
Moy sin oy - moy sin gy == (M 4-m) u;
Muv, cos ag - muy coS oy = (M -+ m) usy;
Muy sin ag - muy sin ag == (M - m) uyy.

Tak kak M=mn (N0 YCJIOBHIO), TO

_._ N Cosay -+ Up COS 0y

Uiy == n + I )
__noysing 0, sinay
Uy == n+41 ’
___ MU oSy - Uy COS &y
Hox == n 1 '
__nuy sina, 4- v, sin o,
ng - n + I .
3anaua 29

Onpezenuts CKOPOCTH JIOAOK nocje o0MeHa Memkamu (3ajnauya 28),
ecay crnepBa OblJI NepesioXeH MEPEbll Melox, a HOTOM BTOpPOil.

Pewenue

TlpeneOperasl MMIyJibCOM BHEUWHHX CHJ, MOJYUYMM VISl Cayyas
nepexJajblBaHus IepBOre MEiKa BO BTOPYIO JIOAKY:

(M~ m) g~ mvy = (M - 2m) u,
HJAM B NPOEKLUX
(M —~ m) vq cOS ag - moy cos oy = (M -+ 2m) uy,;
(M ~-m) vg sint 09— muy sin ay == (M -~ 2m) uyy,
oTKyla ¢ yuetoM M=m-n

__(n4+1)v,cosay 4 v c080,
Ugy =

n-+42 ’
u __{n+4 1) v, sina, 4 v, sin o,
v n--2 .



Tlpu nonacuere CKOpPOCTH NepBoil JIOAKH NOCJe NepexJiafAblBaHHs B Hed
MeuIKa CO BTOPOIl HAJ0 YuecTh, UTO MEUIOK TenePb HMEET CKOPOCTD Ug,
1103TOMY

Muv, - mus= (M -- m) u,

HJIH
Muoy cos ay -+ muay = (M - m) uy,;
Muy sin ag - muy, = (M ~- 1) uyy,
OTKyJA
noy Cos oy - oy
Uy == —-—ﬁ—r— ;
Unn n, sin oy - .y,
1y — 7 _]L I .

UHTaTeMO NPEROCTABISIETCS CAMOMYy CONOCTABHTHL H MCCACKOBATL NPH-
YHHBl PasyiUUHBIX peWwenHid 3TcH M npeapdyieli 3axad,

* 3agaua 30

V3 opynus, ycraHoBsenHoro na naardgopme maccoii M, npous-
BOAWTCSI BHICTPEJ CHapAAGM MAacCOM m, KOTOPHH MOJAyyaeT cKOpocTs v
Ioj yrJaom o K ropusonty. Ilaardopma B pesyabraTe oTauu IIpuxo-
quT B nankenne. CKoOJbKO BpeMmeHH mnuatdopMa HAXOQWIACh B JABH-
JKEHHH, €CJIH KOXpPHUHEHT TpeHHA O peabChl paBeH 2 U M >m?

Pewenne

QOuepujgHo, uto Af ckaaisiBaercs U3 Af; u Afy, rae Afj — Bpems
YCKOPEHHOrQ ABH:KEHHS NJIaTQOPMbl B MOMECHT BBICTpeJa, Afy — Bpema

3ame/UIeHHOTO JABHIKeHH 1 1aTgopMBl noce BulcTpeaa. Ha veptemxe F, .

i F. , — CUJbl B3auMOJAeHCTBHS cHapsila U NAatdOpMEL.
Jlns nepsoro srtanma Asmxenus nsardopmer (puc. 56, A)
(Mg + Fr, Q1 Frp,) At = Mu — Mu, (*)

HJIH C YYeTOM TOro, uT0 y=90, TOJYyYUM B NPOEKIMAX Ha OCH
(Fu, c cosa — kQy) Aty = Mu;
{ — Mg —Fy, sine—4Q =0,
Hckmouasn @y, nojaydnM
(Fy, ccOsa — kMg — kF (sina) Aty = Mu. (1)
Jas cnapapa ¢ yuereM mg < F. ; noayuiu:
?c, WA =my — m?fo
WK ¢ yueToM vy==0
F, ,cosalt;=rmuvcosg; 2
{ F¢, qsinadty=mosina. 3)
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YuutsiBag, u4to F, .==F.,==F, noayuuMm, noAcrasass (2) u

@) s (D),

OTKYJa

mu cos a — 2Mgdty — kmv sina == Mu,

mv (cos a — k sin a) u

kMg ke

Aty =

Jlas sroporo srtama KBHKeHHs muardopmel (puc. 56, 5) unaiizem
(Mg - Qo+ Frpy) Mo = M& — Mu, (**)
rae u' =0 (KoHeuHas CKOPOCTb MNJ/IATQOPMLI).

A
- F
— A 5 ¢

NN N SANN AN N

Puc. 56.
B NNpOoeKUUAX Ha OCH GYAeM HMETDb
{ —ng . At2=—' Mll;
— Mg + Qe=0,
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OTKyZa MOC/Je HCKMOUeHHA Qp NOAyyHM
Aty =1
ty i
Torna

a — k sin a) _u
kMg kg®

At:Az‘g—[—-Al‘j—-:k—ug—}— mv {(cos

CkonuaTtenbHo HaiizeM

__ muv{cosa — k sin a)
M= 0 .

3ameuanna Yron HaKIOHA OPyAuA o He DaBen Yray, NOI KOTOPHIM Bbi-
ACTACT CHAPANL. JleiCTBUTE ALHO, Ty == Ve, n-+—u (cm. puc. 56 A).

3zmech 4 — CKOPOCTh MAaTGOPMBI OTHOCHTENBHO 3EMIH, vc, — CKOPOCTb CHa-
PAa OTHOCHTENLHO MAaTdOPML (OHa M COCTABASET YLOA & C TOPHIOHTOM), Up —
CKODOCTh cHapaza oTHocuTeabHo 3eman. OHa cocraBager yroa a4 Aa ¢ ropm-

m
souToM. $icno, uro Aa— O npu M—»O YTO M WMEET MCCTO B HameM chayuyae.

3agauy MoxHO 6bino Onl HayWHATh peOIaTh CO caoxeHus ypasHenuit (¥) m
%) ¢ mocaepyomMM DPOCKTAPOBAHAEM BEKTODOB HA OCH.

€. ABUW)KEHHUE TEJIA NEPEMEHHOU MACCHI

Ecmn npu ABHXCHHH TE€aa €ro Macca MEHsercd, TO NDOU3BOJAHTH

—.
>

— [v o
pacuetsl no Qopmyne a==-- CTAHOBUTCS 3aTPyAHHUTEJBHLIM. Y no6uoit
asJasercs ¢opmyna Mewepckoro

pia=F -+ 1%,

rie F — pesyabTupyiomas BCeX BHEUIHHX CHJ, NeHCTBYIOMUX HA TEJO;

p — U3MeHeHHe MacCChl B €IMHHIYY BpemeHH, o0ycCJIoBJIeHHOE BEIGPOCOM

WA TpHCoeAMEEHHeM YAaCTHLL K JABHIKyLlemycs Tteny; p >0, ecnd

4acTUHB! MPHCOERMHAIOTCA K Teay (Macca Tena yeeauuuraercs); w <0,

€eCJI yacTHlL! MOKHMIAIOT TeNo (M macca Tesa yOolBaeT); ¢ — CKOPOCTb

YaCTHL OTHOCHTENbHO Teja OCHOBHOH MacChl (Hampuvep, pakeTbl);
§.C — peakTHBHAA CUJA. Oqesmmo wC HampasjeHa B CTOpPoHy ¢ IpPH
p >0 u npoTHBONOJOKHA ¢ npH p.< 0 (cM. puc. 57, A).

B cayuae F==const gsuxenue tena mne Gyjer paBHONEpEMEHHbLIM
npu pc =const u3-3a m 7~ const. Ho ecau s3a Bpems apukeHus
Macca Tesa CYLIeCTBEHHO He H3MEHHJIACh, TO MOKHO CYHTATh, 4TO
npu F=rconst u pc=const yckopenne To:ke nocrosmio, T. e.
a =const, 1 aBuxKenne GyleT IPaKTHYECKH paBHONEpeMeHHbIM, TaK
YTO MOXKHO HCHO/bL30BaTh NPH peeHuH 3ajadv, Ile 370 HeoOXOAMMO,
KHHemaTuuecKue GopMyJbl LJasi paBHOMEpeMeHHoro JApxxenus. Ilpu
sTOM B (popMmyse Memepckoro cunraem p <0, ecjl 4acTHUB IIOKH-
IaloT pakery, B p >0, ecay uwacTuubl NPHCOEJUHSIOTCA K pakeTe.
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YpaBuenne Meuepckoro siBasieTcss CJENCTBHEM 3aKOHA H3MEHEHHS
KOJIMUECTBA JABHKEHHST cHcTeMbi Tes. ClesiaeM BBLIBOA €ro.
[Tycte Hekoropoe Teso (pHC. 57, 5) HMENO KOJHYECTBO JBHIKE-

HHA mvuU U K HEMYy 3a MaJjioe BpemA Af npucoeuHu/Iach HEKast Manas
Mmacca Am, HMeBINasAd JO INPHCOCAUHEHUA CKODPOCTH U;, @ 3HAUYHT, H

Puc. 57.

KOJMUecTBO ABukenus Amy,. OBo3Hauasn KOJUUECTBO [BHIKEHUS CH-
CTEeMBl TesI0 — yacTHla GyKBOH p, IMOJNyuYuM A0 NPHCOEMHHEHHs Am

Eo == m5 —l— Aﬂlzh
nocse HpHUCOEeNUHEHHH
-ﬁ = (m -} Am) (5-—{— Iz;),

TaK KaK B pesyJibTaTe BIIOJIHE HEYNPYyroro yjaapa (IpUCOENHHEHUS)
macca o0pasoBaBiterocsl Teja crana pacHOil (m--Am), a CKopocTs,

M3MeHHBILHCh na Av, crana pasuoit (v~ A_z;) Tak kak
E_ Eﬂ =F. At,
TO
(m -+ Am) (v B0) — (mv -4 Amo, ) = FAt,
OTKyZa MO PACKPLITHH CKOGOK M ITpeHeGpe:xeHuy uleHoM AmAv naiiem
mAv - Am (v — vy) == FAt
HJH Toc/ie JeeHHs Ha Af nojydum

Tak kak vy —v==C €CTb CKOPOCTb NPUCOCANHAIOIEroCd TeJa MQJ'IOI':I
Macchl OTHOCHTE/JBHO OCHOBHOro TeJja Macchl i, To B COOTBETCTBUM
CO CKAasaHHbBIM B HadaJjie 9Toro naparpadaa
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3apaua 31

KocMuuecknli Kopa6ib BJETAET CO CKOPOCTBIO ¥ B 00/1aKO KOCMH-
YecKOH MNblJH NJOTHOCTHIO pe. UTOOB CKOPOCTH Kopalsisi HE yMeHb-
WKAACh, BKJIOUHJM JBHTAaTElb. KakoBa MNJIOTHOCThH BLITEKAlOWUX M3

U wopabng | |

Puc. 58.

comnJia ceyenun S; rasoB, €CJIH CKOPOCTb HX BHITEKAHHS OTHOCHTENbBHO
kopalns paBHa u#, a ceucHue kopabasa Sy? IlbiMuky nocse ylapa
npununaieT K ofluuBke Kopabas (puc. 58).

Pewenne

Bospmem 3a cucremy orcueTa Kopabab. Tak kax xopalib ycko-
peHusa He HMeeT, To

F] —{" Fn‘: p—— O
1M
Fy— F.=0,
HO
Ari AV, S,A7 o
Fi=u T’;-l =u P—‘Et—l =u pLA‘Ti == up S = p S,
Ananoruyso
Fc) == PQS&_)UQ,
H TOrza
P1Slue — pQS\g?)Q == O,
OTKyAa
S0
f1==p2 Sluz 4
3apaua 32

Peaxtupnag Tedexxa ¢ maccod M IBHxeTCa BBEPX N0 HaKJOH-
HOH IJIOCKOCTH € YIJIOM HakJoHa ¢ H Koadguiumnentom Tpenust k 3a
cueT BbIGpoca MOA YIVIOM B K HMOBEPXHOCTH HAKJOHHOH NJOCKOCTH
crpyn cxaroro Boszfyxa. CuuTas CKOpOCTH BO3AyXa OTHOCHTEJNBHO
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TENEXKKH PaBHOR ¢, €ro MacCy, BBIGPOLIEHHYIO 32 BpeMs JBHIXKEHHS,
paBHOfl &m M Mamofi no cpasHeHHio ¢ M, onpefesuTb Bpems, 3a
KOTOPOE 7TeJeXKa H3MEHHJa CBO CKOPOCTb OT vy AO v (pHC. D9).

Puc. 59.

Pemenne
Tax kak Bce cusipl mocTOAHHBI B M > Am, To 2= const u NIOTOMY
Ma= Mg+ Fup+Q+ Fy;
v = Uy at

Hiu

MZ=22 = Mg+ Fy+ G+ F,.

Hn

o}

W B npoekuuax ma ocu

MP——Tvi::—Mgsina—le—{—A—;"—ccos B;

Am .
=— Mgcosa{Q—=-csinf.
Hckmrouast Q, noayuum

Mt}#:—Mgsinx—k(Mgcosa—{—%”—csinB) 4 —-ccos §,
OTCioZia

__cAm(cosB—ksinB) — M(v—uv,)

- Mg (sina 4 kcosa) :

t

an pemeHuu 3TOH 3ajayd CYHUTANOCh, UTO CKOPOCTb TEJICXKKH U
MaJa 1o CpaBHEHHIO C BEJIMYHHON € U, 3HAUMT, CKOpOCTb JABHIKEHHS
CTPYH BO3AYXda OTHOCHTC/JBHO 3E€MJIH ¢ TNPAKTHYCCKH COBIAZAaer C C.
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* 3anava 33

B TenexKy Becom P, umeiomyio ¢opMy napajieneninena ¢ nuao-
mambo AHA S U C OTBEPCTHEM B JHE TUIOMWALbIO Si, ABHKYIULYIOCH
IO TOPUBOHTAJLHOH TOBEPXHOCTH € KOI(GGDHIHEHTOM TPEHHS k, nber
JOK]1b TIJIOTHOCTH p TIOA YTAOM & K BepTukand. Halitu yesosue, npu ko-
TOPOM CKOPOCTb TeNEKKH NOCTOsHHA, ¥ HAATH 3Ty CKOPOCTD, €CIH CKO-
pOCTL Kanedb IOXKAA paBHa v (pHC. 60), a Macca Boan B Tenexke My,

~4

Pemenue

Tak KaK YCKOPELWE TENENKH PaBHO HYJIO, TO
P+ Mg+ Frp+ Q-+ Fa 4~ pe=0, (1)
rie P — Bec Tedexxu; M,g — pec HAXOISUIEACS B TeNeXKe BOBI;

Q — cuna peakuuu onopel; Fgpy — cHJIa TpehHs; pe— CHaa €o CT0-
POHBI AOXKAS; (v — Macca BOABl, NOMALAIOUIEH B TENEXKKY B €AMHHIY

BpeMenH; Fy== a0, — CHJIa peaKkuiH BbiTeKalolell H3 TeJIEKKH BOJMI,
[lle Uy — CKOPOCTb BOJBI OTHOCHTEJNBHO TeJIeKKH (IpHYEM, OUEBHIHO,

uyto v, ==V 2gh), a py — OLICTPOTA BBITEKAHUA BOJbL
[TockonbRry

My
pe==pS1Us; A= 50
TO
Fy= gy = pSy0i = 2Mag 3. @)

CKOpOCTb Kanejab JOXKAA OTHOCHUTEIBHO TEAECKKH

c=v—u
HJI¥ B NIPOEKUHAX:
Cy==v-Sina —u; ¢,=vCo0Sq, (*)
A€ U — CKOPOCTb TE/IEHKY OTHOCHTENLHO SEMJH.
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Bepem npoexuuu ypasuenus (1) ua BePTHKaIb U FOPH3OHTAMD
— P — Mg+ Q-+ Fy~pc, =0; 3)
— kRQ + pc, =0. 4

Hckmouas Q us (3) ¢ (4), nomyumm c yuerom (2) u (*) nocne
npeobpasopanuii:

Mﬂg<l~2%>—(L<P—Sin—l:'_'——u~—0c081>+[3=0. (5)

Hockonexy Sy, S, v, a, u, k, P ¥ p==pS¢c — BeNHUNHB 1OCTOSIH-
nuie, 1o Mg==const, yTo NPHBOANT K p == p,.
Ho u3 p==p, cneayer, uro

My
pS Cy = PS] VQgE’

pciS [ §\2
=55 @

HeoGxonumoe ¢} noacrasnsem us (*).
Ipu Boinonnenun ycnosus (6) CKOPOCTb TENEHKH MOKET OKA3aThest
MOCTOSHHOH. Bennuuny stofl ckopoctd HaxoguMm U3 ypasuenus (5)

. k S
U=uv(sina — kcosa) - [Msg<l —2§3>+P].
Ecau ycnosue (6) He BbinosneHo, T0 CKOPOCTb TENEKKU HE MOMKET
ObiTh nmocTostuHofl. Takum 06pason, Macca Boxbi B Te/eKKe He JOIKHA

ObiTh MHOH, 4eM yKkasaHo B (6).

0TKyj3a

* Bapaqa 34

Baron pnunoit / u maccoit M meuxercs 1o penncam ¢ Koaddu-
nuenroM tpenus 2. Ha Baron BepTHKanbHO BHH3 CHINIETCH I1€COK

-

v

5 A
OEP}

N

Ry

Uf'cp &

v {M*‘AM}CPQ’
Puc. 61.

¢ BeICOTHl H. Cqmaﬂ, UTO BaroH JBHUrajACA BO BpeMmda NOrpysKku
HEAO0JrO, a 3HAUMT IIOYTH pABHO3AMEANEHHO, H U3MEHHJ CBOIO CKO-

. AM
PoCTb OT Uy A0 U, HAHTH CKOPOCTb NOI'PY3KH MECKa p=—A}% (puc. 61).
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Pemenue

Ha Baron neiictsyior oueBuanbte cuam MG, —pne, Py 1 Q. Tlpn
BTOM TOJNBLKO CHAa Mg mOCTOAHHA, OCTAa/bHHE TNepeMeHHbl. YuHThizas
OrOBOPKY O PABHOMEPEMEHHOM [BUIKEHHU BAalOHA, MOMEM CUMTATHL

; -
Plep =1 og—c;
Y

sz oj )

IMo 3aKOHY U3MeHeHHA UMIYAbCa CHCTEMb!
[<M+Awi>g+ co—{—c F0+F+QO ] —

— (M + AM) o — Moy,

(%)

rae L.Z—CKOPOCTB neckKa OTHOCHTEbHD

3eMJid flepe] NaleHueM B BaroH; U — CKOPOCTb BaroHa OTHOCUTRNLHO
3eMau, Hafinem

TloMus, 9T0 c==u—70,

Eo+3__(_li—-5'o)+(z—5)__.a_5a+5
2 T 2 - : '

[Tpoextupysi (%) Ha {- H A-HAOPABJEHUT MNOJYUHM C y4eroM
Frpy =kQ:

(—p vtﬂf’——kQ"jQ>At=<M—f—AM)U——MUO;
—(M+AM>g—pu+Q%Q=o

.
Hekmouaa otciona Q—Qﬁ;—'"—’), Oy UHM

~_[p’ﬁ;ﬁ+k(ﬂ4+z\/w)g+kpu]m-_:/M +A/W)U — Moy,

Yuuroigad, 4TO B HaleM ciayuae

2!
At:m—kv
H 4TO v
u="V 2gH,
a TaKkike, uTO
AM——-y.At__po —{—v’

3 B. K. Kobyuwguiu



NOJIVYHM

[- U°+U—|—k<M—|— 2t )g+ka2gH]~T—
=~<M—{—vo':_lv>v+Mvo.

Orkyna nocne npeoGpasoBanuil U yNpoLieHHs Hailzem

v — v?
M <——2—1-——— kg)
3 Goto)+r (Vg + 25 )
2 ’ ° v+ 0,
qHTaTeﬂb MO2KET HCCJIel0BaTh PE3yabTar JJas 4YalTHBIX CJIyqaC‘,‘B:

p=0, k=0, vy=0, v=0, k=0 u v=0.

==

7. PABOTA, 3HEPIrus, MOUWHOCTDb

Ecin ypasuenne F=ma CNpPOEKTHPOBAaTh Ha Hampapjelue ABH-
HKeHHsA, TO
F cos o= ma,. (1)

Ecan Fcosa=const, 10 a,=const u cnpasemnusa ¢opmysa

02 — vl
AS_—_—Qat . (2)
Ho rorpa, uckmouas us (1) u (2) KacareqbHOe yCKOpeHHe, MOJYUHM
mu® muvj
FAs cos o == — =2, 3)

2TO BaXKHOe PpAaBEHCTBO HA3HIBAETCSl 33aKOHOM H3MEHEHHMs KHHeTHue-
CKC{l 3HEePruU H MO3BOJAET pelliaTh MHOr'He 3ajaud MeXaHHMKH B TeX
cayyasdx, KOrjJa HeNOCPEeICTBEHHOE TNpUMEeHeHHe BTOPOro 3aKoHa
Huotona satpyzuutesnbHo. B uacTHoCTH, 3THM paBeHCTBOM (3) pasyM-
HO I0Jb30BaThCH, KOI/IAa YCKOpeHHs Hac He uHTepecylorT. Hanpo uerko
npeacTasiaaTh cebe, YTO PaBeHCTBO (3) — cKassgpHOE.

Benuunna FAscosa HasblBaeTcd BeJqu4nHON padoTel H 0003HA-
yaercs 6ykBo#l A, T. e.

A=FAscosa.

[Tpu Fcosa >0 paGora nojoxutensHa; npu F cosa < 0 — oTpuna-
TeJbHA. Kau, uyto Bce paBHO, paboTa CHJBl MNOJOKHTENbHA, ecad
3Ta CHJIa HMEEeT COCTABJIAIOLLYIO, HANPABJEHHYI0 1O CKOPOCTH; €CJIK Ke
CHJla HMEeT COCTaBJIAIOULYI0, HanpaBJEHHYIO HABCTPEYY CKOPOCTH,
TO ee paGoTa OTpHILATe/bHA.

Cpenn cusl ecTb Takue, 3HAYEHHE KOTOPHIX 3daBHCHT OT CKOPOCTH
JBHJKEHUS] (HanpuMep, CHJBl COMNPOTHUBJIEHHS, 3JEKTPOMATHUTHbIE
cuJsinl). Pabora 5THX cua 3aBUCHT OT (OpMbl TPAEKTODHH.

Cuapl, 3HaYeHHe KOTOPHIX 3aBHCHT TOJMBKO OT KOODAMHAT TeJa,
ero MOJMOXKEHHS (HanpuMep, CHJBI THKECTH) WJAH OT ero  ¢GopMb
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(ynpyr#e CHJB) H pafoTa KOTOPHIX (M 3TO [rJaBHOE) He 3aBHCHT
oT (hOpMBl TPAEKTOPHH, a ONPEREJISIeTCS TONbKO HAYaJIbHEIM H KOHEUHBIM
MOJIOKEHHEM, HA3BIBAIOTCH IOTEHLUMAJNBHBIMH.

[ToTeHIHAIbHBIM CHJIAM MOAKHO COTIOCTABUTD NOHSATHE NOTEHIH AJIBHOH
SHEepPruu (HJH 3HEPrHH MOJOKEHHS).

Tlpu stoM AW ;== —F Ascosa uin AW = — A, uny A, =—AW,
T. e. pa6oTa, coBepllaeMasi NMOTEHIHAJbHBIMH CHJIaMH, paBHa yOblIH
MOTeHIHAAbHOA 3HEPrHH 3THX CHJ.

Pasgenum Bece cuini, cnocouple nefiCTBOBAaTh HA HHTEpeCyloliee
Hac TeJo, Ha CHJBl CONPOTHBJIEHHA Fionp, MNOTEHUHAMbHBIE CHJBI Fy
H pCe Mpoure, KoTopble Mbl GyAeM HashiBaTb F.

Torga 3akoH H3MeHeHMs] SHEPrHM MOXKeT ObiThb 3aMHCAH B BUIE

Feonp AscOsa—- FyAscos B+ FAscos =AW,

rhe a, 3 U y— yrjel MeXAy nepemeuieHneM Az 4 COOTBEICTBYIOULIMH
CHJITMH.

YuuteiBast, ure FpAscosf=— AW, nonyqum
Aconp+ A=A WK+A Wn
2841
A -+ Aconp =AW,

tie Aconp — paboTa cHA compoTuBaenus; A — pafoTa BCeX MPOYHX
CHJI, KpOMe MOTEeHUHAJBHbIX W CHJ CONpOTHBJeHHS; A W — H3meHe-
HHEe TOJHON MeXaHHUeCcKOil SHepruH Tesa HJIH CHCTEMBb TeJ.

Ecmn A==0 1 Acgp=0, 10 AW =0 nan W =const, 1. e. 1o-
JiydaeM 3aKOH COXPaHEHHS 3Hepru.

CuHraercst M3BeCTHBIM, YTO NOTEHIHAJbHAA 3HEPIHA Tela, BBICOTA
LeHTpa TAKECTH KOTOporo pasHa h, onpefensercd W,=mgh (11s
cay4as, KOrja YpOBHIO oTcuera sHepruu cooTrmercTByer A=0). Ilo-
TeHUHaJbHAA 3Heprua AeopMHPOBAHHOrO TeJa

kx?
LVynp:‘—"'b“y
rre k& — K03(dUIHEeHT KeCTKOCTH, MOKa3plBaIOUUH, KaKyo CHIy HaIo
NPHJIOXKHTL K Teay, 4To6bl BbI3BAaTh Y HEro €IHHHYHYI KedopmauHio;
X — BeJIMUHHA jepopMmanui (YAJAHHEHUe, YKOpOUeHHe, NporHb u T. A.);
npH 3ToM JedopmalHs OTCUHTHLIBAETCS OT COCTOsIHHS CBOGOAHOTO,
HeaedOPMHPOBAHHOIO TeJa.

s N

3agaya 35 . r—T

KakoBa xecTkocTb & 6ydep- :

HBLIX TIPYKHH Barosa, ecju Ipu i N
CKOPOCTH Up OH OCTaHaBJH- I o \\\
. L
BaeTCH HA MYTH § NPH CTOJKHO = O O N

BEHHH ero ¢ onopoi? Macca > / \

Barona pasHa M, Gydepubix 77/
npy:xuH Ase (puc. 62). Puc. 62,
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Pemenue

OueBnano, KHUHETHUECKAs 9SHEpPrMs BaroHa nepemwya B NOTEH-
nuanbnylo suepruio npyxud. Ilo sakoHy snepruu Aas CHCTEMbI
BaroH — NMPYXHHA HMeeM

A+ AconpzAWx+AWn
H Tak Kak A= Anp=0, TO

[ Mv? Mv:—;> | ofks? ks:%)
0= —*)+2(T — %),

Yunrsipan, uto $=0 # v==0, nosyuum

1o
Muj
z8*

k

3azaua 36

Hnnunapuseckas TpyGa Boicotoft H M Tomuunoil CTeHok b nocr-
pO€Ha u3 MaTepnajoB nAoTEOCTBIO p. CuHTas, uto ceuenpe TpyObl
€CTh KOJbHO ¢ BHYTPEHHKHM pajuycoM R, HaliTH paboTy CUJB Taxe-
CTH npH NOCTpoiike TPyOhl.

Pemenue

Pa€ota cuaw TAXKECTH paBHA yObIIH INOTEHUHAJIBHON SHEPrHH
Teéaa, NezToMy
ATﬂ;K:_AW/n
HJIH
A= — (mgh — mghy),

rie hy 1 h— BbICOTA LEHTpA THKECTH MaTepHaNoB A0 U IOCJE Mo-
CTPOHKHU.

Tak kak he=0, h=% 0 m=—pV, 10

H
ATmK:"'—Png',
H TaAK Kak

V=SH=rH (R}— R}) ==H [(R+ b)*— R7],

bH? (2R 4 b
Amm=—i——(2-—+—)—g-

Snax MHHYC O3Hauaer, 4YTo paGOTa CHJIBI TSIXKE€CTH OTpHIaTe/bHa,
T. €. IpH nEepeMelieHHd MaTepHaJOB BBePX CHJA TAXKECTH JeicTBo-
Bajla HaBCTpeuy, T. €. BHH3,
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3angaya 37

Teno maccoft m GpOMWEHO CO CKOPOCTHIO Uy MOA YLAOM 24 K [ODH-
souty, HafiTH ero noTeHLHaJbHYI0O U KHHETHYECKYH) SHepLud Crycys
Bpems f.

Pewenne

3ajaua CBOAMTCA K HaXOXAEHHIO U W y LAs Tena, OpOLIEHHOIO
NoJ YrJioM K TOPH3OHTY,

v =0} 4 v} =0 cos¥ag - (Vg Sin 2p — gf) ==
== 0} Cos ap -+ vf sin*ag — 2upgt sinay - gH =
=vj -} g%* — v, g1 sin z
n

W= % (v -+ g% — 2uhg¢ sin ay).

Tax kak 2

. ot
Y= Uyl Slﬂl{,——é\T,

T0 .

. ¢
W,=mg <Uol sinay — 52—) .

Ouesnnuo,
WetWo=Wy.
Y6eaumcs B 3TOM:
m 2,9 g s'\
(00+gl — 2uogt sinay} + mg (LofSlP Ay — —2-»9 e

(u, , &

! U,
\2 P Dg{ sin % -+' U()gt sin Xy~ " -2,

3agaua 38

Teno maccot m, GpouleHHOe NOA YIVIOM K TOPH3OHTY, yrnasjo 1a
pacCtosgHH 8 OT MecCta GDOCEHHR. 3H3ﬂ, 4TO MakKCHMANbHAA BhiCOtA,
JocTurnytas TeaoM, paBHa H, Haiitu pabory Gpocanua. Conporus-
JIEHHE BO3jJlyXa HE€ YUYHTBIBaATb 7
(puc. 63). —

filpumeuyanne Pabora 6po-
CaHust — 910 pPaboTa, COBEPUICHHAA
cunoii F, coobiuBuiedl 6pOIICHHOMY H
TCAy 3anac sHeprup Aas noaeta.

4

i
s 2L 7 L A
Pemenne < &) &

Bo &bBpema Opocka na Puc. 63.
Teno JAefictBoBana cuaa F,
M3MEHHBLIAST JHepruio T1ena or Hyas jao W, nostomy A=W,
Bo Bpemsi mosera Ha Teno AefiC1BOBana TOJMBKO MOTEHUM-
anbnan cuia mgu W ==const Bo Bce Bpema noaeia. [lostomy Wy =W,
H A=Wq unu

A=mygH -}-%ﬁ.
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Ho

S
USB:_?‘t’
t2
rie f/—BpeMs NOLBEMa HJM BpeMa onyckanms. !s H=‘%— ce-
LyeT, 410
-V,
CJIEOBaTebHO,
SE
A=mgH -+ — n ;
2.4. 2H
ra

3anaua 39

Ilnarep Maccoll m, MMeBIIHHA Ha BHICOTE A; CKOPOCTb Uy, IIO HEKO-
TOPOH KPHUBOH AJMHHON / CHUBHJCS JO BEICOTH fg, NOTACHB CKOPOCTH
Lo vy, Halitn cuay comportuBrieHus Be3ayXa, cuuTasl ee NOCTOAHHOM,

Pemenne

[loazep:xupaiomas naarep MoAbeMHast cHja Q neprneujuKynadapua
K ckopccti M paborhl He coBepwaer. [lostomy A=0 1 Aconp =2W,;

2\
mui

— Feonpl = <mgh2—{— > (mgh, B

OTKYZa
m, .
mg (hy — hy) -+ 5 (v3 — D)
-Fconp _ 7 .
3agaua 40

Teno Maccolt m TOAHUMAIOT MEAJEHHO 110 Keaol0y BBHICOTOH
H nsuHOil ocHoBawua b. Cuuras Kos(HIHEHT TpEHHS paBHBEIM &,
HaliTH paboTy BHEWHER CHUJBl (CHJBl TATH), paGOTy CHJBl TSDKeCTH,
paboTy CHABl TPEHHS H CHJBl HOPMAaNbHOH DeakIHH (puc. 64).

Pemenwune

Cunel, IeHCTBYIOIME HA T€10, OuUeBMIHB. Tak Kak Tejgo ABH-
JKeTcs NOJA JAeHCTBHEM NepeMeHHBIX CHJ (JABHXKeHHe KPHBOJHHeHHce),
TO Oyrb § HafZo pasbuTb Ha CTONbL Majble YuyacTKM As;, KOTOpble
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Obity OB HEOTJIHYUMBI OT OTPE3KOB npaMuX. Toraa
AAcons, = Frp, Asy (— 1) = — kQ; As; = — kmg cos a; As; = — kmg Aby
'A-conp = AAc:«:mpl + ek AAcot’!pn ==
= —hkmg (Aby ...+ Ab,) = — kmgb;
AA, =mgAs; cos B; = — mg Ahy;
Ay=—mg (Bh4... 4+ M) =—mgh
uil. Taxk kKak Wy, ==0 (na BeICOTE, paBHOH HY/IO), TC
—mgh=— (W —Wy)=AW, u 4,=—A4W,

(KaK y:xe OTMEHaJoChb BO BBOAHOA 4YacTH).

Puc. 64.

Cnna @Q paGotbl He coBepiuaer, Tak Kax oHa cocTaBasger yroa 90°
¢ HanpasJyienHeM IBHKeHHs. [aa paboTbl cHabl F HmeeM

AA;=FiAs; (4 1) = (Frp, - mgsina;) As; =
= (kgm cos a; 4 mg sin ;) As; = kmg Ab; -} mg Ah; =

== mg (k Ab; 4 ARY)
u
A= kmgb -- mgh.

STOT e pPe3yJabTaT MOMKHO ChiJI0O MOJYYHTB U3 33KOHA H3MEHC-
HUA 3HEpTUH
A"I—Aconp:AWn‘{“AWKv
Tak rak v==const, 10
AW =0 u A=— Aconp -+ AW =kmgb + mgh.

Hapo ofpatute BHEMaHme Ha TO, 4TOo ecau pabota cuael F
Ha yuactke As paBHa AA;, To paGora AA; npotHB 3TOl CHJB,
T. €. CHJbl, DaBHOH H NMPOTHBONOJOXKHOH cusie F, GyleT OTIHYaTbCs
oT AA; MWL No 3HAaKY.

T1



TleficTBUTeIbHO, TOCKOJBKY Fy= — Iy n As,=As,, To FiAs, =
= — FAs, wan AA; =—AA,. Tlosiomy paGoTa CHJBI THXKECTH
B Hamell 3ajaue

Ag=—mgh.
PaGora BrewHed CHJALI, NpeojoJeBaOLIeH CHJY TAXKECTH:
A e = mgh.

Auanoruyno, paGota cHabl TpeHHA Aconp = — kmgh, paCorta xe
CHJIBI, NIPEOJOJEBaIOMEN CUYy TpeHus, paBHa + kmgb.

+ 3agaua 41

Ipe ouvenb TOHKHE MJACTHHBI, MACCH KOTOPHIX #ly H 1y, CKpel-
JieHbl HEBECOMOH MPY:KHHOH ¢ KoypduuueHTOM XKecTKoCTH R (puc. 63).

xzt E

Puc. 65.

C «xaroil cunoli F Hajmo HaaabBHTb HA BePXHIOIO MJACTHHY, YTOOHI,

ABHCASCE BBEPX N[O OKOHUYAHUM AEHCTBUS CUJIBL F, ona npunofHsana
HUXKHIOW?

Pemenne

1. Ecat K mepBoil mJjacTHHE NPHJOXKHTb HCKOMYIO CHJY, TO OHa
6y5eT B DABHOBECHM MOJ JEHCTBHEM CHJ myg, F w ynpyroii cuibl
Fynp=— k(X,+Ax).
Torra B NMpOEKIHN HA BepTHKAAb TOJSYUHM
myg -+ F = kx, -+ kAx. ()
[lepen cxaTueM NPYXKHHbl CHJof F mepBas nzaacTiHa Obia B pas-
HOBECHH IO JIeACTBHEM CHJI m_g5 U ynpyro# CPIJIh[—k;El, T. €.
mg = kx,, (k)
M, SHAUMT, MCKOMas CHNa onpejesuTcsi paBeHcTBoM F = EkAx.
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IInst naxoxpenus Ax Hano CONOCTABHTL, YUHTHIBAR YCJIOBHA 3ana-
QH, COCTORHHE NPYXHHB NPH HaAH4HKD £ U COCTOSIHHE MOPYXHEH
B MOMEHT OTpHIBA BTOpOfi nJjacTHHEl. Ho H3 nepBoro coCTofnHA
BO BTOpOE CHCTEMA NEpexXoiHT NOR AefiCTBHEM nepeMeHHBIX CHJ,
U NOTOMY YZAOOHO BOCNOMNL3OBATLCS 3aKOHOM SHEPTHH.

Bynem oOTCUHTHIBaTH SHEPrUM TeJ OT YPOBHA, ONpeleasieMorc
BepXHHM KOHUOM HefledhopmHpoBaHHOH npyxuusl. [Ipm atom Buicota,
a syauutT, H mgh >0 unu mgh <0 B 3aBHCHMOCTH OT TOFG Bhille
HJW NHKE yPOBHSI OTCYeTa HaXOQUHTCA Teno.

[Ipu pgeficTBHM Ha BEPXHIO NJIACTHHY HCKOMON CHJABI MPYMHHA
COXKMETCS JONOJHMTERLHO HA Ax, M cUCTeMa NJacTUHa — NpyxHHa
Oyzer o6naraTh sHeprruell MO OTHOLICHHIO K YPOBHIO, ONpELeNAeMOMY
BbICOTOA HeleGOPMHPOBAHHON NP YKHHDI

Wo=—mg (x; + Ax) — mogls +

2. Ecan NPeAnoIOKUTL, 4YTO NOepsaa [aactiHa, [OAHHMAACE
BBEPX, PAaCTAHET MPYXUHY TaK, 4YTO BTOpasd INJacTUH3 HE OTOPBETCH
OT ONCPbl, TO 3HEPrUa CUCTEMB! 6}7118']‘ B 3TOT MOMEHT

k(x4 Ax)?
—y

, hxl
W =mxgx2~f712g[D+T-
Tak kak npu geuxenuu neppoit miaactuubl Wo=W, 10

2
SO T ET U )

Heo6xomuMbie x; ¥ x; HalileM H3 yCJOBHA paBHOBECHA nepmof
MAacTHHbLl [0 Hadajga JefictBuA CHAel F 1 BTOPOil MJACTHHLI
B MOMEHT, KOIZa OHA NepecTaeT JaBuThb Ha omopy. Mwmeuwo

g =kxy; meg == kx,.

Torpa
(”’”‘g)g
— g (T ) 5 (5 ) =g M b
OTKY A
Ay == (my +km2)g
H

R Ax = (m, -+ ma) 8.
Ho RAx=F u oxon4aTenbpHO
F=(my-ms) g.
Ana ypepenuoro oTpniBa BTOPOI MJIACTHHBLI HEOOXOAMMO, 4TOOLI

F' > F=={n; -} ms) g.
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A '3ana'q?i 42,

[To ycnoBuaMm npemelayilell sanaud, npu F= (m-ms) g, onpe-
JeauTh: 1) XapakTep IBMXEHNS INE€DBOH IJIACTHHBI II0 OKOHYAaHHH
JeficTBUST CUJIBI; 2) XapakTep HU3MeHeHUs CHJ, NeHCTBYIOUHX Ha BTO-
pPyi0 TJIACTHHY TPU JBHKEHHH NEPBOH IJACTHHEBL

Pemenue

1. Xapaktep JABH:KEHHSA TeJa ONpEJeNseTcd YCKODEHHEM Tesa.
Bynem cuutate HanpaBaeHHe BEePX MOJOMHKUTENbHbLIM. Torga ¢ yue-

TOM TOTO, YTO B TpYKHHE BO3HHKaeT MpH JedopMauuu Fyn, ==
= — kX, TPUJIOKEHHAST K TeNy My, MONyudM

m;8 -+ Fymp — m, g — kx
my iy

a=

HJH B NPOEKIHH HA BBIGPAHHYIO OCh
o —mgt+ke hx
e

m,

npu [ <ly, x>0, u notomy

[k
a:——g-{—«;;ﬂ.

Ipu IBMKeHHWH NJIACTHH BBEpX a yOmBaer, no a >0 jpo Tex mop,

noka x>%‘t—g; npu x:ﬁég

<lxZ ’—"g a<l0. Ipp x=0 a=—g u panee x< 0, noaromy

a==0, u B nanpuedimem npu 0<C

m
TaK Kak | x| pacrteT, To @ yObIBaeT H IPU 1x{=——zg @ JOCTHTaeT HaH-
MEHBLIEro 3HaueHus (a MO MOAYJIO — HauboJbLIero).

3Han/IT, TeJO My H3 HCXOLHOro IIOJOXKEHUA J0 I[OJOXKEeHHA

1
"‘——,;g IBH:KeTCSl ycKopeHHO (@ >0) co Bce yOBIBAOLUIHM YCKO-
meg msg
peHHeM; OT MOJIOKEHUA X==—= 10 MONOKEHHA 5] ==—% Teno nBH-

Kercsa samepneHHo (@< 0) co Bce BO3pacTalOlUM 3aMeLJeHHEM.
CkopocTb Tena B TNOJOXKEHHAX HCXOAHOM H KOHEYHOM paBHA

m .
HYJI0, B TOJOXEHHHU x-=—;;g oHAa MakcuMaJabHa, uHOO [0 3TOro

MOJIOKEHUA TEJO IO YCKODPEHHO, a IIOCJE HEro — 3aMelaJIeHHO,

2. Ha umxHOIO nIacTHHY JeHCTBYIOT CHABI meg, — kX W
peakuusi NOACTaBKE (). x' —'KOOpAMHATA HHIKHEr0 KOHLA mpy-
KHUHB 10 OTHOLIEHHIO K BEPXHEMY; SICHO, YTO X = —X.
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Tak kak nnactHHA Bce BpeMs B pcKoe, TO
meg —kx' Q=10
HIN C YYETOM X ==—X%
msg - kx - Q=0.
B npoexunn Ha BepTHKadBL
— mog - kx 4-Q =0,
OTKyAa Q==mqg — kx.
Cnna meg nocrosinHa, cuaa kx, a 3HauuT, H Q TEpeMEeHHSL.
Cuna — kx'==Fkx nanpaBneHa JJIsi HIDKHErO Tejaa BHH3 TMIpH

cxartoll npyxune ([<ly) u BBepx npy pacrsidytol npyxune ({>{y).
9710 3nauuTt, uto npu /<y (1. e. x >0)

Q=g + | kx| >mg;
npr =1, (1. e. x=0)

npu [ >, (1. e x<{0)
Q=msg — [ kx| < mg
H B BEDXHEM IIOJIOXKEHHH [epBOH NJacTHHE nlag =| kx|, T. e. Q=0.

Q =m.g;

8. CTOJIKHOBEHHE TEJI

3anaun Ha 3Ty TeMmMy DpelarTca HMCX0Ass H3 3aKOHOB COXpaHeHHsd
KoJIHyecTBa JABHKEHHS H 9HEPIHH. B toMm cayyae, eCJIH BHCIIHHX
CUJT HET HJH OHM MaJibl U MACChl T€J He MeHsIoTCHA, TO

my, + MUy ‘—&— ces + MuOp == Nl —'{— Mally + e '-'r Mully
Hu

mlv_+_ +nn nn+Q

3zech uepe3 v; 0Go3HaueHbl CKOPOCTH T&IT IO ylapa, uepes u; —
nocne ynapa. MamesenueM BLICOTHI Tesl BO BpeMs yjnapa M, 3HauHT,
H3MEHEeHHeM IOTeHLHANbHOH B5HEpPrHU IOJS TSKECTH npeHedperaeM.
( — Temyo, BBHIJENHBlIE2CH TPH yJape HAM [PUOBIL BHYTpEHHEH
SHEpPruM Tena 3a cyeT yOpAM 2Heprun Mexanuueckoil. (IloapoGuee
O TepMMHE «BbUAEAMBIIEECS NPH yjaape Terio» cM. B 3agaue 39, 4. I11.)

3apaua 43

Jokasare, 4ro npu aGCOMIOTHO YIPyroM yJlape IIapHKa O CTEHKY

yroJg OTpa:KeHMSl DaBeH YIrJy TaJeHds, a Uy U U JieKaT B OAHOH
NJOCKOCTH C [NEPNeHJAHKYJAPOM K CTEeHKe, BOCCTAHOBJEHHBIM H3
TOYKU MajieHuss (puc. 66).
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Pewenue

. v . v
singg==* p sina=—=-%
Uy v

9
HO 113
mv®  mu}
2 T2

cheayer, uto vy =1v% WaH vy,=uv.
Taxk Kak cHJA TpPeHHs MeXIy LIapUKOM W CTEHKOH HeT (H3-3a
YOpyrocTu yhaapa), 10 a,=0, T. e.

on = Ux1
HO TOTjha
Uy __ Uy
v, ?f

¥, 3HAYUT, sinuy==sina,
[Mockoabky @, M @ — OCTpbie yrabl, TO M3 sina,==sina caenyer,
aTo o ==0y.

Tak xak KacaTeapHBIX CUJ TpPU Yiape HeT, To Y UIapUKa
He MOIVIO TOSIBUTHCA COCTABJASIOUIEH CKODOCTH, TNEPLEHAHKYASPHON

K TJIOCKOCTH Upy. ITC 03HAuaeT,

9T0 M v Oyner Jexarp B TOH e
IJIOCKOCTH,

LA

G_”_?_’_?f,. Z’z—ué do ydapa

(myemo) &
{ QOo— " nocse ydapa

Puc. 66. Puc. 67.

3apaua 44

Jpa radHAHBIX KOMKa MaccaMu My W My, Jerdiite co CKOpo-
CTAMM Uy U Uy HABCTpeuy JApyr APYry, HEYNpyro CoyjaapsuoTcd.
Haittu xonnuecTBo Bhizesupluerocst tenna @ (puc. 67).

‘ Pemenne
CueBn o
myvy - meUe == (My -+ mq) u

2’_i_m;vz (ml—{—mgiu -—i—Q

%



Cunras wanpasJ/ieHHe BIIPABO MOJOXKHUTEALHIM, HMeeM
Uy — Moty == (M ~t= Ma) U;
mv} myv} (ml+m yu*
2 + 2 + ¢

Hcrmcuas orciona u, nojyuum
m v} mgvy _ {(my - mg) (myu — myv,)?
7+ = 2 (my+ mg)* +@

OTKy1a
(myv, — msv,)*

17/’1 ms03 2
+ 2 (m, 4 my)
WM, packpuiBad ckoOKH M NpPHUBOAA MOAOCHBIE WieHb, NOJyuHM

Q= myny (U 4 1,)°
T 2 (my -+ my)

3apaua 45

Pewurs npexbgyiiyio  8afayy Aasd  caydas, KOTAa Yron
MexJy CKOpPOCTAMH KCMKOB 2O yjaapa pasen a« (pHC. 68).

Pewmenne
Cnsate
M + MeUe == {M, + ﬂ'lg) u
B mp U

m,u} mgui _ (my +ms) o’
R p) +Q M
Beauuyuny «® mafizem u3 Bek-
TOPHOTO TPEYIONbHHKA NO Teopeme 7
KOCHHYCOB. Hmeiino o

[y - me) ulf = 030} - m3o} —
-_— QI’ﬂlfJxmq_Z)q +COS (180 —a), (2)

Puc. 68.

Torpa npu noacraHoske «® us (2) B (1) Hafizem
m,v} + myvy __ mivi <= miv] — 2m,v,mev, cos (180° — a) +Q
- 2 (my ~my) ’
OTxypa nocne npeoOpa3oBaHHf NONYHUM
Q= mymy |v] 4 v} 4~ 20,0, cos (180° -a)]
2{my 4 my)
OueBupro, npu a==180° u3 sr10r0 peuwlenya MNOCACLYET pewienue
npeapinyeit sagaun. Ilpy a=0 (komMkH Je€raT oiMu 3a APYTHM)

Q= myms (Uy — Us)*
' 2(my4my) °

Q= mymyg (03 -+ v§)
2 (my+4mg) *

npu a==90°

T



3apaua 46

JBa KOCTAHBIX IapHKa OJHHAKOBHIX MacC HajeTaloT IpYyr Ha
Ipyra co CKOpPOCTSIMM 07 H Up MOZ YIJIOM a U pasneralnTcs nocnie
aGCOMOTHO yNPYroro yAapa €O CKOPOCTSIMH iy M u. Haiite yroa

pasieTa B (T. €. YroJl MeXIy CKODOCTSMH u; M 4g) (pHC. 69).

mli;l *mgl—;g

- -
MUy + MU

m;

Puc. 69.

Pewenne
OyeBuano, 4TO MO 3aKOHAM COXPaHEHHSA
MUy - Mg == My -+ Mg}
m'ul mvi __ muj muj
ty =3 t7%
HJF TOCNe COKpAlleHHs Ha m
Uy vg=uy - Uy
0; 4 vy =uj -+ u;.
Ho m|v -0y u mju, -+ Us] CYThb BENHUMHE AHAroHajefl BEKTOPHBIX

napanienorpaMMoB, mnpHYeM M |uy—vg|=m|u~-us|, & TO0rAa No
TEOPEME KOCHHYCOB

m?| v} -+ v} — 20405 €08 (180° —a) | =
=m?*|u;j - uj — 2uyus cos (180° — B) |
UIH
v -+ 0§ — 20105 cos (180° — a) = uy ~ ua — 2wz cos (180° — B).
Tax Kak

v} vi=ui -} us,

TO
— 20,03 cOs (180° — &) == — 2u,u, c0s (180° — B)
b
U3Ug COS & = Uyli3 COS B,
OTKYZa
__ BUscosa
cosf = T
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Bapaua 47

Ilpu alcomoTHO Yyupyrom yiape JABYX I[apoB, HaJeTaBIIMX
TIOA YIJIOM & APYT K JAPYTY, CKODOCTb OIHOTO M3 1L1apOB NO BEJH-
ugHe He H3meHuJaach (puc. 69). Hafitu yroa pasnera B (Macch
IIapoOB pasHulE).

Pemenne

Quepnano
myty + MoUe == MUy + Mylg,

m, v myvy __ muj mytt}
9 + 5 T 9 + D2

M2 Broporo paBeHCTBa B CHAY U;==u; BHITEKAET, UTO Uy== Uq.
flo Teopeme KocuHyCOB

mivi -+ mav — 2mymgv1vy cos (180° — a) ==
= miui -+ mju; — 2mymsui i, cos (180° — ),

CTKYZa BBHITEKaeT
V109 COS 00 == Ul COS
MM
cosa==cos
(B CHJY T1Us= Ullg).

Jagaua 48

B nseectHOfl JeMOHCTpaUMM HA 3aKOHB COXPAaHEHHS HMIYJILCA
w sHeprun rnpu ynape (puc. 70) Bceraa OTCKAaKUBAET CTOJLKO
11apoB, CKOJLKO Haseraer, 00bac~
HHUTh 3TO.

\

Pemenue

[lycrs nanerawor Ay wapos,
JBUIAOUKXCH COBMECTHO (CAMT- Puc. 70.
HO) €O CKOpPOCTBIO Ty, OTCKO-
yaT ke APOB €O  CKOPOCTbIO Uy [lo sakonam coxpaHeHHs

kymuy == kymug:
kymuvi __ kymuj

5.
[lo cokpailenun Ha Maccy NOJAYYHM
Ry = kevg; ()
k]Uf - ng;. (x%)



Boasoas pasenctso (*) B KBaipar M Keas NOJYYEHHOE HA PaBEeHCTBO
(**), nonyuum ky= ky, 4TO H TpeCOBANOCHL NOKA3dTb.,

Heas (**) ma (*), noayunm vy=="vs.
* 3anaua 49

Ha wamky npyxHHHLIX BeCOB najaeT ¢ BICOTHl H KyCOK MATKoil
TAHHL Maccod m. 3Has, 4To Macca 4amlkd M, a KosdduuuenT xkect-
KOCTH TPYXHHB &, HaWTH 3aBHCHMOCTb
PANANARRRARNRRNNNS CKOPOCTH CHCTEMBbl OT BeJAn4uHbl Aedop-
i Mauu¥ npyxuuku (puc. 71). Ynmap cum-

TaTe a0COJIOTHO HEYNmpyTHM.

A»x

LA

|RARRARA R
o~
©

Fewenne

—

Sodedodednd A 5L R Y

|

B nepsBoe MrHOBeHbe MmockHe yaapa
cucTema oOnanaeT anepruefi

bbbl A4 L

ank gl

I”YTV Tvtrrer

KTy

LY

Wo:(m+2M>u5_

L&
|
L

e N i e

N — (m+ M) gro+ 5T,

>
<

IR EEARA

QO

1. [pe X OTCUNTHIBAETCH OT yPOBHS HHXKHEro
Kpasi HenepOPMMPOBAHHOH  NPYXKHHKH.
B nocnenyiomue MoMeHTHl

M) u* kx?
Puc. 71. W=ﬂir2—)—u—-—(m -~ M)gx -+ %.

Taxk kak npu JBHXEHHN CHCTeMb! BHEWIHHX HENOTEHHHAJIbHBIX CHJ

HET, TO
W = Wo

niy
At W8 M) g+ =

=EEWE ot M) gr -2 (+)

CxopoCTh 1y HAXOAMTCA H3 ypPaBHEHUs) COXPAHEHHS HMNyJbca
OPH ylape [JiHHBl O Yauiky

mu == (m - M) u,,

[ie v onpenenseTcsi U3 TOro, 4To
2
mgH =%y-
Taxum obpasom,
___mv___mV%H
W= T = M (%)
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Xg onpeneasieTca H3 yCJlOBHﬂ paBHOBECH A 4alUKH BECOB 10 ylapa, T. €
Mg == kX, (%)

IloactaBnss (x#) ® (++%) B (*), NOJYUHM NOCNE OYEBHIHBIX npe-
oOpasoBauuii

2 H Mz2g?

L Tk 2er (M m) — EM M 4-2m) + ,V’,”fm+ £

U = M+m .
3anaua 50

Kakofi MuHUMa/JIbHOH CKOPOCTbIO Uy JO/Ked o6mafaTh KyOuK
¢ pebpom [ Ha paccTosHHM S(S>{) or mnperpadel, 4To0Bl IpH

%

—
. A
T r =D — ’
- ) : - — S5

NS AT 4 777 777
mgy |l S >

Puc. 72.

ynape o Hee oH nepeepHyncsi? KosddpuuueHT TpeHHA O MOACTaBKY
pasen k. IloTepa mexaHuueckOH 3Hepruu Tnpd Yyaape O Iperpapy
COCTAaBJRET N-10 YacTb OT KHHETHYECKOH SHEPruH TMepes ynapoM
(puc. 72).

Pemenue

Yrto6sl kKy6 mnepeBepHYyJCs, €ro 3SHEPrHs Nepel yAapoM o Tpe-

mg (W' — h)
T—n

HeHTpa THKeCTH KyOHKa N0 M BO Bpems MNMepeBOpauuBaHHs.
[lockonbky HenoTenuuanbHas cuaa paboTbl He COBEpLUAET

(@1 v), 10 u3

HMEeM

rpany oJiKHA ObiTb HE MeHbplue rae h u h — BBICOTA

A+ Ayp=AW, 4 AW,

mgh —~hy  muj
| —n 2"

— kmgs =

OueBu iHO,

,__1VZ
h——Tz'Hh g s

YuutnBas 970, noJiydaem

__ U l Ve —-l)g
D)

l/ %gs - (Vf__”n Ne

OTKyJa
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* 3apaua 51

Yamka npyxHHHHIX BeCcOB Maccoil M ¢ nexamuM Ha nHefl WapH-
KOM Maccol m OTTsiHyTa BHH3 cuaofi F u ortnywena. Ha &rakue
BbICOTH H ¥ h TNOIZHMMYTCA IOCJE OTPLIBA OT YALIKH LIAPHK M Yallka
(puc. 73)? KakoB mpn 3TOM xapaxTep
ABukents Ten? Kos¢puunesT xectko-
CTY NPYXKHEH paged k.

/

Pewenune

K" U3 Tpex sTamoB: 1) yCKOpeHHCTO 1BH-
HEeHHA BMECTe C UalKoH [0 TOoJoMKe-
i DABHCBECHS, ONPEAeJSIEMOro ypaB-

#  nennem

lg

§ 77
% JIBHXeHHe [apHKa CKJAALIBaercs

(M- m) g=kx, (h

y E;/\’ig k A
== 2) 3aMelJIEHHOrC HABMIKEHUS BMeCTe C
Z) = yamkol ¢ |a|< g 10 MOMEHTa OTpHI-
i . FO Ba, NPOHCXOAAILEr0 B TOM MOJOMKE-
. - HHH, e WapHK W Hawka yxe Le
(Mrm)g HaBST Ipyr Ha Apyra, H, SHAuUT,
‘ OHH JBHKYTCA C qa==g¢ (OUYEBHJHO,
¥ B 3TOT MOMEHT Npy:xHHa HexedopMH-
/ poBaHa); 3) OTOpPBABLUHICSH WIAPHK LBH-
Puc. 73. JKeTCSl BBEPX C yCKopeHneM a==g

(3amerneHHO) NOA ZeHCTBHEM TOJbKO
CHJIBI TS:ECTH (Yalllka Ke H3-3a BO3HUKWIeHd [efopMaldd B NPYIKUHE
IBHIKETCA 3aMEUJIEHEO ¢ ay > g).
CueBHAEO AJNH TOCJIEIHEro 5Tana, KOTOPHI, cOGCTEEHHO, HAG
HHTEpECYeT IO YCJOBHAM 3a4a4H, HMEEM
mv®
—-==mgh, ()
rze H oTcunThiBaeTcs OT NOJNOXKEHHs OTpHBa (M, B3HAUHT, OT MO-
JIOXKEHUA HHKHEro KOHNA HeledOPMHDOBAHHOH NPYXKHHBI).
Uz (2) nonyuaem
,US
H= %" 3)
Hnsa onpenenenus ov* Bocmosb3yeMcs TeMm, HTO HPH ABHKEHHH CHCTEMB
OT HHXKHETO MOJIOXKEHHUS] JO MOMEHTa OTpHIBA 3HEpPrus CHCTEeMbl He
MeHAJach, T. €.

kx} 2
2 (M A-m) grg=PE T 4)

Heo6xonnmoe x, HaxOQHUTCS U3 YCJIOBHS PABHOBECHA CHCTEMB! B HHXK-
HeM NOJIOXKEHKHH :

M- m)g 4 F=kx, ®)
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Peutasi cosmectHo (3), (4), (5), moayuum

= (M m)® g
A= —r¥me (6)

Jlna HaXOMKIEHUS BBICOTHI MONHATHA YallK| /i TOCHE OTPLIBA IMAPUKS
HmMmeeM
Mo? khh
9 = Mgh_{—T,

a Tak kKak mo (3)

T0 ,
MgH = Mgh+ -,

[ToncraBnsa cioga suauenue [ u3 (6), NMOYUHM OKOHYATENLHD,
¢ yueroM TOro, uto >0,

Mg Mg | MglF®— M+ m)g?|
he=— k +l/ k? -+ BRMA4-mg *

* 3apaua 52

C KakoH 1o BeJHYHHEe W HANPABJEHHIO CKOPOCTBIO MOJIKEH MphHl-
THYTh YEJOBEK MAaccoél #1, CTOABUIHEA Ha Kpaw TeJekKH maccoit M
U JauHOH [, uToOb NMoRacTb Ha JApPYrofi ee KOHeW K MOMEHTY ocTa-

Up &
-G o .
b AS) — ﬁ@'—‘
L3 I~ s,
Az Al
’* z
A .
f R
- e
7z 7 77V
lll ﬁ ll_z/l
Co =~ T
ST 77 7 77
Puc. 74.

HOBKH Tenexku? KosbduuueHT TpeHUS TeNEKKH 0 NOACTaBKY paBeH &,
BpemeHeM . B3aMMOJEHCTBHS 4YesjoBeKa ¢ TeNeXKoH npeHeGpeyb MO
CPABHEHHIO C BpeMeHeM ero Iojiera. ['1e CHOBa OCTaHOBUTCSA TeslekKKa
ToCNe TOFO, KaK B3aKOHUHTCA ee JBHXKeHME BMECT¢ C UeJIOBEKOM
(puc. 74)?
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Pewenue

Ecan rtenexxka sa Bpemsi mojera desiOBeKa MNepeMeCcTHaACh Ha
¥, TO uesnoBek nepemecTH]CS MO rOPU3OHTaNH Ha Ax==1I]-—1I (Bce
nepeMelleHlsl N0 OTHOWeHHIO K 3eme). [Ipu stom Ax — 310 Makcu-
Manblias AaJbHOCTb [OJeTa H, 3HAyHT,

v} sin 2a
| el M
g

Iepewellenne Ttenexxn I/ onpejesum H3 10r0, YTO ee KHIeTH-
geckas SHePrHA Iocie B3aMMOZEHCTBHS C UEJOBEKOM TMowWla Ha
pafoty npoTHB CHJ TPEHHd, T. e,

EMgr =225 (@)

rle i, HAXOZHM H3 COXPaHEHHs TrOpPHU30OHTANBHOM cocTaBiAolLEld
HMIIY/JbCa ueJIOBEKAa M TEJEXKH NpU [OPbIKKe YesloBeKa, T. €. U3

mu,cos a = Mu,. 3)

Heof6xoaumblii yroa a onpenesuM H3 TOTQ, 4TO BPeMst JBHIKEHHS
1eIeXKN | paBHO BpeMeHH noJera uejioBeka 2U, rae { — BpemaA ero
noarema uMAM onyckauusa. Ho

—_— uo
"= ke
H
/ Uy SN a
g ’
no3ToMy
l% = 2u, sina (U3 {=27). 4

Pemas cosmecro (3) u (4), moayuum

#
tga = gz- )
Hckmouas wu, u3 (2) B (3), noOAyuMM, CUMTasi o W3BECTHHIM H3 (*),
- m*vf cos® a
T 2kgh®

IMoacrarngs sto sHauenue [ B (I), Haizem nocjie OYeBHAHBLIX Npeol-

pa3oBanuil
= mweosta | . .
S + sin %

Haiinem HOBOe NnepeMelIeHNe TEJICKKH NOC/AC ONYCKaHUA ue/oBEKa
Ha TEJCHKKY. O‘-ICBHAHO, YTO KHHETHYECKAs 3HEPTHA TCNCKKH H uejo-
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BEKa MoMija Ha cosepiineHue paGoThl IPOTHE CHJLI TPEHHH, TOITOMY
v M4 my u®
f(MAmy gt =HEWE ®)
TAe U — CKOPOCTb TEJIEXKKM M uejoBeKa cpasy no omyckauuu. Omna
HaxXOJMTCH U3 TOTO, UTO
mo, cosa=(M-+m) u. 6)
[Tockonbky v, M « yixe Haiiienol, To pewenne (5) u (6) naer
m*v} cos? a

2rg (M4 m)**

OueBupHo, HTO TeJeXKKa OCTAHOBMTCA Ha paccrosuun ['— I or
NepBoro CBOEro (MCXOJHOTO) MOJIOXKEeHHS.

PexowmenayeM uuTtaTtesio paBeHcrBa (3) d (6), samucaHHble yxKe
B [IPOEKIIMAX Ha Hanpas/eHHe JBMKEHUS, NOJAYUHATH H3 0Owieh
(pOpMBI 3aKOHA H3MEHEHHA UMOYJbCA B BeKTOPHOU dopme.

("=

9. TAFOTEHUE

3akoH BCEMHDHOrO TATOTEHHs A8 ABYX MartepUasbHbIX TOUeK
B BEKTOPHOM (opMe HMeeT BHJ

- mym, =
F=T PS] Yo,

the cuna F U equHHuHBI paanyc-BeKTOp T (opT) HampasJjeHbl
OT MNPUTATHBAEMOTO Teja K NPUTATHBAIIEMY, IJTOT 3aKOH [103BO-
aser ¢opmaipHbIM oOpa3oM pewarbh Jobble 3aAaud Ha rpasHTa-
LHOMHOE B3aUMOjeHCTBHe, T. €. H3yuaTb H ONMCHIBATL JBHJKEHUE
TeN Moj JedCTBHEM BBHILEYIOMSHYTOH CHJBL.

[Tpupony ke sToro B3aUMOZECTBHS 3aKOH He BCKpbLIBaeT. JT0
B HCKOTOpOIl CTemeHW cHEJaHO B TEOPUHM TATOTeHHA DAHWTelHA.
M3sectHo, 4TO BCAKOe B3aMMOfe#CTBHE OCYINECTBJSAETCA 1OCpes-
CTBOM HEKOero arenta — nojs. OAHNM M3 TakMx noJjefl u sABjasiercd
rpaBUTALHMOHHOE TOJE.

Kak BuiHo n3 3akona TATOTeHHS, Fr, 3aBUCHT JUist  JAHHBIX
ABYX Ted TOABKO OT HX B3aHMHOCO PAacloJoxKeHud. ITO NPHBORKT
K TOMY, uTo pafoTra 3THX CUJ N0 HM3MEHEeHUIO B3aHMHHIX DacHono-
JKEHHMH 5THX TeJ He 3aBHCHT OT TOrg, Kak 3TC H3MeHende npo-
MCXOMUI0, WJH (IONB3YsiICh MOHATHEM MoJs) padoTa no nepemerne-
HMIO OJNHOTO Tesqa B TPAaBUTALHOHHOM HoJie JAPYroro He 3aBUCHT
oT (POpMbI TYTH.

D10 1n03BOJISIET MPHOHCATh KaXJAOH TOUKE [PaBHTALUOHHOTO
MOoJAA HEKOTOPYIO 9PHEPreTHYECKYI0 XapaKTepHCTHKY, Ha3biBAEMYI0
NOTEHLIHAJOM ¢, TaKyio, 4To paboTa CUJ TIONA NPH [epeMeLleHHH
B HEM Teja Maccofi m ONPefeJUTCH PaBeHCTBOM

Apg==—m (g2 — ¢1). *)
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BennuMHy rm¢ HasblBalOT MOTEHUHAJIBLHOH sHepruell Tesa B IOJE
TsKecTH.  Ecnmm sa  ypoBeHs  oTcyeTa 3TOH  SHEeprud  B3ATh
SHePTHIO TeNa Ha IOBEPXHOCTH 3eMaH, To npu h{(R; ¢=gh,
rjie g — yckopenHe csofopHoro naaenus, Torza

Ay g=—m (gha— ghy),
HJIH .
Aye=mghy — mghs.

[Tonsa, paGora KOTOpBIX OT «(OpPMBI NYTH» HE B3aBHCHUT, Hasbl-
BAlOTCS NOTeHUHaAbHbIMH. JlpyruM npuMepom TaKoro mossi sBJs-
€TCA  SJEeKTPHUYECKOE IoJie HEeNOJABHXKHHIX 3apsJ0B — KYJOHOBCKOE
noJe, ONHCbiBaeMoe (GOpPMajbHO 3aKOHOM

B0 7
F——r‘2—r0'

MarnurtHoe mose sTMM CBOHCTBOM HE3aBHCHMOCTH paGoTel  OT
«bopMbl yTH», BoOoOlle roBops, He obsanaer. [lostomy ero Henb3ss
0XapakrepusosaTh NOHATUEM [OTeHUMana W NPUIHCHIBATE Tedy,
HaXOAAIIEMYCA B HEM, MOHATHE NOTEHIUAJbHOH 3HEPTHH.

ITockonpKy MoTeHIHaNbHAS 3HEPLHS OIpejesNeHa Kaxk BSHeprus
B3aUMOJEHCTBHS, TO €CTeCTBEHHO TIOJNIOXKUThL €€ paBHOH HYJ IO TaM,
rje 7TeJa CcyulecTBeHHO B3aUMOJCHCTEOBATL He MOTryT, T. €.
Ha OeCKOHEYHOM YAaJeHWH TeJ Jpyr OT JApyra. IJTO O3HAYaerT,
YTO INOTeHIHal I10Js1 B OGECKOHEUHO YIaJeHHOHl OT Tena, CO3Xalo-
1ero 3T0 noJie, TOYKe [0JaraioT paBHBIM HYJIO.

B stoM cayuae papenctBO (*) MoxKHO, moaaras ¢==0, nepe-
nucare B Bujie Ajo=mo;, e Ay — pabora, KOTOPYIO COBEP-
l1aeT PPaBUTANLHOHHASA CUJIA NDH yJaJeHHH TeJa U3 JaHHOH
TOUKH B GECKOHEYHOCTbD.

Eciu Tesio yXoauT Ha GeCKOHEYHOCTh NOJ AeHCTBHEM HEKOTO-
podl CHJB, B KaxAplii NaHHBIH MOMEHT ypaBHOBELIHBAlOLleH rpasi-

TaUHOHHYIO CHJY, TO, OYeBMIHO, H3 F,=—F caenyer, 410
Arp - AF»
u Toriaa
(Aro)p=—mp,

OTKyJa MOXKHO OIPEACINTb TMOTCHIIHA JAHHOA TOYKM MOJAS Kak

- (Al.m)rp . (Al.oo)F
‘P - m h— m >

T. €. Kak BeJHYHHY, UHCJEHHO paBHYIO TOHl paboTe, KOTOPYIO CO-
PepllaeT TpPaBHTalHOHHASA CHJIA (WIH—~—C TOUHOCTBHIO JO
3HaKa—YypaBHOBeIIHBAaHHUY ee CUJIa) MO NepeMelIeHHIO 1eJ1a
eJMHUYHOH Macchl H3 JaHHOH TOUKH B GECKOHEYHOCTD.

[TockoabKy m¢ B COOTBETCTBHH CO CKA3aHHLIM MOXKHO ONPEJe/UTh
Kag 3allac NOTeHLHaAbHOH SHEPrHd Teja B JaHHOH TOUKe, TO

W, .
f?:—,—n-" €CThb BeJIMUHHA, 4YHCJICHHO paBHas IOTCHUHAJNbHOM 3HEPruu
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TeJla eIMHUYHOM Macchl B MAHHOA TOUKe. ITUM U OGYCIOBIEHO HA3Ba-
HHE TepMHHA «NOTEHLHAJ.

I onucaHus BCSKOTO CHJIOBOTO NOJs (B TOM YHCJE H HENOTeH-
LIHAIBHOTO) BBOASIT CHJIOBYIO €r0 XapaKTepHCTHKY.

B ciyuae rpaBUTAlMOHHOrO MOJS TaKOfi XapaKTePUCTHKOH sABAA-

- F o o
eTCs HanPsKeHHOCTb ¢ = -'P, YWHC/EHHO paBHasl CHJe, ACHCTBYOILeH

B JJaHHOH TOYKE CO CTOPOHB! MPaBUTALHOHHOIO NOJA HA TEJO €AMHHU-
HOH Maccel. ToT yauBuTenpHBIl (PaKT, 4TO B CJyuae HMEHHO I'D 4 BH-
TAKKOHHOT O TOJ A yCKOPEHHE CHJLI TAXKECTH (CBOOOAHOrO NafAeHUs)
¥ HanpsXKeHHOCTb N0JIA COBIAJAIOT,

€CTb CJIeJACTBHE  3KBHBAJIEHTHOCTH 7
HHEPTHOH Macchl, BXOAsled BO BTO-

poli 3axkorn HeloTona, u rpasuTa- mo
UHOHHOH, WIIH TAKENAOH, MAcChl, BXO-
asauieff B 3akoH TaroteHus. (MMeHHO
3Ta 3KBHBAJCHTHOCTb H JIeryia B OC-
HOBY TEOPHH IIPOCTPAHCTBA, BPEMeHU
H TATOTeHU$, (QYHAaMeHT KOTOopoi
3aJ0XKua DiHTEeRH. )

Hrtak, BcAKoe Teno cosjaer BO-
KDyr cebs1 CHJIOBOe NMOoJe TAMOTEHHUS,
KOTOpOe XapaKTepH3yeTcsl B KaxKioil Puc. 5.

TOYKE HanpsiKeHHOCThIO g (CHJI0Bad
XADAaKTEPHCTHKA MOAS TSrOTEHHsA) M TOTEHIUAAOM ¢ (3HEpreTnve-
CKad XapaxkTepHuCTHKA)

)
1

Q4

S’.T]‘

g:
Am~%

m m’

-G

rie m — Macca npoGHOrO Tesa, KOTOPHIM HCCJANVIOT HHTEpecylolee
Hac roge; F — cuja, Kotopasi AeHcTByeT Ha npoGHOe TeJo B JaHHOH
TOUKE €O CTOPOHBI noJas; A.-— pafora, KOTOPyw Heo6XOAHMO COBep-
IWIHTp, YTOBLI NpOOHOE TeNO pPaBHOMEPHO M B OTCYTCTBHH CHJ COMpPO-
THBJICHHS YHECAW u3 NaHHOH TOUKH B GeckOHEUHOCTh. OueBuaHO, 374
paboTa uHC/JEHHO paBHa Toi nmoTeHunaJjbHoH sueprun W, kKoTopoi
ofJlafaeT TeJO m B JAHHOH TOUKe.

Ecnu wuccieayemoe 1mose cosjgaeTcsd MaTepHanbHOH TOUKOH 1,
(puc. 75), TO

p my 2,
g:xﬁ—ro,
(?:—-"[—0,

3Hak «MEHyC» B GdopMyse NS ¢ O3HAyaer, 4TO BCAKOE TEJO
obnagaeT B IoJe, CO3MAHHOM TEJIOM M1, OTPHUATENBHOH MOTEHLHAJb-
HOH 3Hepruefl no OTHOWEHHIO K GECKOHEYHOCTH.
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Hano nomuuTh, wro g — BekTop, a © — ckandp. W ecam B HeKo-
TOPOii TOUKE HAc HHTEPECYET NOJE, CO3NaHHOE HECKOJbKHMH TenaMmi,
T0

g=gi+. .4 gs t=p4...-F%n

Onnopoanplt mwap HAM wWapoBofl cJoff Co3ZaT BOKPYr ce6d
TAKOE rpaBHTalllOHHOE TNoJe, KakK ecaH O 3T0T Wwap HAH ol
cxajacsi Opl 6€3 H3MeHEHMsi Macchl B CBOH HEHTp.

3apaua 53

Jlokasath, uTo BHYTPH OAHOPOAHOrO WapoBOro cjosa g==0
(puc. 76).

P

P y
w7
=2
AS,
Puc. 76.
Pewenne

Bhi6pa BHYTpH IapoBOro CIIOSi HEKOTOPYIO TOUKY, MPOBEIEM
W3 uee B4 Ma/ibix KOHYCd, KOTOPbIE, [lepecekas CJIOH, BHIPEXYT Ha
HeM noBepxnocTH AS; u AS,.
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Ecin KOHYCH ouenb y3kH. TO Amq M Amy MOKHO paccMaTpHBaTh

KaK MaTepHaiblble TOUKH H, 3HAUHT,

- Am,— Amy

Ag=1—7Tu+ 17 "o

1 2
HO
AS
Am == DhAS = Dh ==

cosa’

rEe AS, mocTpoena nepneHiMKyasSpHO K OCH Konyca; D — NJIoTHOCTD;
h — TonmuHa cjos.

[loatomy
- Dh (ASy ~ ASy )
] Ag_Tcosa\_—r‘«; ro—+ = Tozf.
Taw kax
é.*z_o_Aw
r

(no onpenenerHio TeJeCHOIO yrjaa), To

- Dh — —
Ag=1,0 (Awi 7o+ Awyr o)

¥ #3-33 Aw; = Aw, (BepTHKaNbLHbIE YIJIbl PAaBHLI) NOJYUAEM
‘ ~  Dhdw - =

A ==y -+ Taa ).

£=1%sa (fm ey

Iockonbky r01=—7oe (KaK npoTHBONOJOMHbBIE OPThI), TO 74— ree=0,
H nostoMy Ag==0,

[lockonbky Takoil e BKJaj B ofilee noJe AAIOT H CCTaJbBble

norobuple Tapbl 3JE€MEHTOB A, TO BHYTPH OJHOPOREOIO ILIAPCBOIO

cnofn LeiicTBuTeNblo g==U B moboil

TOUke.
%
3anaua 54 / ‘F
Haiiti saBucumocTh é:g(?) BHY- : A ",
TPY¥ OAHOPOAKOIO apa (puc.77). - /

Femenue

BLi6pas mnpoussoabHyio Touky N
BHYTPH 1apa, NPOBOAUM Uepe3 Hee Puc. 7.
Ctepy, KOHLEHTPHUECKYIO C LIapoM.

llo nokasansoMmy B npeablfylueii sazaue, cioii A 1oJs B TOYKe
N ne cospaer. Ocranbras ke yacTh iuapa cosjaeT Bhe cefa mnoJe

Diﬂr"
-~ m- 3™ . 4 - .
E= N\ Ty =1—— ry=g "Dir="tr,
T. €. g BHYTPH [1apa TNPOTOPLHOHAJBLHO DACCTOSHMIO 1O HEHTPA
wapa W HanpaBJieRo 1O paiuycy K LeHTpy liapa.
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3arauya 55

HokasaTs, 49TO BHYTPH TPOH3BOJLHON CHEPHUECKOH MOJOCTH,

cIenaHHOH B OJAHOPOAHOM MWape, g==const, T. e. mose OAHOPOAHO
(puc. 78).

Puc. 78.

Pewenne

OueBunno, yro wue 6ynp MNOMOCTH, mNoJje B Touke N 6uuic 6ol
paBHO g’l:k:r]. Hannune xe noaccru MEHsIeT 3TO MoJie Ha BeH-
YHHY gy=Rre. Ilpu 3TOM HCKOMOE NoJle g TaKOBO, YTO TOJIE
Qg: —{—:g;g) JOJMxKHO OBITh paBHO MOJIO CILICUIHOTO (napa _é,, T. €.
gi=g-+g, OTKyIa

§=§1—§2=/3(a—?2)=k2-
Ho 7 — ro=4d uucaenno paBHO PACCTOAHHIO MEXAY UEHTpaMH Iapa
U TNIOJIOCTH H €CTh BeJHUYMHA ICCTOAHHAdA, a IOTOMY H §=k3=c6nst.

3anaua 56

Ha#tn BTOpyi0 KOCMHUYECKYI0 CKOPOCTb, T. €. TY MHHHMAJBLHYIO
CKOpOCTb OTHOCHTEJLHO LeHTPa 3eMJH, KOTOPYIO HOAXKHO HMETh TEJO
/st ToTo, uTOOB! BHIHTH 3a Npeness 3eMHOro Taroresus. Conporus-
JleHHe Cpefbl He YuHThiBaTh {(puc. 79).
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‘Pewenune

HOCKOJIbe ABHXKEHHE TeJla ITPOHCXOAMT IOA AeHCTBHEM nepeMeH-
HbBlX CHJI, TO BOCIOJIb3YE€MCsI 32KOHOM 3SHEPIHH

A —+ Aconp =AW,

Cuntas jgBUraTe/b BHIKJIOYEHHBIM M CONPOTHBJEHHE OTCYTCTBYIO-
wm. noayyuM AW =0 umu Wo,=W, specs W, — noanas wmexa-
HHUECKasi 3HEPrus Tesa B TOH TOuke, rie eil COOGLIUJIM HCKOMYIO
CKopocTb, a W — 3Heprus
Tena Ha CECKOHEUHGCTH, paB-
Lasi, OueBHAHO, Hymo. Ho
rorpa B Wy=0 unu

mo? mM,
2 T = 0,
OTKYyAda

U= V?T /L;I-*

370  BHIPaXKEHHE  MOXKHO
npeodpas3osaTb

V= ]/QT}L;‘I—E‘- %.—.—;
=]/27%r=]/@ Puc. 79.

3aech r=R,-h, rpe h— BeicoTa TOH TOUKH Hal IOBEPXHOCTHIO
3SemaH, rie Teso TOJYUMIO HCKOMYIO CKOPOCTb.

3apaua 57

Kaxyio MuBuMajapHyio pafory HaJ0 COREpLIMTb [0 yAaJeHHIo
Teja Maccofi m ¢ NOBEPXHOCTH 3eMyu B CeCKOHEYHOCTh, €csy paboTa
CUJI CONPOTHBJIEHHSI COCTABJSIET M-10 YacTb HCKOMOH pafoTwl?

Pewenue
[Mo sakony usMerenus spepruu
A+ Aonp=AW.
[TockoabKy Aconp 1 A NPOTHBOMONOXKHEIX 3HAKOB, 10
A—2=aw
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HIHM ¢ yueToM, uto AW, =0 (Mb duleM MHHHMaAbUYIO paboly)
Wa,=0

i

TR

OTKYJa

3agaua 58

Ilse sBesasl ¢ Maccamu m1; M My HAXOANTCA Ha PACCTOAHYUN [,
Hafitu nanpskeHHOCTb MOJSt H €0 MOTEHIHAN B TOUKe, HAXOAsUedcs
Ha DAcCTOHUH ry H ry OT NepBOfl U BTOPOH 3BE3S COOTBETCTBEHHO
(puc. 80).

7712

Puc. 80.

Pewmwenue

M3 pucynka Buano, 4TO TakKde TOUKH JeKaT HA OKPYIKHOCTH
B IUIOCKOCTH, [ePHeHAUKYASAPHOA K TNPAMOH, COefHHAOWET 3!
spesabl. PaccmMOTpuM 3ajauy 475 POU3BOJLHOA TOUKKM A 3TOA OKpy»x-
Hoctu. Torna
=&+ &
M3 BekTOpHBIX TPEYTrOJBHHKOB NOJyUYaeM
3 2 .
gl =gi - gi+2g8s cos
P=ri-+r;—2nrycosa,

MCKJOHdAn OTCIoAa COS 2, MOJy4yHMm
11}

2 2 2 {
=gt a2y



IoxacraBasst snauenusd g1 U gy, HAaXO0LUM

e__.2[mi m3 mimy 19

g=r[H 45— e —i—)]
3nas g, nafijeM H ero HanpasJieHHe, ONpenejseMoe, HampuUMep,

yraom §

gi—g*—4&i

cosf=— 2818

[Notennnan B Toyke A onpeaessercs anreGpanyeckoi CyMMOR ¢; U ¢q
- mg>
¢ 1 ( + re/’
3apaua 59

Haltn paGoty mo mnepenocy Tesa Maccofl m € OAHOH HJaHeTHl
Ha ApYTyl0 B OTCYTICTBHE CHJI CONPOTHBJIEHHs. Macchl U paznychl
NJIAHET W3BECTHHI, pacCTOfiHie MeXAy HUMH Bennko (puc. 81). Ilpu
[IepEHOCe EeJHYHHA CKOPOCTH Tesla He MeHsercd.

N

Puc. 81,

Pemenue

QOueBuano, ut0 A - Aconp =AW, 4 AW,. ITo ycnosnio Aeonp == 0;
6ynem cuurate B AW, =0. Torpa

A=m (go; - 3’31),
rae ¢ U @9 CO3AAI0TCA ofeuMH nJjaHeTaMH, T. €.

¢r==@ ¢ K Pa=Py|- 5.

Torpa
A=)~ (28
HAH
A== o]
K 13K KaK 7%17 " /?LQ MHOro GoJiblie l—l_, TO
=)= ).

93



3aaaua 60

KaxoBa CKOpOCTh HCTEUEHHS rasa H3 COMIa IBHrarTejast KOCMH-
Yyeckoro Kopa6js Ipu cTapTe, eC/H OH [0JyydeT YCKOpEeHUe a B Ha-
NpaBJeHHH, TPOTHBONOJIOXKHOM YCKOPEHHIO CBOGOXHOI'O MAajeHHs g?

4 i —Puc. 82,

Ceuenne conna S, nJjoTHOCTh rasoB p, Maccsl xopafna m u maa-
Hetsl M, a Tak:Ke paccTosiMe N0 ee LEeHTpa 7 W CHJa COINpOTHBJe-

HHs atmocdepsl F. msBecTHsl (puc. 82).

PemeHnue

— —

Ha xopalnp peficTBYIOT Fpeaxr, CHJIA TSKECTH mg W CHJA COMpO-
TUBJNeHUSsT F,
mg 4~ Fo - Fooaey=ma

UMM B MPOEKIHMH HA HANpaBJieHHE g P
g
mg - F¢ — pc=—ma, S
TaK KakK _
M
g:*r?z—;!g E:pSClé v
TO e
1 ”;QA ~+ F. — pSc?=—ma,
OTKYJa
mM
Vs + Fetma

pS )

10. IMHAMUKA JBW)KEHUS MATEPHAJIBHON TOYKH
Mo OKPY)XHOCTH

3azayn 3TOTO THMA B NMpHHIMIIE He OTJHYAIOTCSA OT 3a4ad, pac-
CMOTpeHHbIX paHee, VICXOAHBIM paBeHCTBOM SIBJfETCS BTOPOH 3aKod
HpeloToHa

&

(1

=

Sl



HJH B IIpOEKIIHH Ha v- H r-nanpasJiIeHU A (T. €. II0 KacaTeJIbHO¥ H
no pammycy)

F
av=7n£; 0
F. @
af='_”z:

Tlpu srom
©)

a ——v—g——wer—%?fer——
= = W= —!

Tre r— pajuyc-BEKTOP MATepHaNbHOU TOUKH (PaLuyC OKPYKHOCTH);
¢ — JHHEeHHAas CKOPOCTb ABMIKEHHA; w — yIVIOBAs CKOPOCTh BpalligHUS
pazmyc-BeKTOpa; f—uacToTa Bpa-
iennsi; T — nepuoa obopora.
®opmyaa (3) copaBeaauBa s
JOOBIX BHOB JIBHKEHHS! MaTepnasb-
Ho#i Touku. YUTO XKe Kacaercs d.,
TO OHO He Bcerja MOxKeT OBbITb BhI-
paxeHo npocro uepes v, o, T u f.
TlosToMy B Tex cayuasx, Korga
@, # 0 (T. e. JIBUKEHHE NMPOUCXOJHUT
C MNepeMeHHOH @0 BeNHYHHE CKO-
pocThio), BMecTo ypasgerus (1) ana
peleHyd 3ajauy MUWYT B AOHOJHE-
HHe K (2) 3aKOH U3MEHEHUS SHePruy v m§

A Acop =AW, (4) Pic. 83,

Npyu 3TOM @, BblpaxalT depe3d v, HGO MMEHHO U M BXOJHT B ypaB-
Herue (4). :

B ¢opmyse (2) F,— 5To cymMapHasi NPOEKIHR BCeX CHJ, AeH-
CTBVIOLIMX Ha TeJI0, HAa HalpaBJeHHe paAHyc-BeKTopa r.

Yacto yuammecs CKJAOHHB INDHAYMBIBATD DAa3jIMYHBIE «H elle
LLeHTPOCTpEMHUTEJILHEIE CHJIE, KpoMe F,.. Hajno noMHHTB, 4TO B COOT-
BETCTBUM C TpeThbUM 3axkoHoM HploTOHA Kaxkiast cuia, lelicTBymrolias
Ha TeJo, — 910 pe3yJpTaT B3aHMOAEHCTBUS 3TOTQ Teda ¢ KakuM-TO
APYTHM TeJIOM.

[Nosicuum 210 Ha IpuMepax.

I. CnyTHHK IBHKeTCS IO KpyroBofl opfurte Bokpyr 3eman. Ecin
OH HaxXOJHTCA 3a MIpelefaMH aTMocephbl M jBUraresib He pafortaer,
TO Ha CNYTHUK JeHCTBYer TOJNbKO CHJIA TsMKECTH, KOTOpas OXHO-
BpeMeHHO ecTb H F, U Fy. (UeHTPOCTpEMHTE/bHas).

2) Konnueckuit masitnuk (puc. 83) Bpailaercsl B FOPU3OHTAILHOH

naockoety ¢ @ =const. Ha rpysux m nefictByior cuna TsixeCTu mg

u Harsixkenne HUTH T. MIX pesyawtHpylomas u ectb F, uau Fy..
M HMKakHuX «u elle HEHTPOCTPEMHTENBHBIX CHJ» HE CYILIECTBYeT.
Sto OyjeT OTUETINBQ BHAHO B JajbHeHileM NpW pellenud 3ajau.
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Tpu nBHKeHHH Tesla DO OKPY:KHOCTH Pe3yAbTHPYIOWIAS CHJA He
o6si3aTe/IbHO HallpaB/JeHa B LEHTP OKPYXKHOCTH, HO 06A3aTENBHO BO
BHYTpb ee. Pesynbripylomas cHuJa HanpasieHa B LEHTP OKPYKHO-
ctd gumb Tpu U |=const (uM w==const), T. e. Korga BeaHdnia
CKOPOCTH He MeHsIeTcs.

Ecny He Bce CHJIBL JieKaT B OAHOH IIOCKOCTH (K&K, Hanmpumep,
B Cjyyae JABHKEHHSI KOHHUECKOTO MAafdTHMKA), BTOPOH 3aKOH B Ipo-
GKUHAX UMEeT BHA:

£, F, £
av_____ﬂ a":,_;'; n=7’n’£,

Il n Hanpas/jeH HOPMaJjbHO K TOH MNJIOCKOCTH, B KOTOPOH HpOHC-
XOIMT BpalleHHUe.

Ecnn Bpamenue NpPOHCXOAWT B MJIOCKOCTH C MOCTOSIHHBIM  YIJI0+
BbiM YCKODEHHEM, TO HUMEiOT MEeCTO paBeHCTBa

t2
A:p:wﬁt—{—%;
o == wy - B¢,

rie Ap — yroj, Ha KOTOPHII TOBEPHYJCS PafHyc-BEKTOp r (B paiHa-
Hax) 3a BpeMs f{; w — yrjoBasi CKOPOCTb BpalleHHd; B — BeqUuHHA
yrJOBOrO YCKOpeHHs BpallleHHst; npuuem B >0 AnA ycKOpeHHoro,
a § <0 pas 3amefne@HHOrO BpALICHHS.
Yrnosbie u JiMHEHHble XapaKTePUCTHKY BpalleHHs CBA3aHLI paBe:l-
cTBaMu
Al=Ap.r; v=wr, a,=B-r.

3amaua 61

Konuueckufti MadTHHK Maccofl m BpallaeTcsl B TOPH3OHTAMALHON
MJIOCKOCTH, OTCTOSIHIEH HA paccTosnuu A OT TOYKH IofABeca, ¢ 1o-
CTOSIHHOH 1O BeJIHUMHE cKOpocTbio (puc. 83). Haftth wacrory Bpa-
LUCHHs1 MasATHUKA.

p

Pewenue

Cuabl, )lel':lCTBleHlIie Ha MAafATHUK, OUYCBHIHBI, H| [IOTOMY

\

i

i mg 4T =ma

Hin
T sina = m4n®fir,
—mg—+ T cosa==0
H, Tak Kax
sin a
ot o =N —
r=htga cosa’
TO .
. arey Sifla
= T ——
Tsina=m4 fhcosa,

i \ T cosa=mg.
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Ilem; OLHO H3 3THX PaBeHEeTB--HA APYyroe, MNoJyulMm
{

3agaya 62

Kouuueckuil MafTHUK, AAMHA HUTH KOTOPOro pasual d macea m,
BpalllaeTCsl B COPU3OHTAJLHOH NJOCKOCTH ¢ mnepuosom T. Hafirtu
yroJ 2, KOTOPBIl COCTAB/ISET HUTH
MANTHHKA C BEPTHKAJbIO, H CHAY
HaTsKEHUS. HUTH (puc. 84).

Puc. 84. Puc. 85.
Pemegue

Kak u B nmpeasinyiuefi - sagaue, nmoayudM cpasy B (IPOCKUHMAX Ha

r- 4 n-HanpasJeHdd
. 4ntr
Qsinea=m 77

Q cos a =mg.

YuurteiBast, 4To r==/sina, noay4uam
mint!

Q== (%)
Q cosa==rng. (%)

4n®l
M (¥) cpasy Q_-—m-—;T. Hens (+x) Ha (¥), nonyuaem
B . g 3
oS &=

3agaua 63

HafiTu nepByi0 KOCMHUYECKYIO CKOPOCTb, T. €. Ty CKOPOCTh, KOTO-
Pyl /0/KHO HMETb TeJI0 Ha Kpyrosodt opOuUTe Ha BbICOTE /I OT MO-
BEpXHOCTH JadeTs! Maccod M © paguycom R (pue. 8D).

4 B, K. KoOyuw«un o7



Pewenwue

O‘IEBHIIHO, Ha TeJo lleﬁCTByET TOJIbKO CHJI2 TS2KE€CTH H oHa nep-

NeHANKYyAAPHA CKOPOCTH (OpGHTa Kpyropas), NO3TOMY

Fy—ma
HJH

Frp = ma,
HJH

mM ot

T = m 7 N

Tak KaK r=R-/i, TO OKOHYATEJABHO

v"l/R+h

3apaua 64

B amgre, aBHKymeMCs BEPTHKAbHO BBEPX C YCKODEHHEM dy,
HaXOJHTCS BpAWAKIKACA € 4YacTOTOH [ TrOPH3OHTA/BHBIA CTOMHK,

#d4 KOTOPOM JIEKHT MaJeHbKUH KopoOoK. 3nas,

-

n

[T

~u
‘Eﬁ
T a

Puc. 8§6.
98

4To KO3(B(PHHOUEHT
TPEHHs1 KopoOka O CTOJIHK pa-
BeH A, HafiTY TO MaKCHMAa/IbHOE
paccrosinie KopoGKka oT OCH Bpa-
IeHHA, TIPH KOTOPOM OH eile
6yneT yiepxHBaTECA Ha CTOJIHKE.
Haiitn yckopenue kopo6xka oTHO-
cUTeILHO 3eMJu (puc. 86).

Pewenne

OueBuHO, KOPOGOK yZRepkH-
BaeTCcsl Ha CTOJHMKE CHJOH Tpe-
Hus. Ilo BropoMy sakony

mg - Frp + Q=ma.
ITpoekTHpysl paBeHCTBO Ha Bep-
THKAAb H Ha r, MOJY4YUM
”mg—*'Q:man; kQ = ma,,

rie G,==ay U a,=4nf%r,
Hcekmouan Q, monyuaem

km (ay - g) = m4=*fr,

OTKYAR

r= k{ay+8)
—  4n*F



Yckopenne KopoOka OTHOCHTENHHO 3eMJH

=0y + a,
HJIA
Ap=Qy, Qropus =0ry

TaKk Kak ay==const, a a, ppamaerca {a, = 4<% nanpasneno mo
BpaLAIOWEMyCst 7 ), TO @ GyIeT OmHCHBATh > KOHHYECKYIO I0BEP XHOCTh

BOKpYT BepTHKamu (puc. 87). IIpu 3TOM a COCTABISIET C BePTHKAMBIO
yroJ, onpeiessieMelfi paBeH-

CTROM i
2
tga=2r = AT1 ) .
a, a, a
4 k(a ,
__"tfﬂ (os"f‘g)_k 1+§. 0 § 0 p
ag 4n?fe a,
oot
3apaua 65 4
Kaxuu nonxeH GhTh MUHH-
MaJibHbli KO3(h@UIHEHT TPeHHA
CKONAbXEeHUd, 4Tolbl aBTO-
MOOHJb, HMIYIIHA CO  CKO-
POCTBIO ¥, MOT CJeJaTh MOBG:
Puc. 87,

pOT ¢ pazuycoM KDHBH3HEI 7

(puc. 88)?
Pemenue il
I/ImeeM B IMpOEKUHAX Ha
7- W n- HalpaBleHHA
my?
RQ=—;
Q J‘ »
Q=nmg,
OTKYZIa 1o HCRacYenuu Q mo-
JytaeM
,Uﬂ
~rg’ Pnc. 88.

3agaua 66

AptoMoOuNb Maccofi m  IBHXKETCS ¢ IIOCTOSHHON MNO BeJH-
UMHE CKOpOCTLIO, ONHCHIBA® OKPYXKHOCTH paiMyca r [0 [OBepx-
HOCTH C Ko3(puilHeHTOM TpeHus k. KakoBa npH 3THX yCJaOBUAX
MOLIHOCTL JBUTATEeNs aBTOMOOHMJsS, ecnd wMajeiee  yBesuue-
HHe [nofaud TONJHBA B JABUCATEJAb NPHBOAHT K CKOJbIKEHHIO
(puc. 89)?
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Pemenmne

Tak KaK 1O YCJOBHIO aBTOMOCH/Ib ABHKETCA Ha «IpEfese» Tpe-
HHS TOKOfl, TO MOMHO CYHTATh [ABHXKYLIEE TpPEHHE H TpEnue,

Foes

A
(fas+Fropm)

]

Pnc. 89. Puc. 90.

yAepKHBaloLlee aBTOMOCH/Ib Ha OKPYXKHOCTH, OJHHaKoBHIMH. Toria
N= f‘rpv == kQU;
ﬂ;{z’ - pr =kQ;
mg==Q.
Hcgrmiouas Q, noayuaem

N = kmgu,

gv_ = kmg.
Hckmouas orciopa v, nafifieM
N=m Vk‘*g“r.

+« 3anada 67

ABTOMOGH/Ib, ABMXYLHACA MO OKDPYMKHOCTH, PaBHOMEDHO yBesH-
UM CBOIO CKOPOCTb OT Uy AC U, CAENaB NPH 3TOM OAMH 0GOpor.
CunTas CHJB ABHXKYUIErO M «3aBOPAuMBAIOIIEr0» TPEHHS OAWHAKO-
BbiMH H NPEBHULAIOLIHMH K KOHUY 000pOTa CHJy TOPMO3AUIEro Tpe-
HHsA B n pas, HailTH 3T0 n. Kakofi yron cocraBusa mpu cKopoctu v
pe3yJbTHPYIOLLAs CHJAa CO CKOpOCThIO (puc. 90)7
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Pemenne

Cunbl, neficTBylolHe Ha aBTOMOOMNbL, oueuanel. [lo BTOpOMY
sakoHy HbtoTona umeem

?nB+FT0pM+F3£\B ‘l“Q+mg=ma
UMK B NPOEKLUMAX HA U-, r- U A-HANPaBAElHs

f;us - F'ropm == My, Faaa = may,

mg — Q=0,
¥ — v}
C yuetoM a,= —5as Nosyuum
m (v — v})
an“FTopM=W: (1)
not
FsaB ='—[Q— . (2)

Henst (1) na (2), noayuaem ¢ yyeToMm Fi‘“‘—:n H e =1Fm

TOpM

e
-1l
n~ 4x
OTKYJa
4
PG S ®)
Jg —14+4r
M3 ueprexa sBuiHO, uTO
03
ctgam oy 11t @
ga= Faag T W T T A

VIHTepecHo 3aMeTHTb, YTO MAKCHMAaJbHOE 3HAueHHe A DABHO ekii-
nuue. [lpu a1om u3 (3) v="0,, T. €. IBHKEHHE KPABHOMEPHOE», U TOI 2
3 (4) ctga=0 nmm a=90°, T. e. pesynpTHpyIOWAs CHJA NpPQ
v==const HaupaBieHa B LeHTP OKpy:KHOCTH. o TONBKO npU U=
== const!

3agaua 68

Hepecomutil cTepxeHb IJIMHOH [ ¢ rpy3oM Ha KOHIE NOABeleH
JpYruM KOHLOM K MOTOJKY M OTKJAOHEH Ha yrojd ay OT BepTH-
Kajd, a 3atem ornymied. Hafdte 3aBUcHMOCTb yryloBOW CKOPOCTH
CTEPXKHA © OT [EPEMEHHOro yrja & MexAy CTepKHEM M BepTH-
Kajpio (puc. 91).
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Pemenune

Jlsukenue rpysa MNpPOHCXOIHT nOA JeNCTBUEM NMepeMEHHbIX CHJ
(HaTsKEHUE CTEPXKHA MEHAETCA H MO BEJANYHHE H 1o HaﬂpaBJIQHHiO).‘

y777777+
O(.l‘J‘V\
/ {
5 -
7 //’ AR
{
2y o
£
- / ¥ g
Puc. 91.

HOSTOMy BOCIIONIb3YEMCA 3aKOHOM 3HEDPIHH
A + Aconp =AW,

TaK KaK CHJA HaTAMXEHHS CTepxkHs paboTel He coBepluaer (n3-32
T_Lv), a CUJ CONPOTHUBJIEHHS HET, TO C yueToM vo==0

0= mgh -+ "% — mghy
HJn
glah|="5;
H TakK Kak
| Ak | =1 (cOs @ — cOS ay),
a v=ul, T0

212

gl (COos o — COs ) = =,

OTKY/Ja
__ 7/ 28 (cosa —cos ay)
W= 'l, ; .

3anauya 69

[To ycnopusM mpensiayuieit sanaun Haity T =T (a), ec/iH Macca
rpysuka paBHa m. Cuurtas HHTb MaJIOpacTAXUMORt ¢ KOo3(HIHEeH-
TOM KECTKOCTH £, HaliTH yanuuenue nutd Al=A4[(z) (puc. 91).
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Pewenmne

1. Tlo BTOpOMy 3aKOHYy HMeeM B MPOEKUHHM HA r-HANPABAEHHE

T—-mgcom:mf .

KpoMme TOro, Kax M B Npeipliylled safaue (ofHAKO npu Al L),
.vﬂ
5 =gl (COSa — cOS ay).

Wckimouas u3 aTHx paBeHcTB 0%, mosydum
T =rmg (3 cosa — 2Cosay).
2. Tak gag T=~FKAl, TO

A — & (3 cos ak—— 2 cos a,) )

3anaya 70

Kakyio MakcuMalbHYIO CKOPOCTb MOMKET pAa3BHTh BeJOCHIIENHCT,
IBIKYIIMACA O OKPYXKHOCTH pajuyca r, eCJH Ko3(hHUHEHT MaKCH-
ManbHOro TpeHusl nokos paseH k? [lojg kKakuM yrjoM K BepTHKad
6yner npH 3TOM HaKJOHEH BeJOCH-
neaucr (puc. 92)? V

Peulenne -

Cussl, HeHCTBYIOLIHE Ha BeJOCH-
mepucTa, oueBHAHbl. FmeeM B npoek- o
uMSAX Ha r- # n-HanpasJenus (v-na-
npaBjeHle HAC He HHTEpecyeT, Iio-
CKOJILKY MOAYJb CKOPOCTH HE Me-

HsieTCs )
2
Fro="2, —mg+Q=0,

r

TaK Kak F;,=4#%Q, To noayunm u3 mg

CHCTEMbI
U== ngr.

MoXHO TOKa3aTb, YTO BEJOCHNEAHCT CBOHUM TEJOM NO/KEH GbITh
OPHEHTHDOBAH Tak, uTo0bl CyMMapHasl peaxkldsi onopsl F JeAcTBO-
Baja BJOJMb JHHHM, TNPOXONsllell uepes UeHTP TsikecTd Teaa. Ho
TOTJa

Puc. 92.
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* 3apava 71

Haiith 2apucrMOCThL CHJB LBHAKYLIErO TpeRHs oT yrja a (puc. 93)
AJs aBTOMOOMAIS, MAYILETO C MNOCTOSIHHOHW ChOPOCTbLIO IO BbLINTYKJIOMY
mocTy papuyca r. KospGuuMeHT TpeHHS KaueRHa paBed &, macca
aBromoCHis pasrHa m.

Puc. G3.

Pemenne

Bosmoxuwl pBa cayuas: 1) aBToMoCUB NOANWMAETCH HA MOCT
H 2) aBIOMOGHAbL CHYCKaeicsa € Mocra.

B npoexunsix Ha r- ¥ U-HanpaBJjieHHs NOJYuHM:

1) mgcosa—-—Q:.—i"rﬂ;

iﬂﬂ e Fmpm—-mgsin a=10;

2) mg cosa—-Q:i’ir”_z;
fae — Fiopw == mg sina==0.

C yuetoM Fiop, = £Q noayunwm:
D) fie=m [k(gcosa— 'i:)—}—gsin a];
2) fm,=m[k<gcosa~— 1—?) ——gsinon].

ITpoanannsupyem ofa [e3ynbrara,
2
1) Ipu (g cosa—-”? =0 noJayuaerca QOpMalbHO

fis=Amgsina,
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Ho oueBunnO, yTO 3TOrO OHITH HE MOXKET, HOO ecau
,02
geosa — — =0,

10, cornacho (1), Q=0. Ho ecin Q==0, 10 aBuxyuiee Tpenne toxe
pPaBHO HYJHO, K4K M BCAKOE JIPYroe TpeHHe,
2) B cayuae cnycka aBTOMOOHJSI ¢ MOCTa TNpH

k(gcosa—-?;><gsina

noayuutest fy, <0, 4To o3Havaer BpallleHHe KOJjlec B 00paTHYIO CTo-
poHy, T. €. TPeHHE «ABHXKYLEE» CTAHOBHTCH (TOPMO3SILIHMY,

B uem xe xasyc?

OueBunHo, 3ajaua cpopMmyJsHpoBaHa HekoppekTHo. Hazo 6wlao
ueTKO copMyNHpOBATh, NPH Kakux yraax « v=const, [elicTBu-
TeJJbHO, HEe MOXKET K€ aBTOMOGHJ/b IBHraThesl, Aa €ie ¢ NOCTOSIHHOM
CKOPOCTBIO BEPTHKANbHO, YTO AOMKHO Oblno Obl TMPOM3CHTH INpH
a = 90°,.

3nauut, npu GosbwUX o 3ajada tepser cmeica. OyeBUAHO, 3a1a4a

,09 2
ofpeTraer ONpelesJeHHOCTh NpPH gCoSu — - >0 usm npu cosa >;’—r,

T. €. IIPH JAOCTATOYHO MajHX a.
Kpome Toro, u4tolbi [, GBIIO OEHCTBUTEJNBHO ABHIKYLIHM, T. €.
J.e >0 u npu cnycke ¢ Mocra, HeEOGX0AUMO

v? .
k(gCOSa — ?)>gsm @,
YTO NPHBOINT K TpeGoBaHHIO

g(cos<x — Si?za)>?r:.

3HauHT, AOKHO OHTh: 1)} yron a mocTaTouHo Man; 2) TpeHue Kaue-
HHsl JOCTATOYHO 6OJbUIHM: 3) CKOPOCTb aBTOMOOH/S HAOCTATOMHO Ma-
noit; 4) paauyc KpHUBHM3HBI MOCTa

JIOCTaTOYHO BEJIMK. .
BoT ckoabko Hago 6w10 cie- , A a
JlaTb OrOBOPOK, 4TOGK 3ajaua
CTasa OnpejesleHHOM U He moJay- 7 <
uyjioch 6bl Kasycal
vyl
= g
3anaua 72
C BepuHb nonyceps! CKOAb- Puc. 94.

3uT waiba 6e3 Tpenus. [TokasaTs,
HcXoAd u3 BrOporo 3akona HprooToHa, 9ro mafifa oTopBeTCH, HE
ROX02a A0 ropi3oHTanbHOro auamerpa (puc. 94).
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Pemenrnue
Otpuis waii6e o3nauaer Q=20. B mpoekuun na r nmee

mg cosa — Q="2. (1)

o mu?
[Ipu nBuxkeHun maiibel —— BO3pacTaer, mgcosa y6eisaet. Uro6bl

mo®
~— BO3pacraio, Heo0X0AMMO, 4TOOBI Pa3HOCTbL (mgcosa — @) Toxe

BO3pacTana, HeCMOTpa Ha yOwiBanme mgcosa. Ho 310 BO3MOKHO
JUIIB NpH yObiBarud ( Gosee ObiCTpOM, ueM mgcosa. Tak kak
mg coso ofpamiaerca B HyJab JUmb npu a= 90° To Q moaxuo o6pa-
THTBCA B HYJAL panblie, H6O pasHOCTb (g cOSz— Q) ROMKHa H3-3a

mo? X o
- 6bITh BCErJa NOJOXUTENBHO.

Jas HaxomIeHHS MECTa OTPhiBA HEOOXOAMMO 3HATh v. Tak Kak
IBHKEHHEe TIPOMCXOJUT NOJ AefiCTBHEM NEepeMEHHBIX CHJI, TO U Haiinem
H3 33KOHA HepPruH, KOTOPHIHl B AaHHOM ciaydae (Q paGoTel He coBep-
LIAET, TPEHHS HET) HMEeT BH]

mv?
Wo=W wumut mgh="=5-. 2)
Pewas (1) u (2) coBMecTHo, noayuuM npu Q==0
2gh
gCOSa::—f—,
H TaK Kak
r—=n r
cosa=-——, TO h__g.
3anaua 73

[[afia Maccolt m CKOJIBL3UT 06e3 TPeHHs C BhICOTH [ mo xenoby,
nepexoAsilieMy B IeTmo paauyca r. Hafita cuay naesaenns Q mafiou

r(1+Sincy)

Puc. 95.

Ha OMOpYy B Touke, onpefeneHHofi yriom a (puc. 95). Tlpm Kakow
3HAYCHUH % [POUSOHAET OTPLIB?
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Pemenwue

OyeBUIHO, YTO
mu?

mg sina+Q.—_r_;
mgH =mgr (1 +sina)+%1£.

Vickmouas oTciona v®, HaXxoouM

Q:mg[?.l_l__—__.r(_l;i_m_al._sina]'

Tax kak ycaoBue orpeiBa @=0, TO

. 2 /H
sma.__g(?— 1>.

3anaya 74

C KakuM YrJ/IOBBIM YCKOPEHHEM B BEPTHKAJILHOH IJIOCKOCTH AO/-
JKeH BpaUIaTbCsl HEBECOMBIH CTep:KeHb C MacCoil m Ha KOHIE, 4ToGhl
OH pasopBaJjicsi, NPOXOAA HHXKHee TIOJOXeHHE 4Yepe3 BpeMa ! OT
Hauajla IBHXKeHHs (pHC. 96) M3 HMXKHEro e nojoxenus? Crep:keHb
BbiIEPXKHBAaeT yCHJaHe He  GoJblue
Tnpex ==nmg. JauHa crepxuns [, oH
MaJjo PacTs2KHM, BpalleHHe PABHOYCKO-
peHHoe.

Pemenue

Tak Kak crepkeHb INpaKTHYECKH 7
He pacTaxkHMm, To r==I[==const.

B npoexuuu Ha r HMeEeM B HHUKHEM y
NOJIOXKEHHH

mg(n—1)y=me®r 1 o=w-pf,

~

H TaK Kak 0y=0, 10 g (n — 1) =p¥*, *5

OTKyZa
B= ]/*&’;t_jﬁ Puc. 96.

BugHo, 4TO OTBET HE 3aBUCHT OT MaccChl rpysa m, HO 3aBHCHT OT

Tnpen
n== -5
3anaua 75

IlBe 3Be3gbl MaccaMH mj; H My HaXOAATCS Ha MOCTOSIHHOM pace
crostuud ! apyr or apyra. Kakos xapakrep ux asuxkeuus (puc. 97)?
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Pemenne

Tark xak Mexny 3Be3famMu AEACTBYIOT CHJIBI B3aHMHOTO IIPUTANKE-
HUA, TO Kaxjasd H3 HUX JOJKHA JABHraThCsl yckopeHHo. Ho Tak kax
1O YCJOBHI pacCTOsIHHE MEXKAY HHUMH TOCTOSHHO, TO YCKOpEHHEe
JOJDKHO ObiTh HOPMaJLHBIM K HX CKOPOCTAM M, 3HAYMT, Kamias M3
3BE3JL JOJDKHA JABHIATLCS MO OKPYIKHOCTH, NMpUUYEM ofe OKPYIKHOCTH
JOJUKHBL UMeTh OOUIHH HEeHTP (lla3shiBaeMbill HEHTPOM Mace cHCTeM).
Hafigem ero mosoxenue u ne-
pHoAbl oOpailleHHs 3BE3A, Cul-
Tasi CHCTCMY 3aMKHYTOM.

OueBnjaHO, uTO HMeeM B
npoekuun Ha [

Fi=ma;; Fo=msa,,

Tak Kak Fy==F, (10 TpeTbeMy
3aKOHY), TO Myl == Ma@y, HJH

O
Tf ] Tg »
ua
!ﬂlf‘__ﬂlgl'z
T T T
Puc. 97. Ho urtofm sBesast OGbinu

BCe BpeMst Ha ONMHAKOBOM pac-
cToanun [, TPOXOAsileM uepes UeHTp Macc, HeoOxomumo Ty=T,
4 TOrAa

myry == iigry.

Tak kak r;+ re=={, T0 NOJYUUM

o ml
Ty mg?

o= myl
2, oy

Jlerko BuaeTh, uto y 2Be3inl ¢ Gosplell Macco#l panuyc BpauleHus
meppitinil. Tlycte my > . Torsa u3 NOCKEAHHX paBeHCTB BHIHO,
4TO rp>> fy, T. €. 3Be3a C GOAbLIed MAaccofl MouTH «TOMYeTCH» Ha
mecte (r; OYeHb Majio), a 3Be3fa C MaJiofl Maccofi ABHXKETCH o
OKPYXKHOCTH re=~c [, T. e. NpaKTHUECKH 3BE3/la ¢ Ma/lo#l Maccoil Bpa-
maeTcs BOKPYT HPAKTHUYECKM HEMOABIKHOA 3Be3ibl ¢ Gosbluoi
maccofi.

[TockosbKy Ha 9TH 3Be3Jpl BHEWIHHC CHJB He [ACHCTBYIOT, TO,
€CTeCTBEeHHO, HX ofliee KOJHYECTBO ABHIKEHUS HE MEHSEeTCH, a 970
3HAUUT, YTO COBMECTHO C MX B3aHMHbIM BPaULEHHEM 3BE3/bl MOTYT JBH-

faTbhCA TaK, 4YTO HX UEHTP MacC HMEET CKOpPOCTh v-—const
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luasi 1 U ro, HeTpyAHO nalith Ty=T, Hanpumep, 411 nepsoi
sBesAbl M3 Fy==nya; Nojyuaem

mym, dn’r,
— =Ny —5
T 1! T‘z ?

Y
Ty=2r V‘{mg '
. omyl
=g -+ my?

13
T=2n l/x ;T

T. €. INEepuoa oGpamemm 3aBUCHT JHUIL OT WX B3aHMHOTO pPACCTOd-
HUA W CYMMbl MacC W HE 2aBHCHT OT COOTHOWICHHSA MacC.

OTK Y/

HAM, YUHTHIBAf, 4TO

Hafjgem

11. CTATHKA

CraTuka — 3T0 TOT pasfes] MEXaHHKH, KOTODPHI H3yuaeT yCJI0BHS
paBHOBECHS TBEPAOro 71€j4a, T. €. TAKOro Tesna, KOTOpoe MOoA JAeHCT-
BHEM BHEUIHHX CHJ CBoeil ¢opMbl CYLIECTBEHHBIM 06pa3oM He MEHser,

BBenem noHaTHe HeHTpa
MacC CHCIeMBl TesJ Kak Tol
TOYKH, B KOTOpYl0 CXa-
Jack Gbl BCA CHCTEMa TeJ,
ecan 66l MEXIY YacTAMH CH-
C¢TeMbl NOSBUANCH CECKOHeY-
no 6oJbluiie TpaBHTALHOH-
sHple cuanl. [Tonoxenue neH-
Tpa Macc cHcTemb (puc. 98)
onpejiensiercss paBeHCTBOM

- nm..Aram,

€T mytmy

rle ;;, «esy, I'— papHyc- Puc. 98.
BEKTOPH OTHEJBHBIX MaJiblxX
TeJ CHCTeMbl B rxexoropoﬁ (moGofl) cucreme oTCuUETa; My, ouv, My—
MacChl 3THX MaJbiX TeJ; 7, — PaiHyC-BeKTOp LEHTPA MacChl CHCTEMEHI.
Ecau cHcrema Teql HaXoLuTCs B OJHOPOAHOM rpaBHTAllHOHHOM
foJje, TO UEHTP MAacC CHCTEMBl OJHOBPEMEHHO fABJIAETCSI LEHTPOM
TAWECTH CHCTEMBI.
Llentpbl .MacC OJHOPOAHBLIX NPOCTOH (OPMBI Tel HAXOUATCA:
1) B cTep:kHe NOCTOAHHOrO. CEY€HUA, B LHJMHApe, wWape, cdepe,
napajneljenunese — B LEHTPE; 2) B TpeyroJibHHKe — Ha lepeceueHut
meauan; 3) B NpaBRAbHOM NHpPaMHi€ Ha OAHOH TPEeTH BHLICOTHI OT €€
OCHOBauus,
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TlpH HAXOXKIEHHH UEHTPa TSIKECTH Tesa CHAOKHOH (opMel ero

pas3GuBalOT MBICJEHHO Ha Tesa MPoCTol QOpPMEI, 7, KOTOPBIX H3BECTHBDI.
Ilpu a3ToM, €CJH HMEeTCs HEKOTOpPOe OJLHODOLHOE IJIOTHOCTBIO p

T€JI0 ¢ NOJOCTBIO BHYTPH, TO NPH HAXO0XKIEHHH 7, Tejla TMOJOCTb
MOXHO (JODMajJbHO CUHTATh TEJOM OTPHLATENLHOH NJOTHOCTH — p,
a Tejlo cnJowWHBM (Ge3 BeIpesa).

Brenem ellle 0fHO NOHATHE — IMOHSATHE O BEJMUHHE MOMEHTA CHJIHI,
KaK BeJUUHHBI, oNpelensieMOi PaBEHCTBOM

M =Frsina,

rie F—cuna, reficTByomlas Ha Ten0; 7 — PajHyC-BEKTOP €e TOukH
HOPUJIOKEHUA; o — yros Mexny F u r (puc. 99).

B nanbuefimem wmel GyrzeM pacCMaTpHBaTh TOJNBKO TOT Cayuaf,
KOTJia BCe CHJIbl JIeXKAT B IJJOCKOCTH, IIePNEHAHKYJAPHOH K OCH Bpa-
IleHdsi, [IpPHYEeM MOMEHTHI CHJI,
BpallaloWUX TeJI0O MO YacoBOH
cTpenxe, OyAeM cUMTaTh NOJO-
KUTEJLHBIMH, NIPOTHB HacoBOH
CTPeJIKH — OTPHIATE/IbHBIMH.

Tenepr moxHuO copmysn-
poOBaTh  OCHOBHYIO  Teopemy
CTAaTUKH JANd 3TOrO TpOCTeii-
wero cayuasg.

Puc. 99, Ymobe: meepdoe tmeao Ha-

xo0ua0ce 8 pasHogecuu, Heob-

x00umo 1 GoCmOMOMHO, 4mobbt 2eomMempudeckan cymma cua, Oedicm-

syrowux  Ha meao, boiaq  pasHG HYMo (npu ImoM  UEHmMpP Maccel

meaa He Oydem umemv YCKOPEHUS) U (QA2e0PQUHECKAR CYMMA MOMEH-

mos amux CuA OMHOCUMeNbHO M0bOL MOYKU NAOCKOCMU, 8 KOmopol

aexHant cuasl, Goiaq pasHa nyao (npu smom menro He Oylem umeme
YeA08020 YCKOPeHUR ).

B wmatematHueckoll ¢opme 3Ty TeopemMy MOXKHO BBIPA3HTh Tak.

Ins a,=0 neobxomumo Fy—+...+F,=0 u ans B=0 meob-
xopuMo My ...+ M,=0.

CoopmynnpoBaHnasi TeopeMa ecTh npocTo BTopo#t sakon Hetorona
a5 yactaoro ciayuast a=0 u f§=0.

MoxH0 nokasaTb, YTO CKOJIbKO OB HH OBJIO y Tesa omop, Hesa-
BHCHMbIX ypaBHEHHH MOMEHTOB GyJleT To/abko ofHo. OfHaKoO HHOrxa
GbiBaeT BBLIFOZHO HAamHcaTh JABa-TPH TaKHX ypaBHEHHA (BMeCTO,
pasymeeTcsl, KaKHX-TO ADYTHX); HO Hal0 NOMHHTb, YTO OHH OyayT
He HEe3aBHCHMBIMH, a CJeJCTBHEM KaKUX-TO APYrHX ypaBHeHHMH (cM.
sajaun 82 u 83.)

3anaua 76

Hafith nentp Macc OZHOPOAHON NJAACTHHE! HOCTOAHHOH TOJILHHH,
paaMepbl KOTOpoH yKasauel Ha puc. 100.
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Pemenue

PasofbeM NJIACTHHY Ha TPH 4acTH W BBEJEM OCH KOOPIHHAT, Kak

nokasano Ha puc. 100 (c HayaqOM B DEHTpe TSHKECTH NMEPBOH YaCTH)
Torna

—

— iy +ﬁ"n’"s +Fama
¢ my - mg 4 my
HJAW B NPOEKUHAX HA OCH X H Y

x Xy - xams XgMMyg
=

my+mg+m;
Y= __Yumy - ysmg - Yy
T mymy-my
YuuthBag, 4to n;==pV;==phS; u
a l—a l b b — ¢ ¢
x1=0;, y=0; Xg=§+ 5= 5} y2=—<~2—-—-—2——/\=—§;

n=gtl—a+ §=l—5+F =

HOJy4YHM
i[yt—0=—a+(1=5+5)-g0-0d|
= b+ =0 6=+ @ —0d] ;
[5i—a@—0+q 5 o-ad
e mla+i—ae—o+ye—od’

Cokpaimaa Ha ph, BHIMM, Y9TO OT TOJIMMHBLI NJACTHHH /i ¥ ee NJAOT-

HOCTH p NOJOXEHHE LEHTPa MacC HE 3aBHCHT U OIPEAE/ISETCs TOJNBKO
¢opMOH NNACTHHbL

a
Yy
a /)

SN,

" ////

g~ ~— > b /
02 1 e3

” z nelf / %

Puc. 100.

hs

|

Puc. 101,
. 3apaua 77

HafiTn nenTp Macc OLHOPORHON NAACTHHBE! IOCTOSHHOPO CEHeHH S
C BbIpE3OM B BHAE Kpyra paguyca R (puc. 101).
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Pemenne

Basp -3a Hauano oTcueTa UEHTP NPAMOYrOJILHHKA, MNOJYUHM
B NpOEKLMHAX HAa OCH C YYETOM TOFO, YTO Pypyra==— p

bl (o= g])_rle—)

Y=z e R - pabhi . —wi® - ab
(— R (5 =R} wR*(R— g)
Ye== onBE) - pabh . —aRE - ab

gnecy VUTEHQ, 4TO X-f1 KOOpJHMHaTa UeHTpa Kpyra OoTpHlaTedbha.

A 3anaua 78
‘ Hafitn menTp macc 0AHOPOAHOIO
mapa pamuyca R ¢ wapoBoil no-
, JIOCTbI0 Ry BHYTpH, €CJIH paccTos-
% //, HHE MeXIy LEHTPaMH wapa M no-
///"///// Jgoctd pasHo a (puc. 102).

Pewenue

PacnosiokuM wap Tak, YTOGHI

npsiMass a Oblia B NJIOCKOCTH uep-

Puc. 102. Texa (Torja He NPHAETCA CUUTAThb Z,),

g 4 BuifepeM Hauajo OTCUETa B UEHTPE

mapa ¢ ofHOH u3 ocefl BIOABb a (M, SHAYMT, HE NPUACTCA CUMTATL
KoopauHary y.==0). Toraa

4
Criajen g,

C Xe=

OueBHAHO, YTO X, JIEXKUT HA NPAMOA X B CTOPOHE, MPOTUBOIOJOK-
BOH TOH, rje HaXOmUTCH NOJOCTb, UGo us R >Ry crneayer x, > 0.

g 1 2 R, N-1 N
e Jo o J_a . “TTTTTT __:I.—_T_q
‘Puc. 103,
~ Bapava 79

N wmatepuanbHbIX TOUEK C MaccaM¥ my==mg, Me=2my, ...,
my == Nm, pacnosioxeHsl Ha OJUHAKOBOM PACCTOSHHUM a OAHA OT ApY-
roit BAoJib ofHol npamoit. Haiitu nesTp Macc atoit cuctembt (puc. 103).
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Pemenue

BosbMem 3a CHCTEMY OTCHETa TOYKY, JieXKalllyio CJeBa OT mep-
BOrO 1€J1a Ha PACCTOSHUM a, TOraa .

mya -+ myla 4 ... 4 myNa my(@a+2-2a+...4+ N- Na)

Xe= wy A=Ay, - my (1 +24 ... N) -
a2 N eN(NAEDENAD 2 a@N )
T4 Ny T 6 NN+ 3 :

QOueBuHO, YTO MOKHO ObLIO B3fITh 34 HAuaJo OTCYeTa JIOOYIO APYLYIO
TOYKY, TOrAa pacueT OblT Obl HECKOJILKO CJOMKHel.

3anaua 80

Ha konuax Tesexku aauunoft | u Maccoit M mnaxopsarcs japa
uesioBEKa MaccaMi iy M Mg Kak HU3MeHHTCS TOJIOXNEHHEe TEJEKKH
10 OTHOWEHHIO K  3emJe, )
€CJIH JHOJIH MOMEHSIIOTCS Me- ! 19
cramu (puc. 104)? Tpenuem mrﬁ

TeAeHKH O 10 npenetpeun I ——— ey .

H CUHTaThL My > Hlg. N ANNN N SN
HcexopuM 13 Ttoro, 4to

MOCKONIbKY" TEJIEXKKA pPaHb- mzﬁ e ﬁm,

iue OblJla B TOKCe M BHeL- —— ——p

HHe CHJbl YPAaBHOBELLEHB NN N T SURRNNNY

BO BpeMs LBHIKCHHSA, TO NO- al

JIOEHne [EeHTpa Macc Hs3-

MEHUTBLCA He MOIJo, T. €. Puc. 104

Xy, = X;. OueBHIHO, 4TO Te-

JIeXKKA TIepeMeCTUTCS B CTOPOHY, rAe Obli paHblIe YeJoBeK € Mac-

coil my;. Bosbmem 3a Hayano oTcyeTra TOUKY, B KOTOPOH HaXOIHJCSA

LEHTP TeNeXKH JO TepemelleHHsi Jofefi. Torpa A0 nepemetienus
TeJeHKH

Pewenue

[
X _-~”11§’+’”s—2‘—_i my — m, i
™ "M my 2 Mmooy ()

Tlocne nepeMelueHu sl TEJEKKH

- (’7 - At)‘- MAl — m, (LZ + Al)

CMAmi+my * )
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CpaBuuBas (1) u (2), noayuaem
l

~12—(mg—M1)=m1 (7—/31)—' MAl — m, (';'+A[>:

OTKYyIa
{ (my — my)

MA-m +my*

Bugno, uto A/™>0. 3T0 o03nayaer, YTO Hamle NPEANOJNOKERHE
0 TepeiBHKEHHH TeN€XKH BJI€BO NPaBHaAbEO. B npoTHBHOM ciyuae
nonayuuaoch 6e1 Al <0,

Al =

* 3apaua 81

JlBa uenoeeka, O KOTOpBHIX [OBOPHJIOCH B NpeiplRyulell 3anave,
JIBHTCA/HUChL OJHOBDEMEHHO TaK, YTO HOJOXEHHE TeJIeXKKH He H3Me-
HUJIOCL. [Jle OCTAHOBUTCH ue-
Joeek Gonblued Macchl  my,
€CJIH YeJIOBEK MeHbllel Macehl

o

7

O - (- — me LOHRET L0 Kpas TeJeXKKH
(puc. 105)?
2 !
: % Pemenue
s . A Tlockoabky nON0KEHHE Te-
2z, JEXKH He H3MEHMJIOCh, TO
N MOKHO NPOM3BOZAMTb  pacuer
MOJNIOKEHNH OTHOCHTEJIBHO e&
Puc. 105. uentpa. OueBHIHO, KPOME TOTO,.

4YTo TeNeXKKa BTO TO Tedo,
yepe3 KOTOpOe [IBa HEJOBEKA B3aHMMOJEHCTBOBAJH (T. €. B NpUHIHNE
He OT/NNYaercsl OT KaHaTa, KOTODBIH TAHYT JBa ueJOBeKa, CT0A Ha
rnaikom abpy). To torma, no Tperremy sakoHy Helotona,

Fl,‘l= i FQ,]
IJIH B NPCGEKIHAX Ha JHHHIO ABHIXKEHUA
F1,9=F2,1

A ¢ yuyetoM F=rma noayunM
m1ay = MeQsg.
Ecau cuurath ABMKEHHE JUOJAEH PABHOYCKODEHHBIM NpPH pasroHe
HX M paBHO3aMeJIEHHBIM [IpH HX TOPMOXKEHMH, TOo, 0603Hadas ux

nepemMellleHHsl NPH pasroHe uepes [, a NpH TOPMOXKEHHH yepes L,
a BpeMEHa pasroHa W TOPMOXEHHS uepe3 ¥ U fy, NOJMYUHM

2! 2! 2L 2L
m1~—;‘=m2—?ﬂ H m1—2—‘=mg—-§
L5 5 4 1]

HJIK
myly = msls; mily=mqLs,

14



ckJiaibiBass 3TH paBeHCTBa, NnoJMy4uM
my (I L)y=my s+ Ly),

wo ;- L;==A4x; ecTb nepeMellenHe JIOLeH OTHOCHTEJBHO 3EMJIP
UJH TENEXKKH, MO3TOMY
myAxy == mabXxy,

H Tak Kak no ycjoBuio Axg=1I, 10O

L
Axl-_—:ﬂ"——,
my
OrBeT NOJyueH MpH YNPOLIAIOWEM TPEINOJNOKEeHHd O paBHO-
mepeMeHHOM ABMXKeHHH Jmmofell. Ho u Ge3 3TOr0o MnpeanosokeHu s
pesyabTaT Gbla OBl TOT XKe.

3anauya 82

Banxka BecoM P, marpyxkeHdas cHjamu Fy ¥ Fy, Kak NokasaHo
ua puc. 106, HAXOIUTCH B PaBHOBECHH. Haiitu peakuuu onop Qg H Qq,
cuntas I, a, b, Fi, F3 o H @
U3BECTHBIMHU.

IR N A
Pemenue b4 A |
oy | &y
Bynem uCcKaTb IPCEKIHHU CHI Q; 4 ——\ /. .z
Ha OCH X U Y. Y CJIOBHE HENOLBHK- a 5 b
HOCTH LeHTpa Macc CajKH RaeT A 8
Ficos oy~ Que+ Qox — .
— Fsyco8a3=0; () 'p
F;Sinal—{-Q;y—P—i—ng—{— p 106
4 Fysinag=0. 2) ne. 1.

Kpome TOTo, CUHMTasg BO3MOMHBLIMH TOYKaMH BpalleHH:A A u B (310
ge o06s3aTeNbHO, HO yIpOIMIaeT pacuer), NOJAYyYHM U3  yCJOBHA
OTCYTCTBHS Bpallenus Gajku

Fi sin a;a -+ P sin 90° <~f2~-—a> —Qy(l—a—b)—

— Fysinag (| — a)=0. 3)
Fisinag (l — b)+Quy (! —a—b) -—Psin90°(%—- b)_
— Fysinagh =0. 4

(Sicro, uro ypasHeHHs (2) —(4) He ABIAOTCS HE3ABHCHMBIMH, 74
gyuTaTe b MOMKET CaM [0KasaTh, YTO OJHO H3 HHX €CTb CJEACTBHE

ABYX APYTHX.)
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W3 mo6oit napw ypasuennit (2), (3) u (4) moxno naitTh Qi H Q.
Hans onpepenennsi we Qi H Qg MBI HMeeM oino ypasHenue (1),
H3 KOTODOTO MOXEO HaWTH JIHLIb.

Qs -+ Qo= Fycos ag — Fycosay.

IlockonbKy Bce yCJOBHS PABHOBECHA HCYEPNAHEL, TO MOPO3Hb Qi
U Qu, He HaiiTH, YTO E€CTECTBEHHO, NMOCKOJbKY HCKOMLIX OBLIO MATH
EpH ueThipex ypaBuenusix. TaxkuM o0pazoM, 3amava ORHO3HAYHOTO
pelnenus He HMeer.

Ecan, opnaxo, NpeanosioXHTb, YTO X-€ NPOEKLHH CHJI IIPONOp-
LMOHaAbHB HOPMAJIbiOMY JiaBJIeHHIO HAa ONODHI, T. €.

|Qix | =kQ1y 8 |Qox|=£Qsy (5)
HJH
Qx| Quy
Qe Qs

TO 3TO [ATOE YypaBHeHHE MO3BOJHT ONHO3HAYHO pEINMTL 3ajauy.
Ho nmeno B TOM, utOo (5) HMmMeer
MECTO Jajieko He Bcerjas

Hazo ofpartuts BHHMaHMe Ha
10, uTo CHAb peakuun Q; u Qy
HanpabJeHb! Heo0A3aTEIBHO Bep-
THKaJbHO BBepX. B nMaHHOW za-
naue Q; u (Jy BepTHKAJBHE /NI
npun oy ==0ay==90° (npu 310M,
ecTecTBEeHHO, (i, == Qg =0).

3agaua 83

OnHopoaublit OHCK MOJABeieH

Ha HUTH TaK, 4TO Kacaercsa -Bep-

THKanbHOH crennl. JIHCK Haxo-

ye] AWTCS B paBHOBECHH. 3Hasn

Puc. 107, yron o, HaliTH Bec mucka P, cuay

nHaTskendst vuTH T, cuay Tpe-

HHR NOKOA F M CHJYy HOPMajabHOU peakunn Q co CTOPOHbI CTeHb
(puc. 107).

Pemenne

HeHO,U,BPDKHOCTb UeHTpa MacChl AHCKA faeT B NPOEKIHAX

— P+ F+Tcosa=0; (H
QT sina =0, 2)
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OTCYTCTBI/Ie BpalleHUA BOKPYr MHeHTpa AHCKA H BOKPYr TOUKH
KacaHuss O CTEHY COOTBETCTBEHHO AaioT

FR —TR=0; (3)
PR — T'sin <90--;~) 2R cos 5 =0. )
Us (3) nonyuaeM F==7T, a torga us (1) u (2) caenyer, uto

T(l—+4cosa)=P u Q="Tsina. (5)

o

Ns (4) u (B) nocae npeobpasoBanuil noayuaem

l—i—cosa:_-2cosi’-v§-,
YTO MMEeT MeCTO BCeria.

Taxum oOpa3zoM, MOXKHO HalTH auuib cBsisb Mexay P, F, Qu T,
OHO3HAUIIO WX 3HAUSHHUSI ONPElesIMTb Helib3s, XOTA ypaBHenuit Gblio
uerbipe. B uem ke zeno? Jleso B TOM, UTO HaluM YETHIPE yPAaBHEHHS
He SBJSOTCA He3aBUCUMBbIMH. Vmeuno ypaBuenue (4) eCctb CaeACTBHE
(1) u (3). Heficreutensuo, (4) naer

P=2T cos*,

a (1) n (3) nawor
P=T (1 cosua),

4YTO PABHOCHMJIBHO.

B uem e Qusuveckas mnopomsexka storo kasyca? Ona 3ak/io-
YaeTCs B CJEAYIOWEeM:

1) nockoabKY HM ORHAa M3 CHA He 3ajalia, TO Heab3s HH OAHY
U3 HUX DBbIPA3UThb TOJbLKO uepe3 yroJ, JauHbii B ycJa0BHAX, HGO
JuiaMHYecKHe BeJMHYHHBI Yyepe3 KHHEMATHYeCKHe M Hao6opoT He
BbipaXcatoTcs,

2) cunnl T, Q, F mponopuuonanbist P,

3) ferko BHJETHb, UYTO 3ajaHue OJHOH U3 cuga (Banpumep, P)
AejaeT cpasy sazady OQHO3HA4HOU.

3anaua 84

Hocka Becom P, W AJHHON [ uMeeT OCb BpAILEHHS HA paccTosi-

i Y .
HHH - OT HHXKHEro Kpas (puc. 108). Kakoit MUHUMANIBHON CKOPOCTLIO
Yy OCHOBaHHsl JOCKH foJDKeH obsanaTh O6pycoxk sBecom P, utoGbl DpH
nogbeme GpycKa MO JOCKe [0CKA MOBEPHY/ACh BOKPYr ocH? YroJ

MeXJy JHOCKOH ¥ rOpH30HTA/NbLIO paBeH &, KO3QQUUHEHT Tpenus
6pycka O AOCKY paBeH &.
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Pemenwne

s moBopoTa ROCKH HeoOXOAMMO, YTOGEI MOMEHT CHJ, Bpaliaio-
IHX JOCKY INPOTHB YacOBOH CTpesKM, G/l HE MeHbUle MOMEHTAa CuJI,

q

e

________ |

YIEPHKUBAIOWUX JOCKY, T. €. YTo6nl GpYCOK mpollen BJEBO 3a OChb
BpalleHHs HacTOJIbKO, YTOObI

Pxsin (90° — o) = P, (fl— - —;——) sin (90° — )

HJIH

_ Py (11 .
x—?‘1(7—7>- (*)
Bemuuuny x MOXMHO HaiTH U3 YCJOBHUA JABHXeHMs Opycka Mo Jocke,
HanpuMmep Hu3
A+ Aconp = AW.
Wau B packpeitoMm Bufe, ¢ yuetoM A =0, v =0 u h; =0,
1 _ P v
~Fog ) =Ph-g Y
UM
——chosa/—l—}—x =P l+x>sina—£33~ (%)
k n n g 2°

Cokpamas Ha P u uckaouast x H3 (x) H (#x), HAXOAHM
: 1 Pyt 1
Vo= ]/le (kcosa -sina) [—n— + .P~°<_n- — 7)}

3anaua 85

KakoBa peaklus OCH JOCKH NPH CKOPOCTH OpycKa HECKOJbKO
Goavluell, ueM HaiijeHHas B mpeiplayiiedl 3anaue (puc. 109)?
Pewmenue

CuntaeM, uto GPYCOK elBa-efiBa nepelliesl sa IOJIOXKEHHe, onpele-
JIEHHOE DaBEHCTBOM () NpeApaylied sajaun. Toria mpaebld xpait
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JOCKH TIepecTaHeT B3aUMOJEHCTBOBATb C GIIOPOi, a AOCKA MPAaKTHYeCKH
YCKODEHHs] HMeTb He OyleT. 3HauuT, I/ Hee HMeeM

Q+P0+Q +Frp=0a (1)

rie Q! u Fi, —CHJLI, HEfCTBYIONHE Ha NOCKY CO CTOPOHBI GPycKa.

B npoekuusax Ha oCH

nosiyyaem by
Qy — Frpcosa=0; |
—Qt—Py+ Frpsina 4 ll
!

PN

o
+ Qy =0
WM C YUeToM
Frp=FkP cosa
HalkeM
Qy == Q.P cos?a; [
=Pt Puc. 109
i nc. .
4+ P (cosoc _ ksin 22 Slg m\.

Ecan Opycok He fofileT RO YKa3aHHOTO B Hayaje peuleHHd
MOJIOXKEHHSA, TO HANO YYATHIBATH CHJAY, [JEeHCTBYIOUIYIO HA JIOCKY
CO CTOPOHBLI ONOPHI CNpaBa.

Ecan Opycok mnpofiier 3HaudTe/IbHOEe pacCTOSIHHE CBepX YKa-
34aHHOrO, TO MOSIBUTCS OGOABUIOA BpalaTeqbHbIH MOMEHT MpPOTHB
4acoBOH CTPEeJKH. Jocka OyleT HMeTh YCKODeHHe H HCXOIHOe
paBeHcTBO (1) 6ylner Hecmpabex-
JIUBO.

=i

3anaua 86

PaBHoGounw#l kauH (puc. 110)
HaXOIHUTCS B pPaABHOBECHH, eCJid
cuna N, nefictByioulas monepek
o06yxa, B n pas3 MeHbIle CUJEI (),
JeHCTBYIOIRH NomnepeK ILIeKH KJH-
#a. 3Hast n, HAHTH YrOJ KJIMHA G
U KOXpUUUEHT TpPeHHs k KjauHa
o OpeBHO, B KOTOpOM OH efBa
yaepxKHBaeTCH.

Pemenue

Prc. 110. Bynem cuuraTth, 4TO KJHUH BHI-
JBUraloT u3 GpeBHa. Toria CHJIH

TpeHusl F; U F,, NelcTByIOllMe Ha KJHH, GYAYT HampaBJeHbl, Kak
yKasaHo Ha puc. 110 (ecam Obl KaMH BABHraMH B GPEBHO, TO F,
F2 u N Gbln Gur HampaBJieHb! B O6GpaTHbie M300pazkKeHHbIM Ha pH-
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=0

CyHKe CTOPOHL). B nmpoekuuAx Ha OCH MOJYYHM (c yuetoMm N =
Fi=kQ n Fy=4hQ)

Q _ 9kQ cosa - 2Qsina=0; ()

~—
Qcosa—Qcosa— £Qsina — £Q sina=0; )
#3 (1) noayuum
%:2 (£ cosa — sina),

a (2) maeT TOXIECTBEHHBII HYyJAb W peLICHHe HEONpenesaeHHo, n6o us
0JHOTO pareHcTBa (1) JBa HEHU3BECTHBIX HalTH OZHO3HAURO HEJb3M.

Hano sameTHThL, OJHAKO, UTO NOKa KJHH B NOKOE H HE HaXOJHTCH
B COCTOSHHH <«BOT-BOT» HauyHeT MOJ3TH, O KO3hPHLMEHTE TPeHUA
NOKOA A MOXHO T[OBOPHMTL JiHIIb BecbMa YCJOBHO (B CCOTEETCTBHU
CO CKa3aHHLHIM Ha crp. 20).

MoHEO roBOpHTb JHIUb O KO3(PpHIHEHTE MaKkCHMaJbHOTO TPEHHA
NOKOs, KOTOpHHI uacTo €AU30K [0 CBOEMY 3HAYEHMIO KO3((PHIHEHTY
TPeHHs] CKoJbxeHudA. Ecan ma-
TepHaJn KJAMHA U OpeBHa 3aja-
Hbi, TO & MO:KHO B3fTb H3 Tab-
JULIBI, a Toraa o cCpasy omnpe-
nesasierca us (1).

|

L,

y £
O

|

|

y

3anaua 87

e Kak pomkna meHsiTbest B 3a-
e BUCHMOCTH OT MONOKEHHA CTO/6a
P cuaa F, npusoxenuas nepres-
Puc. 1L AHKYJASPHO K GCH cTo/i6a B KOHLE
ero, utofpl cTON6 paBHOMEpHO

NOBOPAYHEA/ACA M3 TOPH3IOHTAJBLHOTO MNOJOXKEHHS B BEepTHKa/blioe
BOKpYr apyroro konua (ruc. 111)? Bec croaba pasen P. Kaxoga

npH sTCM peakuns 3eman @?

Pewmenne

Jlns paBHOMEpHOro BpalleHHs CTOJ6a BOKPYF ero kKouua HeoGxo-
JMMO PaBeHCTBO HYJ/IO CYyMMapHOro MOMeHTa CHJ, T. €,

[
P 5 sin— Fl==0,

HJIHU
B cosa— F1=0, (+)
OTKyna
Pcosa
f=—.
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Tak KaK CHJb yPaBHOBEIEHHl (VCKOPEHHE IEeRTPa Mace NpaKTH-
yecKW PaBHO HYJIO NPH MELJIEHHOM IOBOPOTE), TO

Qy+ Fcosa— P=0;
Q,— Fsina=0,

Pcosa
OTKyZa C ydyeToM F:—Q— noJiyuaem

0= r{1-=51)

__Psin2a

Qx—T‘-

12.THIPOAIPOCTATHKA

Huuero npuHOMNHanbHO HOBOrO B 3afayaX Ha 9TOT paszena no
cpasl€HHIO ¢ 3aJauaMu Ha APYTHe pasjejbl MeXaHHKH uet. Bce dop-
MyJbl 3TOFO pasiela €CTb pAJOBbIE CJACACTBHUSI 3akonoB HbloToHa, a
NIOTOMY U BCE 33Jayd 3TOr0 paslesa B NDHHIHIIE MOTYT GLITh PEelLeHbl
HCXOAA H3 3THX 3aKOHOB.

HanomHHM HEKOTOphie NOJIOXKEHHS THIAPOAaspOCTATHKH.

I. 3akon Ilackana: BHew Hee NakjeHHe, NPOH3BOJAHMOE Ha
SKHAKOCTD MJIH a3, HaXOAALLMECA B PABHOEECHH, TepefiaeTcss UMH BO
ECe CTOPOHBI (€3 H3MeHeHHs.

2. T'mapocratiHueckoe japjeHHE KHIKOCTH, OGYCJOBJIEHHOE CHJOH
THKECTH HA rayGune h, onpejeasercs dopmyaolt p=dh=gh u
He 3aBHCHT, corJacHo 3akony llackans, or opueHTalyin nJIOHIaAKH,
Ha KOTOPYH OKasblBaetTcsl JaBJEHHE.

3. JKuakKocTh HaxoOQUTCA B PaBHOBECHM, €CM Ha JiloGOH 3JieMEeHT
€e JEHCTRYIOT ypaBHOBEUIEHHBIE CHJIEBL

4. 3akon Apxumena:

FA:‘—‘PBMT)

rae Pyu; — BeC XHAKOCTH (HJAH rasa) B ofbeMe NOTPY:KEHHOH uYacTH
TeJla, H4 KOTOpoe AEHCTByeT HHTepecywollan Hac Fa.

* Bapaua 88

B msorny1ofi Tpy6ke, wnzoOpakeHHof HaA puc. 112, Haxomurcs

H3BEeCTHaf XKHAKOCTh. Bec mopwHa P i cunma F, peictByoolas Ha
Hero, usBectHul. Haiitu pacnpenenenue paBnendss p==p (/), ecau Bce
HEOGXO0MbIE pasMepnl TPYOKH 3aflaHbl.

Pemenne

[Ipexnae Bcero OTMETHM, UYTO Ha OXMHAKOBBIX YPOBHSIX AaBJIEHHs
B 060MX KOJ€HaX TPYOKH C OIHOPORHOH KHAKOCTBIO ONYHAKOBHI,
HHaye XXHAKOCTb He HaxoAuJach Obi B paBHOBecHd, Kpowme Toro,
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M0Gofl SNEMEHT KUAKOCTH HAXOAHTCA TOXE B paBHOBEeCHH. Pac-

CMOTPHM YCJIOBHE DaBHOBECHSI KaKOro-nHOyAb S/€MeH1a. YuH1blBaf,

4YTO 110 YCJOBHIO 3aJauH HYXHO Ealtd p==p (/) n 10T dakt, u10

JaBJjenHe Ha ypoBHe H HAXOJAHMTCA INPOCTO, NPHUXOAHM K BBIEOAY,

YTO HHTEPECHBIM 3JIEMEHTOM $IBJISI€TCA 3alITPUXOBAaHHBIA KYCOUEK.
[To Bropomy sakoHy Hriotona ‘

Ap+?u+ﬁn+éi+ég=oi

rze AP — Bec 3amTpHXOBAaHHOH uacTy XUAKOCTH; Fy B Fp — cuna
JaBJEHHR Ha 3Ty YaCTh CHHM3y H CBEPXY CO CTOPOHH OCTaJIbHOM

UaCTH KHAKOCTH; @y # Qy — CHJbl NaBJCHHS H3 BbIEJEHHBLIA 3Jie-
MEHT MKHJAKOCTH CO CTOPOHBI CTe-

— HOK cocyja.
Gm - B npoeknuH Ha BEepTHKAJb
' Fy- nOJyYHM
7 &S (I — H) 4 psS — paS =0
|
ps=pu— pg (Il — H).
v EH Tak Kak p, paBHO HaBJEHHIC NOJ
- ;ﬂf HOpILHEM, TO
v ] e J=EEE,
N rae S, — cedeHue MOPLIHS.
~YQun — OxoHuatenbHO MCKOMOE JaB-

JICHHE

F4P

Puc. 112, p:_—pB:—SO——-pg(l——H). (*)

Crporo roeops, ZaBJeHHe NOJA NOpPLIHEM HAA0 ObIo Obf HaXOAUTh
Tak. M3 ycnoBHSA paBHOBeCHs INOPILUHA

P"f“F_'Qn)x:O,
Q. w=P-F.

Ho, 1o tperbemy 3akony HbloToHa, CHJIBI B3aUMOAEHCTBHS MOPIIHS
W XKUJKOCTH pPaBHEL, T. €.

‘Qﬂ.ﬂ(lZI—-Q’m,nlev

OTKY/a

¥ OKOHYaTeJbHO

Yuratenb MOKET HCCHenoBath (*), fAaBas [/ pasnHuHble 3HAUEHHA.
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3apaua 89

B usobpaxkeHHnle Ha puc. 113 cocyabl HalHMTa ONMHAKOBAS YKHA-
KOCTb 0 OJMHAaKOBOrO JJIf1 BCEX COCYAOB YypoBHi. HalTh coorso-

Puc. 113.

[IeHHE MEXJY CHJIOH JaBJeHHs KRAKOCTH Ha IHO Q; n ee BecoMm Py
A5 KaxKJOTO COCyla B NpeHeOPEXKEHIH BHEWHHM JaBJIEHHEM.

Pemenne

a) Q= pS1=dhS1 > dVx,= P, 1aK Kak hS; > V..
6) Qo= pSe=dhSes=dV x,= Py, Tak Kar hS;=Vy,.
B) Qa=pS3;==dhS;<dVx,==P3, 1aK KaK AS;< Vi,

3apaua 90

B cocyn, u3obpaxennsii Ha puc. [14, HaauTH TpH HECMElINBA-
IOLLMECs JXKUAKOCTH, 3Has YyIeNbHbie Beca MEPBBIX ABYX JKUAKOCTEH
d, u ds, a Takxke Bec TpeThell KHMIAKOCTH P, oNnpelesuTh pasHOCTb

Puc. 114.

ypoBHE# BTOPOH XKHAKOCTH Ak, €Cd yroJ «, NJOajb MONEepPedHOro
ceyeHdss mpaBoil TpyO6kd S M BbicoTa CToJI6a TnepBOH XKHIKOCTH hy
H3BECTHbl, BHelHue AaBJEHHS HA MNOBEPXHOCTH KMAKOCTEH OAMHA-
KOBbl,
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Pewenne

[ToCKOALKY MHAKOCTH B paBHOBECHH, TO HA ONHHAKOBHIX ypOB-
HsiX OAHOW M TOM e JKHUAKOCTH JAaBJIEHHS OXMHAKOBHlL. Tak Kak
Hac uHTEpecyeT A, TO pasyMHO NPHPAaBHUBATHL 1aBJIEHHS Ha ypoBHE
hy. Torza Ha 3TOM ypOBHe

Pupas = Paes.

Ho kampoe u3 papsenuil CkaapbiBaeTCsi W3 BHEIWHEro MaBJjieHHs H
JaBJeHUil CTON0OB BhlllE PACIOJOKEHHBIX MKHAKOCTEH; NOITOMY

Psueun —t dy h3 == Penewn —i“ dil + dqy AA.
Tax kak

. vV, .
h3=13sma=§sma,

rae Vy— o6ueM Tperneil XHAKOCTH, TO C yUeTOM PaBEHCTBA BHEIUHHX
JLaBJIEHUH

Vs gina = dify - dy Ah,

S
HJu
B sina = dihy + diAn,
OTKYJa
AR — Pysina — Sd,h,
= Sd, .
3agaua 91

B cocyn BeicotTol h HamuTa MHAKOCTB C YAGABHBIM BecoM d.
KakoBa njougais Kkjaanana S, ecad Npu KO3POHLHEHTE MKeCTKOCTH
ero NPyXUHB £ H BelHuYHHE CXKa-
THA €8 X IKHAKOCTb  HauuHaer
BBLIMBATHLCA 4epe3  KJanaH Jduulb
TOrAa, KOTAA JOXOAHT [0 KpaeB
cocypa (puc. 115)? Bec xnpanana
pasen P.

Pewmenne

OuepnjHo, KJanaH OTKPLIBaeT-
cf, KOraa cuzia, AeficTBylollas Ha
Hero BHYU3, He MeHblue CHJbI, AeHACTBYIouleH BBEPX, T. €,

Puc. 115,

Fy+P=Fyp
HJIH
dhS + P = kx,
OTKyZa e p
—— x -
S="g
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* 3anaua 92

B coofliaiomsecst COCyAbl € MNJOLIAASMH TONEPEUHOrd CeyeHHs
Sy 4 S Obiia HaauTta xHIKOCTb dy. [lpu 3atoM ypoBuu B 0GoHMX

coCcylaxX OKasalHCbh Ha OJHOH Bbl-
core. Kakosa GyaeT pasHOCThL YpPOB-
Hell 9TOH KUJAKOCTH, €CAH B Tpa-

/7, '/

+

)
)
x

Bl cocyl HaauTh P, Jserkoff “n,
wugrocTH?  Kosdduuuent xecrko- 7p
CTH MpYyXuHbl pased k. [Ipasbiii co-
cya oTkpeIT (puc. 116). [lopumeus
BCE BpEMs CONMpHUKAcaeTcs ¢ KHA-

Syl

R

KOCTBIO.

]

[N
P
o
llr'H!

tn

>
]

I

]
B
Ty [

[

Pewenue

"1
'l
|

|
!
!

1t
i
,':

Hexomanm us Toro, uro Ha ypos-
He A’ naBJeHHS OJMHAKOBHL, T. €.

Puapas = Paes

HJIH
Peuewn, npas _'" dh= Pruemn, nen+d0AIl,

A

FI€ Pagenn. nras — 2TO 1aBJEHHE OK- Puc. 116.
py:xawolell CoCyabl Cpeibl;

Pupews. nes CKJIAIBIBAETCS M3 JaBJEHHSI OKpyiKaioliel Cpeabl H

rpe Q — CHJa B32HMOJEHCTBHSI MOPIUHST U JKHJAKOCTH.
OGo3Hauasi naBieHUe CPelbl Py, HMEEM
Pot-dh=py+ § - didh,
HO
_P2
dh= S,
a Q=P — Fy,p, (43 yCNOBHSI PaBHOBECHSI MOPIUHS), MOSTOMY

Py, P—kx
SS—T+d0Ah

Q
s

(1

Buano, uto ana orBeta Ha BONpoc Heo6GxoimMo HaiTH x. Habjem

X Ha OCHOBAHHHU CJEAYIOWHUX CooGpaxKeHHH.

HoBas aedopmanusi Npy>KHHBI X MeHblle TOH X, KoTopas Oblna
10 HajnuBaHHA BTOPOM XKHUIKOCTH Ha Ak, rae Al — yBennuenue

YPOBHA KHJAKOCTH B JIEBOM cocCyle, T. €.

X==xy— ARy uau xz_—% — Al



(nocxonbxy YPOBHH KHAKOCTH GBINM HA OXMHAKOBOM BBHICOTE, TO CHJIA
B3aMMOJICHCTBASA MOPIIHA M KHUAKOCTH Cblia PaBHA HYJIO, IIOITOMY
x0=1-;~>. Tak kaxk

Ah==Ahy -+ Ahg m AV =AV,, &)
rie Ay — omycKawue YpPOBHS TMEPBOM JKUAKOCTH B ITIPaBOM COCYJe,
a AVy u AV, — KkoanuecTBO NepBOH XUIKOCTH, nepewenell M3 npa-

BOTO COCYAAa B JIEBHIl NMPU HAJHBAHUH BTOPOHl XKUAKOCTH, H TOCKOJBKY
AV,;=S;Ah;, T0o u3 (3) noayuum

Ay S

=)

[oacraBaaa waiizennoe Ak B (2), motoM 3nadenwe x u3 (2) B (1),
TOJYYUHM

o [P
p T\ R 1+A_
L
ST s T
OTKY.J1a o
Ah:s ks: +d)'
2<<Sx+82)81 ’

3amevyanue. YpapHenue (1) HanmucaHO B TOM IIPeANONOWEHHH, 4TO OpPYy-
WHUHA 110CAe JOAMBAHUA KHIKOCTU OCTalach PAaCTAHYTOH, HO B MeHblieil Mepe,
yeM Obiaa; ecan Ol P, 6bl10 JOCTATONHO BeaH-
KO, TO TNpPYXHUHA MOrJa OKa3arbCs C¥atoll o
BMeCTO ypaBHeHHa (1) umemo O6n MecTo ypas-

Henue (1)
Py __P+ks ,
5= s + dyAh, (19
' a BMeCTO ypaBHeHua (2) — ypaBHeHue (27)
o P
x=Ah; — Tz @)

W PE3yabTaT PCHICHUS HC USMCHUJICA Obl.

h
! 3agauya 93

B unnnuHapuueckul cocyn, paguyc oc-
HOBAHUA KOTODOTrO paBeH R, HAJHTbl [Be
HECMEeLIHBAIOLINeCS KHAKOCTH C YJesb-

Puc. 117. HBIMH BecaMH d; ¥ ds. 3Has BBICOTY CTOJI-

6a HHKHeH XUJIKOCTH Ay U BBICOTY CTOsi6a

BepxHell XKUIKOCTH fa, HAATH OTHOWIEHHE N CHJIbI JABJEHHA KHJIKO-

cTefl Ha MaJible OJYHAKOBBIE MJOLAAKY AHA U GOKOBYIO BePTHKA/LHYIO
IOJOCKY CTEHKH cocyja (puc. 117),
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Pemenue

OueBHJIHO, 9TO BEPTHKalbHas HNOJOCKA UHJHHIAPA JOJ/KHA OHITh
T&KOH y3KOH, 4ToObl OHA Majo OT/HuYajach OT KYCKa IVIOCKOCTH.
Torma chHaa, JAeACTBYIOLIas Ha STy NOJOCKY, OYAeT HMeTb OAHHA-
KOBOE HampaB/ieHHe 1/ BCeX 9JEeMEHTOB 35Toi nosockd. [lonyuaem

AQoen — AQocn Pocu * ASgcu
AQs0x AQ; gox -+ AQ: 6ox PcplAsl +PCP2AS

n—

IIpu sTOM
AS, -+ ASe = A8y
Ho
AS; 4 ASy = h Al -+ holl,

rie A/ — mmpuHa BepTHKaAbHOH nosockd. C yueToMm 3TOrO, a Takxke

TOro, 4To

Poct == Panewn 1+ difts - daha,

dglzo
pCPz Peuemn +
dih

DPepy = Parewn _l" dihi "I— ! 1

II0J1Iy4HuM
e (Poewn -+ difts 4 dshs) (b, + hy) AL

dh,
(Pomewn + dots £ ) 1L+ (P + 252 ) 1

YTO MO COKpalleHHH Ha A/ B JacT oTBer.

3ajgaua 94

Ha rpaunue pasjena ABYX HeCMEUIMBAOLIMXCH KUAKOCTEH di M
d, nyaBaerT MOJILIA ap, YIAeabHbll BeC BEIlECTBA KOTOPOrO paBeH

; Vi
d. KakoB oGbeM TMOJIOCTH Miapa, eCJH OTHOWeEHHE OGBEMOB y; MO~
2

IPYXEHHBIX B 2KHAKOCTH uacTefi wapa paBHO n M V3 H3BecTHO
(puc. 118)?

Pemwenne

Tak Kak wap B paBHOBECHH, TO

nan
P-T—‘FA.
Ho
P=d(V — AV),

rpe V — Bhelunu# o0mveMm luapa, a AV — o6beM HOJIOCTH.
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Mo sakony Apxumena Fy==P;-}- Py, tie P; u Pg-—BEC XHIKO-
cTeit B oObeMe NOTPY)KEHHLIX B KUAKOCTH uactefi wapa Vy u V.

C YueToM CKasalHHoro HMeem

d(V - AV) =le1 +qu2,
nJjy - )
d(Vi4-Ve—AV)=d\V, - diV..

Yuutwsaa Vy=nV, noayuum

d{(nVe4Ve— AVy={(din 4~ dy) V,,
OTKy/la

AV :d(”’[“ 1) —d(dﬂl’f‘dz) Va.

3ajgaua 95

C rakoit cunioit naBAT Apyr na Apyra [HO COCYAa H KHpPOHY
¢ yhenbhblM Becom d, TJIOHIAAbIO OCHOBAHHMS S # BLICOTOA A, ecu
B COCYA HaJHTa MHUEKOCTb dy A0 BbicOThl M (puc. 119)?

Pemenue

Bo3moXHbl fiBa ciydas: 1) KMPNMY HEMJOTHO NPHUJIECAeT KO AHY
cocyna; 2) KMPIUY IPHJIHI» KO [HY cocyla TaK, UTO KHAKOCTH
MEeXAy AHOM COCyJa M KMPINHYOM HET. - -
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|. JlaBneHue CHHU3Y HA KHPNHY €CTh, H OHO GOJBWE JABJACHUSA

cBepXy. 3a CueT pasHHUBI STHX JaBJeHUH W nosBJjsieTcs [4.

Torpa

nJn
HJin

OTKYyla

P4 Fa+Qi=0,
P—d.V,.—Q =0,

dSh — dSh — Q; =0,

Ql (d d)l() S h

2. JlaBnenus xUAKOCTH CHU3Y HeT H F4 =0, naBnenue xe CBepxy
eCTh U co3saeT L00aBOYHYI cuay Fpo—=d, (H —h)S.

B 31om cayuae

HJH

dSh-+du(H—HhS —Q=0,

OTKyfLA

nouatwio F, (puc. 120),

Pt Fot Gam0

Qe=S[(d — du) b+ dx ).

3amevanue. Ilepsywo wyacte MoxHO Obl10 GH pemats, He npuberas k

Vsmenno, cuutas cuny RaBACHHA HWUAKOCTH CHH3Y [, a cBepxy f, 101yYnM
yCaoBHME PaBHOBECUA KUPNMYA B BHUIE

wan

0FKyna

D B. K. Ko6ymxun

P+FutFoat Q=0

Qu= (d — dy) Sh.

dhS — dyHS - dy (H—h) S — Q =0,
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" Bapgaua 96

Kagr saBHCHT apxHMelOBa cuJa, JeficTBylomas Ha Tesao, OT IJy-
CuHBl NOTPYKEHUS Tena?

Pewmensne
P d
FA=Pm=diT=dm3‘T=d_)§PT-‘
T T

C poctoM rayGHHBE! NMOTPYIKEHHS H3-3a CXarha XKUAKOCTH H TeNa
dyx ¥ d, BO3pACTaCT B KaKOH-TO Mepe, a P,= const.
Ecan xupkocTe Cojee cCxrMaeMa, ueM MOTPYKaeMoe Tejo, TO
e dy,
c poctom h 7, pacrer, ecm naoGopor, T0 -* yChiBaeT ¢ BO3pacTa-
nuem f. COOTBETCTECHEO pacTer HJH yﬁbxsaer Fa. Ec.rm KHEKOCTD

U TeA0 CIAHHAKOBG CxkuMaeMsl, TO F, = Fa(h), ubo d-::const .
T

3apaua 97

Teno nnapaer BHYTPH IKHMAKOCTH BO B3BELIEHROM COCTOSTHHH.
KakoB BHA paBHCEecUsl 3TOrO Tesar?

Peitenne

ds .
Ouepujpec, Fa=P uan d,V.,=d.V,, 1. e Zf‘:l (ta  pauHO#
rayGuuel).

P
Puc. 121,

1. Ecau Xuzkoctb GoJsiee CKUMAEMa, yeM TeJIo, TO € YBeJHUYCHHEM
d. d -
b Z>1 wm Fa>>P, ac ymvenbwenuem kb 21 mm Fa<P,
T T

T. €. IIPH BBIBOJE Teja H3 DaBHOBECHS, OHO BHOBb B HEro BO3Bpa-
waercsl (puc. 121),
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2. Ecan Teso Gojee CKHUMAETCsI, 4YeM MKHIKOCTb, TO ¢ DOCTOM /1
Fa< P, c ymenbmenueM i Fa~> P, T. . TeJo, BbIBEAEHHOE i3 PaBHO-

BeCHS, VXONHT OT Hero BCe JAAajdblue, H DABHOBECHE HEYCTOHYHBO
(puc. 122).

3. JKugkocTh 4 TEnO CAHHAKOBO CiKUMAaeMul —Torja Fa==P ®#
paBHOBecHe (e3pasJluuHoe.

3apaua 98

M3pectHo, uTo mUpH ABMKEHHH [IapHKa B KHIKOCTH CHJA CO-
NPOTHBJEHHSA TPH HeGOMLIIMX CKODOCTSAX NPOMOpHUOHAAbHA R*, rie
l<<n<<3, u ckopoctn v. HMcxons u3 sToro, JoKasaTh, 4TO ueM
Gonbile pazuyc mapuka, TeM ¢ Goabiuell CKOpOCThio 0H OyJAeT nanath
B kuzakoctd (puc. 123).

Pemenne

[pr jpocth:KeHUM IOCTATOYHO GOMBUION CKODPOCTH U [IapHK Oyxer
najath PaBHOMEPHO. 3HAUHT,

P=FA‘{"Fconp
AJan
S aRY(d — dy) = kR

{£# — go3pdunvent nponopuuoHadbHocTH). [, 3Haunr,
4 d—dy paa
== —3" 1 -T- R ,
Tark kak n< 3, To uem Soabwe R, teM GoJibiie 0.
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3anaua Y9

Ha kaxyio ray6uny hs B XHJAKOCTH INJIOTHOCTH py TNOFpY3UTCA
yOaruice ¢ BLICOTH i Hal €e TNOBEPXHOCTHIO TENO0 MJOTHOCTH p,
€M cpenHssl CHJa CONPOTHBJLENHA B MHIAKOCTH CcOCTaBJjseT 1/n-10
yacTh Beca Ttena? CompoTusJe-

nuem Bosayxa nperebpeub W CuH-
Tath p<py (puc. 124).
P — P

Puc. 123. ) Puc. 124,

Pemwenne

Iensmenne Tena CKJagblBaeTcsa M3 JABVX 3TanoB — B EOBA)/XE 54
B XuAKoCTH. JiJjig mepeEoro stana P—~ma1, Mg BTOpCro P-4 F 4+
+ﬁc:m—dg.

B npcexunn Ha —Z-HHHPEBJICHHQ nMeem C YyUeTOM TOro, YTo KOHed-
Hag CKOPCCTL TeJla B BO3JyXe paBHa HauaJbHOH CKOPOCTH TEJda
B HKUAKOCTH

3

m M 55— v
g"— Qh )

02

mg — V-——”—"—*-n—
-mg — pxg n = Mg
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kliau ¢ yuerom V:i:—

o?

8= gpi 3
B 1V
g<1 p n>_ 2hy*
Hckmoyas ©v*, moayuum
Bopmm o M
T
e T !

3agaua 109

Kaxyto paGoty cosepuiaeT BbITAAKUBAIOLWLAS CHJIAa TP MOTPYHKEHHH
B KMAKOCTb MJIOTHOCTH p LDEPTHKANbHO OPHUSHTHPOBAHHOrO LMJIMHAPA
BoicoTOR H M pamuycom R?

Pemtenue

[Tocko/ibky mpu NOrpyKeHuy Tesa BbTaAKUBAOWAs CUIA MEHSETCS,
TO
A=FAscosa.

Tax kak F, mponopuuonanbHa o6beMy IOrpyxKeHHOH# HacTH Teaa,
a B maHHoM cayuae V ==R%, 10 8 cuny Fy=0

F _F+Fo__f___Pg“R2H
=93 T T 2 ¢
[ockonbky nepeveuwienue HUAHHADPA aHTHNAPAMAEALHO BbITAJKH-
Baiowell cude, 1o cos 2 ==— 1. OxonvarensHo umeeM ¢ yuetoM As = f:
A= nR*H*og
=—

Sagaua 101

Haitty Bolpaxenue noTeHuHanbHOH 3HEpruw Ans Tela, morpy-
KEHHOI'O B MKHIKOCTb.

Peutenue
Ho onpenesieduo HOTeHLlHaJIbHOﬁ CUJIBI H ee 3HEPIrUu nmeem
Anm‘ = Aan“

B Hawem csyuae poJib NOTEHUMAAbHOH CHJB Hrpaer (Fa~+P) nam
B OpoeKkidd Ha BepTHKaldn (P — Fa). Ecanm T1ea0 ONyCcTH/AOCH NOA
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reficTBHEM 3TOH CHABI € BBHICOTH! Ay AO BHICOTHI As OT AHA COCYAd, TO

(P - FA) (hy — h‘l) = (W‘z - Wl)no-ra
OTKYyJAa
W] _"‘VQHOT':(P"'FA)}II_(P—‘FA)h‘.‘-

not
Cuntasi W, =0 npa BeicoTe h=0, nonyuum

W nor_(P FA)Ill,
W, = (P — Fa)hs.

M Boobiue
W nor = (P - FA) h= (P - Pm) th’

rie A CTCUMTHIBAETCs, HalpuMep, OT ZHa cocyja.

3anava 102

HIBa mapuxa BecoM Py u Pyn pa;mycarxm R, n R, coennneunl
mranroil eecom P, ofremoM V M pammoil . STa cucTema morpyxeHa
B JKUAKOCTH IUIOTHOCTBIO p. ['ll€ HaZO MOMECTHTDH TOUKY OMOPHI, UTOOL!
cuCTema HaxOJunach B paBHoBecuu (puc. 125)7

Puc. 125.

Pemenne

HOCKOJI!:Ky peub HIET O paBHOBECHH TeJa, HMeIero oCb Bpa-
IEeHHs, TO Ha OCHOBAHUM IIpaBuJja MOMEHTOB uMeem

(Fai— P (g — 3+ R+ (P — Fa)x+
A (Po— Fa) [+ x4 Re) =0
HJH
( =Ripg — P ) (———H—RI) (P —pgV)x+
+(Py— 5 =R (7 + -+ Re) =0,
OTKyJa MOXKHO HaiTH X,
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13. ABHOKEHHE 3APSHXEHHBIX YACTHL
B CUNIOBLIX NMOJIAX

TTOCKONBKY He OueHb Majbie 3apsKeHHbie 4acTHIH MOI4HHAITCT
3aKOHAM MEXaHUKHd He XyXKe, ueM He3laps:ieHHble, TO METCAHKA peile-
HMs 3ajau ocTaercs npexHed. Ilpasna, nps oueHb GOJBIIHMX YCKO-
peHHAX 3apAMKeHHble YaCTHUS CYIUIECTBEHHO H3JYYaloT 3HEPrHio, HO
Mbl GyZeM Cu¥TaTh YCKOPeHHUS HacTHL MajblMH, a Torla KX #3jyye-
HUEM MOXKHO npeseCpeub.

Cuna, neficTByowlas Ha ya- A .
CTHUY C 3apsiIOM ¢, B B3JeK- : ?’2
TPHYECKOM 10Je (KYJOHGBA g ]
cuiaa Fy) NoAcunTHBAeTCH NO éf’,,
dopmyne . ] 1
- - g i .
FK=qE‘ - B

Cuna, oneficTBytoumas Ha ‘ /
5Ty iKe YaCTHUY B MarHUTHOM ~
7
none (nopenuesa cuma Fj) —
no gopmyane

LN

1

A
Puc. 126.

Fn=quB sinan.

3necs E — nanpa:KeHHOCTb
3JIEKTPHUUECKOT0 NOJIA, YHCJIEH-
HO paBHas CHJje, LEHCTBYIOel Ha eNHHUYHbI IOJOKHUTRALHEIH ToYeq-
HbIfl (T. €. COCPEAOTOUEHHbIH HA MaJOM Teje) 3apsl, NOMEUleHHbId B TY
TCUKY NOJd, e Hac HHTepecyeT F; v — CKOPOCTb ABIKEHHA 3aps.a;
B — pennunna BEXTOpa HHAYKIUHH MATHHTHOIO [0/isl, GHCGHHO paBHad
CuJle, [eHCTBYIOIEH HA eIMHHYHAbIH MOJIOXKUTEIRHLIH ToueuHbIl 3apaj,
JBHAKYIUIICSH € €IUHUYHOH CKODOCTBIO NEPNEHINKYJSPHO K MarHHT-
HOMY TOJIIO; & — YIOJ MEXAYy U H B; 1 — eluHudHbl BEKTOp, Ha-
NpaBJeHHbIl NepNeHANKYAADHO K IJICCKOCTH, B KOTOpOH Jjexar v d

B, B cropoHy, onpeiesieHHYO NPABHJIOM JieBOH PYKH HJH NPaBH/IOM
6ypaBunxa (puc. 126), npuueM BpaiueHue MNPOH3BOANT HO KpaTyaf-
[eMy yrJaoBOMY ITYTH.

EcrectBenno, cuna, feficTByromasi Ha OTpUIATENbHbI 3apal B Aa-

neix noasx E u B, 6yzer HarpaBJieHa B CTOPOHY, IPOTHBONOJIOKHYIO
TOH, B KOTOPYIO HalpasjieHa cuJja, feHCTBYIoas Ha NOMOKHTEbHbLH
3aps] B 3TUX XKe MOJsAX.

Q@opManbHO TEOPHS JIEKTPOCTATUYECKOTO IOJIS MOCTPOEHA Tak XKe,
KaKk ¥ TeopHdA PaBHTAlMOHHOIO MoJia (Kjaccuueckas, pasyMmeercs),
n6o OCHOBHOH 3aKOH 3JIEKTpocTaTHKH (3akoH KyJioHa) HMeeT BHJ,
aHaJIoOTHYHbLI 3aKouy TArcTenud HbloToHAa, a “MeHHO — Jd JABYX
TOUYEYHBIX 3apsA0B

Fy=k 127



H, 3nauvT, aAg cayyas noJafa, CO3[aHHOro TOu€uHbIM 8apaioM Q,
HMeEeM

E:k%?,

TZe r nposeieH oT Q B MHTepecyIOUIYIO Hac ToUry (puc. 127); &£ — ne-
KOTOPbIH Kosxbcpmmem NPONOPUHOHANBHOCTH, 3aBUCHLIMIT OT Cpens,

B KOTOpOH cosgano E, u Bmbopa enu-

9J1e'pruqecxmi (KyJIOHOB) HOTEHINAJ
PK B ﬂaI{HOH TOYKe OﬂpeﬂeﬂﬂeTCﬂ (bop-
©Q
o Q

Mynoh
— Ve
Puc. 127. PR="7">

T. €. YHC/IeHHO paBeH noTenuuanvhod smepruu W, kotopoft obaa-
haeT g=--1 B nauHOU Touke.
B cayuae noss, CO31aHHOrO TOUEUHBIM 3apsiAOM,

=r<
r

rae r — pacCrosinie OT Q A0 Hmepecyromeﬁ HacC TOUYKH. O‘!GBHHHO,
YTO NIpW LBHKEHHU 3apdna ¢
AWEquC{Jl\

Cuana, gefcTBylollasi Ha 3apsiid €O CTOPOHBE MATHHTHOrO M0Jf,
BCeria NEepnenHAMKyJ/JsApHa K HaNpaBJeHHIO JBHXMEHHA H [M0TOMY
pa6oTel He coBepllaeT, a JHIIb H3MeHSeT HailpaBJjieHHe CKOPOCTH
vyactulibl. CHJIOBbIE JHHHMI MarHUTHOTO MOJASt CYTh 3aMKHYTbIE Kpli-
Bule. (Takoe moJe HasbiBA€TCHA BHXPEBLIM.)

Be Bcex paccmatpupaemsix 3ajauax Ml 6yZem CUHTaThb MarHMTHOE
noJjie OAIOPOIAHBIM, T. €. IOCTOSTHHBIM IO BCEMY pacCMaTpUBaEMoOMY
ApOCTPaHCTBY, H I[IOCTOSTHHBLIM BO . 7
BPeMENH. £

Kakue npuuuHBl onpeiensiorT
B 1 no xakomy 3akoHy ona moj-
CUNTLIBAE€TCs, Mbl paccMaTpHBaTh p
He Oypnew. e

=N

3agzaua 103 5 %o &

Yactuna maccofl m, Hecylias
NoJNOXUTeNbHLIH 3apal g, Opotile-
Ha CO CKOPOCTBIO g MOA YIJIOM @,
K FOPH3OHTY B OJHOPOAHOM 3JjieK- "
TPHYECKOM  TI0Jle HAOP AKEH- Puc. 128,
noctoio E, KoTopas cocTaBJjsieT o o
yron B ¢ Beptukaabto (puc. 128). Hafitn: a) r=r(); 6) v=v ({);
B) ypaBHEHHe TpaeKTOpHH, T. €. y=y (X).
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Penmtenue

OueBHIHO, YTO NBHMEHHE YacTHILI OYAET NPOUCXOMNTL ¢ o = const
(MOCKOJIbKY J€HCTBYIOLUIE Ha HEe CHJBl NOCTOSHHBL), NOITOMY HMEEM

mg + Fyx=ma,
v =10, -} at;
- - = ar®
r:f()—j'—vot—*——.z‘,
rie r W ry NpOBeleHk, €CTeCTBEHHO, H3 Hayala OTCueTa, KOTOpOe,

pa3ymMmeercs, Mbl MOX<eM B3ATb B mioGolt toyke. HMckmouas u3 3tuX
paBCHCTB yCKOpEHHE @, NONYYHM
’

o mpagP
U:U()"i—'———‘gj;q t;

- = - mg E ¢
r=r0+vot+—~—gj;q .

F
WM B TIPOEKNUSIX HAa OCH X H Y
vxzvocosao—}—ﬁsn—ﬁt;
Uy =1 sin o +-_;"1g_ﬂ;th_“{$_ﬂ t
X == 0y -} vpf COS a9 -}- q—E—’?—B-g; (%)
y:yo—}-votsinao—[—ﬂg%———m-g. (%)

Hckniouaa u3 (%) ¥ (#+) Bpemsl f, MOXHO TNOJYUUTb YpaBlCHUE
Tpaexktopun. He Oynem 3TOro neJlaTh 43-3a CPOMO3JAKHX BbIUMCJEHHUH,
TeM OCoJiee 4YTO Cpasy BHAHO,
YTO ypasHEHHe y ==y (x) Oyuer
ypaBreHneM napatonsl.

3apaua 104

OT BenoABH:KHOTO 1uapa

pamdyca R ¢ paBHOMEpPHO pac-
npeleNeHHBM 110 HeMy 3aps- Puc. 128
JA0M OOTLEMHOH TJIOTHOCTH pj,
IBHIKETCA 4acTHlla Maccoll m M 3apsijoM ¢, HMeBlllag Ha paccTos-
HHH fp OT €ro LeHTpa CKOPOCTh . [lpeHeGperast BCeMH CHJ/IMH,
KpOMe KYJIOHOBOGH, ONPENeNHTh pacCTOsIHME 7, Ha KOTOPOM 4acT!lia
6yseT uMeTh ckopocTb ¢ (puc. 129).
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Pemenune ’

Tak kak wuacTHIa NBHMKeTcS MOJ AEHACTBHEM MEPEMEHHOR CHJILI
Fyx==Fx(r), a B 3agaye QUrypHPYIOT CKOPOCTH U ITOJIOKEHH T YACTHLLE,
TO OYeBH/HO, YTO HAJO BOCMOJb30BATHCA 3aKOHOM 3HEPTHH

A Acomp — AW - AW,
U OCKOJILKY HemoOTEHLIMANbHHIX CHJ HEeT, TO
AWk -+ AW =0
HJIHN C Y4eToM
4
Q= Pa.1V =Pang mR3,

m , 4 9 o4 { 1\
5 (U _— UO) -I— /\,q El ACF\ Pon <—r —_ f—oj == O,
OTKyJa JIETKO HAXOIHM r.

3araua 105

B oanoposroe MarsMTHOEe TmoJie ¢ HHAYKNHEH B, HanpapieHHoe
NepHeHAUKY/AAPHO K 3TOMY JIUCTY OT HAC, B/JETAeT YacTHIla MaccoH /m
M OTPHIATeNLHBLIM 3aPAIOM ¢ CO CKOPOCTHIO U, Jeaulell B MJACCKOCTH
sroro Jmcra (puc. 130). Kax 6yxer
IBUraTbCs  4acTHua, ecaH  mupe-
HeOpeub BCEMH CHJaMH, KpOMe JO-
peH1eBoH?

Pemenune

Takx kak B ® U HamnpabJeHbl,
00 YCJOBHIO, B3aHMHO-IIEPIeHIHKY-
JISIPHO, TO

Fi=|g|uvB

U L Bce BpeMsl MNepNeHAUKYAAPHA
K vu B (6o Fjy Bcerga Eanpa-
BJI€Ha TakK).

Ho sto osnawaer, uto Fp 6yler
. MEHSITh TOJBKO HanpaBJeHHE CKO-
pocTH, T. €. Fp ecTp CHJA, BbI3bIBAIOMAA LEHTPOCTPEMUTENbHOE
yckopeHHe a,. IlostoMy 4vactutla Gymer ABHraTbCsl [O OKPYKHOCTH
paanyca r B NJOCKOCTH uepTeXa U

OTKyJa
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Bpemsa o6opora T ¢ yuetoM v=%’}—r 6yaer
2nm
T-tqlB

H HE 3aBHCHT OT CKOpoCcTH uacTHuH. OueBHANO, 4TO BpallleHHe MOM0-
JKHUTEJNBHON 9acTHUbl NpoHCXoaunao Okl B 0OGpATHOM HanmpaBieHuy,
T. €. NIPOTHB YacOBOH CTPEJKH.

3agaua 103

OTpI/ILIaTeJIbHO 3apdAxeHnas 4dacTHLa [IBUHXXETCS HpﬂMOJIHHCﬁHO

(puc. 131), B noasix (0AHOPORHKIX) £ H B, HANpaBJeHHLIX, KaK [OKa-
3aHO Ha 3TOM ke pHcyHKe. Haliti ckopocTh @actuin. Cuao#l TAKeCTH
npeHe6peys.

y -
; &

.i_
+

+ + + + +
+ o+ o+ + o+

+ +
+

h,‘
4

S

i

b
+ + + + +
+ o+
+ o+ o+

+ +E+ !
V7,
Puc. 131. Puc. 132.

Pewenue

Hanpaenenna Fx B Fp O4YeBMAHBI, M. OOCKC/JbKY 4YacTHUa HABH-
KeTea nPAMOAMHEHHO ¥ PaBHOMEpHO, TO

En—l—ﬁxzo

A
9] E—{q|vB=0,
OTKyJa
b E
= .
3agaua 107

BaxHON XapaKTepHCTHKOH 3apsiKeHHOHl 4acTHUB fBJSETCS OTHO-
INEBHEe 3apAfia HacTHLEl K €e Macce, T. €. -;17. Kak sasucar. ¢t —;’-1
OTKJIOHEHHS] Ay €acTHI OT OCH X, BJAOJb KOTCPOH OHH IBHrajHCh
C OJMHAKOBOH HauaJbHOH CKOPOCTHIO Uy, €CNH SJIEKTPHUYECKOe IOJe
HanpaBJ/IeHO BIOMb OCH y H paBHO E? Bce wacTHiel HPOXONST OfMHA-
KOBOe pacCTOsiHHe BIOMb ocH X (puc. 132). CuJsoli Ts:kecTd npexebpeus.
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Peumienue

Ouepnnno, 9T0 Ha TMOJIOXKMTEJbHBIE UYACTHIB NeHCTBYET CHJIA,
HarnpasJieHHAsl BHU3, @ Ha OTPHLaTe/IbHbIE — BBEPX, COOTBETCTBEHLO
M OTKJIOHEHHS GYLyT NPOTHBONONONHHMH. Ilockombky noae E ro-
CTOSTHHO H OJHOPOAHO, TO, HAmpHUMep, A TOJNOXHTE/IbHOH 4acTHIbI
¢ yuetoM Fy=0 1 vy, =0 nosyunm

2
X =yl Ay:% E%.

Hckmiouan orciofa ¢, nosyuaem
Ex* ¢
A —e— o
Y 208 m

M3 3T0r0 COOTHOILIEHHS, €CJM HEOGXOLUMO, MOMKHO HalTH ;% aad
YacTHIL II0 HX OTKJIOHEHHAM Ay.
* 3apaua 108

[Hapuk maccoft m M C NMOJOKHTENBHBIM 3apPAIOM ¢ NOABEWIEH Ha
HEepaCTSKHMOH HHTH JUIMHOH [ B TODPH3OHTAJNBHOM 3JIEKTPHUECKOM

LULLULLLLLL 2007 % 7
g
&Ko
. 7 R
£ fu
e
Vrzj/’ T Imy
X't
X2
Puc. 133.

none E. Hurb orkaonunn Ha yron ¢ OT BepTHKaJH ¥ OTHYCTHJAN.

Kakxogo 6yner ee uarsi:keHne T B MOMEHT MPOXOMKACHHA LIAPHKOM
paBHOBecHOro noJjioxenus (puc. 133)?

Peutenue

O‘JE‘BH[{HO, yTo npexje Bcero Haao ONpeac/intTb MNOJOXKEHHE
paBHOBECHS, Hanpumep, Hafna yrosa o, KOTOpblﬁ COCTaBJIACT HHTL

C BepTHKa/bi0 NPH paBHOBeCHH cH Fy, Ty u P.
140



13
mé"(—TU‘{“ ﬁkz

HJH U3
— Tysinag -} gE =0,
Tocosayg—mg==0
HaxoQuM

=

GE

tg’lo——— PR

l

v

Hng waxoxnenns T, T. e. Toil cHJLL, ¢ KoTopoit Oyaer pacrs-
IiyTa HATh NIPH JIBHAEHMH WIAPHKA, HMeeu

P4+ T Fo=uma; (1)

At Aconp =AW AW, AW (2)

TTockosibky ABHx€HME MPOUCXOANT NO OKPYMKHOCTH, HMEET CMbICH
Hanucatbh - (1) B mpoekuuu Ha pajmyc BpauleHHd, T. e.

mu?l
—mgcosag-+T — gE sinay==—. 3)

MNockoabky T_| v, 1o A==0, a MOCKO.IbKY CHJS CONPOTHB/CHHA
B 3ajlaue lLie YNOMSIHYThbl, TO H Aconp=0. Papencrso (2) nepenuiuew
NOTOMy B BHLE

0= %l'(vi—vi)”l‘mg(ye—!/l)-{-qE (xg — x1). (4)

Tak kax U1 — CKOpPOCTh wWapHkKka B [I0JOK€HHH 2 pasHa HyJ/Mo, a

Yo — == — [ (CO$ 25 — COS ), (5)

U
Xg— Xxy==1(sin 2y — sin a), (6)

TO coBMecTHoe pewene (3) u (4), 1. e. uckmouenne u3 (3) u (4)
v3, naet ¢ yderom (5) u (6)

T=mg (3cosay — 2cosa)-gE (2sina —sin 7).

3apaua 109

Konuueckuii MasTHHK Maccoil m U MOJOXNKHTEALHLIM 3apaaoMm g

Bpauaercs B ¢ B E noasx, npuuev £ HanpasieHO ropH30HTAAbLHO.
3Hafl AJAMHY HHTH MasTHHKA [, HaliTH YroJ 2, COCTABACHHBIA HHTHO
C HOPMaJIbIO K TJIOCKOCTH Bpalienus, H yroa B mexay 310i1 bop-
Mafnplo U BepTUKanbio (puc. 134).

141



Pewenue

(‘qesmmo, MasiTHHK CynAeT HaXOAUTHCS B YCTONYHBOM ABHIKEHHH
L. «pYry, ecnau pesy AbTUPYIOIIAS CHJ qE n mg Gyaer TepmeHiHKy-
JApHa K MJIOCKOCTH OpGUTH (no-
JOSHO TOMY KaK KOHHYECKHH
MasTHUK, BPALIAIOIUACHA TOJNLKO
B ToJe TsiKecTH, 6yIeT B y_gTogl:

YHBOM BpalleHUH JHUIb NDH U [ &,
T. €. IIPH TOPHU30HTaNbLHOH IO~

Puc. 134. Puc. 133,

CKOCTH Bpaiienus). Ilpu sToM mosyuuMm B NpoeXUUH Ha Pajuyc spa-
WEHAS r W HOpMalp 7

T sin o =m4=*f*r,
—V mg®F ¢ E* 4-T cosa =0,
CTKyAa ¢ yuetoM r=/[ sina

VT

COS & = Imifil

¥Yron 8 maxomurcs, oueBHAaHO, H3 Toro, uro (¢E -}-mg) napaa-
JIeNIbHO 7 H, 3HAYHUT,

— 9E
gb=r g
3apaua 110

Cuntast, uTo 3JeKTPOH BpailaeTcss B aroMeé BOAOpOJa BOKPYT
fipa 10 KPYroBolh OpOMTE, HAaHTH OTHOWEHHE NOTEHUHANLHO
HEePrud 5/EKTPOHA K €ro KHHEeTHUecKod sHepru# (puc. 135).
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Pewenune

OueBuarno,
-_— kq3
Wy 1
We — mo? (1
2

(sHag ,mHHYC® OCYCJOBJEH TeM, 4TO 3apdAibl AAPa U IEKTDSHA
NPOTHBONO/JOKHLL IO 3HAKY), H TaK Kax

—

Fo=ma
nin
kg® _ mo? _ 2)
ré - r ] -

To, mojactasaasg u3 (2) B (1) sHauenne ¢?, moxyuum
L —)

Wy

CNIYTHHKOCB, JBHKYIIMXCH IO KPYLOBEIM OpSUTaM.

Bazaya 111

B BepruxaspHOf abcomoTHO raajkof TpyOke HAXOAATCA L3
OJUHAKOBLIX 3apsXEHHBIX [MAapHKa MaccaMH /M € INOJOKHUTENbHbIMH
3apsgaMH ¢ M paguycamu R (puc. 136). B Hauanbuelil mMomeut
WapuKi HaXOAHJHMCH BIUIOTHYIO APYr K APYry, a sarem Oblad OTHY-
wenel, Kaxk onu GyayT asurarbcs,

ecy OTIYCTHTh: a) o0a LapHka,
6) TONLKO HMXKHHP, B) TOJBKO
BepxHHAP? CuHTaThb CHJB TPEHHH
HHYTOXKHBIMH U 3apfJH BO Bpems
JBU2SEHHA HEH3MEHHBIMHU.
£
Pewenue 7
, Y
a) Ecau paccrosigne mexny i [ z
miapHkamMu r, TO OHH B3aHMOJZeli- g ‘ ? il
CTBYIOT C CHJIOH
y o . /}?) o
F=—¢. [ 74 4
LleHTp Macc CHCTEME! IBHIKETCS 5 g
BHH3 C YCKOpDEHHMEM g, a YCKO- % f,'o
penie INAPHKOB JPYF OTHOCH- ‘\AZ 72\
1eJbHO Jpyra COCTaBJser mg
2/3(]2 V777077777777 7777777
Goru == s Puc. 136.
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0) Llapuk Gyner AsHraTbCSl BHH3 € yCKOPEHHEM

a =

rim*

B) Ecnu m, ¢ 1 R TakoBBl, 4TO B Haua/LHbIl MOMeHT mg==qFE,
TO BEPXHHH lwapuk B JBUiKeHHe He npujaer. Ho ecin mg<gE B
HAauaJbHBlH MOMEHT, TO MIapHK INOfiIeT BBepX CrnepBa YCKOPEHHO 10
NOJIOXKEHUS £y, OlPEeAeMOro ypaBHEHHEM

2
mg =2,
a 3areM 3amelJeHHO. B HekoTOpo#l TOuKe, HA PacCTOAHHH 7 MEXIY
LEHTpaMy, LIapHK OCTAHOBYTCHA, TOTOM nofJer BHH3 B Oyaer

. konebarbes. [Tloncxenue
/ r HalHjgeM C - yueToM
vp=v=0 us3

AWg -+ AW p=
HJH
mg (r — r) -t
(7 —7) =0
HJn

k ]
mg(r — =4 — ),

OTKYAa C yuetoM ro==2R
nosyuaem
kq?
r=—a_
2Rmg

3apaya 112

JlBa OAMHAKOBBIX TIO
BeJHYUHE U MPOTHBOIO-
JIOXKHBIX TIO 3HAKy 3apd-
Zia HAXOAATCA HaA paccrod-

Puc. 137. uuM [ Apyr ot jApyra.

Haittn E u ¢ B TOUKe,

onpelenseMoit yraom o~z 90° Ha paccroAaHuu r, oueHb GOJBUIOM NO
cpapHeHuio ¢ [ (puc. 137).

Pewenue

B cuay Toro, uto r>l yron Mexay ry u rg mai. F tak kag
rAsry, 10 Ei~E, a- E cocrasager ¢ 7 yroj, NpaxkTHUecKH paB-
Heiit 90°. Beanuunny xe E Halizem caelywompm obpasoM.
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OTKNafpBas HA £y BeJUUAHY ry, [MOJYYUM - TPEYTOJLHHK  CO
cToponamMu re, r; ¥ AB, TnonoGHell TpeyroJibHHKY €O CTOpOHa-

mu E,, Ea v E, u toraa
E [ sin a
—_—

B T
a2 TaKk Kak
klg|
EQZ rg y
T0
E~E [sina  kig|lsina
& —= w -

[ re
Uro racaetcsl ¢, TO C YU4eTOM pasHblX 3HAKOB 3apsA0B HMeeM

1 1 Riqgi(rg —ryp kiqgllcosa
e=atn=hlgl (g — g ) =T T

14. K OBOCHOBAHHIO BLIBPAHHOI'O CIIOCOBA
PEWEHHS 3AJAYH

Yacro yuammecs Mpy peulleHAH 3aJaud BBHITHCHLIBAIOT YyTh JIH He
Bce (hbopMyJbl, KOTODLIE OHH 3HAOT, W 3aTcM MLITAIOTCH KaK-10 HX
CKOMOHHHPOBATh AN IIOJIYUSHHSI OTBera. 1akoe «pelleHHE» 3agaud
BPAA JiH ABJSETCH LeneccobpasHbM, 1eM 6Go/ee uTO Aae IIPH 1MoJy-
YeHHHM BEDHOTO OTBeTA CMLICJ XO0Aa pellieHHs YCKOJb3ael, yBepeH-
HOCTH B MNDPABUJNBHOCTH €r0 HeT M y Yyuallerocs ocTaercsi Hempust-
102 YYBCTBO HeyJOBJETBOpeHHOCTH. O HajHuMU K€ JOTHKH, CTPOii-
HOCTH H 3aBepILEHHOCTH pPemIeHHS NOPH TAKOM METOAC HE MOXKET OblTb
H peun.

Kax ke npHCTYNHTb K peUIeHH:0 33Ja4H H HPOBOANTL €ro?

Bo-nepBulX, HajO NPUICPKHBATLCSI TIPUMEPHOH CXEMBbl peuleHus,
npuBefendofi B pasfene Il macrosiero nocobus.

Bo-BTopblX, M 3TO O4eHb Ba)KHO, He HAAO NLITAThCsl CPa3y Jera-
JH3UpOBaTh 3ajady, 3a/aBaTbCd BONPOCAMHM, KyAa [e€BaTbh Te HJIH
HHble JaHHble 3a]aYH WJH OTKYZAA B3HTb HEJOCTAICLIHE.

B-tpeTeHx, Halo NPaBHJALHO BolGpaTh UCXORHGE PABEHCTBO HJIH
paseHcTBa. BrisicHuM nocaenHce.

B mpuniuune, ecau Mbl ymeeM CBs3bIBATh MeKAy cofoll yckope-
HPe, CKOPOCTb H MepeMeuleHHe Tejia €O BpeMereM IpH JofoM ABH-
2EeHHH, To AJIs pemiedHud o060l 3ajaudl AMHAMHKH JAOCTATOUHO TOJBKO
snauusa 3asonoB Heotona. Ho yuwaumpecs cpepneft wKoasl ymeioT
CBA3bIBATL yKa3aHilble KHHEMATHUECKHE BEJHYHHBI JAHIUb AJIA CJAyYas
paBHonepemedHoro ABH:eHns. OTCOfa CAELYeT, 4TO BO BCEX APYTHX
Clydasix, T. €. KOrja AeHCTBYIOIIHE Ha Teja CHJbl SBJAAIOTCH Hermo-
CTOSIHHBIMH, MCII0/Ib30BaHHe 1P peILeHUH 3ajaud BTOPOTO 34KOHA
Hbiotona cranoButcs 3aTpyAHUTENLHBIM, OCOGEHHO IPH KPHBOIHHCH-
HOM gsuxeHuu. Ha - noMowp B 3THX Ciay4asx U MPUXOAAT 3AKOHLI
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M3MEHEHHs HMNyJbCa M 3HEPrHH (MM B 9acTHBIX CJydYasix 3aKOHbI
coxpanenus). [loatoMy, ecau B sajade YIOMHHAKOTCS MMOCTOSHHEE
CHJIBI M HHMYEro He TOBOPHTCA O pafoTe, SHEPrHH, MOUIHOCTH, UCXOI-
HBIM yPaBHEHMEM MOKeT CJy:XKHTb BTopoii 3akoH HelotoHa.

Ecin B mpouecce, omuchiBaeMoM B 3ajaue, AeHCTBYIOT NepeMeH-
Hble CHJBl M M3 KHMHEMaTHYeCKHX XaPaKTepPUCTHK ABHXKeHHA Qury-
pPHUPYIOT TONBKO CKOPDOCTH, PasyMHO HCXOJHTh H3 3aKOHA H3MEHEHH
UMIV/bCA, 4 €CIH ero AJIs PEleHHs HeZOCTarOuHO, TO HCIIOJbL30BaTh
3aKOH II3MeHEHHS 3HepIuH (KaK B CJyuyae, Hampumep, YAapoB Telx).

Ecau npH HaaMuMy TepeMeHHLIX CHJ 32Jal0TCS NOJOXKeHHS TeJ
1 MX CKOPDOCTHM, HO HE YNOMHHAIOTCA YCKOPEHHUA, HCXOLEBIM DaBeH-
CTEOM 2BJIAETCST 3aKOH H3MEHEHHA HEPruu.

AVEARARERNRRRRRRNY AANAENARRRRARRRARRARRANANN
Puc. 138,

EcrectBenEo, mpu ynomMuuanuu B 3ajade pafoThl KM MOLIHOCTH
3a HCXOJEOC HajZo Oparb COOTBETCTBYIOWHE (FOPMYJIbI

N:f;i wi A= FAscosa=F,As.

Ilpu stoM mHano momEeuTh, uTO ¢opMyna A= F;As cnpasennnsa
JUWL TpU NOCTOSHHON Fj; ech 2Ke cuna NepeMeHHasl, TO Hajo
[ICJB30BATECA 3aKOHOM H3MEHEHHA SHEPIHH U/ YCPeAHATh Fi.

EctecTsennc, 4yto B Cojlee CJIOXKHBIX 3aJauaxX NPHUXOJUTCS IIpHU-
GeraTe U K KOMOHHALHAM HECKOJIBKHUX GopMyJ.

PaceMoTpuM HECKO/BKO NPHMEPOB Uil II0fICHEHHA CKas3aHHOIo
B 2TOM pasjene.

fpumep 1. Dpycok cockanb3blEaeT © BEpPILMHBI HAKJCHHOM IJIO-
CKOCTH BBICOTO!l A, W yrioM a npu vy==0. Hafitu cxopocTs Gpycka
y TNOAHOXKbS IJIOCKOCTH, e€cad Ko3QduuueHT TpeHHA paseH &
(puc. 138). Cgenas uepTexk H paccMOTpeR CHMLI, AeHCTBYIOLiHE Ha
6pycok, yGexnaeMcs B TOM, UYTO OHM IOCTOSIHHE!, M 3a HCXOAHOE
CepeM BTOpOfl 3ason HreioTona

mg —+ Fup -+ Q=ma.
Kpome Toro,
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fIpoeKTHpYSt BEKTOPH HA OCH X H Y, NOJYUAM C yUETOM Fyp=£Q,
ay=0u a,=a
mgsina — kQ =ma;
—mgcosa-+Q=0;
% — v}

2s =4a

OTKYAa [0 HCKJIoueHRHHn @ H g moayuuu

2 9

VT — Uy .

——Tozg(sma——kcosa),
I TaK Kax

5=
T sina’

TO

2k . . -

—%—“smu:g(smz—kcow),
0

OTKyZa € yueTOM v0=O noayuiaM

v="V2gh, (1 — k ctg 7).

C l(perfI CTOPOHDBI, B 2ajayde YNOMANYTLI NOJOXKEHHA TEJaa I €T0
CKOPOCTH. I—IOSTOMy MOZKHO HCXOLHTL H3 3aKOHA H3MCHCHUA SHEPTHH

A+ Acomp =AW,
Tak kak Q_ v, To A=0 n, 3HaunT,
— Fops = (%—[— mgh\/ — (mzv 3 “+ mg/u)) .

Tak xax F;p=4kQ, vy=0 u h=0, 10

— kQs =" — mgh,.

Jna naxoxgenns Q Hajo y4ecTb, YTO NONMEPeK IVIOCKOCTH Yy Gpycka
YCKOPEHUA HeT, T. e.

Q—mgcosa=0,
C yuetom

o
sin a

MONYYHM
ko mu?

— kmg coso = - — mghy,

OTKyZa OHATh

v="V 2gh (1 — & ciga).
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21y xe 3ajayy MOXKHO DelHTh W HCXOAA H3 3aKOHA H3MENeHH:
HMIyJbCa Tena

(mg -+ Frp -+ Q) At = g — may,

2s

8
YTO B NPOEKUUAX C yueToM vp=0, F;,=FkQ u At:&‘ ==
cp [

D
@

JAact

(mgsina — 2Q) %s = mu;

—mgcosa-}Q=0.

h
OTkysa, Hekmouast Q@ U yuHTHIBAs stmoa’ NOJAYUUM

v="V 2gh, (1 — kctga).

EcrectBenso, 4YTo 5TH pelleHusi BCE IKBUBA/JEHTHBI, HO MepBHIF
¢nocol € HCMOJIB30BaHUEM TOJLKO BTOPOTO 3akoHa HbloTOHa HECKONBKO
npoize.

Jlerko BHZeTh, 4TO Macca OpyCcka He HIpaeT POJIH B JaHHOM
cayyae, TaKk UTO He HaJO 3aiyMblBaThCd, Kak 5TO uacTo OblBaet

C yyallUMHCS, Hal TeM, OTKyAa
ee 6parb.
. HyXHO mOMHHTB, 4TO uacTo
Ap 11e00X0oLHMbIe Ha NTEePBLH B3N A
q BeJUYMHBl  IIOTOM TaK WHJH
o) HHaue INIPH peILeHHH YXOUAT,
nopo6uo Macce 6pycka B 3TOH
sajaue.
mg Mpumep 2. C kpusoro xe-
» : ; Jo6a BuICOTOH My M AAMHOM !
iz cockanb3bizaer OpycoK  Mac-
Puc. 139. coit m. HauansHas cropocTb
: 6pycka v, KOHeunas  U.
Hatitu cn.ny TPeHHus, JAEHCTBYIOUYI0 Ha OpycoX NHPH ero JABHKe-
HUH (puc. 139).
Ouesnano, uro Ha GpYCOK Hapsiy ¢ MOCTOSHHOH cHOf mg

AeMCTBymT NMepeMeHHble 10 BeJHUMHe H MO HampasJenHo Q H Frp
C xpyroii cropoHr, B 3ajaye YIOMSHYTH [OJIOXKEHHE Tesa H ero
CKOpPOCTH, I03TOMY PasyMHO NMPHMEHHTb 33KOH H3MEHEHHsI 3HEeprHU.

A + Acoup =AW.

Tak xak Q_| v Bce Bpems, To A==0. Cuaa TPEHHs BCE BPEMs

HanpasJjeHa NpoTUB CKOPOCTH, T. €. yroJ Mexiy FTp H v papen 180°,
Ho Beanunna Fy, menserca M3-3a u3MeneHds BeauunHel Q. [lostomy
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MOXKXHO HAfTH TOJbLKO CPEeRHIo CHAY TpeHdd F.,. YuuThiBasg 310,
MOy YHM

— Fpl = (ﬂ;ﬁ-|— mgh) — (—”%1 - mghg) ,
oTkyna ¢ yueroM h=10 Haxoaum

v} — v?
cp == l ( ,'lo ——-2—'>.

Npumep 3. Kypannga maccolt m nagaer cBOGOAHO ¢ BHICOTHI /g
na wxojt maccoft A u 3abusaer ero na Al B semswo. CuMrtas yaap
KyBaJjiipl O KOJI abCOJIOTHO HeynpyrHM M MIHOBEHHbIM, HalTH cped-
HIOI0  CHJY  CONPOTHBJGHHS

rpyHra (puc. 140).
OuesugHo, 34eCb  HMEIOT
me

MEeCTO CJAeAYyIIHE TPH OCHOB-
HBIX AJist 1aHHO! 3ajaull Tpo-
mHecca: 1) najenve rpysa m ¥
NoJ, feficTBHEM CHJIbI mg; 2) He-
yhpyruit ymap Ttea; 3) coB- L
MeCTHOE JBMHIKCHUE TeN TOX 47
JedcTBHEM IepeMeHHBIX CHJI. 77

IlepBbiit mporecc BROJHE
onuchiBaeTcst JoCbiM H3 ypas-
HeHHH;

e %
. o ‘/ ?
F=ma; Ap=FA¢ (m+M)T

" A'—{"Aconp:AW- Puc. 140.

Bropo# mpouecc onHchbiBaeTcsl 3aKOHOM COXPaHeHUs HMIOYJLCa
(nG0 u3-3a MTCHOBEHHOCTH yAapa HMIYJbC BHELWHUX CHJI DABEH HYJIO).

Tpern#i mponecc onucwiBaercsl, Kak H nepBhill, W0 XOTH cuUaa
CONPOTHBJEGHHH H fepeMellHasi, HO HalpasjeHa BCe BPEMFA B OAlY
CTOPOHY, M YPABHEHHH HMEIOT BHA!

Fcp_macp, Ap__FcpAl‘ H A Aoy =AW.

Y:Ke roBopuJoCh, uTO yaofHee NPH HANHUMH NIEPEMEHHBIX CHJ
N0JIb30BaTLCA 3aKOHOM H3MeHeHHs 3sHepruH. Fum Tem Gonee moxno
1OAB30BATHCA M Npu AeHCTBHH NOCTOsiHHBIX cuJl. [lostomy onuiuem
LepBLil U TPETH NPOLECCh 3aKOHOM HM3MEHEHMA SHEepPTHH, & BTO-
poli — zakoHOM H3MeHeHHA umnyJbca. Torza

A, -+ Ac‘onpl = AW,;
Apy=0;
AS + Aconpa - AW?»-

QAN

Taxk kax 1o ycnoeruio
1== Aconm = Ay= 0,
TO
Wou=Wi pu=psy Aconps Wi — W
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PackpbiBasi 5T4 papeHCTBa, MOJYYHM
mghe + '%i = mgh, + mTv%;
mug == (M-~ M) vy;
— FeoAl = (m M) (gha + 5 ) = (- M) [ghuo + %),

Yuursipasi, 410 Un=v3==0; vj==Up=0; Ua==CUg=1u; hu="ho}
hi=hp=Al 1 h3=0, nmeen

ghn=gh+%;
mv=(m-+ M)u;
— Fepbl == — (m+ M) (gl + % ).
Uckmouas orciona v u u, HaiijeM
Cp——(ﬂ—‘—/”)g+‘rqé%’§%’g

Mpuvep 4. IBa rauusiHbIX [MapHKa ¢ MaccaMd iy H My IPUBA-
3aHBl B OJAHOH TOYKe NOTONKA JJIHHHBEIMH HHTAMH [j==l=1[. HXx

AL M.{éééiéh’/é’:‘[ﬁ
Ly foc)
.
04‘\
o
{
i M 4
h/i / hz h
-+ =
l (m, ’mz)&’
Puc. 141.

OTBOLSIT B CTOPOHY TakK, UTO HHTH 00DasyloT yIJbl oy M &g C BEpTH-
Ka/Jblo B I[AOCKOCTH ueprexa, M ornyckawr. Ha kaxoii yroa ond
OTKJIOHATCA TPH UX HEyNpPYroM yaape B HikHell Touxe (puc. 141)?
Moxuo Opiio 6Bl pewaTsh 3Ty 3ajasy MoJOGHO MNpelblLyLuei:
BHIHCAThL CPa3y BCe VpaBHeHUst, OToOpaxKalonyue HHTEpeCyoue
Hac npoueccH. Ho yuamuecst ne Bceriza MoryT sto cfieslath. [loatomy
BoiOepeM HMHOU XOJ pelueHus.
Hac wunTepecyeT MMEHHO yroJl OTKJOHeHMSI EuTH «. M3 ueprexa
BHJIHO, YTO
h=1(1 —cosa). )}
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Jlasg HaxXOXKAEHHS o HEeOGXOOUMO SHATh A. Ho BhicOTa noguATHS A
ecTb pe3yJbTaT TOrO, UTO WAPHKH HMeNIH B HMXKHeH TOuKe CKO-
pocts u. Tak KaK M3 HUXKHEH TOYKM JABHIKEHHE MPOHCXOAMJIO MO
JeficTBHEM IepeMeHHBIX CMJI, TO OYEBHAHO HCMOJIb30BAaHHE 3aKOHA
S5HEepPIHH B BHIE

mi;lu_ = (my -+ ms) gh; ®

rouOHHEUDPYA (1) u (2), moayunm

gjg:l(l —cosa). (%)

A temepnr meoGxoaumo sHaTh . Ho u ecTb CKOpOCTH Ted HOCHS
Heynpyroro yiapa B HHUzHefl Touke. SHAUHT,

mo, -+ MUy = (f11z ~+~ 1) u.
Cuuras HanpasJielne BIPaBO MOJIOKHTEABEBIM, HMEEM

M0y — msv; == (M —- my) d. 4)
Hcekmouas u3 (3) u (4) 4, noayuum

(myoy == myvy)*
(i1 = mg)* 28

HeofxonuMple vy ¥ 0; HAXOAAT H3 TOrO, YTO NPH JABUMAKEHHH HIapH-
KOB K HHIKHEH TOUKE 3HEepPrdd KX He MEHSIOTLH,H 3HAUYHuT

=/{l —cosa). (5)

mvi

myvs
5 H meghy ==, (6)

I711g'71= 5

Torza (5) Gyner umeis BUR

(m, VZgh, — m,V ch,)*
(my - my)* 28

U TaK Kak hy=1[(1 —cosay), ha=1(1 —cosay), TO

[ml V 2gl (1 —cosa,) —m, Vgl (1 —cos ag)]g —

=/(1 —cosa),

(my+ my)* 2g (1 —cosa).
[To coxpaurenun Ha 2g/ moayunm
(m, VT =cosa, —my V1 ___C—“‘—Os%)ﬁ:l cosa -

i, F

. a
Yuurwsas, uro 1 —cos ai=231n2-2i, H HU3BJIEKas KOpeHb KBaj-

paTHbll M3 paBeHcTEa (7), NOJTYUYHM

my sin 2t — m, sin 22
- i 2 —sin &
my + my — 2
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D107 cmocoS pellents Xopoul TeM, YTO Kamaoe npeabiayuiee acH-
CTBHE CO Bceil REOOXOMIMOCTBIO yKasuiBaeT, HTO HAAG 1eJaTh janbilie.

Heficteutennno, 13 pasencrtsa (1) BriTeKaer HEOBXOAHMOCTH HAXOXK-
upends k1 I Ilockombky [ Gpath HEOTKyjAa, OHO [0 HOPbi RO Bpe-
MmeHd OyheT MepexoAuTh H3 NPEIbAVINHX pPaBEHCTB B Mocjelyiomue
H, MOoxeT ObiTh, TaK WM HHaue yiiper. YUro kacaercs /A, 10 010
naxointess M3 ypasuenns (2). Ho n3 (2) Bmrenael HeoOXOIHMOCTH
onperesexns 4, 4ro npusoaut kK (4), a (4) k¥ (6) u 1. N

Has paspiTtHs HaBHIKOB B peIifHUM 3ajau reodXoauMo KOMOHHH-
poBaTh pasnHuHbie CNocoObi pellleHHsi KaK B Npelenax oiHof sajayd
(npumep I), Tak U mpu peuleHdH pasauunbix 3agau (npumepti 11
n V).

[Monesno pemuts 3agauy KakuMm-J6o cnocoboMm H Xota O Habpo-
CaTh XOI pelieHUs APYTHM CIOCOGOM.

Ouvenp nosesHoll siBadeTcs TPEHHPORKA Ha COCT4BJIEHHE YpaBne-
Hili, 0TO6paKaloUIMX MPOHECChl, 0 KOTGPhX FOBOPHTCS B JaHHOH 3a-
nayge. [ockonbky foBenenye o YHCAEHHOrO pe3yabTaTta 31ech Heobn3a-
TEJbHO, 3TO 3HAUUTENBHO SKOHOMHT BpeMd, a ¢ APYrofi CTOpoHbl — JIpPH-
yuyaer yyalgxcs HIHNpe CMOTPeTh Ha NPOKHCXOIFILHE fBJCHHS, Bbipa-
GarpBaeT y HuX cBoGoAHBIH, cMeanil 1moaxoi K peienuio 3azad. Ilpu
570M, €CJIM €CTh BO3MOXKHOCTb DPelINTh 33jauyy HECKOJLKHMH CIIOCO-
G6amu, crexyer epiGpaTh Hak€oJ¢e pallUOHAABHEIT i DU 5TOM, KOHEUHO,
MmoTHBHporath cBofi BriCop. (IlpaBna, Ttakyio paboty 6e3 yyurens
BLINOJHATE TPYAHO, HO oT4erc 6b! H He NonpoGoBath, OCOOEHHO €CJH
33HHMMAercsl COBMECTHO TpyNMNa yyauwlHxcs.)

[losicunm ckasanHCe fpHMepanMH.

Mpumep 5. Bpycok cockanbsbiBaer ¢ HaK/JIOHHOM MJOCKOCTH 1y €€
NOJHOXKHS HEYNPYTO coyjapserca ¢ ApyruM Gpyckom. Onncalb mpo-
HCXOARIIKE HPCIECChl ¢ TOUKH 3PeHHA MeXaHHKH.

Pas6op. OyeBuino, 4TO «HANpALUMBAIOICA» TPW 3Tana B HAHHON
3anaqe

,HBH}KGHHG 6pycka no micckcetd. Ouo omuchiBaercs  OOHM
13 ypasueuun
F= ma;
FAt = mu, — ml—{'o;
A+ Ay =AW,

Kakoe ©3 MHCXOAHLIX PpaBeHCTB JAyulie, ¢ IIOMOILBIO KaKoro
npole pemaercs 3ajava, 3jiech cKasaTh Hesb3d, HO0 3ajaua
chopMynHpoBaHa B oyYenb ofwieM BHJE.

2. Coypapenue. OueBHIHO, YTO €AHIICTBCHILIM HCXOLHLIM paBed-
CTBOM SIBJAETCA YPaBHeuue

FAt = (my - ms) & — myoy,

160 RpH ynape HEHCTBYIOT MEXKAY TeJaMH nepeMeHHLe CHJH CTOJb
CJIOXKHOTC XapakTepa, YTO BOCNOJL30BAaTbCA BIGPBLIM 3AKOHCM HET
BO3MOXKHOCTH. TakK Kak yjap NPOMCXOIHT JOCTATCUHO GLICTPO, 1O BMme-
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CTO 3aKONa HBMEHEHHs  WMTVILCA HYXKHO BOCTOMAR3ORATECH 3aKOHOM
€ro coxpaHeHus. :

3 CosmecTroe nBHieHHe ODYCKOB OMNHCHIBAETCS, KaK H Ha nep-
BOM 3Tamne, Jio6biM M3 TpeX yPaBHEHHI, HO HAMHCAHHHWIX yX&Ke A4
Tena maccon (my— my).

flpumep 6. Heckonbko CBSI3aHHBIX HUTAMH GpyCKOB IBHKYTCH
NoJ1 fefiCTBUEM MOCTOSTHHLIX BHEIIHHX CHJI 10 HEKOTCPOil MOBEPXHOCTH.
CKoJBKO Ten HeoGXOIMMO pPaccMaTpHBAaTh, CKOJIBKO YpaBHEHHN BTO-
pOro sakoHa Hal0 HAMHCATHL?

Pas6op. OueBnmano, ure Ha Bompoc Tak copMyaHpPOBaHHOMA
524491 OTBETHTL HeIb3f: HEeOOXOMMMO 3a7auy KOHKDETH3HPOBATh.

I. Ecnu Hatskenusi HuTe#l HAC He HHTEDECYIOT, TO MOKIO
(1 pasyMHO) paccMaTpHBaTB cHeTeMy OpYyCKOB Kak elnHoe Ted
I'lpu sTom, ecnu IBHIKeHHe MPOHMCXOIMT Ee MO OAHON MpAMOH, a 1o
ReCKOJbKHUM (Hanphmep, MO IBOHHON HaKJOHHOH IJIOCKOCTH NpH
HaJqnuyuK 670Ka, uepe3 KOTOPHIH NEePeKHHYTa HHUTh), TO JAOCTATOYHO
HanucaTb BTOPOH 2aKOH JAs CHCTeMbl TeJl, HO 1€ B EEXTOp-
noil ¢opme (yckoperHss GpYCKOB HEOLZHMHAKoBh!), a B MNPOEKHMAX
Ha {- ¥ A-HanpaBlieHHS.

2. Ecau warsixenusi HuTed WAH CHJIBL, JAeficTByonMe Ha OJOKH,
yepe3 KOTODhie HHUTH [EPEeKUHYTH, HAC HHTEPECVIOT, TO HALO CuM-
TaTh cHcTeMy, coctosiiedt u3 (N 4 1) ten, rne N — uucjo nnrepe-
CYIOIHMX Hac HUTed uaH G6JOKOB, W NHCAaTbh COOTRETCTREHHO BTOpOH
saxon s (N -} 1) Ten noposss.

Fcrecteenno, MOXHO mucaTh H B JuoGOM Cjyuae CTOJBKO Ypas-
HEHWH BTOPOTO 32KOHA, CKOJBKO ODYCKOB HMeercst B CHCTEMe, HO
He BCerga 370 LeseccobpasHo

Mpumep 7. Heckonbko OpyCcKOB JBHIKYTCSH OJMH IO OTHOILEHUIO
K APYTOMY € YCKOPEHHSIMH.

Pas6op. QueBupno, urto npH nobofl KOBKPETH3AUHH 3TOH
38/auUM, HANO IUCATb CTOJABKO VPABHEHHUI! BTOPOr0 3aKOHA, CKOJLKO
ABIDKYUIMXCS Tesl YIMOMSAHYTO B 3ajaue. [Ipw 3TOM neoOXOAUMEI ele
JIOTIOJIHATEJILHBIE YPABHEHNS, CBA3BIBAIOLUIME MEXKAY COG0H YCKoperus
TeqN.

PasyMeeTcst, uto ecau B 3ajlaue YNOMSIHYTbl 3Heprus uan pabora,
TO Ansl PELIeHHs 3afaun NOoHamRoOUTC ©0O0s2aTeNbHO 2aKOH H3MeHe-
HHA 3JHEpTHH.

fipumep 8. Dpycox nBuikercsi no KpuBOil nosepxHocTdH. KoHkpe-
TH3UPOBATh 3ajauy EaCTONBKO, YTOOH Obl1 OXHO3HAUHO ficeéH BLIGOD
crioco6a peluesus.

Pas6Gop. Ilycte nac uHTEpecyeT CHJa HOpPMaJibHOH peaknuu
noeepxHocth @ (cM. puc. 139). EcrectBenno, weobxoaumo Gyaes
BOCNOJIb30BATbCA BTOPBIM 3aKOHOM NSl r-HANpasJjeHus, T. €.

Q—Pcosa __v?
Tm T e

Otcopa RHAHO, wTO nHpolle Bcero 3aaath P, a, v B r. Moxuo

YCJIOKHHTb 3ajavy, 3ajaB He U, a BHICOTY Ay € KOTOPOH CKOJb-
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3UJI0 Teno, CKOpPOCTh €ro B 3TOM MecTe H paloTy CHJLI TPeHHH.
Toraa Heo6xoxumMoe Q Halmercs U3

m 3
Q—mg cosa=""-

Avp=(mghy+ %) — (mgh +55).

Koueuno, Bce 5TH npHMEPH JOCTATOUHO pachinisuathl. Ho mo:xHO
‘nonoOHbie TPeHUPOBKH B pasfope 3ajau NPOBOAUTHL Ha MioGBIX 3ana-
yax 3 Jio60ro salayHuKa.

U1 Hakonrel, oueHb NOJSE3HEIM SBJSETCS COCTaBJeHKe 3ajad yda-
IIMMHCS C TNOC/AeVIOINM, pasyMeerTcsl, pelieHneM 3THX s3afay CaMHMH
ke yuamuMmuca. [IoCKONBKY 370 SBASETCS JIeJOM TPYAEBIM C HENpH-
BbIYKH, TO HauMHaTh pa3yMHO C BapHauuii yxe chOPMYJHDPOBAHHLIX
sajad. STH BapHalMH MOTYT 3aK/IOYaThesl KaK B YCJOXKHEHHTX
H YIpOLeHHAX 3ajaul, TaK U B 3aMeHe OJHHUX JAHHBIX APYTHMHU.



YACTDHb II

MEXAHHYECKHME KOJIEBAHHMS W BOJIHbI

1. OCHOBHBIE NOHSATUIA

Ecnv B mpomecce cBoero HusMeHEHHS HEKOTOpAst BENHYHHA TIPH-
HHMaeT INOBTOpAICLIMECH 3HAueHUs (Yepe3 paBHhi€ UJH EHepaBHble
IPOMEXYTKH BPEMEHH), TO TOBOPAT, uT0 oHa Kojebiercsa. Cyuie-
CTBYIOT KojeSanus 6Gonee HJAH
Meree caoxuptie. Ha puc. 1 by
npencTapaeHb! rpaduxH  pasany-
HO  KOJNeOMoLedcss  BEANUMHLI

z=2(1). -»T
Lz lT
LT L |
//«\y//\\//\

/\\/\/\/’D |

Puc. 1. Puc. 2

FanGonee npocThIM BHIOM KoXeSaHUsS sBJASeTCS TaKkoe, NpH
KOTOpOM KOJEeSMoascs BeJIHUNHA H3MeHseTCs 110 3aKOHY CHHYCa HJH
kocunyca. Takoe KoneGayue Ha3sblBaeTcsl TapMOHHYECKHM. IlpuMme-
poM ero MoOXKeT CHYXHTb KoJjeSaHHe IPCexIHH pajHyc-BeKTopa,
Bpalllalolerocs: ¢ MOCTORHHOA YIVIOBOfl CKOPOCTHIO @ (pHC. 2):

x =R cos ¢ = R c0s (of 4 ¢9) = X cos (ot -} ¢y),

y=Rsing =R sin (of 4 ¢p) =Y sin (wf 4 7).
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Benuunna R=X =Y wumMeer cmblca MOAyJsl HauboJbllefl NpoekuHu
pajuyc-seKTopa R Ha KaKylo-niH6o OChb W Ha3bLIBAETCS aMIJIHTYAOM
Koaebauus paHro#t npeexuud. Bennunna

2
p=ol 4y =2rft +-go="T1-|- 30

(s3nech f—wuacrora, a T — nepHox BpalLeHHs paauyc-sextopa R)
HasbiBaeTcst (asofl rapmonHyeckoro kose€alus. Cmbica ¢asbl B TOM,
Y10 OHA YKas3blBAeT COCTOSIHHE KoJie0aTelbHOro Mpouecca: 3Has
dasy ¢, MBI MOXKeM y3HATb M3 ypaBHeHUf Z2==Zsin¢ OTHOCHTENb-
Hoe 3HaueHHe KoJeOJiOLledicsl BeNHUHMHBL, & TakMKe Xapakrep ee

™
H3MCHEHHSA. Hanpumep, €CJu (I)aSH ¢ paBHa B TO 3TO O3HauaceT, 410

Z o
2':72- 1 B JaHHbIH MOMEHT BpeneHH 2 Bo3palraer (STO Caenyer us

ki .
TOr0, UTO NpH ¢ ==& (dhyHKUHA sino peleT cefA HMEHHO Tak.> Ho

3HAHWE 3HAUEHHA KoJelJlolleficd BeNHUMHBl H CKOPOCTH €€ H3MeHe-
HMst BIOJIHE ONPerensioT cocrosinne Kosebanus. OrTciofa H BaKHOCTDb
HOHATHA (hasel KoJsieGaHUs.

Yen jposbice npoucxopsst kKoneGauus, TeM Gosbite ¢asa. [Ipu
t=0 ¢=9, u T0rAa, Hanpuvep, z2==~Z7sing, T. €. HauaapHasd
(asa xapakTepH3yeT COCTOsLHHe, M3 KOTOPOro BeJHYHHA Z Hayaja
cBod KoseGarua Hanpumep, eciiu ¢o=0, To KosebaHus HaualUCh
M3 COCTOANHUS, KOI'Za 3Hauerue koJjebmollelca BeJHYHHbl OblJIO pPaBHo
HYJIO; eCau py=_t 2 , TO KoneGanusl HayaldHCh U3 COCTOSTHUS, KOTAA
sHauerHe koaeOmollefics] BeMUHHB! 2 ObJIO PaBHO IIIOC WJH MHHYC
npu  KoTtepoMm  koJe6io-

ks

AMIIHTYAC; IPH 9o ==

LAACS BEJHUHHA HMeJNa HCXONHOE 3HAYCHHE B IOJOBMHY aMIl/iH-
TYAB, U T. 1.

Ecan =0, 10 ©==wf==2xff = 2zN, oTKyA

LE&JIEHHS1 Ha 27 NOKasbiBaeT 4HCJ0 Konaebanui, cz:enaHHblx 3a Bpewma f.

M3 onpesenenns ¢aswl caepyer, uTO C TeueHHEM BPEMEHH OHa
pacter W MOXKET €TaTb CKOJib YroAHO CoJbLLoil. )

To, uto ckasano mnpo KoseGauus NPoeKUME panuyc-BekTopa R,
B paBHOil Mepe MoxeT GbiTh OTHeceHo K JIo0biM KOJMeOMIoLHMes 10
3aKOHY CHHYCa (ujaH KocuHyca) peauuunaM. Ilpu stom Kogebaincs
MOTYT W CKa/fIpHbIC H EEKTOPHBiE BEJMUYHUHBL. ECaH HmeeTcs B BHAY
nocjejree, TO Hajlo 3apaHee Oro30PHTH, KaKoe HarpasJ/ieHHe B3ATO
3a TOJIOXKHTeJAbHOE.

[TycTts, Hanpumep, MO OKPY:KHOCTH pajHyca R [BHKeTCH Mate-
pHaJbHAasl TOYKa € IOCTOSIHHO O MOAYJ/O CKOpocThio. OueBHAHO,
Anst Cydasl, KOrja HaudajJo KOOPAMHAT B3ATO B IIEHTPE OKPYKHOCTH,
uMmeeM (puc. 2)

x=Rcos ¢ =X cos ¢=X cos (of | @),
yzRSin?ZYSill@:‘X Sin(wt_!_/\?o).

5. T € (pasa
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A npoexuu#t CKOpPoCTH HMeeM (puc. 3)
Ve==—V sing=—V sin (of - ¢),
vy=V cos g==V cos (0f 4 ¢)
Jlns npoexnufi pazMajbHOrO YCKODEHHS MATepHaJbHOR TouKH
nosayuaem (puc. 4)
ay==-— A cos o= — A cos {of -}- g;),
ay=— Asing=— Asin (of 4 ¢).

‘ HOCKOJH:KY JBE npoeKUNH BeKTOpa Ha OCH KoopjdHuar B cJjayyae
MJIOCKOro JBHKEHHA BIOJHE ONpPeACiaioT BEKTOp, TO MOXHO CKa-

J__ v
i
-
G I
' %

I
Pl

Puc. 3. Puc. 4.

8aTh, YTO paBHOMEPHOE BpalleHUe pajuyc-pexTopa R 3KBHBaJEHTHO
BBYM TapMOHHUECKHM KOJeJaHMsiM ero MpoeKuHil Ha OCH KOODJHHAT

% 1aobopoT. J10 0COGEHHO OTueT/IMBO OyJleT BHAHO, €C/IH BEKTOp R

SanMCaTh B BHAC CYMMbl €70 COCTABASIONMX HA [ M j Hampagjenud
(T. €. BAOb MONOXKUTENBLHBIX HaNpaBJAEHHH oCell KOODJAUHAT OX U 0Y);

R=xi 4 yj = X cos (of - 9o) - i - Y sin (of -} @) g
OGosnauan Xi=~R; u Y[=R;, nonyuum
R =R, cos (wt -+ 39) - R sin (wf -+ g,).

Taxkum o6pa3om, paBHOMepHOe BpallleHHe BekTopa R 3IKBHBa-
JIEHTHO JBYM rapMOHHUECKMM KOJie0aHHsiM B3aHMHO-IEPNeHANKYJIsp-
HBIX, OJMHAKOBLIX N0 MOAYJ/IO BEKTOPOB; NMpPH 3TOM KoJeGaHHsi 3THX

EEKTOPOB CABHHYTH N0 (a3e Ha - (HMEHHO Tak CABHHYTH TPHIOHO-
MeTpUYECKUe GyUKLMU cOS¢ H sin¢).
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Bce ckasaHHOE OTHOCHTENLUO I—é BIIOJIHE OTHOCHTCS H K CKOpO"

ot U W YCKOPEHHIO @ MaTepHaIbHOH TOUKH, ABHXKYIIEHCH O OKPYX-
HOCTH C ITOCTOSIHHOH 1O BEMHYHHE CKOPOCTbIO.

MoKHO TOKa3aTh, UTO €CJAM MaTepHasbHAas TOUKA JBHIKETCS IO
AeHCTBIEM CHJBI, TNPONOPLUKOHANBHON CMelleHHIO H 0GpaTHO eMmy
HATPABJeHHON, T. €. NoJA JAefiCTBHEM CHJIEI

F=—"FAr,

TO e¢ JABHIKeHHEe 6}’1{61‘ rapMoHH4YeCKHUM. STO Oo3Hauaer, ‘ITO cMere-

Hue A7 MaTepHaMbHOA TOUKH, €2 CKOPOCTb U, yekopende g u cuaa F
OyAyT MEHATHCA B COOTBETCTBHII C YpaBHEHHEM

Z=17cos (wf 4 o) uad Z= 7 sin (of 4~ oy),

rze TIOR 7 nouumaercs Kakag-1uGo H3 TEpPEUHC/IEHNBIX BeJHuHi Ar,
v a wim F. ITpumepoM Takoro nBHKeHud MOKeT OBITL NBHIKEHHE

Puc. 5.

TUPBKH HA TIpyxuHe (puc. 5) B OTCYTCTBE CHJI CONDOTHBJHUS MPH
MadbIX CMemIeHHax Ar _(cTOMIb MaubIX, 4T0 JaKe BEAHUHHA MaKCH-

MaJbHOTO CMelIGHHA AR MHOrO MeHblle JUIMHE NPYIKHHL) H IpPH
YCJOBHH HEEECOMOCTH IIDYIKHHEL (T. e. Macca NpyXHHBl HHUYTOKHA
MO CPABHEHHIO C Maccoi mpm\u) Takoro Tuma kosefaHus, mpoHc-

XOAAIIME TOA ZefCTBHEM CHA F==— kAF, Ha3BBAIOTCS MAJBIMH COS-
CTBEHHBIMH KoJeGanuaMn. OKasbiBaeTcsi NpH 3TOM, 4To Ar KoseG-
JeTCd TapMOHHYHO, T. €. Ar=AR cos (wt—i—-cpo) U /S?_._A_Iésinx
X (of -~ 9g), a uvactora 3THX KonelaHufi onpefensiercd GopmMyJoi
== - !/}1:7 unu Cosiee KOMIIAKTHOH = V , rae o = 2xf -— UK~
JHYeCKas WIH KPyroeas 4Yacrora koseGaHui.

B qopmyne F=—kAr 3Hak «MHHYC» O3HauaeT, uTo B oGOl
MOMEHT BpeMeHH CMeIIeHHe MaTepHa/bHOH TOUKH A7 H JeficTByIOWAs
Ha Hee cuaa F HampaB/eHbl HAaBCTDENy APYr APYTY.

TMockonbky cuma F BCerja HanmpaB/ieHa K IIOMOKEHHIO YCTO-

YHUBOTO PABHOBECHS, TO €€ Ha3LIBAIOT B03Bpallaioulefl (B paBHOBECHE)
CHJIOH.
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Ilose3aH0 OTMETHTb, 4TQ MpU YKa3aHHbIX KoJebaruax Marepu-
allbHOH TOYKU €€ KHHeTHYeCcKas 3SHepriss H NOTeHNHaJbHAs SHEPTrus
ﬂe@OpMHpOBaHHOﬁ NpYXHHBI, paBHbi€ COOTBETCTBEHHO

mv? kx?
L= L=,

TOXKE KOMEGJIOTCS FapMOHHMYHO, HO C YABOEHHO!H uacToToH. [leficTEH-
TeNbRO, eCnu Hanpumep v="V cos (of - $¢), TO

EK:——H——ELCO wt__{_(ro)__ﬁz_{/__ 1+CO§(22&)[+2'TFO)

2
2
= '1141 -+ ml/ cos (2wt -1~ 29y).

my®
Ipu sTom koaebanust Ey nmponcxopst okoso 3uauenus Eq=-—.
Ananoriuyro of6CTOMT LeIC H C NOTCHIMANbHOH srepruefl L koaeG-
JIOIEiCST FaPMOHHYHO CHCTEMSI.

[lo rapmoHHYHOMY 3aKOHY KOJEOJIOTCA B 3JEKTPUYECKOH ceTH
TOX M HamnpsikeHdHe. B npocToM Koxe6aTesNbHOM KCHTYpe (COCTOSiEM
U3 MHAYVKTHBHOCTH L, evkoctH C M HHYTOXHCIO CONPOTHBJEEHS R)
IO TAKOMY K€ 3aKCHY KOnReGJIOTCS TOK, HanpsKeHHe Ha KCHLEHCa-
TOpe, 3apfiel Ha ero o0KJAajxkax, 5. J. C. CAMOHHAYKUHH. B usiy-
YaeMBIX TaKMM KOHTYPOM BOJHAX [O TOMYy ke 8aKOHY KoJel/ioTes

HalpAXCHHOCTE SJACKTPUHUECKOrO TIiond E U HHZYKHHA MarrzHTHOIO

nojs B.

[lopasastomee uHCAO KojelaTeNnbHBIX I[POLECCOB B TNEHPOZL,
KCHEYHO, NPOHCXOAHT HKE MO FapMOHHYECKOMY 3aKOHY, HO MOXHO
nokasarb (Y4To JiesiacTcd B TaK LHasblBaeMOM TapMOHHUECKOM aHa-
Ji3e), UTO CKOJb YIOAHO CJIOXKHOE KoJeGanue MGXeT ChiTh IIpeicTaB-
JIEHO KaK Kakoil-To nafop IpoOCTHX (FapMOEHYeCKHX) KojeCGanuil
pasHpX uactor (MonoxpoM). OTclcpa fACHO, YTO H3YYHUB [IPOCTHIE
(MOEOX poMaruueckue) KodeGaHHd, JECKO TMOHATE H CKOAb YIOZHO
CJOXKHEIE.

Ilockonbky KoseGaTelbHHE IIPOLECCHL paclpocTpaHeHsl B MpH-
pPOLEe MCKJAIOUHUTEeNBbEC LIHPOKO (€CJAH HE NOAaBJAOWE WHPOKO), TO
GUEBHAHA BaXHOCTb H3YyYeHHA 3THX HpoleccoB. BaKHO NOHHMATB,
4YTO HE3aBHCHMO OT HX IIPUPOAB BCe IMPOCThle KoaebaHHsd OIMCH-
BaIOTCSl OZMHAKOBBIMH yDaBHEHHSIMH

z2=Z c0s (ot 4 ¢g) = Z c0s 2nft - %),

TZe Z - MTHOBEHHOE (B MOMEHT BpeMeHM f) sHauenue kojebricinielics
BEJHYUHE, Z — ee MaKCHMaJbHOe (aMIIUTYLHCE) 3HaYeHHUE.
B cayuae rapMonnueckHx KoseGaHHH BEKTOLOB

2=2Zcos (wf -} @g) == Z cos (@rft -+ o),

rre f — yacrora KoneGanuii; ® — NHKJAHYECKAS HJH KPyrosas 4acToTa
(3T0 npocTo OoObIYHAA uacToTa f, yMHOMeHHad Ha 2m),
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KoneGanua moryT pacnpocTpaHaTbCsi B CPeje B BHJAE RO3MYIne-
HHH, KoTOphie HasbiBaloTcH BosiHamu. [Ipoctele KoneSaHusi mMopo-
MEAOT APOCTble BOJIHBI, 2 CJAOMKHbIE KOJeGaHHs — CJIOXKHDbIE BOJHDI
[Mpocreitinas  posHa -~ 310
NJ0CKA"  MOHOXpOMaTHue-
| ckas Boa.

[Tnockast — anaunr  ee
! ¢pour (T. e. Ta HNOEBEpXx-
! HOCTb, [0 KOTOpPO# K AaH-

HOMY  MOMEHTY  BpeMeHH
| JOUNIO BO3MVIIeHHE) ecCTb
I

IJIOCKOCTb; MOHOXpOMAaTHYe-
CKas — 3HAUHT B [IOPOAUB-
meM ee HCTOYHHUKE [1pOUC-
XOAAT rapMOHHUUYECKHE KOJIe-
Ganuns.

Yem paapiie OT HCTOU-
HHKA HAXOAWTCA HHTEpecylo-

miast HaC TOYyka, TeM MEHbIee BpeMd OHa KoJnebjieTcsa, TEM MeHblle ee

o ’ r cosa
tdasa. OuesnpHo, uTo BpeMst KojeGanust B 3TOH TOuKe ! =1 — P

Puc. 6.

rie ;——pam/ch-Bemop, nposeleHHblii OT UCTOYHMKA /10 3TOH TOUKH,

Y — CKOPOCTb PaCNPOCTPAHEHNA BOJH B CPEJE; 6. — YIOJ MeXAY & H U
{puc. 6). Ho B Takom cjyuae Aasi KoseO/IOIUXCSA FAaPMOHHUHO BeJH-
UHH HMEeM NPH §y=0 (p,=0 mnoJsoxeHo 1AA YNpOLIEHUS BHAA

gopmy.)

- ~
Z:ZCOSO)f’: ////"—\\\\\
T e
:ZCosu)<t_r_C_oiaf>. /////;ﬁ\\\ AN
r
3T0 W ecTb ypaBHeHHe MOHOXPO- / / [/ ////—\ \\ N \\\ \\
MATHUYECKOH BOJHBI, B KOTOPO# | I \ T \ l '
KoJieGaHHS NPOUCXOASIT C Kpyro- \ \ \ \ \ \ 7 J / |
BOH (LHKJHUECKOH) YacTOTOd w. v\ o\ \ // // /
OueBupnno, ypaBHEHHE BOJHbBI \\\ \\-._// // /
nokasnlBaeT, Kak KoJeGjiercs He- N~~~ 7
Koropas EeJuuHHA b TOUKe, yaa- N\ \\ —_—"_
JIeHHOl OT HCTOUHUKA Ha pac- \\ ~ e — 7
ctosinme r. JIAsl 1110CKOf BOJIHBI ~e— -
Z=const, a pjaa ctepruecKoi Puc. 1.

L= Z‘;i’—, rie Zy— aMIJauTyaa

BOJIHBI Ha pacCTosAHMU fy OT HCTOYHHKE, Paccroﬂxme, KOTOpGE npo-

XOAMT MOHOXpOMATHYECKasda BOJHA 33 NEPHOA, HAa3bIBaeTCqd NANHON

u 2473
Boditipt. Orcrona A =uT = = OueBHAHO TakHe, YTO A — 3T0

KpaTqaﬁmee pacCTOsiHUE MEXAY ToHkamu, Kosnebanun B KOTOpPbIX
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npoucxoaat co casirom no ¢ase 8 2n. C yuyeroM 2TOTO HMeeM AJIsT
ypaBHEHHA MOHOXPOMATHUECKOH BOJIHBI

2=17cos (wt-‘—m”z“):Zcos(wt—— 27:“2“‘)_

[Tpu atom pas cgepuueckoél BoiHb a==0 (puc. 7).
Hopmanb k ¢ponTy eosiHEl HaseiBaeTcst nyuoM. Hanpaesernue nyua
U CKOPOCTH paclipocTpaHeHus (DPOHTA BOJHLI COBMAJAIOT.

2. BAMEYAHHS K PEIMEHUIO 3A1AY

. 3Banaunm Ha KoJeGaHHsl, KOHEUHO, CTOJIb Ke Pas3noobpasubl, Kak
U 2ajaudl Ha JAPYrHe pasjenn! (H3HKHM, HO H3 Tex 3ajau, KOTopbie
OCHOBBIBAIOTCH Ha WIKOJbHOM MaTepuaJse, HauboJiee HHTEPECHB 3a14UH
HA oNpeflesienye NepHoja IapMOHHUECKUX Kokedauuil.

Metomyka ux pellieEHs BechbMa MPOCTa — IS HAXOMKASHHS Meproia

/
Takux KojeGanuil nHano corsnacuo ¢opmyne T =2x ]/ % HafTtd ko-

shuiHenT BOZBpallaLledl CHABL k. 3T0 Aenaercsa cjenyiowum obpa-
3oM: 1) crmocoSroe KOIe6aThCsl OFOZO NOJIOKEHHS YCTONYHBROro pas-
HOBECHSl TeJO CMellaercsl Ha He0oJIbIIOE paccTostHue Ar U3 3TOro
TMONOMKeIMsi; 2) paccMaTpHBAIOTCA LefiCTBYIOUME HA 5TO TEJIO CHUIhI
(B TOM CMeIeHHOM TOJIO¥KEHHHU); 3) HAXOAUTCsi COCTABAAIOUIAA BCEX

CH 112 HANDARJCHHE K PABHOBECHIO (T. e. Ha Hanpasmenne — Ar) —

BO3BpaLlaKIast CHAA F.
[TosiyueHnoe 1as1 Bosppallaliiefi cub! 3naucHKue RO BCeX paccmar-
pUBaeMblX B 3TOH KHHXKe CJAy4adX OK&aKeTcs HPOMNOPUHOHANBLHBIM

CMemeHmo—Ar Crosuas nepen——Ar BeJIHUYNHA U ecTh Ko3pdu-
[HMeHT Bo3Bpaumiammiel cuibl 2. (B HeKoTOpHIX chydasx noJsoxenue
paBHOBECHS «He 6pocaeTcs B [Jia3ay, €ro Hano ellle OMpPe’esiuTh).
B cooTBercTBHK CO BTOPHIM 3aKcHoM HbioTOHa ycjorueMm paBHOBECHS
#BJSIETCS]  PABEHCTEO HYJIO CYyMMbI CHJI, IefiCTByIGWMX Ha Teso. M3
ITOro YCJIOBUS H ONPCLENAETCH IOJIOKEHHE paBHOBecHst (CM. 3ajauy 4).

Ecnu xonefyomeecst TeJ0 yvyaCTBYeT BMeCTeé C MOACTABKOM,
MOABECKON uJKM HHOH ONOpPOH B YCKOPEHHOM MABMIKEHHH, TO HAj0
HAlTH TOJOMEHHWE «DABHOBECHS», T. €. TO IOJIOKEHHE, OKOJIO KOTO-
joro OyNyT NMPOHCXOAHTb KauaHHA MAasiTHMKA MO OTHOIIEHHIO K TMOJ-
crapgke. OnaTh Ke 3TO «DPABHOBECHOE» IOJIOKEHHe HAXOAAT W3
TOrO, YTO HNOKOSIIEECS OTHOCHTENBHO MNOJCTABKH TeJIO JOJKHO HOX
peficTBHEM CHJI, NPHJOKEHHBIX K HeMy, HMeTb TO XK€ yCKopeHue,
YTO M IOJACTARKZ (Hanmpumep, 3ajada 7).

M3 ckasanHoro sCHO (a8 pelleHHs TOCJEAYIIHX 33[4au [OMOTYT
3T0 ysACHUTH eille €oJ/ce), UTO B NPHHIMIME 3ajaull Ha HAXOXKAEHUE
nepuoja Kosebanuil Tejsa CyTb 3alaud BCe HA TO e WCIOJbL30BaHWE
BCe Tex e 3akoHOB HbioToHa (MOXHO MoKasath, 4To cama ¢dopmyna

m
T=2x l/? €CTh pe3yJbTaT NpUMEHCHHUA 3aKouoB HreioToHa K coo-
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cobnomy koneGathcd Teny). ITostoMy m noaxon K pemenHio 3ajgad
H CaMO pelleHHe MaJo OTJIHYalTCa OT TeX, 4To paccMaTpHBajHCh
B pasjene ¢MexaHuxar.

CyLleCTEEHHO HOBbIM 37€Ch SIBJSICTCS JIHIIb YKa3aHHBI Bhllue
cnoco6 HaxoxzaeHus [, OCHOBaHHBI] Ha aHalH3€ CHJI, BO3HHKAMIIIUX
IpH MaJOM CMeINeKHH Teja H3 DaBHOBECHS.

3azaud Ha BOJIHB YK€ MaJO MNOXOXH Ha 33aJaul O ARHKEHHUR
matepHanbrol ToukH. OHO H HOHATHO — BOJHA €CTb OODLEKT, cylile-
CTBEHHO OT/AHualoWuics OT MaTepuaabECH TOYKH — ApyrHe CEONCTRA,
IpyrHe saKOHOMEPHOCTH, Ipyrue ypabrenus. Ho nexortopnle ofime
4epThl €CThb. 3TO, INpEXLe BCEro, YKasaHHas C(xeMa IIpOBedeHHs
pemenusi, Kpome Toro, BOJHa -— 3TO paclpocTpaHeHue KoneGanui
B cpejie, T. €. NPOLECC nepejauyn JABMXKeHHA (MMIIYJbCa H SHEDPrHH)
OT CAHHX TO4EK cpedbl K ZpvruMm. Taxkum ofpasoMm, yupyras BoJiHa
B Pfle CNyuaeB MOKET PacCMaTPHBATLCH KaK COBOKYIIHOCTH OTHEJb-
HEIX EBHOpaTopoB (MAasITHMKOB), CBA3AHHBIX JIpYr ¢ JAPYrOM EHenpe-
PHRHBIM B3auMoOZeficTBHeMm. Taxce paccMOTpeHHEe BOJIHBI NO3BOJSIET
JIeTKO BEECTH MOHSITHE IIJIOTHOCTH 3SHEPLHU B BOJHE, IIOHATHE BeK-
TOpa NepeHoca SEepruy H T. 4.

Bce ccranbHce 0 noBeleHHH BOJH — Ha npUMepax sajau 18—25,

Ilpy pewennu 3ajay KenaTelbHO BO BCeX CAydYasiX NPHAEDIKH-
E2TLCA KaKoH-HHOyIOb CXeMbl, MOCJ/EI0BATeIbHOCTH KeHCTBHH.

Mel Gyzem NpHZEPIKHBATLCS NPHMEDHO TaKO CXEMBL:

1. ¥Yceoerne ycnoBuil 2ajayn B OOWMX yepTax.

2. TlecTpoenne uepre:sa, PHCYHKA, CXEMbl, NOSICHSIOIHX CMBICT
2alauH.

3. Hanucawne ypaBHeHH$! MJIH ypaBHEHHH#, oroOpamammux npo-
Lecc, Ha KOTOpBIA JesiaeTcs ynop B 3ajaue.

4. C novouiplo uepTexka H pasiHUHbiX BCHOMOTAaTENbHBIX COOT-
LCIUEHHA — CReleHHe YyDaBHEHHs K BHAY, B KOTOPOM (HUIYDHPYIOT
Julb YNOMSIHYTHE B 3aj%aue M Tab/jMuHbie BEJMUYMHBL.

5. Hccreoranne nosyueHHEiX BHIpaeHHH (B caydae EHeolxo-
JHMOCTH).

6. Ecau 3anaHpl 4KHC/CELE 3HaUEHHUSH, TIPOM3BOLAATCSA BLIMHUCJICHHA.

Crenaem ellie OJHO CYUieCTEEHHCE 3aMedaHHe: PacCMOTPEB pellle-
HMe OJHOH-IBYX 3a7a4, H3JJOXEHHOE B KHH2KKe, HEOOXOAHMO HOIILI-
TATbCS PEHINTh CJAEAYIOHIYIO 3ajauy COOCTEeHHLIMH ycunuamu. Ecan
9T0 Ee NOJYUYHTCH — CHeNaTh INONBITKY Ha MNOcJeRyuleld 3anaue
H T. 5. Ho 3TH monbiTKH HeOOXOZHMBI.

Hanee, paccmaTpHBasi H2JI0)KEHHOE B KHHIKKE DPEIIEHHE TOHN WM
HEOH 3ajaul, HeoCXOAHMMO OTIaBaTh cefe OTUET, YTO HMEHHO Je-
Jaetcsi U 3adyeM. [laccuBHOe BOCHIpHSATHE DpEIUEHHS He Haydaer
pelaTs, a CnocofCTBYET Pa3BUTHIO YMCTBEHHOH JIEHOCTH, NPHBLIYKH
K 23a3y6prBaBHio M T. 4. Paso6paBlUMcb B pelNEHHH 3aja4d, Halo
nonpo0oBaTh H3JOXKHUThL €r0 CaMOMy H XKeJaTeNLHO HauboJsiee KpaTko.
Ecau yaacrcs, To HahTH camoMmy GoJiee yjnoGHOe peinenne. (3amerum
MJIsi TeX, KTO 3HAKOM C NPHHIHKIOM 35KBHBAJEHTHOCTH, UTO BBEJEHHE
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B JBUKYUIEHCS DPaBHOYCKOPEHHO CHCTEMEe [OMNOJNHHUTENBHON «TsiKe-
CTH» — md 3HAUHTeJIbHO YIpPOUlAeT pelleHde psia 3axad.)
3akoHUHUB paccMOTpeHHe 3ajad pasjena, Halo MONHTAThC Oo6Ha-
pPY¥HTb HeuTo oflnee B crnocofe pelleHHsl 3THX 3aga4. Ecuau 3To
yRacTcst cAenath, 3HAYHUT B OGIIHX yepTax METOAUKA PelleHH [OHATHA.

3. CBOAKA ®OPMYJ [Jid TAPMOHHUYECKHUX KOJIEBAHUH

1. ¥YpaBueuue xosebanus
2=27cos (of - ¢y) un z==27 sin (of 4 p).
2. Hnst coGCeTEeHHBIX MEeXaHHYECKHX KoJebaHUHA mepHol KoJseda-

1

mn o
uust T=2= 1/ =, rie m —MacCa MaTepUaTbHON TOUKH, k — K03d-

(HIMEHT BO3BPALIAIOWIEH CHJBI,
onpeiensieMo ypaBHeHHEM
F.=—FkAr. Ecin nauano or-

cyera BblépaHO B IMOJIOXKEHHH

paBHOBecusl, To F, = —kr, &onad| g

rge r— pajuyc-BeKTOp KO- —
Jaedmolmeicss TOUKH.

3. Cpasb MexJAy XapakTe- O npan
PUCTHKaMH KOJIEGAHUl U BOJIH

(o=2ﬂft=2~;t;

u 2ru
X:L[T::—«:———-. Puc. 8.
f ©
4. YpaBHeHHE MONOXPOMATHUECKOi BOJIHEI, PACMPOCTpaHALIeHCsT
€O CKODOCTBIO &, AT CAydas o¢q==0:

rcosa .
2=Zcosw(\t——- T> HIH 2=2 smm(t—rCZ“),

roe { —BpeMa KOJe0AHHI B HCTOYHHKE, f — pajHyc-BeXTOp HUHTepe-
cyrollel HAac TOYKH, NPOBEARHHBI OT MECTOPACIIONOXKEHHS HCTOUHUKA,
o — LUKJIHYECKAsd 4acToTa KoJieGaHHil B HCTOYHHKE (3HAYMT, H B JiO-
GoM ApyroM MecTe, KyAa NPHUIIA KoJe6aHHS OT 3TOrO HCTOYHHKA).

5. Ilpu oTpaxerud BOJHBI JyuYH YyNaBWHA H OTPa’KeHHbLIH CO-
CTaBJ/IAIOT OJAMHAKOBbIE YIVIbI C HOPMAJbIO K FpaHHUIE pasjgena B TOU-
Ke MAJEHHA, T. €. Zorp==gay (PHC. 8) H Ugrp==Unay.

6. Ilpu mPOXOXKEZEHHH BOMHLI M3 ORHOM CPEAB B APYryi0 [IPOHC-
XOJHUT M3MEHEHHe M BEJHUHHBI U HAIPABJIEHHT CKOPOCTH pacmpocTpa-
HeHHsI, TPH 3TOM {puc. 8)

sin Punax __ Hnapg
Sin appe, Uorp’

Hacrora KoneGaHuil B BOJHE INPH OTPAXEHHH H [PEIOMJIEHHU

He MeHsdercd,
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4. 3AJAUYU K PA3JIEJNTY «KOJIEBAHUS U BOJIHbBI»

3apgaua 1

[lokasath, yto cBofonHEIE MaJjible KoJe6aHHA HHTAHOIO MasTHHKA
B OTCYTCTBHE CONPOTHBJEHHA OYAyT rapMOHHUECKHMH.

Pewenune

Kar 6bu10 cxasano paHblie, MexanHuyecKHe KoJaedaHHa rapmo-
HMYHBI, €CJTH OHM NPOUCXOAAT Noi fAeflCTBHEM CHJbl, [PONOPIHO-
najbholl cMelllennio H o6paTHO eMy HampaBieHHOH. J3HAuHT, ecau
Mbl TICKaXem, 4TO NPU MaJblX CMCIIEHHAX BO3HHKAWLLAsA CHJa MOAYH-
HAETCST ypaBHenuio F = — kAr, T0 Tem cambiM 3a1a4a U Oy AeT peiwiena.

Ha naiw MasTHHK (T. €. Ha MaTepHa/bHyi0 TOUKY, MOJBEILCHHYIO
Ha 1eBCCOMOl M HEPACTAAHMON HHTH) AGACTBYIOT CHJIA  THIKECTH
mg u matamenue mutH Q. Mx
pe3yabTHpYyOLLAs Fpea H306pa-
;eda Ha puc. 9. Tak kak mMa-
Tepua/dbHas TOUKA ABHIKETCS NO
Kpuso#l, T0 F,.; Hanpabiena
KYZa-TO BO BHYTPb KDHBOH, Kak
¥ no6paxeHo Ha puc. 9. 3gpecn
JKe YKasaHo u cMelleHne Ar.
Buano, 4to Fyes 1 Ar, Kak éymo
Gel NOUYTH aHTHMADPAJJIENbHE! .
Ho! Ecuqu cmeniense paBxo Hymo
Fpeq He paBHa HYJIO H Hanpas-
JeHa K HEeHTPY AyrH, [0 KOTO-
poil ABHKETCH MaTepHasbHas TOY-
ka. [lpy Ara=0 F,, npaxkT- -
eCKH TNepmeninKydsprEa Ar U JHMilb B KpafHHX TOHKax F

=P

¥ Ar NpaxkTHUECKW NPOTHBOMOMOXKHB NO Hanpas/ieHHo. Mrak, Fpea
HE YJOBJeTBOpsieT yCaoBHio F = — kAr. TlosToMy HHTSHON MasT-
HUK KoJje6aercsi He rapmonHuHo! Tem He meHee ObITyeT YTBEpPK-
Aenne Kak pas oGpaTHoe. Kak ke uX npHMHDHTB? ﬂOBOJIbHO npocTo.
Pasnoxnm Fpea Ha aBe cocTaBasiowge: £, —no mutH B £, — no Ka-
cateabnoil K neil. Torja, OueBHAHO, HMeeM B IPOEKLMSX Ha | M t
wanpapaenust F;=Q — mg cosa, | F |=mg sina. F;, orseTcTBeHHa 3a
coofLieiine pajfiHaibHOro (LLeHTPOCTPEMHTENbHOIO) YCKOpeHHs, a F —
33 KacaTeJIbHOE YCKODEHHE.

[Tockonbky mpu Madjbix yriax CHHYC yrJla B caM yroj B paju-
aHHOW Mepe paBHbl ApYr Apyry, TO NpH 1Arl~<l (T. €. npu manbix

—[—%7-, Ho Ttoraa ]Fl_mgsmaN

ngl C yyerom ke F_{| A7 noayunm F, _-—~ Ar.

KoneCaBuax) sinassa=—
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Urtak, ana kacartedbHO#, cocTapisiowedl BexTopa [y, M Cuene-
HHS A7 HMeeT MecTo paBeHcTBO /| == — kAr, 4TO W ABAALTCA HEOO-

XOHMbIM H JOCTATOUHBIM YCAOBHEM TOTO, 4TOGLI Ar, v, a, u F, xo-
Jefasuchb rapMOHHUHO C YacTOTOf

(U*]/E_ / _'"_é‘i__]/g
- m_ {em ™ {

OGpiuno npu Ko/MeOaHHAX HHTAHOTO MASTHHKA HHTEPECYIOTCH HMEHHO

KoMeGaHHAMU TpOeKuuii BexTOpoB Ar, a, © u F Ha KacaTeabhoe
HANpaBJCHHE K TPaeKkTOPHH, T. e DBeJquunHamd Ar, v, a, v F..
Jlerko, onnaxo, BHIeThb, YTO BeJaMuuubl ¢, £, U E, xonedmorcs
¢ vactoToil Zw. [Inf 3TOr0 HAZO YyueCTb, Y10
2 |
al:%—, Eng%}— n L= k—ﬁ;r
1 BOCIOJIb30BATbCSl CEasaHHbiM B naparpage | OTHOCHTENLHO KOJe-
Oanui KMHETHYECKON 3HEePruH THPbKU.

TakuM ob6pazoM, KoaeGaHHSI HUTAHOIO MasTHHKA XapaxTepusy-
I0TCH KosteCaHMAMH C uacToTaMH o (ans Ar, v, a, F) u 2w (aas
0,, Ey, E;), a Takne KoseGauns. CTPOro roBOpf, Le ABASNOICH rap-
moHnueckuni. g Godbuiell 1OUHOCTH CJiedyeT, rOBOps O KoJela-
BUAX B CHCTEME, YKa3blBaTh,

Kaxas N3 XaDaKTepHCTHK iBu- \ L
KeHMS HAC HHTEpecyer.

3ajaua 2

Haiite nepuoa maanix Ko-
JNeCaHUfl BEJMUUH CMELIeHHA U
CKOpPOCTH  OpycKa, KOTOPbIA
MOXKeT Ge3 TpeHHs CKOJb3UTb
no BHyTperHefi yacTH ofpyua
pazuyca R (puc. 10).

Pewenue -
1™
OueBUJHO, ABHIXKEHHE Ta- Puc. 10.

Koro Opycka He oTaMuaercs
B fIpUILMIIE OT KauaLuil HUTAHOrO MasTHUka. ToOJIBKO poOJb CBSI3H
(or10psbl) Hrpaer e HUTb, a obpyu.

[Tpu manbix KoneGanusix nomo6uoro popa T =2« l/'z. Ho &

npensUlyiiell 3agave nokasano, 4ro =-—-—» Ar, T e. posb Ko3d-

¢uuMeHTa £ urpaeT BeJMuYHHA __g (v aas oﬁpyqa ~~~~~ ) B coorser-

CIBHH € 3THM
. “m
T=2}/ "=t ]/ R
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3anaua 3

Hafith nepuon maJwnx co6cTBeHHBIX KonebanuMii Ar m v Masensn-
KOTO 3apsKEHHOTO IIapuKa, KoJeOaiolierocss B OJHOPOAHBIX IIOJSX
g u E, coBnajaioliux no HanpasJe-
nuto (puc. Il).

l Pewenne
E

Tlepnon Taxnx kosnebauuil 6yzer
HafijeH, ecjH ofnpeiesauM Koadpdu-
IHeHT Bo3Bpawmatolleit cuibl. M3 puc.
11 BugHo, uto | F, |==(mg - gE) sina
HJH NpHY MaJBIX yIriax OTKJIOHCHUH

lFJ:M]E], a C yuercM

\ ‘\ E\ MPOTHBONOJIOKHOCTH  HaNpaBieHal
E

\u,

F.u & F,——"EHOER;

i
) E
g Orciona k:f;g#— H, 3HAUHT,

Puc. 11. i
T=zq/_JL_.
mg+gE

OQEBIUHIO, A1 UHUCJICHHOrO OTBE€Ta Ha BOIIPOC 3a4aud HaAO0 3HATL

Maccy LapHKa m, ero 3apsi ¢, BeJIHUHHY HANDSKEHHOCTH JIEKTPH-
yeckoro nosa E W JJMHY HUTH [ -

Sagaua 4

OnpefennTs 4acTOTy MaJblX COOCTBEHHBIX KoOJeGaHHI KacaTelb-
HBIX XapakTepucTux ABixenusa (Ar, v, a, u E) wapuka Konebso-

Lerocs 11a HHTH B B3aHMO-NIepIeHAHKYAAPHEbIX noasnx g u E (puc. 12).

Pewensne

Peizenne CBOAUTCH K Haxomxaenuio kKoshdHLHeHTa BO3Bpallatouief

T

cusinl k. 3ech YMECTHO ellie pa3 OTMeTHTh, 4TO k='A—r 0K a3bl-

Baer, Kakas BO3BpAlUAIOWLAf CHJIA BO3HHKACT NIPH EIUHHYHOM CMe-
[IEHHH TeAa W3 TOJIOXKEHHsl YCTOHUMBOro paBHOBecHsi. B npexpiny-
HIMX 3ajauaX MOJIOXEHHE PaBHOBECHST ONpeleaNoch «caMo coboil»,
a B 3TOof 2ajlade €ro ellle Halo ONpPeleJHTh.
- M3 puc. 12 Bugno, yTO TNOJONKEHHE PABHOBECHA ONPEACNUTCA
H3 ycaous mg - gE - Qo=0.
B npoexuusax Ha <t ¥ | HanpasjeHHd TONyYHM:

— mg sin ey} gE cos 2y =0,
~ mg cos ey — gE sin 0y - Q=0.
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qE

[lepBoe paBeuctBO nMaer tga(,:;@ (a H3 BTOPOro MOXKHO OGLID
OBl ONDEACNUTb HATAKEHHE () B DPABHOBECHOM MOIOKEHHH),

Puc. 12,

Ha mastauk B moGOM TONOKEHUH, KpOMe TNepeMenHod cuin 0,

-

neiicreyer cuna F=mg -+ gF, noctosiHas mO BeJWuuHE H Hanpas-

JIeHHas1 BCerga IIog VYyIvyoM o

K HanpaBienuioo g. Kacatens-
Has COCTaBJfAOWas 39TOH CHJIBL,

F. u 06yciaBiuBaeT HHTEDECYIO-
mwue Hac KoaeGaHudA. Ecan  Bhi-
BECTH MAasITHHK M3 pPaBHOBECHSH
Ha MaJblil yroa 8, TO, KaK BHJIHO
u3 puc. 13, Bo3HHKaeT cuja

|F.|=FsinBum |F, l——?l Ar|,

rie F=V(mg)*—i— (9E). Ho
TOrAa

=5V E=

1 V (mg)* +(GE

b mi

Puc. 13,

3agaua 5

Haiitu cBA3b Mexxay yrioMm oTkaoHeHHS a H $asoil Magslx KoJe-
GaHHA MaTeMaTHYeCKOro HHUTAHOIO MaaTHUKA (pHC. 14).
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Pemwenne

COBep[UGHHO OUEBUIHO, 4YTO €IHHCTBEHHO, YTO MOXKHO NO S3TOMY
NOBOJAY Banucarb, TaK 3TO YpaBHCHHE

A7} = JAR] sin (ot = 7),

rae AR — aMnJAMTYJHOE 3HauyeHHe CMelleHus.

B ucxonnce pasenctBo powan Ar u AR, kotopbie He (GUTYpH-
PYIOT B YCAOBHSX, @ YroJM OTKJOHEHHSI He BOmeJ B pPaBeHCTBO.
Ho u3 puc. 14 puaHo, 4TO RJIST MaJibix , %
otkaonernit |Arjacl.a AR A dgpa ‘
(a Cepercs B paguannoil mepe). Toxcra-
HOBKa 3THX 3Hauenmit [Arlu |AR]| B HC-
XOJHOe PareHcTBO NPHUBOJUT NOCJAE CO-
Kpalllesns Ha [ K HCKOMOH 3aBHCHMOCTH

a=dps S0 (0f - 9y).
Buano, 4to yros OTKJOHEHHSA OT

BEPTHKAJN KoJe(JeTcd PapMOHHYECKH,
KaK U cMellerue Ar.

Rl
\ ar

ruc, 14,

3apaua 6

B unnmpapnueckom peape maccolt M, Buicotot H u  ceue-
nueM S Hackinap necok miaoTHocTH p. PaccTosinue oT TOYKH mojBeca
no iua Beapa I. CyuTasm 1RO BeAPA HEBECOMBIM, HANTH 3aBUCH-
MOCTh GaCTOTH MaJbix COGCTBEHHBIX KoJe6aHHil TMOoJYyUYHBLIEroci
MasiTHUKa OT ypOBHS necka B Bexpe (puc. 15).

Pewmenne

Ecan 6m BMECTO ONMCAaHHOH CHCTEMBbI Kayajach sartepHaiibHas
TOYKa, TO pewenne 660 6b TpHBHAJibhbM. Ho matepuanbnas Touka
B JAHHOM CJayuyae OT/IMYaeTCa OT EeApa C NECKOM 1eM, 9T0 Macchi
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BEAPA W NECKa Le COCPeloToYeHH B MajoM ofbeme, T. €. CcucTemy
HeJIB3sl CudTaTbh MaTepHaJjphoil Tounofl Ho ecnin 6b1 nawa cucrema
CKa/acCh B TOUKY, PACHOJIOXKEHHYIC B IEHTPE MacC CHCTEMEl, TO TEPUOA
Kayaruil HUKAK ['e u3MeHuJacs Obl (CONPOTHBJEHHS HET, MNO3TOMY
pasmepbl cucTeMbl poan ne urpawnT). OTciona BBBOJ — 33MEHHTH
UMEIOLLYIOCS Y HAC CHCTeMYy MaTepHaNbioH TOYKOH, pacnosoxeiHou
B LEeHTpe Macc CHCTeMbl. Toraa f:rl_ /g~, rpe ! — paccrosinue or
TOUXH NOJEEca A0 UeHTPa MacC CHCTeMbl (TaK HasbiBaeMasl NPHBELEH-
Has [ANKHa (U3HUECKOrO MasITHUKA, T. €. KauaiCllerocs ipoTsKeHHOro
TENa).

Ho /' maxoauMm mo ¢opMmyne A48 HEHTPA MacC CHCTEMbl, B3SB
3a HauaJo OTCueTa TOUKY NojJBeca (€ yueToM TOro, 4To H3-3a CHM-
METPHH CHCTEMbl OTHOCHTENIBHO JHHHHM TOUYKa NOABECAa — CCb BEApa
LEHTP MacC HaxOAWTCA Ha 3TOH JUHHH):

- Mig /\4”[“
M+M,

rie I, ¥ [, — pacCTOSIEMA OT TOYKH IOJBECa 0 NEHTPa MacC Beipa
M [eCKa COOTBETCTBeHHO: M, — macca necka, pasHag gV = pSh.

Taxk kax lB—_—l-——l;} | l,,:l—%’, TO

M(z—g)+p§h<z_§> "
M 5% :

I'=

Honcrasasaga (*) B opMyay Ans 4acTOTHI, MOJYYHM OTBET,

OucBuano, 4TO NpM ManbiX pasmepax Beapa (1. e. npu H <)
noayuuM [’==1[, Kak H JOJXKHO ObiTh, HOO B 3TOM CJyuYae BeLPO
MOXKHO paccMaTpHBaTb KaK MaTepHaJbHYI0 TOUKY.

Unratenb, BO3MOKHO, 3aX04eT HCCAEN0BATh pe3yJbTar AJs pas-

JUUHLIX cJayuyaeB, Hanpumep, H=l!, h==H, h:';—l, h=0, M>

>pShn 1. A

Buabwo, uro B uncautenb (*) Bxoaut A%, a B 3HameHartenm A.
DTO 03nauaer, uTo INPH H3MEHEeHUH A YHCJAUTENbL M 3HaMeHaTeJb
MeHsoTCa HeolMHaxoBo. I[lostoMy ecam h menstercst ot H jo 0, To

H .
}lpOGb crnepea pacTer OT (l—- *2> 20 HEKOTOpPOH BEJIHHHHB, & NOTOM

H
nasunaer onsTh yOwBaThL 20 (I — 5 ).
Qusnuuecky 3T0 ACHO: KOIZA BEAPO MOJHO necky (T. e. h=H),
UeHTPHl Macc Bejapa M necka coBnajait M I'=/— . Koraa necox

BBICLINIACTCA, TO €0 UEHTP MacC CnycKaerca H ! cnepsa  pacrer,

Ho xoraa necok - soicnimercs (T. ¢. A=0), T0 Kadarbcs Gyger

: ) , H
JHUb BeApo u [=[l— 7
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3agaua 7

[To HaxkJOHHOM MJOCKOCTH C yrJiOM HakJCcHa a« HIET C YCKOpe-

HMEM @ TeJie’KKa, Ha KOTOPOH MOJBEILIeH MasiTHUK AAHHOA [ (puc. 16,a).
Hajityu nosnoxenne paBHOBeCHSI MasTHHKA H NEepPHOA MajblX coBCT-
BEHHEIX KoJie6aHuil.

Puc. 16,

Pemenue

Kaxk yxe rosopusochb, BCE 3aJaud TAKOTO THIA CBOAATCA K Ha-
XOXKIAEHHIO Kox(uunenrta Bosppautawomell cuusl £, g HaxoxaeHUA
€0 npekae BCero ONPEIENAIOT NOJMOKEHHE DPaBHOBECHS MAATHHKA, TO
T. €. TO INOJIOXKEHUE, OKOJIO KOTOPOro NPOUCXOAAT KayaHus. [Tockoanb-
KY Halml MasfATHHK HaXORHTCH Ha YCKOPEHHO JBHXKYILEHCH TeJeXKKe, TO
«PaBHOBECHLIM» [OJIOKEHHeM OyZeT Takoe, IPH KOTOPOM MasiTHHK Oyger
HEelOBHKEH OTHOCHTEJIbHO TeNeXKH, T. €. OYIeT UMeTb OTHOCHTE/ILHO
HaKJIOHHOH MJIOCKOCTH CKOPOCTL H YCKOPEHHE TakHe XKe, KaK Y TeIEKKH.

Haiinem 310 nonoxenme, onpegensieMoe, HampuMep, YIJIOM B3,
KOTODGI COCTaBJAsIET HHTb C OCBIO 0y (O4€BHJAHO, INPH 3TOM HHTh
COCTaBUT C BEPTHKAJbIO yroa & -+ By).
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Uz mg -} Qy=ma nonyuum B NPOEKIHSX HA OCH OX H Oy

mgsina - Qp sin 8y =rma,
— mg cos a - Qy cos B =0.

(B MCKOMOM COCTOSIHMH «DPABHOBECUSD» Q,==a H a,=0, ubo Tenex-
K4, a 3Ha4YHT, U MaATHHK HE HMEIOT yCKOpeHHH B HarpaBJxemm
[epreHAUKYASIPHOM TIJIOCKOCTH.)
Vckmiouasi orcioga @y, NOJyduMm
a

tgpuzm—tgl.

3T0 paBeHCTEO NO3ROJSIET HaHTH NPH XKEJaHHH yroa B.

Tenepnb HafO BCHOMHHTb, uTO KO3(QUUUEHT £ ocmperensieT BO3-
BpAIllaoLyI0 CUJY, BO3HHKAWOMWYVIO JIPH €IHHHYHOM CMEleHHH H3 IOo-
JicKeHHsl paBHoBecusfi. (B Hamem caygae 3T0 — «paBHOBEcKHe», HG0
MafiTHHK BMeCTe C TeNeKKOH NBHKETCR YCKODEHHO).

Hatsbxenue HUTH ( He RaeT Eo3Bpamarolnefl cHIb, HO0 1pu
JIOGHIX MajblX cMemleHHsiX Q GyNeT NepHeHANKVASAPHO HM. 3HAUHT,
HAJO HAHTH NPHPOCT COOTBETCTBYIOMISH COCTABAAIOWEH CHMB Mg

[TpH 5TOM HAZO YuecTb, UTO mg OIHOH H3 CBOHX COCTABJISIOMIHX
JOKHA yYacTBOBATb B CO3aHHH NOCTOSHHOTO YCKOPEHHSA @, a ApY-
rofi - c031aBaTh BO3BPALLAIONLYIO CRJY.

Orciofa ACHO, 9TO mg Haj0 PacKIaibBaTh B «PAaBHOBECHH» IO
HanpapJIeHHAM a n —Q@Q, Kak 3T0 nokaszano Ha puc. 16, 6 (ua

F__—-Qo H ma) IIpu stom cocrapasiomas F yYPaBHOBECHUT CHJY Oy,
a COCTaBJSIIOIIAS BJONb HAKJOHHCH IJIOCKOCTH COOGUHT IAapHKY

MIOCTOSIHHOE yCKOpeHHe a. B 3ToM nosomxenuun «papHoBecusi» cuaa F
HrpaeT Ty e pOJib, YTO H CHJIA mg B 3ajaue .
Cuna F npH ManioM BHBOJZE MAATHMKA W3 <PaBHOBECHS» GyJeT
cBoell COCTaBusIONIeH, MepneHAuKyAgpHOl K (), AaBaTh BO3BpaIlao-
[y CHJIy (MOXOGHO TOMy, Kak 3TO MNPOHCXOAWJIO ¢ mg B IepBofl

sanaue win ¢ cuaoit (mg--g¢F) B sanauvax 3 n 4.
OueBUIHO, YTO NPH BBIBOJAE MasTHHKA M3 PaBHOBECHS Ha MaJblf
yron Ay (uepes | o6osHaueH WA KPATKOCTH Yroa % - Bg), BO3EMK-

wer | F.|=7|Ar| (puc. 16, 6) u snauur k.—_-ITJ. Ho, kak BHAHO H3
puc. 16, 6,
F =YV (mg)? + (ma)* — 2mg - ma cos (90° — ) =
=mV g -Fa*— 2agsina .

Jns nepuoma koneGanufi GyneM HMeTb

m ]
—_— —"=2
T 21:]/’? nVVg"—l—a“——Mgsina
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[onesno wccnefonaTs pesynbTaT NPU pasHuX a U a.

. {
Hanpamep, npu a=0 nosyuum 7T =2« ]/ [Ipu ckonwxkenuy
TEREKKH MO HdKJlOHFOH naocKocTd €es Tpemm (T e. npu a==gsina)

T =2z V gma. [Tpn a:i% T=2r ]/ —— . [lpu cBoGonnoM

narenHH TeaeKyn, T. e nphn a=g (a, SHAunT, a::g), ¢opMasbio

/—-l—'
T = 2« i/ - —> 0O,
£—8

Taxkuwm o6pasom, B pelICHHH 3aKMIOYeHb! OTBETHl Ha olipeneneHpe
T wmasiTHika BO Bcex Tex caydasax, EKEorja oo KoJiebsiercst na
nosBecre, RBH}E(}'Lﬂ@ﬁCﬂ C  [pOH3BOAbLHBLIM  NOCTOSHHBLIM ycKkope-
HUHEM.

Peuinm 3Ty 2ajauy, [ONb3YsCh NPUHUHUIOOM 32XBUHBANCHTHOCTH
CHJT HHEDIIHH H CHJAbLI THNECTH. Cu osnauaer B AAHHOM caydae, 410
ABHMEHNE TEJCKKH H LiapHha € YCKOPEHUEM a 3KBHUBAJEHTHO TOMY,
4TO Ha HWapuk, Kpome CHI mg H Q HeﬁCTB\’eT cille CHAa HHEeDUUN
— ma (L TOYKH 3pEHUA HaOJHOﬂaTeﬂ"i csasaauo*oc T(’J‘e}:(KOH T. €.
c heuﬂepuuaﬂbﬁon cucremoit orcueray. Cuna mg __mg— ma, IKBU-
BanenTthHa woBOfi TsiwectH. IHo B Taxowm ¢ayuae Haila 3ajzava CBoO-
INTCA K 33ajaue l, TOABKO pPOJAb Mg Hrpaetr B 5T0fi 3a/aue HOBas

-~ - ~ /1
«THKECThy mg ==mg — ma u, 3Hauur, T =12« 7 Ho rteneps

sajaua CBCAMTCA K naxoxdenuio g'. M3 puc. 16, ¢ BugHO, 4TO

(mg’y? =V (mg)® + (ma)* — 2mgma cos (30° — a),

oTKYyla £ "=V g o 2ag cos (90° —4), a noTomy

T =—=2= .
E/ Ve* +a-——2ansm *

PesyibTaT petieHusi, €CTEeCTBEHHO, TOT e, HO I0Jy4YeH OH He-
cpastiento Goiee NPOCTHIM ClIOCOGOM.
YuraTesb MOXKET 0npoSoBaTH YCAOKIUTL 3ajady, BBeAs B yu}o-

BHsl 3apAl MApHKA ¢ M SMexTpuueckoe moje E, cocrasisioilee ¢ g
rexeTopbifi yron . M3 nosyuenHoro npu sToM peleHust MOXHO Oyner
NONYUMTh DEIICHHsI BCeX NPERbIAYWMX 8ajay Kak 4acTHLIE CAyuail.

3anaga 8

nauugpuueckuit 6pycok (puc. 17) HaXomuTcsi B BepTHKaJbLHOM
NOJOKEHNN Ha TCpaHULe pa3jiena [IBYX JHAKOCTER M JejuTes
TOH rpannuei Ha Jee paBusie 4actd. Haiirn nepuos mMaanix
BepTHKanbublx Konelauuit OpyCka B npenedpeKeHun  cHjaamu
TpeHHUA. '
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Pemenue

Peinenne 3anaudl CBOJMTCS K HaXOJAEHHIO KOdhdHUHEenTa BO3Bpa-
mawowei cusbl . Ec/in 13 paBHOBECHOrO MOJIOKEHHST CMECTHTD Gpycox

Ha Ar, HallpHMep BHH3, TO BO3HHUKHET BO3Bpalllatoillasg CHJIa, Harmpa-
BJje€HHada BBEPX H 06yC./'IOBJIeHHaH H3MeHeHHeM BLITaJKUBAIOUIeH CUJbI.

JeficTBUTENBHO,

F= (Fiu—-mg) — T e e
- (FBbIT+’ng):AFBblT' ‘ _ ——TA*;- — e —
Ho AF,,. cinansiBaercest w3z AF,  —_ | |T&_ ¢ T
\ P F =
u AF,, tak Kak 6pycok nnapaer ——|F|—% — ——}| F,—
B AByX uakoctax. Ilpu stom  ——— = —— -
AF, — 310 1puGHIL apxxudeuosou T F1 — 5 - Fo —
CHJIBI €O CTOpOHM Hukned muft- |- 2 | ji_
KOCTH M HanpaBleHa BEEDX  smmrmed § fo - e
(naBctpeuy Ar), a AFy —y6os  — || = S
apXMMENOBOH CHJBI €O CTOPOHH Pt - —
EepXxiied KHIKOCTH H HanpasJe- - _ B T
Ha B cTOpoHY Ar (eM. puc. 17). N ) ) S
(| mg
IlosTomy - - — -
- . _ e
F—' AFBm _PlgS Ar+ — - — !
—- —— - ——— ——
- pagS Ar=—gS (py — ps) Ar, — Feom=FtF; ——— — | |— —
. — e -
otkyaa k==gS (p1 — pa). —_— Frame E4F) —
[ns nepuona Kauandi umeem bum =17 12
m Puc, 17
T::-'QW]/* =2r A
V gSépx——P)
Maccy Gpycka onpexennM U3 ycjoBHs pasliopecds Gpycka
mg + Fy+ Fy =0,
HJAd B TPOEKLHH HA HaNpaBJeHHE TSKECIH € yueroM V,:W:%’

4 |4
mg—pg 5 —mg5 =0,

orkyaa m=(p; - py) % Y onam m = (o1 +ps) | 2
IoxcraBana s10 3Haqeuue m B Qopmyay aaa T, noayusum

Lo pa)
T—29x “/{ 1 2
2g(p, — po)”
Ipu py=ps T — 00, 4TO O3HAYaeT OTCYTCTBIE KOJeGanuil.

¢IcHo, 4TO ANA UYHCJAEHHOIO OTBETa Ha BOMPOC 3ajauld Heobxo-
JHMO 3aJlaHHE BXOASUIUX B peEuiene BeJIMUHH,
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3anaua 9

CcopMyIHPOBATE 3aBHCHMOCTD MOJIHOH SHEPrUHM MATEMATHYECKOro
MasiTHHKA OT aMILIUTYJbl MaJblX COGCTBEHHLIX KoOJie0aHH# ¥ UYaCTOTHL.
CBsizaThb 4acTOTY KoJefanuil ¢ MakCHMalbHOH CKOPOCTBIO MaATHHKA.

Pemenue
[Nockoabky KoneGarufA MaJjbl, TO, KaK IOKasaHo B 3afaue I,
F.=—FkAr. Ho 310 o3Hauaer, 4ro noTeHUHaJbHaf SHEPTCHUsT BhIDA-
kAr?

Kaercsd dopmyaol En=T-
B xpafineft touke |Ar|=AR u, 3Hauut, B 3T0H TOUuKe E,=
RAR®
="
U ero KHHETHYeCKas 3HEeprua paBHbl HYJI0, TO NOJHAs MCXaHHYe-
CKasl SHEPrus paBHA NMOTEHLUHANBLHOMN:

EM&X=EK+EH=EH =

. [Tockonpky B Kpaiireil TOuke CKOPOCTh MAasITHHKA, a 3HAUHT,

RAR?

5

TlockonbKy 1npu rapMOHHYECKHX KOJeGaHHUSIX CMeUleHHdA Ar o=
"k ; RAR®  me®AR?

=V -, TO k=mo?, Ho roraa EMEX=—§&=—‘°—2i.

B mnonoxenuu pasHoBecusi E,=0 u E,.;=FE. IlocKoabky
SHeprusl MasfTHHKA He MEHsIeTCA (CONpPOTHBJEHHS HeT H KosebaHus
CcoUCTBRHHBIE), TO H2 TOTO, YTO MOTEHLUMajAbLHAA BSHeprust B Kpalineil
TOYKE PaBHA KHUHETHYECKOH B PaBHOBECHOM (HAHHHU3LIEM) MOJIOKEHHHU,

MmeAR? UL 5,
crefyer ————=—5"", OTKyAa Umx=0AR uwm V =wiR, rie

V == 0oy — AMIIHTYAQ KOJIEGAaHHSA CKOPOCTH,

3anaua 10

Haifitn Bpemsa, HeoOXoAHMMOe MAaTeMaTHYECKOMY MASTHHKY JAJid
POXOX(€HHSA PaccTosHUA OT Ary 10 Ary.

Pemenue

Bpemsa ABHKeHHA MadATHHKA M cMelleHue Ar BXOAAT JHIIL B ypas-

sHenune Ar=ARsin(of-9), OTKyna uepes cmeulenue Ar Bpewms
o . Ar

JBHXKEeHHS - BbIpaxkaercs ¢opMyJIoi wt—{—go():arcsmA—Q w ==

. Ar ¢ \

aresin 175 — 9o

w
Hns Hawero cayuas HCKomoe Af={y—1;, rae f; U f; — Bpemd
JBUKEHHA MasTHHKa OT HAuaJbHOTO TOJIOKEHHS IO MOJIOXKEHHH Ary
u Ar; coorBerctsenno. Ho Torna
. Arg . Arg
arcsi —x ~ arcsin —x

AR AR

«

At:tﬁ-— t1=
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3anaua 11

KakoBa wauanpHasa ¢asza rapMOHHYeCKHX KonaeGaHufi ckopocri
MasfTHHKa, ecad v=v, npH (=0, a MakCHUMalbHasg CKOPOCTH
paBHa V? BoipasuTb pesysbTaT uepes aMILIUTYAy CMelleHHs AR d
wacToTy KoJeOaHHiH . KakoB oTBeT 1Js cjyuas HUTSHOIO MasTHUKA,
KOJIEO/IIOILErocsl NOJ, JeHCTBUEM TSXKECTH?

Pewenue
Hnsi rapMoHHueCKHX KoJjeGaHuil BeJMUHHLl CKOPOCTH HMEeM U ==
= Vsin (wt-—]—wo). s momenta £==0 umeem vy=V sin¢, N03TOMY
dI‘CSll’l— ITockonbRy, Kak mokKasanHo B sajgaue 10, ammautyi-

HOe (I/IJH/I MaKCI/IMaﬂbHOG) 3Hay€HHE CKODOCTHA CBsA3aHO C aMHJIHTyl[OI/I
KoseGauus cMelleHHs H dactotoll 1o dopmyne V =0AR, 10 9;==
— i Yo

—-drCSID——-—mAR.

Hna ykasaHqoro B yCJNOBHM 3ajaud MasTHHKA w=l/-§ .

a HoTOMYy
Uy

z

Vz AR

3agaua 12

vy==arcsin

Hutanoli MaATHUK KosedjeTcsl [apMOHMYHO IIOA JeHCTBHEM
Ts2kecTH, Kaxk M3MEHHTCA amnauTyla KonebGaHui, €C/IH HUTb YKO-
POTHTb OT [; JO [3, He MeHss IpPUX 3TOM SHEPrUH MasTHUKA?

Pemenue

mo?AR?
AR 0o M3 Ey=F, (uo

9 ’
meiAR} mwiAR}
YC/IOBHIO 3a]aull SHEPrHs He H3MEHHJACh) CAEAYET —o— == —5—,

ra A AR} AR} AR
H TaxK Kak w:}/g, 10 BRI __ SRy ——‘—=—R=, OTKyAa

4 ly 4 ly
AR, . l
BHAHO, 4TO A—R_) == ]/-g

Taxk Kark sHeprus MasTHHKa £ =

3anaya 13

Ecin B 3emne npopeiTh ToHHeab (pac. 18), To B TakoM ToHHene
Ipd OTCYTCTBUH TPEHHS TesJo MOTVIO Obl COBEplUaTh [apMOHHHYECKHE
KoJeOaHusd. YOeIuThCA B 3TOM PAacCUETOM H HAHTH MNEPHOA TaKUX
KoJsieOaHUA B 3aBHCHMOCTH OT JJIHHb! TOHHemss., CuMTarh H3BECTHbLIM,
UTQ BHYTPH OJAHOPOJHOIO CILIOHOCO liapa HanpAXeHHOCTh IO
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TAMOTEHHA NPONOPIHOHAJNLHA PACCTOANHIO IO IEHTPA apa U HanpAar-
JeHa B penrp, T. €. g= —Cf, 0JI€ C — HEKOTOPAsd KOHCTAHTA. Bp‘d'
uieHHe 3eMad He YUHTHIBATD.

Pewmenue

M3 coobpamenii cHMMeTpUH CJIEAYET cpaszy, UTO NOJAGKeHHe
paBHoBecust Oyfetr B Touke A. Ecid CMeCTHTb Teo Ha paccTosinde
Ar OT paBHOBeCHsI, TO BO3HHKaeT BO3Bpalamomas cuna | F |==mg sina
(cwa @ He BHeCeT BKJaga B F.,
NOCKOJIBKY OHa BCErJa HOPMalibHa
K CKOPOCTH TEaa).

[lockosnpky Hac nHTepecyer 3a-

BHCUMOCTL F_ OT CMeIlzHHA AI’, T0,

T

|15
72 D>
)
v ¢
T Ve s
—_— Aoy /
7 I
4 .
N i
. “q A? o
Puc. 1§
Ar .
Bolpaias r yepes Ar, noayuum r= s (puc. 18). Ho Toraa
. - [ Ar - -
|F |=mgsina= mg—'—;—':/nci Ariunu F,=—mclr, gtou sBAsIeTCS

YCJIOBHCM I'apMOHH4HOCTH KOJeGauu#l Tesa; mpd 5TOM OCKOJIBKY Me
I T
eCTh lieKoTopasi Konctauta, o T =2« VE =% l/—c— TOXKE BeJU-

YHHA, He 3aBUCHHIAY OT MCCTOLOJOMEHHS M JUIUHLI TOHHENs.
3T0 H eCTeCTBCHHO, HOO HPH rapMOHHMUCCKUX KOJNCOAHUAX TepHo/,
KoJiebanuda He 3aBHCHT OT aMILIUTY LI

Sazaua 14

MaremaTnuecknil maathuk Maccoft m u anugoft [ comepinaer
Manbie co0CTBEeHHBbie Kosebanua 6e3 conportussenusn. Kakywo pabory
COBCPWMT BO3BPAULAIOUIAA CMJIA 88 BpeMa [, CuMTas OT MOMEHTa
BLIXOZA M3 paBHOBecus? AMINJHTYAa KoseGaHuifl paBHa AR.

Pewenne

[TockonbKy BO3BpaulaloUiasl CHJA [IPONOPUHOHANBHA CMELEeHHIO,
T0 ee pafoTa, KaK y:Ke IOKas3bpiBaloChb, onpegensietcs no dopmyae

A:—AE[,l:_</%ﬁ_EA2L), a npa Ar;=0 A=__kA2r
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Tlockonsry ©p=="0, a a7 MareMaTHyecKoro MasiTHHKA, KojeGmo-

my X
Lerocs MOA AeHCTBHEM TAMKECTH, Ia__—l*2 U o= }/ £ T A==

. __™ms 2 oin? g
= IAR sin ]/[t.

Ecnn sanucatb BuipawmeHnne jsa A uepes nepuon kosefauuil T,
mg 2
70 A=—=— ‘”ARz sin*==, Orcioaa BUAHO, 4TO padoTa, MPOH3BEIEH-

nT
Has 3a BperI HalpuMmep, t:-‘—z—,
[louemy rtak? Ilotomy 4To NpH ABUKEHHH MAfTHHKA OT [O/IOMNEHHUS

pasHoBecHs cuna F, coBepimiaer oTpuiatebayio padory (ubo F. 4 v),
a MpU_JABUIKEHHH TeJla K NOJNOKEHHIO PABHOBECHA — NOJNOXKHTEIBHYIO

(uso F 4 v). 3tit paboTHl UHCHCHHO PaBH! H TPOTUBOTOIOMKHEL 11O
pajora BO3BpauLaoueit

rae n -—I1eJsoe, pasia HYJIO.

. p 7 nd
8HAKY, a B CyMM2 33 f=-5 WIH [=—

cuael B OyJer paBHa HYJO.

3agaua 15

JIugT ABHKETCA MO BEPTHKAMH CIEPBA C YCKOPOHHEM 4j, & NOTOM
C «3aMelJicHHeM» dy B TEUEHIE BPeMeHH f; H {y COOTBETCTBEHHO.
B mugre naxogurca masartudk jiadHo#d /. Ckosbko KoneSauui on
cAejaet 3a BpeMs ABHKEHUs?

Pewenwne

OueBnano, uuclio Kogedanuit sa Bpema f=/{; -+ fy OyAcT paBHO
N =N+ N,. Ho kak noxasawo B 3sasaue 7, B Takom audre T;=
T 3/ 1
-9 J—} . — _ T
“zan—{—(h 4 Tg om i/g——ds' I103TOMY N N1 }—Nz T1+
ta ’&+”1‘LV1’—”2

ﬁ’,— L, TS A !

3anaua 16

Hafty oTnoluene noTeHUHanbHOil 9HePTHH K KHHERTHUIECKOH NpH
TapMOHUYECKOM ~ KoJeGanud MaTepuanblofdl  TOUKH KAK  (PyHKIKIO
Bpemeiy. .

Pemenne

Hckomoe oTHOiLeiiue UMeeT BHA

Ee = mo? " E¢ 7 mV¥sin? (of J-¢}) !

Ey __ kAr?- n En __ RAR® sin® (of 4 ¢y)

rre ¢, — HadanpHad (asa KoneGaHMH CKOPOCTH; ¢ — HaualbHAsd
¢asa KoaefaHUP cmelleHHs.
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Ho kax noKa3aso BO BBOAHOH uwacT# 3TOro pasaena, ecjap CcMme-
Hmiedue KosebJaeTcs 1o 3aKoHy CHHYCA, TO CKODOCTb H3MEHsIETCA IO

, T
3@KOHY KOCHHYCa HJH 4YTO BC€ pPaBHO ¢y H ¢y OTJIHYAKTCA Ha bl

(korga CMelleHHE paBHO HYJIO, CKOPOCTb MaKCHMalbHa H HaoGo-

poT).
E,1 RAR?® sin® (of 4-9,) __ RAR®

ITostomy e mVi o wi kg — mvF 1§ (wf 4 ¢¢) H IOCKOJIBKY
k=mo® u V._.wAR TO
Eqy _ mo AR

o = pmotige (87 (0f - 90) =t (0f - 30).

Ecnn rteno spiiio B MoMeHT fy=0 u3 paBHOBecud, T0 ¢y=0 u

@

»# tg?wf. Ecanm e OHO BbIUIO H3 KpaifiHeil TOUKH, T0 ¢p==

Ty

Ey
U, 3HAYMAT, —_tg

o= -
Ey

nof 2

I =

l\.’J

> ctglowl u T. I

3ajaua 17

Toueunpt BuGpaToD, KOASGMOUIUACSI C dYaCTOTOH ®, CO3/A4ET
Ha TOBEPXHOCTH (KMAKOCTH KPYICBBlE BOJHEI, paclpoCTpaHsiio-
L{#ecsT CO CKOpocThio u. Hafitu: a) capur no ¢ase kosebanuil Toyek,

ONpeneNsieMblX PaiuyC-BEeKTOPaMU 7y U ra, TPOBEAEHHEIMH OT HCTOU-
Huka S; 6) oTHOCHTE/NLHOe CMelleHHe IIOIJIABKOB, HaxOAAWMHXCsH
B 5TUX TOYKAX; B) OTHOCHTEJbHYIO CKOPOCTb 3THX IHOIJABKOB.

Pemenne

Econ nauano orcuera nomeuleno B HCTOUHHK, To ¢hasa cepu-
YEeCcKOH BOJHBL c,o—wt—t—cpo——-— Ho Torza a) sog-—cpl———(ra-— r)
(ne nyrate n—nr=|r|—|nl ¢ |rn—r/, ubo pasnocrs moxyei
1i MOAYJIb PA3HOCTH — pasHble nommm!);

6) nonJaBKH, KaK H 4YacTUIbl KHAKOCTH, KOJeOJMIOTCS B JAaHHOM

cayuae no BepTukanad. OfGo3Hadasd cMeileHHe TNOIVIaBKa vepes A u
CuHTass, 4T0 BOJHA OT HCTOUHHKA HAeT «roploM» (T. e. ¢p=0),
IO yUUM

T ~ Horo ___5.) Horo __r_1>
Ahyy=hy — h= sinw (t i . sinw (t L

B) KaK y»Ke YKa3blBa/oCh, CKOPOCTb YaCTHIB KoJsebJercs, ome-
T o
pexas CMeUEHHE HA 5, MO3TOMY AJMA CKOPOCTEH IONNABKOB HMECM

cosm(t-r—’> cos<n<t —’—"—)
u u

AUy == Ug — 03 ==V —_
31 2 — U Voro s r .
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B 6 u B) H u V —aMmniuryaubie 3sHaueHHs KOJMEGMIOLLH XCS
BEHYKH TPHHATHl HANpPaBNEHHLIMH BBEDX (BOJHA HAET <«ropGOM»
Brepen). o

Quesnguo, 6es 3anauug Hy, Vo H ry uHC/AeHHLIE 3HAdeHusT HHTE-
PeCYIOIHX HAC BeJHUYHH MOJYUUTb HEJb3si.

3anava 18

HanucaTh $BHOE BbIpameHHe BekTopa ¥YMoBa — [lofinTHHra uepes
aMIVINTYAYy KoJieGaHHH BOJIHBL, 4YacTOTy KOJe0aHHH H IJIOTHOCTD
cpeanl (cM. puc. 19).

Bexropom YmoBa—ITofiHTHHra Ha3bIBaSTCH BeJIMUYHHA, MOKA3bIBAIC-
1mas, Kakoe KOJIHUECTBO 3HEPrUH IEPeHOCHT BOJHA 33 eJUHHIlY
BPEMEHH Uepe3 eAUHHUHYIO IJIOIARKY, NepIeHAUKYIAPHYIO HalpasJe-
HHIO PaCHpOCTPaHEHHS BOJIHLL.

Pemenne

Ecnu 3a Bpemsi Af uwepes muowmanky AS,, nomepeunyi BOJHE,
Gyzer nepeHeceHo 3Heprud AFE, TO U3 ONpejeseHHs BekTopa YMoBa
AF
HMeeM, UTO €ro BeJHUHHA ONPELEHTCA OTHOLIEHHEM ———==—, a TaK
n
Kak BEKTOD 3TOT HampaB/eH B CTOPOHY IIEDEHOCA SHEPTHU (IO CKO-

pocTd BOJHEL), TO, 0603HAaYas 5TOT BeKTOp OyKBOil P, mOJyuHM

- AE 4
P= g S, u
- AE -
Tlockoneky uldfi=Ar, 10 P=<—-u, a tak kak AS,Ar=AV —
u
o =  AE —
ofbeM, KOTODBIH 3aNOJIHSETCS BOJHAMH 3a BpeMmst Af, To P=3‘—/ U
Ecnn AE TtpakToBaTh Kak KOJHYECTBO SHepruu KojeGaHUH, 3amo-
AE
noWHX o6veM AV, T0 7=w —ecTb 0ObeMHas IVIOTHOCTb SHEp-

run. ITostomy P =wu. [Tol @ MOXHO NOHHMAaTh SHEPIHIO BCeX
OCUMJAATOPOB (T. €. BuSpPaToOpoB HJH KOJeO/MolHXCcsa YacTHUEK),
HaxoAAlIHXCSI B ENHHHLE o06beMa, T. €. W=en, [AE &— 3HEPrusd
OJIHOTO OCHMJLIATOPA, & A — YHCJO0 OCLUJISTOPOB B eAHHHIE 00bema.

MmelAR?
IMockonbky, Kak MOXKasaHO B 3ajaue 9, e==-— R

2 12
me?ARY. —~
===—5- nl, U NOCKONbKY MM ecTb IVIOTHOCTh CDEIsl p, TO OKOH-

HY4TC/IbHO

TO -15:
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3apaua 19

Wcexons wa pewenus mnpeibylyluell 3anauvl, nokasaTh, 4TO B OJHO-
POAHOH H3OTPONHON HenorJjouwamwedl cpele A CepHUIeCcKoil BOJIHbL
aMnadTvia KojaebGanHi oOparHO NPONOpUHOHAAbHA pPACCTOSHUIO N0
HCTOYHHKA.

Pemenue

OKpy:HM HCTOYHHMK IBYMA KOHLEHTPHUHSIMA ChePAMH DaANycon
ro 1 r {puc. 20).

INockoabky cpena oRHOpPOAHA H H30TPONHA, TO BOJHH GyayT
cepHUeCKHMH, a TaK Kak cpeja He noraoiwaer, 10 AE,=AE, T. e.
CKOJILKO 3HEPIMH NpOHJET uepe3 MOBEPXHOCTh cdepbl S;, CTOJABKO
npofifeT W uepe3 1oBepxHOCTH S.

[TockonbkKy noToK 3Hepruu AE
yepes nosepxHocTs AS, pasen PAS,,
TO U3 AL ==AF ujau u3

PAS,= PAS (%)
wA 2A R2
nosyunm ~- 25 R“ 4nr0—ﬁm—2£u4r.r‘“’,
AR,
oTkyjla AR = r“, a Torja, kak

H YKasaHo B Bo;mofl HacTd K TOMY
paszeay, ypaBHeHue cdepHICCKOM
BOJIHB! OYJET HMETh CJEAYIWHE BHL
A cayuas KosaeGaHHs CMellenust
4acTHiL:

ARor0

Pnc. 20.

Arcme(u -

wr
S | wt _——
cos (of ¢, — %)
3ameTHM, 4TO H3 (%) BLITeKaeT AA% c.rxyqa,q cepHUeCKHX BOJII
2 o P,
Pdrri= P4rr® u, snaunt, P=—-%".
r
IloBTOopss paccy:lennsi Aas CAydasl MJIOCKO# BOJHLI, YHTATesb
MOXET YOeAuTbCA B TOM, 4TO B TJIOCKO#H BoaHe AR=AR u P=2P

3apaua 20

Vnrepdepenunell EBoan BashLiBaeIcn SBJCHNE HaJOMXKEHHs BOJIR
ApyT Ha Apyra, TpHBOAsiiee - K TOMY, UYTO aMIVIMTYla pe3yJbTH-
pytouteli BoJHL MOXKET ObiTb TOH MJM WHON B 23aBHCHUMOCTH OT TOTO,
K4KOB CABUI NO (pase MexAy KoJaeGaHHAMH B BOJHAX.

Tlpunumasn, uTo amMnauTyla pesyabTHPYIOLEro KojaeGanus Mak-
CHMaJlbHa, €Cai CABMUT 1o (ase y COOTBETCTBYIOIMX KojebaHuii
paBeH 2kr, 1 MunuMmaibna npR Ap=(2k - 1)=, HaBTH reomeTpu-
4YeCKMe MECTa TOYeK, B KOTOPHIX AaMILIMTyA2 KoJsefanuil oT AByX
TOUEUHbIX KCTOUHHKOB MaKCHMalbHa M MHHHMajbha (puc. 21).
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Pemenne

Tockonbky Av=—=o, — 9y, L€ 93 H ¢; — (a3pl BCTpEUAGUWHXCH
BOJIH, TG

AC.O — (w_t + Poa — 2 l—}:j—) — (U)lt J[“ Pot — o -;—1-) =

r

::(cuﬂ-w,)t-}— Agoo——~21c<7:-——;\%>.

Buauo, uro Av okasancs 3aBHCHLIHM OT BpeMelH, a 3TO o3Ha-
waer, 4To IIOJONKEHHe HHTEPECYIOMHX 1ac MaKCHMYMOB H MUHHUMY-
MOB Kosiefariii Oyrer MeHsITbCH CO BpemeHeM. Takoe penoCToaHHOe
BO BPeMeHH pacrpeiesenue aMIVIHTY] pe3yJbTHPYIOWHX KoseGaHHi

7 775N
777K AKX
TR

)
N

Puc. 21.

HasuiBaercsl HeycTofuHBOl uuTepdepeHIHOHHON KapTHHOW, a camu
HCTOUHHKH K BOJHbBl — HEKOTe[eHTHBIMH (HECOIIacOBAHHBIMU).
Ho ecin wpy=w =0, To (C YYETOM TOTO, YTO [PH 3ITOM H Ay==

Ar
==hy==1) A’\":A‘PO—QTVT-
TMockoabKy ycnoBuem Makcumyma xoseCauufi sinanerca Ay = 2kw,
Ar
T0 2km==Ag,— 27 ——» OTKYJa COOTBETCTBYIOUasl Pa3sHOCTb XOAa

Ar = kh 4200,
2T

B rtom yactnoM ciyuae, KOrza B HCTOYHUKAX KoJe0aHUs Mpouc-
XOAAT €O cABHIOM (a3 Agy==2xn, nodayuum Ar=(k —n)k=mh =
== (uestoe uucao) X A. Ilpu saduxcupoBannom (k— n) umeem, uT0
Ar=const, T. e. pas’HOCTb paCCTOAHHUHA OT TOUEK MECTOMONOMKEHUS
MAaKCMMYMOB A0 HCTOYHHUKOB €CTh BeJMYMHA [OCTOSIHHAsl H, SHAYMT,
OiM JexaT Ha runepfonax, QOKYchbl KOTOPbIX HAXOAATCA B HCTOUHM-
Kax. .

Hrak, Bce makcumymbl HaxoAarcs Ha cemeiictBe runepGosn Ar =
=m\, rje m — UeI0e 4UCHO. v
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QueBHAHO, BCE MHHHMYMBI JelkaT Ha ceMmeHictBe rumepton Ar =
A
=(2m 1) . flcHO, uTO B CJlyyae KOrePEHTHEIX HCTOYHHKOB (T. e.

TAKUX, Y KOTOPBIX A 7% A¢ (f)) NOJOXKEHHS MaKCHMYMOB H MHHHMY-
MOB CO BpeMeHeM He MeHsTCAa. Takas HHTepdepeHLHOHHAsa KapTHHA
HA3bIBACTCA yCTOHUHBOM.

3anaua 21

Kakoe xonuuecTso aHEpPrHH BOJH «NajaeT» 3a €IUHUIY BpeMeHn
HA eLHHHYHYIO IJIOIIAJKY OT TOUEYHOTO HCTOUHUKA BOJH MOUIHOCTHIO
N, Haxopgulerocss B OJHODOAHOH, H3OTPONHOH H HemorJjoiawoieil
Cpefie Ha PaCcCTOSIHHH 7 OT NJOLIAJKH, HOpPMaJb IJIOWEJKH COCTaB-
JFeT YroJd o C BEKTOPOM ¥YMOBA.

Pemenne

AE
[To cMmeicnmy BOHpoca HAC HHTEPECYET BENHUMHA P’:TAS,

OT/MMYAICLIASICST OT BEJHUYHHE BEKTOpa YMOBa JHIL TeM, YTO B 3Ha-
MeHaTeJle CTOMT BMECTO HopMaabHOfl K BekTOpy P maomaaxu AS,
nsomagka AS, pacrnosiokeHHas HOJA KaKMM-TO yIJoM o K P,

Puc. 22,

Jas mocTaTouHO YAAJEHHOTO HCTOYHHKA (Korja JIHEE{Hble pas-
Mepbl «OCBelilaeMoii» 00JIaCTH Maljbl 10 CPaBHEHHIO C 7) r; M ry MaJjo
oTsiHyaloTcs Apyr oT Apyra (puc. 22). [enas LHPKyJeM 3aceuky
pajuycoM s H3 MeCTOIOJIOKEeHHsi HCTOYHHKA, MOJNYYHM paBHoOenpes-
HBIl TPEYTOJIbHHK CO CTODOHAMH 7y, ry ¥ @. PaBHble YIJIBI IpU 3TOM
6yAyT MajJo OTAHUAThCS OT NpaAMBIX (MO0 H3-3a r >a yroa fa=0).
Ho rorma yron ya<90° u, 3mauur, AS,=AS cosa.

W3 ompenenennss BeKTopa YMOBa CJEAYeT, YTO €0 BeJHukHa

AE
P= At AS, °
Hurepecyiomasi e Hac BeAHYHHa P’ BHIPasHTCA Kak
AE AE
P E cosa==P cosua. (%)

==Af &S T Af &S,

3asucumocts P'== P’ («) BckpuiTa. Tenepb Hano cBs3ath PP ¢ N u r,

M3 onpenenenua P=W ciaepyer, YTO B OJHODOAHOH, H30TpOIN-
n
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RO H HENOIMIOULAOWENl CPele A/ chepuuecKoll BOTHN B cuay mep-
NEHLUKYJSADHOCTH NOBEPXHOCTH Cepnl myuy

pP— AE  AE N
TTOAtAS, T A dmrT T A

rae AE — sHeprus, npouweawas 3a spems Af yepes cgepy pamuyca r.

N
C yuerom artoro u (x) P’::—Er—;cos a.

N
38Me'l‘HM, 4TO BEJIHYUHY J:E{, MNOKAa3EiBAOIIYI0, KakKad MOoll-

HOCTh H3JYYaeTCsi B EIMHMILY TEJAeCHOTO YIJa, Ha3WBaoT HHOTIA
CHJIOH H3JIyYGHHs HCTOUHHKA (B RAHHOM CJyYae H30TPOIHOTO).

s caydas CBETOBRIX BOJH EenuYHHY ‘N HasBIBAICT CBETOBLIM
NOTOKOM OT HCTOYEHKKa, J — cpenuefl cusoff cBeTa, Besjuuuny P'—

N
OCBEIIEHHOCTBIO  TJIOUIAZKH, a COOTHOIleHHe P’:W COS 2 ==

J o
== —3 COS & — 32KOHOM OCBEIIEHHOCTH, CO3/aBaeMOil TOUCYHEIM HCTOY-
HHKOM B OJHOPOAHOH, H30TPONHOA H Hemorjowamoumel cpee.

Ecan MCTOUHMK HEM30TPONHLIA, T. €. M3JIyuaeT pas3jHdHO B pas-
HblX HalpaBJeHHSAX, TO BBOLST NOHATHE CHJAB HU3JAyUYEHUS B JAHHOM

J AN AN . .
HanpasJICHUH J — YR rne — MOULHOCTB, HOChIIaeMas HCTOUHH-

KOM B TeJeCHHH yroa AR,

3apaua 22

Ha pacctosinny 4 OT TOYEUHOro MCTOYHHKA MOWHOCTHIO N, Haxo-
ISerocs B OAHOPOLHOH, H3OTPONHOH H HEMOIJIoWAWINEH cpese,
HaXOJUTCS HJIeaJbHO OTpakalolWlas BOJHBI MIOCKOCTh. Hafith P=
== P (7), 'lie 7 — PACCTOSHUE OT UCTOUHUKA JI0 HHTepecyromlell HaC TOUKH.

Puc. 23.

Peumenue

B unTepecylomyo Hac TOUKy sHeprus 6yneT Momajarth KaK Hemno-
CPEACTBEHHO OT HCTOYHHKA, TAK H IOCJE OTPaKEHHS OT IJIOCKOCTH.
M3 puc. 23 (HOCTPOEHHOrO ¢ yYeTOM TOrO, YTO Yros OTpaMEHHs Jyda
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paBen yray ero NajieMHd) BHIHO, UTO TeOMETPHUYECKH OTpaKeHue
BOJIHL] OT IJIOCKOCTH SKRKBAJIEHTHO €€ PacnpoCTPaHEHHIO OT TOUKH
8’ — mHuMOr0 u306parxcenus HctouHHka S. [locKoasky no ycnosuio
NJIOCKOCTh OTpakaeT BOJHbLI €e3 IOTNOILEHHS HX SHEpPrHH, TO 3TO
SKBHBAJIEHTHO TOMY, UTO B TOUKY A 3HEPTHs NPHHOCHTCS OT HCTOY-
]HI/IKOB S u S’ onunakosoit MowHocTH. T1py 5TOM, KaK BHAHO U3 PHCYHKA,
W —h.

A B a
4N
B S
<< A £ i
; \
SAL LT J 79
C 1% !-1‘4——-_\(;
A
B!
A
B Xo-Crpera Gyew paduyea. R (seprana)
Xo-cmpena Byeu paduyca d (pposme
ynabuwed ra seprano Gomivs )
Xy-cmpena Jyeu paduyca F (@poHma
ompaxeHrod Gorted
R
h
x
Puc. 24.

[MpoBoas nnockocTh yepes npsamyio k' u Touxy A u pacnonaraq
JAHHBI AUCT B 5TOH NJIOCKOCTH, MOJYYHM KapTRHy, H30GparkeHuyio

- — - — N u

Ha puc. 23. Tak Kak Ppey=P P, nam Ppeg= - PR
P . .
+ 4N2 * -+ TO C yueToM OLHHAKOBOHl HANDPABAEHHOCTH r C U U r
nr'

¢ 4’ moayuum

3 N(T | 7

Ppea:”ﬁ‘('ﬁ—’—;ﬂ')r . (*)

rie r ¥ r — paccTofusA OT HCTOYHHMKa S u ero «usobpaxenus» S
Jio TOUKH A. o :
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TTycte Hauano orcueTa HaXOAWTCA B TOUKe S H NyCTh, Hamnpumep,
noaoxkeHue Touxkd A 327aHO KOOpAMHATaMM x M y. Torza sapaua
CBOAMTCH K HaXOXAEHWH r WJH, UTO BCE PABHO, €T0 NpOEKUH# rjy
r.. Ho u3 puc. 23 BuaHo, ut0o ry=ry,=x, a ry=h-}h'=

B2 N8y a2 ] 213

ITpu stoM r" = (r 4 ry)’ e =[x (y -+ 2h)*}/=.

Pacnucoirag papeicTBo (*) B NPOEKUHSX, TOJYUHM

— N o -
Ppesx-—" - ( (x2 4 y%2/2 + [x% (v 21)%)%/2 ) !

— N v 2
Ppesy"—z_;( 2+_y 3/y + [xg—l-(J)“i“Zh)g]a/z)
3anaua 23

Ha BornyTyio cGepuueckyio nOBEPXHOCTb pajnyca R mnagaer
BO/IHA OT TOUEUHOTO MCTOUHHKa J, HaXoAsllerocs Ha paccTtosiHuu d
oT noBepxnocty (puc. 24). Hafitn nonoxenne H3o6parkeHus: uCTOU-
HHKa, T. €. TOUKY, B KOTOPYIO «COMJeTcsi» BOJHA NOCIE OTParKeHud
ot nosepxtcctd. Cpeja OIHOPOAHA M H3OTPOIIHA.

Pewmenne

[lockonbky cpexa, B KOTOPOii pacnpocTpaHseTcd BOJIHA, OJHO-
poiHa W M30Tpouna, TO BOJHA, HAylast oT HCTouHHMKa J, Gyrer
c¢epuueckoit. Ilycts pnst onpenesnennoct d > R. B uexoropwiit
MOMEHT BpeMeEH (POHT yraBuiell BOJIHBI HMEET OKOJNO OTpaKalollei
HOBEPXHOCTH BHA. yxa3aHHbfl NYHKTHpOM Ha pHc. 24,a. B 10 Bpems
Kak Toukn A U B ¢QpoHTa yiKe KOCHYJMCb NOBEPXHOCTH, Touxa C
€llle 10 Hee He JOMWia, M K TOMY MOMeHTY, Korra touka C joizer
10 3epKasa, TOUKH ¢pouta A B B nepeMecTarcs Jocjae OTpakeHus
B nosoxenus A" u B’

ITo ompenesennio ¢poHTA BOJNHBI BpeveHa NMPOXOKAEHHS BOJNHOMA
paccrosunii AA’, BB  u CC’ opHHaKOBH H camMH 3TH pacCTOSIHUA
ONMHAKOBHl (KaKge paccTosiuHe x; npoiizer najawolnas BoaHa o1 C
ne C', rakoe ke paccrossre x;==AA" 3a 370 BpsaMms npofiger orpa-
3MBLIASIC 4acTh (ponta BoaHB)., M3 pucynka euaHo, uTO |Xx;|==
==|x |4 |xa|+]x3]. Ho T1ak kax |x3]=AA"cosf={x|cosB, 10
]Xal_!x1|(1+0053)+1x‘2u

Ecom nyuok BosH, najaiouyii Ha nOBepXHOCTh, y3kuii (1. e. a—0),

0 §—>0 1
%] =2{x1 ]|+ | xq).

[MoCKONBLKY Xo COOTBETCTBYET Najatolieil BOJHE, @ Xy M 2x; — OT-
pameHHOH, TO OHHM JO/KHBE ObITb NPOTHBCIOJOXKHLIX SHAKOB, a
HOTOMY — Xg== — 2Xx1 -} X, HsH

2X1 = Xg + Xi.
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I/Issecmo, 4TO MPH MAaJbIX BLICOTAX CErMEHTa HMEeT MeCTO CBf3b
x~— (puc. 24, 6). Ilostomy paBenCcTBO (*) (C yueToM TOro, 4TO

npu ¢—>O HMEET MeCTO fy =z hy~=hy=~Hh) npumer BHJ

1,1
=5+ (¥4)

D10 COOTHOLIEHHE Ha3sbiBaercst GopMyJcl Ajs chepHUECKOro 3ep-
kana. Ona npurogHa W A BOTHYTOrO M AJSl BBINYKJIOTO 3€hKana,
HC IpH I0/Jb30BAHHH €I0 CYLIECTEEHHO NCMHHTH NPABHJO 3HAKCB:

Pacernoanus d w | usmepaom 8 nocaedosamessHOCU UCHOUHUK —
Bepraao — usobpaxcenue., Ilpuw amom  paccmosnus, OMCHUMQHHbE NO
X00y B60AHBI, NOAONCUMEAbHbI, @ RNPOMUS X00a — OMPUYAMessHbl. R
NOAOHUMEALHO 041 BOZHYIMOZ0 aepfca/za U ompuUyaAmessHo OAi 8bl-
nyKAL020.

B nameM cayuae Bce pacCTOSTHHSI IOJIOMHTEJIBHEL.

[Tonaras B (#x) d— co, mnoay4um f:—g. 2ty Beauduny obo-
siguaroT OykBof F, a Toraa (##) NPUMET BHI

1 1 1
FTF T

QueBugno, F paBHO pAcCTOSIHHIO OT 3epKana A0 TOH TOUKH, rie
ccBupaiored AyYH OT OeCKGHeUHO YAAJSHHOrO HCTOUHHKA.

®opwmysa 3epkasia, Kaxk BHAHO K3 BLIBOJA, sBAseTcs npubau-
KeHHoll, Ho Tem GoJee TOUHOH, ueM MeHblLIe YroJ d.

Qapaua 24
Cunofl usayueHns HCTOYHHKA BOJH B JaHHOM HANPAaBJAEHHH Hasbl-
AN AE
BaeTcs EetMynHa J = T‘Q—zm, NoKasblBaiollas, Kakas 3Heprud

BOJIH [IPOHU3BIBAET 32 €IUHULY BPEMEHY B eJIMHHUYHOM TEJECHOM yrie
moboe ero ceuenne. EcaH HUCTOUHMK H cpeja H3OTPONHBI, TO CHJA
A N
H3JIyueHusl OAMHAKOBA N0 BCEM HaNpaBieHHAM H J=—A%=—Q—,
KaK d ykasblBaloch B 3ajaue 21.

Haiita cany nanyuenns usofpaskeHds HCTOUHHKA, AaBaeMoro cde-
PHUECKOH BOTHYTOH NOBEpXHOCTBbIO, MOIJIOMAIOWEN 71-0 4YacTb YyHas-
izefi Ha nee 3HePrHM OT HCTOUHMKA cHJofl J, HaxOAslLErocs Ha pac-

CTOSIHUH % OT NoJioca cepudeckoil nNoBepXHOCTH pajuyca R (puc. 25).

Pemenue

Hanomuum, npexne Bcero, uto TejecHslft yron AQ ompenensetcs
OTHOLICHHEM 4acTd cepHuecKoll NOBEPKHOCTH, H4 KOTOPYIO OH OIH-

3

paeTcs, K KBajpaTy pajumyca 3Toil cepnl, T, €. AQ =

Rf (nozxoéuo

186



TOMY KaK MNeHTPANbHbH JIHHENHLI yroq H3MepseTcsi OTHOUeHHEM

JyTH, Ha KOTOPYIO OH ONHpaeTcs, K PajHycy AyrH, T. e. Aa:ﬂ?).

[TpoBens or ucTouHMKa J y3KHI KOHYC C yriacm AQ g oTpaxa-
xomefz NIOBEPXHOCTH M NPOH3BEAsl MOCTPOEHHE OTPaKeHHEBIX KPaiHHX
Jydefl KOHyca B COOTBETCTBHM C 3aKOHOM OTDaXKEHHS Jyued, noJy-
unuM n306paxerus ucrtoynuka J'. M3 puc. 25 BuAHO, YTO BOMHLI, luen-
wue oT J B TenecHoM yrote AR, mnocse OTpameHHsl CXOzArcs K J',
a [OTOM PAacxoisTcst OT Hero B KOHyce ¢ yrjaom AR,

Puc. 25.

[To ycioBHIO 3anaull #-51 UaCTh SHEPTHH NPH OTParieHHH TepseTcs.
310 3HauutT, ut0 AE = AE (1 —n) umg AN'= AN (1 —n), rze AN —
MOIUHOCTEL Najaioliux BosH, a AN’ — orpaxennnix. Ho AN == JAQ

u AN’ =J'AQ’, nostomy J'AR = JAQ (1 — n). Ilockonbky AQ:%

i A9’=—A§—_§—, TO J’Af;f = idsf—(l—-n), OTKYIa J’=JQ—_7’}m.
Tak xak f=—2% (cm. sajauy 24), To oOKcHuareqpHo J'=

=J (1—n) R

Y @2d - Ry

[Nonyuennslfi pe3yabpTaT CHpaBeiiHB JIHIIL JAN8 Y3KHX DYUKOB,
nexalux BOAH3H OCH CHUMMETPHH KapTHHb. Boo6iue rosops, muzo-
GpaxeHne J' He sBJsETCsl H30TPONHLIM «HCTOYHHKOM». Y Hero HaH-
GoJsibliasi CHJIA H3JYyYeHHs BIOJbL OCH cHMMeTpuH. MMenno aas stoit
CHJIbI H3JIyUeHHS M CNpaBelJIuB IOJYYeHHbl pesyJbTar.



YACTD 11

. TEPMOIVHAMUKA

Ipoueccsl, paccmarpHeaeMbie B 9TOM paznene (HU3HKH, CYILECT-
BEHHO OTJIMYAIOTCS OT TeX, KOTOLhLE DACCMATPHBa:OTCH B MeXalHke,
Oxn ropazno Cosee cacxkubl M nHOroo6pasunl. OnucbiBAOTCS OHH,
€CTeCTBEHHO, ApDYrHMU YPABHEHUSIMH, BartHeflUMMHM XapaKTePHCTH-
KaMd JABHJKEHHSI 3JeCbh YIKe ABJHIOTCH He Nepemellenis, CKOPOCTh
W cuga, a Apyrue (Kakne umenHo, Oylel BHAHO B jajbhefiines).
Ecrb u ofmue gas Beex BHEOB JBIMKEHHSI XapaKTepUCTHRH, Takue,
KaK 3Heprud, NOoufATHEe O KOTOPOH 1eOOXO0iMMO, O/HaKo, 0000iuThL
H Ha lieMeXaHHUEeCKHE BHU/bl ABHIKE! Hs.

HecmoTps, oanaxo, Ha cyliecTBeHHOe DazjiHyMe MEXaHHUECKOro
H HEMeXaHHYeCKOro JABHIKEHHII, METOA ero HCCAejOBaHUs, a 3HAUMT,
M METOJ peleHHs TeX HJH HHBIX 3a4a4 B []aBHbIX CBOUX depTax
OCTAeTCH [IPEXIIHM, XOTsl, KOHEYHO, DPOABJASIOTCS M 0cobeHHoC1H,
00yc/ioBJ/ieHHble crielH(UKOA [NaHHOTO BHJA IBHMEHHS.

[TostomMy Mbl W B RasibHeBiiem OGynes MPHASPIKHBATBCA B OOHIMX
ueprax TOH CXembl, KOTOpas H3JOMCHA BO BBEUCIIUM K pasieny
«KoneSaunua u BOJHBI.

1. WAEAJIbHBIN TA3
{ocHoBHLIC TMOHATHSA)

Mpeanbubiit ras — 310 1pocreitinas  CHCTeMa, paccMarpuBaemas
B TepMOJHHAMHKE U MOJIeKyaspHofi Gusuke. B 3TOT TepMHH BKJallbi-
Baercs cjelyiouiee coiepaaunne. MaBecTHO, 4TO Mexy MOJIEKYsaMmH
BelleCcTBa, HAXORSALErocA B JoOOM arperalHoM COCTOsHHH (TBEpPIOM,
JKHJKOM, ras3oofpasHOM), CYLIECTBYIOT Kak CHJIBl NPHTSKEHMA, TaK
H CHJbl OTTaJKMBaHUA, KOTOpble BecbMa GbIC1PO YOLIBAIOT ¢ yBeJiM-
YEeHHeM pacCTosiHusl Mexny MoJjexynamu. [lpw noctarouno Goablunx
PacCTOsIHUAX MEXKAY MOJICKYNaMH 3TH CHJIbI HHUT0XKHO MaJibl H MoJe-
Kyabl GOJbWIYIO 4acTb BPEMEHH NPHU CBOEM JBHXKEHUM NPAKTHYECKH
He DB3aUMOAEHCTBYIOT, M HX JABHIKEHHE MOJKHO DacCMafpuBalb Kax
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cBOfOAHOE OT OAHOTO yJapa O CT2HKY cocyla (ecid ra3 3aKJoucH
B cocyn) no apyrero  Takxoit ras Mel M HassiBaeMm HieajbHbIM. QOue-
BHAHO, 9TO HEOOXOAHMEIM YCJIOBHEM NPHMEHHMOCTH Takoro paccMor-
peHHs AJd peasibHOTO rasa fABAseTCsl €r0 pPaspiXKeHHOCTb. Takofl
ras MOXKHO paccMaTpPHBaTh KaK MHOXKECTBO MaTepHaJbHRIX TOYEK,
NOJABJSIOILYIO YACTb BpeMeHH JBHXKEHHSI He B3aHMOAEHCTBYIOLIHX
Mexay coboll. EcrecTBeHHO, TaKoe pacCMOTPeHHEe He SIBASIeTCH Tpa-
BOMEPHbIM TP YNJOTHEHHBIX COCTOSHHAX Trasa.

B cayuae wupeanbHoro rasa (T. e. JOCTATOYHO paspeXeHHOTo
peanploro rasa) ero coCTosilHe OMpejeasiercss 3ajdaHHeM YeThipex
H3 CJeaylomMx nstd BejqHuuH: M -— mMacca rasa, (. -— MOJEKYJAp-
HEIl Bec, p— JaBJIeHHe Tasa Ha CTeHKH cocypa, V -— ofreM, 3aHH-
Maemblii rasom, T — afcomoTrHasi Temmepatypa rasa.

Mexly 3THMH BeJIMUHHAMHM CYILECTBYeT CBsI3b, yCTaHaBJ/iHBaemas
ypaBHCHUEM COCTOSHHS Hji€aNbHOro rasa

pV:lgRT nam pV = ZRT (1)

(ypaeneusie Knanefipona — MenfieneeBa), Koropas [o3BoJfer 110 YeThl-
pem BejinuWBam HaliTH nsATyo. 3hech R — yHuUBEpCaJbHasi rasopas
MOCTOSIHHAS, YMCJIEHHO® 3HaueHHe KOTopoll onpejensercs BblGOpOM

. M 3
CHCTEMB €IMHHIL, Z:;——‘{HCJIO MoJiert raza B COCyJe.
Ecau B cocyze HMEeTCse CMeCb rasoB, TO MO 3aKGHY JaabToHa

p=pi+pa-tee b i (@)

rie p; —BKJax B oflilee japjeHHe, BHOCHMDLIH i-M TrasoM (napiuu-
anbHOE NaBJIeHHe); p— CyMMaDHOe jAaB/ieHHe rasa Ha CTEHKH COCyja.
[TockonbKy

pV =’ll’ RT;, 3)

To ypaBHenne Kunaneiipona — Menjeneea B cayyae CMecH TrasoB

MO)KHO 3anMcarbh B orauuHoM oT (1) Buae. Mmeuno, nomuomxas (2)

na obvem cocysa V, monyunm pV = (pV ...+ pV), uau c yue-

ToM (3) pV=%RT+...+%1'—‘RT. Buinoca RT 3a ckobky, moay-
1

n
yaeM

pvz(%—;-...+ﬁ::”)RT. 4)

O6biuno B 3azauax QHUIYDHPYIOT JaHHBIE O JBYX COCTOSIHHSAX
rasa — nepBoHauajpbHOM M KoHeuHoM. Torja HpH pelueHHH 3ajaul
HaJl0 COOTBETCTBEHHO Hanmucarb ypaBHeHue (1) uap (B cayuae cmecH
rasop (4)) ABamJu: ]Sl HauaAbHOIO M KOHEUHOTO COCTOSIHMM.

B tex cayuaax, Korka ofbeMm rasa MOXKET MEHAThCA 3a CyeT Moj-
BUIKHOCTH NPOGKN, KJanaHa HWJHM NOPIUHA, JaBJeHHE rasa onpene-
JISIIOT M3 yCJI0BUA JBHXKEHHMA 3THX IOABMXHBEIX «3akphiBaliek». B ciy-
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yae HMX MOKOS 3TO YCJOBHE O3Ha4aeT PABEHCIBO HyJIO reoMeTpHue-
cKOHl cyMMBI cuJsi, AGHCTBYIOIMX HA «3aKpbIBAILIKY».

[Tockoabky B ypaBHeHHH (1) comep:xarcs BCe 4YacTHble ras3oBble
sakounl (Boiis-Mapuorra, Teii-Jlioccaka u Ulapas), To oTaenbHO HX
paccmMaTpuBaTh Ml He Oyxem M Bceraa Oynem moapsosatbest (1),
XOTSl BO MHOTHX CJAy4asX IJil YIPOLIEHHs 3aNMHMCH MOXKHO OblJIO Obl
EOCIOJIH30BAThCA YACTHHIMHM 3aKOHAMH.

B ypasnenue (1) BXOAAT nsTh HepeMeHHbIX Beauuuu: p, V, M,
o o T (p MOMET MeHSTBCS, €CJAH B Trase MpPOTEKarT pPeakiluH).
Ha nsockoM e rpaduke MOXKHO H300pasuTb TOABKO 3aBHCH-
MOCTh Mexay AByMs mnepeMeHnbiMH. [lpn 3ToM Hazio oroBapuBaTth,
Kak ceGs1 BeLyT OCTajbHBEIC nepeMeHHble. Hanpumep B caydae, Korja

10
p
) fghconst
-V
Puc. 1. Puc. 2.

M
M, v u T wmeHmiOoTCS, HO TaK, 4TO HPH 3TOM ‘—“—T = const, neo6xo-
M
ZUMO cienath Ha rpaduxe orosopky, 4to —T =const (puc. l).

M
Bo3MOXKHBI, €CTEeCTBEHHO, TaKHe NpOIecCH, Koraa n T =~ const.

Torga Hajgo, MOBTOpsieM, yKasaTb, Kak BeayT ce6a M, p u T. 310
HEe CJeJaHO Ha PHC. 2, HA KOTOPOM CJaefoBajgo Obl yKasaTb, 4TO Ha
yuactkax 0 — I u 2— 3 (cmouHoi rpapuk) M =const, p=const u
T =const, a Ha yuacTke | — 2 M = const u3-3a KoHjeHcauuu mnapa.

Ypaeuenue (1) MOXKHO paccMaTpHBaTh Kak CJEACTBHE OCHOBHOIO
ypaBueHHsT KHHETHUSCKOH TEODHH HJealbHOro rasa

p=nkT, (5)

rge n—4ucjio MOJNEKYJdA B ¢AUHHIE o6beMa; k — nocrosiunas bBojb-

nmana. Ho n=" rge — N — uncsio Mosiekya B cocyne. Ecan ogna

V’

rpaMM-MoJieKyJa rasa coiepxut N,==6,23-10" wonexyn (uucio

ABorazipo), To Z rpamMM-MoJeKkya conepxar N =N Z wmoneKys.
NRT

Tlockoasky Z=%’I, 10 (D) NpHUMET BUA p—_-:%f-—-‘f‘—-, OGosnauan

|4
N k=R, nonyuum pV=%IRT.
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Ecan B cocyne cmech rasos, To BMecTo (5) Hajo HamucaTh ypas-
HEHHE

p=pi...p, ma p=kT (ny~+...4-n,).

IloBropsis pacCykleHHs B OTHOMEHHH #;, NPHJAEM K YpaBHe-
Huio (4).

Ilap ¥ ras —3T0O B NPHHIUIE OILMHAKOBHE COCTOSIHHS BELIECTBA,
H pasjuuHe MexXAy HHMH 4UHCTO ycjaoBHoe. lMeHHO, MBl Hazbl-
paeM B ObITy napoM rasooSpasHoe COCTOSIHHE TeX BElIeCTB, KOTOpHIe
LipH OOBIUHBIX TeMmepaTypax ME! BH UM H B HAKOM (WJH TBEPIOM)
cocTossHUM. ['a3om ke Ha3kBAIOT Naphl TeX B2IIECTB, KOTOpPHE B KUJ-
KOM MJIH TBEPACM COCTOSIHHAX HAXOAATCA NpPH OYCHb HU3KHUX TeMIIe-
parypax. Tak, ras Boasl MJHM PTYTH MBI Has3niBaeM [1apoM, a Iap
KHMCJIOpOsia, a30Ta H T. J. — TasoM.

M3 cxa3aHHOrO BLITEKaeT, YTO Map JOJIKEH MOJUHHATLCS Ypas-
nHenuo Kuoanefiposa — MengesieeBa B Tofi e Mepe, urto H JoGo#
ras.
CrenyeT, oO[HaKO, CAejaTh CJEIYIOUIYIO OFOBOPKY: IIpH JOCTa-
TOUHO HHU3KHX TeMIeparypax (HMIKe KDUTHYECKOH) map MOKeT ya-
CTHYHO KOHJAEHCHPOBATLCA. [/l KaxAOro AaHHOTO napa CYIUEeCTBYeT
NPELENLHC BO3MOMKHOE COJepMaHHe e€rQ B JaHHOM ofbeMe NpH [aH-
Holl Temmeparype. Taxoll map HaspBaeTCs FHacHIIAWIKM, H €re ILIOT-
HOCTb OHpefesserTcs /s JaHHOTO Iapa ToJabko Temmepatypoii. Cyie-
CTBEYIOT TalJuibl, TAE YKa3aHB!l 3TH 3aBHCHMOCTH.

[Tap M3 HeHACBILAKMIEIO MOXET OBITh HPEBPalleH B HACHIHAIOWIKA
IOHMIKEHHEM TemIlepaTyphl HJH yMeHbiliehdeM obbema. Bepro u obpat-
HOE — yBeJIHuYeHHE TeMIeparypbl MM o0beMa, 3aHUMAEeMOro IlapoM,
JeJIaeT €r0 HEHACHINAIOMKUM (€CIH, OAHAKO, BCS XKHAKOCTh IIPH 3TOM
OyleT ucueprnana — HCrnapurcs).

Ha puc. 2 npuBefeHB 3aBHCHMOCTA JaBlieHus napa oT o6beMa
npu T ==const u p==const. Buano, uto B obmactu V >V, umeer

MeCTO le, B obuacty Vo<V <V, umeer Mecto p=#£p(V), a

B obaactu Ve >V cxkumaercs kMIAKOCTh. [IJis1 cpaBHEHUsI NYEKTHPOM
nacbpaxen rpaguk p==p(V) npu 7T const u p=—const g1 HEKOH-
JIHCHpYmoLerocss napa (MleajbHBIA rasj.

[Tpu V >V, macca napa He MeHsercs W nap IOIYHHIETCS 32KOHY
boitns-Mapuorra. Ilpu Ve<V <V, nap xouzeHncupyercs, U ero
Macca yOoieaer. llostomy saxony boiinsi-Mapuorra on He NOjuH-
psierea. Ilpm V<V, npakTHyeckn Bechb Nap CKOHAEHCHPOBAJCSH
B KUJKOCTb.

OueBuzHO, npH YyBenuueHHH ofbema B obaacta V<V <V,
KOJIHYeCTBO mapa OyieT BO3pacTaTh.

MoxHo s nospsoBatbesi ypaBHenneM Kianefipona —— Menpeseena
B obmactu Vo<V <V,? MoxHo, HO Hago sHath M —Maccy mnapa,
COLEPXKALIErocs B COCYJE, UTO He BCETrZa YAAeTcsl yCTaHOBHTH 0Oes
cooTBercTBYIOmUX Tabmul. Ilostomy B obnacty Vo<V <V, B cay-
yae HeoOXOAMMOCTH M Hajzo HafTH C [OMOIIbLIO 3THX Tabaum. Ilpu
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5TOM, ectectBenno, M==p,V. rEe p, — NJOTHOCTH napa, Hacbluaio-
1ler0 NMPOCTPAHCTB) [ipH NAHHOH Temnepatype (Tabjuduas BeJHUHHA);
V — ob6beM, saHnMaeMbil DApOM.
B caywsae Bojs#HOrO napa ero TJAOTHOCTb YacTO Ha3biBaioT abco-
?

JUIOTHO# BJIAXHOC1bLIO, a OTHOLIEHHE /:P—— OTHOCHTeJIbHOH BJaXK-
3]

HOCTbiO. 3JeCh p — NJOTHOCTL MNapa, mﬁ%@erom B NIPOCTPaHCTBE.

s Bcero Beineckazanporo CjaeayeT, 4rd, pewias 3azauy o nape,
HAXONSIUEMCS B COCTOSTHUM, GJH3KOM K COCTOSIHHIO HaCblUlEeHHH,
HajO BLISICHHTB, fABJASIeTCS JH [1ap HACBULAIOLHM HJAH HeT (4 cJaeno-
BaTeNbHO, MOCTOSIHHA €0 MACCA IIPH H3MEHEHUH COCTOSIHHS MJIM HET).
[Tone3no znaTh, 4TO MOA H2OTHYTOA NMOLEPXLOCTHIO CYLLECTBYET Aak-

nenne (Jlannacoso). B cayuae cdepuueckoit noBepxHocTH ph== 7 ,
rpe o — ko3pQuIedT NOBeDPXHOCTHOIO HAT/KEHHS (2aBHCSWHA  OT
TeMneparypn); K -— papuyc KpusH3nul cepni. OueBMANO, TOHKYIO
IUIEHXY OFpAlMUMBAIOT BE MOBSPXHOCTH NPAKTHUECKH OAHHAKODBOrO
. 44
pasuyca. Iosromy B cayuae, Hanpumep, MbLIJILHONO MY3BIPA p, == e
Ilpu sTOM cH.1a nap/eHHs Haupasjaena BO BHYTPb [IOBEPXHOCTH.

TamecTbio ra3a Mol Besie B 3ajavax HPQHGGDQF&QM.

2. 3AJAYN K PA3JAENY «UAEAJIbHBIA TA3 U [IAP»
3anaya 1

B yskoif, 3akpbiTofi ¢ oaHOro konua TtpylKe HAXOAHTCA ras,
3anepTeifl crojbukoM prytd Anuuow f{. Ecau TpyOKy HAaKJIOHHTH
NOX yrAOM 2 K BEpPTHKAJM, TO JJHHA cToj6HKa Bo3jyxa Gyher
pasHa [. KakoBo BHeliHee JaBJCHHR, €CIH [PU MEPEBOPAYUBAHHH
TPYOKH OTKDHITLIM KOHLOM BHU3 BepxXHHA Kpail cTonOuKa pTyTY
nepeMecTu/cs Ha A/ B NpH 5TOM 3a CHeT BbWIMBAHHA DTYTH CTOJGHK
pryTH yxoporuicst Ha AH? CuutaTs, UTO TEMHEpaTypa rasa BO BpeMa
nepeBopavyHBaHUs He H3MCHHJACh, KANUANADHLIMH SIBJACHUSIMH H Tpe-
HyeM npenebpeun (pHc. 3).

Pewenue

Tak kKak B 3ajaue roBOPHTCSI O JBYX pa3/HullbIX COCTOSHHAX
rasa, To numem ypaBHeHust Knanefipona — Mengzeneesa AJisi Kam10ro

W3 HUX
pVi=ZRT,, PaVsz = Z:RT.

IMockonpky Tyi==T: (mO0 yCJOBHSIM 3ajaud) M Z;=Z, (Macca ra2a
He H3MeHUJACh), TO MOJyJYaeM INpH JeJeHHHd HCXOUHBIX PaBEHCTB
p1Vy=psVa (uT0 MONKHO Gbl10 Obl HamHCaTh U Cpasy).

C yueroM Toro, uto V,;=38/; n Vy=S/;, umeem

pily = pila. ()
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LaBnenna p; u ps HaflieM U3 YyCJOBHS DPABHOBECHA CTOAOHKOB
prytiH. MMeHHO, NpoekTupyst BCe CHJbI Ha och TPyOKH, [OJYUHM
For 4+ mgcosa — Fi=0, {(2)
—“Fag-l—fngg—*—Fg:O,
rae Foy v Faa— MORyAH cHJ, AefICTBYIONIMX Ha CTOJNGMKH PTYTH €O

CTOPOHL! BHewHe# cpelst (aTMocgepsl); Fi v Fo — MOLyau CHA AaB-
JIeHH# ra3a Ha PTYTb H3HYTPH, /74 U My — MacChi CTOAOUKOB PTyTH.

P -
I i Fa,
Iy :/ -
H-A\H | & msg
! = .
Fa

Puc. 13.

[_IOCKOJIbe Fa]ZF(ﬂ:paS, F1=,U18, ngp;:s, m,:pHis 4]
my=pH,S, T0 ypaBueuus (2) npumyTt BHA (C yuetom H,=H u
Ho=H — AH

PaS -+ oSHg cos 2 — ;S =0,
— PaS + pS (H — AH) g + puS =0,

rae p — IJOTHOCTb PTYTH.
Buipa:asi 43 3THX PaABEHCTB AaBIEHUS Py U pat

p1= ps -+ pgil cosa,
pe==pg — pg (H — AH),

B [OACTaBJifgsl 3TH 3HAUYCHUA Loy K py B (1) MoJIy4HM (c yUeTOM
l1=‘l H 12=1+A1)

(P + ng cos ) ! :lpa — pg (H — AH” (t + ALy,
OTKYJa /erkO HAaXOLHTCH BHEWHEe NABJECHHE pg:

p, = "A_fj (Hlcosa+ (H —AH) (1 + AD).

{Ipu »sTOoM MoJaraem, 4To MJOTHOCTb PTYTd MasO OTAHYAETCH OT
TabavuHoOro 3HaYenus, taBaemMoro npu 7T == 3J0° K,
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3apaua 2

Bax B B#2e NPAMOYTOABLHOrO Tiapajjiesiennne]a ABNKETCS B Hanpas-
JIEHHH, NepneHjHKyJ/JASpHOM OJHOH H3 ero creHok (puc. 4). Haiitu
pasHoCTb NJOTHOCTEH (p,—p,) Yy €ro 3agHell H 7enﬂeﬁ CTEHOK,

Puc. 4.

ecan 6aK HaxOAWTCA AOCTATOYHO JOJFO B ABHIKEHHH C YCKOpPEHHEM d.
[TnotHocTh mokosimerocs rasa p, ero Macca M, Ttemmepatypa T
v pjuMHa Gaka [ uszBectHol. Cujiof TsiKecTd, NeHCTBYiOILEH Ha ras,
npeHeOpeys.

Pewenne

s naxomaeHUs p; M p, PacCMOTPHM BecbMa TOHKHE CJIOH rasa
OKOJIO CTEHOK, Takue, 4TOObl B mpejesiax 3TOrc CJost MJOTHOCTb
raza Obwia NPAaKTHYECKH MNOCTOSIHHA. Toraa ypaBHEHHS COCTOSHHS
rasa JAanyT

AMy RT

Ps=gy )
AM, RT

Pon= AV:' I » (2)

rjie py, M p,— JaBjiecHHE rasa y mnepelHefl M 3ajHeH CTEHOK Oaka.

[ockoabry %f—}i—“—‘ps " i—gﬁzpn, T0, BoiuuTas (2) u3 (1), nonyuum
3 n
RT
Ps — Pn=(ps — pu) !
OTKyJa

pa—pnz.(!ﬁ%%ﬂ)—}i_ (3)

BujHo, uTo 4151 oTBeTa HA BONpPOC 3ajayd HeoOXOLHMO 3HATb
pasHocTe JaBjeHMA rasa y nepefHell H 3agHedl cTeHOK Gaka. Jra
pasHOCTb Ha#JeTcsl, eCTeCTBEHHO, M3 YpaBHEHHs IBUKEHHH rasa Kak
genoro. Mmenno nosaraeM, uto 3a JJIMTENbHOE BpeMs RBHKEHUS
KoJie0aHusl rasa 3aTyXHYT H3-3a BHYTPEHHero TPEHHS M BCE HaCTH
raza OyayT uMeTh OJMHAKOBOE ycKopeHue q. Toraa 1no BTOpoMy
3aKOHY MEXaHUKH

Ma=F,+F,, (4)
rfie fy u Fy—cuapl, nefcTByiomMe Ha 1a3 ¢O CTOPOHb  3ajHed
U mepejHel creHoK Gaka.

194



[MpoekTupys (4) Ha HanpaBseHHe NBUIKEHHS, TOMYUHM C yueToM
Toro, yro F,=p,S u F,=p,S

Ma= (p, — p,) S.
Tak kak M =pS, 1O (4) MpUMeET BUA

pola = (py — pn)- (5)
Hckmouas us (3) u (5) pasHocTb paBiaeHHH (p; — pg), MOMYUHM

la
P3—Pu= p;eTP.-

3apnaua 3

B umsmusape (puc. 5), 3aKpLITOM [OpLIHEM BecoM P, HaXOmHTCA
ras ¢ MOJEKyJsipHbIM BecoM p B Maccoli M. K cepeause nopuuns
npujenaH ITOK B, CoemldHEHHbIH pbluaroM [ ¢ mapHupoM 4, Tas
paBHOMepHO HarpeBaloT. YToOb!

[OpIieHb IIPH  3TOM MOKOHJCH, 08 0
TPY3HK /1 TPHXOIMTCS [epelBH-
ratb BjaeBo. Haiitu nosoxkenue
rpysHKa m Kak QYHKIHIO BpeMeHH. B ¢
BricoTa nopiuiHs Haj JHOM cocyla r A
paBHa h, atMocepHOe faBjeHHe
H TPEHHe CUHTATb HHYTOKHBIMH.  bood mg

Pemenne y

QOueBHAHO, 4YTO HarpeB rasa
MPUBOAUT K POCTy JHaBJeHUS H
YBEJHYEHHIO CHJIbI, AeHCTByrowed
CO CTOPOHBl rasa Ha MOPILUEHb.
Ecau rpys m He nepeiBurartb BJje-
BO, TO paBHOBeCHE CHCTeMbl HapywuTcsi. UToObl OHO HE HAPYIUHJIOCH,
HeoGX0AUMO DABEHCTBO HYJIO CyMMbl MOMEHTOB, BpamlaiolidX pbluar
OTHOCHTeJIbHO, HanpHMep, ToukH A. JT0 OPHBOAHT K pPAaBeHCTBY

Pl — pSi 4 mgr=0.

Puc. 5.

Bxoasilmee ciofa JaBieHHe rasa Ha MOpiIEHb ONDEENHTCH H3
opMyJIbI
M
V‘——F RT.

[MoacraBnsAs BbIpaKEHHOe OTCIOAA JABJIEHHE p B HCXOAHOE PaBEHCTBO,
IOJIy4UM

MRTSI

Pl— —ay T mgr = 0.
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i
Yurg, wro S=1 NPHXOLHM K ypaBHEHHIO /

1% h?
:<MI~'3'[_P>J_.
@i mg

.Tlo ycnoBusim sanaum ras HarpeBaidT PaBHOMEDHO, T. €. €0 TeM-
nepatypa T pacter co BpemeneM no JuHefihomy sakoHy: T =T,,,+
-+ const ({ — {4,,). llonctaBass 310 3HaueHne B Npejsijyluee paseH-
CTBO, NOJyYaeM pelienne 3ajaud B BHAeE:
{

T waw + constdr) — Pl—,

M R
- ng

.“L/"

3apaua 4.

[o ycioBusM Dpelblayliedl 3a:aud HaHTH CKOPOCTb ABHYKEHHS

AT
fpysukKa m, ecjn CKOPOCThL Harpeepa i H3BECTHA.

Pemenue

Ar
Ilo onpepenenmio BeNHYHHBI CKOPOCTA ABHKEHHS TPy3HKa U== 1.,
cne Ar==(r — ry,y) — NEpEMeIlEHHe rpy3nKka 3a Bpems Al
A7
[To onpejenenuio CKOpOCTb HarpeBa eCTh BefMUMHA 77, [Ae

AT = (T — Tyae) — M3MEHEHHE TEMIEPATYPH 3a Bpemsi Af.
Ho no ycnosusm npeapaywed sapaun T =T, - const AL,

A AT
Crciopa T — T ==const Af, a 377 ==const, T e. 7= const ectn

HMEHHO Ta KOHCTaHTa, KOTOpasi (GHI'YPHDYeT B pelieHHH NpelblyLueh
3ajayf.
[lockoabky u3 pewenHs npeasiAyliel xe 3ajaun

r— lhay == [ (T yay -+ const &7) — P] mg [Aﬁf T gaa — P] ”-%g —

MR

= wh const At

Ar
TO, Bblpaxas oTciolla -

Az+ TONYYHM

ar MR 1
Y 'l:h' nst ;Tg.

Ar 7
C yuerom o ==v u const=3; MOJIYUHM

— MR AT
T ph AL mgt
196



3anaua 5

[TokasaTb, 49TO NPH OTCYTCTBMH TPEHHA MOPUIHA O CTEHKH HHJMH- -
Jpa (puc. 6) papjieHHe rasa noj TMOPLUHEM ecTh JuHelHast QyHKUHA
OT o6beMa ras3a, HE3aBUCHMO OT TOIO, KaKHe MIPOLECCH NPOHCXOAAT
C rasoM, siiiib Obl €ro CXaThe HJH pacuid-
penre npoucXoaHaH pasuomepuo. Hapyxuoe
llaBjieHue p, NMOCTOSHNO.

s
Pemenue

338, TO HCXOAHTbL NPH pElleHHH 3ajaud u3
YPaBHEHHs COCTOSIHHS rasa KepanHOHAaJbHO.
C npyrofl cTopobi, B 3ajlaue SBHO xesaercs W/"‘
yrnop Ha paBHOMEDHOE [BHAEHHE [OPUIHS BRI M
(paBHOMEpHOE CXATHE HJH pacliHeHue rasa A
0O3HAuaeT pAaBHOMEDHOE ABMIKEHHE MOPIIHS). .My -
Ho B rtakom cayuae cymma cua, aeitctByio- .o

IIMX Ha [OpILEeHb, pPaBHA HYJ/IO, T. e.

mg+Fa+Fynp+Fraaa=O. . kxV. .-
TTonoxxum AJsi ONpefe/IeHHOCTH, 4TO B .t . .

HEKOTOPOM ~ COCTOSIHHH  [IPYXKHHA  CiKaTa. e
Torpa B mpoexliyn Ha BepTHKAJb MOJYYHM

mg —+ paS -+ kx — pS =0,

rae x — Besuunba AeopMalMu MPYXKUHB, OTCUMTAHHAA OT Hegedop-
MHPOBAHHOTO €¢ COCTOSIHHSE (TOT YDPOBEHb OTMEUEH NYHKTHPOM).
3 mosiyuenHOrO ypaBHEHHS! CJeAyeT

mg+ kx
o me R

Kakue-160 XapakTepUCTHKH COCTOSIHMA [a- %

[Tockonbky B 3apaue mHe q)mypnpym E
>
p
7

]

Puc. 6.

P==Pq

Ho x=h—hy,= V; Y

HOfi mpyxuue, a V — npu AepopMHPOBAaHHOH Ha X.
Torna

p=pa+,ng+ a"l"—_' +52-

Tak Kaxk B npasofi 9actu paBelcTBa BCe BeJHYHHB, KpoMme ofnema
rasa V, NOCTOSIHHB, TO MOMHO 3amnHcaTh p==a-} bV, uro H O3HauaeT
JHHEHHYIO 3aBHCHMOCTb JiaBJeHUd rasa OT ero obnema.

, rie V,— ofbeM rasa npu HellehOpMHPOBaR-

Vo _ RV

3anaua 6

B Ganjone Haxoauicsa cMechb rasoB B xoauuectBax Mi, M, ...,
M;, ..., M, ¢ MOJeKYJSPHBIMH BE€CAMH D, Pg,..., Bi,e.., Pty [PU
temnepartype 7. KaxkoB MOJEKYAADHLIA BEC CMECH (T. €. MOJIEKYJsp-
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HBI Bec Takoro rasa, KOTOpbIH, 3ameHuB coGo#t Hl&CEOUL)'IOCH cMech,
He usMeHus1 Obl JaBJIGHHS rasa Ha CTEHKH COCyla INpPH TOH xXe
Temneparype)?

Pewenne

It cMecH Ta3oB HMeeM
pV =RT <%+...+Mﬁ).»
e tn
Jaa «3aMensiollero» rasa
pV =RT g
IMpupaBuuBas npaBhle YacTH PaBEHCTB, NMOJYYHM
M__ M, Mn
P et b
Crciopa ¢ yuetom M =M, +...-+ M, nonyuum

_ M+ + M,
M, Man®
i +'"+u
3anaua 7

B 3akpniTom Gannone ob6remoM V 6bina cMech KHCJIOpPOAA H BOAO-
pola B KosauuectBax My H M, cooTBeTcTBeHHO. B pesysbrarte peak-
IMH BeCh BOAOPOA BCTYDHJI B COeAMHEHHe ¢ KHCJIOpoxoM. Temnepa-
Typa npu 3toM Bospocsa oT T go 7’. Kakoe Guijio jaBiienHe cMecH
ra3oB [0 peakluy M IOCJe Hee, eCJH KOHAGHCALHH BOASIHBIX IapoB
He IPOH30LLI0?

Pemenue
M | Mg
Ho peakuun pV =RT . —}—”— , OTKYyJa cpasy HaxoiuM p.
K B
[locne peakuuu
PV =R (x4 M), *
P
rie My — Macca ocTaBLIerocst KHc/opoaa; M, — Macca noJyYHBUIKXCS
[apoB BOJBl; P, — MOJIEKYJISIDHEIH Bec napa.
OueBunno, My= (My—+ M) — M,, a M,= M, -+ 8M, (Ttak kak
B BOASHOM Nape Ha Kamylo BECOBYIO HaCTb BOAOPOAA NMPHXOIHTCA

8 uactell KucJOpoJa).
TloncraHoBka 3THX 3HaueHHH Mg v My B (*) nocjie OueBHAHLIX

npeo6pasoBaHHH KacT
BT (Ms =8, 4 o)
P 4 i _{ b /°
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3anaua 8
B Gansnone 6bl1 Hexkotopwift ras. [1pu Beimycke H3 6ajsioHa 4acTH

rasa TeMIepaTypa rasa yMeHbLIHJIaCh B 7 pa3, AaBJeHHe — B K pas.
Kakasi uacTh rasa BbinyuieHa?

Pemenne

o Boimycka rasa p1V1=%‘ RT,. llocne Bbiycka rasa Jaas

. M
ocmasuielica 9acTi rasa HMeeM ngngRTg.

Hens paBeHcrtsa Jpyr Ha Jpyra u yuuthiBas, uto V=V,

(o6bem Dansona), no.nytmm%’ %3 ; HJH C yquOM TOro, 4TO ?—- ,
1
Ty M, — _ ( AM)
Tl—nuMg_ 1—AM, nonyuum k= Ml n, W k= )™
A k
OTKYJa 4acTb BbILIEAIIEr0 rasa olNpeiesUTCsl paBEHCTBOM _MM: I—=.
1

[Tockoneky O<§—AM< 1, 10, Ge3ycJIOBHO, f’;<l u k<n
1

3anaua 9

Chepuueckue cocyisl I u 2 o6vemamu Vy u Vg coenvHeHs Tpyo6-
KON ceueHHst S, B KOTOpoifl HaxoAuTCsi pTyTh. HauanpHoe mosoxKeHHe
PTYTH yKa3aHO Ha pHC. 7 XHDHbBIM NYHKTHpoM. B  pesyabTare
U3MEHEHU S TeMIepaTyphl
BOKPYT COCYAOB  ypPOBHH
pTyTH B 06eux 4acrsx Tpyo-
KH CTaJl OLMHAKOBLIMH.
3Has HCXOIHYIO pasHOCTb
ypOBHeH DTyTH, HaliTH Iep-
BOHaua/jbHble H KOHEYHbie
JlaBJIeHUS rasoB B COCylax,
a Takxe OTHOLIEHHE KOHeu-
HOH TeMmepaTypbl K Ha-
yasibHOl. KanuaiaspHocTelo,
JaBjeHHeM TapoB  PTYTH
H ee pacluupeHHeM MpeHe-
Gpeus.

Pemwenne

[Tockonbky B 3ajaue ¢(UI'YPHPYIOT YeTHIpe COCTOSTHUS Trasa, TO
HeoGXOOUMO Hanucatb ypaBHeHHe KianmefipoHa — MeHaeneepa Aas
KaxXJoro M3 HHX.
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ﬂ,JIﬂ rasa, Haxoasiuerocsa B J€BOM coCyne 1,

p;V,:%RT;, R ()
pivi —_—% RT;. @)
Hns BToporo rasa, HaxoAfllerocs B cocyle 2,
pwﬁ=%Rn, 3)
piVs =" Rry, 4)

]
H M, M,
eH3BECTHbIE W HEHHTEPECYIOUME Hac = u - cpasy HCKJiouaeM
penenneM (1) Ha (2) u (3) Ha (4). YuuteiBas, uyTO TeMIepartypa
rasoB B cOCyJlaX paBHa TeMIlepaType okpyxatoulel cpelp, T €.
Ti=Te==T u Ti=T3==T", noaydaem B pe3yJbTaTe yKa3aHHOI'O
JleJleHu sl

Vi Z

PV T )
Vs T

ﬁﬁ=F' ©)

CIe LUTPUXOM IIOMe4eHbl KOHEUHble COCTOSIHUSI Ta30B.
B asa ypaBuenust (b) 4 (6) BXOAAT AT HHTEPECYIOUX HAC

BeJIMYUH py, Py, P1, P2 H T Heo6xoaumbl jonosinuTebHbIE ypaBHe-

HHUA. Oun noJay4qarorcss IpH  paCCMOTpPEHHH paBHOBECH}i PTYTH
B HadaJbHOM H XOHEUYHOM COCTOSIHUSIX. PaBHoBecue Bceil pPTYyTH
B KOHEYHOM COCTOSIHUU (ypOBHH ee ¢JjeBa Hu ClipaBa Ha OILHOfl BbICOTe)
naet

p2==pi. ()

OueBHAHO TaKxe, UTO B pe3yJbTaTe M3MEHEHHs TeMIepaTypn AaBJe-
HHe rasa B cocyle / yBeJHYHJOCh, a B cocyle 2 YMeHbLIHJOCHL Ha

Al .
ONHY M Ty XKe BEIMUHHY pg 5 (BbICOTH ypOBHEHl PTYTH H3MEHSIHCH

Ah
Ha = ). OTO NPUBOAHUT K

2
m=m+%%, 8
m=m~%%. : 9)
yqu H3MeHeHHsl 00bLEMOB r'asOB RaeT
Vi=Vi+S$ 7, (10)
Vie=Vy—5 % (11
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Pemenne cucteMbl cemMu ypaBHeHm#t (5) — (l11) zaer oTBeT Ha
Bonpocel 3ajaud. VIMeHHo, npupaBHHMBas JieBble YaCTH ypaBHEHHH
(5) ¥ (6) m yunteiBag (7), nojyuum

PlVl?:p:;/[:s. (12)

CpaBuuBan npassie gactd (8) u (9), moayuum

p2=p; -+ pglh. (13)
[Moxcrapasa tenepn (10), (11) u (13) B (12), nonyunm

Vi (po-pghh) Vy
SAn T SAh
hts e
Orciona HaxoauM p;, uTo npu noxcraHoBke B (13), (8) u (9)
NaeT BO3MOXKHOCTL HalTH py, pi ¥ p3. [lojctabiasig HalileHHble 3Haue-

o T
Hus, Hanpumep, B (5), Halijem 7, UEM H HCUEPHBACTCH pPelleHHe

3agaun. M3-3a rpoMo3ikocTH OT- PSrp
BeTa MBI €r0 HE NPHUBOJHM.
¢IcHO, YTO NpH pelicHUH 3a-
Jlaul IJAOTHOCTB PTYTH NoJaraach
He 3aBUCsUlell OT TeMmneparypel,
YTO BO3MOXKHO JHlIb NPH HEOOJb-
HWIHAX OTIHYHAX Temnepatyp T u I—
T" or remnepatypsl 7, =273°K, —
IIpH KOTOpoH OObLIWHO M NPHBO- =
Jasitcsl TabJuuHbie JaHHble BEJH- — -
YHH, 3aBHCALUX OT TEMIEPATYPHL. .

L

st 1) o]

[t A\ H -]

mg

By Snp

]
RN IR

I
1
|
H

|
1
]

3apaua 10

|
1
|

B cocyn (puc. 8) Hamuta | -
pPTyTh, 3anuparorias HaxoAslHiH- — - -
Csl B 3aKPHITOM JIEBOM KOJieHe R T
Bo3ayX. [lsomans ceuenus Jeeol =
yacTd cocyna S,, NpaBofl uacTu Puc. 8.
cocyla — Syp. 3Has BBICOTY CTOJI-
6a Bo3nyxa [, a TaKmke e€ro Maccy M TeMmepaTypy CHCTeMbl, Hafité
pasHocTe ypoBHeH prytH AH. ATMocdepHOE HaBJeHHE DPAaBHO p,.
KanuansapHelMH  sIBJIEHHSIMH, JaBjeHHeM [apoB pTYTH H 3aBUCH-
MOCTBIO IIJIOTHOCTH DTYTH OT TeMIlepaTypbl NpeHeGpeub.

Pemenue
CocTosiHHE BO3/yXa ONHCHIBAETCSl yPaBHEHHEM

pV =% RT. )

IlpuueM JaBJeHHe p HAXOAUTCS H3 YCJOBHSA DaBHOBeCHS PTYTH.
Tak kak nHac unTepecyer AH, TO pasymMHO pacCMOTpeTb pPaBHOBECHe
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HMeHHO 9TOro cToa6a XHMIKOCTH. [IpH 3TOM HajA0 YuecTb, YTO Ha
OIMHAKOBLIX YPOBHAX B COOOLIAIOIMXCS COCYAAax JAaBJEHHE MKHUIKOCTH
OIMHAaKOBO, T. €. HHTepecylollee Hac JaBlieHHe ras3a p Ha IOBepx-
HOCTb JKHJKOCTH CJieBa pPaBHO JaBJIEHHIO B XKHAKOCTH Ha COOTBET-
CTBYIOIIEM YPOBHE CIIpaBa.

C yueToM CKa3aHHOTO HMeeM B NpPOEKLHH Ha BepTUKAJb

mg — paSnp — pSnp =0.
Tak kak Macca cronba pryTH m = pAHS,,, To

pAHSp &+ PaSup — PSup =0. 2
Coxpamas Ha Sy, H HCK/Mouas p u3 (2) ¢ nomouwbio (1), moayuum
MRT _
PAHg’*‘pa_m =0.

[Nonaras NJIOTHOCTL PTYTH p paBHOH TaGJUYHOMY 3HAUEHHIO IIPH
T =273°K, 7. e. npenebperas tem, uro p=p(T), Halinem orciofa AH.

3agaua 11

Ha puc. 34 usobpaxeHb JHArpaMMbl IPOLECCOB, MPOTEKAKOIINX
¢ rasoM. OnpegejuTb IO 3THM juarpaMmam: B KaKOM COCTOSIHHH

P\ v TR
1 _const p=const ==c0nst
= const I
1 1 2
2 2
(27 - ] 1% . —
a T 6 T 8 Vv
Puc. 9.

o6beM, 3aHHMaeMblil rasoM, MakcumaleH M MuHHMaseH (puc. 9, a),
KaK H3MEeHHJIaCh Macca rasa NpH nepexoje us cocrosinus I B cocros-
Hue 2 (puc. 9, 6), kKak H3MeHHJach Temneparypa rasa (puc. 9, 8)?

Pemenne

Ha koopaunatho#t naockoctd p u T, V u T uan p u V cocros-
HHe Trasa 3ajaeTcd TOUKOH (IIpU H3BECTHOM, KOHEYHO, YpaBHEHUH
cocTosiHusl rasa). Ecam ¢ rasom HpoHCXOauT Kakoi-u6o mpouece,
TO TOYKa, ONDEAEJsIONIas COCTOAHHE Trasa, OMHMCHBAET HEKOTOPYIO
KPHBYIO, YpaBHeHHe KOTODOH He IPOTHBOPEYHT PaBEHCTBY

pV —_—%” RT. *)
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B cnyuae a) mac unTepecyer of6beM rasa mpu const.

Toraa u3 (*) u puc. 34, a umeem

FIR

MpT T __ _
4 =3 R;—constl; = const - ctga,

rle & — yroJ, COCTaBJeHHbIH NpaAMOH, MPOBEIEHHOH U3 HHTEpecyIomle
HAaC TOYKH B Hawajo KoopAauHat, ¢ ocwio 1. OueBHaHO, V; cooTser-
CTBYIOUIM{I HaHMeHBbIIEMY 3HaueHUio ctga, Oyler HaumeHbIIHM, a Vi,
COOTBETCTBYIOIIMH HauGosblieMy 3HaueHHIo ctga, — HaHGOJMBINM.

B cnyuae 6) Hac nTepecyeT Macca rasa npu p == const u p. = const,
nostomy H3 (*) m puc. 34, 6 nonyuaem

M=%¥=con5t —IT{-—:const-tg a.

Orciopa ciefyer, uTo NpM Nepexoje rasa M3 COCTOSHHA [ B COCTOSI-
HHe 2 ero Macca yMeHblimJach, HOo tga ymMeHbHJCA.

B cayuae B) T—-_:pV-[%Q:const-pV, rie  pV — miomans

IPsSMOYTOJbHHKA, OFPAHHYEHHOTO OCAMH p, V H NepneHAuKyaspam,
ONYIIEHHBIMH Ha HHX H3 HHTepecyiolled Hac Toukd. BHAHO, YTO
paVe > piVy, sHaunt Ty >Ty, T. e. ras Harpescs.

3agaua 12

B cocyne ofvemom V naxoputcs map npu Temneparype T u nasie-
HUH p. CKOJNBKO XHUAKOCTH MOXKET BbIIACTb B OC4J0K IPH HOHHKE-
HHH TeMIepaTypsl Ha AT?

Pemenne

OueBujHO, ecaH OCafOK BbLINALAET, TO €0 Macca ONpPEeAeUTCs

paBeHCTBOM

Am:me—m1=V(pg—-—p1)=V(pe—%ﬁ),
rje My — Macca OCTAaBLIErocst B COCYJE€ HaCHILAMIIEro apa; py — €ro
MJIOTHOCTh npu Temneparype T — AT'; my— macca GbIBLIErO B COCyAe
napa; pp — €ro IJIOTHOCTB npu Temneparype T.

Bennunna py OGepercs W3 Tab/Mubl, KaK MJOTHOCTL HAacbIaio-
mero napa npu Ttemneparype To=T — AT,

Ecnu Am >0, ocanka He 6bLIO H OCTABUIMCA [ap €lle He CraJ
naceinaomuM. Econ Am <0, ocagok 6bin. Ecau Am==0— rpauuu-
HBIH chayual: ocajika He ObLJIO, HO OCTaBIUHACHA MHap CTajg Hachi-
LLAIOILHM.

3apaua 13
B umsuspe noi nopiiHeM HaXOAHTCA Map, SaHHMAOIUA o6BeM
V npu temneparype T. Ilap c:xkumaror, mpHueM ero Temmepartypa

okasoiBaercsi paBHOi T' < T\,. KakoB naumenpwmuii o6vem V’, Koto-
pbiii 3aiiMET BELLECTBO OA MOPLIHEM?
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Pewenne
OroBopka 0 TOM, 4YTO OKOHuaTesLHAsi TeMIepaTypa CHCTEMb!
MEHbLIe KDHTHUECKOH, cpasy MPHUBOAHT K MBICAH O TOM, 4TO BECh
nap CKOHJAEHCHPYeTCss B KXHAKOCTb, KoTopas M 3aiiMeT obbeM V.

[Ipenebperast 3aBHCHUMOCTBIO OGBEMA KHAKOCTH OT JaBJeHUSI, HO
yuuthiBasi Gosee CHJABHYIO 3aBHCHMOCTb 0GbEMa XKHAKOCTH OT TeMIle-

paTypel, HoJyyaem
V=V (1 +at),
Ho Vo= :’“‘, a my=M,, a notomy

My (1 4-ar). (%)

Pox

Vie= V==

[Tnotnocts kuakoct# npH {==0°C u Ko3ppHIHEHT ee paciHpe-
Hysl @ — TabAWuHbIe NaHHBIE, a HEoOXONMMYi0 JJIS pelleHHs 3ajaul
MacCy mapa HaxoAuM M3 ypaBHeHHss Knaneilipona — MenjeneeBa s
HAyaJbHOIO COCTOSIHUSI rasa

pv =~Aﬁi RT, (%%)

Hcknouas u3 (%) ¥ (+=) MaCCy napa, mojydaeM OTBET Ha BOIpPOC
3aja4yu

v PV ,
V= RT (I 4-at),
rae {'= T' — 273°K.
3ajaua 14

B manomerpuueckyio TpyOKy nonana kanenpka BOABl H HCHapH-
nack. Haiity ee Mmaccy my, 3Hast [0KasaHHsl 3TO'O H HCIIPABHOO

i

PaS

1
!

IR S
u

3

&
YT INE

3

€

manoMeTpoB (H, u H,), npeHebperas TeNJOBHIM pacIUHpeHHEM CTeKJia
u pryta (puc. 10). Ceuenne TpyGKH MaHOMeTpa paBHO S, IJHHA €€
4acTH, BLICTYNAloOLed Haj ypOBHEM PTYTH B cocyle, paBHa [/,
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Pemenue

B ucnpaBHOM MaHOMeTpe Haj MOBEPXHOCTHIO PTYTH NaBieHHE
NPAaKTHYeCKH DAaBHO HYMO H3-3a MaJsoll Jeryuectd pTyrd. [lostomy
PTYTHBIH CTONOMK HAXOAHUTCS B PABHOBECHH MO AefICTBHEM BHeEIUHEH
CHJIBI 1aBJIeHHST PS8 U CHJIBI TSKECTH #iy.g. [TosToMy I/ McnpaBHOro
MaHoMeTpa IoJiydaeM B NPOEKUWH HAa BepTHKA/b

Myag — PaS =0 ()

Hap pryThio ke HEHCNPaBHOrO MaHOMETpa HAXOMUTCS nap, H
yCcJoBHE PABHOBECHSI €TOA0a PTYTH HEUCIPAaBHOIO MaHOMETpa IpHUBO-
IUT K PaBeHCTBY

Mprg + PuS — paS ==0. @
[TockospRy
L= My RT __ my RT 3)

Ua v W—P‘;’.S(l‘“HH) !

1o, Heraouad u3 (1), (2) u (3) senwuuny p,S W gaBieHue pg, no-

Jy4HM
o __ _mgRT
(Mpr — Mpe) § = = 75

H TaK KaKk Mpy==pp;SHy U 1z =pp:SH,, TO OKOHuaTENbHO

TS HH —‘HH)
= fr S =) b~ Hop,

m
? RT

Peilenne, KOHEUHO, MOKHO OBLIO HAyaTh € HAIMCAHHs ypaBHE-
HHSI COCTOAHHMA Ilapa Haj pPTYTbio B HEHUCIPaBHOM MaHoMeTpe (3),
a [OTOM HamHucaTh yCJAOBHe paBHOBecHs crojiba pTyTH B HeM (2),
Kylla HeloCTawoulee AaBJCHHE P, HYXHO OblJIO Obl B3STh H3 YCJIOBHS
paBHoBecHs1 ctonfa prTyTd B HcnpaBHoM MaHoMeTpe (1). Ho cama
[I0CTAHOBKA 337a4H O CPaBHEHMHM [10KA3aHUI MAHOMETPOB [O Cyile-
CTBY [OBODHT O CPaBHEHHHM NOJOKEHHH cTONOOB pPTYTH B HHX MOJ
JeAcTBUEM KaKMX-TO CHJI, a 39Ta 3ajada yxKe Mexauudeckas. [lo-
3TOMY MBIl H IPOBOJMM peilleHHEe B yKasaHHOM mopsiike. $lcHo, 4To
pesyibLTaT pelieHHs] OT cnocofa pelleHHs! 3aBUCETb HE MOXKET (ecH,
pasyMeercs, pelleHue IPOBOJHTCH BEPHO).

3apaua 15

B uaxk/JOHEHHOM IMOA YFJIOM & K COPH3OHTY UHJHMHApPE AJHHOIO
L (puc. 11) HaxoauTcsi cMech rasoB M IIOpILeHb BecoM P, He mpo-
HUIIaeMbIH JJI OINHOIO M3 [a30B, HaXOASUUMXCA B JEBOM OTCEKe.
MoJiekyasipHblii Bec sToro rasa pased p. [lopmenb Haxoautes y
BEPXHEro OCHOBaHHd LUAHHAPA. [le oH yCcTaHOBUTCH, €C/H ero oT-
nyctiTh? TpeHHe NoplHA O CTeHKM BecbMa Maso. Temmeparypa
cucrempl T, Macca HENPOXOAALIErO CKBO3b MOpLIEHb rasa paBHa M.
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Pemenwue

[Tockonbky MOpuIeHL MPOHUIAEM [J18 BCEX CA30B, KPOME OJHOrO,
TO COCTOSTHHE BCeX 9THX Ta30B Ha PABHOBECHH NOPIUHS HHKAaK He
cKaerca ~— OH fIBASIETCS ANS STHX rasoB «petueroMs. ITostomy npH-
HHMATb WX BO BHUMaHHe He cJenyeT. [a3 xe, L KOTOpPOro mop-
WeHp HENPOHHIIAeM, MPH IBHXKEHHH IMOPLIHS BHH3 OyJeT CXKHMAaThCA
H TpH KaKOM-TO [JABJIEHUH €ro p INOpleHb OKaXercs B PABHOBECHH
(mocse HEKOTOpPOro uMCJIa KoJeGaHHH, KOTOphle H3-3a TPeHHS O
CTeHKM ¥ B rase 3aTyXHYT).
Torzaa o BropoMy 3aKOHY ME€XaHH-
Kd Ge3 yueTa TPEHHs MOPIIHA O
creHkH nmoanyyuM P -+ Fp -+ Q =0,
a B IPOEKUMH Ha OCh LM/HHIPA

Psing — pS==0, ()

Ypapnenue cocrosnus Aad
HEMPOHHKAOIIETO Uepes MOPIIeHb
rasa jaer ¢ yuetoM V =S[:

MRT
P=-=isr" (2)
Hs ypasuenuit (1) u (2) caenyer
J — MRT
T Ppsina’

Buano, uto npu a=0 [ ofpawmaerca B GECKOHEUHOCTb, YTO
ABasieTcs OecceMeicauuell, ubGo AnuHa Beerc nuAMHApPa L KoHeyHa.
B uem :xe gmeno? Ieso B TOM, 4TO ecJH Obl LHJAMHAP OB CHpaBa
HeorpaHuueH, TO MNOpLEHb AEHCTBUTENLHO yilesa OBl KaK YrogHo
zaneko. Ha camom ke Jjene noplieHb JOHZET 40  mpaBOro
IHMLIA UMJAMHAPA H TaMm YIpeTcsi B CTEHKY, CO CTOPOHBl KOTOpPOH
Ha Hero Oyjzer peficTBOBAaTb CHJa, HE YyYTeHHAs HaMU B pe-
[IERVH, NOCKOJLKY paccMaTpuBaju [OpLIEHb Ha HEKOTOpOM pac-
croanud (L —/) or Hee. Takum o6pasoM, HHYEro napajioK-
CanbHONO B pelieHyd HeT.

3apnaua 16

B cocyze (puc. 12) HaxomuTcsi noa nopuineM BecoM P ras B
KoJH4ecTBe M ¢ MOJIEKYJSAPHBIM BeCoM p npH Temneparype 7. Tas
HAUYHHAIOT PeThb, W NOpLIEHb HAET paBHOYCKOpeHHO BBepx. Cuutas
CPeIHIOI0 CHJy COTNPOTHBJIEHHS CO CTOPOHBI BHEIIHErQ JaBJIeHHS H
crenoK TpyOkM paBHO@i F, HafiTH 3aBHCHMOCTb TeMIepaTyphl rasa
oT BpemeHH. CeuendHe TpyOKH paBHO S, YCKOPEHHE MNOPIIHSA — .
CuntaTh ABHMKEHHE MOPLIHS OUEHb ME/JIEHHBIM.
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Pemenune

33KOH NBUXKeHUudg MOPIHA B HNPOCKUHH HA BePTHKAJAbL HMeEeT BHJ
—P+pS—F=§a. (1)

% MOCKOJIBKY P, F 1 a mocTosiHHBI, TO MOCTOSIHHO W [AaBJIEHHE rasa
p. Ho B Takom cayuvae AJs ABYX IOC/JA€J0BaTe/bHBIX COCTOSTHH#
rasa UMeeEM

’ M ?
__ M
pV_' N RT)

UTO JaeT NpH BbIYHTAHUU

pAv=2LR(r—), @)

at?
rne AV =34/, a Al=— B cuay pasHo-
NepeMeHHOr0 ABHIKEHHU S [TOPILHSA H3 COCTOSHUS
¢ vo==0. C yueroM 3TOrO ypaBHeHHe (2)

at? M ’
NpUMET BHI pS"z—":TR(T —T), wur0
coBMecTHO ¢ (1) mpuBOIUT K

a

Puc. 12,

[Tpu pewmenuu safaud Mel Kak OyATO Obl HHTJE HE HCIIOJIB30BaJU
OTOBOPKH O MEJJICHHOM JABY2KEHHH nopiuns. M 4ro 3nauHT «MesneH-
Ho»? OkasbiBaeTcsi OrOBOpPKa BechbMa cyllectsenHa. [leno B ToM, uTO
€CJI MOpLUeHb ABHKETCS ¢ GOJbIOf CKOPOCTBIO, TO B PasHbIX 4acTax
cocyia JamJjeHde p M Temneparypa T OyiayT pasHbIMH H TOrZa co-
BEpIIEHHO HEACHO, KaKoe e JaBJCHHe H KaKylo TEeMIeparypy Hajio

NOACTaB/ATL B YypaBHeHHe pV = A:— RT. Yrtofbl 3a1aua crasa onpe-

JieJIeHHOH, Heo6XOAUMO OhiTh YBEepeHHLIM B ToM, 4To p U T OT Mmecra
K MECTy He MEHSIOTCs, T. €. NpH ABMXKEHHH [OPIIHA OHH YClEeBaji
66l BhipaBHMBaThesd. OTCIOAA sicHO, YTO HAAO MOHHMAThL MOJ CJIOBAMH
«MOpPLIEHD ABHXETCS OueHb MejseHHO». OH [o/ZKeH ABUraThCsi CTOJb
MeLNIeHHO, 4TOOb BhIpaBuuMBaeue p u T neficTBATENBHO Gbl Mpo-
HCXOAHJIO,

3amaua 17

B unauHApHUYecKOll TOHKOCTeHHOH mpobupke BecoM P H ceye-
HHeM S HaxOJUTCA ras ¢ MOJEKYJsIpPHBEIM BECOM p B KoJjudectse M,
[Tpofupka CHH3y 3aKPLITa TOHKHM IOPIUHEM MacChl /1, MPUBSI3aHHBIM
HUTKOH KO [JHY COCYJAQ, 3amo/JHEHHOIO KHUJAKOCTBIO [JIOTHOCTBIO p.
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Bepxuufi kpail npoGupku Haxomutca Ha rayGuse h,. Temneparypa
cpenpl T u atMmocdepHoe HaBjiedne p, H3BeCTHBI. HaliTu HarsaxeHHe
HuTH Q (puc. 13).

Pemwenue

ITockonbky B samaye GoJible FOBOPHUTCS O MeXaHHYeCKOM CO-
CTOSIHHM CHCTEMbI, 4e€M O TEpPMOIHHAMHUYECKOM COCTOSIHHH rasa B
npoGupKe, TO HAauHeM pelleHHe 3ajaud C PAacCMOTPEHHSI MeXaHHue-

CKOTO DPAaBHOBECHSI NOPLIHSA H
ps npobupku. Bropofi 3akoH Me-
— " XaHUKH JacT B 3TOM cJjyuae
. _ sl TIOPUIHS H npOGHUPKH COOT-
] BETCTBEHHO (B [NpPOCKUHH HA

- L BEPTHKA/Ib)
N N ¥ — mg -+ pS—+Q—
i — (pghu+pa) S=0, (1)
— — V| pgheS ——n — Pt (ghs—pa) S — pS =0,
» | —_— @
A Pu8 — OTKYyJa, CKJajeiBas H npeobpa-
kS 3y, MOy4UM ,
I T Q=1pg (hs—ha) S— P —mg
— e ' _ HIH
. . 77 . . Q=pgV —P—mg. (3)
L _i ____ Bupmo, uro mnaxoxgmenua Q
- nHeo6xoauMo 3uath V. Ho ua
— i ypaBHEHHS COCTOSIHHS rasa
— — MRT
q V=" (4)
S S S, v noTomy
Puc. 13. __gMRT  ,
Q————“p P —mg.
Iloacranoeka B 3To paBeHCTBO AaBJeBHst p W3 (2) IPHBOAHT K OTBETY
pgMRTS

Q=P ps Feahs —F—me

3apava 18

B ropusoHTaqbHOM LMAMHADE, Pa3fieJICHHOM NODLUIHEM, [POHH-
LaeMbiM 1Jif1 ras3a C MOJEKYJSPHBIM BEeCOM (., HaxXOAATCA elle H
rasol C MOJIEKYJAPHbIMM BECAMH pg H pg. ['ashl py M po XUMHUECKH

M, .
pearupyioT B OTHOUIEHHH - ==7, 00pasys HOBBIi ra3 C MoJeKy-
1
JASPHBIM BECOM p/ ==py— kpy. [aswl p; ¥ py Obiid BHauage cieBa or
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nopwHs, a ras pe— cnpasa. KosmuecTBo mepBoro H TpeThero rasa
cooTBeTcTBEHHO ObliO M; u M;. Bropoil ras Haueno pearupyer ¢
nepsbiM. HafiTn oTHOlIeHHE OOBEMOB, Ha KOTODBIE PA3AENHTCS COCYA
MOPIIHEM MO NPOLIECTBUH [I/IHTEIbHOTO BPEMEHH.

Pemenune

Ilockoneky p1s1 rasa p; mopLieHb He Mmperpajga («perueros), TO
OH OyjeT NepeTeKkaTh JOBOJBHO JIErKO H3 OJHOA uacTd cocyjia B
apyryio. Ilonagad B oTzesieHHe C rasoM (e, OH BCTYNAeT B PEAKLHIO,
JlaBas HOBHI ras C MOJEKYJSIPHBIM BecOM ' ==pqa-}Ru;. Tak OyJeT
NpofoJ/RKATbCA O TeX Iop, MOoKa a3 p, HaleJgo Inpopearupyer.
PesybTaT: ¢ OfHOI CTODOHBI MOPUIHS a3 g, C APYrod -— p/==pq
- kpy; ras ke py, NMPOXOAs CKBO3b MOpLIEHb, OyAeT B 0GOUX OTAe-
JEHHAX CO3/JaBaTb B CHJY 3TOIO OJMHAKOBbe JaBJeHUA ClIpaBa H
cneBa. IlosoxeHue nopuiHa no3yToMy OyaeT o0YCJ/IOBJASHO JAAaBICHHSAMHU
rasoB pg M p ==pa—- kyy. Ilo npomectBuu JOCTATOYHOTO BpeMEHH
TeMIlepaTypel H JaBJIEHHS BbPaBHHBAIOTCS.

[ockeabky s JIeBOro u MpaBoro ra3op HMEEM COOTBETCTBEHHO

pnvn= _Ms- RTm
P

M 4 aM
pannp = —f'i—‘—t"-k—l’jl— RTnpr

TO, Je]is] T paBeHCTBA OJHO HAa Jpyroe, NOJAYYHM € YueTOM pa-
BEHCTBA [JaBJCHHH U TeMIeparyp cJeBa U CIpasa

Va — Ms (12 + Rpy)
Vip po(L+my M, *

3apgaua 19

[lunuuap pasaeseH MOABHXKHBIM C HHYTOMKHBIM TPEHHEM MODIIHEM
maccoii m n ceueHueM S Ha uwactH Vi m V, ¢ rasamu pg U g, B KOJIH-
yectBax M; u M,. Temneparypa cucremnt T, HOpiUeHb B PABHOBECHH.
[uaunap OpuXOOUT B PAaBHOYCKOPDEHHOE [BHIKEHHE M 38 JJIMTENbHOE
Bpems ! nabupaer ckopocTb v. M3-3a Tpemus o BO3jyX Temmeparypa
nopblinaercs Ha AT. Hafitu unoBbie obbemu Vi u V; Ha koTopele
MOPUIEHb Pa3fe]uT LUJAMHAD.

Pewmedue

[TockonbKy JABHKEHHE NPOUCXOAUT AJHTEIbHOE BPEMS, TO KoJje-
6anus, BbI3BAHHBIE BEIBOAOM MOPIUHA H3 pAaBHOBECH:H, 3aTYXHYT,
a TemInepaTypa M AABJeHMSA CTaHYT [OCTOSIHHLIMM (HE 3ABHCALINMH
OT BPEMEHH).
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YpaBHerus COCTOSIHMA TA30B AANyT:
piV R(T+AT ¢y

pVe= T*f R (T 4 AT). 2

YpasHenue ABHKEHUS NOPILHS B NPOEKLUUH HA HANpAaBJ/eHUe IBU-
XKeHHS jgaeT ¢ yuerom Fi==p;S v F;=p;S

(p; — p1) S =ma. @)

Bripaxkas us (1) u (2) pa3HocTh aBaeHHs (p; — p;) B NPHPABHH-
Bas ee K (p,-— p;), BbIpaxkeHHOH u3 (3), NMOJAYYNM C y4eToM TOTO,

v
4TO H3-3a Uy=0 YCKOpeHHe MNOpIIHA paBHO 7

M1 Mg ___mo
(v — i) RT+AD =357, @
Kpome Tora,

[Tonyuenuan cucrema (4) u (5) pewaer sanauy.
ITpu pemeHHH He Y4YHTHIBAJOCH TO, UTO JaBJIeHHE rasa B KaXKIo#

CEeKIlMY He NOCTOAHHO BJOJb YCKODEHHS Qq, nojo6Ho TOMY; KaxK IIpH
pelIeHUN 3aja4y Ha ra3 B BEPTHKAJJbHBIX HMJIHHAPAX HE YUUTHIBACTCSA

H3MeHEHHe IaBJIeHHA rasa BIOJb 4.

3apaua 20

B cocyne o6bemom V naxompunace npu temneparype 7 Boja B KOJH-
uyectBe M. B pesysnbrate narpeBa na AT Bona ucnapusace. Haiitn
JAaBJEHHe ee MapoB IO U I[0CJe Harpesa.

Pewenne
[TepBonauanpHoe COCTOSIHHE Mapa ONMCHLIBAETCS ypaBHEHHEM
pi(V —Vy) =21 RT. M
Ipu sroM map Gbi HACHILAKIM, HOO HAXOAUJICS AOCTATOYHO JOJTO
B COCyjle OJHOBPEMEHHO C BOJOH M, 3HAUHT,
M=p, (V = V). @
Hekiouas w3 (1) u (2) macey mapa M, noayduMm pp= p“ RT. Tlpu

sTOM py Oeperca u3 Tabaui. MoxHO, KOHEUHO, onpe):LeJme p1 cpasy
U3 TaGAHL, €CJH eCTh TAKOBHIE.

Jlust KOHEUHOrO COCTOSIHHSI CHCTEMB! (HOCJE UCIApeHHs BOgpl)
uMeeM

ng=M":mR(T-{—AT). &)
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TloncranoBka cioga HeoGxoaumoro M u3 (2) NMPUBOAHT K ypaBHEHHIO

V-V m
py= pu ( IJ_VB) . R(T _|_ AT),
rae
Va=2 =2 (14 a),
Ps Pos
Pos M a-—Tabaudnble AaHHble, a { =T — 273°K (temmeparypa BOIH
no LenbCHio nepen HarpesoM).
[Ipu pemeHun He yuyHTBIBAJAACh 3aBHCHMOCTb IIJIOTHOCTH BOJABI OT
JaBJIeHHs H H3MEHCHHS 00beMa COCYJa NP H3MEHCHHH TEMIEPATYPHL.

3anaqa 21

B npoGupxe (puc. 14) naxomautcs ras npu temmeparype T. [lpn
Harpese fo 7’ ras paclWupseTcs W BBIXOAHT M3 IPOCHPKH B KOJH-
vecTBe AM. T1nOTHOCTH KHIOKOCTH p, a yKa3aHHbie Ha DHCYHKe pas-
MepE M aTMOC(epHOe AaBJIEHHe p, U3BecTHHl. HaiiTh nmepBoHauaibHylO
maccy rasa M B npobupke. KanuanapHocTs npeHeGpeus.

I ]

l F=(pa+pga)s o

BB

.I g 2

l — mg N
= : gy’ ey g_ ." T——
—S oo =S — — s {— =
g D - SRS, PR ) M —

Puc. [4.
Peumienune

QueBHIHO, COCTOAHHUS ras3a OMUCHIBAIOTCA ypaBHEHHSIMH
pV=—A:—RT 1 p’V’=% RT".

Henst 3T paBeHCTBAa OfZHO HA Apyroe W yuuthias, 410 M =M —
— AM, noay4unm

pV MT

PV M=T"
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l
[TockonbKy -IE;;= Fa¥5 TO

pUtato  M—MT: (

JlaBnenne p HafijeM H3 yCJOBHS DaBHOBECHS CTONGHKA MXHUIKOCTH
(a- b), KoTOpOE TPHBOZHT K ypPaBHEHHIO

pS—+p(a—+b) Sg — (pa—+pga) S=0,

OTKYyJa
p=pa — pgb. 2
JaBnenue e p’ ecTb MPOCTO JaBjleHde B KUAKOCTH Ha [Jy-
oune a, 1. e.
P’ = pa—+pga. (3)
Topcrasasga (2) u (3) B (1), nmoryunm
(Pa —pgb)! MT

Pategd) ((Fa+0) — (M=3M T
oTKyAa 0e3 Tpyna H Haxomum M.

3apaua 22

B komuare ofbemoM V npH noHHxeHuu teMmneparypbl ot Ty o Ty
Buinano AM pocbl. KakoBa Obljla MJOTHOCTh BOASIHOrO napa (a6eo-
JIOTHASl BJAXKHOCTb) ¥ OTHOCHUTEJbHAS BJAXKHOCTh €ro A0 MOHHXKEHHS
TeMIeparypa?

Pewenue

Ouesugno, AM =M, —M; wm MM =V (p; —p;). Ho p ecrs
IJIOTHOCTL HACHIIAWOIEro apa npu Temneparype T, T. €. TabiHunOe

nanHoe; Torga u3 AM =V (py; — p1) CJACAYET OUEBHIHOE p; == pgy — é#.

[lo oupeneneHni0 OTHOCHTENBHOH BJIAXKHOCTH

Pin
3agaua 23

B samkHyTOM cocyje o6beMoM V. copepiuTcs m KHIAKOCTH [1PH
temneparype T;. [lpum nosblieHun Temneparypsl o0 Te KHAKOCTDb
ucrapuaachk. [TocTpouts npumMepHnie rpaguki 3aBucHMOCTH aGCcomoT-
HOH H OTHOCHTEJBHOH BJAXHOCTH OT TeMOepaTypel, T. €. rpapuku
p=p(T) u f=f(T). Havanpbnas macca napa maJja.
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Pemenne

Io onpeseennio a6COMOTHON BAAXKHOCTH p =MV—", rae M, — macca
it
napa, a V,—npegocrasieHnslil eMy o6nem. ockonbky V=V .—V,,

n
Ve—Vy'

[Toxa B cocyzme ecTb kMAKOCTb, nap 6yneT GJH30K K HaCHILIEHHIO
H ¢ pocroM T BeqnuuHa p GyJeT BospacraTb H3-3a mnpubuiinm M,
(knaxocth nepexomut B map). Hexoropoe yBenuueHHe 3HaMeHATeNA

TO p=

p(m \ fer)
Pmal —
I
| f=1 ’
| |
| f o
! T 7’ 7
a 6
Puc. 15.

u3-3a yMeHblUeHHsi V, ckaswibaercst majo. Hrak, p pacrer ¢ poctom T
JI0 TeX 10p, NOKa B COCyJe eCTb XHAKOCTh. [locse ucrmapenusl BCel
JKHULKGCTH TIDH HEKOTOpoH Temnepatype 7’ BenuuuHa p GyfeT oCTa-
BaTbcs mocTostHHo#. Ho sTo o3Hauaer, uTo p, Bo3pacTas, CTPEMHTCS

m
K Ipefeny pmax==-;. 2To B CBOIO Ouepelb O3HAUaeT 3aBHCHMOCTb

[V
p=rp(T) npumepHO Takyw, Kak Ha puc. 15, a.
[lockonbKY npH MeLJEeHHOM Harpese Iap, Kak CKasaHo BhIile,
6yaeT MpaKTHYECKH HACBHIIAIOMUM BIJIOTb A0 77, TO ¢ POCTOM TEMIle-

paTypsl BIJIOTH O 71’ OTHOCHTEJNbHAs BJIAXKHOCTb f=p—p Ngli: 1.
H H

[Ipu T >>T us-3a ucnapenusa Bcell XHAKOCTH p= const, a p,; pacrer,

nosromy f =§— Gyner yOblBaTb, CTpPEMSCh NPH OUeHb BLICOKOH T
n

k nmyJio. Ilpumepunil rpadux f=7F(T) u usobpaxen Ha puc. 24, 6.

3apaua 24

B BepTHKa/NbHOM 3aMKHYTOM HHJHHIpDE CeueHHEM S HaXOJHTCs
ras ¢ MoJeKynspHbiM BecoM p. CrocoOHbIH Ge3 TpeHHsi mepeme-
HlaTbCH MOPLIEHb MacChl m JCAHT 00beM, 3dHHMaeMBli TrasoM, Ha
sactd V3 u V. Temneparypa Bceft cucTeMbi HeusMeHHa u pasHa T.
3Has, uTO NEpHOA KoJe6aHHA TMOPLIHA paBeH <, HaHTH Maccy
rasa B IUJIHHApe, CuuTas, YTO Haji H IN0J NOPIIHEM Macca rasa
OJHHAKOBa.

213



Pemenue

Cpasy BHIHO, YTO 5TO 3ajaua Ha KosebaTeJbHOe JBHIKEHHE, a TOU-
Hee Ha onpejeseHue Kosdduiuenta Bo3spaularouieli cuisl k. ITosromy,
paccMaTpuBasi CHJIBI, AEfCTBYIOIMME Ha NopuieHb (puc. 16), Haxous-
LWHHACA B PaBHOBECHH, HOJYYHM B NPOEKILHH Ha HalpaBJjieHHE TSXKeCTH

mg —+ (ps — p1) S=0.

Ecan cmectuTs NOpINEHb, HalpuMep, BHH3 Ha Ar, To JabJe-

HHe BHH3Y BO3pacTeT Ha Ap, H CTAHET DaBHBIM py, & CBEpPXY

yMEeHBIINTCS Ha Ap; M CTaHeT paBHbIM py.

— [TockonpKy g TUpH 3TOM He H3MEHUICH, TO

e BO3Bpallamollas cuja 6yrer oOyc/OBJAeHA H3Me-
: HeHHEeM JaBJieHHH p; H P, T. €.

e F.=—(pi — p) S+ (p; — p1) S.

BN R B COOTBETCTBHE C YypAaBHEHHEM COCTOSHUS
SRS R M RT
1. .| wneamnoro rasa p=--.r. [Tostomy, mogcra-
NN D BJISISl 3HAYCHHS Py, Py, Ps H Py B NPEABAYLLYIO
; | Qopmyny, NoaydHM

| PR ) s
' '. LS =MRT<—“V2_}/2+VI'V1>
m A vV,

1S Beozas ofosnauennsa Vg — Vo=AVy u V, — V=
=AV; u yuurbiBag, uro AV;=-—AV, (ua-
CKOJIBKO YBEJNHUHJICH O0beM CBEpPXY, HACTOABKO
YMEHBIUKJICSI OH CHM3Y) H uYTO TNpH MaJoM CMe-
menun VyoacVyu ViaV,, npuxomum K c/epyiolieMy BLIPaKEHHIO:

Puc. 16.

MRT [AV, AV,
FT—__T<7§_7I—>S'"
— M_ZA_VE_}_.A_VE ____MRTY/1 , 1 —
T <V 1> - mn <V§ V¥>AV‘ZS_

C YUETOM K€ B3aMMHbLIX HaﬂpaBJIeHIfIﬁ BEKTOpPOB _FT H E nOJy4YnM
= MRTS
FT = —_— ( V2 —i—— ) Al‘

_MRTS® (1 |, | .
Orcioa fICHO, 4TO k__—&*_<Vi' -+ Vg)’ rae M — noJsioBHHa Bceil
Macchbl rasa,
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IMoncraBnsas HalfineHHOe 3HauYeHHe k£ B (GopMyay AAS NepHOZa,

HOJTYYHM
m
‘—2“]/ =2r MRTS‘ 1>’

V2
OTKyJa M Haxomum M. )

Ecmu 6w B ycjoBudn BMecto Vi m Vo durypupoBasu BBICOTHI
yactefi uMAMHApPa h; U hy, TO MOXKHO Obl1o Obl OGOHTHCHL 0€3 cede-
Hus S: uMeHHO, ¢ yuetoM V == Sh noayuuan Obl

T=2TCV\—‘-‘—,“”_"—".
MRT
w <h2 + h2>

3apaua 25

B UMJIHHAPHYECKYIO KaNMJISPHYIO TPYOKY, IOrPYKEHHYIO B IOJ-
HOCTBIO CMauHBaIOLLYIO ee XKUAKOCTb, KaK YKa3aHO Ha puC. 17, BOYCTHIH
CTOJILKO 2Ke (M TaKoro e) rasa, CKOJbKO B Hell yXKe COAEPKa/oCh.
Hackonbko H3MEHHTCS AJHHA BO3AYLIHOIO CTOJI0a B Pe3ysabTaTe 3TOro?

T_jg St He
= ==| k2
G e K
puS pS = [—||PaS
= 1 U S el
5_ y 3 Ry ] T |- pS
P s | 0's p—
D p < 'L N Py S B I ¥
= | =0— 1= ft — 1= {pgltrh-ns
JE S (P DU R Bt (Y e l=1=
A= ’Qf:hs—l{ I P_Qh/i: —i=
a _ T % T8
Puc. 175

Pemnth 3ajady B JOCTAaTOYHO OOileM CJydae, cJlejaB, OJHAKO,
HEOGXOJUMBlE JONMYUIEHHS, W BHISICHATbL, KaKHe JaHHhie HeOOXOIHMME
Lisi pelueHdst 3afauu. [losyuuB pelueHde, cpeiaTh MaKCHMaJbHOE
yIPOULEHHE 32 CUCT 00HO20 JONYIEHHA.

Pemenne

ITockonbky B 3ajaye FOBOPHTCS O ABYX COCTOSIHHSIX rasa, To,
OYeBHJHO, HEOOXOAHMO HanucaTh JBa pasa ypaBHenHe Kiame#ipoHa —

Menjeneesa: M

M o
pV—-HRT.
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B 3ajaue ckasano, uto M’ ==2M, nostoMy ¢ yqe%M V=V-+AV
OJIyunM

pV = 4:— RT,
PV +AV)="MRT",

Utofbl MpHBAEUL MHHHMYM HEOOXOAMMBIX JJISI PelleHHs 3alaud AaH-
HBIX, HaJ0 H36aBHTHCA OT HauGOJbILEro 4Yucja BXOASMWKX B PaBeH-
CTBO BeqHuMH. Ec/u MBI pasjenyiM paBeHCTBA OAHO Ha Apyroe, TO
u3baBUMCsT OT Heo$XOJUMOCTH 3HAaTh M H ceueHHe TpyOGkH S (u6o
V =S8I). Heneune paBeHCTB C Y4YeTOM CKAa3aHHOTO IPHUBOJHT K ypaB-
HEHHUIO

_p__ T 1)

Pa+an=ar:

Ilockosbky cTONG KUAKOCTH BHYTPH TPYOKM MOABHIKHBIH, TO /s
HaxOXeHus japJeHH# p H p’ HeoOXOAUMO pPacCMOTPETb YCJOBHS
paBHOBecHUs] 3TOrO €TO/I0A B HAyaJbHOM H KOHEUHOM COCTOSIHUAX.
iIpu stom Hano yuecTh (hakT CMAuHBAaeMOCTH TPYOKH KHIKOCTBIO.
HeficteuTenbHO, B 3ajade CKasaKe, YTO JKMIAKOCTb CMauusalolas,
3HAUUT 3TOT (akT HeoGxoaumo yuecTs. Ho uTO O3HAuUaeT B JaHHOM
cayuae cMmayupaemoctb? OueBHJAHO TO, 4YTO NOBEPXHOCTb IKHAKOCTH
B TpyOKe OyierT HCKPHUBJEHHOH, YTO NPUBOAHT K NosBJeHHIO Jlamna-
COBa /aBJEHHsl IOJA ee MOBEPXHOCThIO H OTKJOHEHHIO (POPMBI BO3IyIL-
Horo crojba oT uuaunpapuueckod. [locsenrHuMm MOXKHO IpeHe6peus,
ecan [>>r, 7. e. ecniu paguyc Tpy6ku Man. Ho nmeHHO MalnocTh
pajuyca TPyOKH 3acTaBjsieT yueCTb mnepsblii 3tdekT — nosBaeHue
JlanyacoBa nassenusi. ITOCKOJBKY KHAKOCTH MOJHOCTBIO CMauHBaro-
mas, a Tpybka LUJHHApHUYECcKas, TO MeHHCK OyjeT chepHyeckum™m H
PJI=27G~

C yyeToM ckasaHHOI'O PacCMOTpEHHE CHJI, AeHCTBYIOUIMX Ha CTOJ-
OukH xuAKocTH (puc. 17, au 17, 6), IpUBOIUT K YpaBHEHHSM (B I pOeK-

UK Ha HanpasJeHHue g)

2q
pS -+ pghS —— S — puS =0, @)
PS+ egh'S — % S — pS=0. ®

31eck yuTeHO, YTO M3MEHHJINCh TOABKO BEICOTA CTONGA KUAKOCTH A
H gasjenue p. OcTanbHble, BXOAAILME B 3TH PABEHCTBA BeJIHUHHE,
He USMEHHJHCh. SICHO, YTO AaBjieHHsl p W p’ He yaacTcs HalTH, ecd
HEU3BeCTHH BCe BXOASNIME B yCJOBHA 3ajaud BesuuuHel. Exsa sm
Bce OHH GYAyT 3ajaHbl. 3HAUHT, HAaJO0 MCKATh AOMOJHHTENbHLIE CBSISH
mexnay Humu. Hafigem nx. Bo-nepBhix, Ha ray6uHe H B XHIKOCTH
JaBJieHHe omnpegenasiercss GopMyJaoH py=p,-+ pgH. Bo-BTOpHIX, H3
puc. 17, a u 17, 6 BugHo, uro W' =h — Al.
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[oacraenaa 3TH sHauenus B (2) u (3), nOAYUUM NOCAS COKPatleHu
Ha S W rPyNOMPOBKH 4Y/IEHOB

2
p— F+eg(h—H)— p,=0, )
2
p —= +pg (h— Al — H) — p,=0. (5)
Bxoasiuine ciofia, KpoMe p H p’, BEJHUHHB B YCJIOBHH 3aJa4H He
GUrYpHPYIOT, *3HAUMT MX HAZO BBecTH camiM. HeoGxoaumo Takxe
BBECTH-oTHoMIcH#e -TemnepaTyp B (1).
[oncranss B (1) p u p’ us (4) u (5), noayuum
2q
|5 +p—ret—tn]1

|5 +oa—egti—at—m]u+an

T

otkyna u Haftnem Al. Orset, 6e3ycsioBHO, 6y et rpomosakum. He Gynem
ero BblHchLIBaTh. HO B YC/IOBHAX 3ajaud PEKOMEHAOBAHO CAEJAaTth
BecbMa ynpoumaiomee gonyuieHHe. Kakoso ono? OdepujHo, camoe
ynpoularmolilee IONYUIEHHE O/KHO NPHBECTH K TOMY, UTO COCTOSIHH@
rasa BooOle He M3MeHuJoch M, 3Hauut, A/==0. Ho 310 BO3MOKHO
autib B caydae M'=M, p'=p u 1. . B 3anaue xe acHO CKa3aHo,
yto M'=2M. Ho B Takom csyuae, utolul Al==0 npu p’==p, Heol-

XOLHMO T'=—g—. 3nauut, npu M'=2M n T’=-§ Gyner Al =0

(ccu, KoHeuHO, p == p, UTO BO3MOXKHO, €C/IH C TPYOKOH H KUIKOCTHIO
HHYero He nenanad). D10 cpa3y BUIAHO GyAeT H3 ypaBHEHHI COCTOSHHA
JUIS1 HaYaJIbHOTO H KOHEUHOTO COCTOSIHHH rasa.

Ho nonoxunm B pewenun (6) T=2T". [locne oyeBHAHEIX Ympo-
WeHHi noayuuM mis A/ gpa 3navenus: 1) Al =0, uro BHOJHA

2
COr/IacyeTCst CO CKa3aHHLIM BhIME, H 2) Al =§§ + g—; —(+h—H).

Btopoi#t oTBer siBHO Hecypasuulil. Kak xe oH mor noayuursbea? [lna
BbISICHEHHS 3TOrO NepenuiieM BTOPOf OTBeT B BHIE

2t pa—pg (I h — H) — pghly=0, ™

3ameTtuMm, uto BequnHa (/-+h — H) (cMm. puc. 17, 8) ecTh AnuHA
yacTd TPyOKH, BhiCTynawuwe#i Haa ypoBHeM Kujakoctd. Ho Toraa,
ymuoxuB (7) HAa S, mojayuyum

(B4 o) S —pg @ +h— H) S — pgaly=0. ®)

PacemoTpum Temeps paBuOBecHe cron6a xuakoctu (! 4-h — H)
B TpyOKe (puc. 17, 6). B nmpoekuuu Ha g nosmyuum

(27d+p-)3—pg(l+h—H)S-pS=0. ©

‘9 - B, K. Ko6ymkag 211



Ho ecan Bhicota cton6a XuakocTH pasHa (I---h— H), T10 370
3HAYUT, YTO BCS TPYOGKa 3aMOJIHEHA XHEIKOETHI0 (MEHHCKOM MBI NpH-
HeGpersin) n B Heil HeT rasa. Ho torma p=0. CpaBnupas npu atom
yeaosun (9) 1 (8), npHxoauMM K BRIBOAY, uto Als=0. Takum o6pasom,
HUKaKOl HeCypasHUBl BO BTOPOM oTBeTe He copepxutcsi. OH OTHO-
curcd K cayuawn, korga M =2M =0, T. e. Korna rasa B TpyGke
He 6p1o. B atoM cayuae oreeT 1) o3Hayaer, YTO XKHAKCCTb 3alOJHHUT
Beio TPYOKY, a 2) ecTb NPOCTO YCJIQBUE PABHOBLCHSA STOW JKHAKOCTH.

OrtvernM euwle OAHY TOHKOCTb. Mbl He yuuThiBajau OGHEM npo-
CTPAHCTBA OKOJO MEHHCKA, UTO CIIpaBell/IiBO JIHIIb npu [ > r. Ho ecau
BCA TpyOKa 3anoJHEHa XHAKOCTBIO, TO YCJIOBHE [ >> r He BBHINOJHSETCS
H pelleHHe CTaHOBHTCA HeBepHRIM. B kakoifi Mepe sTa HeBepHOCTH

CKajKeTcss Ha OTBeTe NPH CACAAHHOM HaMH INPEANOJOKCHUH T’—..:% ?
B cayuae, Korga rasa B TpyOKe He Obllo, OTBeT Toke O6yaer
Aly==0. Ho! ... Koraa Tpy6Ka B3amnojiHeHa XUAKOCTbIO TaK, YTO

Kpas MeHHCKa KOCHYTCA Bepxa TPyOKH, pazuyc KpPHBH3HBI MEHHCKA
6yzer Conblie, ueM 7, H CTAHET PaBHBIM TaKOMy 7/, 4TOOHI

2
7 pa—rpg (I -+ h—H)=0.

210 CaefyeT HENoCPeACTBEHHO H3 TOrO, YTO CTONG MKUAKOCTH BCE-TAKH
o 2

6yzeT B paBHOBECHH IIoh ZeficTBHeM cua Fp= r—‘,’S, Fi=p,S u

mg=pg(l+h—H)S.

Ecan 6Gbl KHIKOCTb Kacajlach BceH CBOeH NOBEpXHOCTbIO BEPXHEro
Kpas TPyOKH, TO MeHHCKa He Opljlo Obl, HO Ha JKHAKOCTb JeHCTBO-
pasu Obl cHabl p,S, pgS{{--h— H) u cuaa papjeHHs BEPXHETO
Kpag Tpy6ku. Ilpu atom

paS —pgS (+h—H)—Q=0.

3apaua 26

W3 meraniuyeckoro GajasnoHa obvemoM V, COnepiKaBIuero BO3AYX
npu IaBjeHun p, caenanu N oTkauuBauuit ¥ N HakauuBaHUE Haco-
coM ¢ paGounm obremoM o. CuuMtas Hapy:KHbIE YCJAOBHS 3aJaHHBIMH
(pa u T), HallTU H3MEHEHUE Macchl BO3JyXa B cocyjie, €CJIH Bce
HPOLECCH NPOHCXOMMJN ACCTaTOYHO MEJIEHHO,

Pemenne

MeIeHHOCTL MPOLECCOB B JAHHOM CJIyuae O3HAY3eT, C YUeToM
MEeTAJUIHUHOCTH GaliIoHa, 4TO TeMIepaTypa CHCTEMb BCE BPeMs MaJo
OTJIMYaeTCA OT TeMIepaTypsl OKpy:Kawollero Bo3jyxa u pasHa T,
OueBHAHO TaKke, YTO

AM = M" — M= (M’ +m)— M, (+)

rae M’ —wMacca BO3ayxa mnockae OTKauykd; M” — KoHeunHad Macca
posayxa B Gamnone; M — HauajbHad Macca BO3AyXa B 0aJljIOHE;

2K



m —Macca HaKayaHHOTO BO3AYyXa; AM — u3MeHeHue MaccH Bo3ayxa
3a Bech mpouecc. Ho

m=moN = poN _"L“ uN, (¥4

rae my— Nnopuus Bo3dyXa, saGHpaeMas HacOCOM 3a OJUH pa3 M3BHe,
npudeM B CHJIy HEH3MEHHOCTH BHEIIHHX YCJOBHE BCe 11y ORMHAKOBHL,

Ilpu oTkauke mpoTeKaHHE IpoLecca CYilecTBeHHO MeHsiercs. [lo-
CKOJBKY 00BbeM Hacoca HEHM3MEHEH, a4 IDH OTKaukKe KaxAbl pas
JlaBJleHHe B COCyIe BCe YyMeHblUaercs, TO IOPLHH OTKauHBAEMOTO
BO3ZyXa He pPaBHB! MeXK CO60H. DTO HAJLO YUECThb MPH HAXOX -
Aendu M.

HMwmenno

eV’

M':—R—I—:, (#%%)

rie p’ — japjeHHe rasa B KOHIe oTKaukH. Ero Hano Haxomuts
[O3TaNnHO (B CHJIy CKA3aHHOTO BHIIIE).

Jaa cepuv oTKauuBaHuf HMeeM (C yyeTOM IIOCTOSIHCTBA TeMIle-
paTtypbl M Macchl rasa npd paciidpeHuH)

1) pV=p (V4
2) pV=ps(V+0),
3) sz=pa(V+v),

N) PN_1V——PN(V+ v).

dra cucTeMa paBEHCTB IIPHUBOAHT NpPH HX MePEMHOXKEHHH H
JIEJIEHHE HA Pi-Pas osu* Pi* ove * PNy K YPABHEHHIO

V \N
pv=r(rr) -
IlockoNbKY JaBiieHHE Py M €CTb p/, TO ypaBHEHHE (##%) MPUMET BHUL

M'=;—;{p <V_—[:-_U)N‘ (#x¥%)

[opcraBasia M’ U3 (xx#x), m H3 (¥%) B (%), MOJAYYEM

AM———[pV(V_H}) +pavN-—-pV].

3apaua 27

Ws anpaGaTiueckKn H30JHPOBaHHOTO XKECTKOro 0aslsIoHa, COmepiKas
ero ra3 HpH HaBJIeHNH p M Temneparype T, npoussoauTcs N OTKa-
udBaHu# Hacocom ¢ pabounm oO6meMOM v. 3Had, uTO 0GbeM Gasmona V
U uTO JaB/eHHe rasa B Oal/OHE yNajlo A0 Py, HalTH KOHEYHYIO
Temneparypy rasa Ty.
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Pemenue -

Axna6GatnunocTe GajjioHa O3HauaeT, YTo marypa rasa nocaie
Kaxcdoeo swbpoca 2asa npu OMKadke, T. €. OT KOHIA R-TO OTKauMBaHHSA
A0 nauana (k—-1)-ro, He MeHseTcs.

C yueToM 3TOTO M TOTO, UYTO BO BpeMsl pacUIUpeHUs rasa ero
Macca He MeHsieTcs, HMeeM JJIs1 CepHH OTKauMBaHHUi

A AU

T T, !

an 2(V+'U)‘

A P

. .p. V I V . v):

N) 71§1’1 =PN(T+ )
N-1 N

IlepemHoxast 3TH paBeHCTBa ApYr Ha Apyra, a NoTOM CoOKpamiasi

Y4 . Pn_
na 2.2 XL nonyunm

1, Tag
By ( VY
Ty T\V¥o *
YTO K JaeT OTBeT Ha BONPOC 3alauM.

3amaua 28

JBa cocyna o6vemamu Vi vV, coennHensl KanuaasgpoM ¢ KpaHOM. |
JleBbil COCYJ COJEpXKMT ra3 npu ycjaoBusix p; U T, a npa.biif —
npu ps u Ty Kpan oTkpoi-
BAIOT W A3BJIEHHUS BLIPABHU-
BAlOTCsl, CTAHOBSICh DPaBHbI-
Mup. Haiimu 310 p’ (pHc. 18).

Pemenne

Ilpenebperaem ob6beMOM

Puc. 18. Kanuuispa #W  TeM, 4TO

BAOJb HErO0 HMEeT MeECTo

nepenai Temmepatyp ot 7T; cnesa go T, cnpaBa. Ilpu atux

YCJOBHSAX MOMKHO CYMTaTb, 4TO JIEBBI M NpaBblii COCYyAbl pasfieseHbl

JIETKHM MNOPINEHBKOM, HAXOAALIMMCHA B paBHOBECHH, ODTO NpPHBOIHT

K TOMYy, 49TO B KOHIE Npouecca AaBJeHHs Ha NOPUICHEK (T. €. B JIEBOM

M NIpaBOM COCYjax) paBHBl. YDaBHEHH: COCTOSIHHSI rasoB B JIEBOM
H npaBOM COCylax HaayT COOTBETCTBEHHO

p'v,—_—ﬂ RT, u p'v,,=ﬂ"—é RTs. (1)

COOTBETCTBEHHO A0 OTKPhLITHA Kpaﬂm(a C yUeTOM HEpaBHbLIX CIpaBa
W cJieBa AABJICHHH

piVy =—Pj1 RT, n plVy= f RTg.. B (2)}
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ITpu atom
M+ My = M;+- M;. 3

Buipaxkaa u3 (1) M; u M;, a us (2) M; u My ¥ noncrasasna
3T# 3HayeHus B (3), moayumMm

B )= 5+ 25).

OTKyZAa 4 HaxofuMm p’. B pelwleHUH yuyreHO, 4YTO OGbEMb COCYN0B HE
MeHsJHCh, T. e. V=V  u V==V,

3agaya 29

TensmonenponuiaeMslii NOpPIIEHEK JeJUT COCYA HA JBe pPaBHbLIG
uyacTH. JleByto yactb HarpesaloT Ha AT, a mpaByio oxnaxpnawT Ha AT,
3nas nepsonauanbHue o6weMbl V' u temneparypy T, onpenenuts
u3MeHeHHe o0beMoB rasaAl.
Tpeuue nopuieHLKA 0 CTEHKH
HUYTOXHO Majo (puc. 19).

Pemenne

Topuwenek Oyner nepe-
ABHraThCS BNPABO U JIEBas
4acTh rasa paclIHpUTCA Ha Puc. 19.

AV, a npaBasa coxMmeTcs

Ha AV. [laBnenus ke cnpasa M cjeBa GYAyT ONMHAKOBLIMH H DaB-
HBIMH criepBa p, a notom p'. Ilo ypaBHeHHIO cocrostHuA /S JIEBOA
MOJIOBHHBI MMeeM [0 H nocje H3MeHeHust T

pv_—_—ff- RT u p’(V—{—AV):—%d—R(T—i—AT).

Orkyna
F1'% T 1
P (VFAaV) — TFAT" O
Jna npasoit MOMOBUHBI aHANOTHUYHO
1A% . T
P (V—=AV) — T—AT* @

Hens (1) na (2), noayunm

V—AV__T—AT
VFAV= THar

OTKyZa H ompegequtca AV,
21’



T

B kanunnspe (puc. 20) npu Temneparype 7 HaXOmUTCA CTONGHK
pryta. Ha CKOALKO IPalycOB HAJO Harpets ero, utoObl BCA PTYTH
Boiia? Bee pasmepn yka-
3aHpl Ha ueprexe. Hecma-
yyBaHHeM npeHeGpeub.

3apaua 30

S

Po Pemenne

QOuesnjno, a4 =‘3¥ ,
T 1
HJIH

pa__p (a+d
; 7=-7xar’ &
Prc. 20, D' — 5TO KOHeuHOe JapJjie-

HHE rasa B Kanuaxaape.
Ilockoneky pTyTH B HEM He oOCTaercd, T0 p'=p, HcxoaHoe xe
JABJEHHE p HaXoIuM H3 YCJIOBHA paBHOBECHA CTOJAGHKA pPTYTH.
HmenHo B npoekUHMH Ha OChb
TpyOKH HMeeM

pS +-pgStsina — p,S=0.

HOHCTaBﬂﬂﬂ OTClola 3Ha‘:1eHHe p i
B (%), TMOJYUHM (ﬁ‘-*—'—'—?-gf,—SM= T R PaS
3
<

—_—_’l‘*Tf_“l_—"f;T@, OTKYZa W HaXOauM

AT (npu u3BECTHOM p,).
P8

3apaua 31

3akpLiTEIl CBepXY KaNHJLISp
onyileH B pPTYTh Tak, 4TO Haj
PTYTbIO OCTaeTCH yacTb AJIMHOM a,
a ypoBeHb PTYTH B Kanuaaspe
Ha b HHXKe HapyXKHOTO YpOBHA.
ArMmocdhepHOe JaBieHHe PABHO p,. __ _ Y
Kakoit Gyzner nauna cron6a Bo3- Puc. 21.
IyXa B KanuJiape, ecjiu ero HoJ-
HOCTBIO BHTaUUTL H3 pryTH? HecMmauuBanueMm npene0peup, OJHHA
Kanuanspa L, TeMneparypa HeusMeHHa (puc. 21),

pa(L-1)8

|H|l[[|
Wit itn

Pemenue
~ Ouesnano, piVy=psVy nan c yueroM S;=35s
pi(@a—b)=psli @)
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p1— 3TO LaBJIHHE B XHAKOCTH Ha riyGHHe b W, 3HAuHT, py=p, |-

- pgb. ps Halijeics U3 ycJ0BUA paBHOBecHs DTyTHOro crogaba. Mmenno
pg(L—10) =+ pa—pa=0.

ITopcranoBKa sHauyeHHH p; H py B PaBEHCTBO () Aaer

(Pa—tpgb) (a+b) =[pa—pg (L —1D)]!,
OTKyLa W HaxoauMm [.

" 3apaua 32

B nunuHApe, 3aKpHITOM NOPLUHEM, TOJBEIeHHOM Ha MNpYIKHUHE,
HAXONUTCS ras.

Haifitn 3asucumocts ofbeMa rasa oT TeM-
meparypbl OpU OueHb MEJJIEHHOM €€ H3MeHe-
Hui. TpeHdHe DOPLIHSA O CTEHKH CUYMTAThb HUY-

7

TOKHBIM (puc. 22). ps
Pemenne s S
L)
[Tockonbky TeMmmepaTypa, a 3HauuT, H Ja-
BJIeHHe raza MeHSIOTCS OueHb MeJJIEHHO, TO T R
MOpuIeHb 3aMEeTHOIO YCKOpeHHs] He HMeeT H AT R
NOTOMY B IPOGKUUH HA BepTHKaJbL NpPH pac- cL . Y m. -
LIMPEHHH MOJYUHM A
mg -+ kx4 p.S — pS=0. SOy e
. 'Y . . . .
Kpowme Toro, — L
M PaS .
pv =TRT* Puc. 22,
V-V,
Hckaiowas U3 3THX paBeHCTB p M YUUTHIBAsl, 4YTO X== 3 g

(vie V —oObeM rasa B paccMaTpUBAaeMLiil MOMeEHT, a Vy— B MOMEHT,
Korja npyxuHa Obljia HeAeopDMHPOBaHA), IOJYYUM

mg—|—-kV Ve i p.S— M RTS 0,
OTKY A2
| %V*—]—(mg—]—pa kV°)V———RST =0,
njau
aV*-- bV —cT =0,
OTKyza

V=—-bj—_Vb”+4acT

2a ’

rae paiy KPaTKOCTH BBEACHBI 0003HaueHnA
k RV, M
a=3, b=<mg+pas—"”§"a) u 0=';' RS.
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3. SHEPIMS, PABOTA, TEINOTA

Bcs TepMOZMHAMHKAa IIOCTPOEHAa Ha TpeX SakOHaX (Hauanax),
To106HO TOMY, KaK BCS KJAaCCHYECKas MEXaHHKa IMOCTPOEHa Ha Tpex
sakoHax HrioTona.

Tak ®xe Kak B MeXxaHHKe, /io6asi 3ajaya pelaeTcs ¢ MNOMOLIBK
sakohoB HbloToHa M KHHEMATHUECKHX YpaBHeHH#, Tak H JnoGas 3a-
Zaua coOCTBEHHO TEPMOZMHAMHKH pPelllaeTcss ¢ NOMOLIBIO Tpex Hauasd
U ypaBHEHHH COCTOSIHMS BEILECTBA.

Mer 3zech chopMyaHpyeM NepBoe Hayalo TEPMOIMHAMHKH B JO-
BoJbHO 00lLleM BHJE, BTOpOE — B YacTHOM, TpeThero BooGuie (opmy-
JHpoBaTh He GyleM, NOCKOJbKY OHO HaM He noHapo6urcs. Uro ka-
caeTCs ypaBHeHHS COCTOSIHUS BEIeCTBA, TO OHO BLINMISAHT CUeHb
NPOCTO RHIIb B CcJydyae HJAEAJbHOTO rasa M HamH yxe chopmyJupo-
BaHo. 3710 ypaBHerne Kianefipona—Menaeneesa. JIpyrux ypaBHeHHi
COCTOSIHHS MBI paccMaTpHBaThL He OyleM.

[Tockospky MOTyT BCTpeuaThCs KOMOMHHDOBaHHBIE 3alaud Ha
TEeMJOMEeXaHHYeCKHe NPONeccH (yjAaphl, IMepeMelieHHs Teax W T. I.),
TO MOT'YT INOH3JOGHTLCHA, €CTeCTBEHHO, H OCHOBHBHIE MOJIOXKEHHS H3
MeXaHHKH, yT0 OYJeT BHAHO H3 pEIleHHs 3ajau.

IlepBoe Hauajo TepMOJAMHAMUKH — 3TO HauGosee obuiast GopMyJIH-
poOBKa 3aKOHa HMSMeHeHHMsl M IpeBpauieHus sHepruu. OHo #BJIfercH
pesyabTaToM oOoOWIEHHS KOJIOCCaJbHOTO YUCJa ONBITOB W HH U3
KaKMX APYTHX 3aKOHOB BbIBEJIEHO OBITh HE MOJKET.

[Mpexcne uem ero ¢oOpMyJUpOBaTh, PaCIUUPHUM TMOHSITHE SHEPrUH
CHCTEMBI.

HaBecTHO, uTO 3Heprus — 210 HauGoJiee o6lIast XapaKTePHCTHKA,
HanboJjee obwiast Mepa BCeX BHIOB ABHKEHHS, B TOM YHCJE MOJIEKY-
JASPHBIX, aTOMapHLIX, BOJHOBBIX H T. 4. OHa XapaxkTepH3yeT B 5TOM
CMBIC/IE COCTOSIHHE, B KOTOPOM HaXOAMTCsi HHTepecyiolias Hac CH-
cTeMa Tell.

WmenHo, 3n24 (QYHKIHOHAJBHYIO 3aBHCHMOCTb 3HEPIHU CHCTEMbl
QT CBOMX apryMeHTOB, MO{HO OY4€Hb NPOCTO MOJYUHTh BCE Xapakre-
PHUCTHKHM, Bce cBoficTBa 5T0fi cucreMbl. [losTOoMy 3HaHue Tako#l 3aBu-
CHMOCTH 3KBHBAJIEHTHO [OJHOA HHPODMAaLUM O COCTOSIHMH CHCTEMbI.
B stoM M 3akJ/0ueHa Ba)KHOCTb IOHATHS 3HEPTHH CHCTEMEI.

IMpuHsATO Ha3bIBaTh SHEPrHIO Tesa, OOYCJOBJEHHYIO B3auMOJAEHCT-
BHEM €ro C JPYTHMH TeJaMH U JBHIXKEHHEM Te/la Kak HesNoro, MexaHu-
YeCKOH, a 9Hepruio, o6yC/OBJEHHYIO BHYTPEHHUM COCTOSAHHEM TeJa, —
BHyTpeHHell. OueBHAHO, BHYTPEHHsIsS SHEPrus Tesja — 3TO0 KHHETH-
yecKas SHeprus ABHIKEHHS ero 4acTHU (MOJIeKYJ, aTOMOB, 3JI€KTpo-
HOB, HYKJIOHOB, (DOTOHOB M JPYTHX YaCTHIl) U NOTEHIHA/IbHAsA SHEPrus
ux B3auMofeficTBus. IlpaBaa, nejenue aHePrHH Ha MEXaHHUECKYIO H
BHYTPDEHHIOIO JOBOJbLHO YCIOBHO M HE BCerZa 3TO JeJeHHE MOXHO
MPOBECTH OJHO3HAYHO.

Hanpumep, uacto rosopsiT, uTo BHYTpeHHAS SHEpPrus Teja 3a-
BHCHT OT TEMNeparypo!, a MexaHHueckas — HeT. Ho 3To ABHO He Tak.
Ecan 1es0, nexailuee Ha NOACTaBKe, Harpelh, TO LEHTP MacChl Teaa
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MOMeT: MOJHATLCS M3-32 paclUHpeHHs Teaa, a 5TO 3HAUHT, YTO € H3-
MEHEeHHEM TeMIeparyphl Tejla H3MEeHHJach ero MexaHHYeckas IHeprud.
TlpaBna, Ta uacTe 9HepruH, KOTOPYIO NPHHATO Ha3bIBaTh BHYTPEHHEH,
H3MEHHTCA INPH 3STOM CH/IbHEE, YeM Ta 4acTb, KOTOPYi0 NPHHSTO
Ha3bIBaTh MexaHH4eckoH. ViaMeHHTCs B 3TOM Ciiyvyae sHEPrHA CHCTEMEL
B uenoM. AHajorHuHO OOCTOHT Jeno, HanmpuMep, MpPH TJIABJEHHH
Tea — MEHSIETCSI M BHYTPEHHAS M MexaHuuecKass 3Heprus. ITu H
ApYyTHE TIpUMEphl MO3BOJAKT NPHATH K BHIBOAY 00 OTHOCHTEJBHOCTH
JieNleHHs] 9HepTMH Ha BHYTPEHHIO H MEXaHHYEeCKYIo.

Jo tex nop, noxa TeJo MM cHUCTEMa Tel He OOMEHHB2IOTCS IBH-
JKE€HHeM ¢ JpYTUMH TeJaMy /M CHCTEMaMH, €T0 5Heprus He MeHsdercs.
Ecau xe oOMeH JBHIKEHHEM eCTh, TO SHEPrHsl CHCTEMBI HE OCTaeTcH,
Boofille FOBOPS, NMOCTOSHHOM.

OueBuHO, cHCTeMa MOXKeT OGMEHHBATBCS C APYTHMH TEMaMH Kak
MaKpOCKONHYECKUM JIBHKeHueM (pa3ABHHYThb, Hanpumep, ApYTrue Teaa,
nepeiaTh UM uacTh CBOeHl MEXaHHYeCKOH 32Hepruu), Tak M MHKPO-
CKONHUYECKUM (Harperh, paclyiaBUThb, U3JYyYHTb CBEeT H T. I.).

Hamenenne sHepruu cucTeMbl 3a cueT o0MeHa MaKPOCKOIHYECKHM
IBMKeHHeM (T. e. Takoli O6MeH, KOTOpPHIH CBSI3aH C MeXaHMYECKHM
nepeMellleHNeM KAKHX-TO TeJ HJIH H3MeHeHHeM MX (opMbl H o6bema)
Ha3blBaeTCs MeXaHMuYeCKol pafoToii.li3aMeHeHue ke SHEPrHU CHCTEMBI
3a cyer o6MeHa C APYTHMH TeJaMH MHKPOCKOIIMUYECKUM (Xa0TUYECKHM)
JBHXKEHHEM HAa3bBaeTcd TenJOoOOMEHOM HJH KOPOTKO — TENJIOTOM.

[lepBoe Hauano TEPMOAUHAMHKH YTBEPHKIAET, YTO TOJNBLKO 3a CUer
5THX OGMEHOB U INIPOHCXONHMT H3MEHEHHe SHepruu cHcreMbl. [Ipu atom

A =444,

rae AE' = AE;, -} AEyey — y6oiav noJHON 3HEpPruH cucTeMbl; A —
paGoTa, COBeplueHHas cucmemold HaJ, BHEUIHHMH TeTaMM, MelIalolHMH
cucTeMe MEHATb CBOWO (GopMy uJH 00beM; Q' — TemnoTa, nepedaHnasn
cucmemoli BHELIHHM TeJsaM.

Ecan Mbl cymMeeM H3MepHTb pa6oTy A, COBEpINEHHYH) CHCTEMOH,
H TemoTy @', OTHaHHYIO 3TOM CHCTEMON APYIHM TejaM, TO MbI CMOXKEM
NOJACYHTATL M3MEHEHHE 3HEPrHH CcHCTeMbl. B 3ToM cMbicJe nepsoe
HauaJo TEePMOJAMHAMUKH €CTb OINPeJe/IeHHe 3HEPrHH, KOTOPOE MOXKHO
copMyIHPOBATE TaK: SHEPrHsl — 3TO Takas (PYHKUHS COCTOSHHSA CH-
cTeMbl (T. €. TaKas XapaKTEPHCTHKA COCTOSIHHSI CHCTEMHI), 06 H3Me-
HEHHH KOTOPOH MOXKHO CYAHTb N0 paoTre, COBEPIICHHON CHCTEMOH
HaJ OKPYXKEHHMEM, H MO NepesaHHOMY €lo OKpY:Kaolleil cpefie TelnoTe
B COOTBETCTBHH ¢ paBeHCTBOM AE = A4 (Q'.

Yno6uee, onuako, BMecto Tenja @, omdanno20 cHCTEMOH, HMETH

geqo ¢ Q=—@Q, T. e. TemJaoM, KOTOpOe CHCTEMA noAyduaa, H €

AE=—AFE’, 1. e. C npubbiibro SHEPrUU CHCTEMbl BMeECTO ee ylelau.

Torpa nmepBoe Hayano Oyler HMeTb Buig— AE—=—A —Q uim
Q=AE-+A4,

T. €. TENJO, noAydenHoe CHCTEMON, HAET HAa H3MEHEHHE NOJIHOM
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BHEpPTHH CHCTEMB! B HA paGoTy, KOTOPYIO cucmema COBepIlaeT Hafg
BHCIIHKMH TeJAMH TIPH CBOEM pACUIHPCHUH.

O6paTuM BHHMaHHe Ha To, YTO B MEPBOE HAUaNO HE BXOAHMT pa-
6oTa AHMCCHNATHBHBLIX CUJ B fIBHOM BHJe. OHa BXxoaut B AE,,, no-
JOGHO TOMY, KaK paora MOTEHIHAMbHBIX  CHJ BXORMT B AE ... 310
HaJ0 YYHTbHIBATH NIPH pelleHHH 3ajad.

Horosopumcs o sHakax Beauunn Q, AE u A. @Q>0, ecau cu-
cTeMa nosyuaer tensto, Q<C0, korga oHa ero orhaer; AE >0 -
HpH BO3pacTaHHH sHepruu cuctems, AE <0 npu yOwuiBanuu ee;
A >0 npu pacuupenun cucrembl, A< 0 mpH ee cKaATHH.

OueBHJHO, YTO €CJa¥ CHCTeMa 3aMKHYTa (C APYTHMH TeJaMH Cy-
iiecTBEHHO He B3aumogeiictayer), To Q=0, A=0, a Torza =n
AF =0 — nonHas 3HEPrus CHCTEMbl He MEHSETCH, XOTs NpeBpalleHUs
SHEPrHH BHYTPH CHCTEMbl MOrYT HMeThb MECTO, HO Tak, 4tolnl AE,, -
+ AEux =0, T. €. y6blib MeXaHHYeCKOI SHEPrHH BedeT K NpHOLLIU
BHyTpeHHe#l HJu HaoGopoT.

[1pu oueHb GbICTPLIX Nponeccax, HPOUCXOASIIMX B CHCTEMe, OHA
He YCHeBaeT B CYILECTBEHHOH Mepe OOMEHATHCS 3a0acoM CBOEro
IBHKEHUS C OKDYXKEHHEM H IIOTOMY €& MOXKHO B TaKHX CJayuasax
cunTath 3amMkayTofi. IIpuMepoM TakuxX npoueccoB MOryT ObITE yapsi
H B3PbIBEHL

Ecnn cucrema MeHsier cBofl 06beM HPH TIOCTOSHHOM BHELIHEM
Japsaennu, To pa6oTa, coBepHieHHAs €10, MNOACYHTHLIBAETCS IO (opMyie
A=pAV.

Mn 6ynem naenense Bcerja CUHTaTh TOJIOKMTENLHBIM (He GyjeM
paccMaTpHBaTh PacTAHYTHIX Tes), a TorjAa 3Hak paboThl ONpeessiercs
snakom AV: npu pacmupenuu AV >0, npu cxartun AV <0.

lisMeneHde BHyTpeHHell (B OCHOBHOM BHYTpeHHe#) SHEpPrHH CH-
cTeMbl TIPOMCXOJUT IPU H3MEHEHHH TeMIlepaTypbl, IJIABJIEHUH U OT-
BepLEBaHNH, HCHAapeHMH H KOHJEHCAuMH, HPH XHUMHYECKHX peak-
uuAxX U T. I

I'lpu marpese, mnaBjJeHHH H HCHapeHMH SHEPTHS pacTeT, a HpH
o0paTHKIX Npoueccax ymeHbllaeTcsi. XHMHYECKHX PEakUMA M Ipyrux
CJIOXHBIX TIPOLIECCOB MBI paccMarpuBaTh He Oyzem. Kpowme Toro,
CyHTaeM, YTO B CHCTEMe OJHOBDEMEHHO BCE 5TH IIPOLECCHl He MAYT,
a CMeHAI0T ORMH ApYyro#l (6e3 3Toro ynpolLieHHs HaM 3aJaud peluaTh
6b1y10 Obl OueHb TPYAIO).

PaciunpenneM TBepAHIX H KHUAKAX TeJd NPH H3MEHEHHH HX CO-
CTOSIHHS, KaK IpaBHJIO, Mbl GyleM IpeHeGperaTtb BO BCEX CJydasx,
KpOMe OroBOPEHHBIX 0C060.

BBepeM NMOHATHA TENNOEMKOCTH H YAEJAbHLIX TENJOT IIaBJEHHS,
HCNapeHnust ¥ CropaHus.

Bennuuna C= % HA3BIBACTCHA MENnA0EMKOCITILIO CUCTEMEL U TIOKA3bI~

Ba€T, CKOJIbKO Temnjia Halo COOGIHTL CUCTEME JJIf1 H3MEHeHHA ee

TeMnepaTypsl Ha oaud rpaayc. Besumuuna c=mQTT HasblBaeTCsl ydeao-

HOU TENJIOEMKOCTBIO BEMECTBA M MOKa3blBaeT, CKOJIbKO TelJja Hajpo
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COOGIIUTD €NUHHIIE MACCH BEINECTBA ANl H3MEHEHHS €€ TeMmneparypH
Ha eauHMny. Bequuuna C::ﬁo—r—-mowpuaﬂ TENJIOEMKOCTh — [IOKa-

3bIBaeT, CKOJILKO TEmla Halne COoOMIHTh OJHOMY MOJIO BeEllecTBa,
4yTo0bl €ro TemMneparypy H3MeHHTb Ha eAHEBHMILY.

Jlerko BHLETh, YTO BCE 2TH TENJOEMKOCTH CBA3aHH MeX1y coCoi
paBeHCTBOM

C=cm=CZ.

Beanunna k:K,%’ Has3blBaeTcst yleavnol menaomot nAQBAeHUA Bee
n
[1eCTBA H 110Ka3blBAeT, CKOJbKO TenJa HajA0 COOOHIUTH eAUHHIE MAaCCH

EeulecTBa, 4TOObl €ro pacnaaBHTh.

Bennunna r= AmQ HasblBaeTcsl yleavHol menaomod ucnapenus
wen

H 4YHCJCHHO paBHaA TeEIIoTE, HaXo[uMOH s HCIIApEHUA e€eAUHHIN
MaccChl BeHLeCTBa.
Q

Benuunza q=1y,,— HashBaercd yOeavrod menaomgopuoll Cro-

COOHOCTBIO BEIeCTBA (TENJIOTBOPHOCTHIO TOIJIHBA) H 110Xa3bIBAET,
CKOJIbKO TENJa BbLASJAETCS NPU NOJHOM CrOpaHHHM EIMHHILI Macchl
TONJIHBA.

3nech Benuuuunl m, Amg,, Amun B Am,. 03HA4aWT COOTBETCT-
BEHHO MacChl HarpesaeMoro, IJIaBsINEerocsi, HCHapsoLEerocs M
croparwoiiero eemectsa. Crosiiasi B UMCJAHTENE BHIEHAMTHCAHHBIX
Zpobeit BenuuuHa @ €CTb Teljlo, KOTOPOE NOIJIOWEHO HJH BHIJENEHO
NpH COOTBETCTBYIOUMX NpOLlecCcaX Harpesa, IIJIABJCHHSA, HCIIapeHHA
H ropeHus.

Cnenyer 2ametuts, uto eequuuunl C, ¢, C, A M r Jnad nansoi
CHCTEMBI, TENa MJM BEHIECTBAa HE €CTh BeJHUYMHEI Toctostunnie, Onu
3aBHCAT H OT TEMIIEPATyphl, U OT JaBJeHHs B CHCTeMe, M, KpoMe
TOro, OT XapaxTepa IIpolecca, NpoHUcXojsllero B cucreme. Bo usbe-
JKaHHe HelopasyMeHUMH Heo0XORMMO, roBopd 00 3THX BeJUUMHAX,
Jile1aTb OFOBOPKH O TOM, NPH KaKHX YCJOBHAX B CHCTeME OHH HaC
HHTEPECYIOT.

[1purdaTo y 9THX BEJMUYMH CTABHTBH BHH3Y HHJEKC, 0003Hayalomui,
Kakas BEeJUUHHA B CHCTEMe OCTaeTCf HeM3MEeHHOH NPU HHTepPEeCYILeM
nac npouecce. Tax, BeJHUHHBI Cp, A,, 7, O3HAUAIOT, YTO HAC HHTE-
pecyloT yAENBbHBIE TENJOEMKOCTb, TENJOTa 1JIaBJeHHS B WCHapenus
NpH HEH3MEHHOM JaBjenHd B cucreme. IIpu 3toM c, % cp % Cp,
)\pi)‘Vi)\T» rpirVirT H T A

DByznem BenHuHMHBI C, A, 7 U ¢ CUHTaTb NOJOKHUTEJBHBIMH; OCTaJb-
Hble JKe BEJHMYHHBL MOTYT OBITb ¥ OTpHLATENBHBIMH. Amy, >0 (npu
NJIaBJIeHNH), HO Ames <0 (npu oTBepAeBaHuu), Am,., >0 (upu
HCMApeHHH), HO Ay, <0 (Ipn KoHZeHcauuu), Am., Bcerga mnoJjo-
K UTEJIBHO.

Wz nepsoro mauaja BuaHo, uto Ipu A=0 n AE,.,==0 umeer
Mecro Q=AEFE;;, nosroMmy Benuuunst CAT, Mm,, u rAnm,. MOXHO
paccMaTpHBaTh KaK BEeJIHUMHL, paBHble H3MEHEHHIO BHYTPEHHEl SHEprun
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CHCTEMB! MpPH COOTBETCTBYIOHIHX mpoueccax. Ho 3To aume B cay-
yae A=0 u AE,.,=0. YHame Bcero 310 03HauyaeT TIpeHeOpexeHHE
paboToii o pacIIMpeHHI0 CHCTeMBl, T. e. npu pAV L AE, dto npu
neGosbiiux p osHauaer V =const. B atom cayuae

AEBH = CVAT, AEBH == )‘VAmmn AEBH = rVAmucm

rae Cy— TenjoeMKOCTh CHCTEMBl TIPH TIOCTOSIHHOM ofbeMme; Ay H
ry— YIAe/bHBIE TEIJIOTHl MJABACHUA M UCNADEHUA IPH [OCTOSAHHOM
obneme.

C yueroM CKasaHHOrO NepBO2 HAYaJ0 MCXHO 3amdcath B pas-
BEPHYTOM BHJE TaK:

Q = CVAT +)‘ VAmrln '+‘ rVAmucn "l_ AEuex + pAV°

B ta6nuuax xe ¢urypupywr Cy, Ar u rr. B yxasaunuom npu-
Gauxenun (pAV <L AE), onnako, umeeM

Q = AE =CyAT + ArAmy, + r1 Ay,

Bropoe Hauajo TepMOAWHAMHKHM YTBepXKIAeT, UTO HEBO3MOXKHO
BCIO BHYTPEHHIOIO SHEPTrHIO CHCTEMbl IPEBPAaTHTb B MeXaHHYECKYIOo,
@ TaK)Ke Hejb3sl TIPH NOBTOPSIOLIMXCS npoueccax (UHMKAAX) BCIO NOA-
BeJICHHYI0 K MallHHe TemJoTy NPeBpaTHTh B paboTy.

Beenem mousaTue kKosddHUHEHTa MOJE3HOr0 NEHCTBUSA LHKJA pa-
BCHCTBOM

 Qe—0Q _A
T=T. MM OR=g,

Toe N— K. n. 4. LHKaa; Qy — Temnao, mojydeHAoe paGounuM TesioM
ot HarpeBaTeds; Qx — TerJo, oTAaHHOe PaBoYUM TesIOM XOJIORHJIbHUKY;
Q. — Qx — TensoTa, npeBpauleHHas B paboty.

W3 toro, yto Besm Temsota @ He MOxeT OHITh NpeBpaliieHa B
paboTy (HJIH, Y4TO BCe PaBHO, HEJb3S HE OTAATh YacTh TEMaa XOJO-
JAMJIbHUKY), caeayer, 4to 7m<_l mias mo6blX LHKJIOB. ITO M eCThb
OfHAa M3 BO3MOMKHBIX QOPMYJIHPOBOK BTOPOrO Hauaja TePMOJHMHAMUKH,

Yacto HCnonb3yloT NOHATHE KO3(epHIHEHTa MOJIe3HOr0 AeHACTBHSA
MallMHBl B HECKOJILKO HMHOM cMbicsie. MMeHnwo, ecid X Maumee 3a
HEKOTOpOe BpeMsl HOABeNeHO KOJudyecTBO Tensa Q unn sHepruu AE,
& LEeJCHANMPABJECHHO YIaJOCh HCIOAB30BATh Quom AEne, (MIH Apes),
TO BeANYHHY

Qron — AE o, _ Anos - Nuoa

=70 T3 — A4 N
H Ha3bBAIOT KODDHINMEHTOM MOJIE3HOTO JHeHCTBUSL MalUMHEL SIcHO,
4To # B 3TOM caydae %< 0.
Cunraercs M3BECTHOH 3aBHCHMOCTb 006LeMa Tesa OT TeMIeparyphl
NpH TOCTOAHHOM JHaBJIEHHH:

V=V, p), ST
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rie Vo—obbeM Tena npu ¢=0°C (umenuo npu [=0°C, a ne
nNépBOHAYANbHBIA 00beM, KaK OMIHGOYHO HHOrAA CYHTaloT); V — obteM
Tejla NpH TeMmmepatype f; B — TepMHUYeCKHH (TemnepaTyprm) K03(pu-
LUEeHT OOBEeMHOr0 pacuidpeHHsl.

4. 3AJAYR K PA3JEJIY <«3HEPIUjl, PABOTA, TENJOTA H
ATPErATHBIE NEPEXOJbl TEPMOJWHAMHYECKHX CUCTEM>»

3apava 33

Z MonaM rasa coobmpaH @ Tenia nNpH TOCTOSHHOM JaBJEHUH.
Onpenenurs:

1) usaMeHeHHe TeMmmepaTyphl raasa,

2) u3MeHeHne BHYTPEHHEH SHepruu rasa,

3) coBepuIeHHYIO rasoMm pa6oTy,

4) csizp Mexay C, u Cy Ana HAeanbHOro rasa.

Pewenune

HepBoe HaYas0 MOXKHO 3anMcCaTh B AAHHOM CJjyvyae B BuAe
Q=ZCyAT -+ pAV + AE ey

Boo6le roBopsi, NpH HarpeBe rasa B UMJHHADPE C NOABHMKHBLIM TNOP-
wiHeM ra3 Oyler ABMraThb NOpUIEHb M, 3HAUMT, NPH 3TOM Y rasa He-
CKOJIbKO H3MEeHHMTCS KHHeTHuecKass 3Heprusi. Kpome Toro, mpu pac-
[UMPEHUH Tasa LEHTP Macchl €r0 MeHSIET CBOE MOJIOKEHHE, UTO MpH-
BOAMT K M3MEHEHHIO er0 NOTEeHUHaJbHOH 3HEPLHH B NOJE TIKECTH.
Ho ecau 3THM u3MeHeHHeM MeXaHMYECKOA 3SHEpru npeHeGpedb, TO

Q= ZCyAT - pAV. (1)

Buano, uto aast orBeTa XoTd OBl Ha OAHH BONIPOC 3aJaul OAHOrO
ypaBHeHHs1 (1) — HEJIOCTaTOYHO — C/IHIIKOM MHOTO B HeM GUrypupyer
BeJIMUMH, He YNOMSIHYTHIX B ycjoBusiX. Ho oueBuaHO, uTO B AaHHOM
clyyae TOMOXKET ypaBHEHHE COCTOSIHHS HIeaJIbHOro rasa, HanmucaHHoOe
JJs ¢Jay4das HadaJbHOTO H KOHEYHOrO COCTOSHHM:

pV =ZRT, ©
PV =ZRT'. 3

[lo ycioBHAM 3ajayd Hac HHTepecyeT He COCTOSIHHE rasa, a €ro
usMeHeHde. Ilostomy, BhiuuTas (2) u3 (3), NOJAYYHM C yHETOM p==p':

¢ pAV = ZRAT. 4
Hckmouan u3 (1) u (4) Beauunny pAV, npHXOJMM K paBeHCTBY
Q=Z(Cv+R)AT, (5)

OTKYAa Haxopum AT,
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B npeanocHnKe K STOMY pasielly -FOBOPHJOCH, 4TO pasjelieHHe
SHEPIHH CHCTEMbl Ha BHYTPEHHIOIO M MEXaHHYECKYH) BECbMa YCJOBHO.
Ho B nanHHO# sajiaue Mbl peLINJIH H3MEHEHHeM MeXaHHUYeCKOU SHeprHH
npeneGpeub, nosroMy B (1) nepsoe craraemoe ol.:%g\aen‘ H3MEHEHHe
BHyTpeHHell sHepruu rasa. Ho rorna

AE,, = ZCyAT,

Ryra AT noncrasnsieM m3 ().

Jlnst oTBera Ba TpeTHH BONpOC 3ajayH HANO yuects, uTO pa6ora
raza pAV nafizerca u3 (1) npu wu3BecTHOM Q M HafaeHHOM U3 ()
AT. Hwmenno,

pAV = Q — AE,, = Q — ZC,AT = Q(l— v+R>

Vs onpenenennst MOJADHOH TEMIOGMKOCTH craefyer, uro C==_7=.
Ho u3 (6) Q=Z (Cy—+ R) AT mu, 3naunr,

Z(C, 4+ RYAT
(—szr)—=CV+R.

TlockonbKy, onnako, (5) ortofpaxaer npouecc npu p==const, To
C=C, n, snauutr, C,=Cy—R.

PHsuueckn pesyanaT nousiten: npa V = const tenso uner TonbKo
#a u3MeHeHue sHepruHn (W60 A=0), a npu p==const eme u na
paGoTy Mo pacuIMpeHHo, uTO M o3HasaeT Q,>Qy, a noromy H

s >Cv.

C=

3azaua 34

[lepeoxnaxnennasi Ha AT HuXXKe TOYKH 3aMep3aHHs XKHIKOCTh
TpH BCTPSAXMBAHHM YACTHUHO 3aMep3fia 3a OUYECHb KOPOTKOE Bpems.
3uag AT u KomnuecTBO KHUAKOCTH m, HafiTH KOJHYECTBO 3aTBEpJeB-
el XUIKOCTH Am, ecsM OKOHYaTeNbHAs TeMIepaTypa CHCTEMBl CTaja
paBHa HOpPMaJbHOH TOYKE 3aMep3aHHil.

Pemenue

ITockosBKY Hpollece rpoTeKasa OueHb GBICTPO, TO CYIHMECTBEHHOro
Tenso00MeHa €O cpeofl He NMPOH3OIIJIO H CYyIUECTBEHHOH pabGoThl CH-
CTéMa He COBeplIWJia;, INOSTOMY IepBO€ HAyaJO0 HMEET B JaHHOM

caydae BHA
0=cymAT -}-A\Am,

9. €. SHEeprus, BLACAMBUIAACA NPH 3aTBepJeBaHHH, Obljla IOIJIOMIEHA
Harpeslieficst 10 TOYKH 3ameps3anus xkuikoctd. IIpu HeGonpmux AT
yJAeJbHasl TeNJIOTa NJaBJ/ieHHs NPaKTHIECKH OCTOAHHA, T. €. A Az const, |
H MOXHO CUHTATb €¢ DPaBHOH Ap
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U3 BrllleHAnMCaHHOrO ypaBHEHHS B 5TOM CAyHdae cJeLyer
cymAT

Ap

Am:——

Tak Kak S7‘\/ﬁ>0, a AT >0 (xnaxocts Harpenacs), To Am <0,
)

4YTO K COOTBETCTBYET COrJaCHO Hauie# AOTrOBOPEHHOCTH OTBEDACBAHHIO.

3apaua 35

Ha Tenexky Mmaccoit M, unymywno Ges TPeHHS CO CKOPOCTHIO Uy
MO TOPH3OHTANbHBLIM pelbCaM, HEYNPYro MNAN3ET C BHICOTHl A MELIOK
Mmaccoil m. CKOAbKO TeMJIa BBbIAGNHJIOCH IIoC/]e yaapa?

- Pemenne

IMponsoien yrap, T. €. KpaTKOBPeMeHHOe B3aHMOJEHCTBHE TeIEKKH
n Mmewka. [TosToMy 3a BpeMs yxapa CyllecTBEHHOro ofMeHa SHEprHil
CO cpeloil He NMPOM30LLTO. 3HAUMT, NEpPBOe Hayajgo ¢ yuyeTom Q=0
1 A=0 uMeeT BUX

O=AEBH+AEuex° (l)
Ho
M 2 Mol
AE)\lex e #)'—u_ - ( ; +mgh) ’ (2)

rle u — CKOPOCTb MellKa M TeJeXKH nocje ynapa., Ona, oueBHzano,
HaliieTca M3 3aKOHAa H3MEHEHHs MMNYJbCA CHCTEMHI (KOJIHYECTBA ABH-
JKEHHA TeJNEXKKH U Mewka) npu yaape. Wmenno,

(M m) u— Muvy— mv = (Q -+- Mg -+ mg) At. 3)
ITocxoabKy BCe CHJIBI M CKOPOCTh MeIIKa HampaBJeHBl 10 BepTH-
Kall, TO B NpPOEKNUH HA TOPH3OHTaJb (Ha HanpasjieHHe JBHXKEHHA

TEJICKKH) NMOJYyUHM
M+ m)u — Muoy,=0. 4)

[ToacraBasas orcioga « B (2), NOJyuYHM NOC/Ae OUEBHAHBIX Npeol-

pa3oBaHHi
M3 Mo}

AEwex =551 my— 2 — M&h
a 1o ynpouIeHHH 1
mMu}
AByey=— mo—m) —mgh.

[NoxcraBnas sto sHavenue AE,., B (1), monyuum

mMv}
AE, = X -+ mgh.

MNocroabky Beanuunel m, M, vy, g U h TNONOKHTENBHE, TO AE,., <0,
a AE,, >0, T.e. BO BpeMd yAapa BHYTPEHHASN JHEPrusA CHCTEMbI BO3-
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‘pocna 3a cuer y6uIM ee MéxaHuueckoi sHeprun. Ouesuuro, uTO
TeMIepaTypa CHCTeMbl MOBBICHJACH M MOrJia CTAThb BbILE TEMRepary pbi
cpennl. .

[locre ynapa umeeM :
Q=AE;H+AE;ex

niau, npeﬂeﬁperaﬂ CONPOTHBJCHUEM MABHXKCHHIO TEJCIKKH C MELKOM,
a 3HAUUT U N3MEHEeHHEM MeXaHH4eCKoi SHEpruy,

Q=AEq.

Ecau cuurath, YTO HauasJbHAA TEMIEPAaTypa CHCTEMBl 10 yldapa H
OKOHUaTeibHadA (3HAuMTeJLHO MOC/e HEero) OXHA H Ta XKe, TO 0e3
60AbwoN OWHGKH MBI MOXKeM CUHTaThb, 4YTO0 ALy —— AF,, T. e.
HACKOJIbKO BHYTPEHHSI 3HepTHsl CHCTEMbi YBeJHUWJACh IpH yjaape
(HarpeB), HACTOJIBKO OHa yGbljla NpU TenoobmeHe co cpefoél (0CTbi-
BaHue) Mnocje yiapa. 3HAYMT,

Q=0Ew=—AE;;=AE,;; =— 'Q"é%% - mgh

To, uto Q<C0, osHauaer omdawy cucremoil Temna cpeme. Haro,
OJHAKO, yYecTh, uT0 AE;,==— AE,, BepHO JHIp MPH YKA3aHHOM
NpeanoaoKeHHH O TEeMNepaType CHCTeMbl ¥ Cpejpt.

. Ecnu teiexxka mocne yAapa nepeexana B obnacts, TeMnepatypa
KOTOpO#l Bullle TemlepaTypul TeseKKH, TO CHCTeMa MOrja He OCTbl-
BaTb, a HarpeBaTbCcd H COOTBETCTBEHHO He OTAaBaThb 3HeprHio, & I0-
JlyuaTh ee.

B yxa3annoM TpEANONIOKEHHH O TeMIlepaType TEJNEXKKH H MEWKa

8ajjauy MOKHO ObiIo Obl DPEUTh M HECKOJbKo 060Jee COKpPalleHHO.
' Vimenno, nojaras oYeBHIHBIM, UYTO M3MEHEHHE
MexaHudeckofl sHeprum cucrtemnl (yOblib ee)
nepeuria BO BHYTDEHHIOI 3SHEPTHI0 CHCTEMBI
C TMOC/eAYIOEH OTAauell ee B BHAe Tenja
cpene, €pasy MOXKHO Hamucath Q= AE,.., rie
AE,.x HaxXogWTCH, KaK H yKa3aHO Bbillie.
] [Tpu TakoM peuleHHH HECKOJBKO COKpaTH-
[ ] J1ach 3aMUCh, HO XOJ peuleHUsT (NpOBeAeHHLIN
Al yacTHUHO MBICJEHHO) OCTa/Icfl, €CTECTBEHHO,
(L TEM Ke CaMbiM. :

.

7/

S 3anaua 36

e B uuaunape, 3akphoiTOM nopwHeM Becom P
Lt U ceueHueMm S, HaxoauTcs Z MOJel M3BECTHOrO
rasa. [lopmenb noxcoeauHen K HexedopMupo-
Puc. 23. BaHHOf mnpyxuHe (puc. 23). Croabko Temna

Halo cooGWMTL rasy, uToGhl OH Harpeacs

#a AT, a npyxuHa cxanach uHa A/? TennoeMKOCTbiO LU/HHAPA H

TOpIHA [peHeGpedb.
232
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. . Pemwenue

OueBHAHO, 4TO 3[€Ch NMPOHCXOAUT HE TOJNHKO H3MEHEHHE BHYTPEH-
Hell SHepPruu rasa, HO U H3MEHEHHE 3SHePruH MOPWHS U MPYIKHHbLL
Bk/ioyumM B Hauly cucTeMy He TOJNbKO ra3, HO M NOpLUEHb C MPYKHU-
Hoit. Torza, B mpeHeGpe:keHHH H3MEHEHHEM KHHETHUYECKOH SHEPTHU
CHCTEMBI

Q=2ZCAT L2821 B3% 4 part pav,

THE BTOpOE CJlaraeMoe — H3MeHEHHe TOTeHUHAJbHOH 3HeprdH rasa
Al o
M3-33 MOBLIUIEHHS HA = ero LeHTpa TskecTH npu Harpese. Cnarae-

moe p,AV — 3710 paGora Hame# cuCTeMBl TPOTHB BHEIIHHX CHJI, T. €.
MPOTHUB CHJIbI aTMOC(EPHOro AaBJIEHHS.

MoxHo 6blTo 6bl He BKJIOWATB B CHCTEMY TOpIIEHb U NMPYKHUHY.
Ho Ttoraa BHewwefi cunoft, IpoTHB KOTOPOM ra3 cosepiuan 6ul pabory,
6vl1a 6ol mepeMenHas cua F =P -} p,S -} kx u pelenue HecKoabKO
YCIOKHIAOCE Obl. YuraTenp MokeT yOeauTbCsl B TOM, YTO PE3yJbTAT

kAl
noayuuscs Gbl TOT ke, ecnd cuutats Fep=P - paS—{—

‘3agaua 37

CxoJIbKO Temna Hajo COOOUIMTh KYCKY MeTajna AN YBeNTUYeHUS
ero oobema Ha AV npu atmocthepHOM JaBieHUH?

Pemenne

Ecan cuuTare, 4TO LEHTP MACCH GPYCKA TIONONKEHHS CYHUIECTBEHHO
He W3MEeHH/, TO NEePBOe Ha4ajo HMeeT B JAHHOM CJydyae BHJ

Q=cymAT + p,AV.
Uz dopMynsl e pacluHpeHHs Tesia npH p = const umeem
AV = V,3At =V BAT

(temniepatypa no Uenascuio { He paBHa Temnepatype no KeneBuny T,
HO PasHOCTH WX PaBHbl, YTO BUAHO u3 cBAsH T =[--273).
[oncrasasis u3 atofl opmynsl AV B HexoaHyto GopMyry, TOTYUHUM

AV
Q=cym A - paAV.
BVe
A Taxk Kak [L/”— == py — Tabnuunasa NJIoTHOCTh MeTanaa npu £ =0°C, To
0 .
CyPo
Q=2 +p) av.
qmare.nb no/Ib3y ACh TaGHIIAMH, ErKO Hafler, aro Y 3 >pa, HHO3TOMY:

pa601'014 NpH pacUIHpeHdH TBEpIBIX (Aa U KUAKHX) Tedl npH HeGO/Ib-
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INHX JABJACHHAX MOXKHO BNOJHE npeﬂeﬁpe%}%cpalmeﬂmo ¢ u3Me-
HeHHeM HX SHEPTHM NPH HarpeBe MJIM arperaTHo uepexo;l,e. ITosTomy

o P
B JaHHOM cJjyyae ¢ GoJbIIOR TOYHOCTHIO QAv I%"AV Orser He

3ZBHCUT OT BeJHMYUHHI ofbeMa KycKa Merasna. Yuraremo mnpegocra-
BJISIETCS BO3MOXKHOCTb NOAYMATh Haj STHM,

®opManbHBI OTBET MOXKHO YCMOTPETb W3 IPHBEIECHHOIO 3JeCh
pelleHHs, CTOMT JIMIIb COMOCTaBUTb NepBble ABe (HOPMY.JIBI.

A Kax [aTh OTBET «HA NaJbLaxs?

3apaua 38

ABToMOGH/IL BecOM P HEET B rOPy ¢ YKJIOHOM « M Ha paccrost-
HHY [ yBeHUHBAeT CKOPOCTb OT Uy RO v. CuMTasi U3BECTHLIMH KO3(h-
(HIHEHT TPeHHs aBTOMOOHJISI O J0POry R, KOphHHIHEHT I[0JIe3HOro
AeficTBUA JABHTATe]sl 7y M TPaHCMHCCUM (MeXaHH3Ma, Nepejpalolero
yCHJIHe JBHraTe/s K KoJiecaM) 7, a TaKxKe poJ TOILIMBA ¢, HaliTH exe-

o Am
CEKYHIHBIA Pacxoil TOM/IMBA, T. e, BEJHUHHY - =My (TAe Af—Bpems,
3a KOTOpCe M3PAaCcXOJOBaHO A TONJHBA).

Pemenue

INockonpky B 3ajave ¢urypupyer K.Mm. 1., TO YIOGHO peureHHe
W Hay{HATh ¢ TOro (haKTa, YTO BCe TENJI0, BLIAEMBLIEECA NPH Cro-
paHUM TONJWBA, NPEBPaTHUTh B pa6GoTy He YAanoCh, T. €. HauHHAaTb
C ypaBHeHHst 1=1{5.

Jlanee, MOCKOJABKY K. II. [. CJOXKHOH MAaIIMHBI, COCTaBJEHHOH H3
BRJIIOYEHHBIX [OCJ/IE[OBATeJbHO MalllMH, PaBeH NPOH3BEACHHIO K. M. .
OTIENbHBIX 3BeHbEB, TO 7W=="7%. OueBHAHO TaKxke, uT0 Q=¢gAm =—
=qgmyldf, rIe my— CKOPOCTb CropaHHs TONNHYBA (€XKeCEeKyHAHBIA

pacxon).

Pa6ora ke A ectb Ta paboTa, KOTOPYIO COBEpIUHN «CAMOIBHXKY-
uiicsty SKHNax (CM. 9acTh [ — ,Mexanuka“). Ona nowsa Ha yBeJu-
yeHHe MeXaHHYeCKOH SHepruMd aBTOMOOM/S M Ha paboTy NPOTUB CHJILI
CONpPOTHBJICHHA, T. €.

A__—g—-” =% L pAb-kP cosa- L.

Ho B Takom cayduae HCXOAHOE€ pPaBCHCTBO IIPpHMET BHIA
2 __ 42
u‘-—l—-l sin o -+ &kl cos a
%
== P qmgy At ¢

Jaa oreera Ha Bompoc 3ajaun Hafo 3HaTh AL, TlockosbKy BCe
CHJIbl, JlelicTBYIOIME Ha aBTOMOGH/Ib, TPAKTHYECKH NOCTOSIHHLI, a Macca
€ro H3-3a CropaHHs TOIJIMBA CYLIECTBEHHO He M3MEHHJach, TO YCKO-
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penne aBTOMOGHJIA MNPaKTHYeCKH NocTosiHHO. Ho B TakoM cayuae

v ’Z] l ) .
Vep == "j H, BHAUHT, Af= - = C yuyetoM 3TOrO HMeeM

Vep O F0
g _ 2
”—QZTE 47 (sin a 4 kcos a)
M= P 57 ’
qmy Do+ U
OTKyJa ¥ HAXOIUTCS 1My,
3apaga 39

DBpycok cOCKanb3blBaeT € I'OPKH BLICOTOR hy M yIJIOM HAKJIOHA d.
Cuuras, YTO «7-f1 YaCTh BLLIE/JHUBLIErOCs TellIa HAET Ha Harpes Gpyckay,
HAWTA Ha CKOJIBKO I'DajycoB OH Harpefcs, ecjd CKOpocTh Opycka
H3MEHHJIACH OT Uy 10 U,

Pemenne

IIpexkze BCero pasbACHHM CMBIC/ YCTOSABIIETOCH TePMHHA -1 YACTh
BLIJCJIMBLIETOCS TENJa NOljA Ha HarpeB». IJTO BhIpa)KeHUE CPOAHM
OLITYIOMEMY ¢CKOJIDKO TEMNJIa BBILEJHJIOCh NPH YAape», TOJNBKO elle
xyxe. IIpy ckonpkeHHH 6pycka 4YaCTh €0 MeXaHHuYeCKOH 3Heprud
K3-3a TPEHHUsl NEPEXOJUT BO BHYTPEHHIOO 3Hepruio M 6pycka M mnox-
craBku. YaMeHeHue BHyTpeHHefi 3Heprud OpyCcKa 4aCTO U HasLIBAIOT
«TeIJIOTOH, Noueamel Ha Harpes Opyckas. M3 cmeicia nepsoro Hauana
SICHO, UTO €CJId 4 TOBOPHTDb O BbLIEJMBIIEHCSA B JaHHOM CJIyuae TemJore,
TaK OHa IIOILJIAa HUKAK He HAa HarpeB Opycka, a Hao6opoT — K3-3a
oTxaud OpPyCKOM B BHJAE Temaa B OKPYKAIOU(YI0 CpeAy uacTH AOCTaB-
ILefic eMy BHYTPeHHEH 3HepriM — Ha HarpeB cpefbl (M, €CTeCTBEHHO,
"NHBENIO K OCThIBAHMIO 6pycka). Besmuuwnsa v, urypupytouas B ycjo-
puM, ofo3Hauaercs TOH ke OYKBOH, YTO WM K.I.[A., HO He SIBJAAETCS
K. . 1. OHa npocTO MOKasbiBaeT, Kakas JOJst H3MEeHEHUs BHyTpeHHel
SHEPrUU CHCTeMBl 6PYCOK — MJIOCKOCTh AocTasack 6pycky. Ilpu pere-
HHY Ke 3ajay OHA (popMa/ibHO (QUIYPHDPYET KaK K.I.J., a NOTOMY

_— A?BH. 6p (1)

.
AbBH- CHCT

OueBupiHo, N0 YycaoBHio 3agaud AEy, ¢ =cymAT. Uro Kacaercs
AE;s cuers TO M3 IEpPBOro Hauaja JJsa Opycka M MNOJCTaBKH (B Mpe-
HeGpe)keHHH OCMEHOM 3JHepruil co cpejod M paGoToii [0 PACIIHPEHHIO
TBEpPABIX Te€J) HMeeM

0 == AEBH. cucT + AEMGX-GI;
HJU '
AEnn. cHer == T AE“°‘~6?" : @



T. €. npuSwsb BHYTDEHHeR 3HEPruM CHCTeMbl paBHaYOBUIH MexaHH-
YeCKOH 5Heprus CHCTeMbl. ¥ NOJCTABKH OHa HE H3MEHMJIach, a y 6pycKa

BEex.6p ="2 5% 4 (0 —mgh) . &)
Kombunupys (1), (2) u (3), IOAy4HM 7= —

u Baxopum AT,
3ajaua 40

Kakoe komuuecTBO H3BECTHOH KUAKOCTH MCMAPHUTCA 3a BpeMs Af,
€CIM TemJsIoBasi OTJaya HarpeBarests paBHAa v, €ro MoulHocte N,
KOJIMYeCTBO KHAKOCTH M M TeIJIOEMKOCTh COCYAa, B KOTODHIH OHA
nHanuta, Cyp H3BECTHHI?

Pemenne

Tennosas OThaua Harpesatesas v -— XapaKTepHCTHKA, HECKOJIBKO
CXOIHadA ¢ K. 1. A. ABHratens. Tengopas OoTZadua HarpeBsartesi Ioka-
3bIBAET, Kakas A0 TenJja, BuaeaseMass UM, MOXKET ObITb HCHOJb-
30BaHa ueJICHANpaBJi€HHO. CLII/ITaH, 4YTO0 B JaHHOM <cJiyuyae BCe
TEIJI0, HCNOJAb3yeMoe LeJjieHanpaBJedHO, OTAAaeTCA COCYyay u XKHA-
KOCTH, NOJYYHM

_ CyAT +c,mAT +-rpdm,  +pAV
= NAZ .

Tlocnennee cnaraemoe B uHcJAHTENe €CTb pafoTa MO PaCUIHPEHHIO
napa. Ewo yxe npenHe6peup Heab3fl, Kak B cayuyae paboTel mo pac-
IIIPEHKIO TBePABIX M KHAKUX Tena. Cunras, uTo BHeLIHee AaBJeHHe
NPH HUCNapeHHHd JKHIKOCTH HE MEHSETCs, I0JAYYHM H3 YpaBHEHHS
Kananefipona — Menzeneesa

Vnz___AmucnRT
Lo

’

rge Am,.,—Macca napa, paBHas Macce HCIapuBIIEHCH KHUAKOCTH,
ITockoabky AV — 310 u3MeHeHue o0beMa BeleCTBA IPH INepexoje
€ro M3 XKHUAKOTO cocrosiHusi B TrasoofpasHoe, 10 AV =V, —V,,

uTaK Kak V> Vy, 1o AV A& V. OxoHuaTesbHO HMeeM

(CV+ m.c.) AT + ( r+ )Ammn
= NAt g

OTKYJa H TNOJNYYHM OTBET, B3AB M3 TaOMMIL Cy, r; H T =Ty, aaa
M3BECTHOH XHUIKOCTH M 3aaaB T, und AT. B pewendn ne yuTeHa
paGoTa no PACIIMPERNIO COCYAa M KMIKOCTH, @ TaKxKe 3aBHCHMOCTD
TENJOEMKOCTER H TeINIOTEl MCNAapeHHs OT TeMNeparypbi. e
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3agaua 65

CKONbKO Tensia BBIEAHTCS IpPH MPEBPANICHMH B MHIKOCTb HACHI-
Ialouero napa, €CAH TemnepaTypa cpeisl mocrosHHa H pasHa T,
a HavajbHbI o6BeM napa V?

Peumenue

OueBuaHO, Q=="rAmyouy - pAV, rle p — naBieHHe HACHIIAIOWIErO
napa npu Temneparype KoHzencauu# 1. ITOCKOABKY Aoy = — puV
(Bech map KoHAeHCHpoBajdcsd) u AV =V,—V, 710 c yuerom TOrO,
uyto no ypasHeHUur0 Knaneiipona — Menjeneepa

_MRT_M RT__ RT
p= Ny Vv n == Pu w !
nMeeMm
' RT
Q:—erHVTpH—P_—(V)K—V)‘ (%)

O6bem xuakoctn V,, monyyusileficA MpU KOHIEHCALMH napa, Haii-
LeTcsl 1o ¢opmyne

Vm-—_—'t'l"—=;':—’;‘((l—{—@t).

(23
1 £ .
Tak Kak My=—my, a My=p,V, TO V,,(=p—“V—s—+—B—), 4TO MPH MOA-
0%

cTraHoBKe B () jaer
Q=Vpu {—ro+-EL[2CEE ],

Pox

Brunuo, uto Q<C0. 310 M o03HAauaeT B COOTBETCTBHH C HOrOBOPEH-
HOCTBIO O 3HAKAX B YpPaBHEHUH NEPBOrO Hauyaja BblIeJeHHe TelJa.
Boofine roeops, Bo3mMokHO GopmanbHo U Q >0 npu p, (1 -+ Bf) > po
4YTO KaK GYATO IPOTHBOPEUHT BbUIEJNIEHHIO TeIJIa TNpPH KOHJEHCAUMH.
Ho gmeno B toM, 4T py (1 -+ Bf) >> pay /ML DpH { HACTOJIBKO GO.ib-
IHX, YTO [>>tepur, T. € KOIJA KOHJEHCALMH HE MOXKET IPOH3O0HTH.

Kpowme Ttoro, ¢opmyaa Pm=1—p_;’_—’"§ crpaBe/inBa JHIbL NPH HeCOJb-
wHx 3Hauenusx f. [lostomy B Hamem cayuae o6sizatensno Q<Z0.

3agaya 41

B crakan TennoeMkocTsio Cy HAJHTO M, MKHUAKOCTH C YAEJBHOM
TENJIOEMKOCTBIO C, M OpoineH Kycok Jbla Maccoit m,. Ilo mpouwe-
CTBHH HEKOTOpPOTO BpEMEeHH BCs CHCTeMa IpUINJia B PaBHOBECHE €O
cpenoit mpu Temneparype 9, Gosbluelt TeMmepaTypel TasHHA JbAA T ny-
3Hasi HCXOAHBIE TeMnepaTyphl crakaHa Ter, KHUAKOCTH Ty u abna T,,
HAaHATH KOJIHYECTBO Temaa Q, KOTOpbiM O0OMeHsA/ach CHCTEMA C BHeLUHeH
cpeno, 1 }

23817
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Pentenne

ITockonbKy 06 HCIapeHHH Peud HeT, TO paGoToli 1O paciiMPEHHIo
cHCTeMbl TIpeHeGpexkeM, DPaBHO KaK H H3MeHEHHeM MeXaHHYeCKOof
SHEPTHH CHCTEMbl H3-3a ee pacwmpenus. Torpa

Q= AEcr + AEm + AEJI

Q == CV (9 - TcT) + CudMly (6 - T)x) + (S (Tml - TJI) +
+ )‘TAmnn ""’ CulMa (6 - THJI))

rje TMOC/NEIHHe TPH CJjaraeMble OTOGDAXKAIOT HArpeB JbJa J0 TOUKH
NJaBJeHUs, NJaBJeHHe W HAarpeB MOJYYHBIIEHACS H30 JbJa BOABI OT
TOYKH NJIaBJIEHHS J0 TemrepaTtyps! 0.

OueBuIHO, 3HAaK Q 3aBHCHT OT COOTHOUICHHS MEXKAY CJaraeMbiMH
B npasoH gactiH. HyXHO TOJNBLKO TMOMHHTB, UTO B CJydae nJaBJeHHs
Amy,>0. B panHoM cayvae Amg,==m,, ubo Jex Becb pacrasa
(mo ycnosuio samaun 6>7,).

HJIn

3anaua 42

B nusunzape o6vemom V Haxomurtcs M; Bozayxa u Ma Boau npu
Temneparype, OJau3KOH K 3avep3aHuio. lluauuap BeinepxuBaer xas-
JIEHHE He GOJILIIEE Pppey. CKOJNBKO TONJMBA € KaJOPHHHOCTBIO ¢ Halo
cxKeub, 4TOOH LUJIHHAD B30PBAJCsH, €CJH 7-S YaCTh BbLIEJSIOIIErocs
NpHM CropaHHH Tema Nepenaercs LUJIHHAPY € coiep:kuMbim? Temo-
eMKocTb nuaHHApa Cy. K MOMEHTY B3pbIBa BOAA HCIIapHJIACh HENHKOM.

Pemenue

Ileppoe Hauamo HanmucaThb AJIS 3TOTO CJyuass B KOHEWHOM BHje
TpYAHO, MO0 NDH Harpese NMPOUCXCAMJO HCHapeHHe KUAKOCTH, pac-
IIHpEHHe Napa M rasa, H3MEHEHHe TeNJOeMKOCTell H TeMJOThl HCma-
peHns.

Ho ecan npeuneGpeur paGoTofi mo paciiupeHdio napa H rasa,
a Takxe 3aBucuMOCcTbio C M r OT TEMNEPATYphl, TO NOJAE3HAS TEIIOTa
mouia Ha Harpep ILMJIMHJApA, BO3AyXa U Napa OT TeMnepaTyphl TasHHUs
ania T, 2o reMnepatypsl T, Ipu KOTOPOH IPOU3OIIEN B2PHIB, a TAKKe
Ha HcnapeHue Bofbl. [losaras (emie 0AHO yIpOIIEHHE), Y4TO BOJAA HcHa-
puJaach npH TeMneparype, Gauskod K Tgy, DOTyUHM

Q=Cy (T —Tu)+ (% Cy,+ 22 Cy, ) (T — T+ r Mmsen,
rae Amye, == Ms— KonuecTRO Napa, NOJYUUBIIETOCs H3 BOAHL

Temnepatypa B3pniBa T onpenessiercsl IaBjieHueM, NPH KOTOpOM
on npoucxoxur. Ho mo ypasrenmio Knaneiipona — MeHgeneeBa ias
CMecH IapoB H BO3AyXa HMeeM

M; | My\RT
_+_)

Puper == (Pu 2 v
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Heofxonumoe ANst pemieHMst 3alayd KOMMUYecTBO Temaa Q Haxo-
IUMTCSI M3 YCJIOBHsH, YTO TOJNBKO v- 4acTb TeMJa, BbUIe/HBLIErocs
NpH CrOpaHHH TOIJIMBA e€CTb Q, T. €. H3 ypaBHEHHUs

= (+%)

T qdmg”

[MoncraBnsia B HCXOAHOE PaBeHCTBO BeauuuHbl T U Q, BHIpaXKeH-
Hble H3 (%) H (*%), MOJY4HM

M, M npex V
qucr’l-: <CV+ E CV). '"f_ ’;;2 CV2> Prpext Txm + Mgf,-,

M, M@)
<H1 + g R
OTKyZla ¥ HaXOXHM Amg,.

3amaua 43

Tloxoueitufics cHapaA B30PBaJCcs NPU CTOPAHHH B HEM m TMOpOXa
¢ KoJopuitHocThio . OLEeHUTh KHHETHUECKYIO SHEPTHIO OCKOJIKOB
B HauyaJbHbLIH MOMEHT.

Pemwenue

Ecnu cuptaTh, YTO IIOPOX CropaeT NMOJHOCTHIO H GHICTPO B MAsOM
ofbeMe, TO ¢ HEKOTOPOH OIHOKOH MOMKHO NoJaraTh BCIO BHYTPEHHIOD
9HEPTUI0 NOpoXa nepemejmell B MeXaHHUECKYIO SHEPTHI0 OCKOJKOB.

CuuTas nmoOpoOX MCTOUYHMKOM 3SHEeprHH Jas 060J0YKH CHAp4ia,
uMeeM

quchAEm

rae Amy.=m, a AE = E..

3meck He YyuTeH psii MHOTHX 3(deKToB, B UYacTHOCTH TO, UTO
060JI04Ka CHApsifa M caM NOpOX HarpeBamuch. [losToMy omeHka,
KOHEYHO, BecbMa rpyba. ’

3anaua 44

Kakyio paGoTy Haf0 COBEPIUHTL AJsl PABHOMEDHOTO YBeNHYEHHS
paaMyca MblIBHOTO Ty3bipst Ha HeGoabliyio Bequuuny AR? ITopepx-:
HOCTHOE HATsKeHHe o, BHEIIHee JaBJieHHE p U pajdyc myselpd R’
HM3BeCTHbI, a TeMIepaTypa CHCTeMbl CYyIIECTBEHHO HPH paclldpEeHHU
He MEeHsJach.

Pemenue

ITockonbKy H3MeHeHMe pajuyca Nysbipsi HeBeIHKo, TO H Ja-
BJieHHEe, MPOH3BOAHMOe II€HKOH Ha {as BHYTPH MNysbips, NPaKTH-
vecKH mnocToaHHO. Ilostomy A=pAV, rae p— AaBiecnue BHYTPH
nyseips.
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TTockonbky Ny3bipb pasiyBaeTcl PaBHOMEPHO, TO KaiIblii MaJibii
YUYaCTOK €ro IOBEPXHOCTH HaXOJMTCA B PaBHOBECHH, HOITOMY

PAS = (Ponewn - Ps) AS

P = Psnemsn + Pa

I

H, 3HAQUUT,

= 4c
A (Penewn _'l— P AV = (pa -]_ _§> AV.
Tax kax AV =4R%R, 10

/

A=(p,+ %) 4xRR.

Pacuer cnpaseuus anwp aaa AR K R, ubo ToabKo TOTna p, A~ const
u AV =4=R*AR.

3agaua 45

Kak u3MeHHTCA TeMIepaTypa H3BECTHOH MKHMAKOCTH, €CJHM B Hee
ONYCTHTh KaIWIAPHYIO TPYOKY, TeIJIOEMKOCTBIO KOTOPOil MOXKHO
npexe6peup? HapyxkuHas crteHka TpyOKH K cMaunBaHHIO Ge3pas/vuHa,
a BHYTDEHHSl MOJHOCTBIO CMauyMBaeMa HJHM, HAo0opoT, aGCoJOTHO
necmaunpaema. O6beM xuaxkoctd V' m3BecteH. 3a BpeMs npoliecca
JKHAKocTh nogyuuaa @ tenda. Kakum GyieT oTBeT B coyuae 3aMKHYy-
TOCTH CHCTEMHI?

Pemenue

[Tpu norpyxeHuH TPYGKH B KHIKOCTb nociejHss Oyaer HAx
ONYCKAaTbCS MM TOJAHMMATbCS O BHYTpeHHedl yacTH TPYOKH HO Tex
nop, MOKa He HACTYIHT pPAaBHOBECHE, ONpeleafeMOe TeM, YTO CHJIHI,
JiefiCTByIOLIME Ha MOAHABIIMiCA cTos6, AalyT B cymme Hyab. K3 artoro
VC/IOBUS paBHOBecus cronGa (p,-Fp.) S==(gh-+ p.} S caenyer
p,,:—‘pgh

[TocKOJIBKY KHIKOCTb NMOJIHOCTBIO CMaduuBaeT (MM HE CMauHBaer)
TpyOKy, MeHHCK OyleT noaycdepoii ¢ paamnycoM, paBHbIM pajHycy
TpyOku. Ilostomy p,,=-1% U, 3HAuuT,

20 20
7 ="Pgh umu thg_R’ (*)

rae R — papuyc TpyOKH.
TlepBoe Hagano Haer (B mnpeHeGpexxeHUW paGoTON paclIMpeHHA

KHJIKOCTH)

rae Ah,— W3MeHeHHEe BLICOTHl LIEHTPa TAMecTH XKuiKocTH. OueBHAHO,
YTO H3-32 MajocTH ofbeMa KANMJASPA TO. CPaBHEHHID C OGHEMOM
MHIKOCTH MOXHO CYHTaTh, YTO H3MEHUJIOCH NOJIOKEHHE LIEHTPA TAXKECTH
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TONLKO Y TOH YacTH KHAKOCTH, KoTopas Bomjaa B Tpybry. Ho sto
h .
sHauut, uT0 MgAh. ~ mg < , rie m — macca Boweweil B TpyOKy XKua-

KoctH, h— BLICOTA 3TOrO croJfa.
C yueroM CKa3aHHOroO HMeeM

Q=cypVAT == prRhg 5,
YTO COBMECTHO ¢ (*) Laer
2
Q:CVPVAT -+ 2:; .

3HaK «}» COOTBETCTBYET CMauMBaHHIO (KHAKOCThL NOXHHMAaeTcs),
3HAK «—» — HECMAuMBaHHIO (XKUIKOCTbL ONYyCKaercs).
Ecan cucrema 3aMkHyTa, T0 @==0 #u
2q%
M =— [+ — %
) (+%)
W3 arofi popMyanl BHIHO, YTO CMAUHBAOWIAN XKHAKOCTH GYAET OXJIaX-
nartbcst (AT <0), a mecmauuBatoiast — Harpeparbes (AT > 0).
KoshduiueHT ¢ 3aBUCHT OT TEMHEpaTyphl, & Mbi CUHTANH €ro
nocroaHHeM. Ho RomymenHas owufKa, OYEBHAHO, HEBeJiHKa NpH

Vipysn < V. IleficTBUTENBHO U3 (%#) CJeLyeT, 4TO ATNLV u AT

npu GoawmioM V oudeHs Mano, yro osnauaer T A= const, a sHauut H
¢ A const.

3ajgaua 46

Hatitn pa6oTy IpHM 3aMKHYTOM Hpomecce (IHKJe), NpPeACTaBJIsiO-
HIEM B KOODIHMHATaX p M V OKPYXKHOCTb C LIEHTPOM B TOYKe p,, Vi,
a MakKcHMaJibHble 00BeM H JIaBjie-
HHe paBHbl COOTBETCTBEHHO V pnax

H Pmax (pHc. 24). P A

Pemenune

dnemenTapHas paborta AA pas-
wa pAV. Ilpn 3TOM pacuiiperuio
COOTBETCTBYET  NOJOXMUTENbHAS,
a CKaTHlo — OTpHLaTeJabHas pa-
€ora.

Ouesunno A;, ¢ 3 — pa6ora pac- —
mupenus rasa—Oyner paBHa Vo v
nJAoWaAu NOA KpuBoh [—2—3,
a Aj 41— pabora cxaTHd — IJIO-
WanM nof Kpusoit 3—4—1.

ITonesnas paGora sa unka A=A ¢ 3+ As i1 YHCIEHHO paBHa
B KoopauHatax pV nsowmand, oxBaThiBaeMoii KpHBoH [—2—3—4,
KOTOpasl B HalleM CJy4ae eCThb OKPYIKHOCTh, MO3ITOMY

A=8= “Ri= T (pmax - Po) (Vmax - VO)

¢
¢
¢
9
¢
¢
¢
%
%

" Puc. 24.
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3agaua 47

IToxka3aTh Ha npHUMepe MBLIBHOTO NY3hIpsl, YTO Ko3hduiueHt
NOBEPXHOCTHOTO HATSKEHHS Op YHCJISHHO paBeH pabore, HEOGXOAHMON
AJIsl yBeJIHYEHHs TOBEPXHOCTH IJICHKM HA eAHHHLY IpH H30TepMH-
YEeCKOM IIpolecce.

Pemende

DuementapHas paoTa MO pacCliMpeHH0 Nyshipa (cM. 3ajagy 69)
NOACUNTbIBAETCA 1O (PopMmy.Jie

A = L — "i— p,.) 47 R*AR =
4
= PoncondTRIAR + L 4nRUAR,

Pa6ora no pacTsixkeHHIO IJEHKH — 3TO BTOpoe cjaraemoe. ITostomy
AA,=25-8xRAR. Ho 8xRAR — u3MeHeHHe NOBEPXHOCTH cepbl npu
MaJIOM H3MeHeHHH ee paauyca Ha AR, ciaenoBarenbHo, AA, = 2¢7AS,
Tak kak y ny3wpa JABe nmoBepxHocTH, TO 2AS ecTb H3MeHeHHe MOJ-
HOI IOBEPXHOCTH. 3HAYHT,

AA,  AA,

cr = m = ASHOI[H ’

4YTO H TpeﬁoBaJIOCb I[10KAa3arTsb.

3apaua 48

Kaxyio pa6ory Hano COBepIUMTh IJsS DaBHOMEPHOTO H30TEPMHU-
YeCKOro pasjyBaHMs MbLIBHOCO Iy3bipi OT R; 10 Ry mpu HapyxKHOM
JaBJCHHH Dypemn’

Pewenue

OueBngno, HcKoMas paforta ckJjafpiBaercst U3 paboTht NPOTHB
BHEIIHEero JaBJieHud H paloThl 110 U3OTCPMUUYECKOMY YBEAHUYCHMUIO
NJICHKH, & NOTOMY

A=Ay -+ A= pBHemHAV -+ orAS = {
= Punean 5 © (R — R -+ o187 (R — R}).

3anaua 49

B xkajopumerpe TtemnoeMkocTbio Cp HaxomMTCA my AbKA HpPH
remneparype T,<273°K. B rkasopuMmerp BIYCKaWT My, BOASHOIO
napa npu Temneparype T, >373°K. Haiith Temneparypy 6, ycrano-
BUBIIYIOCSI B Ka/IOpHMETPE IO IIPOLIECTBHUH JAOCTATOYHO -6Gosbloro
BpEMEeHH,
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Pemeune

3ajaua, Kak Cpasy BHAHO, CHOPMYJHPOEBAHA HELOCTATOYHO KOH-
KDEeTHO: He CKa3aHO, UYTO INOJYYHJIOCh B KOHIE KOHUOB B Ka/JOpH-
MeTpe — Jiefl, BOJa, Nap HJH CMeCh.

CnenaeM TpeAnoJio:KeHHe, YTO B KOHHE TPOIecca MNOJYYHJAcCh
Boza npu Temnepatype 6 u HefonbIioe KOJIMYUECTBO HACHINAIOHIErO
Napa npu ToH ke temnepaTtype. Torjaa, npeHebperas TenJooGMEHOM
CHCTEMEI CO CPelOH, NONYYHM

0= AEy,, ‘i" AE, + AE, + pcpAV
M)

0=Cy(0—T,) -+ [cam, (273 — T,) -+ Mg, - com, (0 — 273)] -+
’l“ [Cumn (373 — Tn) “{" rrliigouy + CalMy (6 - 373)] "\L pCDAV' (¥)

CorJylacHO JOrOBOPEHHOCTH O 3HaKax B JaHHOM cayuae Amy,, >0,
a Moy <0, a uMeHHO Amig,=—=m,; U Ay, = —m,. YTO Kacaercs
CJ1aTaeMoro p,AV, T0 ero MOXKHO TOJIBKO OLEHHTh, MO0 B YCJAOBHAX
3a/aud He CKasaHo, KaK IIPOMCXOQUJ IIPOLeCC KOHJAEHCAIMHM mapa
(T. e. KaK IpH 3TOM MEHAJIOChH JaBjieHue ¢ Temneparypold). [lonexnm

Pep m’i“‘—féﬂ (uto, BOOGUlE rOBOPS, BEpHO JIHIIb OPU P = Pyay |
-}-const T, B uem y Hac yBepeHHOCTH HeT).

Hamenenue xe o6bema napa npu kougencauun AV =V, —V )~
~~—V, B arom cayuae

pcpAV%—w V..

Eenn npene6peub KoHeuHbIM IaBJeHHeM Mapa, YTO BO3MOXKHO NpH Ty,
sHauuTeabHO GoJblue, yeM 373° K, To

~ . Pua Vi
pcpAV,\,._-._ﬂ_Zl_".

m
Ho no ypaBHEHHIO COCTOSHHUS pHaqV,,s-;“RTn H, 3HAUHT,

myRTy

PV A — 2l
Buano, uro ara paGora oOTpHLlaTeJbHA, W 3TO HAXOAUTCA B COOTBET-
CTBMUH C Hawed JOrOBOPEHHOCTbIO O 3HAKaxX BeJUYHH, BXOAAUIKX
B MepBoe HavuaJo TepMOJMHaMHKH.

INoacraBnas HaliieHHoe 3HaueHWe p,,AV B (), moayuuM ypasHe-
Hue, u3 Kotoporo u maiijzeM 0. IlpaBna, oneHka mocaepsero cJjarae-
More B (#) JOBOJbHO. IpyGa, HO OHA eIBa JH HeCeT B pelleHHe 66Jb-
Wyl OWHOKY, UeM HeyueT TenJooOMeHa CHCTeMbI CO CPeloH.

Kpome 5THX HeToyHOCTeli, B pelueHHH HMeIOTCS W Apyrue, o0y-
CJIOBACHHbIE TeM, 9TO Mbl He YUHTEIBa/M 3aBHcUMOCTH Cy, rr H Ay OT
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Temnepatyps! u Gyaem O6pats Mx u3 Tabuuu npy T =273°K u
T ==373°K. U, nakonel, Mbl NojarajH, uto npolecchl Harpesa /bja,
€ro TasHHsA, HarpeBa MOJIy4HBIUEHCS BOAbI H T. J. CMEHSIOT OAMH
ApYyro#, B TO BpeMsl Kak ctm HIYT BCe COBMECTHO, €pasy.

3apaua 50

C xaxofi CKOPOCTbIO JIOJIKEH BJIETETH B 3EMHYI0 atMocepy mereo-
pUT, uyTOGLI OH CMOT HCMAapUTLCS?

Pemenne

Meteopur MOMXKET H3MEHHThH CBOE arperarHoe COCTOSIHUE 3a Cuer
yG6blmH cBOel MeXaHu4eckKo# 3Hepruu. [Ipu stom HexkoTopas jpona
(1 —m) s1oit yOu OyneT oTAaHa OKpyiKawouledl cpele B OCHOBHOM
B BHJE TeMJa (METEOPHUTY 3Ke NOCTAHETCsS 7-f1 NOAA H3MEHEHHS 3TOit
suepruy).

Hmeem

Q=AE,, + AE ¢« + pcpAV-

Ilo naweMy HpeLiOKeHUIo
Q=(1—1) ALyex.
Ho Ttorja ucxofHOe DaBeHCTBO 3anHiueTCst B BHjL
(1 =) AE,ox == ALy -} AEos - pepAV
MU [0 NpUBEJEHAU NMOJOGHBIX YJIEHOB
— NAEyex == AE g, -+ p,AV.

IMonaras, 4To MeTEOPHUT NpHUIe]T H3 GECKOHEUHOCTH CO CKOPOCTRIO Uy
H B30pBa/ICA TAE-TO Ha BbICOTE A, HMes yiKe Mauylo CKOPOCTb, OJY-

mM;
yuMm ¢ yuetoM Lp=-—1 —
AEyex=AE + AE = ( — ”L;.) ©

(=1t =)= —m(F+ 1),

[Toncrasnas 310 sHavenne AE.., B npeibliyliee paBeHCTBO, MOJYUYHM,
packpbiBasi NOAPOGHO BoIpameHue s AE,,,

2 M‘;
W <%Q +1 7?3—-{-7> = Cyg/M (T — To) + ArAmgy, -
+ CutM (Tgun — Taa) + rTAmucn —{— e (T — Tyun) + PcpA V.

Bumecto cymmbt BesHuMH Ar - Cy (T gun — Tna) - rr MO:KeT GbiTh B3sATa
yheJbHAs Temiora CyOaMMauuu (BO3rOHKM) [/, TOrja, YuuThIBaf
Ay, = Ay ep =M, TOAYYUM

3 M, AV
M (?j’ ‘f“TE‘“— +h) = Crg (Tua = To) + 1+ Ca (T — Tun) ‘{“EJ;,,—.,_.
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- Pa6GoTy mo paciuMpeHHI0 MOXHO OLEHHTb KaK M B npelbiayiiedl
sapave (TosbKo 3zech AV ™ 0). OKoHuaTenbHO C yYETOM MAJOCTH Ha-
uaabHOH TeMneparypol (T Maao NO cpaBHEHHIO Ty, Twun U T) BMeeM

QR RT
7 <‘_’29+ 1&—_;—,1) A~ ¢TI+ o (T — ) + 5

Orciona MOXKHO HaliTH Uy, KOHeuHO, 3TO OLEHOYHOE H JOBOJLHO Fpy-
€oe 3HaueHHe 1Jd Ug.

5. BAMEYAHHS K PA3JEJY «TEPMOJHHAMHKA»

- Kak 1oxaspiBaeT ONbIT, CYIECTBEHHYIO IOMOILL B 0GyueHun pelue-
HHs 3a1a4 Ha 3TOT pasjes MOXeT OKas3aTb TPEHHPOBKA B peLIeHHH,
a MOTOM H COCTAaBJEHHH CaMHMM YyuallMMHCS 33134 B OBIMX uepTax,
B HaMeTKaX, 0e3 ocofoil jeraniM3allHd M JLOBELEHHUS [0 KOHKPETHOI'G
oTBeTa.

IIpuBeneM HECKOJBKO NpPHMEpPOB.

lipumep 1. HanucaTh HIeHTHuUHble VpaBHEHMd, oTobpakatoliue
HETOJTHOTY HCMOJb30BaHUS TENJIOTHl B SHEPTHHU: a) B HarpemaTe/ibHOM
npubope, 6) B ABHrartesie aBTOMOCHJ/A, B) B Ky3HEUHOM IIpecce.

Pemenue. IlocKonbKy HeMoJHOTA HCIOJb30BAHHUSI 3HEPLHH
B MalUMHaX XapakKTepusyeTcs B NepBYIO odepelb HX KOSGPHUIHEHTOM
NO/IE3HOr0 AEHCTBHS, TO MCKOMbBIE ypaBHEHHS MMEIOT BUJ

a) 1= Qnonesn — Qua Harpes
Qnonsen Qnoxmen

6) 1= Qnosean — A ,
Cnonzen Qnoxsen

B) M== Quoneay — Ana neop. meTans
QHOJIBCJX QI]OI[BGI[

TNpumep 2. KoHKpeTH3upoBaTh NPeABIAYILYIO 3a7auy JJIs CAyuaen:
a) 3a CueT CropaHHs TOIJHBA HarpeBaeTcsl HEKOTODHI NpeaMET;
6) 3a cuyeT SHepPrud TOMJMBA AaBTOMOOW/b HIAET IO TOPH3OHTA/ b~
HOH popore 6e3 yCKOpEHHS;
B) Npecc M3BeCTHOR MOIIHCCTH AeDOPMUPYET AETalb NPH CpejHeM
AABJIEHHH Pp.
Pemenne.
__cmAT
a) n= qucr ’
F

s
"™
6) 1= qhme. '

AV .
B) n="37

Npumep 3. Hanucats nepsoe Hayajo TePMOIMHAMHUKY I8l Cayuas,
KOrja B HJE4NbHOM Ka/IOPHMETpE 33 CUeT OCTLIBaHMs GpPycKa mJa-
BuTCA €] (Ge3 NpeABapuTeIbHOrO HArpeBa) U Mojiyyaercs Temaas BOZA.
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Pemenune. Ecau kamopuMeTp HAeanbHbi#, TO CHCTEMY, 3aKJIO-
YEHHYIO B HEM, MOTHO CUMTAThL 3aMKHYTOH, M TOrjAa nepBoe HauaJdo

6yner MMeTb BHJ
0= AEBH + AEmex-

[NTockoabKy HHMKaKHe MeXaHHUYeCKHe NPOLECCH B CHCTeMe He Mpo-
HCXogAT, 10 AE,,=0, a noromy u AE,; =0 uau Gonee HOZPOGHO
AE,+ AE,+ AEs, =10 1 OKOHYaTe/bHO

0 =AMt - Cortty (T — 273) = aprnisy (T — To ).

Ilpu atoM Am,,==m,=m,, ubo Becb Jef pacTas.

Mpumep 4. Hanncars ypashenue, otofpaxaioulee HarpeB KaMmus,
yIaBLIero ¢ HEKOTOPOH BEICOTHL,

Pemenne. QOueBupgno, kamenb Harpescs 3a cyeT y6LUIH dacTd
CBOeil MexaHMueCKOH SHEpTHH, I03TOMY (CM. 3ajauy 75)

chAT c,mAT c AT c AT

nz—-AEMex T —mghh =Tg0=n = gh °

sIcHO, UTO 9TH NpHMepHl MOXKHO PAcCMaTPHBATL KaK HEKOTOPHIE Ha-
MeT«H. BO3MO:KHEI caMbie pas/IMuHble BapHALKH U KOHKPETU3ANHH UX.

Uem xopommu nofoGHoro poxa sagaun? Onu oTydaioT yueHHKa oOF
H3BeyHOH 3a60Th: OTKY/Ja B3ATb HEJOCTAIOUIME B YCJAOBUAX BEJTHUMHBL
U Kyla [IPUCTPOUTH MMEIOILHEcs, OT GeTHIIMPOBAHHOA PUBS3aHHOCTH
K KOHKDETHBIM JaHHBIM 3afaud. KoweuHo, ara 3a6oTa Jo/KHA GHITh,
HO OHa He JOJIXKHA JaBJeTh Haj yueHHKOM. ['opasjio Baxree TO, 4TO
YUEeHHK HayyaeTcs ONpeie/eHHbIM NPOoLeccaM COoOCTaB/IAThL ONPeaeeH-
Hble ypaBHeHUS! B o0wjem BUJE, a NOMoM yxke KOHKPETH3HPYET ux
BUJ B COOTBETCTBHH C KOHKPETHHIMH BeJHYHHAMHU, (UTYPHDYIOLIUMH
B YCJIOBUSX.

B aToM OTHOWIEHHH TEPMOJAMHAMUKA QUeHb «yJloOHA», HGO HMeeTCH
H3pAJHOE KOJNHYeCTBO TaKHMX IIPOLECCOB, KOTOPhbi€ ONHUCHIBAKTCH
€ MOMOIILIO HAyaj ¥ yPaBEEHHH COCTOAHHS € GOJBIIHMH BO3MOMKHO-
CTSMH B BapbUpoBauud ycnaopufl. [Ipu 5TOM, KaK NOKasbiBAET OIIbIT,
yualecss JIOBOJILHO JE€rKO ¢ NOAOGHBIMM 3afadaMH CIPaBJsOTCHA,
2 NOTOM 3TOT MeTOJ NEpEeHOCAT W Ha JApyTHe pasfensl, T. €. ¥ HHX
JeHCTBUTENLHO BripafaTolBaeTcst memod B MOAXOJE K pELIeHHI0 H €ero
NPOBEJIEHHIO.

Becbma moJsie3HO BecTH 3aHATHS 1O PellieHHi0 3a4ay [iPUMEPHO
B T2KOIl TOCJel0BATe/IbHOCTH:

1. Pemenne HeKOTOpPBHIX KOHKPETHBIX «OOBIUHBIX» 3aAad.

2. IlpumepHble peilleHHsS 3ajad C «PAa3MBITBIMHY YCJAOBHSIME THIA
npumepon 1—4.

3. Peulenne KOHKPETHBIX 3ajjau C YUeTOM METOJa [elueHHs 3ajad
MaJIOKOHK PETH3HPOBAHHBIX, T. €. pelleHne ONAThb ke «0ObYHbIX» 3ajad,
HO ¢ 6osiee OOIMX MO3HLMH, €IMHBIM METOAOM.

CkasanHoe spech B GoJibliell Mepe OTHOCHTCS H K ADYTHM pas-
jenaM (U3HKH, HO B TEepMOAMHAMHUKE 95TO NCHXOJIOTHYECKH MpPOLUE
BOCIPHHEMAETCA,
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Hactse I. Mexanuka

JneMeHTH BEKTOpPHOH amrebpn . . . .
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13. IsumeHnne 3apsaxeHHbIX YacTHI[ B CHIOBBIX
14, K o6ocHosanuio BHGPaHHOrO €nocoba pemieHus 3afayd . . + .

. AnnaMuka MarepHaabHON TOUKH (co6cmeﬂno 3aKOHH HbIOTOHa)
3akoH M3MEeHEHUS KOAuYeCcTBa ABHKEHHA

CUCTEMbl TEN U 33aKOH

1o OKDYHOCTH ., . .

a e s 8 e s e s s e e
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Yactpr Il. Mexanuuecxkue KoneGaHHa H BOJHBI

. OCHOBHBIE MOHATHA . + + & & & « «
. 3ameyaHus K pelleHdio 3ajgay , ., ,
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