K/TACCUNYECKAA
YYEBHAA JINTEPATYPA
Mo ®N3NKE



$3



”m$
! 1
! %964
! ! 1
z
!
L 1
! !
D A |
!
* 4 o
! "+ "
!
D
1 /
’ 111 $ ' 23 "4 .
251 \ .
! !
! 1
6
* ! " 1
1 " 1
. gn !
vy . _
! +
1 # » 1
_ : » )
1" + .
=+ " + :
! Rt
=+ "
! r o1 1+
" #
C !
251 I A :
vy 5 .
23 "4



I. V. SAVELYEV

A COLLECTION
OF TASKS
AND EXERCISES
IN GENERAL
PHYSICS




«t $
«%
«& !

NAHK
2019



~° 53
TTT 223

12 ° PR S (5 & L ko @ t-
L€ : E @ EL /777 °© . 9t & .
€ -~ a: , 2019. 292 . ( EtE ©

>

E
Lo ot ). Ee : 2 @

Rg.

ISBN 978-5-8114-4714-5
E tE ©° & ° t € 1 «< & ko0
L EGE» "7 o . £ E©° 1250 2 L
E° H & L € g1 ©° & a3k © R .77 @
|2 ()] L z° 2k, LEC B & £ R E -
t Lt & L L T bLzae © btk LE ]
12 kB € BB, ° R 12 @ (4]

[ 2 Gt 1 LEE.
E & Eb ° 2 Rzt 1 L-

&®EL1 E 31 t0 EEz & g, EGteaz A3 O
a 4] LG . R ° o .

— ,, 065466  21.10.97

k3% ¢ 2@z t tE 78.01.10.953.7.1028
14.04.2016 2., B - T TR

: ] «

Ian@lanbook ru WWW. Ianbook com

196105, , ot
°/ (812) 336-25-09, 412-92-72.
Se° RY € — mekk: 8-800-700-40-71

« ». 196105, - , 11, ..
.1 (812) 412 85 78, 412 14 45,412 85 82; “./# §: (812) 412 54 93
e mail: trade@lanbook ru; ICQ 446 869 967

www.lanbook.com
% &« »

M« I »

g o
109387 *+$ - <<, 1.6
(499) 722 72 30, (495) 647 40 77; e mail: Ianpress@lanbook ru

" $ " $ %
« ». 350901, $ +! ="+ ?,1.1/1
.1 (861) 274 10 35 e mail: IankrdQB@man ru
A BD =E
" «& $ »: http://www.lanbook.com

Global F5: http://globalf5.com/

+1 $ +- F G17.00.19.H % +#$ <. 3 +6 <.
K+ % 84 108%/, F G+#$ < E$". ." 1512 L100M *
* N 667 19.

F Ho AT %S - - 5 F$ 4% e " %
- « 8 71 "G$ 0 +"+  ».
109316, .>*+$ - ,P+" + 1§ R ., 1.42, .5

o © g «_ », 2019
T © &  tEL, 2019

- - 1 P T 77 e 2019



CONNEP)KAHUE

TIDEMHC/IOBHE 4 5 o o = « o o o o o o o s s o s o o o o o o
BBEIEHME . , . + « s ¢ v ¢ o 1T o e 0 e

YHactp !. Ou3uueckne OCHOBHL MEXAHHKH ,

1.
1

.—‘-y—-u—nn—-;—n—-i—-—-y—-

Yactb 2. MonekynsipHasa GpU3NKA H TeDPMOAMHAMHKA
MonekyAstpHO-KHHETHUECKHE NPCACTABACHHS,

—

‘-I 2 CTb 3. JNEKTPHUECTBO H MATHETH3M ,
. DJeKTpHUeCcKoe ToJe B BAaKyyMe . . .

€00 09 00 W 00 00 00 00
© LN U W

[+
—_—

1.
2.
3.
4
.5,
.6.
7
.8.
9.
.1
.1

SICICES I INISICI S
—5 00~ O U W O D

0.
1.

.O-

. DJIeXTPHUYECKUH TOK . .

. MarnntHoe moJie B BaKyyMe
. MaruuTHoe nose B BemecTBe , ,
. DNeKTPOMATHHUTHAS HHAYKUMSA . . .
. JBuXenue 3apsiKeHHBIX 4acTHI B DJICKTpPI‘{(‘.CKOM "

Kunemarunka . . . . ..

v s e

.. .

Junamuka MaTepnaanoﬁ TOUKE M HOCTyHaTeJIbHOI‘O

IBHXKeHHSA Tesa. Pa6ora H MOIHOCTH
OHEPTHS s 4 o v v o o o & o s o o
HMMOYABC o 6 v ¢ o v o o o o & o o
MOMEHT HMOVIDBCA o ¢ o o + o o+ »
Hennepuuanptbie CHCTEMBl OTCUETA . »
Mexanuka TBEPXOTO TeNa 4 « .
BceemupHoe TArOTeHHE . .
KoaeGate/nbHOe JBHXKEHHE ,
PexasiTuBHCTCKAs MeXaHHKA .
THAPOAHHAMHKA o o o & 4 »

.
s &
® o & o
. o
LY

HAuajJ0 TePMOAMUHAMHKH ¢« o o « o o
VigeannHbll TA3 . « v 4 + » oo
Kunernuyeckas TeopHs , . o

.

PacnpeaeseHds . . + o« o
OHTPONHSA 4.6 & o v «

.
.
" s s .
L]
.
.

Hukas . . P
YpaBHeHHe Bax- nep Baa.nbca o ..
JKHAKOCTH M KpHCTAMIB . . .

®a30Bble PABHOBECHT H npespameﬁnx
dusnyeckass KHHETHKA ,

. s e s e

DuteKTpUUECKOe TOJe B JH3IEKTPUKAX
IIpoBOAHKKH B 3JIEKTPHUECKOM LOJIE. ,
DHeprus sJMEKTPUUECKOTO TOAA ¢ . 4
. . » . .

s v » ]

Y

MariuTHOM MmoJadax . . . .

. e

« * o

e = s e

. SneKTquecxne KOJEOAHHST e o o o o » & o s

LI 2

~N

122
128
133
135

141
143



YUactor 4. Boanm ., . . . .. ..

4.1, Ynopyrue BOJHH . . . . . . ..
4,2, Axycruka . . . e
4.3. Sﬂex'rpomammnue BOJle] . . .
acTb 5. OOTHKA . o v v v v v v v v e v o e e e e
5.1, TeomeTpuueckas ONTHKA. CDOTOMeTpxm .
5.2, Untepdepennus cpera . . . . .
5.3. Dudpakmus ceera. . .. . . .. . .
5.4. Monspusauus csera . . . . .
5.5. BzaumopeficTBue CBETOBHIX BOJIH c BemeCTBom
5.6, OnTHKA ABHXKYLIMXCSH CPA 4, o » » « o » »
YUacTts 6. AtoMHag ¢M3MKa . . . . . . . . . « . . . . .
6.1. TenyoBce H3JAYYEHHE . . . . . . . & . . .
6.2, doroun . . e
6.3. dopmyaa Pesep(popaa " Atom Eopa ..
6.4. CnekTpsl aTOMOB H MOJEKYJ . .
6.5. KBanToBas MexaHuka . . .
6.6.- KBaHTOBOMEXaHHYECKOE ONHCARKE COCTOAHHIK ‘aTomos
6.7. ®usuka TBEpAOro TeJaa . . . . e e e
6.8. Sueprus CcBg3H fALpa. Pa;moaxmsﬂocu ..
L0 T X
VKasaHusl K PEIISHMIO 3aBAY . + . .« « « + & « « o « s o 4 o
TIPHIOKEHHA .+ o v ¢ 4 o ¢ o o o v o o o v s o o o 0.
1. OcHoBHBlE (M3HYECKHE NOCCTOSIHHEE . . . RN
2. Epununm n pasmepHocTH (u3MUECKAX semmuuy 3 CH
3. AcrpoHOMHYecKHe BeJIHYHHBEL . . . S
4. TIlaoTHocTh BemecTs
5. TloctosinHble TasoB . . . .
6. [Ilocrosinupie Banr-mep- Baansca . e e e e
7. TIOCTOSIHHEIE BOAH M JABKA « 4 + & & & « + o o o &
8. TIloBepxHoCcTHOE HATAMEHHE . . . . . . A
9., Hnrepmanrl AJHH BOJH, coomercmylomne paSJIH‘leIM
IBeTaM CHeKTPa ... e e e e
10. Pa6ora BEIXOHa 9JIeKTp0ha 3 meraida G .
11. AroMublil HOMEp H Macca HEKOTOprX SHEMEHTaprIX
YACTHIL U M30TONOB. + 4 & & « « + . e e
12. Qopmynst pas HpH6JIH)KeHHbIX BEIHCIeHHT e e
13. BhiuncaeHHe CYMM IpH IIOMOLIH MHTErpajoB . .
14. Hekoropbie MareMaTHYeCKHe (OPMYJBI + « + . . . . .
15. HeKOTOPHIE YHCHAA + & « « + & o « « + o u

16, IIeCﬁTH‘IHbIe NPHCTAaBKK K HaSBaHHﬁM e;m}mu N

147

147
150
154

157
158
163
169
181
186
189

191

192.
194
197
199
203
207
209
215

217
264

271

271
272
284
284
284
285
285
285

285
286

286
286
287
287
288
288



NPEAUC/IOBUE

Janublit cOOpPHUK, SIBASIETCS JOMOJHEHNEM K TPeXTOMHOMY
«Kypcy obweft puzuku» V. B. CaBenbesa (M.: Hayka, 1986—
1988). Ou conepxur okosno 1250 BompocoB ¥ 3anauy pasHOi
crenenn TpyauocTd. [lostoMy COOPHHK € DaBHEIM YCHEXOM
MoxKeT OBITb HCIOJB30BaH BO BTY3aX KaK € OOBIYHOH, TaK H ¢
pacmupeHHoll nporpaMMod 1o (U3MKe.

Ilpu noAroToBKe BTOpOro H3jaHus ObLI0 N0GaB/JEHO OKOMO
50 s3ajnau. B ornuuue oT MepBoro M3jaHUS MOYTH BCe 3ajaud,
KPOME UHCJOBBIX OTBETOB, CHaGXKeHbl TaKXKe .OTBeTaMH B
obmeMm (6yKBeHHOM) BHIE.

Ilpu cocraBneHur CcGOPHHKA OTHAABANOCh MNpeANOYTEHHE

He aGCTPaKTHBIM, a peaibHBIM 3a/auaM, 3aUMCTBOBAHHBIM H3
' [IOBCEJIHEBHOA JKM3HM, HAYKH H TeXHUKH. Kpome TOro, Mol
CTPEeMH/IHCh BKJIIOUHTbL MOGOJBLIE TAaKHX 3ajad, peuas Ko-
TOpBle, YHYalIMHCA MCIBITHIBAJA OBl HETEPNENUBOE JIOGOIMBIT-
CTBO, KaKHMM ¥Ke OKameTcs HCKOMBIH pe3yJbrar.

T'ne 310 GBIIO BO3MOXKHO, 33jaUH PaCMONOXKEHE! B JIOTHYE-
CKOH I0C/1eJ0BaTe/bHOCTH U B NIOPfJKE BoO3pacraiouied Tpya-
Hocrtd. [lostomy paGora Haj npejiecTBYIOIMMH 3ajada-
MH MOArCTaBJMBAeT Y4allerocsd K peIIeHHIO NOCAeAYOLHX
3azau. '

COopHHK COCTOHT M3 TpeX pasjiesoB. B nepBoM npuBeneHB!
BOIIPOCHI W YCJOBHUSI 3ajay, BO BTOPOM — OTBETHl, B TPeTh-
€M — YKa3aHHf K pelleHuio Gojiee TPYLHBIX 3aJad. ¥ KasaHHA
OTfieNeHbl OT OTBEeTOB, YTOOBI JaTh BO3MOMXKHOCTh YyyaluMmcs
foc/ie INOJNyYeHUS HENpaBHJbLHOIO OTBETa HPOAOMKATH MO-
OBITKH pelHTh 3aJayy CaMOCTOSiTeNLbHO. B noMelieHHBIX B
KOHLE KHHMIM NpHJIOKEeHHSX, KpoMe Tabmun (u3nYecKux
BeJIHYHH, JaHbl HEKOTOpble MaTepHaJbl, KOTOPEIE MOTYT NIOMOUb
npu paGore Haj 3ajayami (3HAY€HHS HEKOTOPBIX HHTErpajios
HT. I).



Hcxoannie nanHble ¥ OTBETHl K 3ajlayaM JaHH © Y4YeToM
TOYHOCTH COOTBETCTBYIOIIMX BRJIMYMH M NpaBua AeACTBUH Hal
NpuGHXEHHBIMH YHUCJAMH.

Creayer ¥MeTh B BHAY, YTO paboTa Haj 3a/ayaMu NpHHECET
MaKCHMaJIbHYI0 NMONb3y NHpH COOJIIOAEHHH peKoMeHIauMi, Ko-
TOphie cofepiKaTcs BO BBeleHuHu K JaHHOMY cOOpHHKY, MO-
3TOMY Haj0 HayaTh € BHHMATEJbHOrO NpouTeHus storo Bse-
JeHHs M BpeMsl OT BPEMEHH IEPEYHTLIBATL €ro BHOBb.

Mocksa, mait 1987 .

H. B. Caseaves
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1IpexcOe ues npucmynums K pPelienusn 3a0ay, NPOUMUME SRUMAMEN
Ho smo Beedernue u osraxomomecs ¢ f1puroscenuanu 6 Konye xknuzu!

BBEJIEHUE

I. Ouenb KPaTKO O NCUXCNOTHU TROPUECTBA

Pemienve 3agay npuHecer HAUOCOJBIIYIO NOJMB3Y TOJLKO B
TOM CJydYae, €C/M yyalnufics pellaeT 3afAady CaMOCcHIOAMeA6HO.
Pemits 3anauy 6e3 nomouiy, Ge3 1I0ACKa3Ky 4acTo ObIBaeT He-
JIETKO H He Bcerpa ynaercs. Ho jaxe we ypenwaslinecs ycne-
XOM MNONBLITKH HaHTH pelieHHe, eCA¥ OHU NPEeANPHHHMAJUCH
JIOCTAaTOYHO HACTOMYHMBO, NPHHOCAT OLYTHMYIO HOJb3Y, TaK
KaK Pa3BHBAIOT MHIILITEHHE H YKpenasioT Boio. Chefyer uMers
B BHIY, 4TO PeIaloIyl0 poib B paboTe Haj 3ajayaMH, Kax H
BOOOIle B yUeHHH, UTPalOT CHNA BOJH M TPYAOAOOHE,

He cnepyer emymaTeest TeM, 4TO HEKOTOpHIE 3aiauu He pe-
mawTea « Xony». JocToBepHO ycTanoBJEHO, 4TO npouece
TBOPYECTBA B 0O0JACTH TOUHHIX HayK (2 peleHHe 3ajay ecrtb
BHJ TBOpYeCTBa) MpoOTeKaer no ciaepyioulein cxeme 1), Chavana
uJeT NOATOTOBHTEbHAR CTAIMA, B XOJe KOTOPOH yuyeHHH Ha-
CTOHUHBO HINET pelieHue Tpobaemul. Ecnu peiliende nailtu He
yraercsi ¥ npobGjeMa OCTaBjeHa, HACTYTAeT BTOpast CTainsA
(cragus mHKyGaumu) — yueHb#i He Aymaer o npobieme W 3a-
HHMaeTcq JApyruMu BonpocaMu. OaHAKO B MOACO3HAHUH HPO-
JOJIKaeTcd CKphTas paboTa MBIC/IH, KOTOPas 4acTo NPUBORHUT
B KOHEYHOM HTOT'€ K TpeTbell CTafuH -— BHE3aNHOMY 03apEHHI0
1 noayyenuo TpeGyemoro pemennsi. HyXHo umers B BHAY, 4TO
CTajua MHKYyOauHMH HE BO3HUKaeT cama coboll — ajs Toro
4TOGB! NMYCTHTh B XOJ MallHHY GeccosHaTe/qbHOro, HeoOGXoAUMa
HaCTOHUMBAasg MHTEHCHBHas paGora B XOJie IOArOTOBHTEbHOH
cTajus.

Pemenne sagau, Kak Mbl yKe OTMEUaJH, €CTb TaKkKe BUJ
TBOPYECTBA U NOAUMHAETCA TeM XK€ 3aKOHOMEPHOCTSIM, YTO U
paGora yuenoro Haj Hayunoil npo6aemoii. Ilpasna, B nexoro-

1) Cm. knury: Xax Adamap. HccaefoBarue NCHX0JOTHH Mpoiecca
u3o0perennn B o6iacTi MaTeMaTHKH.— M.: Cos. pajso, 1970,
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PHIX c/IydasX BTOpad CTajHs — CTaJusl UHKYGalud — MOMKET
OLiTb BhIpaxeHa HAaCTOJbKO €/1a00, YTO OCTaeTcsi He3aMEeUeH-
1ofi.

V3 ckasanHoro BBITEKAET, YTO PelleHHe 3aj1ay HU B KOEM
cJ1yyae He c/IelyeT OTK/IaAbIBATh Ha NOC/ENHUH Bedep nepes 3a-
HATHAMH, KaK, K COXaJeHHI0, HEPEAKO IOCTYHAOT CTYAEHTH.
B 3toM cayuae Gosee CIOKHBIE H MDUTOM HauGojiee copepiKa-
TeJbHEIE H TOJIe3HBIE 33la4l 3aBEJOMO HE MOT'YT OBITh pellieHbl.
Han saganHbMH «Ha JOM» 33JjayaM{d HAJ0 HAyHHATh AyMarh
KaK MOXHO paHblle, cO3[aBaf YC/AOBUA JJIsl pealusaluu
CTafui HHKyOallMu.

Ecau B ycooBHH 3aj1aun HMEIOTCS YHCIIOBELE JaHHBIe, HE
JIEHHTECHh NOBOAUTH pelleHHe JO YUCJIOBOrO oTBeTa. UToOH mO-
JYUHTL NPaBU/LHBIA YHCAOBOA OTBET, HEeO0XOAUMO XOpPOLIO
3HATh €IMHULBI (PM3UYECKHX BEJHYHH H YMETb NPOU3BOJUTDH
AKKYPaTHO M HafIeXKHO PACYeTEH. U 1o, u JpYroe MOXKeT ObiTb
JOCTUTHYTO TOJIbKO JAUTENbHOR npaktukoit. Ocofoe BHUMaHue
Hy*HO ofpamarb Ha TIpaBWJLHOE Olpeje/ieHHe Nopsaika
uckoMod BesuuuHel, Cpead yuauIuXcsi 4YacTo BCTpeyaercs
YAMBHTEIbHOE 3ab/y)KAeHHEe — OHU CUMTAIOT, YTO OUIMOKa
B NOPsJKE BEeNHYMHBI (HaXKe HA HECKOJbKO NOPAJNKOB) MeHee
cylnecTBeHHa, yeM omnbxa B 3Havaimux uudpax. Heobocho-
BAHHOCTb - TAKOTO MHEHHUS JierKo o0HApYKHBAaeTcsl Ha CleLy-
jomeM npumepe. Omubka, 3aKMOYAOUWASICST B TOM, UTO BMECTO
5 nonyueno 7, cocraBasier 40 %, B To BpeMs Kak omH6Ka
BCEro Ha OAMH NOPsJOK (cKaxeM, BMecto 10* moayuyeno 10°)
cocrasaser 900 %.

B pasgzene, KoTopBIfi CjelyeT 3a OTBETaMH, COAepKarcs
VKasaHua K peiuenuio Gojiee TpyAHBIX 3agay. OOpaimiatscst
K HHM HYXHO JMIIb IIOCJE€ TOro, KaK HECKOJAbKO IOMBITOK
peluuTb 3ajauy He DNPHUBEAYT K yCIexy.

Hakonen, rago uMeTb B BHAY, YTO B pAje CaydaeB 3aRauu
- pacnosfioXKeHsl B JIOCHYECKOH MOC/IeA0BaTeNbHOCTH H B OPAJKE
‘Bo3pacraiouieilt TpyaHoctd: Ilostomy TOMYKOM K peleHHIo
JAaHHOH 3ajlau¥ MOXeT INOCAYKHTh O3HAKOMJIEHHE C HEeCKOJb-
KMMH NpeJecTBYIOWUMHY 3a4adaMu.

Il. MeToauueckue yxasaHusi K pellleHkio 3apady

[Ipu pemennH 3afay Lenecoo0pasHO PYKOBOACTBOBATLCH
CJIeLYIOUUMH TPaBHJIAMK.

1. Tlpexjae BCero HyXKHO XOpOHMIO BHUKHYTb B YCJIOBHE
sagayd. Ecanu nosBoaser Xapakrep 3ajaul, o00A3aTesbHO
- cleiafiTe PUCYHOK, MOSICHAIOMHUHA €e CYHIHOCTb.

2. 3a peIkUMM HCKJIOYEHHSIMH, KaXKJad 3ajaya Jo/KHA



6uiTH CHauazna pewena B ofwem Bujie (T, €, B 6YKBEHHBIX 000-
3Ha4YeHHAX, a He B YHC/I4X), NpHYEM HCKOMAsl BEJHUHHA JOJK-
Ha ObITh BBRIpAXKEHA Yyepe3 3ajaHHble BenuuuHel. [lonyuus pe-
imenye B oflleM BHJE, HYKHO NPOBEPUTD, MPaBHJALHYIO JH OHO
HMeeT pasMepHOCTb. Ecam 310 Bo3MoOxHO, HCC/IeHOBAThH NOBE-
JE€HHE peUIeHHsl B IIpefesbHHIX caydasx. Hanpumep, npu pac-
CMOTPEHHNH JBHXKEHMA Tesa, GPOINEHHOro HOX YIJOM K ropu-
30HTY (3afada 1.32), 3ajaHel MOAYJb HAYANBHOH CKOPOCTH U,
H Yron o, Moy KOTOPEIM GPOLIEHO Teno; U3BECTHO TaK¥XKe yCKOo-
penue g. JlJisi BHICOTH NOXBEMAa A H JaJbHOCTH HoJeTa | nomay-
YaloTCsl 3HAYeHHd

P vg sin® oL [ v sin 2
‘ % g

O6parute BHUMAaHHe Ha TO, YTO B 06a BEIpAXKEHUA BXOLST
TOJBKO 3aJlaHBLIC BEJIHUHHE Uy, & U g. Bripamenue s [ Mox-
HO HaTHCaTh B BHJE [=u,Ccos a-T, T1e T — Bpema Nojera. Ox-
HAKO 3TO BEHIpaXKEHHE HE MOXKET CUHTAThCS penieHHeM, TaK Kak
T He NPHHAEKHUT K YUCAY 3aJlaHHBIX BeJHUHH, OHO CaMo fB-
asercs dynruueil v, u . IlpoBepka naer, yro o064 BEIpaxe-
HHSl, KaK ¥ JO/DKHO OBITH, HMEOT pasMepHOCTb HJiuHbL Ilpn
a=n/2 nonyuaerca h=uv}/2g, uto coBNanaeT ¢ U3BECTHHIM BHI-
paxenueM JJisg BHICOTHL NOABeMa Tend, OpoileHHOro IO Bep-
tukaau. [as [ nonyuaercsi NpaBH/bHOE 3HAYeHHE — HYJIb.

B Tex ciyuasx, Korja B npoliecce HaXOMAEHHS HCKOMBIX
BeJTUYHH [IPHXOIUTCS pellath CHCTEMY HECKOJBbKHX T'POMO3I-
KHX ypaBHeHHH (Kak, HanpuMmep, yacTo ObIBaeT NPH HaXOXK-
JIEHHH TOKOB, TEKYIIHX B CJOXKHEIX PA3BETBJEHHBIX LX),
nesecoc6pasHO CHayasa NMOACTAR/ISATH B 3TH YpaBHEHHS 4HC-
JIOBble 3HAYeHHST Ko3(XpHUIMEHTOB M JHIIL 3aTeM OIPElesAThb
3HAYEHUA HCKOMBIX BEJHYUH,

3. YGemuBlinCch B NIPaBUJIBHOCTH OOIIEro pelleHHst, NOA-
CTaBJISIIOT B HErO BMECTO KaKJoi U3 OyKB UKMCJOBbHIE 3HAYEHHS
0003HaYeHHHIX HMH BEJIHUUH, Geps, PasyMeercs, BCe STH 3HA-
YeHHUs B OAHOH W TOH Xe cucreMe equnun. UrToGe o61eruurhb
onpejaeseHHe IOpPAJKAa BLIYUCASEMOH BeHUYUHBI, IIOJE3HO
NPEJCTAaBUTb HCXOJHBIE BEJIHYHMHEI B BHJe uHces, OIM3KHX K
€JHHHLE, YMHOXeHHHX Ha 10 B cOOTBETCTBYIOMmEH cTene U (Ha-
npuMep, BMecto 247 mnoxacrasure 2,47-102, Bmecro 0,086—
uncno 0,86-107* u 1. 1.). [TopcraBuB B QopMmy.1y UHCIA, NPEK-
Jle ueM HauaTb BBIYHCJIEHHSI, [IPOBEPBTE, HeAb3S JIH BOCIOJIb-
30BaThCs QopMyJiaMH U NPUOIHKEHHBIX BLIYHCJAEHUH, NPH-
BejenueMu B [lpunoxenun 11 (cM. takke 3agauy 1.41).

4. Hago nMOMHHTb, YFO YHCJIOBble 3HAYEHUS (PUIHUECKHUX
BeJJHYUH Bcerha sBasiorcs npubauxkeHseiMH. Ilostomy npu

9



pacyerax HeoOXOZMMO PYKOBOJCTBOBATLCSI NMpaBHJIaMH JIEACT-
BHi1 ¢ Npub/IMKEHHBIMH YHC/AaMH. B uacTHocTH, B NOAyYeHHOM
3HAYEHHH BLIYHCJICHHOH BEJIHUYMHBI HYXHO COXpaHHThL NOC/Iel-
HUM TOT 3HaK, €IMNHLA KOTOPOrO NpEeBbILIAET NOrPelHOCTDb
STOH BEJUYHHHI. Bce OCTaJIbHbIE 3Havalke ILupppl Hamo OT-
OpOCHTD.

5. IlonyunB yucIOBOH OTBET, HYXKHO OUEHHWTL €ro Npabjo-
oACOHOCTL. Takast oueHKa MOXET B Psijie C/IyYaeB OGHapYKHTD
olHOOYHOCTb MONyYeHHOro pesyJabrarta. Hampumep, ckopocTb
Tesia He MOXKeT GhiTh GoJibllle CKOPOCTH CBETa B BaKyyMme, Aajib-
HOCTb IMoJieTa KaMHfl, OPOIUEHHOTO UYeJOBEKOM, HE MOMKET
6uith nopsigka 1000 M, Macca MOJIEKY bl — NMOP /KA 1 mr
U T I

111. HekoTopnie cBepenns
© BbIYMCJACHHAX C NPUOIMIKEHHBIMH YHCIAMH

1. B ¢usnke nosaraercd, MOMHMO YHCJIOBOTO 3HAYEeHHS
BEJIHYUHDI, YKa3biBaTh NOTPEINHOCTE, C KOTOPOH 3Ta BeJHYHHA
onpejenena. Hanpumep, samuch [=356--2 M o3Hauaer, 4TO
HCTHHHOE 3HaYeHHe NIMHB [ 3aK/o4YeHo B mpejeiax or 354
Jo 358 M. Crporo roBops, IomxHa enie ObITh yKasaHa BepoAT-
HOCTb TOTO, YTO BBICK23aHHOE YTBEpIKJEHHE HMeeT MecTo (fo-
BepHTe/bHAs BepPOSTHOCTB). Hacro, ofHaKo, MPU 3alHCH 3HA-
yeHnH (U3NYECKOH Be/THUUHB] NOTPEUIHOCTD ee (IOBepUTENbHBIH
MHTEpBa/l) HE YKA3LIBAETCH U NPHBOAHTCHA JHIIL OIHO YHCIIO,
pHanpumep [=467 M. B 3stoM ciydae ciaepyer cuHWrtarh, 4rO
HOrPEIIHOCTD BEJIMYHHBI HE INIPEBOCXONNT OJHOH €IUHMIM IO-
caeiHedt 3Havawel nudpsl (B Hatem npumepe sto 1 M). Creno-
BaTe/IbHO; BCe 3Havamye HH(PBL Uic/ia, BHIPAXKAIOIIETo 3Haye-
HHe (DU3NYECKOH BeJIHUYHHEBI, KPOME HOC/eAHeH, HYXKHO CYH-
TaTh BEPHBIMU; NOCJAEAHION 3Ke UH(pPYy HAXO CYUTATH COMHH-
TeNbHOM (MCTHHHOE 3HAYECHHE 3TOH LU(MPH MOXKET OTJHYaThes
OT YKa3aHHOrO Ha €JHHHLY).

HanomunM, uto 3HavauiuMu uupaMu  Ha3BIBAIOTCHA Bee
nudpsl B IeCATHYHOM M306paKeHNH uucia, Kpome HyJefi, CTo-
KX B Hauaje uucna. Hanpumep, B uncae 0,03040 nepshie
JiBa HYJA He SIBJAsAWTCA 3HadaluMi. OHH CJAyKar TOJIbKO Jyis
YCTaHOBJICHUA JeCSTHUHLIX PaspAfoB ocTalbHBIX Hudp. Hyau
nocie 3 M 4 ABAAIOTCS 3HAYAIUMH IH(pPamH.

B cayuae 6osnbmnx LEJBIX YHCEN C HYJAAMH Ha KoHUe (Ha-
npumep, 123 000) BozHHKaeT BONPOC O TOM, HJIst YEro CJayKar
HyJiH — J1A ofo3HayeHHsi 3HAYAIHX LUPp UAH LIS onpeje-
JeHHSl paspala OCTaJdbHBIX LHpp. HToOH H30EXKAaTh TAaKOH He-
onpefeNeHHOCTH, CJjejyeT NHcaTb HOHOOHBIE YHC/Ia B BHUJE
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1,23-10°, ecsid OHYM HMEIOT TPH 3Havallue HHQPHI, HIM B BHAS
1,230- 10%, eci OHM HMeIOT YeThIpe 3HadallMe UHPPHI K T. A.

2. AGcomOTHOH NOrpeiHOCTHI0O NPHOJMIKEHHOrO 4HCJa a

HasblBaeTcsl BeJAUYHHA
Aa=|A—al,
rie A — TouHOe 3HAaYeHHe TOro Xe HHucaa.

3. OTHOCHTE/BHOH NOTPEIHOCTRI0 NPUOGIHIKEHHOTO YHCAA

@ Ha3bIBaeTCsl BEJMYMHA '
Aa
(SCl -—T—A—l.

B ¢u3uKke npy BEUHCJIEHUAX MBI OOBIYHO HMEEM JEJIO C Ta-
KUMM UYHCJaMH, TOYHBlE 3HAUEHHS! KOTOPBIX OCTAIOTCA HEH3-
pecTHeiMH. [losToMy Ha NpakTHKe OTHOCHTEJILHYIO INOrpelu-
HOCTb NPUXOAUTCH onpefetsTb o Qopmy.ae

da=-24
la
BHocumast mpdH STOM oWMOKAa HEBEIHKA, TaK, Kak OOBIYHO
A=a.
- 4, Ecau BequYHHA u ABAAeTCA (PYHKUUEH BEJUYHH Xy,
X2y oo ey Xpt
u=f (%1, X5 «ooy %),

TO TnpelenbHast aGCoOMOTHAS NOTPElIHOCTL BEJHYMHH 4 Oll-
pefenserca no dopmyJae
n

Au :,Z

=1
rae Ax; — a6COMOTHEE MOrPelllHOCTH BEJAHYHH Xi.
5. Paspenus Au Ha lu|, nonyduM NpefeAbHYIO OTHOCHTE b
HYIO NOrPEIIHOCTh BeJIMYMHBI u:

o
ax,'

Ax,,

n
6u=—ﬁu—l=i=2lla—i;lnulei.

6. B Tabn. | npuBefensl BhpakeHUsl NPEAEIbHEIX abCoIOT.
Hoit Au u oTHocuTesnbHOH i MorpelnHocTell HEKOTOPLHIX (QYHKe
uuit. Tlon Ax; u 8x; noppasymeBaiorcss aGCoOTHAS H OTHOCHe
TeJ1bHAs] TNOrPeliHOCTH BEJIHYMHbBL X;.

7. PaceMoTpuM TIpUMep Ha ONpejeieHHe IOTPelIHOCTH pee
3y/1bTaTa BHUMCACHHH. BosbMeM ykKe yNOMHHaBLIYIOCA 3a»
Jauy o JABMXKEHHM TeJsa, ODOLIEHHOro HOJ YIJIOM K I'OPH3OHTY.
Bricotra noxpema Tena jgaerca dopmyJoi

h— ve sin o
_____._2g

n



Ta6auua !

Bupn byrkuunu

TIpeneapHast aGCoOMIOTHAS
OTPeIHOCTs An

IpefensvHas OTHOCHTEJbHASA
norpemwHocTs fu

X

U == —

Y
_XiXs... X
Y. . -Ym

u=xm

u:’i’/f
u==Inx

f=Igx

= e:!:otx (a>0)

=l @
u=sinmx
U==CO0s my
u=tgmx

n
Au= 2 Ax;

i=1

Au=Ax;}Ax,

Au=|u|bu

10u

_AxiAx
[ X1—xa |

n
6”:2 ‘Sxi

=1

Su=~8x-- 0y

n m
du=72y bx;- X, oy

i=1 i=1

Aus=mlx®-1]Ax Su == mbx
i
- Ou=—bx
m
Au:g.—:ﬁx 6”:&.
x |in x|
1 Ax_ bx 1. 1 Sx
M=557=5,3 |%=73 Tigrl
Au=ce** Ax Su=oalx
df df
=l 2 o
Ay=c¢e P IAx Su = - IAx

Au=mjcosmx|Ax
Au=m|sinmx|Ax

m

Bu=——Ax
Ccos“ mx

Su=m|ctgmx|Ax
Su=m|tg mx|Ax

2m

St = —mmre— —
| sin 2mx |

Ax
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Bocnosb30BaBlUIHCh GopMmyaamu 1abu. 1, HaiijieM Aas npefenbs
HOH OTHOCHTEJbHOH IOrpelIHOCTH K BHIpaKeHHe

8h = 28v, + 28 (sina) + 8g = 26v, + 2| ctga | Ac + 8¢

(uncs10 2 B 3HAMEHaTe/le SIBASETCS TOYHHM, €ro IOrpellHoCTb
paBHa HY.JI0).

Hycrs 0,=95 M/c, a=45"; mia g npuMeM 3HayYeHHE
9,81 m/c? Torha Ave=1 m/c (eguHHpa TNocjelnell 3Hayaned
unbpn), 6uy=1/95, Aa=1°=1/57 paa, 06g=1/981~0,001.
HoxncraBum »TH 3HAueHHS B (popmy.ny s 8h (ctg 45°=1):

:%+57+0 001~—;-~5/0.

3aMeTuM, YTO yCKOpeHHE g He O6blIo HazoOHOCTH Oparth ¢
TOYHOCTBIO O TpeThero 3Haka. Ecau npuuars g=9,8 m/c? u
TEM CaMblM YBeIHYHTbH OTHOCHTENBHYIO IIOrpemHocTbh 8¢ 7o
2/980, orHecHTENbHAA TOUHOCTL Pe3ynbTarta HNPAKTHUECKU He
H3MEHUTCS, HO 3aTO BBIYHCJIEHHS CTaHYT IpOLLE.

Teneps Bryucaum h:

h— vgsine-  95%.0,7072

e 2.5’,’8 =2,3-102 M.

Mbr He nmMeeM npaBa 3anucath pesyJbtar B Buie 230 m,
NOTOMY YTO Takad 3aluch O3Hayaja Obl, YTO NOTrPEINHOCTDb
BajilenHoro 3nauenvsa h He npepbumaer 1 M. Ha camom xe
Jesle, KaK Mbl BBIICHHJH, TNPH 3aJaHHOH TOUHOCTH Uy H
BEICOTY /i HeJb3sl BBIUHC/IHTD C OTHOCHTEJBHOR TOYHOCTHIO,
npesblaiomell 5 %, T.e. ¢ aGCOMOTHON NOrpelHOCThIO,
Mmenbinedl 10 M.

IV. Pa3bscHeRMs 10 HOBOAY YMCJAOBHIX KoadduuueHTOB
B YCJOBHSX 3a7a4

Bripaxenus Buaa r=le,+-2fe,+ 3%, aubo U=1x+2y*+
432 m T. O cjenyer paccMaTpHBAaTh KaK COKpAUIEHHYIO
VCJIOBHYIO  3amHch  BhipaeHHH r= (1 M)e,+ (2 M/c)le,~+
-+ (3 m/c?)t%,, n6o U= (1 Lx/m)x+- (2 [x/mB)y2+ (3 ,U.}K/Ms)c
M T. M., T. € IPHIHCBHIBATL YUCJOBBIM KO3(ULMEHTaM Haj-
.n_emaume PasMepHOCTH. '



YUacrtw 1

PHU3IHYECKHE OCHOBDI

Obosnauenus:

A — pabora

a — aMOJHTYAa

B — MarHuTHas# HHIYKUHA

C— ueHTp Macc

¢ — CKOPOCTh CBe€Ta B BaKyyMme

d — nuaMetp

E — efuHHYHBIA TEH30p

E — 3neprus

€4, €y, €; — OPTHl KOOPAHHATHEIX
oceil

€ — OCHOBAaHHE HATypPaJbHBIX JIO-
rapHMoB, SJeMeHTap Hblil 3a-

PSR

F — cuna

g — yckopenue cBoGOAHOIO Na-
JeHus

h — Bricora

I — momeHT nHepuuu

‘K — cucrema orcyeta )

k — mecTROCTh, Ko3ddUIHEHT
TpeHuUs

| — K1MHA, paccTOsHHE

‘M - MOMEHT HMOYJibCa

M, m — Macca

N — moMenT CcHJaLl

N — Bpamamoumait MOMEHT

N, — MOMEHT CHJEI OTHOCHTCJb-
HO OCH 2

n — 4acToTa BpalieHHS

P — MomHOCTD

p — uUMOyabc

p — NaBJieHHe

Q — RobpoTHOCTB
HOH CHCTEMHI,
KOCTH

g — 3JeKTPHYECKHU 3apsax

R — paapmuyc-sekTop

14

KosefaTeb-
MOTOK XHJ-

MEXAHHMKH

R — pamuyc, pajmyc KPHBH3HH,
paccTosiHHe

Re — uuciao Pefiroanjca

I — pajiHyC-BEKTOp

r — pajHyc, paccTosiHHE

S — niomanb, HOBEPXHOCTH

§ — nyTh

T — Tensop

T — KUHeTHYeCcKad 3HeprHs, Ie-
pHOA KoJsebaHuil

t — Bpems

U — noteHuHanbHasi SHepPrus

U, V — CKOpOCTb

V — obbeM, CKOPOCThb

W — yCKopeHue

O — TOBEDPXHOCTHOE HAaTsHXEHHE,

yroa

g — YIJIOBOE YCKOpeHHe

Y

1

A

— KO3QDHLHEHT 3aTyXaHHsA KO-
nebGanHuil, yroa
— TpaBUTalHOHHAS
Hasl, yroa
— BFI3KOCTb
-— JiHHeHHAA TJOTHOCTB (Mac-
ca eAMHHHBl JJHHBY), Jiora-
pudmHuyecKuii JIeKpeMeHT 3a-
TyXaHHUs
{i — npHBefEcHHA® Macca
QP — MNJOTHOCTH
0 — TNOBEPXHOCTHas  INIOTHOCTb
(Macca efMHHIB TIOBEPXHOC-
TH)
T — BpeMs
@ — yroq, mwupoTa MeCTHOCTH
2 — TejecHbIH yroJ
® — yrJaoBasi CKOPOCThb
® — Kpyrosasi yacrora

NOCTOSAH~



Kunematnka

1.1. Yacruia ABMXKETCH C INOCTOSTHHOR CKopocThio v. Yto
onpenenseT Bhpaxenue: a) v (£,—t,), 6) v(t,—t), B) v (5—11)?

1.2. Yactuna asuxercs ¢ NOCTOSIHHBIM YCKOpEHHEM W.
B nauanbHBIA MOMEHT BpeMEHH OHAa HaXOAWJach B TOUKe C
paaMyc-BEeKTOPOM Fp M HMeja CKOpPOCTb V,. Hamucarb Bhipa-
JeHNe JJI1M: a) NpHpalleHus CKOPOCTH yacTuLbl Av 3a Bpems ¢,
6) NPOEKLUHMH CKOPOCTH YacCTHIBI HA OCb ¥ B MOMEHT BPeMeHH f,
B) nepeMelleHdsl 4yacTHubl Ar 3a BpeMmsi f, r) NpUpaIlEHHs
KOOpP/IMHATHI Z YacTHLBI 32 BpeMs .

1.3. B kakom cayuae BeKTOphl @ U b MoOryT OblTh CBf3aHEI
cooTHouleHHeM a=ab, rpe o — ckanap? Kax coorHOCsATCA
UX OpTHl, ecau a<0?

1.4. Moxer nn npupalieHue Moayasi Bekropa Aa oxa-
3aThCsl PaBHLIM MOJYJIO NpHpanieHHsi Bekropa |Aal?

1.5. B KaxoM COOTHOWICHHWH HaXOAATCA NpHpalleHHe Mo-
JQyJsi BekTopa Aa M MOAYJb NpHpauleHus Bekrtopa |Aal,
€CcJM BEeKTOpH a U Aa HampaBJ/ieHbl B NIPOTHBOIIOJIOXKHBIE CTO-
POHBI?

1.6. BexTop a uaMeHuJs HanpabJjeHue Ha obparuoe, Haiitu:

lAal,

1.7. Bexrop a noBepHy/cs Ge3 H3MEHEHUS «IJIUHBI Ha
Maseiil yroa 6¢. a) Hanucarb npuGivmeHHoe BblpaKeHue Jiyis
|Aa]. 6) Uemy paBuo Ag?

1.8. HaualbHoe 3HAueHHE CKOPOCTH PaBHO V,;=le,+-3e,--
+5e, (M/c), KoHeuHoe v,=2¢,-|-4e,6e, (M/c). Haiitu: a) npu--
pamenne ckopoctH Av, 6) MoAay/ib HpHpalieHHs CKOPOCTH
|Av|, B) npupauieHue MORYJs cKopocTd Av.

1.9. Hanucats Belpaxkenue A5l KOCHHYCa yrja o Mem,uy
BEKTOPaMH C KOMIOHEHTaMH @, Qy, @, H by, by, b,.

1.10. Kommnonents ogHoro Bektopa pasun (1, 3, 5), apy-
roro — (6, 4, 2). Hafitn yron o Mex1y BeKTOpamH.

1.11. Hpeoﬁpasoaarb K BUAY, COJiepKalleMy TOJAbKO MO-
JyJd BEKTOPOB H yroa o, Beipaxenue a [bcl, B Koropom Bek-
TOpbl @ U ¢ B3aHMHO NepIeHAHKYJsAPHbI, a BeKTop b obGpasyer
C HOpPManblo K IUIOCKOCTH, B KOTODOH JieKaT BEKTOphl a H ¢,
yroa o.

1.12. 3ananer dyukunu v, (¢), v,(f) u v,(f), onpenens-
Iolliye B HEKOTOPOH CHCTEME KOOPJAMHAT CKOPOCTb YaCTHIBL V. .
Hanucare Bhipakenne Jna: a) NepeMellleHHs YacTHU®Bl Ar
3a NPOMEXKYTOK BpEMeHH OT t; io t,, 6) nyTH S, NPOHAEHHOrO
YacTHLEH 3a TOT e NPOMEXYTOK BpeMEHH, B) IpUpalieHus
Ax KOOpAMHATHI X YacTHLH! 3a BpeMs OT f; JO I3, T) CPEHEro
3HAyeHHUs] YCKOPEHHS YacTHLBI (W) 3a TO JKe BpeMsl.
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1.13. Yacruma | jgBUeTCS CO CKOPOCTBIO Vy=ae,, 4Ya-
cTHIA 2 — CO CKOPOCTHIO Vy=be, (a H b — KOHCTaHTHI).
HaiiTd cKOpoCTh V BTOPOH YaCTHUBI OTHOCHTEJIBHO IepPBOM
H MOAYJb U 3TOH CKOPOCTH.

1.14. HMcxons u3 onpeleneHUs cpefHero sHauyeHus ¢GyHK-
UMH, J0Ka3arb, YTO:

a) cpefuee 3a BpeMs T 3HAYEHHE CKOPOCTH TOYKH (V) PaBHO
nepeMellleHHIo TOUKU Ar 3a 3TO Bpems, JEJEeHHOMY Ha T,

6) cpennee 3a BpPeMsl T 3HAYEHHe YCKODEHHA TOYKH (w)
paBHO NMpPHPAIIEHHIO CKOPOCTH Av 3a 3TO BpeMsi, JEJEeHHOMY
Ha T. 4

1.15. Yactuna ABHIKETCA paBHOMEDHO IO YacOBOH CTpesiKe
MO0 OKPYKHOCTH pajuyca R, Jenas 3a BpeMs T OfMH 00OpOT.
OXpYKHOCTD JIEXHUT B KOOPAHHATHOH IJIOCKOCTH X, Y, NPHYEM
LLEHTP OKPYXHOCTH COBIajaeT C HavyaJaoM KoopAuHaT. B Mo-
MeHT {=0 yacThia HAXOAWUTCS B TOUKe ¢ KoopauHatamu x=0,
‘y=R.-HaliTu cpepHee 3HaueHHE CKOPOCTH TOYKH 32 IIPOMEXKY-
ToK Bpemenu: a) ot 0 jo /4, 6) or 0 no /2, B) or 0 no 3v/4,
r) or 0 go 1, 1) or t/4 no 3t/4.

1.16. Yacruia npolusia 3a HeKOTOpoe BpeMs 3/4 OKpyXKHO-
CTH CO CpeJIHUM 3HaueHHeM MOZLYJsl cKopocTH (v). Haiith Mo-
AyJb cpennell CKOPOCTH yacTulbl |{v)| 3a 10 Ke BpeMsl.

1.17. IlepBoHauanbHO NOKOMBIUASICS UACTHIIA NpoILIa 34
Bpemsi T=10,0 ¢ noJaTopH ‘OKpy:KHOCTH paguyca R=>5,00 M
C TOCTOSIHHBIM TaHTeHLHMAJAbHBIM YCKOpeHUeM. BBIUHCIHTD
COOTBETCTBYIOLLHE 3TOMY IMPOMEKYTKY BpPEMEHH 3HAYeHHS:
'a) CpefHero MoAy/isi CKOpoCTH (v}, 6) MOAy /sl cpefiHed CKOPOCTH
J(v}|, B) Momynsa cpeanero yckopeuus |{w)l.

1.18. TlocTOsIHHEIH N0 MOAYJ/IO BEKTOp a4, PABHOMEPHO MO-
BOpDauyHBasiCh NPOTHB YacoBOH CTPENKH B IVIOCKOCTH X, Y,
NepexofuT 3a BpeMs ! u3 IOJOKEHHsI, IPH KOTOPOM OH COB-
najiaeT 1o HalpaBJ/IeHHUIO C OCBIO X, B NOJOXKEHHE, IPH KOTOPOM
OH COBNaJaeT O Halpas/leHHi0O ¢ ocblo y. Hafitn cpennee
3a Bpems { 3HaueHHe BeKTODa a H MOLYJb 3TOr0 CPEIHEro.

1.19. Papuyc-BeKTOp TOUKH I H3MeHSIETCA: a) TONLKO 110
MoZyJo, G) TOJABKO 1O Hanpaejenuo. UTO MOXKHO cKasaThb
O TPaeKTOPHH? :

1.20. Pamuyc-BeKTOp YaCTHIbI ONpPEIeNseTcs BhIP AXKEHUEM:
r=31%,+4t%,+7e, (M). Beruucauts:

' 'a) nyTh s, NMpolueHHb yactuued sa nepsbie 10 CeKyHp
JBHKEHUS,

6) Monmyab Nepemellenus |Ar| sa To XKe Bpems,

B) OGBSCHHTb MOJYYEHHLIE Pe3yJbTaThl,

1.21. Paauyc-BeKTOp YaCTHUbI H3MEHAETCA CO BpeMEHeM
no 3akoHy: r=3f%,+2fe,+le, (M). Hafitn:
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a) CKOPOCTb 'V H YCKOpEHHEe W acTHIH,

) MOJIYJ/Ib cxopocm/ v B MOMeHT =1 ¢,

B) NpuGImKeHHOe 3HAUeHHe NYTH S, npoi’meHHoro yacruuelt
3a 11-10 CeKyHAYy IBUXKEHMS.

1.22.. YacTuua [IBIXKETCS CO CKOPOCTHIO v—lex+2tey+
+3f%, (v/c). Haiitu:

a) nepemeiliehne Ar yacTHIHI 33 MeEpBbie 2 CEKYHIBI ee
JIBUKEHHUS,

6) MOZLY/Ib CKOPOCTH U B MOMeHT {=2 c.

1.23. Yactuua JBHKETCA CO CKopocTbio V=at(2e,+3e,+-
+4e,) (a=1,00 m/c?). Hafitu:

a) MOZLYJIb CKOPOCTH ¥ 9acTHII B MoMeHT BpeMenH £=1,00 c,

6) YCKODEH¥E YaCTHLUBI W H €ro MOLYyJb W,

B) OyTh S, mMpoljenHufi wactuuelr ¢ momenta #,=2,00 c
no momerra t£,=3,00 c,

r) Kakod XapaKkTep HMeeT JBHXKEHHE YaCTHIBI.

1.24, Jludr Hauan HOJHHMATBCS C TOCTOAHHBIM YCKOpe-
nveM w=1,00 M/c. Cnycrs Bpema {=1,00 ¢ or noronka kxa-
OuHE QT2 OTAENHACA W cTad Najath wypyn. Onpenenurs:

a) Bpemst Af najenus wypyna io yAapa o noj KaGHHBI,

6) nyThb S, MpOHIEHHKIA IWypynoM 3a BpeMs Af B cucreme
oTcuera, CBA3aHHOU ¢ 3emitell. Bricora KaGuHbI iudrah=2,75 M.

1.25. Ussectna dyuxuus v(f) aas 4acTUIB, JBUKYLIEHCS
no KpHBOnUHeHdHOW TpaekrtopuH. Hanucarh BbIpaKeHHe AIA
pajuyca KpPUBH3HHI R TpaeKTOpHH B TOH TOYKE, B KOTOPOi
YacTHIA HAXONUTCA B MOMEHT f.

1.26. Yactuua ABHKeTCS PaABHOMEPHO IO KPHBOJIMHEHHOH
TpaekTopuu. Mony/ab ee ckopoctd pased v. Hailitm papuyc
KPHMBH3HBEI R TPaeKTOPHH B TOH TOUKe, e MOAYJb YCKOPEHHH
YacTHLB PaBeH w.

1.27. Tlo Kakoil TpaeKTOpHH ABHIKETCS YacTHUA B Cayvae,
ecnn w,==0, wn—-cons’ﬁ

1.28. B HeKOTOpHIi MOMEHT BpeMeHH ! KOMIIOHEHTHI CKO-
POCTH V YacTHULI uMeloT 3Hauenus (1,00, 2,00, —3,00) (m/c),
a KOMIOHeHTH yckopenus w — (—3,00, 2,00, 1,00) (mv/c?).
Hatiru:

a) 3HayeHHe BbIpaXeHHs dv/dt B MomeHT f,

6) pagHyc KPHBH3HBI R TPAEeKTOPHH B TOH TOUKE, B KOTO-
poif "acTHUA HAXOAWTCA B MOMEHT i,

1.29. Touka ABMXKeTCA BAOJb OCH X, IPHYEM KOOPJAWHATA X
H3MeHsieTcsl N0 3aKORy x=a cos(2n/T)t. Haittu:

a) BbIpaXKeHHs I NPOEKIUHA Ha OCh X CKOPOCTH V H YCKO-
PeHHs W TOYKH,

-6) -0yTh §;, NPOHAEHHBIA TOYKOH 3a NMPOMEKYTOK BPeMEHH
or t=0 po t=T/8,
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B) NyTb S;, NPOMNEHHLIA TOYKOH 33 NPOMEKYTOK BPeMEHH
or {=T/8 po t=T/4,

r) nyTh S, NPORJEHHBIH TOYKOA 3a NPOMEXKYTOK BpPEMEHU
ot =0 no t=T.

1.30. KoMnoHeHTH CKOPOCTH HYacTHIBl H3MEHSIIOTCS €O
BpeMeHeM 110 3aKOHaM: U.==a cos wf, v,=a sin of, v,=0,
Fle @ U ® — KOHCTaHThl. HallTH MORy/im cKopocTH v H YCKO-
peHHsT w, a TakKiKe YroJ o MexJy BekTopamu v u w. Ha oc-
HOBaHHHM IOJIYYEHHBIX pe3yJbTaToB CAeJaTb 3aKJAIOUEeHHE O
Xapakrepe JBHKEHHsI YacCTHIHI

1.31. 3aBucHMOCTD KOOPJAWHAT JBHMEHUS YAaCTHUBLI OT
BpeMeHH HMeeT BHA x==a cos wf, y=asin ot, z=0 (@ 1 © —
KOHCTaHTHI).

a) Onpenenuts pafuyc-BEKTOP ¥, CKOPOCTb V U YCKOPEHHE
W YacTHUBl, a Takxe HX MOLY/H.

6) Brolunciiuth CKansipHoe NPOU3BeJleHHe BEKTOPOB r U V.
UTo 03HAYAeT MOJYYEHHBEIH Pe3ynabTaT?

B) BBIYHC/INTL CKanfipHOE NPOH3BeAEHHE BEKTOPOB I' H W.
Yro o3Hayaer NOMy4YEHHBIH pe3yabTaT?

r} Hafitu ypaBueHHEe TPaeKTOPHH YaCTHUBL

2) B KakoM HanpaB/ieHHH JABHIKETCA IO TPAEKTOPHH da-
CTHHA?

e) OxapakrTepHsoBaTh JBHKEHHE YACTHIHI

*K) Kak uaMeHuTCS JBHKEHHE YACTHLBI, €CJIM B BhIDAXKeHHH
ANsl Yy W3MEHHTh 3HAK Ha OGpaTHLIA?

1.32. He6Gonblloe Tej10 (MaTepuaibHasi TOYKa) GpolleHo
13 ToukH O HOA YryioM ¢ K F'OPH3OHTY C HauyaJbHOH CKOPOCTbIO

vo (puc. 1.1). Ilpenedperasn conpo-
g g THUBJIEHHEM BO3JyXa, HaHTH:
a) BpeMms moJerta T,

v, : -, 6) majabHOCTH foJera I,
p : B) HauBOABIUYI0 BBHICOTY MOJ-
& HATHS Teqa h,

g l - & r) ypaBHeHHE TPaeKTOPHH Te-
Ja B KoopauHarax x', y',
Puc. 1.1 1) suauenust ldv/dil u dlv|/dt
B BepllliHe TPaeKTOpHH,

€) paaumyc KpHBH3HBI R TpaekTopHH B TouKax O u O,

Touku GpocaHus U NajleHUs] CYHTATD JICKAUIUMH Ha OJHOM
YpOBHe.

1.33. Tesno 6polueHo moJ YrJaoM K FOPU3OHTY C HadaJbHOH
CKOpOCTBIO Vo. IIpeHeGperas collpoTHB/eHHeM BO3JyXa, HAHTH
cpeAHee 3HAYeHHe CKOPOCTH (V) 3a epBble T CEKYHA HOJETa.

1.34. Tloj KaKMM YIJIOM & K TOpH30HTY HY2KHO YCTaHOBHTb
CTBOJI OpyAusl, 4TOOBI IIOPA3HTL 1IEJb, HAXOAAULYIOCH HA pacs
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croanuu [=10,0 KM, ec/iH HayaJbHAsl CKOPOCTb CHAPAAA Uy=t
=500 m/c? ConpoTHBNeHHEM BO3AyXa NpeHeOpeub.

" 1.35. VssectHe:: QyHRUHA [(S), onpenensoasi 3aBHCH-
MOCTb LpOHM3BOIHOH du/d! OT mpolijieHHOro YacTHIEH NyTH s,
MOZAYJ/1b CKOPOCTH U, B Hauaje nyTtH. Hamucathb BhIpaxeHue
s U(S) — MOAYJISl CKOPOCTH, KOTODYIO .HMEeT 4acCTHlla,
npolad nyThb S.

1.36. Hana ¢yHkums v(s), onperensiomas 3aBUCHMOCTb
MOAYJISl CKOPOCTH YacTHUB! OT IPOHAEHHOIO YaCTHIEH IyTH S.
Hanucarh BeipaxeHHe IJs BpeMeHH f, 3aTPauuMBaeMOro 4a-
CTHIell HA NPOXOXKIeHHe NYTH §.

1.37. 3aBHCHMOCTH MOAYJS CKOPOCTH 4aCTHI(B ¥ OT MPOH-
JAEHHOTO YaCTHUEeH TyTH S onpejensercs OGyHKuued ov(s)=
=y—bs.

a) Hafitu 3aBHCHMOCTD § OT BpeMeHH f.

6) Onpepenurb 3aBUCHMOCTb U OT £,

B) Hanmucarp npuGiuxenHbie Buipaxenus s s(f) # v(f),
cnpaseisuBbie mis <1/,

1.38. Mogynb ckopocTH qacmubx H3MEHAETCA CO BpeMeHeM
[0 3aKOHY V=04 b*. KaKOB ()H3HYECKHI CMBIC/ KOHCTaHTH! b?

1.39. Jloxka nepecekaer peky C NOCTOAHHOH OTHOCHTEJIBHO
BOJIb, TIepIeHAHKYAsipHOH K Geperam ckopoctbio v=0,300 m/c.
Ilupuna pexn paBHa b=63,0 M. CKopoCTb TedeHHA HIMEHS-
ercad 1o napaboJHYeCKOMY 3aKOHY

b
u=u0—4——‘bf§- (’““?)a’

FIe X — paccrtosiHide OT Oepera, u,— KOHCTaHTa, paBHaf
5,00 M/c. Haiitn cHoc s J1ogK¥ BHM3 1O TEYEHHIO OT NYHKTA ee
OTHpABJIEHHS IO MECTa TIpUYAJlaHA 4
OPOTUBOIOJIOKHOM Oepery pex.
1.40. Ocy x na puc. 1.2 cay-
KHUT TpaHuledl MeXKAy YYacT-
KOM, MNOPOCIIMM TpaBo#, H yya-
CTKOM, TIOKPBHITHIM pPHIXJIBIM IIEC-
koM. Ilemiexony HYXKHO mONacTh
us nyukra A B nymxr B. Ilo
TpaBe MeeXo] MOXKET HATH CO Puc. 1.2
ckopoctblo v;=5,00 KM/, no 1e-
CKy — €O CKOpPOCTBIO  0,=3,00 kM/u. UtoGel coBepUTH
nepexoj 3a caMoe KOPOTKOe BpeMs, IlelieXol BhIGHpaeT JioMa-
Helii myTh AOB. Tlpn KaKoM COOTHOILEHHH MEX]Y CHHYCAMH
YIVIOB oy H @, BPeMA JBHXKEHHA nelliexoia u3 A B B 6yger
MHHHUMaJbHbIM?
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1.41. Huxe npuBoAsTcs NPHOJIHMKEHHHE BHIDAXKEHHS LI
HEKOTOPEIX (YHKLHH, ClpaBeljuBble Npu x<l:

a)é;zl?x, o) VTZz~lty, 5) etrmlts

r)In(l £x)=+x 7n)sinxxx, e) cosyxx 1—-%2-.

Onpenenury g x=0,] OTHOCHTENBbHYIO NOTPEIIHOCTb 3Ha-
ueHHiH 3THX (PyHKUHH, HalJeHHBIX 1O PopMysaM st mpHbaH-
J{€HHBIX BBIYHCJEHHUI. .

1.42. Tlo npamosi nopore AB pBUXKeTC C HOCTOAHHOH CKO-
poctbio 1=20,0 M/c apromMo6usb. M3 touku C, xoropasi Haxo-
aurtest ot AB Ba paccrosunu [=2000 M, B MOMEHT, KOrAa aB-
TOMOBHNIL ¥ Touka C OKasbIBAIOTCSl HA OJHOM NepleHIUKYJApe
Kk AB, npoussomurca BeicTpen u3 nymxu (puc. 1.3). Ilpen-
fnojiarad, 4ro CHapsj JIETHT NPAMOJHHEHHO C NOCTOSHHOM
ckopocteio v=200 M/c, ONpeneuThb:

a) yroJa o, Ha KOTOPBIA HYXKHO NOBEPHYTb CTBOJ NYLIKH,
4TO0bL- IOPA3UTH ABTOMOOWIb,

6) BpeMs ! mnoJjera cHapsia,

B} NYTh S, KOTOPHIA mpoilijer aBTOMOGH.IbL 32 Bpems I

1.43. Mnmetorest iBe MOTODHBIE JIOZKY, PasBUBAIOUINE OTHO-
CHUTEJIbHO BOAB CKopoctb v=>5,00 M/c. Boga Teuer ¢ oiHHAKO-
BOHM IO Bcell mMpuHe pekH ckKopocthbio u==0,500 m/c. Hupuna

Y pexu [=1,000 kM. Ha cepepute pexu
A—DBr—~ > >R—F  BGurs e cean C u D, orcrosiuue
IpYr OT Jpyra Ha pacCTOsIHHe, PaB-

Hoe mmpune peku [ (puc. 1.4). Og-

HOH JIOAKe HYXKHO Iiepecedb peKy

}

1

]

)

i

' _
l: f” CTporo B nonepetmom HanpapJ/J€HHH
1

d 8

lot

)
c [/

A
Puc. 1.3 Puc. 1.4

u3 Toukd A B TOUKY B u obparno. Bropoil so1ke HYXKHO 1po-
dedarb nyThb or cBaum C no cBau D u obparHo.

a) Kak nomkHa ABurarthbesi neppast JIOfKa OTHOCHTENBHO
BOJIbI, 4TOObI OTHOCHTEIbHO OGeperoB IepeMelaTbCs BJOJb
npsMoit AB?
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6) Haiitn Bpemena #; u {,, 3aTpaunBaeMble Ha MNPOXOXK-
neHue nyTH 2/ nepBoit ¥ BTOPOH JOAKAMH.

B) Ilonyuuts mi1s f; u 4, npHOJIMKEHHBIE BBIPAMKEHUS,
crpaBefuBble 1A u<v. HaliTH ¢ noMoubio STHX BhIpaXKEHHH
3HAUeHHUA f; ¥ I,; CPABHUTHL HX C TOYHEI-
MH 3H2UeHHAMH.

1.44. Ha Boicote h=5000 M Jaerur
OPAMONHHERHO CaMmoJieT ~ ¢ IOCTOSHHOM
ckopoctbio #=100,0 mM/c. B momeHT, Kor-
Ia OH HaxoguTcsl HajX 3€HHTHOH Gatape-
eit, npoussoaurca Bbictpea (puc. 1.5). Ha-
yasibHasg CKOPOCTb CHapsjia v,=500,0 m/c.
ITpenebGperas = CONPOTHBJICHHEM BO3lYXa,
Ha#ATH:

a) MOf KaKuM YIJIOM & K TOPH3OHTY
HYJKHO YCTAHOBHTH CTBOJ ODYIHS, YTOOBI
CHapsil M CaMoJeT JOCTHIVIM OJHOBpe-
MEHHO TOYKH IIepeceueHHst uX TPAeKTOPHI,

6) Ha KaKyio IPOJO/IKUTENLHOCTb MoJieTa ! HY:KHO YCTaHO-
BHTb B3PLIBATE/b, YTOOB! CHAPSA pa3opBajcsd B TOUKE BCTPeyH
¢ LeJbIo,

B) Ha Kaxoe pacCTOsiHHe S N0 TOPU3OHTAIH OTCTOHT OT
6araped TOYKa BCTPEUH.

1.45. WsBectHo, uTO JIyHa BCe BpéMH ofpauiena kK 3emie
OHOH M TOH Ke CTOpoHON M ofpaiiaercsi BOKpYr 3eMyH 3a

27,3 cytok. OnpenenuTs YIJIOBYIO CKO-

g ¢ pocTs ®jy BpaueHusd JIYHE BOKPYT ee

ocd. CpaBHHTb 3Ty CKOPOCTB € YI-

1 J  J0BOH CKOPOCTBK) ®3 CYTOUHOI'O Bpa-
LIeHUsT 3eMJIH.

1/ 1.46. Yacel Ka/ble CYyTKH OTCTAlOT

Puc. 1.6 Ha 2 muHytel. Yemy paBHO yriosoe

t yCcKopeHHe  MHUHYTHOH CTpeNKH?

1.47. TlocTostHHBIA IO MOJYJIIO Bek-
TOPp a BpalllaeTcsl € NOCTOAHHOH YIJIOBON CKOPOCTHIO @ BO-
KpPYyr (GHKCHPOBAHHOH NepNeHIHKVJ/IIPHOHA K HeMmy ocH. Beipa-
3UTb NPOU3BOJHLIE 4 H @ Yepe3 BeKTOph! a H ©.

1.48. Huaneap Katutcsi 6e3 CKOMbXEHHSI CO CKOPOCTBbIO U
(puc. 1.6). Haiitu cxopocru Touek 1, 2 1 3, BBIPA3UTh UX 4e-
pe3 OpThl KOOpPAMHATHBIX Oced.

1.49. Hlap Bpamaercs ¢ yrioBOH CKOPOCTHIO @ BOKpPYT
OCH, KOTOpas MOBOPauuBAETCA B IIOCKOCTH X, ¥ € YIJIOBOH
CKOpOCThIO © =@’e, (puc. 1.7). Haiitu:

a) yIJIOBYIO CKOPOCTb @ M YrjioBoe YCKopeHue B Imapa,
a TaKkXKe MOAYJM STHX BEKTODOB,

Puc. 1.5
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6) yroa @ Mexxay BeKTopamu @ 1 o,

B) yron ¢ Mexiy Bektopamu f u Q. Cuurartb, yTO B Ha-
9anbHbBI MOMEHT BpEeMEHH BEKTOD  HampaBjieH [0 OCH X.

1.50. Teno yyacTByer B ABYX BpalEHHUSX, NPOHCXOAALIHX
€O CKOpPOCTAMH @,==at%, H 0;=2ai%, (a=1,00 paa/c®).

a) Ha xakoit yron ¢ nosep-
Hercs Tejso 3a nepeele 3,00 c?

6) Bokpyr xakoii ocu npousoi-
JeT 3TOT NIOBOPOT?

1.51. Slkopb 37€KTPOMOTOpA,
BpallaBUIUNCA C UYaCTOTOH #==
=50 ¢71, ABUrasch nocJje BHIKJIO-
YeHHs TOKA paBHO3aMeNJIeHHO, OC-
TAHOBMJICS, CHEJaB IOJHOE YHC-
J10 o6oporoB N =1680. Haiitu yr-
JIOBOE YCKOpeHHe { sKops.

1.52. Jlo Hauaja TOPMOKEHHUA
aBTOMOGH/IbL HMeJ CKOPOCTh Up==
=60 kM/y. Tlocse Hayana TopMOKEHHS! aBTOMOOH/b JBHrajICcs
NpAMOJMHEAHO € HENOCTOAHHBIM YCKOpEHHEeM M OCTaHOBHJI-
¢ cnycra Bpems {=3,00 c. 3a 310 Bpemsi OH Ipollesa NyTb
5§=20,0 M. OnpenenuTb. CpefHIOI0 YIJIOBYIO CKOPOCTb (@) H
cpennee yryioBoe yckopenue () kKoseca aBToMOGU/IA 32 BpeMs
Topmoxkenus. Paguyc koneca R=0,23 m.

1.53. YacTuua JBu:KeTCs 10 PafHyCy BpalLialoLlerocs AucC-
Ka co ckopoctbio v=3,00 M/c. B HayajsbHBIA MOMEHT BpeMeHH
YaCTHIA HaXOAUTCS B LeHTpe AHCKa. YTJoBasg CKOPOCThb
Bpamenust aucka ©=20,0 pap/c. Haifitu npubanxeHHoe 3Ha-
YyeHHe NYTH S, NPOIJEHHOr0 YacTHLiel B HENOJABHKHOH CHCTEME
oTcueTa 3a BpeMs ¢ MoMeHTa £;=9,00 ¢ 10 moMenrTa £,=10,00 c.

b4

Puc. 1.7

1.2. JlunamMMxa MaTepHaibHOH TOUKH
H NOCTYNaTeJbHOrO JABHXeHHs Tena. PaGora M MOIMOCTH

Y rasanue. [lpu pemenuu 3ajauy Ha AUHAMHUKY HaJO
HOCTYNaTh CJEAYIoMHM 00pa3oM.

1. BoisicHUTD, ¢ KaKUMH TeJiaMH B3aUMOJEHCTBYET paccMmar-
puBaeMoe Teso. COOTBETCTBEHHO YCTAaHOBHTD CHJIBI, JeHCTBYIO-
L{He Ha 3TO TeJO.

2. Hanucarb ypaBHeHHe JBIKEHHA Tesla B BEKTOPHOM BUIIE.
Ecan cucrema, aBHKeHHe KOTOPOH paccMaTpPHBAETCs, COCTOMUT
H3 HECKOJbKHX CBSI3aHHBIX APYT C JAPYroM TeJ, TaKoe ypaB-
HeHue NUWeTca I KamJOoro M3 Tel B OTJeJbHOCTH.

3. IlepeiiTH B KaXXJ0M ypaBHEHHH OT BEKTOPOB K HX NPOEK-
IHAM Ha COOTBETCTBYIOLIMM cOpa3oM BhIOpaHHOE HaNpaBJICHHE.
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MOXeT CIYUHTLCS, YTO AJS1 YpaBHEHHH, OTHOCALIHXCA K pase
HBIM TeJiaM, 3TH HaNpaBJeHUS OKaxKyTcd pa3yMuHbIMH. Ecan
HalpaBleHHe KaKoro-1H6o BeKTOopa 3apaHee H3BECTHO, €ro
MPOEKUHIO HaNO BhpaXKaThb yepe3 MOAYJb BEKTOpa, B3ATHIA C
Haj/exKalluM 3HAKOM.

4. PeniuTb CHCTEMY ITOJNYYHBHINXCS CKAJNSPHBIX YPaBHEHHH.

IHosicuuM ckasanHoe caexyiomum npumepoM. Cucrema co-
CTOMT M3 Tel1 | M 2, cBisaHHBLIX HeBecoMoH 1) HepacTsKHMOMN
putblo (puc. 1.8). Macca rtena I paBHa my, Teda 2 — M.
Hute MoxeT CKOAb3HTH 0e3
TpeHHs 10 HalpasJswlleMy
xeyoby. Tpenusa Mexiy Te-
JioM ] ¥ HaAKJOHHOH HJIOCKOC-
ThlO, Ha KOTOPOH OHO JIEXKHT,
neT. Ilnockoerb obpasyer ¢ ro-
pusontoM yroia o. Ha#itu ye-
KopeHus Teq I u 2. Puc. 1.8

1. Cucrema, ABUKEHHE KO-
TOpOH paccMmaTpuBaercsi, Co-
CTOUT M3 Tel [ u 2 U cBA3bBaOled uXx HUTH. Temo I B3au-
MOJEHCTBYET C HHUTBIO, C IJIOCKOCTHIO H ¢ 3emusell. CoorBer-
CTBEHHO Ha Hero HeHCTBYIOT: cu/ia HaTsxkeHHst HHTH Fy, cuia
peakuuu naockoctu F, u cuna tsaxecru m,g. Teno 2 p3anmo-
Jeiictyer ¢ HUTbi0O H ¢ 3emiefi. CoOTBETCTBEHHO Ha HEro
nefcTByioT: cuna Harsxkenusi HuTH Fp, M cuna TskectH m,g.
Hute mnesecoMa, NO3TOMY OHa B3aHMOAEHCTBYET TOJBKO C
Tenamu I M 2, a Takxke ¢ xeynoboMm. COOTBETCTBYIOUIHE CHJIBI
pasusl —F; u —F, (3TH cHJAB Ha PHCYHKe He HOKa3aHbI;
OHH MPOTHBOMOJIOKHEL 10 Hampasjienuio cujiam Fy u F,),
KpOMe TOrO, HMeercs CHJa, pachnpejelieHHas NO Beel aiuHe
)kenoba. Bce ssemeHTHl 3TOH CHJIbl NEPIEHAUKYJASPHBI K
HUTH W BJHSHHA Ha ee IBHXeHHe B INpPOJOJBLHOM Hamnpas-
JIGHHH HE OKa3biBaIOT.

2. YpaBsuenus ABHXKEHHS Tes | U 2 MMEOT BHJ

mlwlei+ Fr+ mlgy m2W2=F2+m2g’.

Macca nutu paBHa ny/mo. [TosTomy ypaBHeHHEe IBHMKEHHS
i HutH uMeer Buia: 0=0. Ilucath ero Her cMmICja.

W3 HeBecoMoCTH HUTH BhIT€Kaer, 4yTo mMoay.u cua F;y u F,
onuHakoBbl. O603HAYNM 3TOT ONMHAKOBBIH MOAYJb GYKBOH F
(Fy=F,=F). VI3 HepacTsKUMOCTH HHTH CJELYET, YTO CMelle-

1) Tox neBecoMoli HUTHIO 37ech H B AalbHefimieM NofpasyMesaercs
HHTb C npeHebpexuMo Magaoil Maccoil.
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HHA, a CJeloBaTeJbHO, CKOPOCTH H yCKopeHnﬂ Tesn I u 2 opu-
HAKOBHI 11O MOZAY.JIO.

3. ¥YpaBHenne aasa tena I uenecooﬁpasno «CIPOEKTHPO-
BaTb» Ha OCb X, yDaBHeHHE Jyid Te1a 2—Ha ock X' (cM. puc. 1.8).
[Ipn npoOeKTHPOBAaHHHM . CI€AyeT ydecTb, 4YTO a) NPOEKUHUs
cuabl F. Ha och x paBHa HYJ0, 6) HpoEKIMS CHJBI m,g HA
OChb X paBHA —m, g Sin @, B) IPOEKLHS CHJIbL F; Ha ocb x paBHa
Fi=F, 1) npoekuust CHJBI Fz Ha ocb x' paBHa —F,=-—F,
1) TIPOEKIHSI CHJIBL 1, HA OCb X' paBHA M1,g, €) NPOeKIHs YCKO-
peHust w; Teaa / Ha och X (T. €. Wy,) ¥ NPOEKLHUS YCKOPEHHA
w, Tela 2 Ha ocb X' (T. €. W) ONMHAKOBBI M IO MOAYJIC,
u no 3sHaky. [lostomy BBeleM OGO3HAUEHHE Wj,=W,y=Wy.

4. C yueToM Bcero CKasaHHOTO Bbillle YpaBHEHHS ABHKEHMs
B HNPOEKUMAX MOXKHO HaIHCaTb CJEAYIOIUM 00pasoM:

mw;,=Fi—m;gsina, i mw,=F—mgsina,
MW,y = Mm,g—F,, W mw, =m,g—F.

PewnB COBMECTHO 3TH JBa ypaBHeHHﬂ NONYUYHM /I Wy
3HaueHue
my— my sin o
wx — 2 1
m1+m2

B 32BHCHMOCTH OT COOTHOLIEHUS MEXKIY MacCaMH 1y U Mg, a
TaKXe OT 3HAUEHHs YIja o NPOoeKUHS YCKOPEeHHS W, MOXKET
oKasaTbesl JIUOO MOJOMHTEIbHOMN, JHGO OTPULATENbHOH, JHO0
paBHoii Hy/0. B cayyae w,>0 yckopenue tena I HanpasJeHO
BIOJIb OCH X BIIPaBO, YCKOpeHHe Tesa 2 HaNpaBJieHO BHHU3.
B cayvyae w,<<0 Hanpap/jeHus YCKOpeHHH NPOTHBONOIOMHEL,
Hakonen, B ciayuae w,=0 cucrema JuGo NOKoHTCS, JHGO
JIBUIKETCSl PABHOMEPHO B TY CTOpPOHY, B Kakyio efl coobmar:
CKOPOCTb. '

1.54. Urtobbl onpenesuTb KoaDHIMEHT TpeHHs Rk MeXAny
JIepeBSHHBIMH IOBEDXHOCTSIMH, OPYCOK TNOJOXKHJIU Ha JOCKY
¥l CTa/IH [OJIHHMAaTh OJWH KOHel JOCKH JI0 TeX Mop, NnokKa 6pycoK
He Haya/J N0 Hell CKOJIb3UTh., DTO NPOM3OLLIO NPH YIVie Ha-
kJaoHa jocku o.=14°, Uemy pasen k?

1.55, [pa conpukacawoimuxcs 6pycka Jexar Ha ropnson-
TaJbHOM CTOJI€, IO KOTOPOMY OHH MOT'YT CKOJB3HUTb 6€3 Tpe-
HusA. Macca nepporo 6pycka m;=2,00 Kr, Macca BTOPOTo
€épycka m,=3,00 kr. OiuH M3 GPYCKOB TOJKAlOT C CHJIOH
Fo=10,0 H (puc. 1.9).

1. Haiitu cuny F, ¢ xoTopoil GpyCKH AaBST APYT Ha jpyra
B caydae, ecau cuaa Fy npuiomeHa K 6pycky I (a), K 6pyc-
Ky 2 (6).
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2. Yro npuMeyaTesbHOrO B IOJYYEHHBIX pe3yJabTaTax?
1.56. Pemmnte 3agayy 1.55 B npeanonoxennu, uTo Koad-
dunHeHT TpeHHs MeXay GPycKoM u crojiom pased £;=0,100
s 6pycka I u k,=0,200 nna 6pycka 2. :

1.57. Pewntb 3anauy 1.56, nonoxus k;=0,200 u £,=0,100.
ConocraBuTh pesyabTaTtel 3agau 1.55, 1.56 u jannoli sa-
Jla4u.

1.58. [llBa compuxkacaomuxca Gpycka CKOMb3AT MO Ha-
KJIoHHO# gocke (puc. 1.10). Macca nepsoro 6pycka m,=2,00 xr,
Macca BToporo Opycka m,= , p £ s
=3,00 xr. Kosabopuunenr Tpe- m
HUg MexIy GpyckoM M ZOCKoM 2 = ==
pasen k,=0,100 mns Gpycka I
n k,=0,200 ana Opycka 2
Yroa HakjJoHa JOCKH =45°,

1. Onpenenurb: a) yckope- Puc. 1.9
HHE @, C KOTODHIM JBHKYTCA :
6pycku, 6) cuay F, ¢ KoTopoii OPyCKH HaBAT APYT Ha Apyra.

2. Yro nmpoucxonuao Gbl B ciayudae By >k,?

1.59. Ha ropusonrasbHoM cTOne JexKaTr [Ba Teda Macchl
M=1,000 kr xaxnoe. Tena cBa3aHEl HEBECOMOH HepPaCTsKH-
mofi muteio (puc. 1.11). Taxas ke HHTb CBs3hIBaeT Tejo 2 ¢

Puc. 1.10 Puc. 1.11

rpysoM Mmacchl m=0,500 kr. HUTb MOXKeT CKONb3UTh 6e3 Tpe-
HHS TIO M3OTHYTOMY XeJo0y, YKPeIJIeHHOMY Ha Kpalo CToJa.

Koapuunest TpeHus I[epBoro Tega co crojoM #£;=0,100,
BTOpPOrO Tena k,=0,150. Haiitu:

a) YCKOpPeHHe w, C KOTOpPhIM JBHXKYTCS Tela,

6) Harskedue F,, HHTH, CBSI3bIBaiollell Tena I u 2,

B) HaTsxxenue F HUTH, HA KOTOPOI BHCHT Tpys.

1.60. Dcrakasa Ha nepeceyeHUH YJHUL HMeeT pPajHyc KpH-
Buaupl R=1000 M. B Bepxnell uactH 3CcTakagsl B JOPOXKHOS
NOKPHITHE BMOHTHPOBAHBl JATYHKH, DPETHUCTPUPYIOUIHE CHIY
naBjeHds Ha scrakaly. OTmeyaiomuil sty cuny npuGop npo-
rpanyuposan B kre (1 kre=9,81 H). Kaxywo cuny nasnenus F
noKasbiBaeT NpHOOpP B MOMEHT, KOIJia 110 3CTaKaje Npoe3xaer
co ckopocTeio v=60,0 kM/y aBTomoGunb maccu m=1,000 T
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1.61. Ha 3apsiKeHHYIO 4aCTHLY, ABIXKYILYIOCS B Martur-
HOM noJe, aeiictByer maruutHas cuia F=q {vB] (¢ — 3apsa
YacTHUBI, V — ee CKopocTb, B — xapakrepuctuka noJs, Ha-
3bIBaeMas MarHuTHON MHAyKuuel). Hafitu ypasneHue Tpaek-
TOpHH, 1O KOTOPOH OyAeT ABHIaTLCS YacTHUA B OJHOPORHOM
MarHuTHOM MoJe (T. e. NoJe, BO BCeX TOYKAX KoToporo B
OJMHAKOBA 10 MOAYJIO Y HANpasJieHHI0) B Caydae, ecjid B Ha-
YanbHbIH MOMEHT BEKTOP V NepheHAuky.asped K B. Hukakux
CHJI, KpOMe MarsutHo#l, HeT. M3BecTHhIMH cuuTarh Maccy m,
3apAL ¢ 1 CKOPOCTb ¥ YACTHIUB, a TAKXKe MArHUTHYIO HHAY KILHIO
nonis B. B KauectBe KOOpAMHATHON NOCKOCTH X, § B3ATh IO~
CKOCTb, B KOTODOH ABMMKETCS YaCTHIA.

1.62. Mapux macenl m==0,200 Kr, npuBsA3aHHLI K 3aKpel-
JICHHOH OJHUM KOHIIOM HUTH Iaunbl [=3,00 M, onHcbiBaeT B
FOPH30HTAIBbHON MJIOCKOCTH OKPYMKHOCTH pajuyca R=1,00 m.
Haiitu:

a) yucsao ofopoTOB N WIApUKA B MUHYTY,

6) nars:KeHHe HUTH F.

1.63. T'opusoHTanbHO paclo/OKEHHBIH JHCK Bpauiaercsd
BOKPYr NpOXOJsllell yepe3 ero LEHTP BEPTHKAJBHOH OCH ¢
yacrorol n=10,0 o6/mMuH. Ha kKakoM paccTosiHmy r OT LEHTPa
JIICKa MOXKeT yJep:KaroCsl JeKalliee Ha JUcke HeGosbinoe Teo,
ecnn kodhbunuent Tpenuns k=0,200?

1.64. HeGonblIOMY Teay COOBLIAIOT HAYATIbHBIE UMIYJIbC, B
‘pe3yJabTaTe Yero OHO HAUHHAET JABUraThCAl NOCTYNATeNbHO Ge3
TPEHHSl BBeDX IO HAKJOHHOH NJIOCKOCTH CO CKOPOCTBIO Up=
=3,00 m/c. ITinockocts obpasyer ¢ ropusonrom yron a=20,0°.
Onpezgenuts:

a) Ha KaKY0 BHICOTY i NMOAHUMETCS TEJo,

6) CKOJbKO BpeMeHH f; Tesno OyJer ABHratbCcs BBEpX 10
OCTaHOBKH,

B) CKOJIbKO BPeMERH f, TEJIO 3aTPATUT Ha CKOJILKEHUE BHU3
IO HCXOAHOTO HOJIOKEHHSA,

) Kakylo CKOPOCTb U HMEET TeJIO B MOMEHT BO3BpaHLeHI/Iﬂ
B MCXOJHOE TNOJIOXKEHHE.

1.65. Pewuts 3agauy 1.64 B npepnosoxenuu, 4to Kodd-
duULHeHT TPeHHS MexXRy TeJoM H Ijdockocrbio k=0,100.
Macca tena m=1,00 xr. ITomumo ykasauHkX B npepplaylueit
3ajiaue BEJHUYHH, OMNPeJe/HTh!

J) Kakyiwo pabory A coBepliaeT Cu/a TPEHHS Ha BCEM NYTH
CHH3Y BBepX M oOparHo.

CpaBuUTh pe3ysbpTaThl 3ajayd 1.64 u mauHOH 3agau.

1.66. Hlapuk maccel m noMemied B BBICOKHHA COCYX ¢ He-
KOTOPOH JKHMAKOCTBIO M OTnyileH 06e3 Tonuka. Ilaotnocts
JKHAKOCTH B 1] pa3 MeHbllie IJIOTHOCTH 1apuka. [lpu Asnxenuu
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HiapHKa BO3HMKAET CH/IA CONPOTHBJCHHA CPEAn, Npomop=
JHOHasbHas CKOpocTu apikenus: F=—kv.

a) Omucarbh KaueCTBEHHO XapaKrtep JABHKEHUA LIapHKa.

6) HaiiTi 3aBHCUMOCTb CKOPOCTH lIapHKa 0 OT BpeMenH L

1.67. TonKkas crajbHast 1leNOYKa ¢ OYeHb MEJKUMH 3BeHbS-
My, uMmeioman aanny [=1,000 M 1 Maccy m= 10,0 r, nexur
Ha ropusontajbaoM crose. llenouka BHTAHYTA B IPAMYIO
JHMHMIO, NepreHAHKyAspHyl0 K Kpawo crona. Kowel uenouxu
cBelpBaercs ¢ Kpas croaa. Korja J/lHHa CBelIMBaOLieHcs
yacth  cocraBaser n=0,275 jauHbl [, 1€NoYKa HauuHaer?
COCKavIb3BIBATh CO cToNIa BHM3. CunTtast LHEMNoYKy OAHODPO/HOMH No
IJIgHe, HauTH:

a) KoSQ(UUUEHT TpeHHs k MeXJy UENOYKOH H CTOJIOM,
6) paboty A CHJ TpenHs LEMNOYKH O CTOJ 3a BpeMs COCKa/b3bl-
BaHusl, B) CKOPOCTb U LENOYKH B KOHIE COCKaIb3bIBAHM.

1.68. ToHkas cTajbHas I€NOYKA C OYE€Hb MEJKHMHU 3BeHbs-
MM BHCUT BePTHKANBHO, Kacasich HHKHUM KOHLOM cTo/1a. Macca
nenouku m, aauHa . B moment ¢=0 nenouxy ormyckawor. Cun-
Tas UENOUKY OJHOPOJHOM O AJTHMHE, HAHTH:

a) MrHOBeHHOE 3HayeHWe F(f) CHJBI, C KOTOPOH LENoYKa
JIeHCTBYeT HA CTOJ,

6) cpennee 3Hauenue (F) 9TOH Cwibl 3a BpeMs MajeHHA.

1.69. Cuna, jeficTByiomas Ha uacThuy, umeer Buil F=
=qe,(H), rie a — KoHcranta. Bruucauts pagory A, coBeps
IIaeMylo HaJl yacTuueit 37ofi CH/IOH Ha MYTH OT TOYKH C KOOpAH«
natamu (1, 2, 3) (M) 20 Touku ¢ Koopamunatamu (7, 8, 9) (M),

1.70. Yactnna jpuzKercsl pPaBHOMEPHO IO OKPYXKHOCTH.
Uemy paBua paGora A pesyabTHpyollel BceX CHI, JelcT-
BYIOIIMX Ha YaCTHL: a) 3a ogun obopor, 6) 3a moaobopora,
B) 3a 4etBepTh obopoTa? .

1.71. Yacruua nepemeliiaerca [0 OKPYMHOCTH panuyca f
o, neiicTBueM ueHTpasbHoil cuipt F. IeHTp OKpPYXKHOCTH COB-
nagaer ¢ CUOBHIM UentpoM. Kakyio paGory A cosepiuaer
cuna F Ha nytu §?

1.72. TaurennuasbHoe YCKOpEHHE W, YacCTHULLI MacCH 771,
JBHIKYILEHACS 110 HEKOTOPOH KPHBOJMHENHOH TPaeKTOPHH, H3e
MEHSIeTCs C PACCTOSIHHEM S, OTCYUMTAHHBIM BJIOJb TPaeKTOPUH
OT HEKOTOPOI0 HayajbHOTO NOMNOMKEHHS YaCTHIB!, MO 3aKOHY
w, =w, (s). Hanucare Buipaxenne jaa pabotst A, cosepimae
eMoil Haj uyacTuleldl BCeMH JefCTBYIOLUMMH Ha HEE CHJIaMH,
Ha YY4CTKE TPAeKTOPHH OT § J0 Si.

1.73. Teso macesl m=1,00 Kr nagaer ¢ BbIcoTEl A=20,0 M.
ITpene6peras CONPOTHBJIEHHEM BO3AYXa, HAHTH:

a) CPERHIOD [0 BPEMEHH MOLIHOCTb (P), pa3BUBaeMYIO CHe
JI0H TAMECTH Ha NyTH h,
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6) MrHOBEHHYIO MOIIHOCTB P Ha Bhicore h/2.

1.74. DpoileHHpll KaMeHb MacChl /1 MOAHUMAETCs Haj
YPOBHeM, Ha KOTOPOM HAaXOJHTCA TOYKa GPOCAHHs, HA BLICOTY
. h. B BepxHe#l TOYKe TPAeKTOPHH CKOPOCTb KaMHsl paBHa v.
Cusia CONpOTHB/IEHHS BO3LyXa COBeplIaeT HaJ KaMHeM Ha
NyTH OT TOYKM OpocaHHsl JO BEpIIMHB TPaeKTOpHUH paboTy
A onp- Uemy paBna pabora A GpocaHus KamHAP

1.75. Tesno maccer /m 6pollieHa NOX YIVIOM & K T'OPH3OHTY C
HauaJbHOH CcKOpoCThiO Uy [IpeHeOperast conpoTHB/IEHHEM BO3-
Jyxa, Ha#tu:

a) MrHOBeHHYI0 MollrocTh P (f), pasBHBaemyio NpH HoseTe
Tejla NPUJIOXKEHHOH K HeMy CHJOH,

6) 3HaueHHe MOUIHOCTH P B BepUIMHE TPAaeKTOPUH,

B) CpefHee 3HaueHHe MoWHOCTH (P).,, 32 BpeMms NoAbeMa
TeJa, \

T) cpexHee 3HavyeHue MouiHoctH (P),, 3a BCe Bpems INoJe-
Ta (Todka GpocaHusi ¥ TOYKa NaleHUs HAXOAATCS HA OJHOM
ypOBHe).

1.76. Teso Macchl m HauvHAeT ABUraThbesl NOJ AeHCTBHEM:
cunet F=2fe,+-3¢%,. Halitu momuocts P(f), pasBuBaemyio
CHJIOH B MOMEHT BpeMeHH f,

1.3. dueprus

1.77. Hafitu npupamenne snepruu AE, ecnu: a) E;=2 JIx,
E.=b Ix, 6) E,=10 Ix, E,=8 k.

1.78. [Insi ygasanublix B 3ajaue 1.77 HawaneHoit E; H

. KOHeuHol E, sHepruii Haiitu yoObuib 3Heprun —AE. '

1.79. [lepBoHaya/bHO HOKOMBHIAficS YacTHIA, HaXOAACh
nox AefictBHeM cHJnl F=le,+2e,+-3e, (H), nepemecrusiach u3
TOUKH (2, 4, 6) (M) B Touky (3, 6, 9) (M). HaliTH KHHETHUECKYIO
sHepruio 7T yaCTHIBl B KOHEYHOH TOUKe.

1.80. Haxofisice nmox AefiCTBUEM IOCTOSTHHON CHJBI C KOM-
monenramu (3, 10, 8) (H), wactuna nepemectujach U3 TOYKH |
¢ koopxuHatamu (1, 2, 3) (M) B TOuky 2 ¢ KOOpZUHATAMH
3, 2, 1) (m).

a) Kakast nmpu stoM coBepiaercs pa6ora A?

6) Kak wusMeHHsacb KHHETHYeCKash SHEPrusi YacTHIBI?

1.81. JlokasaTh COOTHOIUEHHE

Ty=T,+mV?2,
rae T, — KUHETHYeCKasi SHePrHA CHCTeMbl MarepHdasbHBIX

TOYeK, onpejensieMas B JlaGopatopHOH cucreMe orcuera (J1-CH-
creme), T, — KHHETHYEeCKas 3IHeprHs, OlIpejesnseMas B CH-
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cTeMe IEHTpa Macc (Uu-CHCTeMe), M — CyMMapHasl Mmacca Cue
cTeMbl, Vo — CKOPOCTh LEHTPA MacC B J-CHCTEME.

1.82. lloresnua/ibHass 3HEPUHsl YACTHIBI B HEKOTOPOM CH-
JIOBOM ToJe onpeneisercss shipaxennem U=1,00x+2,004%+ -
43,0022 (U B JIx, Koopauuaret B M). Hafitu paGory A, coBep-
HIAeMYI0 HaZ 4YacTHUEH cujaMM NoJsA NPH Iepexoie U3 TOUKH
¢ xoopaunaramu (1,00; 1,00; 1,00) B TOUKY ¢ KOOpJHHATAMH

2,00; 2,00; 2,00).
2,
1"’ RN
N \ hll

Puc. 1.12 Puc. 1.13 Puc. 1.14

1.83. Ilorenuuanbuasa sHeprUsA YacTHUBLI ONpeNessieTcs BH-
paxenuem U==aqa(x*+y%--2%), rie @ — nojoXKuTeNbHAs KOH-
cTanTa. YacTuua HauuHaeT ABUTATLCA M3 TOUKH C KOOpAMHa-
tam (3,00; 3,00; 3,00) (). Halirn ee KuHeTHuecKyio SHepruio
T B MOMEHT, KOrja 4acTHLA HaXOAUTCs B TOYUKe C KOOpAHHA-
~ramu (1,00; 1,00; 1,00) (m).

1.84. JIBa Tesna cockasnb3blBalOT Ge3 TpeHHs U Ge3 Hayafb-
HOH CKOpOCTH C HAKJOHHBIX ILIocKocredr I u 2 (puc. 1.12).

a) CpaBHUTH CKOPOCTH TeJl U; H U; B KOHIIE COCKaJb3bIBA- .
HHUA.
6) OpuHaKOBBI JIH BPEMEHa COCKa/b3bIBAHUSA fy H f,?
1.85. VIMmetorca JiBe HAKJIOHHEIE TLIOCKOCTH, COBIAZaioulue
¢ XOpJaMH OiHOH M TOfl ¥Ke OKpY:KHocTH panuyca R (puc. 1.13).
C Kax[J0# U3 HUX COCKa/b3bIBaeT Ge3 TPeHHst u 6e3 HaudasbHoil
ckopocTd Hefosbloe Testo. i Kakoil U3 ILTOCKOCTeH Bpems
COCKanb3biBaHUA Gosbile?

1.86. HeGoubioe Tes1o Maccsl 11 yCTaHABJIHBAIOT B BepXHell
TOYKE HAKJIOHHOH ILIOCKOCTH BEICOTHL /i U COOOLIAIOT eMy
HayaJbHYI0 CKODOCTb Uy, B pe3y/bTare Uero OHO HAYHMHaAET
crnon3aTh Mo IJjockoctd BHU3 (puc. 1.14). IloeepxHocTs mJl0-
CKOCTH HEOJHODOXHA, IIO3TOMY CKOPOCTH CIIOJI3aHHUS H3Me-
HAETCS HEKOTOPLIM IIPOU3BOJIbHBIM 06pa3oM. OAHAKO B HHKHeH
TOYKE TJIOCKOCTH CKOPOCTh HMeeT NepBoHayajbHOe 3HAUeHHe
vo. Kakyto pabory A coBepmiaioT CHJILI TPEHHsI Ha BCeM INYTH
JBUJKEHHS Teja? :

1.87. HeGosbnioe Teno HauyuHAeT CKOMb3UThL Ge3 TpeHHs
C BeplMHEI cepnl paguyca R Bru3 (puc. 1.15). Ha xaxoii
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BBICOTE A Haf HEHTPOM cephl TeJO OTAENHTCS OT MOBEPXHOCTH
cepnl ¥ moaeTuT csoborHo?

1.88. TIlo xenofy, umeowieMy ¢opMy, MOKa3aHHYIO Ha
puc. 1.16 (ropusoHTafbHBI YYacTOK Kesio6a CABMHYT OTHOCH-
TeJbHO HAKJIOHHOTO B HAaNPAaBJIEHHH, NepreHIuKysIPHOM K PH-
CYHKY), C BHICOTHI I HAaYHHaeT CKOJBb3HTH Ge3 TpeHHs HeGOMb-
I0e TeJIo (MarepHasbHAsA TOYKA).

.‘

%

>
|
]
|
|
|
|
)
I
1
!
1

Puc. 1.15 Puc. 1.16

a) Ilpy KakoM MHHHManbHOM 3HAYCHHH BLICOTHI h TeNO
OMUILET TONHYIO TeTJI0, He OTHENSSACH OT XKeaoba?

6) Uemy paBHa npu TakoMm 3HayeHHH h cuna F jaBaenHus
Tesa Ha Xenob B Touke A?

1.89. T'paauent ckaaspHOl GYHKUUH @ B HEKOTOPOH TOUKe
P npesncrasasier coGoil BeKTOp, HAalpaBJIeHHE KOTOPOrO COB-
nafgaer ¢ HanpabsiendeM I, BIOJMb KOTOpPOro GyHKUMS ¢, BO3-
pacrtas IO BeJHYHHe, H3MeHsercsl B Touke P ¢ Haubosblueit
CKOPOCTbIO. Mojiynib 3TOro BeKTOpa paBeH 3Hauennio de/dl
B TOuKe P, AHaJHTHYECKH 3TO MOXKHO 3aMHCAThb CJENYIOUIHM
obpaszom:

d
V({):—d(-?el.

1. Vcxons wus storo onpejiejieHst, HaliTH BHIPAXKEHHA IJA:
a) yr, 6) y(1/r), B) yf(r), rre r — Mozxy/p paguyc-BekTOpa
ToukH P,

2. ¥Y6enutbcs B TOM, YTO TaKHe 3K€ BBIpAXKEHHS MOJYYalOTCS
€ noMOm b0 (GOPMY.JIBL

oy 6q} op
Vo="F¢e: T 5,8+ 5 ¢

1.90. IToreHnuanbHas SHEPTHA YACTHULl HMeeT BHI: a) U=
=a/fr, 6) U=Fkr*2, rae r — Monysib pajuyc-BeKTOpa r yac-
Taubl & U k& — KoHcrautsl (£>>0). Haiitu cuay F, meiicrsyio-
LlyI0 Ha Yactuuy, ¥ pabory A, coBepllaeMyio Haj YacTuiued
npu nepexofe ee u3 Toukd (1, 2, 3) B Touky (2, 3, 4).
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[MorennnanbHass 3HEPrus YACTHUBI HMEET BHJ
U=a(xly—ylz),

rre a — xoHcranta. Haiitu:

a) cuay F, JzeficTBylomylo Ha uacTuuy,

6) paboty A, cosepliaeMylo Haj YacTHUEH CHJIaMH moss
npu nepexoge yactuupl u3 touku (1, 1, 1) B Touky (2, 2, 3).

1.92. IlorenuuanbHast SHeprus 4acTHUpl, HaXoidlledcsa B
IIeHTPaJIbHO-CHMMETPHYHOM CHJIOBOM IIOJie, HMeeT BHJ

U=a/r*—b/r,

rie @ U b — nonoKHTENbHBIE KOHCTAHTHL.

a) Vimeercss s y 5TOH YacTHIEI NOJOMEHHE YCTOHUHBOTO
PaBHOBECHA 1O OTHOLIEHHIO K CMCILEHHAM B PafHaJbHOM Ha--
npaBJeHuH?

6) Hapucosatbh npumepHyio KpuByio 3aBucuMoctd U ot r.

1.93. Yactuua JABHKeTcA [0 OKPYXKHOCTH B IOJE€ LEHT-
panpbHOi CHJIbl, OOpaTHO IPONOPLUOHAJLHOH KBAaApaTy pac-.
CTOSIHHSI OT CHJOBOrO LeHTpa. B kakom cooT-
HOLIEHHH HAXOJATCH B 3TOM cCJjydae KHHETH-
ueckad T, notenuuanbsas U u noanas E sxep-
I'HH YaCTHIBI?

1.94. Yacruua maccet m Haxonmca B CHJIO-
Bom none Buaa F=-—(a/r*)e, (¢ — nojoxu-
TejbHass KOHCTaHTa, r — MOAYJAb, a4 €, — OpT
pajuyc-BeKTOpa 4acTuun). HacTuuy noMecTHsin
B TOYKY € pajHyC-BeKTOPOM Ty U COOCHIANK
el HaYalIbHYIO CKOPOCTb Vo, NEPHEHAHKYISDP-
HYIO K fo. Ilo xakoii TpaeKTOpHH 6yzer ABHra-  Puc. 1.17
ThCSA yacTuuar

1.95. Ilpn KakoMm yCJOBHH TPaeKTOpHeH yacTHII H3 npe-
Apyuielt 3agagd OYJET OKPYXKHOCTH?

1.96. HesecoMasi HepacTsiKEMasi- HUTb MOXKeT CKOJbL3UTh
6e3 Tpenus no H3orHytomy menoby (puc. 1.17). K xoHuam
HMTH NPHKpPEIJIeHH rpy3sl Maccamu m;=3,00 Kr u m,=1,00 kr.
I'pys Macchl m; NOZHHMAIOT HACTOJIBKO, YTOGHI TPY3 Macchl MMy
KOCHYJICA Tlosia, M ornyckawoT. Buicora #,=1,00 M. Ha kaxyw
BBICOTY M, Haj TOJIOM IOAHHUMETCS IPY3 MACCH 1, HOCJAE TOrO,
KaxK Ipy3 Macchl /M; YAApUTCSA O MOJI?

1.97. Apromob6HIp Maccel m=1,00 T exaa HeKoTopoe
BpeMsi 110 TOPH3OHTAJbHOMY YYacTKy AOPOIH C MOCTOSIHHOM
ckopoctsio v==80 xm/4. Tlpu Bvesne Ha moxbeM, o6pasyomuil
¢ ropusoHroM yroan a=10,0°, ana Toro 4To6H COXpAHUTh
AIPEXKHIOI0 CKOPOCTh, npuumocr) «IIpH6aBUB ras», YBEJIUUHTH
BPAUAIOIMA MOMEHT, NPHJOXKEHHBII K BEAYLIHM KOJecam,
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B 1=6,20 pasa. Cduras cuny F. cONpOTHBJIEHHSI BO3AyXa
JBHIKEHMIO aBTOMOOWJISI INPONOPLHOHAILHOH KBajgpaTry CKo-
poctH, onpenenntb KospdunueHt k B Qopmyae F=kv®. Tpe-
HHeM B IIHHaX npeHe6peyb.

1.98. Tlo. pesuHoBOMY HIHYDY, TOJABEHICHHOMY OXHHM KOH-
woM K Kpoumreiiny (puc. 1.18), moxer ckonbsuTbh ¢ Hesa-
BHCAIIUM OT CKOPOCTH TPEHHEM Mydra Macchl m=
=0,300 xr. TpeHne Xapakrepusyercsi cuyiofi F=
=0,294 H. [nuna HenegopMupoBaHHOro miHYpa
1,b=1,00 M, Ko3{ULUEHT IPONOPUHOHAIBHOCTH
MEXKIY YIPYrofl cu/ofl W yIJIUHEHHeM IUHypa k=
=560 H/mM. Ha HuMxHeM KoHLe IIHypa HMeeTcs
ynop. Mydry nofiHHUMAOT B KpafiHee BepXHee Ie-
JOXeHUe U OTmycKaioT. IlpeHeGperast BHyTPEHHUM
. TpeHHeM B IIHype, pasMepaMu MY(TH, a TaKKe
Puc. 1.18  maccaMmu mHYpa H yIopa, ONpENeNHuTh:

a) yanuHeHWe muypa Al B MOMeHT JocTuxe-
HHA MybTO# ynopa,
6) CKOpPOCTb MY({THI U B 3TOT MOMEHT,
B) MaKCUMa/lbHOe YJJIHHeHHe WHYpa Aly,,.

1.4, Hmnyasc

1.99. Cucrema cocrour u3 yacruusl 1 maccel 0,100 r, ua-
cruust 2 macest 0,200 r u yactuun 3 Mmaccs 0,300 r. Yacruna 1
noMerniaercsi B- Touke ¢ Koopauuatamu (1,00; 2,00; 3,00),
yacTHna 2 — B TOuke ¢ KoopaMuaramu (2,00; 3,00; 1,00),
yacTHua 3 — B TOouke ¢ koopausaramu (3,00; 1,00; 2,00)
(3Hauenust KoopiuHaT JaHEl B Metpax). Hafitu papuyc-ek-
TOp Ty LEHTPA MAcC CHCTEMBI ¥ €ro MOLYJb.

1.100. V3 acrpoHoMHuecKHX HaO/IOAeHUH YCTAHOBJAEHO,
UTO Ha3biBaeMblli GAPUIEHTPOM HEHTP MAacC CHCTEMBI 3eMJisl —
JlyHa pacnonoxeH BHYTPH 3eMHOrO Liapa Ha pPacCTOSHUH
nRs or uvenrpa 3eman (n=0,730, R; — paguyc 3emun).
Cuntass H3BECTHHIMH Maccy 3eMau g, pagayc 3emad Rj
M cpeHuil panuyc JyHHOH op6HTHL R, BEIUMCAUTL Maccy JIyHbl
my. CpaBHUTb NONy4YeHHOEe 3HayeHHE ¢ TaOJHYHBIM.

1.101. Onuopoxmuslit KpyrJablii KoHyc uMeer Boicoty k. Ha
KaKOM PacCTOfHUM [ OT BepUIMHBI HAXOZWTCS .ero IeHTP Macc?

1.102. Uemy paBeH HMNYJILC P CUCTEMbI YACTHIL B CHCTEME HX
LeHTpa Mace?

1.103. Kax Beger ce0si UeHTP Macc, eCJy. CyMMAapHbIH :HM-
- IyJIbC CHCTEMBI YaCTHIl PaBeH HYJMO?

1.104. CucreMa B3auMOIEHCTBYIOIIHX TeT HAXOAUTCA B ToJIe
cun TaxectH BO/IH3M noBepxHocTH 3eMiad. Kak Benmer cebs
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mentp Macc cHerempr? - CompornBieHHEM BO3JyXa [MpeHe-
Opeyb.

1.105. Teno maccel m OGPOCHJH TIOJ, VIVIOM K TOPH3OHTY C
HauYa bHOH CKOPOCTBIO Vo Cnycrst BpemMs T TeJIO YNalo Ha
- 3emsio. IlpeHeGperast CONpPOTHBJIEHHEM BO3jyXa, HalTH:

a) mpUpalleHHe HMIyJabca Tela Ap 3a BpeMs I0Je€Ta,

6) cpeiHee 3HayeHHe MMIyJbca (p) 3a BpeMs T.

'1.108. YacrHua Maceh! /1 IBHKETCSl B IIJIOCKOCTH X, i TOX
JeficrBHeM NOCTOAHHOH 110 MOLyJo cuibl F, rosopaunsatomesi-
CSl B 9TOH MJIOCKOCTH 110 44COBOH CTPeJKe ¢ MOCTOAHHON YIVIO-
BOH CKopOCTBIO ©. B HauajbHBIA MOMEHT BpEMEHU CHJA Ha-
pas/eHa MO OCH X, CKOPOCTb YaCTHLBI paBHa Vo. Hafitu um-
HyJIbC YACTHIBEI P B MOMEHT BpeMeHH f,

1.197. lpa mapa JBH:KYTCS HaBCTPEUY APYT APYrY BJOJL
npsiMofi, Npoxoisauiedl uepe3d uX IHeHTPHl. Macca H ckopocTh
nepsoro luapa pasusl 4,00 kr u 8,00 M/c, BTOpPOrO MIApa —
6,00 xr u 2,00 m/c. Kak 6yayT asuraThcs LiapH Iocje abco-
JIOTHO HEYNIPYToro coyiapeHus?

1.108. JiBa wiapa mperepleBalOT HEHTPABHLIH abCOMIOTHO
Heynpyruil yuap. Jlo yaapa map MacCel 7, HEOABIKeH, lIap
Macchl 71 IBHXKETCst ¢ HEKOTOPOH CKOpocThio. Kakas uacts 1
IEPBOHAYANBHOA KUHETHYECKOH SHEPrHH TepsAeTcsl NpH yaape,
€ a) Mmy=H,, 0) m;=0,1 nt,, B) my=10 m,?

1.109. [Hap Maccet m; coBepillaeT UEHTPaNbHBI 2GCOMOTHO
VOPYTUHA yAap O NOKOSUMACS LIap Macchl M. :

a) [Ipu xakoM COOTHOUIGHHM Macc My M M1, NepBhii 1wap no-
JIETHT TIocsie yiapa B ofpaTHOM HalpaBJeHHH?

6) Uto NpoHCXOIHT ¢ MepBBIM IIAapOM, €CJH Macchl IIapoB
OJJMHAKOBEI?

B) HTO NPOHCXONUT C NEPBBIM ILAPOM, €CAH M<K Hl,?

1.110. pa mapa jBHKYTCA HABCTpeuy APYL APYTY BIOAD
ocd x. Macca nepsoro mapa m;=0,200 kr, mMacca Broporo
mwapa m,=0,300 xr. Jo CTOJKHOBEHHSI NpPOEKIUH CKOPOCTEH
1IApOB Ha OCb paBHBL v;,=1,00 Mm/c, vy=—1,00 m/c. Hafitu
NPOEKUHH CKOPOCTEH WIAPOB Uy, H Usy MOC/KE KX UEHTPANBEOTO
abCoNIOTHO YIPYTOrO COYapeHus.

1.111. Idap maccel m;, ABHKYIIMHCS €O CKOPOCTBIO Vo,
VAapsieT O HENOABHMMKHBIA LIap Macchi M, llocse abcosmorHo
VAPYroro CoylapeHus IHApEL JIETAT CO CKOPOCTAMH Vi M V,
B HanpasJ/ieHufx, yKasaHHBIX Ha puc. 1.19.

1. Ilpu KaKOM COOTHOMISHHH MacC f1; H #1; BOSMOMHBI CJTY-
vau: a) a=n/2, 6) o4=f4~0, B) a=P=0, r) a=n, B=0?

2. Bosmoxen au cayyait f=n/2?

3. Uemy pasHO npHu o.=m/2 npefie/ibHOE BO3MOMXHOE 3Ha-
yenue yrja f?
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4. Kakyio OTHOCHTENBHYIO JOMO 1) CBOEH KUHETHUECKON
SHEPTHH NePejIaeT NepBbiil Wap BTOPOMY B CaAyYasx: a) o =m/2.
6) a=p+£0, B) a==0, r) a=n, P=0?

5. CpaBHHTH pesynabTathl M. 4a — T.

6. Uemy paBHO npesesbHoe 3nayeHue 1 B cayuyae 467

7. llpu KakuX 3HAYeHHSIX My, M, U P TepBbI map nocae
yaapa NOKOHTCS? ‘ ‘

8. Haiitu yroa f B ciyuae, eciu: a) a=n/2 u m,==0,99 m,,
6) a=P=£0 u my=m,.

9. CpaBHuTH yros pasjera mapos (1. e. a--f) B cayuasx
8a n 86.

10. JlokasaTb, 4TO B Ciyyae 711, =11, OpH JIOOOM 3HAYCHUH
o (B mpegenax O<<a<<m/2) yroa pasnera L1apoB paBeH /2.

1.112. JIBa oaHAKOBBIX 11apa NpeTepleBaloT HEHTPaNbHBIH
yAap. Mo ynapa BTopolt Iap HENOABH:KEH, MEPBHI JBHKETCH

CO CKOPOCTBIO Uy, XapakTep YAapa
e 0/4"1 TaKOB, YTO IHOTepPs SHEepPruH CoCTaB-
oy m, { JIFIET 1)-10 YacTb TOH, KOTOpas HMeJa
O—= -G r---  Ob MECTO IPH abCOMOTHO HEYTIPYTOM
&/ yAape. \
mZ% 1. Onpesmeauts CKOPOCTH IIApOB
Uy U U, mocae yjaapa.
2. HccaenoBath ciyuau: a) =1,
6) n=0.

1.113. Briuncauts ckopoctd imapos us 3agauv 1.112 nas
sHauenui 1, pasueix: a) 0,1, 6) 0,5, B) 0,9. CpaBuuTh HONY-
YeHHBIE Pe3YJIbTATHL.

1.114. Paciianngumecst fetH GPOCHIH MY BCJAEH NPOEXaB-
lieMy MHMO Ipy3cBoMY aBromMofusio. C KakKoH CKOpPOCTBIO v
OTCKOYHT MfAY OT 3ajHero Gopra Ipy3oBHKA, €CJAH CKOPOCThb
aBToMoGHIs u=7,0 M/C, CKOPOCTb U, Msiya HENOCPEACTEEHHO
nepe yaapom pasia 15,0 m/c u HanpaBieHa nmo HOpMaaH K
noBepxXHocTH  Gopra. Yiap cuurtath aGCOMIOTHO YHPYTHM.

1.115. Ilporon mnauupaer gBUrarbcs 10 HalpaBJeHHUI0
K CBOOOJAHOH mokosimelcst anbda-yacTule «U3 GeCKOHEUHOCTH
(T. e. ¢ paccTosuus, NPH KOTOPOM B3aHMOZEHCTBHE MEMAY
NPOTOHOM H ajb¢a-yacTHeH NpeHeGPEKMMO Majo) CO CKO-
pocteio v,=1,00-10° m/c. Cunrasi «coyapeHHe» LEHTPATbHEIM,
ONPEACNHTb, HAa KaKO€ MHHHMATbHOE PACCTOSIHHE fp;, COJIH-
35TCST 4aCTHLEL. .

[Ipu peleHun 3afaud yuecTb, 4TO B3aHMHASI MOTEHIHAJb-
Has SHEPTHSl JBYX TOYEUHBIX 3apANOB ¢y U (§,, HAXOMAIUXCS
Ha pacCTOAHUHM r Jpyr or japyra, paBHa U=kqq,/r (cp. c
BoIpakeHneM U=—ym,m,/r 1js B3auMHoll TOTEHUHANbHOH
SHEPTHH JBYX TATOTEIOUWMX APYr K APYry TOYEYHHIX Macc),

34

Puc. 1.19



B CH uucnoBoe 3Havyenue Kod(xpuiiMeHTa HPONOPLHOHAD-
noctH k paBHo 9-10°. 3apaj nporoHa paseH -}-e, 3apsal anbda-
YacTHIB paBeH -+2e, rie e — aneMeHTapHuIfi 3apsif. Macca
nporona m,=1,67-1072" kr, macca anbda-4acCTHUbI M=
=6,64-10"%" kr.

1.116. BojomeTnblit xBuratenb Karepa sabupaeT BOAY H3
peku U BeIGpachiBaer ee co ckopocteio u==10,0 M/c oTHOCH-
TeIbHO Kartepa Hasajn. Macca karepa M=1000 xr. Macca
€XKeCeKyH/HO BHIOpAachiBaeMON BOJBI NOCTOSIHHA H paBHA m=
=10,0 xr/c. IlpeneGperass conpoTHBJICHHEM [BHKEHHIO Ka-
Tepa, ONMpere/HuTh:

a) ckopocTb karepa v cnycrsi Bpema {=1,00 Mum mocse
Hayasa JABHKEHHH,

6) KakoH HpeleTbHOH CKOPOCTH Up,, MOXET JOCTHYb
Karep.

1.5. MomeHT umnyJibca

1.117. Cuna ¢ romnouentamu (3, 4, 5) (H) npunoxkena x
TouKe ¢ Koopiuuaramu (4, 2, 3) (M). Haiitu:

a) MOMeHT cuJbl N OTHOCHTEesbHO Hayajia KOOpJMHAT,

6) Monyab Bektopa N,

B) MOMeHT CHJIBl N, OTHOCHTEJIbHO OCH Z.

1.118. Bpamenuune or gsuraTensi K BelyHIIUM KoJecaM aBTo-
MOOHJ/Isl TepenaeTcss yepe3 psiil YCTPOHCTB, OJHO H3 KOTOPHIX,
HasblBaeMoe Clel/eHueM, I03BOJAET B cjydae HaJOGHOCTH
OTKJIIOUATh JABHrATelb OT OCTalbHBEIX ycrpohcrs. Crensenne
B TNPHUHIHIE COCTOMT H3 JABYX OJMHAKOBBIX (PPUKUHOHHBIX
'HaKJIaloK, HPHKUMAaeMBIX APYr XK ZPYTY CHJABHBIMH NpPYXKHHA-
‘MH. B aBromofuie «)Kury/iu» GpUKUMOHHBIE HAKAAAKH HMEIOT
dopMy KoJiell ¢ BHYTPeHHUM auamerpoM dy =142 MM ¥ Hapyx-
HbiM jHaMerpoM d,=203 mm. Kosddumnent tpeans Hakaaiku
no HaxJaaake k=0,35. Hafitn HaumeHsmylo cuay F, ¢ KoTopoil
HYXHO IIDMXKHMaTh HaKJ/JaiKH, 4ToObl IepefaTh BPailalomuid
MoMeHT N=100 H-m.

1.119. Teno maccet m=1,00 Kr 6polieHo H3 TOUKH € KOOp-
gunatamu (0, 2, 0) (M) BBepX NO BepTHKaJH C HavyaJbHOH
ckopoctbio v,=10,0 m/c. Ha#iTu npupamenue mMoMeHTa. UM-
nynbca AM OTHOCHTENLHO Hayanga KOOPAHHAT 32 BCe BpeMms
nojieTa Teaa ([0 BO3BpAUIEHHS B HCXOAHYIO Touky). Ochk z
HanpasJeHa BeepX. ConpoTuBjeHHeM BO3IyXa NpeHeGpeub.

1.120. Teso Maccel /m OpOIIGHO C HayaJbHOH CKOPOCTHIO
Vo, O6pasyioliell yroan o ¢ ropusontoM. IlpuuaB mjaockocTs,
B KOTODOH JIBMIKETCSI TeJIO, 3a NJIOCKOCTh X, Y H HANpaBuB
OCh y BBEpPX, a OCb X — O HaNPaBJCHUIO IBHUIKCHHA, HAHTH
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BEKTOP MOMEHTa ~HMIIyJabca Tena M oTHOCHTENILHO TOYKH
GpocaHHsi B MOMEHT, KOIJid TeJO HAXOAUTCA B BepXHed TOUKE
TpaekTopuu. ConpoTHBJCHUEM BO3AyXa NpeHe6peyb.

1.121. e uacTHipl ABHKYTCA DABHOMEPHO B NPOTHBO-
NOJOXKHBIX HalpaBieHMsAX BJAOJIb Hapa/JIeJbHBIX I[pSIMOJH-
| HeHHEIX TpaekTopuit (puc. 1.20). Paccro-
: quMe MEeXIy TpaeKTopusmu pasao [. Ha
i pucyHke n ofo3HauaeT HaNpaBJeHHYIO 3a
;:2_ _0; uepTesx HOpPMalb K IVIOCKOCTH, B KOTO-
{ 5, pol Jexar Tpaektopud uvactmu. Haiiru:

a) CyMMapHBIH UMIYJbC YacTHL, p,
6) cymmapHbie MoMenthi M; u M, nm-
NyJsibca YacTHIl, B3ATHIE OTHOCHTENBHO YKa-
3aHHBIX Ha pucynge todek 0, n O,.
Paccmorperb gBa cayuasi: 1. VIMnyabcst
YacTHIL PasjinuyHbl' 10 Moaysmo. 2. MonyJ/u
HUMITYJIbCOB YacCTHIL OJIMHAKOBEL py= pa==p.

1.122. Mwmeercss samkHyTas cucreMa, COCTOflUAast U3 7
B3aHMOJIEACTBYIOMHX YacTHIl. BeseacTsine B3anMOAEHCTBHS
MEXKAY YaCTHIAMH HX HMIOYJILCH Py, Pay . . ., Pp ABISIOTCA
GYHKHUAMHE BpeMmeHu: p,=p;(f). OgHAKO B CUAY 3aMKUYTOCTH
cucTeMbl ) p, = const. Jlokasars, yTo B ciydae, Korja CyM-
MapHBI HMIYJbC CHCTEMbI paBeH HYJO, MOMEHT HMIYJbca
CHCTEMBI HE. 3aBUCHT OT BBI6OPA TOUKH, OTHOCHTEIbHO KOTODOH
OH Oepetcs. '

1.123. JlokasaTh COOTHOILEHHE

M,=M; -+ [ch],

" O J-K--__——
a >

< :.\ ®§
|

rie M, — MOMEHT uMNyJbca CHCTEMEI MATepHaJIbHEIX TOYEK
OTHOCHTEJILHO Hauana O nafopaTOpHOH CHCTeMB! OTcyera (J1-CH-
cTeMbl), My — MOMEHT UMITyJIbCa OTHOCHTE/IBHO LieHTpa Macc C
(coGCTBEHHEI MOMEHT HMIyJbca), Ry — pajnyc-BeKTOp LEHT-
pa Macc B JI-CHCTEME, P — CYMMapHBIl HMMIYJbC CHCTEMBI
TOYEK, ONpejiesleHHEA B JI-CHCTEME.

1.124. HeGonbloe Teno (MaTepuanbHas TOUKA) MACCHL /1
HaYMHaeT CKOJb3HThL 0e3 TpeHus ¢ BepiUMHEl HaKJOHHOM
miaockoctd (puc. 1.21). DyxBo#i n ofosHaueHa Ha pPUCYHKe
HOpMaJb, Halpas/ieHHAd 3a yepre:k. HafiTy BripaxKeHUs And:

a) MoMeHTa N pesyJbTHPYIOWEH CHIE, JAACTBYIOUleH Ha
T€JO, OTHOCHTENABHO TOYKH O,

6) momeHTa HMIyJbca M(f) Tena otHocuteJbHO TOURH O.-

1.125. Marepuanbnas touka (4acTHiia) Maccel m Gpoluena
NOJ YIJIOM ¢ K TOPH30HTY C HayalbHOH CKOPOCTBIO V,. Tpaek-
TOPHA TOJI€TAa YacTHLBI JIEXKUT B INMIOCKOCTH X, y (puc. 1.22;.
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oCb z HalpaBJeHa «Ha Hac»). [lpeneGperast CONpPOTHBJIEHHEM :
BO3/lyXa, HafiTH 3aBHCHMOCTb OT BpPEMEHH:

a) MomeHTa N cuubl, JefCTBYIOLIEH Ha YacTHILY,

6) MoMeHTa HMIyJbca dacruusl M.

O6a MomeHnTa GepyTcsi OTHOCHTEJIbHO TOYKH OpocaHufl.

m
fl/A 1)
4 .
0 Z z
Puc. 1.21 Puc. 1.22

1.128. Teno maccor m==0,100 xr GpoureHo ¢ HeKOTOPOi
BBICOTHI B TOPH3OHTANbHOM HANPABJEHHU CO CKODOCTBIO Up=
=20,0 M/c. Halitu Momysb OpHpAINEHdsi MOMEHTA MMIYJbCa
tesa |AM| oTHOCHTENbHO TORKH Gpocanua 3a nepeoie T=5,00 c.
ConporuB/ieHueM Bo3Jyxa IpeHedpeys.

1.127. Yerripe onuHaKoBbX luapa Maccwt m=0,300 Kkr
Kak/pil 00beLHHEHE! MONAPHO C NMOMOLIBIO HEBECOBHIX CTEpIK-
melt aanubl [=1,000 M B JBe ranresau.
Pasmepr! mapos Muoro memsiuie [, no-
3TOMY HX MOXHO CUHTaThb Marepuanb-
HeIMH Toukamu. [lanTtenn JBHRyTCA
[OCTYNaTe/bHO HAaBCTPEUy IpYT APYry
C OIMHaKoBOH cxopocteio u=1,000 m/c
(puc. 1.23). Cumrad ynap mapoB MrHo-
BeHHBIM M aJCOMIOTHO YIPYIHM,

a) oXapaxTepH30BaTh JBMKEHHe rau- .
TeJIel Hoc/e coyAapeHus, Puc. 1.23

6) HaHTH YIJIOBY®D CKOPOCTE @

BpalleHusi ramrenes,

B) ONpeJeNuTb BpeMs T, B TeUEHHE KOPOTOrO IPOUCXORUT
9T0 Bpallelie,

I) OXapakTepHU3OBaThb LBHKEHH2 ranTejell N0 HCTEYEHUH
BpEMeHH T.

1.128. Pemts sagauy 1.127, cumras ygap alCo/IOTHO
HEeYyIPYTHM.

a) OxapakrtepuaoBaTh ABH:KEHHE TaHTeJedl Iocie yjapa.

6) Hafitu cKopocTb Uy, € KOTOPOH HBHXKYTCS LEHTDBL r'aH-
Tesel. _

B) Bounc/uth yraoBylo CKOPOCTb ¢ BpamieHust rasreseil.

r) Ompeznenurb, Kak U3MeHSETCH MeXaHuueckas 3SHeprus
E cucremel

A i

i

o3
1
¢ 3

J

3
..Ia‘:
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1.126. I/Imee'mﬂ CHCTEMa M3 JBYX rasrene#i, aHajJorHyHas
onucannoit B 3amaue 1.127. Ilepponauanbno seBast TaHTENb
NOKOMTCA, a NpaBast ABHMKETCS MOCTYNATeNbHO CO CKOPOCTHIO

Py . 2v (puc. 1.24). Orserurs Ha BOIPOCH,

t ; chopMyaupoBantinie B 3ajnaue 1.127.

i 1.130. Pemmrte 3amauy, ananoruai-

1

ll m m’

{ Hyto 3afade 1.128, ¢ TeM Juub OTJIH-
! qyeM, YTO II€pBOHAYAJILHO JieBas raH-
|

i

it

1
|
1
[}

ZU: {ZU T&/Ib IOKOHTCA, a Tpasas AQBumeTcyx
: ! I [OCTYIATeJNbHO CO CKOPOCThLIO 20.

e ;m E 1.131. HauGonbinee paccrosinie ot
: lt o Comuma jo 3emmn R,,,=1,52-10" u,
¢ ! ' naumenbiuee R, =1,47-1011 M, cpennee

Puc. 1.24 paccrosigue R=1,495.10" M. Hcxons

M3 5TUX JaHHBEIX, Ha#iTd cpenHiolo (v),

MaKCHUMaNBHYIO Up,, U MHHHMQJIbBHYIO U i, CKODOCTH JBHXKe-

Hust 3eMsu no ee opure. CpaBHUTb MaKCHMATbHYI0 M MHHH-
MaJNbHYIO CKODOCTH CO CpefHef.

1.132. Uemy paBHA IIPHBEJEHHAsd Macca W CHCTEMBI U3 JBYX
YACTHI, OJHHAKOBOH Macchi m?

1.133. Haiitu npubiukenHoe 3Ha4eHUe NMPHBEACHHOH Mac-

Chl W YACTHII ¢ Maccamu m u M s caydas, xorja m<M.

1.6. HenHepnuajsHbie CHCTEMBI OTCHETA

1.134. OTHoCHTENbHO T'OPH3OHTANLHO PACHONOKEHHOIC AU~
CKa, BPaillaloulerocs: ¢ YrJoBOH CKOPOCThIO Mg, TeJO, Jexallee
Ha JUCKe, HAXOAWTCH B Mokce, Macca Tena paBHa m, paccrosi-

'HHe OT OCH BpalleHus 7.

a) Kakue cuaibt JefiCTBYIOT Ha Te/I0 B HEMOABHAHOM CHCTEME
oTcuera?

6) B xako#l cucrteme OTcueTa K NpPeAbIAyIIHUM CHiaMm jpoba-
BHTCS TOJbKO LEHTPOOEXKHAsA CHJa UHEpLUH?

B) B Kakoll cucreMe orcyera mosiBurcs elie U cuaa Kopuo-
auca? ‘ '

1.135. Kakyio momnocrs P passuBaer cwia Kopuoauca?

1.136. Kaxyio paGory A coBepliiaeT Haf YacTHUEH KOPHO-
JINCOBA CHJIA TIPH NepEMelleHHH YaCTHIEl OTHOCHTEJbHO Bpa-
I AIOIEHCsl CHCTEMB! OTCYeTa M3 TOYKU 1 B Touky 2?

1.137. JIBuxeHne uacrunel maccel m—=10,0 r paccmarpu-
BAeTCs B CHCTEMe OTCYeTa, BpAIlaloleiics OTHOCHTEAbHO HHep-
LUMaNbHOH CHCTEMEI ¢ yIvoBoOft ckopocthio w=10,0 pax/c.
Kakyo pabory A coeepiiator Haj YacTHIEH CHIBL MHEPLHH DU
HepeMELleHHH €e M3 TOYKH, OTCTOALIEH OT OCH BpaIlleHUA Ha
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paccrogiue Ry=1,00 M, B TOUKY, OTCTOAMYI0 HA PACCTOSHHU
R,=2,00 m? '

1.138. HeGousbllioe Teno nanaer 6e3 HavyaJbHOH CKOPOCTH
Ha 3emJ0 Ha 9KBarope ¢ BricoThl h=10,0 M. B kaxyio cropony
U Ha Kakoe PaCCTOIHUE X OTKJIOHHTCS TeN0 OT BePTHKAa/IH 3a
ppems nagerus TP CoNpoTHBJIEHHEM
BOo3fyxa npeHebpeub. CpaBuurth HaH-
JeHHOe 3HaYeHHE X C pasHoCTbIO As
nyTeHl, KoTopbie INPOHAYT BCJAELCTBHE
BpatlleHHsl 3eMJM 32 BpeMs T TOYKaA,
HaXOAsIAsACs HA BBICOTE fi, U TOUKA, Ha-
XOfSIAsics Ha 3eMHOH NOBEPXHOCTH.

1.139. MmeeTca ropHsoHTa/ bHO pac-
HOJIOKEHHOe pYXKbe, J1yJ0 KOTOpPOro
COBI3/laeT C OCbI0 BEPTHKA/JIbLHOIO LH-
aungpa (puc. 1.25). Lluaunap ppama- Puc. 1.25
€Tcsl C YrJoBOA CKOPOCTEIO .

a) CuuTasi, 4TO NyJisi, BHINYHIEHHAS H3 PYKbS, JETUT rOpHU-
30HTANBHO C NOCTOSHHON CKOPOCTBIO U, HAUTH CMEIEHHE S TOY-
Kd B wminnjgpa, B KOTOPYIO ToNajeT MNyJs, OTHOCHTENBHO
TOUKM A, KoTopas HAXOAATCA NPOTHB JAyJAa B MOMEHT BBI-
crpena. Pewmurth 3ajauy ABYMSI clocofamu: B HENOABIKHOM,
CHCTeME OTCUETa H B CHCTEMe OTCYeTa, CBA3AHHON C IHJIHHADOM.

6) 3aBUCHT Jil pe3yJapTarT OT TOTO, Bpaliaercsd pyxbe
BMeCTe C IIMJHHIPOM HJH HEIOJBHKH )?

1.140. Ha umpore ¢=45° H3 pyXbsl, 3aKPeMJIEHHOTrO
TOPH3OHTAMBHO B MJIOCKOCTH MepHAuaHa, HPOU3BeJeH BHI-
CTpes 1o MUIIEHH, YCTAHOBJAeHHOW Ha paccrosiHuu [=100,0 M
OT JyJa pyxbsi. LleHTp MHIIEHH HAXOAUTCA HA OCH pPYKefHoro
crBosia. CuHTasi, YTo NMyJad JIETHT IOPU30HTANbHO € MOCTOSH-
Hol ckopocTsio v==500M/c, onpesenuTb, Ha KaKoe paccTosiHie
W B Kakyl CTOPOHY OTKJAOHHTCH MY/ OT IEHTPa MHIICHH,
ecJH BHICTpEJa NpOH3BeJeH B HAlpaBJeHHU: a) Ha cepep, 6)
Ha K.

1.141. 2aexrpoBo3 Macchl m=184.10% Kr mBMIKeTCA BAO/IH
MepupHana co ckopoctbio v=20,0 M/c (72 xM/4) Ha wmHpoTe
9=45". OnpenenuTs rOPH3CHTANBHYIO COCTABMSIOULYIO F CHJBI,
¢ KOTOpPOH 3JIeKTPOBO3 JABUT HAa PEeJbCHL

1.142. T'opusoHTanbHO pacnoioXkKeHHbH AUCK BpalliaeTcs
BOKPYI' OCH, NpPOXOAAIeHd Yepe3 ero LEHTP, C YIVIOBOH CKO-
pocthio . ITo aucky ABHKETCA PaBHOMEPHO HA HEH3MEHHOM
pAacCTOSiHUM OT OCH BpalieHHd uactuma. Hality Mraosenxoe
3HAUEHHE:

a) CKOPOCTH YaCTHIL v’ OTHOCHTENBHO JAUCKA, IPU KOTOPOH
custa Kopuosauca Oyner ypaBHOBEHIHBATLCA LEHTPOGEKHOI
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cuol uuepuuu. Brpasutb V' uepes MruoseHHoS 3HAYeHUe
panuyc-BexTOopa r, NPOBEACHHOIO K YacTHlEe M3 UeHTpa JUCKa,

6) CKOPOCTH YacCTHIB V OTHOCHUTE/BHO HENOJABUKHON CHC-
TeMBl OTCYeTa 0PH TeX XKe YCJIO0BHUIX.

1.143. T'opu30HTaNbHO PAacCNOJOXKCHHEI CTepkKeHb Bpa-
maeTcss BOKPYT BePTHKAJIbHOH OCH, NPOXOAfLlEHd d4epe3 ero
KOHell, C YIJoBoH cKopocThio ©=1,00 pan/c. Paccrosinue
OT OCH Jio jApyroro kKouua crepxus [=1,00 m. Ha crepxens
nanera Mydpra maccet m=0,100 kr. Mydra sakpemsena c
IOMOIBI0 HUTH Ha paccrostHuy [,=0,100 M oT ocH BpatieHus.
B MoMmeHT f=0 HHTH HepekuraoT H Mydra HaUHHAeT CKOJb-
3HTh M0 CTEPXKHIO NparTHYecKH Ge3 TpeHus. Hahti:

a) BpeMsl T, CHOYCTS KOTOpOe My(ra CJIETHT CO CTep:KHA,

6) cuny F, ¢ KoTopol crepxenb JeficTByeT Ha My(dTy B
MOMEHT T,

B) paGoty A, KoTopasi coBepLiaeTcs Hajg MyQToil 3a Bpems T
B HEMOABHIXKHOH CHCTeME oTcYera.

1.144. Topu3oHTAIbHO PACHONONKEHHBIH AHMCK Bpallaercs
C YyraoBo#l ckopocTblo ®. Bjonb pajuyca AuCKa JABUXKETCH
uacTHLA MAacchl 712, PaccTosiHHe KOTOpOH OT 1SHTpa JHCKa
H3MEeHsIeTCsl CO BpPEMEHeM [0 3aKOHy 7==al (@ — KOHCTaHTa).
Hafitn pesynprupyomuii momedt N cuil, jefiCTBYIOWUX Ha
42CTHLY B CHCTEME OTCYera, CBssaHHo#A ¢ AuckoM. Mmeercs
B BHAY MOMCHT OTHOCUTC/JABHO LEHTpa AHCKA.

1.145. HMwmeercs cucreMa oTcuera, Bpalamouiascd OTHOCH-
TeIbHO HHEPHUAJBHOH CHCTEMBI BOKPYT OCH z C MOCTOAHHOH
yraoBo# ckopocThio @. M3 Touxu O, Haxonsuielicd Ha ocH z,
BLLJIETAeT B NEPNEHIUKYJASPHOM K OCH HalpaBJeHHH yacTHLA
MaCChl 12 M JIETHT OTHCCHTENbHO MHEPUUAJbHOH CHCTEMEl IIps-
MOJIMHEHHO ¢ NOCTOsIHHOH cKopocThio v. HailTH HabironaeMeri
BO Bpaumlalopieficss cicTeMe oOTCueTa MOMEHT HMmIyJsibca M(#)
4acTHUB! OTHOCHTeAbHO ToukH 0. Ilokasarthb, YTO BO3HHKHOBE-
Hue M(f) ofycaoBneno pefictBneMm cuinl Kopuonuca.

1.7. MexanuKa TBepjcro Tena

1.146. Teno npousBoabHOil dopMbI BpAMAETCA BOKPYT
oct 0O ¢ yrjoBoit ckopocTbio . Jlokazarh, YTO YIJioBast
CKOPOCTb BpalleHus Tena BOKPYr JoGoil apyroft ocu 00/,
napaJjaeabHoll ocy OO, TakXe paBHa ©.

1.147. Touka 1 Tena, Bpainaionierocsi ¢ yryioBoH CKOPOCTEIO
®, HMEET B HEKOTOPBIH MOMEHT BpeMeHH CKOpocTb vy. Hailtu.
JJiS1 TOTO e MOMEHTa BPEMEHH CKOPOCTb Vg TOUKH 2, CMeIleH-
HOU OTHOCHTEJNDHO TOYKH 1 Ha ry,.
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1.148. Tesno coBepuiaeT HJiOCKOe ABHXKEHHE B IIJIOCKOCTH
x, y. LUentp Macc Tena C nepemelnaercst BIOJAb OCH X € [IOCTO-
STHHOH CKOPOCTBIO V. B Moment {=0 ueHTp Mmacc coBliajana ¢
Havajom KoopiuHat O. OpHOBpeMEeHHO TejO BpalaerTcst B
yKasaHHOM Ha puc. 1.26 HampapjeHHH CO CKOPOCTBIO ®.

l
y — L i

A YN
p=—rt
Puc. 1.26 Puc. 1.27

Hanucare Bhlpamenue jis pajuyc-BeKTOpa r TOUKH Iepece-
YeHUA MPHOBEHHO! OCH BpalileHHs Tefa C MJIOCKOCTBIO X, Y.

1.149. Baaxa maccei m=300 kr 1 anuns [=8,00 M JexuT
Ha aByx onopax (puc. 1.27). Paccrosaua oT KoHLOB 6aaky 1o
onop: ;=2,00wM, {,=1,00 M. Hafitu cunet F; u F,, ¢ KOTOPEIME
fasKka JABHT Ha ONOpHI.

1.150. Jlecruuua pauuel [=5,00 M u Maccul m=11,2 xr
npUc/CcHEHa K TVajkoli credHe mox yraom a=70° K moay
(puc. 1.28). Koadxpunuent Tpenus: Mexay JeCTHHUEH M HOJIOM
£=0,29. Haiitu:

a) cuay F;, ¢ KoTOpOll JsieCcTHHIA JaBUT HA CTeHY,

6) npejesbHOE 3HAUEHHE YIJa O, IPH KOTOPOM JIECTHHIA
HAYMHaeT CKOJbL3HTh.

U
f 2

my ‘ mp

. b'z
Puc. 1.28 Puc. 1.29 Puc. 1.30

1.151. IMporsxenHoe Teno NPOU3BONLHOH (GOpMEI GPOLIEHO
NOJ HEKOTOPBIM YIJIOM K TOPH30HTY. Kak jBHKeTcsl LEHTp
Macc tesla B ¢Jyvae, €CAH CONPOTHUBJICHHEM BO3LyXd MOXKHO
npenedpeun?
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1.152. Hepecomasi HepacTsixKHMasi HUTb CKOJIbL3HUT 6e3 Tpe-
HUS MO TPHKPENJIGHHOMY K CTeHe xenoby (puc. 1.29) noa
JefiCTBHEM IPY30B, Macchl KOTOPBIX my,=1,00 kr 1 m,=2,00 kr.
C KaxkuM YCKOpeHHeM W JBHXXETCS NPU 5TOM UEHTP Macc
rpy3os?

1.153. Ha puc. 1.30 usobpaxkensl jase uactuusl I u 2,
COEJUHEHHLIE JKECTKHM CTepxHeM. MoryT au ckopoCTH ua-
ctul ObITh TAKHMH, KaK Ha puUCyHKe? HacTuusl M CKOPOCTH
JeKaT B IVIOCKOCTH PHCYHKA.

1.154. JIBe yacTuipl (MaTepHasbHble TOUKH) C Maccamu 1y
H M, COCAWHEHBI JKECTKUM HEBECOMbIM CTep:KHeM JJIMHBI [.
Hafitn moMeHT uHepuu# [ 5TOH CHUCTEMBI OTHOCHTENBHO MEp-
NeHJUKYISIPHON K CTEPXKHIO OCH, IPOXOAAIIEH Yepes HeHTtp
mace.

1.155. HafiTy MomeHT uHepuMH [ OAHOPOJHOrO KPYIJoro
IPSAMOro LHJAKHAPA Macchl /11 U pajuyca R OTHOCHTE/LHO OCH
HUJIHEADA.

1.156. IlnotHocts muamuapa aaunsl [=0,100 M u paguyca
R=0,0500 M usMensieTcsi ¢ paccTosiHHeM OT OCH JIMHEHHO OT
snayenuss p,=500 Kr/mM® o suauenus p,=3p;=1500 xr/m®.
Hafitu: :

a) CPeMHIO MO OGBhEMY IUIOTHOCTb {0)y UMJIMHIpA; Cpas-
HHTDL €e CO cpefHell IO pajuycy IJIOTHOCTBIO (D),

0) MOMEHT WHepUuH | HHJHHAPA OTHOCHTeNbHO OCH; CPaB-
HHTb €0 C MOMEHTOM HHepLuH /' OJHOpOJHOro LMJIMHApDA Ta-
KOH e Macchl M Pa3MepoB.

1.157. Haiity MomenT uHepuuy | oJHOPOAHOrO IApa pajid-
yca R H Macchl #1 OTHOCHTEJBLHO OCH, NPOXOAALLel uepes LeHTP
mapa.

1.158. TlpsAmo#i Kpyrsbifi ONHOPOJAHBIH KOHYC  UMEET
Maccy m M pagryc ocHoBanusl R. Halitu moMeHT uHepuuu [
KOHyCa OTHOCHTEJABHO Ero OCH.

1.159. HaliTH MOMeHT HHEpPIMH TOHKOrO OAHOPOJHOIO
CTepAKHsl AJIHMHBL [ M Macchkl 771 OTHOCHTEJNBHO TepPIIeHAHKYJIAP-
HOH K CTEePIKHIO GCH, NPOXoAsLlefl uepes: a) HeHTP MacC CTEPK-
Ha, 6) KOHeL CTepxKHSI.

1.160. Haiitu MoMeHT WHepIMU OJHOPORHON IMPSAMOYIOJb-
HOH NJIACTHHKH MAacchl M, JIMHBL @ U IUUPHHBL b OTHOCHTENIBHO
NePUeHAUKYJAAPHOA K Hell OocH, NpOXoJdllell uepes: a) LEHTP
IVIACTHHKH, 0) OfHy M3 BEPIUMH NJACTHHKH.

CpaBHHTH 1I0/1yYeHHBIE PE3YJILTATH! C OTBETOM K NpPejbAy-
el 3ajaue.

1.161. Ha#itn Momenr unepuuit I ogHoposHoro Ky6a oTHO-
CHTEJIbHO OCH, NPOXONSUIEH Hepe3 LEeHTPLI NPOTHBOIEKALIHX
rpadeil. Macca kKy6a m, aausa pefpa a.
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1.162. Moxuo poxasatb, YTO MOMEHT UHEPUHH BCSIKOTO
TeJa, BLIUMCJAEHHBI OTHOCHTENBHO JI0GOH OCH, NPOXOJAsiueh
yepes LEHTP Macc TeJa, CBSI3aH C IVIaBHBIMM MOMEHTAMH HHEps
uun [, I, I, (7. e. MOMEHTaMH HHEPUMH OTHOCHTEJBHO
IJIaBHBIX OCell) COOTHOINEHHEM

=1, cos*a-1 cos*B+ 1, cos?y,

rie o, P, y — yriel, cfpasoBaHHple NAaHHOH OCHIO € OCSIMH
X, y, 2. OCHOBLIBasiCh Ha TOM, [I0KA3aTh, 4TO MOMEHT HHEPUHH
OJIHOPOAHOr0 Ky6Ga OTHOCHTE/IBLHO Ji000H OCH, NPOXOAsIICH
yepes ero UeHTp, oAuHaKos (kKak u y mapal).

1.163. HafiTh MOMEHT HHEpPUHH OJHODOJHOH NUPaMUJLL,
OCHOBaHHEM KOTOPOH CJIVKHT KBaJpaT CO CTOPOHOH a, OTHOCHs
TeJLHO OCH, NIPOXOAALIEH Yepes BepIUMHY M IEHTP OCHOBAHUA.
Macca nupamuaet passHa m.

1.164. Hafitu oTHOlUeHHE MOMEHTCB HHEPIMH:

a) MHpaMUJEL (¢ KBAJPATHEIM OCHOBaiyeM) M KOHyca Ofu-
HAKOBO# BBHICOTHI, IJIOTHOCTH U MacCHI,

6) xy6a u mapa OZWHAKOBOH IIOTHOCTH M MaccHl (y Ky6a,
KaK M y l1apa, MOMEHT HHEpLHUH OTHOCHTENbHO JIIOGOH Npoxo-
Jsiedl yepes LEHTP OCH OJMHAKOB; cM. 3ajgauy 1.162).

MmMetorcs B BHLY OCH, NPOXOAALLYE Yepe3 BepIIHNY U LeHT)
OCHOBaHHA B Cjiyuae a) H IPOXOAsLIKe Yepe3 LeHTp B cayuae 6).

1.165. - Haitryr rnaBHble MOMEHTH HHEPLUH TOHKOLO OXHO-
pOZHOrO AHCKA Macchl m U paguyca R. HMmers B BHAY, 4TO BHI-
YHCJeHHe 11e71eco0fpasHo MPOH3BOAHTL B IHONAPHBIX KOODIH-
Harax r u @.

1.166. BoluHCAHTD MOMEHT HHEPUMH OAHOPONHOIO KPYIJio-
ro IpsIMOro NHJHWHAPA OTHOCHUTEILHO OCH, NepileHJuKyJIsipHOI
K OCH CHMMETDHH LMJIHHAPA U NPOXOJAlleH yepes €ro LEHTp.
Macca nmnungpa m, pamuyc R, Beicora h. CpaBuuTb Hoay-
4eHHBIA pesysbTar ¢ oTBeTaMM K 3ajzadam 1.159 u 1.165.
Paccmorpers mpepesibHEE cayuan: R&«h u AKLR.

1.167. Vmveercs opHopomHbll OpsAMOf KPYIJBIA DUJIHHAD.
Ilpn xakom OTHOLIEHHH BBICOTHL UMIHHAPA A K ero paguycy R
BCC TPH [JIaBHBIX MOMEHTA HHEPUHMH OYAYT OAMHAKOBBIMU?

1.168. Ha#iTn MOMeHT HHepUYH OLHODOAHOTO Tesa, UMelo-
mwero QgopMy AMCKa, B KOTOPOM CHejaH KBaApaTHHIA BRIpe3.
OpnHa M3 BepIYH BRIPE3a COBHAfAeT ¢ UEHTPOM JAHcka. Pamnyc
qucka R=20,0 cM, ctopona xsazpara a=10,0 cM, macca tena
m=>5,00 xr. Hwmeercas B BuAy MOMEHT OTHOCHTEIbHO OCH,
NeprIeHAMKY IS PHOR K JIMCKY U NPOXOAAICH yepes ero HeHrTp.

1.168. Vimeercs onmopojHas TOHKas IJACTHHKA, OTpaHi-
YeHHast KOHTYpPOM Npou3BOJbHOA ¢opMel. Uepes oxuny us
TOYEK IJIACTHHKHM IIPOBEJEHBl TPU B3aMMHO MNepHeHfuKyasp-
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‘HBle OCH, JIBe M3 KOTOPHIX — X H Y — JIeKaT B INIOCKOCTH
TJIACTHHKH, & OChb 2 MepHeHAHKYJspHa K 3TON ILIOCKOCTH.
HaiiTi cooTHOIIEHHE MeXIy MOMeHTaMu uHepuuu [, I, u I,
IUVIACTHHKH OTHOCHTENLHO 3THX ocel.

1.170. Ucnoawn3osaTh OTBeT Inpefwirymnesl 3ajgaud  Aias
HaXOX/IEHUS MOMEHTA WHepPUHH | TOHKOro OAHOPOMHOrO JHCKA
OTHOCHTE/IBHO OCH, Ji€xKallell B IJIOCKOCTH JUCKa ¥ TpOXOAd-
miefi wepes ero uemrp. Macca M pajamyc AMCKa paBHEI COOT-
BeTCTBeHHO M W R. MOMEHT HHepLUHH OTHOCHTEJBHO OCH,
HepneH UKyAAPHOA K IJIOCKOCTH JMCKA, CUHTATh H3BECTHBIM.
'CpaBHUTb TIOJIYYEHHBI pesyJbTaT ¢ OTBETOM K 3ajaue 1.16D.

1.171. Opuopopnasi miactuna umeer iy a=20,0 oM,
mupuay b=10,0 cM u Tonmuny ¢=>5,00 cM. Macca mracTyHbE
m=2,70 xr. Havaso xoopAuHAaT NOMELIEHO B LEHTP IJIACTHHEL,
OChb X HampaB/eHa TapaJnejJbHO CTOPOHE @, OCh Yy — TapaJ-
JIEIBHO cTOpoHe b, ocb Z — HapasenbHo cropone ¢. Ha#lTu
OTHOCHTE/IbHO 3TOH CHCTEME KOOPAMHAT KOMIICHEHTHI TeH30pa
UHePUXH TIJIACTHHBEI ¥ HAndcaTb ¢aM TeH30D.

1.172. Mmerotcst BeXTOp a ¢ KOMHOHeHTaMH a,=1, a,=2,
2,=3 u TeHsop BToporo paura T, Bce KOMIIOHEHTEI KOTOPOTO
ofuHakoBb M paBubl T;=1. Hafitu komionentsl Bekropa b,
HOJYYaloIerocst B pe3yJ/ibTaTe YMHOMXKEHHA BEKTOpa a Ha TeH-
30p T (b=Ta).

1.173. VimeioTcst NPOH3BOJILHEIA BEKTOP a ¢ KOMIIOHEHTaMH
ay, a,, a, ¥ TeH3op Broporo panra E, onpenensiemsiit Tabaueit

1 00
E—_:<0 1 0>
001

(raxoil TeH3Op HasHBAWOT enMHUUHBEIM). Hafitm Bextop b,
Noyyaiomyics B pesyabrare YMHOXKEHUS BEKTOpa a Ha TeH-
sop E (b=Ea). .

1.174. BblUHCAUTL KOMIIOHEHTH! TCH30PA MHEPUHM M HAMH-
caTb caM TEH30Dp Vs OAHOpoAHOro mapa paauyca R=10,0 cu
H Maccsl m=25,0 Kr RISl cayuas, KOTJla Hauasko KOODHMHAT
IoMelaeTcss B ILEHTpe Iuana.

1.175. B xakux cayuasix MOMEHT uMIyJjbca M u yraoBas
CKOpPOCTb @ BpAUlAOIIErocss Tena KOJNIHHEeapHHI?

1.176. B Karux ciayuasX ypaBHeHHe [AMHAMHKH Bpaiia-
TEJIbHOTO ABHKEHHUA MOXKET ORITh IIPeACTaBaeHo B BuLe [o=N?

1.177. B KaxkuX cayyadX KHHETHUECKAs SHePrud Bpallaio-
Ierocst Tena onpenessietcs Bripaxenuem T=Iw?/2?

1.178. Ilnactuna us 3amauu 1.171 Bpamaercsi BOXpyr ocH,
npoxosueit uepes ee uentp. KoMIOHeHTsI yI/0BoO# CKOpPOCTH
0,=0,~0,=1,00 par/c. Halitu:
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a) MOAy/b MOMEHTa HMIy./bca IviaCTHHHI M W yroa o
MeK1y BekTopamu o U M,

6) KuHeTHYecKyIo 3Hepruio T IJIaCTHHHL

1.178. JIBe uyacTHUBl OAHHAKOBOH MacChl 7, HaXOLALIMECs
BCe BpeMs Ha NPOTHBOTOIOXKHEIX KoHIlax auamerpa (puc. 1.31),
ABIKYTCA 110 OKDYXKHOCTH pajuyca r C v,
OZIMHAKOBBIMHM 110 MOZYJI0 CKOPOCTSIMH Vy
H vV, [v=v,=0v(f)]. _

a) OnpejenuTb CYMMapHBIE MOMEHT
HUMIyAbca M YacTHIlL OTHOCHTEIBHO HpO-
H3BOJMLHOH TOYKM O (He o0si3aTesNbHO Jie-
JXKaliel B IJIOCKOCTH OKPYXKHOCTH). Bhipa-
3uTb M yepes yrjoByio ckopocte @ (f), ¢
'KOTODOJl NOBOPAYMBAETCS JHaMeTp, Coey-
HAMHAA YaCTHIIHI. Puc. 1.31

6) 3aBucut a1 M ot BpiGopa TOURH O?

1.180. OxHopoaHbl miap paguyca R U Maccel 71 Bpallaercst
C YTJIOBOH CKOPOCTbIO ® BOKDYT OCH, NMPOXOAsilell uepe3 ero
neurp. Halitt momeHT umnyjabca M miapa OTHOCHTENLHO
npousBoabHOA Touku O (puc. 1.32).

«

U;

1.181. Teno npousBonbHOH (OpMB! IajaeT, Bpaillasch, B
CJIHOPOJAHOM Hosie cHJa TsxkecTH. ConpoTHB/IEHNE CPEeAbl OTCYT-
creyer. Kak Beger cefs cofcTBeHHBII MOMEHT MMIYJbca Tesia?
(Cm. sagauy 1.123.)

1.182. Onnoponusil THJIMHID Maccel M U pauyca R Ka-
THTCA €3 CKOJIbKEHHUS! 110 TOpH30HTaNbHOM mockocty. Llentp
HU/IKMH/pA IBHKETCH CO CKOPOCTBIO V, (puc. 1.33). Haittu no-
JAyJib MOMEHTa HMOYJAbCA HUAHHAPA OTHOCHTEIbHO TOoueK I, 2
u 3, KOTOpble JiexKaT B NEePHeHIHKYJAPHOH K LWINHAPY ILIO-
CKOCTH, NPOXOJsilell yepe3 ero HeHT.

1.183. BLIUCIHTD MOMeHT uMnyJibca 3eMian M,, o6ycioB-
JIEHHBIfI ee BpalleHueM BOKpYr csoefl ocH. CpaBHHTb 3TOT MO-
MEHT C MOMeHTOM HMHOyJbca M, OOYCAOBJIEHHEIM JIBHXXEHYEM
3eman Bokpyr CodHIa. 3eMJIO CUMTAaTb OAHOPOAHBIM ILIAPOM,
a opfury 3eMJIH — OKPYHKHOCTBIO.
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1.184. TopH30HTaNBHO DACIOJOKEHHBIH OJHOPOAHLIA IH-
JUHAP pajuyca R Bpamaercsi Ge3 TpeHUs BOKpPYr OCH, COSB-
najalWei ¢ OfHOH H3 ero obpas3yioufix.

a) YKa3aTb NOJIOMKEHAS NMIMHIPA, B KOTOPHIX MOAYJ/b yr-
JIOBOTO YCKOpeHHsl LHAUHAPa
MakcuMa/jedH MW MHHHMAaJeH.

6) Halitu MakcuMa/bHOE H
MHHHManLHOe 3HaueHHs f.

1.185. Ha ropusonrajbnoM
cTOJIE JIeXKaT JBa Tesd, KOTO-:
pBlE MOTYT CKOMbL3HTh MO CTO-
Jy Oe3 Tpenud. Tena cBA3aHBI

Puc. 1.34 HEBECOMOH HepacTsKHUMOH HH-
To10 (puc, 1.34). Taxas Xe HUTh,
nepebpolleHdan yepes GJIOK, CBA3LIBAET TEO 2 ¢ FPY30M MAcChl
m=0,500 kr. Bs1oK mpezncTapJsier coGOi ORHOPOAHBIA CILIOLI-
HOH IHAMHAP. Macca Ten M 60Ka olHHAKOBAa H paBHa M=
=1,00 xr.

a) Cunras, uro 610K Bpauiaercss Ge3 TPeHHs, a HUTb He
NPOCKA/Mb3BLIBAET N0 GJOKY, HalTH YCKOpeHHe Tea w, HaTsxe-
uue F;, HUTH, CBs3HIBalOWeH ofa Tesa, HaTsKenue HUTH F,
Ha y4acTKe oT Tena 2 jio 6/10Ka, HatsxKenue HUTH F,, Ha ydacr-
ke or 0/ioKa A0 rpysa m.

6) OnpenendTs Te Xe BEJHUHHEI, Ipearosarasi, 4ro GJOK
He Bpallaercs, a HHTb CKOMB3HUT M0 HeMy 6e3 Tpenusi. CpaBHUTD
NIOJIyUEHHLIE Pe3YJIbTAThI.

1.186. lokasarb, 4To NMOTEHLHAAbHAS SHEPrUs TeJaa Npo-
H3BOMBLHOH (DOPMBI, HaxoAfAllerocsi BOMU3H MOBEPXHOCTH 3eM-
J4, pasHa mgh, rae m — Macca Tesa, h — BBICOTA UEHTpa
Macc Tesia Hajl YpOBHeM, NPHHSTEIM 32 HYJEBO.

1.187. Toukn#i crepxkenn anuubl [=1,00 M ¥ Macch m=
=0,600 xr MoxeT BpauiaTbes 6e3 TpeHHsl BOKPYT MepHeH UKy -
JSIDHOH K HeMy IOPH3OHTANBHOH OCH, OTCTOAIEH OT LEHTpa
cTepkHSl Ha paccroauue a=0,100 m. Crep:keHb NpPUBOAHTCH
B TOpPU3OHTA/JbHOE IIOJIOXKEHHE H OTIyCKaercsl 6e3 tosuKa ¢
HYJIeBOH HayalbHOH CcKopocTblo. OnperennThb:

a) yrjaosoe YCKOpEHYe CTepHHs Bo u cuny AaBJICHHS F, na
OCb B Haya/IbHEI MOMEHT BpeMeHH,

6) YIJIOBYIO CKOPOCTb ® H CHJIY JaBJeHHs1 F Ha OCb B MO-
MeHT NPOXOXKACHHUA CTEpXKHEM IOJOXKEHHS PAaBHOBECHH.

1.188. Toukuii crepxenb Macesl m=0,200 kr U IIUHBL =
=1,00 M MOXeT BpaiaTbCsi B BEPTHKAMLHOH IJIOCKOCTH BO-
KPyr TODH3OHTAJbHOH OCH, NPOXOAsillell 4epe3 ero KOoHell.
TpeHHe B OCH CO342€T INOCTOAHHBIA [0 MOAY.JIIO BPamaIMH
mMoMeHT N. BoiGepeMm B KayecTBe KOOPJAHHATLI, ONpele/siiouwel
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NOJIOKEHHE CTEPIKHS, YIOI @ MEXKAY CTEPIKHEM H BePTHKaJILIO,
OTCUMTHIBAEMBIf OT. BepXHero nojoXKeHHsa crepxHA. [lpu
3HayeHHH 3TOro yrja, pasHoM @,=10,0°, crepxenp Hayn-
HaeT caMONpPOW3BOJIBLHG MNOBOpauynparbed. Haiitu:

a) YIJ0BYIO CKODOCTb @ CTEPXKHS B MOMEHT, KOTJa CTep-
JKEeHb IPOXOJUT YEPE3 HIMKHee IOJIOXKEHHeE,

6) MOLY/Ib MOMEHTa uMIysbca M CTepxKHd B 3TOT MOMEHT.

1.189. Cron6 BhicoTel A==3,00 M u maccsl m=>50,0. kr na-
J3eT U3 BePTHKAJBHOro nojoxkeHus Ha 3emmo. Onpenenuts
MOAYJb MOMeHTa uMnyabca M cronfa OTHOCHTENBHO TOYKH
ONOpPBL ¥ CKOPOCTH U BEPXHEro KOHIlA CToJ0a B MOMEHT yjapa
o 3emTio.

il

N

0 a
Puc. 1.35 Puc. 1.36

1.190. Jluneiiga maccel m=0,1200 xr u gaune {=1,000 M
JIEXKHUT Ha ryajikoM ctosie. [To Touke, orcrosimedi or uentpa Ju-
HedKH Ha paccrosinne a=40,0 cm (puc. 1.35), nanocurcs
yAap, 0pH KOTODOM JiHHEHKe COOOHIAeTCsl HMOYJAbC p==
=7,50-10"% xr-m/c. Cuuras yjap <MIHOBEHHBIM» U TpeHe-
6peras TpEHUEM,

a) HafiTH pacCcTOAHHE X OT LEeHTpa JuHeHKH A0 ToukH O,
KOTOpasi He «IOYYBCTBYET» YyJapa,

6) onpelenTb, KaK ABHKETCH JHHeHKa HENOCPeiCTBEHHO
nocjie yaapa.

1,191, OaHOpOAHBIl WIAPUK HOMEHIeH Ha IJIOCKOCTh, 06-
‘pasyromyio yroa a=30,0° ¢ ropusourom (puc. 1.36).

1. Ilpr kKakux 3HaueHHAX KodpdULHEHTa TPeHUA R MAPHK
6yJeT CKATHIBATLCA € IJIOCKOCTH 6e3 CKOJIbXKeHH:?

2. Tlonaras k==0,100, a) onpenenuth Xapakrtep JBHKEHHS
mapuka, 6) HalftH 3uadeHHs ckopocrell Touek A, B u C ma-
puka cnycra (=1,00 ¢ nocae Hauana ABHXKEHHA.

1.192. OaHopoAHOMY LHJMHAPY cooBla0T HavyabHBIH
UMIYJIbC, B pe3yJ/ibTaTe uero OH HauHHAeT KaTHThCH 6e3 CKOJb-
JKEHUSI BBEPX M0 HAKJIOHHOH IJIOCKOCTH CO CKOPOCTBIO Up==
=3,00 m/c. Tlnockocth 06pasyer ¢ ropusonToM yroa a=20,0°.

a) CxkosnpKo BpeMmeHH f; OyJer ABurarbcs UMJIHHAD A0 OC-
TaHOBKU?
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6) Ha Kakyio BBICOTY A MOJHHMETCS LUJIHHJD? .

B) CKOJIbLKO BPeMeHH f, 3aTPAaTUT LHIHHADP HA CKaThiBaHHe
BHH3 JO UCXOAHOrO IOJOMKEHHUS?

r) Kakymo cKopocTh v HMMeeT LHJHHAD B MOMEHT BO3Bpa-
UIEHHA B HCXOJHOE TOJIOMKEHHE?

CpaBHUTb TOJyUEHHEIE pE3YJbTAaTHl ¢ OTBETOM K 3ajade
1.64.

1.193. Pemurp sazauy 1.192 B npepgunosomennd, 4to Ha
UMAMHID [efCTBYeT HOCTOSHHBIH [0 MOIYJI0 MOMEHT CHJIBI
tpenus Kauenusa N,,=0,100 H.Mm. Macca nuanuppa m=
=1,00 kr, paguyc R=0,100 m. [Tomumo
VKasaHHBIX B Openeliyliell 3ajaue Be-
JUYHH, ONpPeA2IHTL:

n) Kagyio paory A cosepiaer cu-
Jla TpeHUA KadeHld Ha BCeM HYTI/I CHH-
3y BBepX Hu ofpaTHO.

CpaBHUTD MOJYUEHHbE Ppe3YJbTaThl
¢ OTBeTaMH K Hpemsuiyilell safaue U K 3ajade 1.65.

1.194. Ha ropusoHTaNbHOH IUIOCKOCTH JeXUT Karyllka,
mMacca koropo#t m=50,0 r, a MOMeHT KHHepUUH OTHOCHTENbHO
ee ocH [=D5,00-10"¢ gkr-m2 Ha garymky HaMmMoTaHa Npax-
THYECKH HeBecoMasd W Hepacrskumas Hurth (puc. 1.37). Pa-
IuyC BHemiHero cs10s BUTKoB r=2,00 cM, pajguyc TOPLOB Ka-
Tywkd R=3,00 cm. Kosdpuuuenr TpeHus MeKAY KaTyUIKOH
¥ nockocreto £=0,200. 3a murh TAHYT C cuaoit F.

1. Hafity ycioBue ana cunel F, IPU KOTOPOM KaTyIlKa
KaTHTCS 110 IJIOCKGCTH 0€3 CKOJBXKEHUA.

%7 7 Z
Puc. 1.37

T
i
[! I mn

i
1

Puc. 1.38 Puc. 1.39

2. Kak Bejier cefs KaTyluka, ecau cusia F ¥ yroa o uMeior
sHaveHns: a) F=0,128 H, 2=30,0°, 6) F=0,100 H, ¢z=48,2°,
B) F=0,100 H, «=30,0°, r) F=0,100 H, a=60,0°?

Ilast Beex coryuaeB ONpEAe/IHTh W, — HPOEKIHIO HA OCh X
YCKOpPeHHS OCH KaTyLIKH,
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1.195. OnHOpORHBIA CIVIOIIHON LMJIHHAP Macchl m=1,00 kr
BHCHT B FOPH30HTAIbHOM IIOJI0KEHHH Ha JABYX HAMOTAHHBEIX Ha
nero HepecoMbix HuTAX (puc. 1.38). Lluuuap ornyckawotr 6e3
TOJIYKA.

a) 3a CKONLKO BPEMEHH ! HUJAHHAP ONYCTHUTCS Ha PaccTos-
nue h=>50,0 cm? :

6) Kakoe narsikenue F HCOBITHIBAaeT NPH ONYCKAHWH ILH-
JINHApA Kax[as M3 HUTeH?

1.196. Daok pazmyca R MoxeT Bpaumlarbcst BOKPYT CBOEH
OCH C TPEeHWeM, XapaKTepHU3yeMbIM BpallaiOUIUM MOMEHTOM
N,p, KOTODEII He 3aBHCHT OT CKOPOCTH Bpdulenusi 61oka. Ha
6JIOK HaMOTaHa NpPUKpeNJIeHHas K HeMYy OXHHMM KOHLOM IIpak-
THYECKH HeBecoMas HepacTsHuMad HUTb, K IPYTOMY KOHLLY
Kotopo#i nopserien rpys Maccel m (puc. 1.39). I'pys orny-
cKalor 6e3 ToJyKa M OH HauyMHaeT ONyCKAaThbCs, PacKpyuyuBas
6sok. Haiitu mMomenT ummysnbca M (£) 310l cHCTEMBI Tes OT-
HOCHTEJIbHO oCH 6J/i0Ka CIyCTs BpeMs f Ioc/e Hayasja ee ABH-
JKEHHS.

1.197. Hafiru momenT wumnyabca M OTHOCHTENBHO OCH
610Xa U KHHETHUECKYIO 3Hepruio T CHCTeMBI M3 Npeabiiyiieil
3ajlausl B MOMEHT, KOrZa CKOPOCTb I'Py3a Macchl #1 paBHa v.
MomenT uHepuuH 6s0Ka NPHHATb PaBHLIM [,

1.198. VMerorcs 1Ba OZMHAKOBBIX OAHOPOAHBIX AUCKA, Oxuu
H3 HUX MOXET BpalliaTbcsi 06e3 TPeHHsl BOKPYT BepTHKaJbHOH
(OUKCHPOBAHHON OCH, NPOXOAsIIEH Yepe3 ero UeHTp. JTOT JHCK
[epBOHAYaJbHO HENOABHKEH. BTOpOll JHCK pacKpyuHBAIOT,
coo0LIHB eMy VYIVIOBYIO CKOPOCTb @, H POHSIIOT B TOpPH30H-
TaJbHOM TIOJOXKEHAN Ha NEePBHII JUCK Tak, 4TO Kpad OJHOro
H3 JHCKOB coBNajaer ¢ uentpoM npyroro. [lpuns B compu-
KOCHOBEHHE, MAMCKH MIHOBEHHO CcKJeHBatorcs. Onpenesintb:

a) YIJOBYIO CKOPOCTH ®, € KOTOpPOH GyAeT BpamaThCst
ofpasoBaBiuasicd cucTeMa,

6) KaK H3MEHHTCA KUHETHUECKas SHEPTHs JHCKOB.

1.199. T'opuzoHTaNbHO PaCNOJOXKEHHBIH JepeBsSHHBI cTep-
xedb Maceh! m=0,800 gr u paussl [=1,80 M MoKeT Bpamarsest
BOKDYI BePTHXKAJBHOH OCH, INPOXCAALIEH Y4epes ero Ccepeiuuy.
B KoHel CTep:;KHS NONajaeT W 3acTPeBaeT B HEM IyJIA MaccChl
m’'=3,00 r, nersimias NepUeHAHKYJAPHO K OCH H K CTEPIKHIO
co cxopoctslo v=>50,0 m/c. Onpeneauts YIVIOBYIO CKOPOCTh @,
€ KOTOPOH HAYMHAET BPALIAThCS CTepPKEHb.

1.209. Pemutp 3asauy 1.199, samenus nymio mnjacrmac-
COBLIM IUapUKOM TAKOH e Macchl M JBIKYIUUMCH C TOH xe
CKOpOCTbIO. ¥YJap cuutarh aGComoTHO yupyruM. OnpenenuTs:

a) YIVIOBYIO CKOPOCTb ® CTEPKHA,

6) ckopocTb v’ LIapHKa TNocjie yjapa.
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Pesyabrar, noaydeHHBIH 8 ©, CPAaBHHTh C OTBETOM K
3anave 1.199.

1.201, TopusoHTalbHEIH JAHCK Macchl m M paanyca R -
MOMKET BpallaTbCsl BOKPYT BEPTHKANbLHOH OCH, NpoXojsiuef
yepe3 ero ueHtp. Ha Kpawo aHcka CTOMT uesioBeK Macchl /7.
BrauaJjie IMCK U YeNOBeK HEHNOABMKHEL, 3aTeM uejoBeK HaAuH-
HaeT MATH [0 KpPAK JAHCKA €O CKOPOCTBIO U OTHOCHTEIBHO
jgucka. C Kakofl CKOPOCTBIO « Bpaulaercst NPH STOM JHCK
OTHOCHTE/NBHO HeNoJBUMKHOHA CHCTeMEl oTcdera? Pasmepamu
ueJIOBEKA 110 CPaBHEHHIO ¢ K MOXHO npeHedpeub.

1.202. Teno Bpauiaercsi BOKPYT OCH 2 € yIVIOBOH CKOPOCTBIO
o=n(f). Ha teno neficteyer moment cun N,=N.({). Hanu-

caTh BHIpamkeHue /51 pafoThl, COBEPINEHHON

OPHJOKEHHBIMH K TeTy CUJAAMH 3a IIPOMEXY-
¢ TOK BpEMeHti oT t; 1o t,.

1.203. PacnosoxeHHBII TOPU3OHTAJbLHO
OJIHOPOAHKLIA KPYIAb LWIHHAP MACCHl M=
=10,00 xr Bpamaercs 6e3 TpPeHHUsS BOKDYT
CBOEH OCH IOJ JIEHCTBHEM Tpysa Macchl m'=
=1,000 Kkr, npuKpemjeHHOro K JIerKOH He-

PacTAXHUMON HHTH, HamMoTaHHO# Ha uuaupap. Hafitu kune-
TUYECKYIO 3Hepruo T cucreMer cnyers (=3,53 ¢ nocie Ha-
Haja JBHKEHHS.

1.204. BplTauienHoe U3 Kosofila BEAPO C BOJAOH YPOHHJH,
H OHO CTa/lO0 ONyCKaTbCA BHH3, pacKpyunBasg BopoT. Tpenne
B NONIIHIHMKaX BOPOTA CO3JaeT INOCTOAHHBI Bpatlarouiii
momedt N=0,170 H.m. Macca Benpa ¢ Bomofi m=13,2 xr..
Macca Bopora m'=43,1 kr, pazuyc Bopora r=12,8 cm. Pac-
CTosiHME OT Kpas cpy0a [0 NOBEPXHOCTH BOXBI B KOJOJIE
h=7,0 M. Onpeneaurs:

a) N0 K2aKOMy 3aKOHY HM3MEHseTCsl CO BpeMeHeM YrioBasd
CKCPOCTb ® BpallleHHs BOpOTa,

6) HaTsKeHHe BepeBKM F BO BpeMma OIyCKaHUA Be.pa,

B) uepe3 CKOJBKO BpeMeHH ! BeJpO KOCHETCST BOJALI B KO-
Joale,

I) KaKyl CKopocTh U GyJIeT UMeTh BepO B KOHIE MajeHus,

J) Kakyio pabory A COBEPIUAIOT CHJLI TPEHHS 3a BpeMs
NajileHus Beapa.

Bopor cyuTaTh CIJIOMIHBIM OJHOPOAHBLIM LUAUHApoM. Mac-
COH M TOJIHHOM BepeBKH, MAacCOH PYKOATKH BOPOTA, a TaKXKe
CONpPOTHBJIEHHEM BO3lyXa NpeHeOpeus.

1.205. PacrionoxeHHEIl TOPH3OHTANLHO OJHODOJHBEIA I~
JIHAP pajuyca R MOXeT BpaliaThcs BOKPYP OCH, COBIAjaio-
meft ¢ ero reoMerpuueckoft ocwio. TpeHue B oCH CO3faeT He
3aBHCAUIMA OT CKOPOCTH BpauleHHsl MOMeHT Np,. K nununnpy
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npuKpenJena TodeyHas macca m’ (puc. 1.40). Llunusap ycra-
HABJHBAIOT Tak, UYTOGBl Macca OKasajacb Ha YPOBHE OCH, U
- OTIyCcKatoT 63 Tonuka. OnpeenuTh, MPH KaKOM 3HaYeHUH m':

a) NUJAMHAD TPHAET BO BpauleHue,

6) cuenas 1/4 obopora, HHIMHAD OCTaHOBHTCA. :

1.206. Hduck maccet m M papuyca R HepBoHayaabHO Bpa-
HlaeTca BOKPYFP CBoeff ocH ¢ YIVIOBOH cKopoctbio . [loxg
JelCTBYEM BHENIHUX CHJ JHCK OCraHaB/iuBaercs. Hemy pasna
paGora A BHeIIHHX CHJ?

1.207. OxuopoaHsifi IHAKHIDP Macchl M U pagiyca R Bpa-
maeTcs BOKPYD CBoell ocH. YTJIOoBas CKOPOCTb LHJHHAPA H3-
MeHSIeTCsI 3a BpeMsl  OT 3HAUeHUs w; JO 3HaueHUs o,. Kakymwo
CPEAHIOI MOWHOCTH (P) pasBHBAaOT CHJBI, JAEACTBYIOLHE
Ha LUJIUHAD?

1.208. Porop HekoToporo arperara cHaOXeH IHCKOBBIM
TOPMO30M. 3TOT TOPMO3 COCTOHT M3 JBYX AHCKOB pajuyca R==
=150 MM, OZHH K3 KOTOPHIX 3aKpel/eH Ha KOHIE OCH poropa,
a Jpyro#i, JMlIeHHbI BO3MOMHOCTH BpAIaThCs, MOXeT HpH-
KuMmaTbhed K neppomy ¢ cunoit F=100 H. Topmos BRaouaroT
B MOMEHT, KOrja pOTOp BpAILAEeTCst 110 HHEPIHH CO CKOPOCTHIO
©=>50,0 pan/c (TpeHueM B MONIUMIHUKAX MOXKHO IpeHeOpeyn).
MowMmeHdT uHepluH poTopa BMecTe ¢ YKpeIN/IeHHBIM Ha HeM jHc-
KoM TopMmosa [=0,628 kr-m2. KosdxpuuueHT TpeHHs MeXAy
NOBEPXHOCTAMH JLHCKOB He 3aBHCHUT OT KX OTHOCHTEJIbHOH
cKopocTH H paseH £=0,250. Cuuras, 4ro cuiaa F paBHOMEPHO
pacnpesessiercst 0 OBEPXHOCTH JHUCKOB, ONPENeNHTh, CKOJb-
KO o0opotoB N ycIleeT cjesaTh POTOpP 1O OCTAHOBKH.

1.209. I'mpockonl B BHUJe OZHOPOZHOTO AUCKA paguyca R=
~=8,00 cm Bpamaercss BOKPYr CBOeH OCH C YIVIOBOH CKODOCTBIO-
©=3,00-10% pag/c. ¥YrioBas cKOPOCTb NPELECCHH T'HPOCKONA
©'=1,00 pag/c. Onperenutb paccTostHie [ OT TOYKH ONOPHI
J0 HeHTpa Macc THpockona. MoMeHTOM HHEPLUHHM OCH THPO-
CKolla npenebpeyb. ,

1.210. T'mpockon maceel m=1,000 Kr, uMelomuii MOMEHT
unepuuu [=4,905-10"% gr-m?, Bpamaercd ¢ YIJIOBOH CKO-
poctelo @=100,0 pazn/c. Paccrosiune or TOYKH OMHOpHL [0
nentpa Macc I[=>5,00 cM. ¥YroJ Mexay BEePTHKAJLIO H OCBIO
rupockona «=30,0°. Ha#ru:

a) MORYJIb YIJIOBOH CKOPOCTH HpeleccHH o,

6) MOAyJb YIJIOBOI'O YCKOPEHHsI THpockona P.

1.211. IlomecTHB HayaJO KOODAMHAT B TOUKY ONODHI T'H-
pOCKOlla M HalpPaBHB OCh Z BBEPX N[O BepTHKAJH,

a) HaWTH YIJIOBOE YCKOpeHHe i THpocKona H3 mpepblayiiel
3ajauy; CYUTATb, YTO B HAyalbHBIH MOMEHT OCb I'HPOCKONA
HaXoAu/aach B IVIOCKCCTH X, Z;
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6) BBIYUCAHB CKaJsipHOe NPOU3BejeHHE ©ff, ONpeeNHTb,
KaK HanpaeJieH BeKTop f.

1.212. T'upockon, BpallawOIHACA BOKPYT -OCH chmeTpxm ,
¢ yraosoil ckopocteo @=100 pan/c, TpeleccHpyer B None
3€MHOTO TATOTEHHSI C YIVIOBOH cKopocthio o'=1,00 pap/c.
Yrom MeXJy BepTHKAJbIO M OCbIO THPOCKONA o== 30,0 . Onpe-
JeJNHUTb VIO @ MEXIY OCHI0 CUMMETDHU H HanpaB/JeHHeM yr-
JOBOA CcKopocTH rupockonma € (cM. 3apauy 1.49). Pewuts-
33/layy METONOM IICCJAEROBATebHEIX INPHOIMKEHUH, I0Jo-
XKHB ¢ B HYJIEBOM NPHOJHKEHHH PaBHBIM HYJIO.

1.8. Bcemuphee Tarotenue

1.213. B omnbiTe, aHaJOTHYHOM TOMY, € IIOMOMIbIO KOTOPOTO
Kapennnur onpegesnust B 1798 r. rpaBuTaluoOHHYIO NOCTOSH-
HYX Y, Macchl MajblX M OOMbIIHX CBUHIOBLIX II2pOB ObLIX
paBHEI coorBercTBeHno m==0,729 kr u M=158 xr. MaJcle
11aps! Gl YKPEIJIEHBl Ha JIETKOM, IOJBEIIeHHOM Ha CTaJbHOMR
NPOBOJICKE KOpOMEICJE, AJIIHA KOTOPOro, H3MepeHHas MeMAy
HeHTpaMu 1apos, (=216 cu. Ilpamerp NnpoBOJOKH paBHAJCH
0,6 MM, nnuHa Gbl1a oKosio MeTpa. [IpH paccTosiHMY r MEXLY
IEeHTPaMH MaJoro H COOTBETCTBYIOUIEro GOJBIIOrO MIapoB,
paBsoM 300 MM, NpPOBOJIOKA, HeCylas KOPOMEICAO C MaJsbIMH
nlapamu, 3akpyuyuBajace Ha yroa o=39,6". OnpeneseHHbIHd
3KCIIEPHMEHTANbHO  KO3(POUNUEHT INpPONOPNHOHAJIBHOCTH &
MEXIY YIVIOM 3aKPYUYHMBAHHA NPOBOJOKH H HPHJIOKECHHBIM
BpaualomuM MoMedToM pased 1,04-10° pap/(H-m). Hafitu
3HayeHHe 7.

1.214. C kako#i cujoit F npuTsar¥BaloT IpPYyr Jpyra jiBa
OJIMHAKOBHIX OJHOPOAHBIX 1apa maccel m=1,000 Kr xaxpapli,
ecqm MX UEHTPHI OTCTOAT APYT OT ApPYra Ha paccTofifue r=
=1,00 m?

1.215. JBa onvHAaKOBBIX OJHOPOJHEIX IlIapa, CONpHKaca-
ficb, NPHUTATHBAIOT JAPYT Apyra ¢ cujoit F. Kax namenutcs
CHJa, €CJH YBeJHUYHTh Maccy WIapoB B n .pas? Marepuani, us
KOTOPOTO HU3LOTCBJIEHBl IIAphl, MHpeAIIOJaraeTcst OJHHUM H
TeM 2Ke.

1.216. Mmeerca oueHb TOHKUI om{opo,ndnm npamoil crep-
KeHb MAMHBEL [ ¥ maccsl M. Ha npsimofl, neprnenaukyJspHoO#
K OCH CTEepXHSl M NpOXOAslleHd yepe3 ero LeHTp, HaXOAUTCH
Ha pacCTOAHMM b yacTHuA MacCkl 712,

a) Ha#ity Mony. b F cuibl, ¢ KOTOpPOIl cTepKeHb AeACTBYeT
Ha YacTuly, ecau b=I[=2q.

6) Hccnenosats caywait b>>l.
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B) Cpasuuts F ¢ cuiofi F', ¢ KOoTopoli B3auMOAefiCTBOBaJIH
Gbl MaTepuajbHBE TOYKM MaccaMd M W m, Haxopdumecs
Ha paccTosHuM b=2a APYr or jgpyra.

1.217. Pewurb 3agayy 1.216, cuutas, 4ro vacrHua
HAaXOJUTCSl Ha OCH CTeDXKHS, Ha paccroanuu b=[=2q oT ero
LEeHTpa.

1.218. Mmeercst oueHb TOHKOE OJHOPOAHOE KOJbLLO MAacChl
M u papuyca R. Ha npsimoit, nepnesuxyasipHOA K IJIOCKOCTH
KOJIbllda M NPOXOAAILelH uepe3 e€ro LEHTP, HaXOAUTCs Ha pac-
CTOSIHUM X OT Il€HTpa yacTuna maccel m. Hafitu:

a) B3aHUMHYIO NOTeHIUaibHyw SHepruio U(x) yacTHUBl H
KOJIbIa,

6) cuny [, nefiCTBYIOMYIO Ha YacTHILY CO CTOPOHBI KOJbILA.
Cuny BHIYHCIUTD ABYMsl crocoGamu: 1) myTeM CyMMMpPOBaHUS
3JeMEeHTapHbIX CHJ, 2) HCMOo/Ab30BaB Bhipaxenwe nas U{x).

B) HMccnenoBats cayuail x>>R.

1.219. MuMeercst oueHb TOHKUE OAHOPOIHBIM AHCK pajiHy-
ca R. TlosepxHocTHas IJIOTHOCTH (Macca eNUHHILI TJIOHALH)
JucKa pasHa o. Ha npsmoii, nepnenfuKyaspHOI K IIJIOCKOCTH
JIUCKA U NPOXOAsIlel yepe3 ero LeHTp, HaXOMUTCA Ha paccros-
HEX b oT jucka yactuia maccel m. Onpenesurh:

a) cuay F, ¢ KoTopo# JUCK JefCTByeT Ha 4acTHLy,

6) IpU KakoM YCJIOBUH cusa I OT/IHYaeTcss OT CBOEro mnpe-
nenbHOTO sHauenusa F, nojygatouerocs npu R—»oco, He Go-
Jee yem Ha 1%.

1.220. Vmeercsi OeckoHeuHasi OueHb TOHKAsd ORHOpOJHAs
IJ1aCTHHKA C JIOBEPXHOCTHOH mioTHOoCThIO 0. Ha paccrosuuu b
OT Heée HAXOAUTCSl HacTHHA Macchl .

a) Haitru moayss F cuJjibl, ¢ KOTOPOH IJ1aCTHHKA JeficTByeT
Ha ¥acruuy.

6) Yem npumeyaTenbHO Bhipamenue aias F?

B) Kak uameHuTCS pe3yJibTaT, €cji IIAaCTHHKY ¢ Npenel-
PeKUMO Majof TOMIHUHOA 3aMEHHTb IJIaCTHHOA KOHEYHOH
TOJIIUHE! d, HU3rOTOBJEHHOH M3 BEHIeCTBA C OOBEMHOH MJOT-
HOCTBIO (7

1.221. Mmeerca GecxkoHeuHasd OZHOpOAHAs TMJIACTHHA TOJI-
munel d=0,100 M, nioraocts Koropo# 9=10,0 r/cm?. C Kako#
cuiioil I reficTByeT 3Ta MJacTHHA HA HaXojsuleeca BOMH3H OT
Hee Teao Mmaccol m=1,00 Kkr?

1.222. C kaxko# cusofi F (B pacuere Ha eJUHUIY ILIOWAMH)
HOPHTSTHBAIOT APYI Apyra JBe napajiejbHble GeCKOHeHHBIS
OJHODOAHBIE IliacTHHH MioTHocTH p=10,0 r/cM® ¥ ToMMHL
d=0,100 M gaxpag?

1.228. Hmeercs GeCKOHEYHBH OYeHb TOHKUH OJHOPOAHBIA
npsSMOf CTeP:KeHb ¢ JIMHEeHHOH NJIOTHOCTBIO (Maccod, mpuxo-
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Jsilelics Ha efuiMIY HJIMHBI), paBHoft A. Ha paccrosuuu b
OT ero OCH HaxOJHTCA YacCTHLA Maccel /.

a) Haittu mMoaynes F cuiiel, ¢ KOTOpO# cTepKeHb JefcTByer
Ha YacTHLY.

6) Yactuna Kakoil Maccel M, BaXoAsics OT YaCTHLBL MacChl
m Ha pacCTosiHNM b, JeiicTBoBasla Obl Ha Hee C TaKOH XKe
cusof?

1.224. Kak cBsizaubl TeqecHBHIi yroa dQ M NOBepPXHOCTDH
dS, Bripesaemast UM Ha cdepe paauyca R, LEHTP KOTOPOH
COBMAJIaeT C BEpPINHHOH TEJIECHOTO yria?

1.225. Bripasuto B chepUuecKHX KOOpAKHATAX 3JIEMEHT
nopepxHoctu dS cdepsl paguyca R, IieHTP KOTOPOH HAXOAUTCHA
B Hagaje KOOpAMHAT.

1.226. Bripazurb B chepHUeCKHX KOOPAHHATAX dJeMEHTap-
HBIA TeJecHBI yroa d2, BepiliHa KOTOPOro noMmelaeTcs B Ha-
yase KOOpJAUHAT.

1.227. OnpepennTb TpaBHTAUHOHHYI0O cuay F, Kotopyio
Oy HeT UCIBITHIBATD MATePHAIbHASA TOYKA, HAXOAAULAACA BHYTPH
OJJHOPOJHOT'O 1LIAPOBOTO CJIOA.

1.228. BHyTpH OAHODOAHOTO IHAPOBOI'0 CJIOSI HAXOAUTCA
OJHOPOJAHLIA IIAapOBOH cJIoH MeHbluero pasMepa. IleHTpb
cjoeB He coBnajamor. Yemy paBra cusa F B3auMOJIEACTBHA
MEXAY CJI0IMU?

1.229. Mmeercsi O4e€Hb TOHKHH OJHODOAHEIM CJOHX B BHJE
nosnycgeps paguyca R u maccsl M. B nentpe nosaycdepsl Ha-.
XOANTCS YacTuna Maccel m. Hafitu Moayab F CUaBL, C KOTOPOH
CJIOH JeficTBYyeT Ha YacTHHy. '

1.230. Ha#itu BsaumHyio DotesunaibHyoo suepruawo U(r)
OY€Hb TOHKOTO OZHOPOJHOTO LIapOBOTO CJAOS W YACTHLBI MacChl
1, HaxoJslleficsl Ha PacCTOAHUU ¥ OT HeHTpa cjiosd. Macca cuaosn
paBHa M, paguyc R. Pacemorpers cayyau: a) r<<R, 6) r>R.

1.231. Bocnosb3zoBaBlinch pe3yabTaToM HOpeabiayliel 3a-
Jaud, HalTH B3aUMHYO NOTEHUHaAbHyo sHeprmio U (r) Tou-
CTOro IIAPOBOTO CJI0S M YacTHUBI Macchl M, HaXOAAIEHca Ha
paccTosiHUU r OT ueHTpa chaod. Macca cnosa paBHa M, BHyT-
peHHUI pajuyc Ry, BHemHufi pajuyc R,.

1. Paccmotpers cayuau: a) r<<Ry, 0) r>R,.

2. Kaxkoe sak/mouenne o cuje F, jeficTtByiomelt Ha yactuiy
CO CTOPOHHI CJ108, MOXKHO CA€NaTb Ha OCHOBAHHM OTBeTa Ha
n. 1a?

1.232. C nomompio KakUX JaHHBIX MOXHO OIPEJEJNHUTD
maccy: a) 3eman, 6) Counua?

1.233. Bocnoab3oBapuinch 3HAUYEHHAMH aCTPOHOMHUYECKHX
BEeJMUMH H (DU3MYECKUX KOHCTAHT, BBIYHCIUTH Maccy M U
CpeJIHIOI ILIOTHOCTE (p): a) 3emuu, 6) ConHua.
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- 1.234. Hafitu cuny F, ¢ KoTOpo# NPHUTATHBAIOTCA APYr K
apyry: a) 3emas u Coanue, 6} Jlyna u 3emusi. CpaBHUTL 3TH
CHJIBL.

1.235. Cuurast, yro 3emis IBHKETCS II0 KPYroBo# opOHuTe,
HaliTH ycKopeHHe w, coobuiaemoe 3emse CosHueM. CpaBHHTD
wcg

1.236. HafiTu nepByio KOCMHYECKYIO CKOPOCTb ¥; AJ 3eM-
JH, T. €. CKOPOCTb, KOTOPYIO HY2KHO COOOMHUTb Teay JJs
TOr0, YTOGHl OHO CTAN0 CNYTHHKOM 3eMJIH.

1.237. Haiitu BTOPYIO KOCMHUYECKYIO CKOPOCTb Uy ST 3€M-
Ju, T. €. HaUMEHbUIYIO CKOPOCTb, KOTOPYIO Hal0 COOOLIHTb
TEJIy JJIsl TOro, YTOOHI OHO MOIJIO NIPEoAoNeTh AefiCTBHE 3eMHOro
OpPHUTSKEHHA H Hascerja IokHHYyTb 3emino. CpaBHHTE U, C
fiepBOH KOCMHUECKOH CKOPOCTHIO U.

1.238. B kakoM ciyuae Tel0 yaaniuTcs Ha OoJbllee pac-
CTOSHHe OT 3eMJH: a) IIpU 3amyCKe BBEPX IO BEPTHUKANIU CO
cxopocTbio 10 KM/c MM 6) Npy 3amycke IMOJA YrJOM K FOPH30H-
Ty, paBHeIM 5°, co ckopoctbio 12 km/c? ComporupieHHem
BO3AYyXa npeHe6peqb

1.239. Onpenenutb, NpH KakKoM pajdyce opOuThl R
(B MeTpax) CNYTHUK MOXET JBHratbcs B IJIOCKOCTH 9KBaTOpa
TaK, 4TOOLI BCE BPeMsi HAXOUTLCA Hajl OJIHOH M TOH JKe TOUKOH
nosepxHoctd  3emau. CpaBHuth R ¢ panuycom 3eman Rs.

1.240. Ilnanera nBukeTcsa No Kpyroso#l opbute. Hafitu
CBA3b MEXY PajuycoM opGuthl R u niepuogom T ofpaiienus
niadersl Bokpyr CoutHila.

1.241. Vicxoaqa u3 Toro, 4To pajuyc 3eMHOH OpOUTH Rz=
=149,6-10° xM, a paguyc opbutkl Mapca Ry=227,8.10° K,
Ha#itn nepuopx Ty obpauienusa Mapca Bokpyr CosHua (BeIpa-.
3UTb €ro B TOAax).

1.242. Cuuras 3eM/I0 OJHOPOIHEIM IIAPOM H IpeHeGperas
BpallieHHeM 3eMJH, HaHTH:

a) yckopende cpoGoxgHoro mnajenus g(h) Kak (OyHKUHIO
paccTosiuus A OT 3eMHOH TIOBEPXHOCTH,

6) 3HaueHUs STOTO yCKOpeHHsl Aas h, parusix: 100, 1000,
10 000 kM. Brlpasutb HafijeHHBIe 3HAYEHHA uepes g — yc-
KopeHHe BO/IH3H NOBEPXHOCTH 3eMJIH.

1.243. &) Haiitu norenuuansuyio sHepruo U Tena Maccel
m, HaXOAAIErocs Ha PacCTOSHHM A OT 3eMHOH IIOBEpXHOCTH.
INoTenunanbHyo 3Hepruio Ha BbicoTe A=0 cuurtath paBHOH
HYJIIO.

6) IoanyuuTh npubinxeHHOe BeIpaxkeHue nis U, crpasef-
JuBoe NpH h& Rz (R3 — pannyc 3emuan).

1.244. Teso 3amylleHO € NOBEPXHOCTH 3eMJH NOJ YIVIOM

a=45,0° K rOpH30HTY €O CKOpOCTHIO Ue=05,20-10° m/c. Tlpe-
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nebperass CONDOTHBJEHHEM BO3AyXa H BpalleHueM 3eMiH,
OlIpe/Ie/IUTD:

a) BBICOTY A, Ha KOTOPYIO NOXHHMETCH TeJO Haj MOBepX-
HOCTBIO 3emid,

6) CKOpPOCTb U Tela B BePXHefl TOYKe TPaeKTOPHH,

B) pajuyc KpPHBH3HBl R,, TPaeKTopuu B BepxHell TOYKe.

1.245. Cuyras 3emsio OZHODOLHBIM IIAPOM W IpeHeGperas

. CONPOTHUBJ/ICHHUEM BO3AyXa, ONPENCIHTh, KaK OVAET JBUraThcd
HeGoJIbILIOe TEJO, eCAH €ro YPOHUTh B Y3KKi KaHaJl, NIpPOCBep-
JIEHKDBIH BJIOSIb 3¢MHOH OCH.

1.246. B ycsoBusix npefplyiiefl 3ajauyd HafTH:

a) MOLYJIb YCKOpPEHHs Tesia w(r) Kak QyHKLHIO pacCTOSHUSA
r OT LEHTpa 3eMHOro lLiapa,

6) MOZYJB CKOpocTH Tena v(r) Kak (GYHKIMIO 7,

B) CKopocTb Teja v(0) B MOMEHT, XOrja OHO JOCTUTAET
ueHTpa 3emuH; cpaBHHTb v{0) ¢ NeEpBOil KOCMHYECKOH CKOPO-
cTpio 73 (cM. 3ajauy 1.236),

r) BpeMsl T, COYCTSI KOTOPGE TENO BEPHETCS B HCXOZHYIO
TOUKY; CPaBHUTHL T C BpeMeHeM f;, 3a KOTOpOe TeJo, ABUKY-
meecss C NePBOH KOCMHUYECKOH CKOPOCTbIO, 00JeTaeT BOKPYT
Sema,

J) cpenHioO (MO BpeMeHH) CKOpOCThb Tena (v); CPaBHHUTH
ee ¢ v(0).

1.247. [{n1a tena u3 3agaud 1.245 naiitu:

a) noreBnHaIbHYIO 3Heprmio U{r) kak cpyHKumo paccrosi-
HHUSL 7 OT IEHTPa 3eMHOro Irapa ([OJOXKUTL NOTEHUHAIBHYIO
3HEPIHIO Tesa Ha GEeCKOHEYHO GOMBIIOM YHAJIeHHH OT 3eMJH
pPaBHOH HYJIO),

6) norenmuanabuyio suepruto U{0), koropoil obnanaer teno
B menrpe 3emsnu; cpaBHuth U(0) ¢ noreHuuassHoii sHepruet
Tesa BOJSU3U 3eMHOH TNosepxHocTH U(R).

1.248. BBejem Bpalamllyiocst CUCTEMY OTCUETd, OCb KOTO-
poit MPOXOJHT uepes IEHTP Co/iHlla H TepHeHIUKYJIsPHA K
IJIOCKOCTH 3eMHOI opOutel. Cucrema Bpamiaercs B Ty Ke
cropody, uTo M 3eMisl, ¢ YIJIOBOH CKOPCCTRIO, B ABa pasa
Gosibllueli, ueM CKOPOCTb BpalleHHsd 3eMJlH.

a) Kakue cuant HyXKHO yuecTb, paccmaTpHuBas B 3TOH CHCTe-
Me aBHKeHHE 3eMmsid oTHocutesnphHo CosHua?

6) Briunmcaurh 3HayeHHe M yKasaTh HANpasJCHHE 3THX
cun. CpaBHHUTB HX ¢ cmjIOf Fy rpaBHTAlMOHHOIO NPHTSKEHUST
3emau k CousHuy.

1.249. Onpeznenuts cuny F, ¢ kotopoil npurAruBaer K cefe
Semun0 HeGONIBILIOE TEIC MACCH M, HaXojsiieecss HAa 3KBaTope
HeJaleKo OT NOBEPXHOCTH 3em/id. YCKopeHHe CBOBGOABOrO
najieHus Ha 3KBaToOpe CYHTaTb H3BECTHBIM H PAaBHBIM g.yp.
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1.9. KoxefGarennHoe ABUXEHHE

1.250. Yacruuna kogaebiercd BAOJIb CCH X HO 3aKOHY X==
" =a cos of. [locTpouTs rpaduKH:

a) QyHKUM{ ¥, X B X B 3aBUCHMOCTH OT

6) byHKUMI X M X B 3aBHCHMOCTH OT X.

1.261. Yactunma coBepmaer rapMOHHYeCKce Kosebanue c
aMnIMTyod a v nepuopoM T. Hadhri:
a) BpeMs f;, 32 KOTOpOe CMelleHHEe YaCTHUBLl H3MEHSIeTcs
or 0 o o/2,
6) Bpemst 75, 32 KOTOpOe CMeLIeHHe U3MeHseTcs ot a/2 J1o a.
1.252. Yactuna koje6sercda BROJB OCH X IO 3aKOHY X=
==0,100 sin 6,28¢ (m). Hailitu cpenHee 3HaueHHe MOAYJASA CKC-
* POCTH HacTHUEL (v): a) 3a mepuon koseGanus T, 6) 3a nepsyio
1/8 wactb T, B) 3a Bropyio 1/8 uacts 7. CONOCTABHTDL MOJYYEH-
Hble 3HaYeHHH.

1.253. Jlna vacruunl us 3anauu 1.262 HafitH cpennee
3HaAuenKe BeKTOpa CcKopocTH (v): a) 3a TMepuoA KoJefaHud
T, 6) 3a nepByio YetBepTb 7, B) 3a BTOPYIO ueTBepThb 7.
© 1.254. Kak, 3Hag aMIUTYAY CMeLleHHs @ U aMIVIUTYAY
CKOPOCTH Uy,, HAUTH YaCTOTYy TapMOHHYECKOTO KoaehaHusd o?

1.255. Kak, 3Hag aMOJUTYAY CKOPOCTH Up, H aMIIUTYAY
YCKOpeHHua wy,, HalTH aMIJUTYLY @ H 4acToTy © TapMOHHUYe-
CKOTO Konebarudar

1.256. T'opusonrtanbHas IJaTdopMa COBEpINAeT B BEPTU-
KaJBHOM HanpapJjeHHM TapMOHnYeckoe KonebaHue x=a cos of.
Ha naartdopme Jgexur 1mafiba u3 a06COMIOTHO HeyIpyroro
- MaTepHana.

a) I'lpu xaxom ycnopuu miaitGa 6yler OTAeSATbCS OT IJjaT-
(opmbI?

6) B xaKoM N0JI0XKEHHY HAXOMUTCS U B KAaKOM HallpaBJeHUH

ABHIKeTCA maathopMa B MOMEHT OTphiBA OT Hee IUaHObI?

B) Ha xaxyio euicoty k& 6yner nopnumarbes aiifa Haj ee
NONOXKEHHEM, OTECUAICLIEM CPeJHEMY INOJOXKEHUIO N1aThOpMEI,
B cayuae, ecad a=20,0 cM, ©=10,0 c71?

1.257. Hafitu cpenune 3HaueHus sin® x ¥ cos? X Ha NpoMe-
KYTKe OT & A0 G -+nm (¢ — HPOUSBOJBHLIE yrod, n — Lejoe
YHCJO). |

1.2538. Yeny pasHa NpH rapMoHKueckoM KoseGaHuu padoTa
A KBazuynpyro#l CHUALI 32 BpeMsl, paBHOE INepHOLY KoJseOaHuii?

1.259. a) Hafitu ypaBHeHue, cBfi3plBalollee 3HAYEHHUS KM~

nyJabca p,=#x O 3HAYEHHSAMH KOOPJHHATHL X OJHOMEPHOTO
rapMonyyeckore ocuujaaropa. Macca ocuuaagtopa m, ya-
¢10Ta ©, aMILINTyAa KosaeGaHus a.
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6) HapucoBarb KpHBYIO, ONHCHIBAEMYI0 3STHM YypaBHe-
HUEeM.

B) Bripasurb mniomanb S, orpaHMYeHHYIO 3TOH KPHBOH,
yepes 3Hepruio ocuuaaropa E.

1.260. OnpejenuTb 4acToTy @ MajbIX KojeBaHHH YaCTHILI
u3 3ajauv 1.92, BO3HHKaIOUX B TOM CJydae, e€CJaH YacTHILY
CMECTHUTb B pajHajbHOM HAalpaBJIEHHH H3 NOJOXKEHUS YCTOH-
YyMBOTO paBHOBecHs. Maccy uyacTHuBl NPUHATL paBHOH M.

1.261. a) [1pu xaxo#t pjauHe [ nepHOx KojeGaHUi MaTteMaTu-
uecKoro MasTHuka 6yjer paseH 1 ¢?

6) Uemy paBeH nNepuoj KoseGaHud T MaTeMaTHYecKoro
MafATHHKA AJUHBL [=]1 M? '

1.262. Ponb (puU3HUECKOrO MasiTHHKA BHINOAHSIET TOHKHH
CTepiKeHb, NOJBEILeHHbIH 3a OJHH M3 ero KOHIOB.

a) Ilpu xakoi#t piune [ crepxHs Nepuoj KosieGaHUH 3TOTO
MaatHuka Oyner pased 1 c?

6) Uemy paBen mepuon KosebGauuii T mpu JyinHe CTepKHS
B 1 m?

1.263. Ha xakoM pacCTOAHHMH X OT LleHTpa HYXKHO IIOABe-
CHTb TOHKHH CTepXeHb 3afaHHOH IJuHBL [, YTOOHl IONYYHTH
(QU3MUeCKHH MAasTHHUK, KoJeOmoIWHMiCA ¢ MaKCHMaAbHOH ua-
cToTOH? YeMy paBHO 3HAUGHHE ©,, 3TOH YaCTOTHI?

1.264. Haiity 3aK0H, O KOTOPOMY H3MEHSETCH CO BpeMme-
HeM HarsKeHHe F HUTH MaTeMaTHUeCKOro MasiTHUKA, COBep-
Hiaronero xosnebanue @=,,cos of. Macca MasiTHHKA paBHa M,
nauvHa L

1.265. B HenoxBu:KHOH KabuHe JH(Ta KauaeTc MasiTHHK.
Beseacreue ofpbiBa Tpoca KaGuHa HauMHaeT NajaTbh € YCKO-.
penreM g. Kak Bener cefsi MafTHHK OTHOCHTEJNHHO KaGHHBE
Jaudra, eClid B MOMEHT ofpbIBa TpPOCca OH

a) HAXOAMJICS B ONHOM H3 KpalHHX IOJOXKeHHH,

6) NPOXOAHJ Yepes NOJOKEHHE paBHOBeCHA?

1.266. B xabuHe nudra noaselleH MaATHUK, NEPHOA KoJe-
Ganuii KoToporo, Korja Judr HenoABHKeH, paBeH T.

a) KakoB Oyper nepuoa T KoneGaHUiT MasiTHUKa, €CJIH
JuQT CTaHeT ONycKaTbCA € yCKOpeHHeM, paBHbHIM °/,g?

6) C KaKkHM YCKOPEHMEM @ HYXKHO NOJHUMATb JHUDT A
TOro, uTOOB NEPUOA KoJeDaHUl MaATHUKA Obl1 paseH /,7¢?

1.267. B kaGuHe camorera nojgeilieH MasfTHHK. Korxa
caMoJieT JIeTHT 0e3 YCKOpeHHS, MasiTHHK Kauaercs C 4acro-
TOH . '

a) KakoBa Gyzer wactora ® KoJeGaHHH MasTHHKA, €CJIH .
caMoJIeT JIETHT € YCKOPEHHeM W, HampaBJIeHHe KOToporo oG-
pasyer ¢ HalpaB/eHHeM BHH3 IO BEPTHKaJH yroa a?

6) Hafitn o ana cayuas, Koria w=g u a=mn/2,
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1.268. Haiitu nepuon Kose6auuit T MaTeMaTHUeCKOro Mas '
ATHHKE, JJIMHA MojBeca KoToporo [ paBHa paauycy 3eman Rj.
CpaBHHTb NOJYYEHHBIH pe3y.abTaT C OTBETOM K 3ajave 1.246,
n.r).

1.269. ®usngecKHil MaATHUK YCTaHAB/MBAIOT TaAK, YTO €10
LEeHTp MacC pacnojaraercs najx To4ko# moxseca. Ms storo no-
JIOXKelHsl MaATHHK HauMHaeT JBHraTbes 6e3 TPeHHS C HyJeBol
HayanbHOH CKOPOCTHiO. B MOMeHT IpPOXOKICHUS Yepe3 HHIKHee
TOIOXKEHHE YIVI0Basi CKOPOCTb MAsATHUKA JOCTHLAET 3HAUCHHA

Pmax- HAHTH COOCTBEHHYIO YACTOTY @ ManblX KoJseGaHui
3TOro MasiTHHKA.

Puc. 1.41 Puc. 1.42

1.270. Wapuk maccet m=>50,0 r noipeilleH Ha NPYXHHE
xecTkocTH k=49,3 H/M. Ilapuk noanmmaioT 10 TakKoro noJjo-
JKeHHS, IPH KOTOPOM IPYXKUHA He HalpsIKeHa, U OTIyCKaioT
6€3 rosuka. [IpeneGperast TpeHHeM ¥ MacCOH MPYKHHBI,

a) Hafitu nepuop T ¥ aMIIHTYLY @ BO3HUKIUHX KOJeOaHuH,

6) HanpaBuB OCh X BHU3 U COBMECTHB TOUKy x=0 ¢ Hava/b-
HBIM TQJIOKEHHeM IIapHKa, HANWCATh YPaBHEHHE [BUKEHHA
LIapHKa. ' '

1.271. Tlpene6peras TpeHHEM, ONPEALJUTH YACTOTY ® Ma-
JRIX KoseGaHud pPTYTH, Hajuroi B. U-obpasHyro TpyOKy c
BHyTpeHHuM ceuennem S=0,500 cm* (puc. 1.41). Macca pry-
1 m=136 r. )

1.272, JJepeBsHHBEIA MOJIOTOK COCTOUT M3 LIUJIMHIPHUECKOTO
Goiika paguyca R=4,00 cm u pykosTku JauHbl [=90,0 cm.
Macca Gotika m,=0Q,800 kr, macca pykosTkd.n,=0,600 xr.
MosnoTok mosioxen Ha JiBa napajsenbHeIX 6pycka (puc. 1.42).

- Hafitu nepuop T Manbix KoseGaHHI 3TOH CHCTEMEI.

1.273. Bpesro mMaccet M=20,0 Kr BUCHT Ha ABYX IUHYypax
anunel [=1,00 M Kaxapli (puc. 1.43). B topeu 6pesHa ynapsier
W 3actpeBaer B HeM nyJs Maccel m=10,0 r, Jerswas co cKo-
pocreio v=>500. M/c. Hafitu ammuntyay ¢,, u nepuox T Bo3-
HUKIWIHX KoJeGaHui 3Toli cucTembl. TpeHuem npeHeGpeub.

59



1.274. lap maccsl m=2,00 Kr nojseleH K ABYM COeHHEH-
'HBIM OCNefloBaTeNbHO INpyxuHaMm (puc. 1.44). JKecrkoctb
npyxuH pasua: k;=1000 H/m, k;=3000 H/m. Hpeﬂeéperaﬂ
Maccofi Npy:HH H TPEHHeM, HaiTu:

a) 4acToTy ® MasblXx KoseGanuil luapa,

6) amnauTyay @ Koue0aHulH, BO3HUKAOIIUX B TOM ciaydae,
€CIU Mlap YCTaHOBUTR Ha YDOBHE, MPH KOTOPOM NPYIKUHBI HE

@iyl HAlPSKEHBl, M OTHYCTATb 6e3s Tomuka.
1.275. Bsox nokasauHoro Ha puc. 1.45 yer-

% poficTBa IpejicTaB/fgeT coBOH CIJIOMIHOA OfHOPOM-

HBIYl IUMJIHHAD, KOTOPHEIHl MOMXET BPallaThCsl BOKPYT
ocH Ges ouyTamoro Tpenns. Macca 6ioka M=
=5,00 kr. JKecrkocrb npyxunsl k=1000 H/m.
Maccoﬁ NPYXHHBL H IepeOPOLIEHHOro yepes GJI0K
LIHYpa MOMKHO TIipeHefpeun. Macca BHCAHIETO Ha
muype rpysa m=1,00 gr. Ilomaras, d4ro npo-
CKaJIb3bIBaHHE IIHYpa [0 6/I0KY OTCYTCTBYET, HaiTR:

a) 4acToTy ® MaJbiX KosieOaHHH ycTpoHcTBa,

6) MaKCHMaJbHYI0O CHJy HarsixeHus wHypa caea (Fip)
u cnpasa (F,,) or 6joka B cayyae, Korja amIIUTyja KoJje-
6anuit 0=5,00 Mm.

1.276. IBsa mapa maccamu /m, U M, MOTYyT CKOJb3UTh Ge€3
TPEHUS 110 TOHKOMY TODH3OHTAJIbHOMY crepikHIO (puc. 1.46).

2 Hlaper cBsizanbl HEBECOMOH NMPYKHHOH MKeCT-
KoctH k. CmecTuB Iapel B HPOTHBOIIOJIOXK-
HBIE CTOPOHBI, MX OTIYCKaOT 063 Tomuka.
Onpenenure:

a) Kag Bener ce0sd IEHTD MacC CHCTEMBI,

6) YacToTy ® BO3HUKIUMX KoJefauHuii,

Puc. 1.45 Puc.  1.46

B) MaKCHMa/LHOe 3HAYEeHHE OTHOCHTENBHOH CKODOCTH IHA-
POB Upgy, €C/IM HAYAJIBHOE OTHOCHTENBbHOE CMeIeHHe LIapoB
paBHO 4.

1.277. JIBa mapa maccamH fM; H M, MOTYT CKO/Ib3UThL 0e3
TPEHHs MO JJIMHHOH HATAHYTOH TOPU3OHTANBHO IIPOBOJOKE
(cm. puc. 1.46). Hlapui cesizadbl HeBeCOMOH NPYIKUHOH KeCT-
KocTH k. IlepBonayanbHo crcrema HENOABMKHA H NPYIKUHA He
HanpsxeHa. IlepBoMy mapy coolmiaercsi HMIOYJABC po==iMUy.
Onpeneautn:
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a) CKOPOCTb Uy LEHTPA MAacC CHCTEMBI,
6) sHepruio E .., TNocrynarensHoro U E, ... Koaeba-
TQJBHOI'0 [ABHMKEHHA CHCTEMBI,

B) 4acToTy ® M aMILUIATYAY @ KojaeSaHui,

1.278. Ogmopoaumlt juck Maccsl m=3,00 Kr n paguyca
R=20,0 cM cKpemjeH C TOHKHM CTePIKHEM,
Jpyroil KOHEIl KOTODOro 3akpervieH HelOABHKHO
(puc. 1.47). KoadduumeHt kpyueHHA CTEpPKHS
(OTHOLIEHHE NPHIOKEHHOTO BPalaoMero MoMEH-
Ta K yray 3akpyuusanus) k=6,00 H-.m/pan.
Onpegenurs:

a) 4acToTy ®© MaJblX KPYTHJBHBIX KoseGa-
HHH [licKa,

6) aMILIATYAY @y W Hayalbuyio basy @ - puc. 1.47

KO/Me0aHn, ec/M B HayaldbHB MOMEHT ¢=

=0,0600 pax, ¢=0, 800 pan/c.

1.279. JiBa 1ucKa MOTYT Bpamlathes 6e3 TpeHnus BOKpYT
ropusoutansbHoil ocH. Paguyc JMCKOB OJMHAKCB U pabell
R=0,500 m. Macce! juckop pasubr: m,=2,00 xr 1 m,=3,00 &r.
Hucku coeanHeHnl NPYXKHHOH, Y KOTOpoil
KO3(Q(PUIHEHT IPONOPUHOHAJBLHOCTH MEXKLY
BO3HHKAIOMMM BpallaTe bHEIM MOMEHTOM H
yrJoM sakpyuuBauus pasen k=5,91 H-m/pan.
JIHCKY TIOBOpaYMBAIOT B HPOTHBOIOJOKHEIE
CTOPOHBI M oThyckawoT. Yemy paseH nepuon

Puc. 1.48 T KpyTuabHBIX Kosnebauuil juckos? Juamer-

poM ocu npenebpeub.

1.280. ITo nuamerpy ropH3OHTaJBHOrO AHCKA MOKET Iepe-
MEIATbCS, CKONIB3ST Ge3 TPeHUs! N0 HANPAaBJISIOUEMY - CTEDIKHIO
Hebosbmiaa Mydra macest m=>0,100 &r. My(pTa «NIPUBsi3aHay
K KOHIy CTeDIKHs C TNOMOMIBIO HEBECOMOH TPYMKHHBI, MKecT-
Kocth Kotopo# £=10,0 H/M (puc. 1.48). Ecin npyxuna He
Hanpmxena, MydTa Haxomutcs B LeHTpe jaucka. Ha#itu ua-
CTOTY ® MasjbiX KoJeCaHHH MyQTBI B TOM C/ydae, KOria AHCK
BpaLllaeTest BOKPYT CBOEH OCH ¢ YIJIOBOH CKOPOCTBIO @, PaBHOI:

a) 6,00 pag/c,

6) 10,1 paA/c.

1.281. K Kynony 3ana HoIBeIleH HA JErKOM HepacTsKHMOM
muype map maccel m=>5,00 kr. [auna noaseca [=9,8] wm.
Iilap orBesin B CTOPOHY BHOJb HEKOTOPOrO HANPABJEHHS X Ha
paccrosnue a=30,0 cM U COOOIHIM €My B IIEPIEHANKY ASTPHOM
K X HanpasJenuH y umnyqanc p=2,00 xr-m/c. [peHeSperas
TPEHHEeM, HaHTH yPaBHEHHE TPaeKTOPHH, 1O KOTOpPOH Oyner
JBHTaTbhCsA LEHTpP luapa.

2,
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1.282. 3a 10 ¢ amnauTyRa CBOGOAHLIX Ko/IeGanHil yMeHbIIa-
erca B 10 pa3. 3a xakoe BpeMsl T aMIVIHUTYJa YMEHBIIHTCH B
100 pas?

‘ 1.283. 3a 1,00 ¢ aMniauTyna cBOGOAHBIX KoJIeGaHHE yMeHb-
maercss B 2 pasa. B TeyeHHe Kakoro npomexyTka BpEMEHH T
aMnauTyAa ymenbnuintes B 10 pas?

1.284. 3a Bpems {=16,1 ¢ ammauTyga KoneGanuii yMeHb-
waerca B 1=>5,00 pas.

a) Hailtu xosdduuvent satyxaHus kodeGanuir f.

6) 3a Kakoe BpeMs T aMIUIUTYAa YMEHbBIUHTCA B e pas?

1.285. 3a 100 c cucrema ycneBaer coBepmuthb 100 Koseba-
HHA. 3a TO XKe BpeMsd aMIIMTYJa KoseGaHuHH yMeHbIUaercs
B 2,718 pas. Uemy paBub:

a) KoappHUMeHT 3aTyXaHHdA KojebaHuit §,

6) JorapHQMHUECKHH JIEKPEMEHT 3aTyXauusi A,

B) J0OOpPOTHOCTL CHCTeMbi @,

I) OTHocHTeJdbHas yObuib 3Hepruu cucrembl —AE/E 3a
nepuof KoseGaHuh?

1.286. 3a BpeMsi, B TeyeHHe KOTOPOT'O CHCTEMa COBEpIIACT
N=100 xoneGanuit, ammuuTyaa ymenoiaercad B 11=>5,00 pas.
Haiitn noGporHocts cucreMnl Q.

1.287. Jo6poTHoCTL HEKOTOpOl KosneGaTelbHOH CHCTEMbI
Q=2,00, yacrora cBOGOZHHIX KosaePanuit ®=100 ¢~ Onpe-
JeJUTb COOCTBEHHYIO YacTOTy KoJeOaHU# CHCTEMBL .

1.288. 3aryxaroinue kKoseGaHHA YaCTHIB! OblIM BO3OyHKIe-
HBl IyTeM CMEIeHHs ee U3 ITIOJNOKEHHSI PaBHOBECHS Ha pac-
crogure a,=1,00 cm. Jlorapudhmuyeckn#i JeKpeMeHT 3aryxa-
Aust A=0,0100. ITpu croab cjlaGoM 3aTyXaHHU MOKHO C 60Jb-
IO CTENeHbI0 TOYHOCTH CUWTATh, YTO MaKCHMAaJbHbBE OTKJO-
EeHHs OT NOJOKeHUs PaBHOBECHS -JIOCTHTAIOTCS. B MOMEHTBI
ppemery £,=(T/2)n (n=0, 1, 2, . . .). B srom npubaxennu
HalTH NYTh S, KOTOPBIH NPORAET YyacTulla A0 NOJHOR OCTAHOBKH,

1.289. UYacrora cBoGOAHBIX KoJeOaHHH HEKOTOpolt cH-
crempl ®==100,0 ¢, pesonHaHcHas YacToTa ®,.,=99,0 c71,
Onpeneauts ROOPOTHOCTL  3TOH CHCTEMBL.

1.290. JKesnezHplii crep:keHb, INOABEINEHHB K INPYKHHE,
Oynyyd BBIBEAEH U3 TOJOXKEHHS paBHOBECHS, COBEpIIaer
cBoGonHele Koje6anus yactoTel o' =20,0 c¢~%, npuuem am-
OUTYAa KonefaHuil yMeHbllaercs B 7|=2 pa3 B TeueHHe Bpe-
mend 1=1,11 c. B6au3u HIDKHEro KOHIA CTEP:KHS [oMelieHa
KaTyllKa, IhTaeMast nepemedHbiM Tokom (puc. 1.49). Ilpu
gacToTe TOKa ®=11,0 ¢! crepxendb KoJaeGaeTcsa ¢ aMIIHTY XoH
a=1,50 mm.

a) Ilpu xakoff HacTOTe TOKa ®,., KOJeGAHHA CTePHKHS
JOCTHFHYT HauGoJ/blued HHTEHCHBHOCTH?
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6) Kaxopa Gyier aMnautyjaa a,., XojeGanuil npu aToht
yactore? [lpenmonaraercst, uYTo aMIAHTYJa BbLIHYXKIalollel
CHJIBI HeW3MeHHAa. YUecTb, YTO YacTOTd BBIHYKAAIOLIEH CHJIBL
paBHA YIBOECHHOH 4acTOTe M3MEHEHMH TOKA B KaTyLIKe.

1.291. Iox npefictBueM BrIHY:Kawomell cuanl F,=F,, cos of
CHCTEMAa COBepllaeT YCTAaHOBHUBIIMECH Ko/eGaHusi, OMNHChIBA-
emble QyHKUHEH X=a cos(wi—).

a) Hafitu paGory A

sy BBIHYKAAIOUIEH  CHJIBL

3a TEPHO/. '

6) [Moxasars, yrto pafora CHJBI TPEHHA 3a Ie-

pHOXR A'rpz_"“ABbm'
1.292. Tlpu BeH3MeHHOH aMIUIMTYJEe BHIHYKAA-

IOliell CHJIBL aMILIMTY/A BRIHYKACHHBIX KosefaHui

npu yacrorax ©,=100 ¢™* u ©,=300 ¢! oka- @

3biBaercs onuHaKoBofi. Hakth pesonancHyo ua-

CTOTY ® 5. ' Puc. 1.49
1.293. [lpu HeuaMmeHHOH aMIVIHTYAe BHIHYXJa-

owel CHJIL AMIIHTYAA CKOPOCTH IpH yacTotax ®;=100 c¢~%

1 ©,=300 ¢! okasnlBaeTca oiuHaKoBo#. HaiiTu yacTory .,

IpH KOTOPOH aMIINTyJa CKOPOCTH MaKCHMaJgbHa.

1.10. PeasgTuBrCcTCKAA MeXaHHKa

1.294. Corsacyercs i ¢ IPHHLUIIAME ClIeHHATbHON TEOPHH
OTHOCHTEJIbHOCTH NPEACTaBJCHHE O Tejle B BHJE Lifapa panuyca
R=1,00 M, spamaiwllieroci BOKPYT CBOeHl OCH C YIJIOBOH
ckopocthio 0=3,30-108 papn/c?

1.295. CorsacyeTcsi Ju ¢ NPUHIKMOAMH CHENUANBHON TEO-
PHH OTHOCHTE/NBHOCTH NpeJcTaBjenne of 3JeKTpoHE KaK o
BPAIUAIOMIEMC BOKPYT CBoeH OCH OZHOPOIHOM IIapHKe MacChl
m=0,911.10"3% kr (macca snexTpona) u pamuyca R=2,82X
X 1071 M (RmaccHueckuifl pajguHyC 3JeKTpoHa), obmajaioineMm
COGCTBEHHBIM MOMeHTOM uMnOyjabca M==0,913.10"3%% xr.m¥c
. (BBITEKalolllee H3 KBAHTOBOH TEOPHW U IOATBEPKAEHHOE 3KC-
NEPUMEHTAJNLHO 3HayeHHe COGCTBEHHOO MOMEHTa HMIyJIbea
3JIEKTPOHA)?

1.296. B cucreme K Hekoropoe CcOOBITHE NPOH3OULIO B
Touke ¢ Koopaunaramu (1,00; 1,00; 1,00) B moment ¢=1,00 c.
OnpefenuTs KOOPJAWHATEL ¥ BpEMSI TOTO COOLITHS B CHCTEME
K’, mBuxymefics orHocurensHo K B HamlpaBjeHUd coBnaja-
IOIUX ocell X ¥ x' cO cKopocThio U,=0,800 ¢.

1.297. Umetorcst 1Ba ofuHaKoBbIX crepxkHfA, Crepxenn |
NOKOUTCH B cHcTeMe orcuera Ky, CTepxeHb 2 IOKOMTCH B
cucreMe orcyera K,. CHCTeMBl JBHKYTCS JPYT OTHOCHTENbHO
Apyra BRonb coBHafalomuXx ocefl x. Crep:HH Napaj/enbHsl
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stum ocam. Kako#i crepxenb 6yjer kopoue: a) B cucreMe Kj,
6) B cucreme K,?

1.298. Kakywo NpOJOJbHYIO CKOPOCTH U HYXKHO COOOUIUTH
CTepIKHIO ISt TOrO, UTOObI €0 IJIHHA CTajla PaBHOH NOJIOBHIE
IJIMHBI, KOTOPYIO OH HMEeT B COCTOSIHHU IIOKOSIP

1.299. a) YeMy paBHO OTHOCHTE/bHOE NMpHpAllleHHe IJIHHBI
crepxkus Al/l,, ecnu eMy coolliuTh ckopocth v=0,lc B Ha-
npaBJ/ieHHH, 00PasylolleM C OChi0 TMOKOHBIIErOCH CTEPIKHS
yroJ o? X

6) Bouncautb Allly ans snadvedui o, paBHEX: 0, 45, 90°,

1.300. Pewwts sazagwy 1.299 pns cxopoctu v=0,9%.

1.301. B cucreme K’', OTHOCHTE/NBHO KOTOPOH CTEpKEHb
fOKOHuTCs, OH uMeer Jnuuy I'=1,00 M u ofpasyer ¢ ocbio x’
yroa a’=45°, Onpesieuts B cucreme K JAUHY CTep:Ha [
¥ YroJ o, KOTophifl cTepireHb obpasyer ¢ ocblo X. OTHOCHTE/b-
HAas CKOPOCTh CHCTeM paBHa vo==0,500c. :

1.302. HenopsmxHoe TeNO HPOW3BOJABHOH (DOPMBI HMeEET
o6beM V., Uemy paBed ofbem V Toro xe Tena, €c/iu OHO ABH-
xercst co ckopocteio v=0,866¢?

1.303. CymmapHasl HOBEPXHOCTb HeMOJBHKHOIO TeJa,
umeiomero gopMmy Ky6a, paBHa S, UeMmy paBHa IOBEpXHOCTh
S Toro xe Tejia, €C/iM OHO JBHKETCS B HANPaBJIEHUH OXHOTO
U3 CBOMX pefep co ckopoctbio v=0,968c? '

1.304. Vwmerorca jaBe cucrembl orcuera K u K’, orHocu-
TeNbHAas CKOPOCTb KOTODHIX HeusBecTHa. IlapassienbHefl ocu
X' crepxeHb, IBMKYIIMACA OTHOCHTENIbHO cHcrembl K’ co
cxopoctbio v,=0,100c, umeer B sT0i cucteme JuuuHy ['=1,10 m.
B cucreme K pamHa crepxus [=1,00 M. Halitu cxopocts v,
CTEPIKHS B cucreMe K W OTHOCHTENBHYIO CKOPOCTb CHCTEM U,.

1.305. VMeercst 1Boe OfMHAKOBHIX uacoB. Hacer | noxosrcs
B cucTeMe orcyeta Ky, yacel 2 noxodarcs B cucreMe orcyera K.
CrereMsl IBHKYTCH JPYr oTHOCuTenbHO Apyra. Kakue uyace
uayT GpicTpee: a) B cucreme Ky, 6) B cucteme K,?

1.306. [Boe OIMHAKOBHIX CHHXPOHHM3UPOBAHHEIX Yacos
VKpemJieHbl Ha KOHLAX CTEepPXKHA C COOCTBEHHOH JNJIHHOH /.
Ilpn xakom snauenun [, pasHocTb mnoxasanuit wyacoB AZ,
onpenesentHas Hab/oareseM, ABIDKYIIHMCA TapajseibHo
CTEPXKHIO €O CKopocThio v,=0,600c, oxamercss pasHGH:' a)
1,000 mxc, 6) 1,000 c?

1.307. Pemuts npespaymyio sajauy s v,=0,999.

1.308. Ha xoHUax J&BYX CTep:kHeli COGCTBEHHOR IJIMHEL
[,==10,00 ™M ykpemjieHH ONMHAKOBLIE CHHXDOHH3HPOBAHHLIE
Apyr ¢ gpyrom vace (puc. 1.50). Crep:xuu IpUBEJEHH B ABH-
JKeHHE C OTHOCHTEJBbHOH CKOPOCTBIO Up=c/2. B MOMeHT, Korja
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yacet / ¥ I’ HaxojATcs IPYr NMPOTHB JApYyra, CTPeJKH 06OHX
4acoB IOKA3bIBAOT HYJeBOH orcuer. OnpenenuTsb:

a) NMOKa3aHHA T; U T, yacoB I/ U 2 B MOMEHT, KOrJa OHH
NOpaBHAIOTCS JAPYr C JAPYTroM,

6) noxkaszaHufl T, U T, yacos 2 U I’ B MOMEHT, Korja OHH IO«
. PaBHSIOTCH APYT C JPYroM,

B —
<——

B) MOKAa3anusl Ty U T, 4acoB 2 H 2' B MOMEHT, KOrjJa OHHU [O-
paBHSIIOTCA JPYT € APYToM.

1.309. Co6ctBeHHOe BpeMsl KH3HH HEKOTOPOH YacCTHIBI
-oKaszanock paBHeiM T=1,00-107% c. Uemy paBeH untepsan As
MEXKAY POXKJIEHHeM U paciafoM 3TOH YacTHIBI?

1.310. C Kako#i CKOPOCTHIO U JOJIKHA JeTeTh 4acTHLld OT-
HOCHTEJIbHO cHCTeMbl orcuera K sl TOTO, UTOOB! TIPOMEXKYTOK
coGereennoro Bpemedn At 6wt B 10 pas MeHblle DPOMEXYTKa
A{, orcyuTaHHOro 1O YacaM CHCTeMbl K?

1.311. 3a npomexxkyTox Bpemenu Af=1,000 ¢, orcunTanHbI
N0 4acaM HEKOTOpofl cucreMmbl orcuera K, vacruna, ABHrasch
NpsSMONMHEAHO W pPaBHOMEPHO, IepeMecTHsIach M3 Hayaja
KOOpJAHHAT cHCTeMBI K B TOUKY C KOODAMHATaAMH X=Y=2z=
=},50x 108 M. Haiitn npoMexyTok coOGCTBEHHOTO BpeMeHH
yacTuilbl At, 3a KOTOpBHi [IPOHM3OILIO 3TO NepeMellleHHe.

1.312. CofcrBeHnoe BpeMst KU3HU HeCTaOUJIBHOH 3JeMeH-
TapHO#l yacTuip! paBHO 7. CunTas JBHMKEeHHE YacTHIBI Npsi-
MOJIHHENHBIM H pPaBHOMEDHBIM, ONPEACAUTb NYTb [, KOTOPHIH
OHa HPOHJET JO pacnaja B CHCTEMe OTCUeTa, B KOTOPOH BpeMs
U3HH YacTULBI PaBHO I.

1.313. CobcTBenHOe BpeMs KU3HH HeCTaGWJILHOH 3JeMeH-
TApHON YacTHUbI, Ha3bLIBAEMOH MIOOHOM, T=2,2 MKC. Onpe-
JIeUTh BpeMs XKM3HM [ MIOOHa B CHCTEME OTCYera, B KOTODOM
OH NPOXOJUT A0 pacnaga NyTh =30 xm. CtmTaﬂ JBHXEHHE
MIOOHA IPSMOJHHEHHBIM H DABHOMEPHBIM, HaHTH CKOPOCTb
MIOOHA 0.

1.314. Cucrema orcuera K’ gsukercd OTHOCHTENLHO CH-
creMel K co cropoctbio 0,=0,500c. Cxopoctb HeKOTOpOil ya-
cruuel B cucreMe K’ paBHa v'=0,1732 c(e,e,e;). Haiitu:
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a) mMomyab v ckopoctd v’ M yroa of, ofpasyemsiil v’ ¢
ocelo X', .

0) CKOpOCTh V HacTHHH! B cHCTeMe K, MOXyJnb U 3TOH CKo-
pocTH H yroa «, o6pasyembil vV C OChIO X,

B) oTHolileHue v/v’ MONyJell BeKTOpos v 1 v',

1.315. [Be ofudHAKOBBIE YACTHLBI ABMKYTCI B HEKOTOPOIl
cicreMe orcdera K HaBCTpeuy JPYT APYrY € OAKHAKOBOM
110 MOAYJ/HO CKOPOCTHIO U,

1. Onpenenuts MOAYJAb CKOPOCTH U', ¢ KOTOpOH Kaxjas
H3 YaCTHIl ABHMXETCH OTHOCHTEJNbHO ZPYrof HacTHIEL

2. Borumeauts v g caywas: a) v=0,l¢, 6) v=0,5c,
B} v=0,99.

1.316. Pewute 3anauy 1.315 aasa cryuad, Korja 4aCTHIL!
JBIKYTCH B cucreMe K BO B3auUMHO IepIeHAUKYJISIPHBIX Ha-
nDpaBJeHUAX.

1.317. Tlpu Kako#l CKOPOCTH ¥ HOTPEIIHOCTH IPH BbIYHUC-
JIEHUH HMIYJbca HO HBIOTCHOBCKOH (opMyne p=my He IIpe-
soiuaer 1 %? N

1.318. Hafitn ornollenye pessITUBHCTCKOIO M HbIOTOHOB-
CKOro HMIYJLCOB JIsl CKopocTH, paBHof: a) 0,le, 6) 0,5¢,
B) 0,999.

1.319. HaiiTn cKopocTb ¢ pesisiTHBHCTCKOH YACTHIBI MACCHI
m=0,911-10"% xr (Macca 2J€KTPOHAa), HMIYJbC KOTOPOH
p=1,58-10"22 gr.m/c.

1.320. 3meprust moxkos uacruus! pasHa E, Yemy paBHa
NoHasi 3Heprus YacTHLBI B CHCTeMe oTcyera, B KOTOpOfl
HMIYJLC YacTHUBI paBeH p?

1.321. Mmny,nc Testa Maccel m paBeH p=mc¢. Uemy paBHa
KHHeTHUecKas sHeprud 7' Tena?

1.322. Tlpn Kaxoit CKODOCTH UaCTHHBI U e€e KUHeTHYecKas
SHEpIUsl paBHA JHEPTUH NOKO?

1.323. Hafity uMnysbc p peNATHBHCTCKOA YACTHILI MACCHI
m, KuHeTHUYecKasl 3Heprus koropoit pasra T,

1.324. Bocnonp3oBaBiuuch pesyabTarnM 3agauu  1.323,
ONpPeJIeNUTh UMNYJLC p PelTHBHCTCKOH YaCTHIBI Macchl M,
KUHeTHUYecKaa >3Heprusa 71 KOTOPO# paBHa 3HEPIHH IOKOA
YacTHULL M,

1.325. Ilpu cxkopocTH uaCTHUBI U, HMITYJIbC YaCTHLEL pa-
BeH p. .

a) Bo ckoIbKO pas 1 HYKHO YBEJIMUUTH CKOPOCTb YACTHIBE
JAJS1 TOTO, 4TOOBI ee HMIYJILC YABOUJICH?

6) Hailtu suauenus 1 mast vle, pasueix 0,1, 0,5, 0,9 u
0,99. , '
B) IlonyyuTh NPHOTHIKEHHOE BBHIpAXKeHHe 1) AJIA 3HAYEHHH
Uy, ONUBKHX K C
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1.326. ITonnas sueprusa wactuuel pasia 10 mc? Uemy
paBHa ee CKOPOCTb v?

1.327. Yacruua wmacesl m==1,00-10"2" xr o6sanaer B
cucreme K xumeTHuecko# suepruefi T=2,25-10"¢ JIx. On-
peflesIMTh KHHETHUeCKyio sHepraio 7', Kotopoit ofgajaer
uacTua B cucreMe K’, apmxymelics OTHocuTenbHO K cO
ckopoctsio  v,=0,800c, mNepneHAUKYJASAPHOH K CKOPOCTH
uacTuipl B cucreme K.

1.328. Jlse ojuHaKoBBIE YACTHIBI MacChl /1 KaKJasl JeTAT
HaBCTPeuy JAPYT APYTY ¢ OAUHAKOBOH 10 MOAYJIIO CKOPOCTHIO U.
Cro/IKHYBIIHCD, YACTHIBI CJIHBAIOTCA B OJHY HacTHILY.

1. KaxoBa macca M ofpazopaBluelicd yacTHUB?

2. Haéitu M jos v, pasuoit: a) 0,1¢, 6) 0,5¢, B) 0,999%.

1.329. Hemonpmxnas uyacrtuua Mmaccel M pacnajaercs Ha
JBe OJMHAaKOBble YacTHibl Maccoit m=0,4 M xkaxpas. Hafitu
CKODOCTh U, C KOTOPOH ABHIKYTCS 3TH YacTHIEL

1.330. Hailitu orHowenne KuHerHueckol sHeprum T K
SHepruM Hokos yacTuupl £, Aas cayuast, Korga B=v/c co-
crasaster: a) 0,9, 6) 0,1, B) 0,01,

Bripasuts T/E, uepes § u P2 YCTaHOBHTH 3aKOHOMEp-
HocTh B 3aBucumoctd T/E, or P2

1.331. Kaxyio paGoty A HYXHO COBEPUIMTH, YTOGHL CO-
o6IWTL 5J€KTPOHY CKOpPOCTh, paBmylo: a) 0,5c, 6) 0,999¢?
Sneprusi noxrosl ajekrpoHa Fy,=0,82-10"% Tx (0,51 MsB).

1.332. Han nepBonayanbHO MOKOUBLIHMCS HPOTOHOM CH-
JaM¥l 3JIEKTPHUECKOro Tons Oblia coBeplieHa pabora A=
==1,00-10710 JI;x. Ha#itu uMmynsc p M CKOPOCTh U, KOTOPBIE
npuodpes B pesyJbTaTe 3TOrO INPOTOH.

1.333. Yactuna Macchl m HaunWHaer JIBUrarbes Mof Jefli-
crBueM nocrostnHo#l cusiel F, Halitu 3aBucHMOCTR OT BpeMeHH
HEMIIYJIbCA P U CKOPOCTH V YaCTHIHL.

1.334. Hap vactunelt maccet m==0,911.1073 xr, npuras-
1Hefics nepBOHAYANbHO co ckopocThio v;==0,100 ¢, 6nL1a cosep-
mieHa paGora A==8,24.10" JI;. Kark H3MEHUJHCH B pe-
3YJIBTATE ITOO CKOPOCTh, UMIIYJIBC M KHUHETHUECKAS SHEPrus
gactuue? (Hafitu Ao, Ap u AT.)

1.335. OrHocutenbHass ckopocth cucTeM orcyera K u K’
paBHa v,=0,800c. B cucreme K’ umnysbc yacTHUH p’=2,30 X
% 10-18 (e -+e,+e;) (kr-m/c), a smeprus E'=1,50-10"° [Ix.
Haiitn umnysasc p ¥ sHepruo £ yacThHupl B cucreme K.

1.336. Cucrema orcuera K’ HBHIKETCS OTHOCHTENbHO CH-
cremsl K co ckopoctbio v,=0,500c. B cucreme K’ umnynsc
nporona p’=(0,774e,+41,548e,+42,322e,)-107* kr-m/c. Oun-
PEneuTh:
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a) sHepruio E’ W MOZYJb CKOpocTH v’ IpoTOHAa B CHCTe-
me K’,

6) umny.sc p, 3Hepruio E ¥ MOAYJb CKOPOCTH ¥ NPOTOHA
8 cucreMe K.

1.337. [ra nporoHa c 3Hepruelt E=50 I'3B xamzprii
IBIKYTCA B cucTeMe K HaBCTpedyy APYr APYry H IpeTeple-
BawoT J0GOBoe coyaapenue. PaccmorpeB ator mporece B cH-
creme K’', B KOTOpOH OfUH H3 IIPOTCHOB HENOABHXKEH, onpe-
" JesuTh 3Hepruio E' jpyroro nportoHa. (JHeprHA.MOKOA Ipo-
ToHa E,=938 MsB.) Kaxoil BbIBOA MOXHO C/ieiaTh U3 IOaY-
YEHHOIo pesyJbTara?

1.11. Tuppoaunamuka

1.338. Ha crone cTOUT NUAMHAPHYECKHH COCYJ BEICOTH HH,
HanoJHeHHbIH RoBepXy BojoH. [IpeneGperass BI2KOCTEIO BOAMI,
ONPEie/IUTh BBICOTY A, Ha KOTOPOH HYXKHO CJielaTh B COCyJe
‘He0oJIblIOE OTBepCTHe, YTOOBI BHITEKAWOas H3 Hero crpy4
HoMNajana Ha CTOJA Ha HauGoJbllieM YJaleHHH OT COCyAa.

1.339. Uunuuapuueckuii cocyn Beicorel £=0,500 M u pa-
Juyca R=10,0 cM HanosneH JoBepXy Bogo#. B jHe cocyna
OTKphIBaeTcA oTBepcTHe paguyca r=1,00 mm. Ilpene6peras
BA3KOCTBIO BOJBI, ONpPEIENHThb:

a) BpeMa T, 32 KOTOPOE BCAA BOJA BEITEUET H3 COCY]A,

6) cKOpOCTb U IlepeMelileHMa YPOBHS BOJBI B COCYJE B 3a-
BHCHMOCTH OT BpeMeHH.

1.340. Illnmpuu, npumeHseMblifl A 3alpaBKH  CMasKoi
LIAPHUPHBIX COEIMHEHUH aBTOMOOUJS, BalONHHJIH I8 IIpO-
MBIBKM KepocuHoM. Papuyc mopumas mmpuna R=2,00 cum,
xoz nopmns [=25,0 cm. Paapyc BHIXOZHOTO OTBEPCTHUS . LHIPH-~
na r==2,00 mm. IlpeneGperas BA3KOCTHIO KEPOCHHA M TPEHHEM
NOPIIHSA O CTEHKH, ONpEeLeNUTh BpeMs T, 3a KOTopoe GYJeT BHI-
TECHEH KePOCHH M3 WMIpHIIA, €CIHM JaBHTh Ha NOPLIeHb C 10~
crosigHOH cunolt £'=>5,00 H. TlnorHocTs KepocHHA P IpHHSTH
pasro#i 0,800 r/cm3.

1.341. C mocTHKa, NepeOpolIeHHOTo yepe3 KaHajt, HO KO-
TOPOMY TeueT BOja, ONylleHa y3Kasd H30rHyTaf TpyoOKa, o6-
palleHHasl OTKPHITBIM KOHIOM HaBcrpeuy Teuesuio (puc. 1.51).
Boza B Tpy6Ke nopHuMaeTcsl Ha BBICOTY A=150 MM Hajx ypos-
HEM BOJBI B KaHase. ONpeleyHTb CKOPOCTh U TeUeHUs BOJHL

1.342. Ycrpoiictso, HaskBaemoe Tpy6Koit ITuto — Ilpanar-
Jifl, COCTOHT M3 IBYX Y3KHX KOaKCHaJbHBIX TPYOOK (pHc. 1.52).
BuyrpenHaa TpyOxa OTKpbITA Ha HMXKHEM KOHLE, BHELIHAS
uMeeT GOKOBEIE OTBepCTHA. BepxHue KoHLBI TPYOOK HOZKJIO-.
yeHhl K JuddepennyalbHOMY MaioMeTpy (T. €. MaHOMETpY,
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fMoKasbiBalolleMy pasHocts Aasienuii Ap). C momouibio 3Toro
YCTPOHCTBA MOXKHO H3MEpPATh CKOPOCTh KHIKOCTH (Wi rasa).
Il 3TOro €ro MOrpyRaloT B JKHAKOCTb, OOPATHB OTKPBITHIM

KOHIIOM HaBCTPeYy MOTOKY, H OTCUHTHI- K Guppeperauanonony
A T1 G HManomempy

Baror Ap. Ilpu norpyxkenuu TpyOKH B b

MOTOK 2KUAKOCTH C IUIOTHOCTBIO Q=

=1,10-10® gr/M®* ©6bl1a oOHapyKeHa ) J

pasHocTh naBnenuit Ap=4,95.10° [la.

Hafiti ckopocTs v TeueHHA XKHUAKOCTH.

L

Puc. 1.52

1.343. Tlo ropusonraispHOft TpyGe paauyca R=12,5 mm
TeyeT Bofa. IloTOK Bomsl uepes ceyenwe TPyOul (==3,00X
X 1078 wm3/c. Onpenenuts:

a) XapaxTep TeueHus,

6) nepenajl AasjieHus Ha IHHULIY JIUHBL TPYGH dp/dl.

Baskoctp Bogpl npudATh pashoft n==1,00.10"% TIla-c.

1.344. [pa OiVHEKOBEIX HMJIMHIDHYECKHX GaKa COejviHe-
HBI Y3KCil TpyOKoH ¢ KpaHom nocpenune (puc. 1.53). Pamuyc
Gaxos R=20,0 cM, paauyc Tpybru r=1,00 mm. Jdnuna tpyoru
{=1,00 M. TIpoxoaHoe OTBEpCTHE KpaHa COBNAJAET C CeUeHHEM
Tpy6rH. B oann u3 6axoB nasuta Boja A0 BeICOTHl A==50,0 cM,
BTOpoifi Oak BHauasne nycrofi. B
mMomeHT [=0 KpaH OTKpBIBAIOT.
OnpesenuTs:

a) XapakTeD TeUeHHHT BOJBI B
TpyOKe B NEPBBIE CEKYHIHI,

6) BpeMs T, IO HCTEUEeHUWHU KO-
TOPOTO Pa23HOCTh YPOBHEH BOJBI
B 6aKaX yMeHBIUAeTcsi B e pas.

BsisKoCcTh BOABI NPUHSITH DPaB- Pre. 1.53
ot 1=1,00-1073 [la-c.

1.345. Han HarpersiM YYacTKOM NOBEPXHOCTH — 3eMJu
VCTAHOBUJACH CTAUMOHAPHBIA INOTOK BO3/yXa, HaNpaBJeHHBIH
BeDTUKAJIbHO BBepX H uMeomuil cxopocts u==20,0 cM/c.
B noroke Haxopurcsi 11apoBHAHAS NBUIKHKA, KOTOpast JBHKeT-
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o BBepX ¢ ycrTaHoBHBLIefica ckopoctelo v=4,0 cm/c. Ilnor-
HOCTH IbUiMHKH — p=b5,00-10® kr/m3 mnuoTHOCTH BO3AyXa
0,=1,29 kr/mM® Bsaskocts Bo3ayxa m=1,72.10"%Ila-c.

a) OnpeneauTb pagnyc NEBLIHHKH 7.

6) YOemHThCs B TOM, YTO OOTeKaHME HBLIMHKH BO3LYXOM
HMeeT JaMHHADHBEIA XapakTep.

[IpuMmeuasnwue [nd lIapUKa KPUTHYECKOE 3HAYEHHE
uucja PefiHosbaca Re (T. e. 3H24eHHe, IPH KOTOPOM JiaMHHap-
Hoe ofTeKaHMe 1IapUKa IEPeXOJHT B TypOYJEHTHOE) PaBHO
0,250, ecnm B KauecTBE XapaKTepHOro pasMepa HPUHATDH
pazuyc mapuxa.

1.346. B BrICOKUI IMMPOKHH COCYA HAJUT IMHLEPHH (1JI0T-
HOCTB Po=1,21.10% kr/™3, Bsizkocth 11==0,350 I[la-c). B ruu-
HEPHH NOrPYKaloT BAaJEKe OT CTEHOK cOoCyJa H OTNYCKaloT 6e3
TOJYKA IapHK paauyca r=1,00 mm. IlnotHOCTE mIapHKa p==
=10,0-10? kr/m®. [lepponauanpHas BblcOTa IUapHKa HajJ JHOM
cocyaa h=0,500 m.

a) Onpenenutb, MOXKHO JIH CHJY CONPOTHUBJ/IEHHS IBUKEHHUIO
HIapuka BeUACAATL No Qopmyste Crokca (cM. IpUMedaHHe K
3ajaye 1.345).

6) Haiitn saBuCHMOCTL HYTH S, TPOHIEHHOTO LIAPUKOM,
OT BpeMeHH f.

B) Haiitn Bpema T, 33 KOTOpoe luapuK JOCTHIHET jAHa CO-
cyza.

r) Onpenenuts BpeMs £, 10 HCTeUEeHHH KOTOPOTO CKOPOCTh
mapuxa GyJeT OTIUYaTbCA OT I[PEAENBHOTO 3HAYeHHS U,
He GoJjiee yeM Ha 1%.



YUactpy 2

MOJIEKYJISIPHASL ®H3UKA U TEPMOJUHAMUKA

Obosraderusa]

A — pafota .

A, — OTHOCHTeNbHAS aToMHas
macca

a, b ~— KOHCTaHTHl, HOCTOSHHBEIG
Bag-nep-Baanbca :

C — moaspHass  TENJOEMKOCTE,
CKOPOCTh OTKAYKH, TEIJIOeM-
KOCTb

Cp — MonsipHAs  TENJIOEMKOCTD
IpH IOCTOSHHOM JaBJeHHH

Cy — MOJIsIpHAas  TeMJOEeMKOCTh

HPH TMOCTOSHHOM o0beme

¢ ~— YJelIbHasg TENJOEMKOCTb

D — xosdbduurenr audbysuu

Dis — Ko3QUNHEHT — B3aUMHONU
zuddysnu

d — juaMeTp, paccTosiHue

E — sneprus

F — cBoGopHan 5HEpPrHH, CHJIA

g — ycKopenue cBo0OAHOrO ma-
JEHUS

h — poicoTa, rAyGHHEE

k — nocroskHag Doasumana

! — nauna

M — monsipHag Macca

M, — oTHOCHTeJNbHAA  MOJEKY-
JsIpHAs Macca

m — Macca

N — uducno Mosery:

N 4 — nocrosinras  Asoranpo

# — I0Ka3aTelb  IOJUTPOII,

YHCJIO YacTHI B EAHHHNE
obbema

P — BepoATHOCTH

p — JaBjeHue

Q — KOJHUYECTBO TEIJIOTH

g — yAenbHasi TenjoTta $HaszoBoro
nepexoia

R — rasosas RpocrofHHas, pa-
Iuyc

r — pajuyc :

S — MIoMmafb, f10BEP XHOCTb,

* sHTpONMSA

Sy ~— MOJApHAS SHTPONUI

7 — TepMOAMHAMHYECKAS TeM-

nepaTypa

f — BpemMs, TeMIeparypa Io LKa-
ne Heabcus

U — BHYTpeHHSAS SHEPIHI

Uy — MossgpHas BHYTPEHHAS
SHEpTHS

U — CKOPOCTE

V — ob6wem

Vyu — MonsipHB 06BeM

U — YyAehbHBEIH 06BEM, CKOPOCTH

O, — YroJ, INOBEPXHOCTHOE HaTd-
JKeHue

B — rosbdunuent saTyxaHus Xo-
nebanui

% ~—— OTHOLIEHHE  TEIJOEMKOCTel
NIpH NOCTOSIHHOM XAaBJIE€HHH H
npy DOCTOSSHHOM oOfBeMe

£ +— 3HeprUs MOJIeKYJH

7 — BSI3KOCTb; KOQOHIHEHT IIO-
JI3HOLO JeHCTBHSA

& — yron

% — TEIICIPOBOAHOCTD

A — cpegnsas AJHHAZ CBOGOAHOrO
npoGera

¥ ==~ KOJHYECTBO BelecTBa (4HC-
JIO MOJeH)

© — IJIOTHOCTE

T — Bpems

@ — yroJa

§ — Ko3pduuueHT KpyyeHHs

€2 — CTaTUCTHYECKHH BEC COCTOA-
HHS

@ — yraoBas CKOPOCTh
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2.1. MonexyaspHo-KuHeTHueckne npexcrasiaenns. Ilepsoe
Hayalo TepPMOXHHAMUKH

2.1. CKOJIbKO MOJEKYJ CONepXHUTCH B CTaKaHe BOJMI?

2.2, BocnoabsoBaBlinch IOCTOsSHHOH ABoragpo, onpe-
JeJIUTh Maccy: a) aroma BOAOPOAa, 6) MOJEKYJBl KHCJAOPOJAa
(O,), B) atoma ypana.

2.3. Bruucnuts maccy M MoJst 3J€KTPOHOB.

2.4, HcnonbsoBaB TNOCTOAHHYIO ABOTajpo, ONPEAeIHTD
aTOMHYIO €JMHHIY Macchl (a.e. M.).

2.5. Ouenutp jguamerp d aTtoMoB PTYTH.

2.6. Mosib TakuXx rasoB, KaK rejui, BOLOPOXA, 430T, KHCJO-
PO, 3aHMMaeT NPH HOPManbHBIX yeaoBusix ((=0°C, p=
=1013 rlla) ofveMm, paBHbii 22,4 1. Uemy paBHO B 3TOM CJay-
uae:

a) YHCJIO 1 MOJIEKYJI rasa B efuHHUe ofbeMa,

6) cpennee paccrosinue (@) Mexay Mosekyaamu? CpaBHH-
T€ 3TO . PACcCTOSHUE C RHAMETPOM. MOJEKYJB! d.

2.7. Kaxk, 3Hasi NJIOTHOCTL P U MOJSpHYI0 Maccy M, HafiTH
YHCJIO 1 MOJIEKYJ BEIeCTBa B €IHHMIE obhemar

2.8. M3 wmerannos HauGoabliuM 3HaueHUEM OTHOMICHHS
o/A, obranaer GepusJIni, HaUMEHbLIHM 3HAUEHHEM — KaJsuil.
OnpezesnTb LIS 3THX META/WIOB YHCJIO A aTOMOB B EXHHHLE
ofbema.

2.9. MmeeTcst HOTOK MOJIEKYJ MacChl /11, JETAIUX C OHHA-
KOBOfl IO MOAYJIO U HaNnpaBJieHHIO CKOpocthio V. [lmotHoCTB
MOJeKyJ B NOTcKe paBHa n. Haiitu:

a) YHCIIO v YADOB MOJEKYJT 32 CeKYHIY O elHHUIY NOBepX-
HOCTH IJIOCKOH CT€HKH, HOpMAaJ/Jb K XOTopoi ofpasyer yroa &
¢ HampaBJIeHHEM V,

0) LaBjeHue p IOTOKA MOJeKyJ Ha creHKy. CuurtaTh, uTO
MOJIEKYJIBl OTPAKAIOTCA CTEHKCH 3epkanbHo H Ge3 norep
3HEPTHH.

2.10. T'a3 pacizpsercs B HASHTHYHBIX VCIOBUIX OT 0GbeMa
Vi, 5o obvema V, oauu pas Owictpo, Apyrod pas — Mej-
JerHO. B KakoM ciydae coBepiuaemast razom pagota 6yjer
GBosipie? '

2.11. T'a3 cxxuMalor B MIEHTHYHBIX YCIAOBHAX OT ofbeMa Vi
Jo obbema V, omuH pas ObICTpO, APYrofl pas — MeRJeHHO.
B xakoM cayuae coBepiuaeMasi razoM paGora GyJeT 1o MOAY/IO
GoabLiIe?

2.12. Ilpu Heusmennom jpapsaenuu p=3,00-10% Ila ras-

a) pacumpsiercss oT ofvema V;=2,00 ;1 o ob6bema V,=
=4,00 a,

6) cxkuMaerca ot oovema V;=38,00 a1 1o o6bema V,=5,00 4.
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Hafttu pa6ory A, cosepiiaemyio rasoMm, H pabory A’, cosep-
[aeMyI0 Haj TasoM.

2.13. Heroroprll ras cosepluaer npouece, B Xofie KOTOPOro
zxasneﬂne p usMeHsiercs ¢ obbeMoM V no 3akony p==
=po expl—a (V—V,)l, rme p,=6,00-105 ITa, «=0,200 m~%,
Vy=2,00 m®. Hafitn paGory A, coBepuiaeMyio rasom an
pacmupenun ot V;=3,00 M® no V2—4 00 M3,

2.14. Teno € He 3aBUCAEH OT TEMOEPATYPHI TEIIOEMKO-
ereio C=20,0 Ax/K oxnaxpaerca ot £,=100°C g0 £,=20°C.
OnpeleauTs KOJHYECTBO TEIIOTHI (), NOMYYeHHOE TEIOM.

2.15. B paccmarpuBacMoOM HHTepBase TeMmIepaTyp Telo-
€MKOCTh HEKOTOPOro TeJia onpegensiercd ¢pynkupelr C=10,00--
~+2,00-107% T+-3,00-107% T? (dx/K). Onpegenutb Koauue-
CTBO TeIJIOTH Q, NoyyaeMoe TeJoM HpH HarpeBaduu ot T;=
=300 K no T,=400 K.

plina
0200} v 4 ptla
i Q400 ~—-=
- St
g 10,0 Joa Vo 02200 7600 V,n
Puc. 2.1 Puc. 2.2

2.16. Hekoropoe Tesio NIepeXoRuT H3 COCTOAHUSA [ B cocToA-
gue 3 OfMH pas NOCPeaCTBOM Iponecca /—2—35, a japyroi pas
nocpeacTBoM npoiecca [-—4—38 (puc. 2.1). Hcnoawsys pan-
Hble, YKasaHHBIE HA DHCYHKe, HalTH pPasHOCTb KOJMYECTB
TEIOTH Qy25—CQy4s, HOJIyqae\/{be TEJIOM B X0Ze OOOHX IIpo-
HECCOB.

2.17. Kpyroeoii npouecc Ha guarpamme p, V usofpaxaercs
3JITMIICOM, NTOKasaHHBIM Ha pHuc. 2.2. Mcnonbsys panHwe, NpH-
BeJicHHble HA DHCYHKe, ONPEReNUTh KOJIUYECTBO TEMJOTH (,
nonyyaemMoe pafoudM TeJOM 3a OJHH LUK, '

2.18. BHyTpeHHAfA 3Heprus HEKOTOPOTLO BOOOPaXKaeMoro
rasa onpegesiercss gopmyaoir U=aIn(T/Te)4b1n(p/p,), rue
a=3,00 xdx, b=7,00 xllx, T,=200 K, p,=10,0 xlla.
a3y coofuiaerca npu NOCTOSHHOM JaBieHun p=1,00.10° I1a
KosingectBo Temiotet Q=500 [k, B pesy/brare 4erc ofnem
raza nosnyyaer npupamenue AV=0,500 n. Kax usmensiercs
OpH 3TOM TeMleparypa rasa?

2.19. Ta3 u3 npegpiAymel 3agaus HarpeBaercad ot T,=
=250 K po T,=500 K. B xoze HarpeBaHust ras mosyuaer
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xonnyectso Temgotel Q=14,33 &k u cosepwiaer paGory
A=456 xJx. Kak H3MeHSieTcsl NpH 5TOM JaBjeHHe rasa?

2.20. BuyTpeHHAS 3HEprud HEKOTOPOro BOOOPaXKAEMOTO
rasa onpenensercsi hopmysoft U=a In(T/To)-+b1n(V/V,), rae
a=4,00 xJx, b=5,00 kIx, T, u V, — Koucrautsl. Ilep-
BOHQUANbHO Ta3 HaXOAHTCH B COCTOAHHH, XapaKTepH3yeMOM
caenyoiuMu  napamerpamu:  V;=20,0 a1, p;=1,00-10° Ila
u T,=300 K. 3arem ras uzobapHyecK# pacmupsercs A0 oobe-
Ma V,=30,0 1. B Xxome pacmmpeHHsa ras noaydaer Kosnye-
ctBO Tensothl Q=4,00 k/:k. OnpejiejuTh KOHEUHYIO TEMIE-
parypy T. rasa.

2.2. Haeanpuniii ras

2.21. OmnpenenuTh YHCIO 7 MOJEKYJ BO3AyXa B eIHHHUIE
ofrema (M3 u cm?®) npu Temmeparype 0 °C u ganeruu 1,013 X
X 10% ITa (1 at™).

2.22, Hajiti Maccy: a) oHOro Ky6uueckoro MeTpa, 6) OfHO-
ro autpa Bosayxa npu temmoeparype 0 °C u pasienun 1,013 X
X105 Tla (1 amm).

2.23. Boausm mnosepxuoctd Semau 78,08 % Mosekya
BO3AyXa npuxonurcst Ha Jnomo asora (Ng), 20,95 % — na
nomo xucaopona (O,), 0,93 % — ma momo aprona (Ar),
0,04 % — Ha noJIO IPYTHX Tas3oB.

a) Ilonaras papnenue Bosayxa pasubiM 1,013-10° Ila,
HalTH NaplUHANbHOE JaBJEHHe as30Ta, KUCJIOPOZAa M aprosa.

6) OnpenennTs CPeRHICI0O MOJIEKYJAspHYIO Maccy M, Bos-
Ayxa.

2.24. PorauuoHHBIH HAcOC 3aXBaThiBaeT 3a OfHH 0GOPOT
o0beM rasa v ¥ BBITANKHBaeT e€ro B armochepy. CKobKO 060-
POTOB 7 JOMKEH cHenarb Hacoc, YToObl NOHH3HTH JIaBJjeHUe
BO3JlyXa B cocyje ofreMa V oT 3HaueHus py 10 p?

2.25. GopBakyyMHLEIH Hacoc (Hacoc MpeaBapuTeNbHOrO pas-
pexeHHd), NOAKMOUEHHBIA K cocyny obbeMa V, yaansier us
cocyjna 3a Bpems df oobem rasa dV=C df (koucraury C Hasbi-
BAIOT CKOPOCTBIO OTKauku). CuuTas, Yyro BO BPeMsl OTKAYKy-
JlaBJieHHe Ta3a BO BceX TOYKAX coCyja OfVHAKOBO, B npeHedpe-
ras nepenagoM JaB/eHHs Ha NatpyOKe, COEAHHSIIOIEM COCYZ,
C HACOCOM, HAaHTH 32KOH p(f), MO KOTOPOMY H3MeHsIeTCS naB-
JieHHe rasa B cocyhe. HauanabHoe pamienne p,. I'a3 npexno-
Jarath HJACaNbHBIM.

2.26, BoCnoJb30BaBIINCh Pe3yJLTATOM TPEABIAYINEH 3a-
Jayy, OoNpeaesiuThb, CKOAbKO BpeMeHH T NOTpebyercs, YToOul ¢
MOMOHIBIO HACOCA, MMEIOLIEro cKopocTh oTkaukd C=1,00 x/c,
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CHH3HTD B cocye obrveMa V=10,0 i1 zaBienue oT po=1,00-10%
Ila a0 p=0,300 Ila.

2.27. VlsoOpasuth J/is MJeaibHOrO rasa IpuUMepHbe rpa-
GbUKH H30XOPHYECKOrO, H300apHYeCKOro, H30TePMHUECKOrO H
aanabaTHyecKoro NpoLeccoB Ha auarpammax: a) p, V; 6) T, V;
B} T, p. I'pabuku u306pasuTh NPOXOIAIHUMH Yepes ofULyIo
i HHX TOYKY.

2.28. Ha puc. 2.3 usofpameHsl JBe H30TepMBI A1 OLHOH
M TOll XKe Macchl HAeasbHOTrO rasa. Kakas H3 Temieparyp
Goabiue?

2.29. Ha puc. 2.4 usobpaxedsl NATh MPOHECCOB, IPOTEKAI0-

X ¢ HeatbHBIM razoM. Kak BeJeT cefsi BHYTPEHHsST IHEP-"

T'Hd rasa B XOJA¢ KaxKJOro H3 npoueccos?

¥

Puc. 2.3 Puc. 2.4

2.30. M3o6pasuth ana HAeaJbHONG rasa NpHMepHBIE rpa-
puKH:

a) H30XOpUYECKOro, M300apHYECKOro M aAauabaTHYecKoro
npoueccos Ha juarpamme U, T;

6) H30XOPHUECKOTo, H3004pHUECKOro, H30TEPMHYECKOT0 H
anuabatiyeckoro npoteccos Ha guarpavmax U, V u U, p;
U otkraaawiBarh 10 ocH opaudar. McxonHolt 415 BeeX rpadHuKoB
NIPHHATL OOMLYIO TOUKY.

2.31. Temmeparypa OZHOTO MOJA HACaJABHOIO rasa ¢ H3-

BeCTHBIM y NOBHILIaercsd Ha AT npy n306apHYeCKOM, H30XOPH-

4eCKOM M ajpuabarudeckoM npoueccax. Onpele/nth npupalie-
nye BuyTpeHHelt snepruu AU rasa j1sa BceX TpeX C/Iy4aes.

2.32. Yemy paena TemsoeMkocTb C, HALAJLHOTO rasa HpH
npolecce: a) H30TEPMHYECKOoM, 0) aluabaTHYecKoM?

2.33. Hekotopoe KOJHYECTBO HEEAJBLHOIO rasa € TDEX-
aTOMHBIMU KECTKHMH MOJeKyJ/JaMH INepelnio anuabaruueck:d
u3 cocroAHusa ¢ temneparypod T;=280 K B cocroauue, Xa-
pakrtepusyemoe napamerpamu: T,=320 K, p,=2,00-10° Iia,
V,=50,0 1. Kaxywo pabotry A cosepiuaer npH 3IToM ras?
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2.34. Hekoropoe KOJHYECTBO rasa Mepenvio U3 COCTOSHHA
¢ U,=600 xIx B cocrosinue ¢ U,=200 x/lx, cosepiuuB npn
stom pabory A==300 k[lxk. Kakoe KOTHYECTBO TEIUIOTHL Q
oYUM T'a3, €CTH NPOLECe Nepexofia: a) oGparum, 6) HeoGpa-
THM? :

2.35. Hexoropoe KOJHYECTBO OJHOATOMHOTO HJeaIbHOTO
7a3a CQKHUMAloT aguabaTHYecKd 10 TeX mop, MoKa JaBjeHde He
TIpeB30HET HAYaJIbHOE JIABJICHHE Pi B 10 pa3. 3arem ras pac-
LUHPSeTCH H30TepPMHYEeCKH A0 NepBOHauaslbHOro obsema. Bo
CKOJIbKO pa3 KOHeYHoe JaBJEHHE p, ra3a HpeBbllaeT Hada/b-
HOe JiaBJieHue p,?

2.36. Ugeanbueii ras (y=1,40), HaxoauBuiica mnepBo-
HayanbHO npu Temneparype #,=0 °C, noxsepraercsi CxKaTHIO,
a pesy/bTate uero: a) o0peMm rasa ymenbluaercs B 10 pas,
6) naBjenue rasa ysenuuuBaercs B 10 pas. Cuurasi mpouecc
CKATHs aIHaBGaTHYeCKUM, ONPEeNHTDb, A0 KaKOi TeMueparyphl
t, HarpeBaercsl ras BCJEACTBHE CHATHIA. :

2.37. Ha puc. 2.5 mokasan ofpatuMblil Nepexof ABYXaToM-
HOro HIeanbHOro rasa ua coctosuus ! B cocroanue 2. IIpo-

» Hecc TNepexoja COCTOMT K3 H30-
TEPMHYECKOTO Yyuactka [—3 R
an apnabarnyeckoro ydacrka S—2.

B nHauvasbHOM cocTostHUM V=

=1,00.10"3 m?, p;=3,00-10° I]a,

B KOHEUHOM cocrosuuu V,=

=2,00-1073 M3, p,==1,33-10° Ila.

Browuncaurs paGoty A, coseplua-

eMyi0 Ta3oM B XO@e lpoueccd

1—38—2. KonebarenbHble CTEHEHH
V cBOGOIB MOJIEKYJ rasa He BosOy-

HKJATCH.

2.38. Temmeparypa B KOM-

Hate obOvemMa V mojgHAJACh OT
puauenuss T; no 3uauenust T,  Kax u3MeHuJach Npu 3TOM
BHYTPEHHSIsI SHEprHsl BO3AyXa, COAEPIKAIlerocss B KOMHaTe?
ArMochepHoe JaBjieHHe  Mpeinosnaraercs He H3MEeHHBIIMMCAH.

2.39. ArmocdepHoe faB/ieHHe U3MeHHa0ch oT p;=983 rlla
1o p,=1003 rlla. Kakoe npupaienue AU nosydaer Ipu 3ToM
BHYTPEHHSs] 3HEPTUsl BO34yXa, CONEpPXKalerocsi B KOMHATE
obpema V——;50,0 M?? TeMmmeparypa B KOMHarte HPeANOJaraercs
HEH3MEeHHOH.

2.40. 3akpHIThll UMAMHAP pasiesed Ha JBe YacTH MOpUIHeM
paanyca r=10,0 cMm u maccel m=1,00 Kr, KOTOPbHI/i MOXKET Ie-
pemellaTbesi Ge3 TpeHHs. ¥YCTaHOBHMB IIOpIUeHb B CpelHee Mo-
JoKeHre, o0e YacTH LHJIHHAPA HAMOJHSIOT rasoM o OfHHa-
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Koporo gasjenusi p,=1,00-105 [la. O6beM rasa B Kaxuoi
u3 nosoun V,=>5,00 1. I'as MoXHO cuuTaTb HJAEaJbHBEIM, €10
v=1,40. IIpenebperasa Tensioo06MeHOM Yepe3 CTEHKH UUJIHHADA
U 4epes3 NOpILeHb, HaHTH 4acTOTy v KoJjefauuit MOpUIHS, BO3-
HUKAIOWIUX NIPH HeCOJIbIIOM CMEIeHHH IIOPLIHS U3 CPeNHero
HONOXKEHHS.

2.41. Hexoropoe KOJIHYECTBO HJ€adbHOTO rasa € OfHO-
ATOMHBIMH MOJIeKyJaMu copepimsio npu p=1,00.10° ITa o3-
paTuMbil H30GapUuYeCKHH Npolecc, B XOJAe KOTOpPOro ofneM
rasa MsMenumacs or 3HaueHua V,=10,0 a go V,=20,0 .
OnpepenuTn:

a) npHpalleBEHe BHyTpeHHeld sHepruu rasa AU,

6) coepieHHy0 rasoM pabory A,

B) NOJy4YeHHOE ra3oM KOJNHMYECTBO TEIIOTHL Q.

2.42. Wpeanpupili ras (y=1,40) pacuupsercs H3oTepMmu-
yecku or obnema V;=0,100 m®* g0 o6vema V,=0,300 m®. Ko-
HeuHoe JaBjeHue rasa p.=2,00.10° Ila. Ompenenurs:

a) npupaiieHie BHYTperHe#l suepruu rasa AU,

6) paGory A, copepllaeMylO FasoM,

B) NOJyYaeMOe ra3oM KOJHYECTBO TemsoTh Q.

2.43. Tlpu wusoGapuueckom Harpepanuu or 0 jo 100°C -
MOJIb HJeajbHOrO rasa IOIJIOWIAeT KOJHYeCTBO TeIVIOTHl Q=
=3,35 xx. Onpenenuts:

a) 3HayeHue vy,

6) npupameHye BHyTpenHefl sneprun rasa AU,

B) pafoTy A, COBepIIaeMylo TIas3oM.

2.44. Monb ujea/bHOTO rasa, HMeBLUMH HIepBOHAYAJALHO
Temnieparypy 7T3;=290 K, pacuwupsaercss uzobapHyeckd 10
TeX TIOp, 1IOKa erc o6bem He Bospacrer B 2,00 pasa. 3arem
ra3 OXJaxKJaeTcsd M30XOPUUYECKH JO IepBOHAYa/lbHOU TeMhe-
paryput T;. Onpenesnurs:

a) npupalenue BHYTPeHHed sHepruu raza AU,

6) paGory A, coBepliaeMyio T'azoM,

B} NoOJy4YaeMoe rasoM KOJIMYECTBO TEIJIOTH .

2.45. Ha puc. 2.6 uzofpaxkeH npoiecc nepexojia HEKOTO-
POTO KOJIMYeCTBAa HJAEANBHOIO Ta3a H3 cocTonnus I B cocros-
gre 2. IonyuaeT unu oraer ra3 TIIOTY B XO4e 5TOTO IIpougcca?

2.46. Hekoropoe KOJMYECTBO HJEaJbHOTO ra3a NepexopuT
U3 COCTOSIHUSA [ B coctosinve 2 OIMH pa3 NOCPeACTBOM IIpolec-
ca /, ppyro# pa3 nocpercrsoM npouecca // {puc. 2.7). B xozne
KaKoro K3 IIPOLECCOB KOJMHYECTBO TEMJOTH, MOJYYEeHHOe
rasoM, GoJibile?

2.47. Hexotopoe KOJIMYEeCTBO HIEATLHOIO rasza NepexoauT
H3 cocTOAHUSA [ B cOCTOsIHME 2 OflH Pa3 MOCPeACTBOM Hpolecca
I, npyro#i ras mocpercreom npouecca [/ (puc. 2.8).
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a) Kako#t snak wumetor paGotel A, u A, coseplieHHLIE

rasoM B XOJAe KaxJoro H3 HpOH,eCCOB?

6) B xome Kakoro M3 IHPOUECCOB KOJHYECTBO TEIJIOTHL,
HOJIyUEHHOE ra3oM, Goblie?

p

Qe

y:

1

]

I

Puc. 2.6

Puc. 2.7

v
Puc. 2.8

2.48. Ilepronauannio 1,00 kr asora (N,) 3ak/aouen B oobe-
me V,=0,300 m® nox nasnenuem p;=>5,00-10% Ila. 3arem ras
pacmupsieTcsi, B pe3yJ/bTare Yero ero ofheM CTaHOBHTCS PaB-
HeM V,=1,00 ™%, a gaBnenne — pasueiM p,=1,00- 10° Ila.

a) Onpenenutb NpUpaieHde BHYTpeHnel suepruu rasa AU.

6) Moxno 1 BEIYHC/ANTE PaboTy, COBEPIIAEMYIO Ta3oM IIpH
pacuupennu?

2.49. B pesyabrate o8paTuMOro M3orepmuueckoro (mpu
T=300 K) pacwmpenus 531 r azora (N,) 1aBieHie rasa yMeHb-
mraerest ot p;=20,0-10° I1a no p,=2,00- 10® [Ta. Onpenenuts:

a) paGory A, coBepliaeMyi0 Tra3oM Ip{ pacliHPeHHH,

6) mo/jyyaeMoe rasoM KOJHUYECTBO TEMIoThH Q.

2.50. B pesysabrare ofpathmMoro agnabaTHuecKoro paciuy-
penusi remneparypa 1,00 kr asora (N,) noauxkaercst sa 20,0 K.
Onpenenuts paGory A, COBEPLIAEMYIO I'a3oM NPH PaCUIMPEHHH.
YuecThb, 4TO KoJeOaTebHEle CTENeHH CBOGOIH MOJEKYJ a3ora
IpU paccMaTphBaeMbiX TeMIleparypax He B036YKIaloTCs.

2.51. Temnuit (He) maccer m=321 r, naxopusiuuiics mep-
BOHaua/ibHO mpH Temneparype ¢(=20°C u papnenud p,=
=1,00-10° [1a, cxKHMMaOT ajguadaTUYecKU M0 AABJCHHS p,=
=1,00-107 Ila. Cuurtas npouecc cxKaTHs oOpaTHMBIM, OIpefe-
JIATE!

a) Temnepatrypy rasa T, B KOHIE CXKaTHs,

6) paSory A, COBepIIaeMyio TasoM,

B) BO CKOJIbKO' Pa3 YMEHBIINACS O0BEM rasa.

2.562. OpHoaTOMHBI HJeaJbHBIA ra3 coBepuiaeT Hpouecce,
B XOjle KOTOPOTO MOJSIpHAS TEMJIOEMKOCTb ra3a OCTaercsl Io-
CTOSTHHOH H paBHOH °/,R. UeMmy paBeH HoKasartesIb NOJHTPOILL
n 3rtoro Impouecca?
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2.53. Tem/10eMKOCTb HeaqbHOro rasa NpH HEKOTOPOM Mo-
JutponuyeckoM npouecce pasHa C=Cy+0,1R. Hafitu 3ua-
YyeHue MoKa3aresst NMONUTPONBI K ITOr0 Mpoiecca. '

2.54. MoasapHas TemIoeMKOCTb HjeadbHOro rasa (y=
==1,40) uameHsercs B Xoje HEKOTOPOro Mpolecca 1o 3aKOHY
C==20,00+-500/T (ILx/ (monb- K)).

a) siBifeTcs Ju 3TOT Mpouece NOMUTPOMHUECKUM?

6) Haiitu paGory A, cosepliaeMmyio MoJeM rasa HnpH Ha-
rpesaunn ot 77,=200 K mo 7,=544 K.

2.55. WjeanbHblil Tas cosepliaeT npoluecc, B Xojae KOTOpo-
ro JaB/JeHHe p pacTeT NPONOpLHOHAILHO ofbemy V. SdBaserca
JIH 3TOT TNPOUECC MOJHTPONUUUECKHM?

2.56. Ilast npouecca u3 samaud 2.55 HaliTh: a) moxasa-
TeJL MOJIUTPOIH #, ) MOJAPHYW TemnoeMKocTh C.

2.57. Bripaszutb patory Ay., COBepLIaEMYIO vV MOJSIMH HJe-
aJIbHOTO r'a3a NpH NOJHTPONHUECKOM npoiecce (¢ TIoKasateneM
HOUTPONEl n), yepes temneparypsl 7y H Ty HAUaJIbHOTO H
KOHEYHOTO COCTOfHUH.

2.58. a) Harpepaerca uan oxjajaeTcsl HAEANbHBIA ras,
€C/IH OH pacluypsiercsl 1o 3axkony pVi=const?

6) KakoBa mMossipHas TemsioemMKkocrts C rasa npu 3ToM Hpo-
necce?

2.59., Bripasuth MOJAPHYIO TemnoeMKocTb C HeaJbHOTO
rasa 0pU IOJMTPOTNHYECKOM TIPOTEcce 4Yepe3 II0Kazartesb
HOJIUTPONEE 71 ¥ OTHOLIEHHE TEIJIOEMKGCTEH 7.

2.60. Bocnosb3oBaBHINCh OTBeTOM IIpEABIAYLNEH 3aKaqH,
ONpenenTh, NPH KAKUX 3HAUEHHsX [10KAa3aTessl NORUTPOIILL 1
TennoeMKocTs C UeajbHOro rasa B XOAe NONUTPONHYECKOro
npouecca: a) MONOKMTeNbHA, €) OTpHLATeNbHAa, B) paBHA
HYJ0, T') GECKOHEUHO Be/HKA.

2.61. B Xoje HEKOTOpOro IOJHTPONMYECKOro Ipouecca
nreanpuptii ras (y=1,40) 611 cxkar or obvema V;=10,0 n
o obvema V,=>5,00 1. Tlpu 3ToM JaBaeHHe BO3DPOCIO OT Py =
=1000 rlla po p,=5000 rlla. Onpexenurn:

a) mokasarenb HOAWTPONHL 71,

6) MosApHyio TemnoeMKocTh C rasa JAjs paccMaTpUBaEMOro
nporecca.

2.62. Omnpenenntb MoJsspHYIo TemoeMKocTb C (BBIPA3HTh
yepe3 R) uneasnnHoro rasa (y=1,40) B X0/ie IOMUTPONUYECKOTO
npoilecca C IOKasareJgeM [OJHTPONE, pasueM: a) n=0,9,
6) n=0,99, 8} n=0,999, r) n=1,1.

2.63. Jlnst upeanbHoro rasa (y=1,40) napucosars npu-
MepEbil rpadHK 3aBUCHMOCTH MOJspHOH Temmoemkoctd C
NpY NONHTPONHYECKOM NPOLECCe OT 10Ka3aTens MOJHTPOIILL 1.
OtMeTHTh HA rpadiKe acHMITOTHI H XapakTepHBIE TOYKH,

79



2.64. Hpeanbuniit ras pacunpsierca B Xofle NOJHTPONHYeE-
cxoro nponecca. [IpH KakuX 3HaYeHHSIX NOKasartels NOJHTPO-
Ibl 1 TemnepaTypa rasa GyeT: a) Bo3pacTath, 6) yMeHbIIaThed,
B) OCTaBAaTbCA IIOCTOAHHOH?

2.65. Hekortopoe KoauuectBo ujueanwbHoro rasa (y=1,40)
paciupsiercst or V,=20,0 n o V,=50,0 1 Tak, wro npormecc
Ha Jauarpamme p, V umeer BMA npsamoit quuiad. HMcxopsoe
nasaende p,=1000 rlla, xoneynoe p,=2000 rlla.

a) SlBjsiercst JIM NpOIECC HOJHTPOHHYECKHM?

6) Hafitu KoIHYeCTBO TeIVIOTBl (J, HOT/IOUIAEMOe TasoM
B XOJe pacilupeHHd.

2.3. Kunerunueckas Teopus

2.66. CxosbKo MoJiekyst v yaapsercsd 3a 1 ¢ o6 1 M? cTeHKH
cocy/la, B KoTopoM Haxoautes a3ot (N,) npu fassiennn 1013 rIla
(I arm) u temmeparype 20 °C?

2.67. B chepuyeckoM cocyne ¢ BHYTPEHHHM DPaiHyCcoM
r==5,00 cM comepxutcs Bogopon (H,) npu Temneparype T==
=300 K u pasnesun p=1,00-10° [Ta. Croabko MOJEKYJ V
yaapsieTcs O CTeHKH cocyjaa 3a 1 ¢

2.68. Onpegenutbh YHCJIO H Xapagrep cTeneHeli CBOGOABI
MOJieKYJI Tasa, s KoToporo y pasHo: B) 1,67, 6) 1,40, B) 1,33,
r) 1,29, n 1,17.

2,69, Bpuicaute MogapHuie Teiioemkoctd Cy u Cp (BB~
pasuTh WX yepes R), a T2K:Ke OTHOIIEHHE 3TUX TellIoeMKoCcTel
Yy AASl HAEAJBLHOTO Trasza ¢:- a) OJHOATOMHBIMH MOJIEKYJaMi,
0) JBYXaTOMHBIMH 2KECTKHMH MOJIEKYJAMH, B) JBYXaTOMHBIMU
YIPYTHMH MOJEKYJAMH, T) TPeXaTrOMHBIMH JKeCTKHMH MOJje-
KyJaMmu (aTOMBl KOTODHIX HE JIEXKAT Ha ORHOH NpsIMOH).

2.70. M3 cKOIBbKHX aTOMOB COCTOAT MOJIEKYJBl ra3a, ec/iu
NpH «3aMOPaKHBAHUH» KO/€6aTe/NbHbIX CTeleHell CBOGOABL Y
yBeanuusaercsi B 1,20 pasa?

2.71. Ilpu T=1,00.10® K y ueTbpeXaTOMHBIX MOJIEKYJ He-
KOTOPOTO MJEaNbHOr0 ra3a OKAa3biBAIOTCH RO3GYIKIEHHBIMU BCe
CTeNeHH cBOGOAR (BKJOUas KoJebartenbHeie), Onpegenuts
BHYTPeHHIOIO 3Hepruio U, MoJas rasa.

2.72. Cocyn uanosneH aproHoMm (Ar). Temmeparypa rasa
paeHa 0 °C. Cocy cHayaJsia IBHKETCS CO CKOpocThio v==100 m/c,
3aréM BHE3allHO ocTaHaBjuBaercs. Ilpenefperas TemyooGMe-
HOM MEXKIY rasoM H CTeHKaMH cOCYJa, ONPEAeNHTb Temilepa-
Typy f rasa Hocjle OCTAaHOBKH COCYJa.

2,73. Cpennsasi sHeprua MOJIEKYJa OJHOATOMHOI'O Heasih-
Horo rasa {g)=6,00-10"2 JIxk. [laBienue rasa p=2,00x
X 10 Tla. Halitu uncsio Monexys rasa B eAuHULE ofbema n.
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2.4. PacnpepenieHust

2.74. Hana f(x) — QyHROusa pacnpenenesus BeposATHOCTEHR
peanunHbl x. Hanucars Buipaxenue s P(a<<{x<(b) — Bepo-
SITHOCTH TOTO, YTO 3HAUEHHE BeJHYMHBI X HaXOAUTCA B HHTEP-
Basne or a xo b. v

2.75. Maubt f;(x) u fy(y) — GyHKUHH paclpejiesieHus Be-
POSITHOCTEH JJIsl CTATHCTHYECKH HE3aBHCHUMBIX BEJHUHMH X H Y.
Hanucare boipakenve i P(a,<x<{a,; b,;<<y<{b,) — Be-
POSITHOCTH TOrO, YTO 3HAYEHHE BEJHYHHEl X HAXOAUTCS B HHTEp-
Baje OT @, 10 O, A 3HAYEHHE BEJHUYHHBEI § 3aK/IIOYEHO NPH
3TOM B HMHTEPBaJE OT by H0O b,.

2.76. Ha puc. 2.9 npusejiens! rpa¢uku qempex PasIHYHBIX
$yHKRIEA pacnpefienenus BeposITHOCTe!l 3HAYEHUM HEKOTOpOil

f(x) fx) () 7 ()

a x

N

-a g +az 0 2o x -a g *az 0
J 4

Puc., 2.9

BeanunHel X. Jaa Kamporo uaz rpadukoB HaHTH KOHCTaHTY
A, npu KoTopod (YHKUMS OKaskIBaeTCSl HOPMHUPOBAHHOH,
3areM BBLIYUCJIHTH CpejHue 3HaueHHs x H x% Jljisg cayuas a
BREIYUCAHTL Takxke (|x]). _

2.77. QyHKUHA paclpejeseHus BepOsiTHOCTEl BeTUUUHBL X
umeer BUA [(x)=Ae— " 4nx?, tae A M o — Koucrantel. Ha-
nucarb NpubJIMKeHHOe BHIpaKeHHe MJAf BeposiTHOCTH P
TOrO, 4YTO 3HaueHHe X OKaxeTcs B mpenenax or 7,9999 mo
8,0001:

2.78. T'apMoHHYeCKHll OCUHJISTOD COBepINaeT KosieGaHus
¢ aMIVIMTYH0d a. Macca ocuu/ssitopa paBHa i1, COGCTBeHHAs
gactora ®. Ha#ru:

a) ¢yHruM f(x)=dP/dx pacnpejenenus BepoOsSITHOCTEH
" 3HaUeHHH KOOPAMHATHL X OCHUIATOPA,

6) cpenHee 3HauYeHHe KOOpPJMHATHL (X),

B) CpeiHee 3HAYeHHe MOZYJsS KOOpAHHATHL (x|},

I) cpefHee 3HAUeHHe KBajpaTa KOODAHHATBEL (x?),

I) cpejHee 3HAdeHHe NMOTEHIHNANBHOH SHEPIHU OCHHMISATO-
pa (U).

2.79. Hafitn Temnepatypy T, npH KOTOpO# cpenHas KBaj-
patuuHas cKopocThb Mosekysa asora (N,) Oonblue cpepnei
ckopoctH Ha 50,0 m/c.
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2.80. Ilpn xakofi temmepatype T BoO3AyXa CpeiHHE CKO-
poctu mosiekya asora (N,) u Kuciopoga (O,) oranyaroTcs
ua 30,0 m/c?

2.81. IlpeoBpasoBars GyHKOMIO pacnpemenenust Makcpesn-
na, nepediii OT NEPEMEHHOH U K NEePeMeHHOH U=0/Uz,, TAe
Ugep — HauOONee BepoATHAs CKOPOCTb MOJIEKYI.

2.82. B samasiHHOM CTeK/AfHHOM 6aJ/ljioHE 3aKJIOUCH MOJb
O/IHOATOMHOIO H/ea/IbHOTO rasa npu Temneparype 7=293 K.
Kakoe KonuuecTBO TEMJOTH () HYXKHO COOGHIMTB Ta3y, YTOOLI
CPEAHSIST CKOPOCTh €0 MOJIEKYJ yBeauyusiach Ha 1 %?

2.83. Briuncautb Haubosee BepPOATHYIO, CPERHIOI H Cpel-
HEKBaAPaTHYHYI0 CKOPOCTH MoJjieKys kucaopoma (O,) npu
20 °C.

2.84. Mojin asora (N} HAXOZUTCA B PaBHOBECHOM COCTOf-
an npu T=300 K. Yemy pasHna:

a) CyMMa X-BbIX KOMIIOHEHT CKOPOCTefl BCeX MOMEKY.T X U,,

6) cymMMa CKOpOCTefl BCEX MOJMEKYa XV,

B) CyMMa KBaJipaToOB CKODOCTefl BCEX MOJIEKY.I Evz,

I) cyMMa MoAyJleii CKOpoCTeil BCeX MOJIEKY. D, uU?

2.85. Hafitu cpeanee 3HayeHue MOLY/IA X-BOH KOMIIOHEH-
TBl CKOPOCTH MOJEKYJ] rasa, Haxopguierocs B PaBHOBECHOM
COCTOSTHHM NpH TeMmneparype 7. Macca MoJieKyJbl paBHa .

2.86. Ha#itu cyMmmy MozyJsefl HMOYJIBCOB MOJIEKYJI, CO-
Jepxamuxcst B moae asora (N,), npu rtemneparype 20 °C.

2.87. OnpeflennuTh, HCXOAS U3 KJIaCCHUECKUX MNpeacTaBse-
HEil, CpeIHEeKBaJpaTHUHYIO YIJIOBYIO cKopocth V <w®> Bpa-
menna mosekya asora (Ng) npu T=300 K. Paccrosuue mexny
AApaMH MoJekyasl [=3,7-1071° M,

2.88. Hekoroprifi raz HaXoguTCA B PaBHOBECHOM COCTOA-
HUH. Kaxkod NponeHT MOJeKyJ rasa o0siafaeT CKOPOCTAMH,
OTJVYHEIME OT Hanbonee BeposiTHON He Gosiee ueM Ha 1-%?

2,89, Hanucarb Boipaxenue, ONPERENSIOUIEE OTHOCHTENb-
HYIO JIOJII0 7} MOJEKYyJ rasa, o0JajalomiuX CKOPOCTSIMH, Ipe-
BEHINIAIOWUMH HauboJjiee BEPOATHYIO CKODOCTD.

2.90. Cpenusis sHeprust Mosekya renns (He) (e)=
=3,92-1072t JIx. OupeleinTb CPeLHIO CKOPOCTb (V) Mo-
JIEKYJl TeJus MpU TeX Ke YCIOBUAX.

2.91. Asor (N,) HaxoquTCsl B PABHOBECHOM COCTOSIHHH TIPH
T=421 K.

1. Halitn namnGo/see BepoOSTHYIO CKOPOCTH MOJMEKYJ Upe.

2. Onpenenuts oTHOCHTEIbHOE yuc10 AN/N MojekyJ, cko-
POCTH KOTOPBIX 3aKJIOYEHE! B Npenenax: a) or499,9 no 500,1 M/c,
6) ot 249,9 no 250,1 M/c, B) ot 749,9 a0 750,1 M/c, 1) ot 999,9
g0 1000,1 wm/c.
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2.92. Ha puc. 2.10 nan rpadpur 3aBHCHMOCTH INJIOTHOCTH
7 MOJIEKYJl BO3lyXa OT BBICOTH h Haj HOBEPXHOCTHIO 3eMiH,
Kakofi CMBICA HMEeT 3aIITPHXOBAHHASl ILIOMANL?

2.93. Monekynbl nieanbHOro rasa HaxojpsiTCsl B DaBHOBE-
CHH B HEHTPAJbHO-CHMMETPHYHOM CHJIOBOM MOJe, TaK YTO IO-
TeHUHAALHAst SHEPTHSA OTASABHOH MO-
JIEKY/iBl MMeeT BHJ ep=¢,(r). Ha-
nucaTth Bblpaxenue aad -dN, — dH-
C/1a MOJIEKYJ, PacCTOSHHA KOTOPBIX
OT CHJIOBOTO HEHTpa JIEKAT B HH-
tepBasie oT r ao r+dr. HssectHo, 0 -
YTO IJIOTHOCTH MOJIEKYJ Ha paccro- VA &
AHHHK ry, DaBHA ny. Puc. 2.10

2.94. B oneite, NOCPEACTBOM KO-
roporo [leppen ompefenun mnocrosHHy Aporaipo N4, uc-
nonb30oBanach B3Bech miapukos rymmuryta (p=1,254 r/cm?)
B Boje. Temmeparypa Bssecu pasusiiace 20 °C. Pamuyc ma-
pukos r=0,212 mMxm. Ilpu mepememenun TyOyca MHKDOCKCHA
Ha Ah=30 MKM 4ucJa0 LIAPUKOB, HAO/IIOAABUIMXCA B MHKDO-
ckon, usmedssiocs B 2,1 pasa. Mcxoga u3 3THX JaHHBIX,
HautH Ny.

2.95. Cuutas artmochepy H3OTEDMHUECKOH, a YCKoperle
CBOGOJHOTO TNaJIEHUs He 3aBHCALLMM OT BBICOTHI, BBIYHC/IHTB
JaBJjenye a) Ha BeicoTe 5 KM, 6) Ha Bhicote 10 KM, B) B Iaxre
ua ray6une 2 kM. Pacuer npoussecru ans T=293 K. HasieHue
Ha ypOBHE MOPA NPHHATH PABHBIM py.

2.96. B6ausu nosepxHOCTH 3eMJIM OTHONICHHE OOHEMHBIX
KoHUeHTpauui xkuciopopa (O,) u asora (N,) B Bosjyxe 1],==
=20,95/78,08=0,268. Ilonaras TeMneparypy aTMocdepnsl HE
saBHCsiell oT BuicoThl M paBHoil 0 °C, onpeneiuth 3T0 OTHO-
1eHre 1 Ha Beicote A=10 KM,

2.97. YcraHoBieHHai BepTHKAJIbHO 3akpHTasg ¢ 0OGOHX
Kouios Tpy6a HamosnHeHa rasooGpasuemm KuciaoporoMm (O,).
Bricora TpyGat A=200 M, ofvem V=200 1. Crenru TpyOHl HMe-
10T BCiofly onauHakoByio Temieparypy T=293 K. [laBnenue
rasa BHYTpH TpyObl, BOJIH3H ee CCHOBaHMA PAaBHO py=
=1,00-10° I1a. Onpenenurn:

a) jaBjeHye p B TpyOe BOIH3H ee BepXHEro KOHIA,

0) xoauyecTBO N MOJIEKyJ KHCJIOPOJA, COZEPXKAUHXCA B
Tpybde.

2.98. 1. ITonarast Temneparypy BO3ZyXa U YCKOpPEHHE CBO-
foqHOro MNajieHHs He 3aBHCSIIUMH OT BHICOTHI, OIPENENHTD,
Ha Kako# BBICOTe /i Haj ypOBHEM MOpSl IJIOTHOCTh BO3IyXa
MeHblIle CBOErO 3HAUeHMs HA YpOBHE Mop#: a) B 2 pasa, 6) B &
pa3. Temneparypy Bosgyxa nHouoxutb pasnoit 0 °C,

7
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2. lonyuns pesy./ibrathl, y6eAHTbCS B ZONYCTHMOCTH IpeA-
TIOJIOXKEHHS O HE3aBUCUMOCTH g oT h. Ilis 3TOro OUEHHTh HO
nojyuesHofi B 3anaue 1.242 dopmyie, Ha CKOJBKO IPOLEHTOB
OTJIMYAeTCH Ha HaHJeHHBIX BBHICOTAX YCKOpeHue CBOGOAHOrO
najiedasa OT CBOEro 3HAYeHMs1 g Ha YPOBHE Mops.

2.99. 3akpbitas ¢ ORHOro KoHua Tpy6a aaunel [=1,00 M
BpalllaeTcsl BOKPYr NepleHAUKYJ/IAPHOH K Hed BepTHKaJbHOH
OCH, NPOXOZSIIEH 4epe3 OTKPBITHIl KOHeN TpyOhl, € YIJIOBOit
CKOPOCTBIO 0 =62,8 pan/c. [laBaenune oKpyiKaroiero Bo3fyxa
po=1,00-10° Ila, Temmeparypa £=20 °C. Haiitu naBseHuc p
BO3flyXxa B Tpyfe BOJH3H 3aKpbITOTO KOHHLA.

2.100. Mmeercs N uyacTi, SHeprus KOTOPHIX MOXKET NpH-
HHMaTb JIMUIb ABa 3Havenus E; u £, UYacTHLbl HaXoAATCA B
PaBHOBECHOM COCTOSHMH IpH Temneparype 7. Hemy paBHa
CyMMapHas 3Heprus E BCeX YacTHIL B 3TOM COCTOSIHHH?

2.5. 3uTponus

2.101. B cocyze coepxKaTcad HATH MOJEKY.T.

a) KaxuM 4ucsioM CIoco60B MOTYT GbITh pACHpENeNeHbl 3TH
MOJIEKYJIbl MEXKAY JIeBOH W IpaBoil NOJOBUHAMH COCYAA?

6) Hemy pasto Q (0, 5) — 4uc/I0 CrocoGOB OCYUIECTBIEHHS
TAKOTO paclipefesieHHsi, NIPH KOTOPOM BCe NATH MOJIEKYJ OKa-
SHIBAIOTCA B IIPaBOH TIOJIOBHHE cocyfa? KakoBa BepOSITHCCTb
P (0, 5) Takoro cocrosiHus?

B) Uemy pasuo Q (1, 4) — uicI0 CrocoGoB OCYIIECTBIEHHS
TAKOI'0 paclpejesnesusi, INIpH KOTOPOM B JeBOH IIOJIOBHHE
COCYJa OKashbiBaeTcsi OfHa MOJEKYJa, a B IpaBoll — 4eThipe?
Kaxopa Bepositsocts P (1, 4) Takoro cocrosiHus?

r) Uemy pasno Q (2, 3)? Kakosa Beposrtaocts P (2, 3)
TAKOTO COCTOSIHMA?

2.102. Kak pefer ceGst CTATUCTHUeCKHI Bec 2 COCTOSIHHS
HEKOTOPOH TEePMOJAUHAMUUECKOH CHCTeMbl IIpU IPOTEKaHUH
ofparuMoro ajuafaTuyeckoro npoiecca?

2.103. Hekoropas TepMogHHaMuyeckas CHCTeMa Mepelujia
u3 cocrosinua 1 B cocrosnue 2. CraTHCTHUECKUH BeC BTOPOro
COCTOSTHHS NPEBOCXOAUT CTATUCTHUECKHH BEC NEPBOrC COCTosi-
Hust B 1=2 pasa. Yemy paBHO NpupalleHue SHTPONHH CH-
creMbl AS,,?

2.104. Craructuyeckuil BeCc COCTOAHHS HEKOTOPOH Macchi
rasa pased ;. OnpenenuTs CTaTHCTUYECKHH Bec (5 COCTOSIHUS
B 1 pas GOJbLIeH Macchl TOTO Ke rasa. Temmepatypa H JiaB-
JieHHe rasa B 00OHX cJyuasiX OJHHAKOBHL.

2.105. Crartucradeckuii Bec  HEKOTOPOrO COCTOSHHSI Tep-
MOZHHAMHYEeCKOH cHcTeMsl paBeH: a) 1,00-1010%, 6) 5,00- 101 0%
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UeMy paBHa SHTpoNmHS S cHCTeMBI B 3TOM cocTosHHM? Uemy
paBHa N0 MHOPsAJAKY BEIHYHHBI OTHOCHTEJNBHAH PAa3HOCTb 3HT-
ponuit AS/S ans ciydaes a) u 6)?

2.106. Jlorapudm N! MOXKHO BBIYHCIUTD [0 NPHOIHKEHHOH
tdopmyne Crupaunra:

InN!=NInN—N +¥,In(2aN).

OtHocuTebHAs NOTPEUIHOCTh, JaBaeMas 3TOH  Qopmysnof,
.yGhBaeT ¢ ysenuuenueM N. CpaBHUTb TOYHBIE 3HaueHHA In N!
CO 3HAYEHWAMH, BBIUHC/IEHHBIMH 1o dopmynae Crupaunra
aas: a) N=b, 6) N=10.

2.107. B crarucruyeckoll (U3UKe NpeHeGperaroT TPeThbUM
urenoM B Gopmyae Crupaumra (cM. sagady 2.106) u nona-
raiT, 4ro

InN!~NInN—N.

OnpesennTb OTHOCUTE/NBHYIO HOrPEIIHOCTh, KOTOpas MNOJy-
yaercsl npu 3ToM Ajst: a) N=5, 6) N=10, B) N=20, r) N=30,
n) N=100. Jdas N>=20 B KayecrBe TOYHOro 3Hayenus In N !
NpHHATH 3HAUeHHe, BBHIUHC/ICHHOE IO TPEXUNEHHOH QopMyJie
Crupsnnra, npuBeieHHod B 3agaue 2.106.

2.108. OueHuTb Aas rasa, HaxoAamerocs IPH HOPMAJLHBIX
yenousix (p=1,013.10% I1a, T=273 K), aunefinsie pasMepni
[ obrema AV=[3, npuxopsiierocs B cpejHeM Ha YHUCIO MoJe-
Kyn AN=102 :

2.109. durponus moas Bojopopa (H,) npu Temmeparype
25°C wu japaennu 1,013-10° Tla (1 arm) paBHa Sy=
=130 JIx/(moab-K). Omnpenenurp cratuctudeckuii Bec €2

a) OIHOTO MOJIS;

6) ABYX Mojiefi BOZOPOAd IPH YKA33HHBIX YCJIOBHAX.

2.110. Onpenenuthb, BO CKOJbKO Da3 yBEeNIHYHBAETCA CTa-
THCTHYECKUH Bec 2 MOJISL BOIBI IIPH NepeXofie ee M3 JKHAKOro
B rasoobpasHoe cocrosnue npu temneparype 100 °C.

2.111. Kag Bejer ce6A 3HTPONUSA TEPMOJMHAMHYECKOK
CUCTEMEl IpH ajuadarTuyeckoM Mpolecce?

2.112. Moxer Ju B0O3pacTaTb HTPOIMS CHCTEMBI B XOJe
npouecca, IpH KOTOPOM CHCTEMa OTJaeT TenJo BHeUIHeH cpexe?

2.113. Hekoroprlii ra3 nepexouT U3 COCTosiHMA 1 B co-
cToAHue 2 mocpelcTBOM o6paTHMOro aguabaTHyeckoro Inpo-
ecca. MoxeT M 3TOT ras nepelTd K3 coctosiHus 1 B cocrosi-
HHe 2 IIOCpPeICTBOM HeoOpaTHMOro anuafaTHYecKoro Hpo-
neccar

2.114. Ha puc. 2.1l usobpaxennl jABe H303HTPONB! LIS
OJHOH M TOH 2Ke Macchl HAeaabHOro rasa. Kakas us sHrponui
6oaplie?
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2.115. H3ofpasute LIst HJeaJbHOIO rasa rpajukd H3o-
TEPMHUECKOro H aAHa0aTHYECKOTO INIPOLECCOB Ha JAHArDaMMe
U, S.

2.116. H306pa3uTh A HAEATbHOTO rasa npuMepHble rpa-
(HKH HM30TEPMHYECKOro, H30XOPHUYECKOro, M306apHuecKoro H
ajHabaTHyecKoro npoueccos Ha Auarpamme: a) T, S; 6) V, S;
B) p, S. durponuro S OTKJAAALIBATE IO OCH
£ abeuuce. I'paduku uzobpasuts npoxops-
IUMH yepe3 o6yl I8  HHX  TOUKY.

2.117. Kak Beper ce0st SHTpoONHs B
X0Je KaxJoro U3 [poLeccos, U300paxeH-
HBIX Ha puc. 2.4 (cMm. 3amauy 2.29)?

b 2.118. I3oGpasuth A1 HA€aSbHOrO
rasa npuMmepHele rpaduKu H30XOpHYECKO-
2 ro, H306apuuecKoro, H30TePMHYECKOro H
V anHabatuyecKkoro NMpOLECCOB HA JUarpam-
Puc. 2.11 me: a) S, T; 6) S, V; B) S, p. Ddurponuio
S oTknajpiBath o ocu opauHar. Mcxop-

HOH 1/ BCEX rpaduKOB NMPUHATH OGILYI0 TOYKY.

2.119. HekoTopoe Ko/HYecTBO rasa NepexoiuT U3 paBHO-
BECHOI'O COCTOAHMS 1 B paBHOBECHOE COCTOSIHHE 2 MOCpesCT-
BOM: a) OOpaTHMOro ajHabaTHyeckoro mnpouecca, 0) HEKO-
TOPOrc HeoOpaTtuMmoro mporecca. Haga/dbHoe M KOHeYHOE CO-
CTOSTHHUA rasa Jisi 06oUX HpPOLECCOB OfMHAKOBBL.

1. Hemy paBHo npupamenue surponuu raza AS B oGoux
cayuasx?

2. Moxer /i1 BTOPOH npomecc GbITL TakXke annadaTtuye-
CKUM?

, H P [
\
2 _%\ T
Zh
?3\
?\\\ Z
\\\ ,l
3 3"
J Y aq v
Puc. 2,12 Puc. 2.13

2.120. Ha puc. 2.12 m3oGpaxkeH npouecc, CoBepiiaeMblil
HEKOTOPLIM KOJIHYECTBOM HAealbHOro rasa. HseecrHo, wuro
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npupauienue surpenun AS,, B xone npouecca /—2 oranyaercst
oT npupauleHusi SHTponun AS,; B X0/ npouecca 2—3 ToAbKQ
3HakoM. UYTO MOXKHO CKasaTh O cocrosiHusix / ¥ 82

2.121. Ha puc. 2.13 usoSpaxen mpouecc [—2—3, mnepe-
BOJSIIMA HACANBHDIA ra3 H3 cocTostHusl [ B coctosinke 8. 11po-
necc [—2 obparum, nponecc 2—3 neobpatum. Cocrosanus 1
¥ 3 nexkaT Ha ofHol azuadare. IIpouecc /—2 H30TePMUUECKHI;
o mporeraet npu T=300 K u cOnpoBOKAAETCS COBEPLUICHHEM
rasoMm pagotel A;,=3,00 Hx. Uemy paBHO nIpHpalieHHE 3H-
tponuu AS,; B Xome mnponecca 2—3?

2.122. B HexoTcpon TeMIepaTypHOH o©O/acTH 3SHTPOMHIA
TEPMOAHHAMHYECKOH CHCTEMBI H3MEHSIeTCsI C  TeMllepaTypoi
no sakony: S=a-+bT, rae a — xoucranta, b=5,00 lx/K2.
Kakoe xosmuuecTso TelioThl @ MosiyuaeT cucrema npu odpa-
THMOM Harpesauuu B Toit obnacti or T;=290 K mo T,=
=310 K?

2.123. Mosab OfHOATOMHOrO HJA€aNbHOrO ras3a Harpepaercsd
obpatimo or T;=300 K no T»,=400 K. B mpouecce Harpe-
BaHHSl JABJIeHHE Tra3a H3MeHsieTcsd ¢ TeMiepaTypod 1o 3a-
KOHY p=p, exp(aT), rae a=1,00.10"2 K~*. Onpexneauts
KOJIMUECTBO TEMJIOTH (J, MOJydeHHOe I'a30M IIPH HArpeBaHuH.

Y
K
$00
300 i
!
400 700 S, AwH 0 y
Puc. 2.14 Puc. 2.15

2.124. Kpyrosoi npouecc Ha guarpamme T, S HzoGpamxaercs
SJJHUICOM, NOKasaHEbIM Ha pHc., 2.14. Hcnoss3ys maHHbie,
NpUBE/IEHHBIE Ha PHCYyHKe, OnpefesnTb padory A, copepina-
eMylo pabouyuM TeIOoM 3a LHKJI.

2.125. dutponusa 1 r asora npu temneparype 25 °C u jas-
aennn 1,00-10% I1a pasna S,=6,84 x/(r-K). Onpegenuts
sutponuio 2 r asora npu Ttemmeparype 100 °C u paBieHus
2,00-10° ITa.

2.126. Iutponus mMoaa KucJIOpoAa npu Temmneparype 25 °C
n napaenun 1,00-10% Tla paBra S;=204,8 Jlx/(mozb-K).
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B pesyabraTe M30oTepMHUYECKOro pacmpeHus ofbeMm, 3aHHMa-
eMBIll Ta3oM, yBeJH4HJcs B ABa pasa. OnpenenuTs SHTPONHUIO
S, KHCI0pOZa B KOHEUHOM COCTOSIHHH,

2,127, HaliTh npupaitenye sutponui AS,, Mosas 0fxHOaTOM-
HOTO WJeaJbHOrO rasa Hpu HarpeBanuu ero or 0 jo 273 °C
B c/lydae, ecJH HarpeBaHHE IPOUCXOIHMT:

a) NpH IOCTOSIHHOM 00beMe,

6) mpH TOCTOSHHOM JaBJEeHHH.

2.128. HMpueanvublil Ta3, paciupssach H30TepMUYecKH (IIpH
T=400 K), cosepuraer patory A==800 /). UTo npoucxoaur
IIpH 3TOM C SHTPONHell rasa?

2.129. B xoze ofpaTuMOro H30TepPMHUYECKOro HpoLecca,
nportekawouiero npu temneparype T=350 K, Teno copepluaer
paGory A=80 ]Ik, a BHYTpeHHSS SHEpPTHUs Teja MOJYYaeT
npupawenne AU=7,5 k. Yrto npoucxomur ¢ >sHTponuei
Tena’?

2.130. HgeanvHplfi ras, paclHpffach H30TEPMHUYECKH IpH
teMmneparype T, nepexoiur H3 COCTOsHHA I B COCTOSiHHE 2
(puc. 2.15). Cocrosnme 1 nexutr Ha aguabarte, OTBeualoiied
sgTponuu Sy, cocrossHHe 2 — Ha ajuabare, OTBedarollel
sarponun S,. Kakyio paGory A coBepumiaer ras B Xoje Hpo-
necca?

2.131. Hafitu npupauenue sutponuu AS npH npespamesiu
maccel m=200 r /ibfia, HaxoJUBLIErocH lIpH TeMieparype f;=
=—10,7°C, B Boay npu f,=0 °C. TenaceMKocTb JbAa CYH-
TaTh He 3aBUCALIEH OT Temmeparyphl. TeMmepatypy mnJiasJje-’
HUA npuHATh paBHOH 273 K.

2.132. Hafitu npupauenne 3uTponnd AS npu KoHAeHCAUHH
Mmaccsl m=1,00 Xr napa, HaxoJAuBLIErocs HPH TeMmleparype

=100.°C, B BOAY M NOCAEAYIOWEM OXJAXKACHUNH BOJLL JIO
TeMIepaTyphl 1,=20 °C. Ten/oeMKocTh BOABl CUHTATh He
3aBHCALER OT TeMmieparypbl. KoHieHcauus [IPOHCXOIUT NPH
JaBJeHHH, paBHoM 1 aTm. :

2.133. B orpannyeHHoM HHTepBa/e TeMIepaTyp Hpupaiie-
HHE SHTPONHH HEKOTOPOro BEILECTBA OKAa3LIBARTCS IPONOPLHO-
HaMbHbIM Tpupamenuio temneparyphi: AS=aAT., Kaxk 3a-
BHCHT OT TeMIepaTyphl TelIOeMKOCTb C BewmectBa B TOM XKe
HHTEepBaJe?

2.134., TennoeMKOCTb T€1 € NPOCTHIMH KPHCTaJHUECKHMU
peuleTKaMu u3MeHseTcd BOAM3M abCoOMOTHOrO Hyas 10 3a-
kony: C=aT?®, rge a — KoHcradta. OIpeiesHTb 3IHTPOIHIO
S Tesa NpH 3TUX YCIOBHSX.

2.135. Hailitu saBucHMOCTB 3HTpOnuHM S, MOJA HIAeaNbs
HOro rasa (y — H3BecTHO) or obbeMa V, Ana npouecca, Ipu
KOTOpOM JaBjieHHe rasa NpPONOPUHOHANbHO €ro o0nheMy,
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2.136. Monp nueanpHoro rasa (y=1,40) cosepmaer oG-
paTuMBIl INpoLEcC, B XO4e KOTOPOro 3SHTPONUS rasa HaMe-
HSIeTCS1 NPONOPLHOHA/IbHO TepMOJAHHAMHUECKOH TeMIeparype.
B pesyuabrare npoliecca BHYTPEHHsISl SHEPT U ra3a H3MEHSETCs
or U;=6,00 xJlx/mMone o U,=7,00 kJx/Moab. DHTPONHH
B HCXOZHOM coctosinnn S;=200 JLx/(mouap:K). Ha#itu pa-
Gory A, cosepliaemyio rasom B Xoie Hpouecca.

2.137. 1,000 r kucjgopoja NepBOHAYAJbHO 3aKJIOUEH B
obveme V,=0,200 1 nox xasienuem p,==500 ITa. 3arem ras
pacuiupuscsi, B pesyJbrare yero ofbeM Trasa CTajl paBHbIM
V,=0,500 51, a jaBnaeHue — paBubiM p,=200 Ila. Cuyras
ras UJeaJbHbLM, ONpeleIHUTh:

a) mpupalieHde sHTponuu rasa AS,

6) nmpupaileHne BHyTpeHHeH suepruM rasa AU.

2.138. CocyJ pasjened Ha JBE paBHbIe YaCTH IeperopoiKoR
C 3aKpHITHIM NPOOKOH oTBepcTHem. B ofHoll ¥3 NOJOBHH CO-
CyJia CONEep:KUTCS MOJb HleaJbHOrO rasa, B JApYyro# I0JOBHHE
cocyJa — BakyyM. IIpoBKy ypansior, ¥ ras pacnpocTpaHsercsa
Ha Bech obwveM. Cunras nmpouecc agdaba-

THYECKUM, OPEJE/HTD: Cocyd |
a) IpupaieHue BHYTpPeHHeH 3Hep-

run rasa AU, :
6) npupanienne suTponuy rasa AS,.
2.139. [oxkasarb, yTo BHYTpPEHHsH

sneprusa U, suTponus S H cBoGoaHas

sHeprusi F cMecH [BYX HealbHLIX Locyd2

ra3oB PaBHBI CYMME COOTBETCTBYIOU[HX Puc. 2.16
Be/HYHT OTJAC/HBHBIX KOMIIOHEHT CMe-
cu. C 3Toff Leapl0 DacCMOTPETb HPOUECC pasieteHHs CcMe-
CH, coJepxalled v; MoJell KOMICHEHTHI [ M Vv, MoJjeH
xomnoneHtel 2. IloMecTHTh cMechb B COCYJ, COCTOSAMIME H3
IBYX BCTaBJCHHEIX JAPYT B Jpyra COCYZOB OJIMHAKOBOTO O0b-
ema V (puc. 2.16). JlHo cocyfa I cBOGOAHO NPONYCKAET MOJe-
KyJbl 2 M HeNpoHHUaeMo A Modekysa [. Kpwimka cocyna 2
CBOOOAHO MPOMYCKAaeT MOJEKYysAel | M HEHnpoHHIaeMa JJist
MoJieKys 2. BHauaje COCYIBI TOJHOCTbIO BIBHHYTHI JPYT B
Jpyra u B HX ofimieM ofweme V copepakuTCA ra3oBad CMeCh.
Crenku cocyloB He npomnyckaior renjo. OueHb MeJJIEHHO
BbIABHrast cocyA 2 u3 cocyia /, MOXKHO OCYLIECTBHTH 00pa-
THMOE ajuabaTHyeckoe pasjiesiende KoMIoHeHt. Tpe6yercs
J0Ka3aTb, uto U, S u F cHCTeMEl NPH 9TOM He U3MEeHSIOTCS.
Tem campiM OyJeT JoKa3aHO BHICK@3aHHOE BHayaje YTBEDK-
JieHHe. :

2.140. Mwmeerca cocyn, paspeleHHBIH Neperopoakod Ha
Jise yactu. B ogHO# U3 HHX HaXOAMTCS v, MOJEH OHOrO rasa,
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B JIpyro#i — v, mouseli xpyroro rasa. OGa rasa ujeaJbHbIE.
Temnepatypa M jaBjienue OOOHX Ta3oB OJHHAKOBHI. Ilepero-
ponKy YOHpaoT H rasbl TOJHOCTbIO Nepemeurysaiorcd. Boc-
N0/1b30BABIIMCH DE3YJ/IbTAaTOM TpPEAblAyIlelt 3afaud, HaHTH
npupatienue suTpornud AS.

2.141. Pemurts 3agauy 2.140, paccMmorpeB H30TepMHYE-
CKHH Dpouecc pasfiesieHus CMECH IIOCDEACTBOM IepeMelneHHA
__ JBYX INEDEropojioK, ORHA H3 KOTO-

1 | pBeIX CcBOOOAHO IIPONYCKAeT MOJEKY-
b . . ; Jbl ] ¥ HeNpoHHIaeMa JJisl MOJIEKYT
<'—/"U a3 | «?-a2113—:-> 2, npyras cBOGOAHO [POHYyCKaeT MO-
i
[}

! JIEKYJIBl 2 W HelpOHUIAeMa IS MO- -

i I | nekyn I. IleponauanbHO neppast

Prc. 2.17 Ieperopojka TNOMEUIaeTcsl Yy JEBOTO

IHA cocyjza, BTopas — Y HOPaBOTO

(puc. 2.17). 3aTeM- neperopojkH me-

PeMemaloTCesl ooYepeiHo B IIOJI0XKEHHe, NPH KOTOPOM AaBJe-
HUe B 00euX 4acTaX cocyjia OYAeT OfMHAKOBBIM.

2.142. Ilpu t=25 °C u p=1013 rlla surpoitis Moas asora
pasHa 192 JIxk/(Moqb- K), a Moss kucaopoga 205 JIx/(Mone- K).
Ilonaras, 4to B BO3AyXe Ha OAHY MOJEKYJIY KHCJIOPOAA MpH-
XOJAMTCS YETHIPE MOJCKYJIBl a30Ta, U IipeHeperas OCTAJbHBIMH
KOMIIOHEHTAMH BO3jyXa, HaiTH:

a) suTponuio S, Moss Bosayxa mpu 25 °C,

6) saBucumoctb S, or T B ofsacTd TeMmeparyp, B KOTOPOH
BO3AYX NORUNHAETCS 3aKOHAM HJEaNbHOrO Trasa.

B ofoux cayuvasax p=1013 rlla.

2.143. Temneparypa B KomHate ob6rema V=50,0 M* moz-
Hs1ach ot 15,0 mo 20,0 °C. Mcnoab3oBaB pes3yJabTar Npeibiny-
el 3afauH, onpelenTh IpHpallenie suTponnu AS Bosayxa,
cojepxKaulerocsts B KomHarte. ATMmochepHoe JHaBieHHe Npei-
HOJ1araeTcsl HeM3MeHHBIM M paBHeM p=1013 rlla.

2.144. Hekoropeiil HIea/JbHBIL ra3 COBEPHIAET IPU TeM-
neparype T=300 K ofparumpii Ha3oTepMuveckufi nporecce,
B X0Zie KOTOPOro Haji rasoM cosepuiaercs pagora A’ =—900 Ix.
Hatity npupaumenne surponud AS H npupaiiesve cBoGOAHOH
sHeprud AF raza. :

2.145. Tlepexox HeROTOPOH TEPMOAMHAMHYECKOH CHCTEMBI
H3 DAaBHOBECHOI'O COCTOSIHHA | B paBHOBeCHOe COCTOsSIHME 2
CONpPOBOXKJAaeTcs IOIyYeHHeM KOJHYecTBa TEIVIOTH Q H npH-
pauienneM cBobogHoi dHeprun AF. TeMmnepatypa u HTpoOnHsA
u3MeHATCA oT 3HaueHu# Ty, S; go T's, S, Kakymw patory A
copeplIaeT IPH 3TOM CHCTEMa?

2.146. B peaysnbrate ofpaTtuMoro ajguabaTHueCcKoOro pac-
HIHpeHHsi TeMilepatypa MoJl OZHOATOMHOTO HASAJBHOrO rasa
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nonmxaercs Ha AT=10,0 K. OSurponust rasa S,=
=20,0 Ix/ (Moabe K). Hafitu npupamenye cBoGoiHON 3Hepruy
rasa AF,.

2.147. Hailitn npupametne ceoGonuoil sueprud rasa AF B
Xoze npouecca [—2, onucansoro B 3agaue 2.130.

2.6. Hukis

2.148. MpneananHull ras coBeplllaeT HUKJ, COCTOAIIME U3
IBYX H30TepM 4 JABYX Hu3oxop (puc. 2.18).

1. Kaxk Beser ce6sa: a) BHYTPeHHAS 3Heprus, 6) SHTpONHsA
Ha pa3JMYHBIX YYacTKax UHKJaa?

2. Ha xaxux yuacrkax: a) cosepiuiaemas rasom pagora 4,
6) mosydaeMoe ra3oM KOJHYECTBO TeN/oThl Q Gosblue (MEHb-
uie) Hyas?

2.149. MpeanbHBl ra3 cOBepIaeT IMKJ, COCTOSIIUH H3
IByX annabatr u ABYX usobap (puc. 2.19).

4 !
oAy 2
4
2
3 4 b
] v g '
Puc. 2.18 Puc, 2.19

1. Kax Beser ceGs: a) BHYTPEHHSS 3Heprusi, 6) SHTPONHS
Ha pa3/JHYHBIX YyyacTKax LHKJa?

2. Ha kaxux yuactkax: a) coBepliaeMasi razoM paGora A,
6) moJlyuaeMoe ra3oM KOJHYECTBO TeIIOTH  GoJsiblue (MeHbiie)
HYJI5?

2,150. Mzo6pasurts Ha auarpamme T, V cosepmiaemsbii Hle-
aJIbHBIM Ta30M LUK/, COCTOSIUE U3: a) ABYX H30TEPM H JBYX
usobap, 6) ABYX H3o0ap M ABYX H30X0p.

2.151. Msobpasuth na juarpamme 7, p coBepliaeMuiil
HJlea bHEIM I'a30M LHKJA, COCTOAMHUH H3: a) JBYX H30TEPM H
IBYX usoxop, 6) ABYX H30X0p H ABYX H300ap.

2.152. Mzobpasute Ha auarpamMme T, S coBeplliaeMbiil uje-
aJbHBIM Ia30M LUK/, COCTOALIMH M3 ABYX M300ap H JABYX H30-
Xop.
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2.153. Kpyropo#l npouecc COCTONT M3 H30TepMbl, afHabaThl
¥ 1ByX H3o0ap (puc. 2.20). M300pasuth 3TOT npoiece Ha pua-
rpamme T, S. _

2.154. B xojne umukna Kapuo palouee BelliecTBO 10JyyYaet
OT Harpesatesist KoiH4ectBo TemyoTsl Q=300 k]lx. Temne-
paTtypbl HarpeBatessi H XOJOANJIbHHKA PaBHbI COOTBETCTBEHHO
T:=450 K u T,=280 K. Onpenenutb paboty A, cobepiiaeMyio
paboyuM BellleCTBOM 34 LHKIL

Y/
10+

0 AL
1/} s 20 21 22 23V
Puc. 2.20 Puc. 2.21

2.155. Ha puc. 2.21 usofpaxeH Ha guarpamme p, V nuxa
Kapho ana upeanpuoro rasa. Kakaf u3 3alUTpHXOBaHHBIX
niowageft — I uan Il — Gonbue?

2.156. Ha puc. 2.22 nokasan muka Kapuo. PaGounm
BEHIECTBOM CJIYKHT JABYXATOMHBIH HAea1bHBIA ras. Ofbem ra-
3a B COCTOAHHAX I U 2 paBeH coorBerctBenHo V;=1,00-10"2m3
u V,=2,00-10"2 m® PaGora, copepulaemas sa uukia, A=
=7,2 kJx. Beluucaurs paGory Ay, COBEPLIAEMYIO Ta3oM
B xofe npouecca 4-—J. KosaeGarenbHas creledb ¢BOGOABL
MOJIEKYJ1 He BO30yKnaeTcd. '

2.157. WneanbHuiil ra3 (y H3BECTHO) COBepIaeT KPYroBoi
npolece, CoCTOSAMUA M3 JBYX H30TeDM U JBYX H30XOp.
HsorepMuueckne 1poumeccsl INPOTEKAIOT TPH  TeMIepary-
pax Ty u T, (T\>T,), H30XOpHUECKUE — NPH OGbBEMAX
Vi m V, (Vg B e pas Gosbiue, uem V,). Hailtu k. 1. A
7 LMKAA,

2.158. Mpeanbublii ras (y M3BECTHO) COBEPHIAET KPYIOBOH
npolece, COCTOAMA M3 JBYX H30TepM H ABYX H3o00ap. Mao-
TepMHUYECKHE IpOLECCHl IMPOTEKAT NPU Temueparypax Ty
u T, (T:>T,), usobapudeckne — NpH JaBJCHHAX py H p,
(p: B e pa3 Goablue, ueM p;). Halitu k. 0. 1. 1 LHKAa,
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2.159. TIpuHAB B KayecTBe pabouero BelECTBA HAEANbHLIN
ras (y=1,40) n nonoxus Temneparypsl paBHbMH T;=500 K
un T,=300 K, BHIUHCJIHTD K. IL. J. ¥} UHKJA:

a) KapHo,

6) paccMoTpeHHOro B 3ajaye 2.157,

B) paccMOTpeHHOro B 3ajnaue 2.158.

2.160. Hokasatb,:4T0 K. I. [. JiI0GOr0 ofpaTHMOro LHKJA,
‘coBepllaillerocsi B HHTEpBaje Temneparyp or Ty mo T,
(T>>T;), Menbile K. I. [ COOTBETCTBYIOUIETO LuKAa KapHo.

£,10°na

25

T

20

15 -

10

Puc. 2.22 Puc. 2.23

Y kasanue ComnocraBuTh UMKJIBL Ha aHarpamme T, S.

2.161. OGpaTuMblil LHKJ, COBEplIaeMblii HEKOTOPOH Tep-
MOJMHAMHYECKOH cucTeMoll, uMeer Ha auarpamme T, S BuA,
nokasauueli Ha puc., 2.23. Hafitu k. 0. 1. 1 UHKJa,

2.7. Ypapuenue Ban-pep-Baannca

2.162. Monp asora oxJaxkaeH Jo Temmepatypet ~-100 °C.
Onpezenutb JaBl1eHHE p, OKa3bIBAEMOE Ta30M Ha CTEHKH
cocyia, ecau obbeM V, 3aHuMaemblii rasom, paees: a) 1,00 a,
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6) 0,100 ;1. CpaBHUTL p C AaBJACHHEM p,,, KOTOpOe HMeJa Obl
a3oT, ecaM Obl COXPaHHJ INPH DAacCMATPHBAEMBIX YCJAOBHAX
cBOficTBA MAEaJbHOIO rasa. ;

2.163. Pemuth npenpymiylo sagady jgas ABYX MoJeH
asoTa M TeX Ke 3HaueHui Temuepatypsl U oGvema. CpaBHHTb
TONYYeHHBI Pe3yJbTaT C OTBETOM K IpeAbayLiedl 3ajave.

2.164. [l onpeneicHust NOCTOAHHLIX Ban-aep-Baanbca
HEKOTOpoe KOJAHYeCTBO rasa, 3aHuMawomee npu T7=300 K
u p,=1,00-107 Tla obvem V;=6,79-107* M3, Gbl1O0 H30TED-
MHUYECKH C2KaTo o ofbema V,=4,00.107¢ M3, B pesy.brare
Yero JIaBJIEHHE BO3POCAO [0 3HaueHHs p,=1,65-10" Ila.
3areM ras Obll OXJIAXKAEH NPH HEHU3MEHHOM o0beMe A0 TeM-
neparyper T,=200 K. [laBsieHne npu 3TOM YMEHBILIHJIOCH
Jo 3HaueHusa p;=0,819.-10" [la. Bocronb3oBaBuICE 3TUMH
JAHHBIMH, BHIYHCJHUTDL IIOCTOSIHHBIE ¢ H b JJIsi MoJs rasa.

2.165. Mosb asora pacuiupsiercss ajgHabaTHYecKH B 1Iy-
CTOTY, B pe3yJbraTe uero ofheM rasa YBEIHUHBAETCH OT 3Ha-
yeuusa V,=1{,00 n no V,=10,0 n1. Onpegesurs npupamieHue
TemuepaTypst rasa AT,

2.166. [ma MoJsi BOZOPOAA pPacCIIUPSIOTCH B NYCTOTY, B
pesyabrate uero ofbeM rasa YBEJHUHBAeTCS OT 3HAUEHHS
Vi=2,00 a1 jpo V,=10,0 n. Kaxoe kojuuecTBO TemsIOTHI Q
HYXKHO COOOIIHTL rasy, 4YTOObl TemIleparypa ero He HU3MeHH-
Jace?

2.167. Tlonyuurh BEIpakeHUe jns1 paGotsl A, cosepiiae-
MOH MOJIeM BaH-JIeP-BaadbCOBCKOrO rasa IIpH  U30TepMHYe-
CKOM pacupenuy or obneMa V; no ofbema V,. Temneparypa
rasa T, nocroaunsie Ban-fep-Baannca a n b. CpaBuuth nojy-
UeHHOE BLIpaXKEHHe C aHAaJOTHUHBIM BHIPAXKEHHEM [JIsl Hje-
aJbHOTO Trasa,

2.168. Moab KHeAOpoda, 3aHMMABIIUMH NepBOHAYAJIbHO
ofvem V;=1,000 o1 npu temneparype 100 °C, pacmpuics
M30TepMHYecKH 1o obbema V,=10,00 a. Hafitu:

a) NpupauleHHe BHYTpeHHeH suepruu rasa AU,

6) pa6ory A, coseplueHHYI0 ra3oM (cpaBHHTH A ¢ paboToit
Ay, BBIUHCIEHHOH 1O GopMmyne A1 HAealbHOro rasa),

B) KOJIMYECTBO TEILIOTH (, NOJYYeHHOE rasoM.

2.169. Tlonyuuth A/ BaH-4ep-BaaibCOBCKOrO rasa ypas-
HeHHe agvabarbl B nepeMeHHbIX V 1 T, a Takxe B [I€PEMEHHBIX
V u p. CpaBuuth no/yuyeHHbIE YPaBHEHUS] C aHAJIOTMYHBIMH
YpaBHEHUAMH JJd HJIeaJbHOro rasa.

2.170. a) OnpegmenuTh A/ BaH-Iep-BAabCOBCKOTO rasa
PasHOCTb MOJAPHBIX TernoeMrocrell Cp—Cyr.

6) BBI4HCANTD 3Ty pasHOCTh AJs asota B oGbeMe V=1,00a
npu temueparype {=—100 °C (suipasutp ee uepes R)
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2.171. Broluncauth no ¢opmyse, NONydeHHOII B 3ajaue
9.170, pastocts Cp—Cy pis gucaopoga npd p=>5,00X
%107 ITa u T=273 K. Ilpu 3téx ycJa0BUAX MOJb KHC/I0pOIA
sannMaer oobem V'=0,664-10"% m3.

2.172. Tlponyckaa notok rasa yepes3 NOPHUCTYIO NEPEropol-
Ky, YCTQHOBJIEHHYIO B TEIJIOH3O/HpoBaHHOH TpyOe, JLxoyib
1 ToMcoH Hab/ofany H3MeHeHde TeMIepaTyphrl rasa, o6ycios-
JleHHOe OTKJOHEHHEM Ta3a OT HJeaJbHOCTH (3TO sBJIEHHE
noJyuuso Hassanue «adexr Jxoyasi — ToMcoHa»),

P
1\ P A
V4
0 v
Puc. 2.24

Ilycte mepen neperoponkoli COCTOSIHHE raza XapakTepusy-
eTcad MOJIApHBIM ofpemoM V; H Temmeparypoll Ty. 3a mnepero-
ponKod teMmneparypa rasa paBHa T',. Cunras npouecc afua-
0aTHYeCKUM ¥ NPUMEHHB IlepBOe HAauaJo TEePMOJUHAMHKH K
HOpHUN rasa, NpoXojsiuell uepe3 neperopoiky, Ha#TH HpH-
paiienue temneparypsl rasa AT=T,-T; (Bbipasute AT
yepes Vi u T,). Jlo pacuimipenusi ras cuurarh BaH-Aep-Baaiib-
COBCKMM, HOC/IE PAaCIIHPEHHS — HBJeabHbIM.

2.173. Uro Oyjmer NpOHCXOJUTH C rasoM BeaeicTBue 3b-
¢dexra Jkoyns — Tomcona (cM. 3ajzauy 2.172), ecnmu T\>
>2a/bR?

2.174. Briuncauth nOpupaienue temneparypsl AT Bofo-
pona Beaenctsue ddexra Haxoyna — TomcoHa (cM. 3amauy
2.172), nonyuaiommeecst B cayyae, ecau p;=10,0-10° I1a u T
pasHa: a) 273, 6) 210,5, B) 173 K. 3uavenus V; mMoxHO on-
penensiTs MO YpaBHEHHIO COCTOAHHS HJEalbHOTO rasa.

2.175. Boymcaurs npupaienue temnepartypbsl AT asora
Beaescrue adpexra Jmoyas — Tomcona (eM. 3agauy 2.172),
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nonyvawpomeecst B caydae, ecad p;=10,0.10% I1a u Ty pasna:
a) 0 °C, 6) 100 °C. 3nauenus V; MOXKHO onpezieaaTh 0 ypas-
HeHHIO COCTOSTHUSI HJeasbHOTO rasa.

2.176. HaiitH BblpaxKeHHe NJS1 SHTPONHHM MOJS BaH-Jep-
BaatibcoBCKOro rasa (B 3asucuMoctd or T u V). CpaBuutsh
IoJy4YeHHOe BbIpaxKeHHe ¢ aHAJOTHYHOH (GopMyJoH Aas HAe-
a/7bHOro rasa.

2.177. Cocyx obbema V' Jesutcst Ha JiBe paBHBIE YaCTH [ie-.
peroponxofl ¢ 3akpHITBIM NPOOKOH orBepctheM. B opmoft u3
NOJIOBHH COCYZa COJEPXKUTCA MOJb BaH-Aep-BaajbCOBCKOIO
rasa (c usBectHeiMu @, b u Cy), uMelomuil temneparypy 7.
IIpo6ky yaajsiior, U ras paclpoCcTpPaHSfeTcs Ha Bech 00BEM.
Cyurasi npomnecc paculMpeHHst afHabaTHYECKHM, ONpeaeHTh:

a) mpupaileHde BHyTpeHHell sHepruu rasa AU,,

6) npupaueHue Ttemmeparypsl rasa AT,

B) pacory Ay,, CHJI MEXMOJEKYJSPHOrO NPHTSKEHUS,

r) npupaiieHde suTponuH rasa AS,.

2.178. Hokasarb, yto mwromand [ u I/, 3ak/IIOUEHHbIE MeXK-
Iy yuacTKaM# H3oTepMEl Ban-nep-Baasbca u IpAMBIM yyacT-
KoM [—2 peanbHOH u3orTepMnl (pHC. 2.24), OAUMHAKOBHI,

2.8, XUAKOCTH M KPHCTAJIE!

2.179. Moxer JH: a) HEOJHOPOJHOe TeI0 GBITh H30TPOM-
"HEIM, §) OJHOPOJHOE TeJ0 OBIThb aHH3OTPOINHEIM? .

2.180. Kpucranast CsCl umelor KyOHYECKYIO OOBEMHO-
LUEHTPUPOBAHHYIO pelleTKy. B BepummHax KpuCTaJJIHUeCKOH
Auefiki ¢ pebpom, pasaem 0,41 HM, Ha-
: XOJSITCA MOHBI XJIOPa, B LEHTPe SUEHKH —
i nod nesust. Hafitu moaspubiii o6vem V,,
U NJIOTHOCTH O KPHUCTAJJIOB.

2.181. Hcnonb3oBaB 3akoH [lroJoHra
u IIta, onpelenurb YIETbHYIO TEIJIOEM-
KOCTb C. a) MenH, 6)-aJioMHHUS,

- 2.182, Chepurueckas Ranasg prytH Golia
pasgenena ua: a) 10, 6) 100, ) 1000 oxu-
HaKOBBIX Kalenb. Kak H3MeHHJoCch IpH

Puc. 2.25 STOM KalHJJISIPHOE JlaBJIeHHe BHYTPH Ka-

nenn?

2.183. U -o0pa3Hblil COCYA COCTOMT H3 COOOLIAIUXCA
mypoOKoH H y3ko# Tpy6ok (puc. 2.25). Ilpu nanuBanuu B
CCCY[l BOABI MEXKY YDOBHSIMU €€ B Y3KOfl M IIHPOKOH Tpy6OKax
ycTaHaBauBaercst pasHocts BhicoT A=8,0 cM. Buyrtpenunit
patuyc mHpoxkoH TpyOku r,=5,0 mM. Cunrad cMauuBanue
NOJHBIM, HaHTH pajuyc y3Ko# TpyGKH r,.
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2.184. B creknsiHuyio TPYGKY ¢ BHYTPEHHHM RUAMETPOM
d,=20,00 MM BCTaBJeHa KOAKCHAJbHO CTEKJASHHAS [aJ0YKa
auamerpa d,=19,00 mm. Cuurast cvaunBaHHe NOJHEIM, OI-
peiesnTb BBICOTY N KaNMJ/ISPHOrO MOJHATHS BOABL B KOJIb-
IIEBOM 3a30p€ MeX1y TPYOKOH H INaJOYKOH.

2.185. Kamns prytu ofpema V=22,5 mM® momeleHa
MEXIY JBYMSl pAaCNOJIOXKEHHLIMH TOPHM30HTaNbHO CTEKJISH-
HBIMH IITAaCTHHKaMH. C KaKoH CHJIOH F HYXHO IPHXKHMATD
APYr K JPYry NJACTHHKM, YTOObl YCTAHOBHTH MEXKIY HHMHE
3asop a==3,00 MxM? HecmauvBaHue pTYTHIO TJIAaCTHH CUHTATH
TOJTHBIM. :

2.186. ITo Kpaio OHOH H3 KPYIVIBIX CTEKJSHHBIX IIACTHH
HMEETC KOJBIEBOH BHICTYN BHICOTBL £=2,00 = MKM. Mexny
IJIaCTHHAMM [IOMelleHa Kalas Bombl ofbemMa V=15,0 Mm?,
noc/e 9Yero ILIaCTHHBI NPHMKATH JpYr K apyry (puo. 2.26).
Kakyio cuny F Hyx)HO OpuJO-
JHTh K IJIacTHHAM, YTOGH V
OoTopBaTb HX JPYr OT Jpyra.
CmaunBaHue CcYHTATh IOJNHEIM,

2.187. JlBe BepTHKAMbHEHIE VF
lHapaJj/ielbHbie  ApPYyr  Apyry Puc. 2.26
CTEK/JIAHHbIE IJIACTHHBI IOrpY-

JKEHbI YaCTHYHO B BOAY. 3a30p MEXAY NnactHHAMH a=0,500 mm,
pasmep nuactdH 1o ropusonraad (=10,0 ecm. Cunras cmaun-
BaHHe IOJHBIM, ONpPEAEHUTh:

a) BBICOTY K, Ha KOTOPYIO NOJAHHMAeTc BOZA B 3asope,

6) cuny F, ¢ KOTOpoO# NJAaCTHHBI NPHTATHBAIOTCS APYr K
Apyry.

2.188. JIBe cTeK/IsIHHBIE IJIACTHHBI CJAOMKEHHI TaK, YTO 3asop
MEXKJY HUMH 00pa3yeT BePTHKAJIBHO PAaCHOTOXKEHHBIH KIuH
C OYeHb MaJjbiM yTJIoM ¢ npu Bepuinse. IlaacTHHEL norpyxawor
4aCTHYHO B KHAKocTb MJoTHocTH p. Cunrasi cMauuBanue
IIONHbIM, ONPEJEJUTh YpaBHeHHe KPHBOH, O KOTOpOil mepece-
Kaercd KaxJasd M3 IIACTHH C INOBEDPXHOCTHIO KHAKOCTH B
3asope. Ocb y HanpaBUThb BBEPX Mo peGpy KAMHA, OCh X —
FOPH30HTANBHO BJO/Ib BHYTPEHHEH [OBEPXHOCTH MJIACTHHSI,’
Paclo/IOKHUB 3Ty OCb HA YPOBHE XHUAKOCTH BHe KJHHA. [Tosepx-
HOCTHOE HaTfAKeHHe KUAKOCTH pPaBHO o.

2.189. Tlocne MOKpHITHA CJ10eM TapadHHa PajHyC OTBep-
cTiil pemtera craqd paseH r=1,50 mM. IIpuHSiIB BOo BHuUMaHHe,
YTO BOZA HE CMauuBaeT NapaduH, ONPENeJHTh BHICOTY A ciod
BOJIBl, KOTODHI MOXKHO HOCHTb B pelleTe Tak, uyToGbl BOJa He
[posusach 4epe3 OTBEPCTHA.

2.190. Onpepenuth, Ha Kakoli riy6ude h obpasyiorcs
Ny3BIDbKU Ta3a B BOJAE, €C/IH IPH BCIVIBITHH HY3bIPbKOB HX
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paguyc yeenuuuBaercs B n=1,10 pasa, pocrurad Ha Ino-
BepxHocTd 3suauenuss r=1,00 MxM, ATtmochepHoe JaBjeHHE
p=1,00-10°% [Ta. Cuuratp, 4TO TeMneparypa ra3a B Iy3bIpbKe
BO BpeMsi BCIVILITHA He M3MeHAeTcH,

2.9, daszosBrie paBHOBeCHS M TNPEBPALICHAA

2.191. ¥ KagkuX BelIeCTB PaBHOBECHHIH Ilepexoj U3 TBep-
Joi ¢askl B rasoobpasHyio NPOHCXOAHT IPH atMochepHoM
JABJICHUH, MUHYS XUIKYIO ¢asy?

2.192. las ofaacrd TemIeparyp, B KOTODPOH YAeIbHEIM
00BeMOM KHJKOCTH MOXKHO IpeHefpeyb HO CPaBHEHHIO C

VJAEJIBHEIM OOBEMOM HachlieH-

’ HOro Iapa, HaHTH 3aBHCH-

MOCTb JaBJIEHHS] HACBIIEHHBIX

napoB p,. ; OT TemIeparypsl T.

Y zenpHyio TeIIOTYy Mapoobpa-

30BaHHSl ¢ CUHTaTb HE 3aBH-
csmed OT TeMmepaTyphl.

2.193. Ha puc. 2.27 pana
7 U30TepMa HEKOTOPOTO BEHIECT-

Ba. 'opr3oHTAJNBHBLIA yyacToK

H30TepMBI COOTBETCTBYET ABYX-
(ha3HBIM COCTOSTHHAM €KHMJKOCTD - HachllleHHbH naps. M3secr-
HBL: TeMmIeparypa T, JaBJeHHe HacLIleHHOTO Napa p, , NpH
3TO TeMIepaType, Macca BellecTBa /M, VAedbHAas Telaora
HCNapeHnsa ¢y;, YAeabHbIe 00beMbl JXKUAKOCTH V| H HaCHIIIEHHOTO
napa V;. Hafitu:

a) paGory Aj,, COBepIICHHYIO BeIIeCTBOM IPH Nepexoje
U3 COCTOSHUSA [ B cocTosiHue 2, )

6) KOJMYECTBO TEIIOTHl Qi,, MOJyYeHHOE NPH STOM Nepe-
xoze,

B) Ipupalledne BHyTpeHHeH sHeprun U,—Ujy,

r) npupauieHne sHtpomun S,—Sj,

J) Apupatienve ¢BoGoxHoN sHepruu F,—F;

2.194. Ha puc, 2.28 nokasana Touka A Ha KpuBofl ynpy-
rOCTH HACHILEHHOTO Ilapa HEKoToporo Bellectsa. Yrto coor-
BETCTBYET 3TOH TOYKe Ha juarpamme p, V? ‘

2.195. Ha puc. 2.29 nokasaH y4acTOK H30TepMBI, OTBeYa-
IOIMH IlepeXofy HEKOTOPOro BellecTBa M3 KPHCTAJIHYECKOro
B JKHJKOe cocTosAHHe. UTO COOTBETCTBYeT 3TOMY y4acTKy Ha
auarpamme p, T? :
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2,196. Ha puc. 2.30 a n3oGpakensl TPH H30TEPMBI' H H30-
6apa.

a) M306pasuTh 3TH NMHUH Ha Auarpamme p, T, npuBeleH-
HOH Ha puc. 2.30 6.

! x
V4
A
Fpucmanrs  Wubsocms
Hudrocms + wpuemash
b/
o Tl
Puc. 2.28 Puc. 2.29
A V4
4 I P
T
V% e
Ty
b/
0 0 -
a v J 7
Puc. 2.30

6) Uro coorBercrByer Ha auarpamme p, T obaactH, pac-
MOJIOXKEHHOR NOJ KOJ0K0J006pa3Holl KpuBoH Ha puc. 2.30 a?

2.10. PuspUecKan KUHETHKA

2.197. 3asop MexIy IABYMS OYeHb NJIHHHLIMH KOaKCHAMb-
HBIMH UUJAHHADHYECKHMH HOBEPXHOCTSMH 3allOJHEH ORHOPOJ-
HBIM H3OTPOIHLIM BeUlecTBOM. Pajuychl NOBEDXHOCTEH: r ==
=5,00 cm, r,=7,00 cm. BHyTpenHssa NOBEDXHOCTb MONIEPKH-
Baérest npn T3=290 K, HapyXHafd NOBEPXHOCTb — Ipu T'y=
=320 K. Hafitu a1 cpeiHell 4acTH HM/JIMHAPOB 3aBUCHMOCTD
Temnepatypsl T OT pacCTOSHHS 7 IO OCH.

2,198, 3a30op MeXAy ABYMS KOHHEHTPHYECKHMH chepamy
3alI0IHeH OJHOPOAHBIM H3OTPONHBIM BeWeCTBOM. Pajguych
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cdep paBHEL ri=10,0 ¢cm u r,=20,0 cM. IloBepXHOCTH BHYT-
peHHel cepsi NOJZIePKHBACTCA NIPH TeMneparype 7= 400,0K,
HOBEP XHOCTD BHelUHel chepsl — npu Temneparype T,=300,0K.
B 3tHX yca0oBUSIX OT BHYTpPEHHeH cdepbl K BHEIIHEH Teuer
yCTaHOBUBILMACA TenoBo# notok ¢=1,000 kBr. Cuurasa Ten-
JIOTPOBOZHOCTD % BEIECTBA B 3a30p€ HE 3aBUCSIIEH OT Temlie-
parypel, ONpeJeNHTh;

S a) 3HaueHwe ¥,
A Iz r
06) Temneparypy B 3asepe
L T(r) Kak (yHKIHIO paCCTOi{HI/IH
Puc. 2.31 r ot LienTpa cdep.

2.199, sa Tena, TemI0eM-
KOCTb KaXJOro H3 KOTOPEIX pa-
Bua C=500 JIx/K, coepunennt crep:kueMm niauHel [=40,0 cM
¢ TIOIazkio Monepeydoro ceueHust S=3,00 cm? (puc. 2.31).
TennonpoBOMHOCTL CTEPIKHSI HE 3aBHCHT OT TEMIEpaTyphl H
pasia x=20,0 Br/(m-K). Tena u crepxkenn oGpasyior Ten-
JIOM30/IMPOBaHHYI0 cHereMy. B HauasbHBIE MOMEHT TeMImepa-
TYpEL Tes oOTJAMYarotcda Apyr or npyra. Halttm spems v, no
HCTEYEHHH KOTOPOrO PA3HOCTH TEMIIEPATyp Tel YMEHBIIMTCS
B 1)=2 pasa. TemoeMKOCTBIO CTEPKHSI H HEOJHOPOAHOCTHIO
TeMIlepaTyphl B IpejesaX KaKIOro H3 Tes NpeHeGpeub.

2.200. Kucnopon Haxopurcst npu temieparype 7'=300 K
nop JjaenaeHunem p=1,00-10° Ila. Onpeznenuts:

a) CPeJHIO IJIHHY CBOGOAHOTO IpoGera MOJEKYJ A,

6) cpexHee BpeMsa CBOGOAHOrO NpoGera MOJEKYJ T.

CpaBHHTB A CO CpefHHM pACCTOSTHHEM MEXKIY MOJEKYJIaMH
(@) (cM. 3amauy 2.6).

2.201. Haiitu yuc/io v CTOJKHOBEHHH 3a CEKYHIY MEXAY
MOJIEKYJ1aMH a30Ta, cofepxamumuca B 1 M2 npu p=1,00.10%I1a
u T=300 K.

2.202. TensonpoBogHocTb resust npu f=0°C 1 p=1013 rlla
pasia %=0,143 Bt1/(mM-K). Cuuras uucioBo#l Ko3dhuuHEHT
B BHIpaXeHHAX A1 D, » u n paBHbiM 1/3, oueHHTH KO3(}-
¢dunyent camonudxpysnu D v BA3KOCTB 1} resius IIPH TeX Xe yc-
JoBuAX. CpaBHHTH NOJYYEHHEBIE 3HAYEHHUS ¢ TAOIMYHBIME (IO~
Jy4eHHBIMH 3KCIePHMEHTAaJbHO).

2.203. Kostduunent camopuddysun Kucaopona npu ¢=0 °C
u p=1013 rlla paBen D=1,8-10"5 mM*c. OUueHUTb CPENHIOIO
AJHHY cBoGoxHOro mpofera A MOJNEKYJ KHCJIOPOAA HPH TeX XKe
yciaoBusix. CpaBHHTb A CO CPeIHHM pacCTOSHHEM {(a) MeXay
MoOJIeKyJaMH (cM. sagauy 2.6).

2.204. Breruucautb koadepunuedt Dy, B3auMHOH audpysnu
Bojoposa H asora npu temneparype 7=300 K u napaeHun
p=1,00.10% IIa.
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2.205. Mexay IBYMs MNapa/nenbHBIMH IUIOCKHMH OYeHb
GosLIUMMH IJIaCTHHAMH uMeercs 3azop a=1,00 cm, 3anon-
HeHHbI aproHoM. Mexny nuacTHHaMM NOJJEp:KHBAaeTCA pas-
nocts Temneparyp AT=1,00 K (7,=299,5 K, T,=300,5 K).
OueHHTh IUVIOTHOCTh TEMJIOBOTO INOTOKA ¢/S B caydae, €CiH
JdaBJeHHe aproHa pasHo: a) 1,00.-10% Ila, 6) 1,00.10% Ila,
B) 1,00.-107* Ila, r) -1,00-1072 Ila.

ITpumeyanue Crexyer umere B BULY, uTo dopMmyJia
% ==10(v)Acy JaeT JUIb HOPSIOK BEJHYHHBI TEIJIONPOBOIHOCTH
rasoB. Ywucsopoe 3HayeHHe X, onpefieieHHoe IO 3TOH  (¢hop-
MYJe, MOXKET OTJIHYAThCS! OT SKCIePHIMEHTANBLHOrO B HECKOABKO
pas.

2.206. B tepmoc Hanuta Bofa Maccel m=1,00 kr. BuyTpen-
HAA NOBePXHOCTb GajsoHa Tepmoca S=700 cM?. 3a3op Mexny
BHYTPEHHHM H BHEIWIHUM cocylamu Gannona a==5,00 mM. [laB-
Jende rasa B 3asope p=0,100 I1a. Ilonaras, 4ro oTBOX Teila
OT COJEPIKUMOrO TEpMOca OCYIIECTBIAETCS TONBKO 3a CYeT
TEIJIONPOBOAHOCTH I'a3a B 3430pe, ONPENSIHTh, 3a KaKoe NIpU-
MepHO BpeMsi T Temneparypa Boasl ymenbmutes ot 90 no 80 °C.
. Temneparypy BHe TepMoca NpHHATH paBuoit 20 °C.

2.207. T'opU30HTANBHO PACIIOIOKEHHBIH JHCK paguyca R=
=0,200 M noxBelleH Ha TOHKOH YNPYrodl HHUTH Hal TaKHM Ke
YKpeILIeHHBIM Ha BepTHKaAbHOH ocH auckoM. Kosddpuuuedrt
Kpy4yeHHs HHUTH (OTHOILEHHE IPHUJIOMKEH- g
HOTO BpPAWGIOIIETO0 MOMEHTAa K YAy
" 3axpyuuBaunus) §==3,62-10"¢* H.m/pan.
3asop Mexay muckamu a=>5,00 mm. Ha ka-
KOH# Yroa o 3aKpyTHTCS HHTh, €CJAM HHK-
HUH JUCK NPHBECTH BO BpallleHHE ¢ yIJIo-
Boit ckopocthio w=20,0 pan/c? )

2.208. Oaun u3 crocoboB H3MeEpeHHS
BSI3KOCTH T'a30B 3aKJIOUAETCS B Halb/ofe-
HUH CKOPOCTH 3aTYXaHHs KPYTHJbLHBIX KO- a
JeGaHHi T'OPH3OHTAJIBHOIO AHCKA, NOIBe-

LIEHHOr0 Ha TOHKOH YHnpyrod HHTH HaZk

TAKUM K€ HENOJBMKHBEIM JHCKOM (pHC. Puc. 2.32
2.32). Ionyuutb GopMyJ1y, CBS3LIBAIOLLYIO

BA3KOCTh 1] rasa, HAXONSIIErocs MexAy AHCKaMM, ¢ Mac-
COH JMCKa m, paguycoM JHcKa R, 3a30poM @ H Koa(pdbuuu-
enToM 3aryxanus xone6anuit §. Cuurarb, 4TO0 TPEHHA B IOJ-
Bece Her.

2.209. B TOHKOH Ieperopoike, pasieisiomeil cocyx Ha
JBEe YacTH, HMeeTcsl KpyrJoe oTrBepcTHe pamuyca r=1,00 mm.
B cocyne maxomurtca renmii non AasneHuem p=1,00 Tla.
CreHkU cocyla noyiepxuBawTcs npH TeMmneparype T=300 K.
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Onpenenutb KOIUYECTBO Vv MOJEKYJ, [OpOJeTAlOMUX Yepes
OTBEpCTHE B EIHHMIY BPeMeHM B Ka)KJIOM H3 HampaBJieHHH.

2.210. Ta3, sak/aioueHHBIH B cocyae o0bema V, BHITEKaeT
B BaKyyM 4epe3 OTBepCTHe, JUaMeTP KOTOPOro MHOFO MeHbIIe
JUIHHBL CBOOOJHOrO npoGera moJiekysa. [Liomage oTBepCTHS
paBna S. Ilpouecc npoTekaer H30TEPMHUYECKH INIpH TeMIepa-
type T. HaiiTh Bpems T, 3a KOTOpOe JaBJeHHe rasa B COCYJE
yMeHblllaercs B 1 pas. MoJifipHas macca rasa pasua M.

2.211. [IBa cocyaa pa3fe/eHbl TOHKOH He IPOBOASAHIEH Tell-
Jio npokaaakoi. CreHKH cocyfia | Moanep:KUBAIOTCSl NPH TEM=
neparype T;=300 K, cocypa 2 — npu temneparype T,=
=500 K. Cocynpl coofuiaoTcsi 4epe3 OTBEpPCTHe, pasMephl
Kotoporo B 15 pa3 MeHblle cpefHed AJHHBI CBOGOXHOFO MpO-
6era MOJIeKyJl rasa, 3afoJHAIOHIEr0 COCYAbl. ¥ CTaHOBUBILEECs
JasJjeHue rasa B cocyie | pasno p;=0,100 ITa. Uemy paBuo
JABJIEHUE rasa p, B cocyje 2?



Yacrtp 3

SJEKTPHUECTBO U MATHETU3M

Q6o3nauerus;
A - pabota

A, — OTHOCHTeJbHasf aToMHas
Macca '

a — pajnyc _

B — MariHTHaf HHAYKIHS

b — pajanyc, paccTosiHHe

C — 3JieKTpUYecKasi eMKOCThb

C, — HUPKYyJsALHA  BEKTOpa a
¢ — CKODOCTBH CBeTa B BaKyyMme
D — 37MeKTpHUYECKOe CMeleHHe

d — nMaMetp, paccrosigue, TOJ-
., lIMHA

E — HanpsaXeHHOCTh 3JEeKTpH-

YeCcKOro HoJs

& — SJIEKTPOABHKYILAT CHJA,
IecTBYyIOIER 3HaueHHe
3. 1. C.

e — 3JIeMeHTapHHIH 3apsajf
F — cuna
- H — HanpamXeHHOCTh

HOTO TOoJs

I — cuna ToKa

Y — HaMarHWYEeHHOCTb

j — nJIOTHOCTH TOKA

k — xo3ddunHeHT KPYUeHHS, KO-
sdHIHEeHT TpeHUS

L — HHAYKTHBHOCTB

Ljs; — B3auMHasn

' HOCTBb

| — pnuHa, paccTogHHe

M — MomeHT HMOyJbca

m — mMacca

me — Macca 3JeKTPoHa

n — YHCJAO BHUTKOB HAa €IHHHIY
JVIHHBI, YacTOTAa BPaUIEHHS

P — mosisp¥30BaHHOCTD

P — wmousocTh

P, — ocraro4nas
HOCTb

MarHHuT-

HHAYKTHB-

NOJSPU3OBAH-

P — 3JEKTPHYCCKHH AUMONLHBI
MOMEHT, HUMIYJbLC

P ~— MarHHTHBI MOMEHT

Q — fo6poTHOCTh KOHTypa, KO-
JHYECTBO TENJIOTHI

q — 3JIeKTPHUeCKHit 3apsj

R — akTuBHOE CONpPOTHBJICHHE,
paxnyc

r — DaJAuyC-BEKTOP

r — pajaMyc, paccTosiHHe

S — nsowaas, H0BEpPXHOCTh

§ — NyTh

T — nepuojx koJjeGanuii

t — Bpemsa

U — HanpsxeHde, pa3HOCTh MO-
TEHILKAJO0B

V — o6beM

W — sHeprus
W — ycKopeHue
W — TJIOTHOCTb 3HEPTHH

o — yroJa
8 — oTHocHTebHAS norpem-
HOCTb, IJIOTHOCTH  (Macca

efHHHIB 00beMa)

£ — JH3JEKTpHYecKast NpPOHHI(ae«
MOCTh

O — noasipublit yroa

A — snHHefiHAs MJOTHOCTE 3apAia

| — MardgHTHasi NPOHHUAEMOCTb

v — HacToTa

p — of6beMHas TJAOTHOCThL 3apf-

. Za, yHenbHOE COAPOTHBJIEHHE

O — NMOBEPXHOCTHAsl IVIOTHOCTL
3apsaja

Gp — NIPOYHOCTb Ha Pa3pHs

T — BpeMs

@, — noToK BexTOpa 4

@ — noTeHUHAN

® — Kpyrosas 4acToTa, yrJoBas
CKOpOCTB
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3.1. AneKTpHU9ecKoe M0J€ B BaKyyme

1. C Kakoi#l OTHOCHTEJNbHOH NOrpemHocThIo O Hag0 H3Me-
pATh 3apaAznsl nopsaaka 107 Ku, 9tolel o6HapyXKuTh AHCKpeT-
HyI0 DNpHUPOAY 3apaja’

3.2. Hexoropeiil 3apsaj HMeeT B cucteMe orcyera K BeanuH-
Hy ¢. KakoBa Oyner BeaMuHHA 3TOr0 3apsiia ¢' B cHCTEME
orcuera K', gBmymiedcs OTHOCHTENbHO K €O CKOPOCTBIO Ug?

3.3. Uemy paBeH CyMMAapHBIH 3apsif § MOJIA 3JIeKTPOHOB?

3.4. Ha#itu cymMapHBIH 3apsil ¢ aTOMHBLIX flep Mend, co-
zepxawpxes B 1 om®

3.5. ConocraBute CHIY KYJIOHOBCKOTO BS&H\(OﬂeHCTBHH F,
JIBYX 3JIeKTPOHOB C CHJOH HX I'DaBHTAIHOHHOrO B3aHMOJeHCT-
Bua Fg.

3. 6 Bbmncnmb YCKOpeHHe w, CoofliaeMoe OIHHM 3JieK-
TPOHOM ZPYIOMY, HaxoJsmeMycs OT NepBOr0 Ha PACCTOSHHH
r==1,00 mM.

3.7. Kakyiwo maccy my, noxen Obu1 6bl MMeTh IPOTOH s
TOTO, 4TOOLI CHJIa 5JEKTPOCTATHYECKOro OTTAJKHBAaHWA JABYX
HPOTOHOB YpaBHOBEHIHBaslach CHJIOH HX TIpaBHTALMOHHOIO
OpUTSKEHHs?

3.8. Kaxue 3apsmbl gc U g3 (IpOHOPLHOHAJBHBIE MaccaM
f1c U m3) HYXHO GBLI0 66 coobmuTh CoHny ¥ 3eMie AJas Toro,
uytoGBl CHJIA KYJIOHOBCKOFO B3aMMOJEHCTBUA MEXKJY HHMH OKa-
3ajlach PABHOH CHJIe TPaBHTALIHOHHOTO B3auMOJEHCTBHA?

3.9. Ilpu xakoM oxuHakoBoM 1 CosnHUA U 3eMJH yIe/b-
HOM 3apsifie ¢/m CHIa KYJOHOBCKOTO B3aHMOJEHCTBHSI MEMIY
HUMH OKa3anachb Obl paBHOH CHJie IPABHTANHOHHOIG B3aHMO-
neficrBus? CpaBHHUTb IIOJydeHHOE 3HAYeHHE §/M C YAeJbHBIM
3apsiioM e/m, 3JNEKTPOHa.

3.10. Vmetorcs ABE CHCTEMBI TOUEUHBIX 33PALOB g1, g - -

‘o

Gis -+ Gn, U G1y Goye v vy Gis v v oy qN,, 3aKpelJieHHEIX B
ToYKaxX ¢ pajuyc- BEKTOPAMH Iy, Fyy o vy Ty oo oy Iy, U Iy,
oy -« .y Ty - . ., Ty, Halitu cuny F, ¢ koTopoil cucrema 3apsi-

OB g KeHCTBYeT Ha CHCTEMY 3apsilioB g;.

3.11. Ilo Teny ob6vema V pacnpegeser 3apsif ¢ ¢ naor-
HOCTBIO p=p (T); 10 Teny ofbema V' pacnpenesien apyro# sapsj
¢’ ¢ niotHocthio p=p(r'). Hanucars BEipakenue Aast cuJbl
F, ¢ xotopoil 3apsj ¢’ AelicTByeT Ha 3apaf .

3.12, B BepmyHaX NpaBUIBLHOTO HIECTHYTONBHHKA CO CTO-
POHOH g NOMEIAI0TCS: TOYEYHbIe OAMHAKOBHIE NO MOLYJIO 3apf-
Ibl g. HaliTi noteHuunan ¢ u HanpsixeHHoCTb noas E B Lentpe
IDECTHYTOJbHHKA NpPH YCJIOBHH, 4TO:

a) 3HaK BCEX 3apsifioB OJAMHAKOB,

6) 3HaKH COCCAHUX 3apsJ0B NpPOTHBOIOJOMKHEL,
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3.13. N TOYEUHBIX BaPAROB iy 2, + 9 vy Fis + 9 «» dn pac-
NOJ103KEHBl B BAKYYME B TOUKAX C paiHyC-BeKTOPaMU I, Iy, . . .
ey T4 oo, Iy, Hanucars Boipaxenus Qs IOTeHUHAIA ¢ H
sanpsixennocrd noasd E B Touke, onpegensiemMoil paiuyc-Bek-
TOpOM T.

3.14. Ilo obnactu V pacnpeneser 3apAn ¢ NJIOTHOCTBIO
p=p (r). Hanucarb Boipaxkenus Jyis noreduyana @ 4 HanpsKeH-
HocTH noast E B Touke, onpegesiseMoil pajuyc-BeKTopoM r’.

3.15. Haiitn norenuuan ¢ 4 HanpsKeHHOCTb noas E B
neHTpe cheprl pagayca R, 3apAXKeHHOA OJHOPOAHO C IOBepX-
HOCTHOH TILIOTHOCTBIO O.

3.16. 3apsig ¢=2,00 MxKn pacnpenenen paBHOMEpPHO IO
o0bemy 1apa pagdyca R=40,0 mM. Halitu noreHuman ¢ u
HanpsxeHHocTh noist E B nenrpe mrapa.

3.17. Haiitu morenHumdan ¢ u MoAyab E HampsXKeHHOCTH
10151 B HeHTpe foaycdeprl pajuyca R, 3apA:KeHHOH OJHOPOAHO
C TOBEPXHOCTHOH TJIOTHOCTBIO O©.

3.18. Cdepa pazguyca R ¢ LEHTPOM B Hauaje KOOPAHHAT
3apszKeHa ¢ IOBEPXHOCTHOH ILJIOTHOCTBIO O =Fk2, Ijie £ — KOH-
CTaHTa, 2 — KOOpJHUHATa coomemmyxomen TOUKH CcdepHl.
Hafitu nss uenrpa cdepsn:

a) noTeHUHas @ W HanpsxeHHocts noas E,

6) 3HaueHHsI MPOU3BOAHBLIX 0¢/0x, O9/dy u 0¢/0z.

3.19. Uto npexcraBasior cofoil 3KBUNOTEHHHAJBHBIC TO-
BEPXHOCTH OJHOPOJNHOIO 3JEKTPHYECKOro noas?

3.20. HanpsikeHHOCTp HEKOTOPOTO MNoJsi HMeer BHI E=
=FEe,, rie E — xoHcranra. Hanucarb Brpakenue A/ NOTeH-
nana noaqa @.

3.21. DaektpocrathHyeckoe none nMeer BuL E=EFEe,+
~+Ee,+Ese, rae Ei, E;, E; — KOHCTaHTHL

a) fBnsieTcs JH 3TO TOJIE OJHOPORHBIM?

6) Hanucath BoipakeHHe IJI .

3.22. Hanps:keHHOCTb HEKOTOPOTO 3JIEKTPOCTATHUECKOrO
noJis onpejenasieTcs BeipaxkenueMm: E= (a/r¥/2)e,, rie @ — Kou-
CTaHTa.

a) $IBasieTcst JIM 3TO IOJIE€ OJAHOPORHBIM?

6) Haiiti norenumana sroro moas ().

3.23. IloTeHuuas HEKOTOPOro 3/EKTPOCTATHUECKOrO HOJI
AMeeT BUIT Q=@ (x2-+y2+22),

a) UTo MOXKHO cKasaTb O Xapakrtepe monsi?

6) Haiitu Monyab E HanpsXEHHOCTH IO/ B TOUKE X, Y, 2.

3.24. IloteHunan HEKOTOPOrO 3AEKTPOCTATHUYECKOrO IOJs
nMmeer BUL: ¢=¢(r, ¥), I7ie r — paccrosinye ot Hadaja Koop-
xuHar, ¢ — MOJSPHHIR Yrod.

a) Uro MOXKHO CKa3aTb O Xapakrepe nojs?
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6) Hafitu mMonyib £ HaupsiKeHHOCTH mosis B TOUYKe 7, ¥.

3.25. Iloreniual nond, CO3/aBaeMoro HEKOTOPOH CHCTEMOH
3apsoB, UMeeT BUA: @=a (x*+y*)+b22, rae a u b — IOJOKHU-
TeJbHBIE KOHCTAHTHI.

a) Halitu HanpsxensocTs noasd E u ee monyas E.

6) Kaxkyo (hopMy HMEIOT SKBHIIOTEHIH A/ bHbIE 10BEP XHOCTH?

B) Kakylo (opMy HMEIOT NMOBEPXHOCTH, Ajisi KOTOPHIX E=
=const?

3.26. ITorenumasn nossi, CO34aBaeMOr0 HEKOTOPOH CHCTeMOMH
3apsinoB, HMeeT BHL: ¢=a(x*-ty?)—bz?, rae a ¥ b — nojo-
JKHTENbHBIE KOHCTAHTHL.

OtseruTh HA Te 2Ke BONPOCH, UTO H B 3agaue 3.25.

3.27. Haxopsuuiicss B BakyyMe OU€Hb TOHKHH IPSIMOHN
CTepKeHb JJIHHB 2q 3apsKeH C OJHHAKOBOH BCIOAY JHHEHHOH
NJIOTHOCTRIO A. JI/1s Touek, fAeXalux Ha NPAMOH, NeplieHau-
KyJASpHOA K OCH CTEPIKHA M IIPOXOJsIeH uepe3 €ro LEHTp,
HaiiTy Mopxysb E HaNpsiKEHHOCTH MoAsA Kak (QYHKIHIO pac-
CTOSIHHSL 7 OT LEHTPA CTepPXKHA.

3.28. s crep:xHa u3 3afavy 3.27 HalTH MOTeHIHAT @ H
MOAyab E HanpsiKeHHOCTH IO/ B TOYKAaX, JeKalllHX Ha OCH
CTepXKHSI BHE €ro, Kak (YHKIHUIO DacCTOSIHHS r OT HEHTpa
crepxusg. HMcenenoBare cayuait r>a.

3.29. Bocnonb3oBaBlINCh OTBETOM K 3anaue 3.27, NONy4UTh
BoIpakenne aasi momyas [E(r) nHanpdaxkenuoctd noas Gecko-
HEUHOH NpsAMON HHTH, 3apsKCHHOH ONHOPOAHO C JUHeHHOH
IJIOTHOCTBIO A (7 — pAacCTOsIHHE OT OCH HHTH).

3.30. Ilo TOHKOMY @POBOJOYHOMY KOJABLY paguyca r=
=60,0 MM paBHOMepHO pacnpenener 3apan ¢=20,0 nKa.

a) Ilpuess ock KoapHa 3a oCb X, HaliTH HOTEHHHAaJ @ H
HanpsixeHHOCTh nojst E Ha ocH Kosmblia Kak QyHKUMIO x (Ha-
4aJI0 OTCUETA X TIOMECTHTL B IEHTP KOJbIA).

6) HccnemoBath cayuan: x=0 # [x|>>r.

B) OnpenenuTs MAKCHMAaJbHOE 3HayeHHe MOAYJISE HanpsixeH-
HocTH E,, U KOOPAMHATH X, TOYEK, B KOTOPHIX OHO Hab./1i0Aa-
eTcsl.

r) TlocTpouTs npumepHbie rpaduky GYHKHUN @ (x) 1 £, (x).
BHISICHHTD, 4eM Jiist KPUBOH @ (X) SIBJIAIOTCH TOUKH Xy,.

HanpsixxenHOCTb NONA BHUUCAUTL ABYMSA crocobamu: 1) wue-
XO[fi U3 BHIpAMKEHHA Jyis HANPSIKEHHOCTH IOJIL TOYEYHOrO 3a-
psa H NPHHIUIA CYNepIIo3HIMY Tosell, 2) HCXOoAs U3 BBIpaxKe-
HHA 151 noreHnuana. CpaBHHTh ofa crocofa BBHIYHCIEHHH.

3.31. Tlo Kpyrsiofi OueHb TOHKOH NJNACTHHKE pajuyca r=
=(,100 M paBHOMepHO pacnpenened 3apag ¢=1,00 mxKu. IIpu-
HAB OCb IVIACTHHKH 3a 0OChb X,
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a) HafiTH @ ¥ E 7151 TOUEK, JeXKallHX Ha OCH, Kak QyHKUHH
X; UCC/ENOBATh- NOJYUEHHbIE BHIpAMKEHHHA AN {X|>r,

6) BBIYHCAHTD @ K E, B Toure x==100 mM.

3.32. Ouenb TOHKasl IJaCTHHKA HMeeT (opMy KOJblld €
BHYTPEHHUM DaJMycOM @ H BHemHUM paguycoMm b. [lo naa-
CTHHKE pPaBHOMEPHO pacnpejiesieH 3apan ¢. [IpuasaB och nna-
CTHHKHY 3a 0Cb X, HalTH @ U £, Ha OCH IVIAaCTHHKH KaK GYyHKIHU
x. HccnepoBarbs ciyuait |x[>>b.

3.33. Bocnonb3oBaBlIKCh pe3yabratoM 3ajaud 3.31, mno-
JIYUHTb BEIpaXKEHHE VIl E . nonsi 6ecKoHeuHOH IIOCKOCTH, 3a-
psizKeHHOH OJHOPOAHO C IIOTHOCTBIO G (OCh X NepIeHAuKY/Iap-
Ha K ILIOCKOCTH).

3.34. B 3agaue 3.33 nna HanpsKeHHOCTH Ioas, CO3JaBae-
MOro OeCKOHEUHOH o;LHopoL(Ho 3apIXKCHHON MJIOCKOCTHIO, MO-

JYYeHO BhipakeHue £ —28 BosbmeMm Touky P, OTCTOALLYIO

OT HJIOCKOCTH Ha paccmmme b (puc. 3.1). ITpoBezeM BOKpYP
OCHOBAHHMS! NePIEHIUKYJAPA, ONYUCHHOTO HAa
IJIOCKOCTb M3 TOYKH P, OKPYKHOCTB pajuyca a.
TpeGyerca HaliTH 3HaYeHHe @, NPH KOTOPOM Ha-
NpsiKEeHHOCTb, Cco3faBaeMass B P 3apsjgamu, a r
PACHOJIOKEHHBIMH BHYTPH OKPYMKHOCTH, COCTaB- Y
' JisieT TIOJIOBHHY TIOJNHOfl HaNpSKEHHOCTH; Ofpe- b
JleIUTh TaKxKe r H ¥, COOTBEICTBYIOLINE 3TOMY
3HaYeHHI0 4. )

3.35. Mmeercs mIoCKHH KOHAEHCATODP C KPYT- Pye. 3.1
JBIMH TI12CTHHAMH pajuyca r, OTCTOALIUMH JIpYT
OT ipyra Ha paccrosinne 2q {(a<r). [TinacTuraM cooblueHbl Ofu-
HAKOBHIE 110 MOAYJIO pasHouMeHHble sapsaiul. Ockb, NOpoXois-
HIyIO Yepe3 HeHTPHl IJIacTHH, ofo3HauuMm OykBoi x. Hauano
KOODJMHAT MOMECTHM B LEHTP KoHjeHcaropa. [lomaras, uro
3apsbl pacrpefeseHbl 110 MJIACTHHAM PaBHOMEPHO ¢ IIOTHOC-
TBIO -0 H —0, HCCIeN0BaTh HanpsKeHHOCTh nojs E B Toukax,
JAekamux Ha ocu x. C 3roff uenbio HalTH:

a) E,. kak ¢QyHRmuo x, .

6) E.(0), 1. e. E, B ueHTpe KOHAEHCATOPA,

B) Ex(a—()) T. e. £, B TOuke ¢ KoopAuHaroH x=a—§
(6—-0),

r) E.(a-+0), 1. e. E, B TOYKe ¢ KOOpAMHATOH x=a+-0
6—-0),

1) E, Kax OYHKIHIO X B TOUKaX, sl KOTODPHIX |x[>>7.

Tonmuuoit nacTuH npeneGpeus.

3.36. Hajitn noterunman ¢ d MOAyJAb E HanpsKEeHHOCTU
TosiA AMNoOJA Kak QyHKUMH r ¥ § (r — paccTosinie oT HeHtpa
Aunonsi, 4 — yrol Mexay OCbio AHIOAS U HaNpaBieHHEM OT
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IeNTPa JMMOAA K JaHHOK TOYKe). DieKTPUYeCKHH MOMEHT
JUIIONST paBeH p.

3.37. Kakum cBoficTBoM 00J/1afiaeT 3/1eKTPUUYECKHH THIIONb-
HEII MOMEHT P HeATPAa/bHOH CHCTEMBI 3apsA0B?

3.38. Kakyio paGory A HYXHO COBEpIIHThb, YTOGHI HOBEp-
HYTb JHMOJb C MOMEHTOM P H3 NoJOXKeHHA Mo nomo E B moso-
JKeHUe NpPOTUB T0jA?

3.39. Uemy papeH 3/1eKTPDHYECKHH JMIOJNDbHBI MOMEHT
p: a) kBaapymoss, 6) OKTYNOJs?

3.40. Haiitu cuny F B3auMofieRCTBUA ABYX MOJIEKYJ BOJBI,
OTCTOSIIKX APYr OT jApyra Ha paccrosuue [=1,00-107%m
(10 uM). DreKTPHYECKHH JUIOJbHBIH MOMEHT MOJIEKYJbI BOJK!
p=0,62-10"% Ku.M. JAunosibHele MOMEHTbl MOJIEKYJ CUHTATD
PAaCTIONIOKEHHBIMH  BIOJb COEAMHSAIOmEH MOJEKYJbl IPAMOH.

3.41. [/lBa oAMHAKOBEIX 3apsifa --¢ MOMELAIOTCS B TOYKaX
¢ koopaunaramu (+a, 0) u (—a, 0) (puc. 3.2). Haiiru sjekr-
pHUECKU¥ JHNONLHBI MOMEHT P 3TOH CHCTEMBI OTHOCHTEJBHO
TOueK ¢ KooppuHartamu: a) (—a, 0), 6) (+a, 0), B) (0, 0),
r) (0, -+a).

4

-
) A

4 (0,*a) P

“‘i’:g’ a N
\ 7
+yg +q ; S e 4

—0 P O . \\ a Ve
(2,00 U (+a,0) < Ny
-4
Puc. 3.2 Puc. 3.3

3.42. Pewnty 3amauy 3.41, samenuB B TOuke (-—a, 0)
3apax -+q¢ Ha —q.

3.43. Ha puc. 3.3 usobpamxkena cucreMa 3apsjoB.

1. Kak HasbiBaeTcq Takas cHCTeMar

2. YeMmy paBeH 3/eKTPHUECKHH JUNONLHBIA MOMEHT P 3TOH
CHCTeMBl 3apsioB? 7

3. HafiTn npubamkeHHoe 3HaueHHe HOTEHUMa a ¢ B TOYKE
¢ xoopjiunaramu: a) (r,”0), 6) (r, r), B) (0, r). Bo Beex cay-
yanx r>>a.

4. CpaBHHTb NOTeHUHan ¢ B Touke (r, 0) ¢ MOTEHIHAIOM
¢’, KOTOPLIi CO31aBaJi Obl B TOH XKe TOYKe JAUNO/b, 3apsibl KOTO-
poro --¢ ¥ —¢q nomelanuch 6bl B To4Kax {+a, 0) u (—a, 0).
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3.44. 3apsiIpl CHCTEMBI, H300paKeHHOH na pue. 3.4, aexar
B MJIOCKOCTH X, Y W [IOMEIIAioTCH B BepHINHAX LIECTHYTONBHNKA
co cropoHoft a=10,0 mm; ¢=1,00 mMxKi.

1. HafiTy 3/1eKTPUYECKHUI JUNOAbHEIH MOMEHT P CHCTEMHI, a
TAKXKe MOAYJb p 9TOrO MOMEHTA.

2. OnpefenuTh B JHIOALHOM HPHGIMKEHHH TIOTEHIHAN @,
CO3/1aBaEMBIH CHCTEMOH B TOYKE C KOOPAHHATAMH X =y, ==

=1,00 M.
q - 3. Haiitu nauGosbiiee ¢,
+g HauMeHbliee @, 3HAYeHHA [o-
TN TEHLHaJa Ha pAacCTOSTHHH r==
—gq’ T0Q+g =1,00 M OT IeHTpa CHUCTEMEHL
! i 3.45. ?acnonomeﬂﬂuﬁ Ha ocH
: 7 ] 7 % TOHKH{ CTepxKeHb JJuHB 2a
_gd\\\\ ,’/b+g - 0
7 Z
7 a a
Puc. 3.4 Puc. 3.5

3apsKeH OJHOPOJHO ¢ JHHEHHOH mjoTHOCTHIO A (puc. 3.5).
Hafttu asnexTpudecKufl JUNONLHBIH MOMEHT P CTEPIKHS OTHOCH-
TeJIbHO! a) JIEBOI'O KOHlA, O) CepeluHbl, B) NPABOrO KOHHA
CTEpXKHS. .

3.46. Pewntb 3anauy 3.45 mis cayuyasd, Korja JuHeliHas
IJIOTHOCTD 3aPsJa H3MeHAeTCH 110 3aKoHY A==kx (£ — KOHCTaH-
Ta, HayaJO KOOPJAMHAT [OMelaercs B cepeliiHe CTEPKHA).

3.47. [lo TonkoMy Ko/IBLY pajdyca R pacnpejened pas-
HOMEpHO 3apaji —¢. B nentpe Kosblia pacnofNoXKeH TOUEUHBIH
3apsan -q. :

1. Uemy paBeH 3JeKTPHUECKHH AHNO/IBHBIA MOMEHT p 3TOil
CHCTeMBl 3apAJ0B?

2. a) TpunaB ocb Koablla 3a OChb X, HAYa/l0 KOTOPOH NoMe-
[12eTCs B HEHTPE KOMbLA, HAHTH NOTEHIHAJ @ U HANPSKEHHOCTh
noast E aa Touek ocH, KoopauHATA X KOTOPHIX 110 MOLY.JIO
MHoro Goanine paauyca xoabna R (|x>>R); 6) KakuM MyJabTH-
HOJIEM CO372eTCS JAaHHOE 3JIEKTPHUECKOe MoJe?

3.48. Haiitu 3/1eKTpHYeCKHH AMIOJIBHBEIL MOMEHT P CpepH
u3 3ajzayn 3.18.

3.49. Bocnosp3oBaBmuch pesyabraroM 3afaun 3.48, nafiti
NoTeHuHa ¢ Noas, coszaBaeMoro chepoil us 3ajgauu 3.18 na
paccrosHHSAX OT LeHTpa cdepbl r, MHOro GOMBLIHX paguyca
cheper R (r>R).

3.50. ¥ mzobpaxenHoli Ha puc. 3.6 cuCTeMbl 3apsjoB ¢ —
sjeMeHTapHui 3apag, a=0,100 M.
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1. Onpesenurts:

4) IMOOJbHBIA MOMEHT P CHCTEMBI,

6) IpUGIHIKEHHbBIE 3HAYCHU S IOTEHIMANA ¢ U MOAY /ISl HANPA-
skeHHocTH nosist E B TOUKe, JiexalleHl Ha OCH CHCTEMbI H OTCTOA-
mei or LeHTpa cucTeMBl Ha paccrosHue r=10,0 HM,

B) KaKHM MYJILTHIIONEM OOyc/oBjeHsl ¢ H E.

2. CpaBHuTh DO/iyueHHBIE 3HaueHus ¢ U E co 3HAYeHHSIMH
¢ 1 E' NoJs TO4eYHOro 3apsja —e Ha TOM K€ PacCTOSHUH 7.

3.51. Bokpyr 3apsaja -+e ABHXKeTCS PaBHOMEPHO II0 KPYyro-
BO# Tpaekropuu pagnyca a=0,100 nm sapanx—e. Llentp Tpaex-
TOPHH coBmajgaer ¢ 3apsgoM --e. Haitru:

a) cpejHee 3HAueHHe JMIOJILHOrO MOMeHTa (p) 3TOH CH-
CTEMBI,

6) cpenuue sHayYeHHA MOTEHIHANA (@) 1 MOAYJIS HAIPSKEH-

HoCTH Iosis (£) B TouKe, Jiexkalieil B IIOCKOCTH TPAEKTOPUH Ha

.e 4o —e paccroanuu r=10,0 oM orT 3a-

pana +e. CpaBHHTE MHOJy4YeH-

._T a ( a HBII pe3yJbTaT C OTBETOM K
! T ! zafave 3.50, m. 6).

Puc. 3.6 3.52. Ucxomss wu3 ompene-

JIeHUs JIUBepreHuyH BeKTopa a

Kak Ipejesa OTHOLIEHHS nHoToka (D, uyepe3 3aMKHYTYIO IO-

BepXHOCTb K o0beMy V, orpaHHueHHOMY 3TOH NOBEPXHOCTBIO:

Va ==Vlim (@,/V), onpenesuTh AHBEPreHLHIO CAECAVIOUUX BEK-

-0

TOPHBIX MOJeH:

a) a=f(x)ey, rae f(x) — HeKoTopast PyHKUHS JEKAPTOBOM
KOOPJAUHATHL X, :

6) a=r, e r — paauyc-BeKTOp TOYKH, B KOTOpPOH ompe-
JlesisieTcsl  AMBepreHuus,

B) a=e,, Ile e, — OPT PaJUyC-BEKTOPA TOYKH, B KOTOPOH
olpefiesisieTcsl AUBEpPTEHIUA,

r) a=f(r)e,, rae f(r) — HeKoTOpas PyHKUHS MOLY/ISA PagH-
yC-BEKTOpA.

3.53. MmeeTca oaHOpoAHOE MoJle HEKOTOPOTO BEKTOpa a.
OnpenennTnb:

a) IMBEpreHIMIO 3TOro Hoast Va,

6) NOTOK BEeKTOpa a Yepe3 NPOU3BOJABHYIO 3aMKHYTYIO IO-
BepxHocte D,

3.54. BocnonabsoBaBUIHCh TeM, YTO OZHOPOAHOE BEKTOPHOE
NoJie He HMEET HCTOYHMKOB, [0Ka3aTk, YTO LIS NPOU3BOALHOMH

3aMKHYTOH NOBEPXHOCTH 95\ dS=0.

3.55. Bpruucauth norox @, paguyc-BeKropa r uepes chepy
pagMyca R ¢ HEHTPOM B Haya/le KOOPAUHAT.
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3.56. Uemy paBen uHTErpaj 95‘ rdS, riaer— pamgiyc-BeKTop
S

TOYUKH, B KOTOPOH IOMEINAeTcs 3JEMEHT IIOBepXHOCTH dS,
S — npou3BOJbHAS 3aMKHYTast IOBEPXHOCTh, OIPaHHYHBAIO-
waa obvem V.

3.57. VsBectna ¢yskumus [(r), onpenejsiomas JUBEpreH-
HMIO BEKTOpHOro mnosst a: Va=f(r). Hanucars Bepamenue
aas noroka @, BeKTOpa a yepes chepy paguyca R ¢ LEHTPOM B
Havuasje KOOpAHHAT.

3.58. B ob6sacTH BeKTOPHOro NoJs & HUMeeTcss BooSpaxkae-
Maf 3aMKHyTas IOBEPXHOCTh S, BHYTPH KOTOPOH BCORY Va==0.
PasgeanM S npoH3BOABHO Ha JBe yacTH Sy U S,. B Kakom co-
oTHOWeHHH Haxogsatcss notoku P; u D, BexTopa a yepes S;
u S,?

3.59. Mmeercsi ocecuMMeTpHUHOe IO/, CO3JABAeMoe B
BaKyyMe TOHKO# GeCKOHeYHOH OJHOPOJHO 3aPSIKEHHOH HHTDBIO.
JIMHeliHas NIOTHOCTH 3apsifia paBHa A. Mmeercsa Takixke BooG-
paxaemasi chepuyeckasi OBEPXHOCTb pajuyca R ¢ meHTpoM Ha
uutu. Hafita:

a) TPOEKLHUI0 Ha HOPMalb K NOBEPXHOCTH HallPAXKEHHOCTH
noast E,,

6) norox Dy BekTopa E uepes NnoBepXHOCTD.

3.60. Haiiti 3aBHCHMOCTD TIIOTHOCTH 3apsifioB P OT JeKap-
TOBHIX KOOPJMHAT X, Y, Z, IPH KOTOpOﬁ HANIPSKEHHOCTD [0S
onuchiBanach Obl Qynxunedl E=lxe,+2y% -+32%,.

3.61. Haiitu saBucHMOCTh MJAOTHOCTH 3ap;11105 p OT MOLYJ4
r paguyc-BeKTOpa, NPH KOTOPOH HANpPSKEHHOCTb IO/ QHHCHI-
Basiach Obl pynkuneir E=A exp(—oarje,, rae A u o« — KoH-
CTAHTHI.

3.62. 1. Kakas cucrema 3aps/10B MOXET CO3JaTh B BAKyyMe
noJse ¢ HanpsxenHocTolo E=ar (@— KoHCTaHTa, r— pajguyc-
BEKTOp)?

2. Yewmy pasen A1s1 Takoro noas notok @, Bekropa E uepes
NPOH3BOJILHYIO HOBEPXHOCTL S, OrpaHHYMBAIOINYI0 00beM VP

3.63. lcxoxa W3 onpejeneHHs NPOEKUMH POTOpa BEKTOpa
a Ha Hanpas/eHHe N Kak Mpejesa oTHOWEHHS Lupkyasuud C,

110 KOHTY DY, JexXKallleMy B IIJIOCKOCTH, NepNeHIHKYASPHOH K Ha-
IIpaB/JeHHI0 N, K OrpaHHYeHHOH KOHTYpOM MNOBepXHOCTH S:
[Va]npn——llm(c /S), onpene/HTH POTOpP C/IEAYIOUWHX BEKTOP-

HBIX nonen.

a) a=f(x)ey, rae f(x) — HeKoTOpast GyHKuUUS JeKapTOBOH
KOOpAMHATHL X,

6) a=r, IJe r — pajHyc-BeKTOP TOYKH, B KOTOPOI omnpe-
Jensiercsl potop,
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B) a=e,, Ile &, — OPT paguyc-BeKTopa TOYKH, B KOTOPOH
onpefenserca poTop,

r) a=f(r)e,, rme f(r) — Hekoropas (pym(upm MORYJA pa-
JHyc-BeKTOpa.

3.64. BoCnonb30BABIIMCE TEM, YTO B3STHIH MO JIOOOMY 3aM-

KHYTOMY KOHTYDY fdl paBeH HYJIO, ROKa3aTh, UTO OXHOPOX-
HOe BEKTOPHOE IoJe sIBadeTcst Ge3BHXPEBBIM.

3.65. Moxer Jiu /MeKTPOCTaTHYECKoe ToJie uMeTh BuA E=
=q (ye,—xe,)? _

3.66. dus nons E=-—a(ye,—xe,) BBIYUCIHTD:

a) poTOp B TOYKE C KOoOpAMHATamu (X, ¥, 2),

6) wupryasuuio C Mo OKPYKHOCTH pajHyca b, jexailefl B
NJIOCKOCTH X, ¥ (C LleHTPOM B IPOH3BOJILHOM TOUKe); HanpasJje-
uue o6xona ofpasyer C OCbIO 2 NPABOBHHTOBYIO CHCTEMY.

3.67. Vmeerca GecKoHeyHast ITOCKOCTb, 3apsiKeHHas Of-
HOPOJHO € IJIOTHOCTBIO 0. Och X NEpIeHAUKYISPHA K NJIOCKO-
CTH; HAYa/IO OTCYeTa X HAXOAHTCA B TOUKE NepeceyeHHs OCH C
IJIOCKOCTBIO.

a) Bocrionbsosasiuuch Teopemoit ['aycea, HaliTH BhIpakeHHe
mna E,. B Touxke ¢ xoopaunarodl x. CpaBHATH NOJYYEHHBIA pe-
3yJbTAT C OTBETOM K 3ajaue 3.33.

6) Hafitu 3aBucumocts ¢ OT X.

B) MOXHO /I OTHOPMUPOBATH BEIpAKEHHE /15 (p TaK, 4To6Hl
¢ ofbpaumaJjncsi B HYJb Ha GECKOHEUHOCTH?

3.68. Moxer J11 nosie BHE PA3HOUMEHHO U OTHOPOJHO 3ap#-
JKEHHBIX MapaslieNbHbIX GeCKOHeUHBIX IIocKocTell OBIThL OT-
JINYHBIM OT HyJ?

3.69. [pe nmapannennHble GeCKOHEYHbIE IJIOCKOCTH 3apsixe-
HBI: OfHA C IJIOTHOCTBIO O,=-4,42-10710 Kn/m2, apyras c
IIOTHOCTERIO 6 5==—38,84-1071° Kn/m? (puc. 3.7). Haiitu nHanps-
JKeHHocTh nonst B pnsa raxnoi us obsacreit A, B n C.

+6; ~Gp
0, G,
!
A B c ¢ 3
Ve
vid
24 4
Puc. 3.7 Puc. 3.8

3.70. [Ipe napaJnenbHble 6eCKOHEYHblE IOCKOCTH 3apsiKe-
Kbl PA3HOMMEHHO € PA3HBIMU 10 MOAYJIO IJIOTHOCTSIMH 0y U
—0,. AOGCUMCCHI YKasaHHBIX Ha puC. 3.8 TOYEK paBHBL X;=
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2=—3,00 M, x,=—1,00 M, x;=-+2,00M, x,=-+3,00m. Pas-
HOCTb NOTEHLHA/IOB MEXAY TouKamu 2 u [ paBHa Q,—@,=
=400 B.

a) Kakasa us muorHoctedl (407 Wan —0,) GoJblie 110 Mo-
Ly JIEO?

6) Uemy paBHA pasHOCTL NOTEHLIMAJIOB @, —@5?

3.71. Mmeercs Geckoneunasi oyeHb TOHKasl NpsMasl HUTh,
3apAKeHHAass OXHOPOMAHO ¢ JMHEHHOH MIOTHOCTBIO A. Bocnosib-
30BaBUIMCH Teopemoll 'aycca, HaHTH MOAYJb HAMDIXKEHHOCTH
noast E kak GyHKLHIO paccTosiBuA r oT HUTH. CpaBHUTDL NOay-
4eHHBIH pE3yJbTaT ¢ OTBeTOM K 3afnaue 3.29.

3.72. Decxoneunas ToHKas npsAMasg HUTb 3apsAXKeHa OJRHO-
poxHo ¢ miIoTHOCTHIO A=2,00 MKK1/M.

a) Ha#itn E ¥ @ Kak QyHKIUK paccTosiHus r ot HuTH. [lo-
TeHIHaJ Ha PacCTOSHHH ry=1 M NOJOKUTb PAaBHBIM HYJHO.

6) Boigucnuts E u @ jaas r=10,0 m.

B) MOXHO M OTHOPMHPOBaTh NOTEHIUAN TaK, 4YTOOBI OH
ofpamancss B HyJb Ha OGECKOHEYHOCTH?

3.73. DneKTPONR ABYXIJEKTPONHON JaMmnbl (Iuoxa) Hme-
10T popmy HuTH paznyca a=>0,100 MM (KaTon) U KOaKCHATBHOTO
¢ Hedl mmauHApa paguyca b=272 mM (anox). Ha snextponst
nonano Hanpsxesue U=100 B. Haiitn monynb cuamr F,,
KOTOpYI0 OyJeT WCHIBITHIBATL JIEKTPOH, H CUIBl F,, KOTOpyIo
OyJIeT UCILITHIBATL MOJIEKYJa BOJBI, HaXONACh B TOUKE, OTCTO-
suell oT ocH Karoxa Ha paccrosiuune r=1,00 MM, Jlumonbuerii
MOMEHT MOJIeKyJau Boiel p=0,62.-10"2 Ki.m.

3.74. C xaxo#i cutoft F (Ha efuHUIY IJMHHB JOTTAAKHBAIOTCS
JiBE OTHOWMEHHO 3apsi:KeHHble GeCKOHEUHO JVIHHHEe Napajliens-
HbIe HHTH C OZHHAKOBOH MJIOTHOCTBIO 3apsifa A=3,00 MxKa/Mm,
Haxopsmuecss Ha paccroguun b==20,0 MM apyr or apyra?
Kakyio pa6ory A (Ha elMHHILY JJTHHHE) HYXKHO COBEpIIUTH,
yro6bl COIM3UTH HUTH A0 paccroguus a=10,0 mm?

3.75. Vwmeercs cdepa panuyca R, 3apsKeHHas OTHOPOLHO C
TIOBEPXHOCTHOH IIOTHOCTLIO O.

a) Hafitn nanpsxennocrs noss E B Touke, oTcrosiuieil Ha
paccrosiHde r or ueHtpa cdepsl (r<<R).

6) Kakoe 3akmouenne BLITEKaeT K3 OTBeTa Ha 1, a)?

B) Uemy paBeH noreHUMan ¢ BHYTPH cbepH?

3.76. Kakas cuna F jeiicrByer Ha 3/€KTPOH, HAXOAAIUICA
B MOJOCTH, 0GpascBaHHOH 3apsiKEHHBLIM IIADOBBIM  CJIOEM,
ecay oGpeMHas IIJIOTHOCTE O 3apsiia B CJOE 3aBHCHUT TOJLKO OT
paccTOsHUSL r JI0 LeHTpa cJIod?

3.77. llap panuyca R 3apsKeH ONHOPOAHO € OGBEMHOH
niotHoCThi0 p. Hafitn HanpskeHHOCTh noas E u notenuuan ¢
AJA TOYeK BHYTPH wIapa.
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3.78. BuyrpH 1mapa, 3apsiKeHHOro OfHOPOXHO C OOBEMHOH
IJIOTHOCTRIO 0 MMeeTc cdeprueckas HoJiocTh, B KOTOPOH 3a-
psiapl otcyTeTByIOT. CMellelHe [eHTpa MOMOCTH OTHOCHTEIBbHO
LeHTpa Iluapa oMnpefessercs BeKTopoM a. Halith Hanpsixel-
nocte nonst E BHyTpu mosoctd. Pacemorpers caywait a=0.

3.79. B 1903 r. Jx. Jx. TOMCOH HpemIoKuj MOAEJb,
COTJIaCHO KOTOpOH aToM BOJIOpOja IIPEACTaBJsieT coG0H paBHO-
MEpHO 3alloJHEeHHBIH 3apafoM -te 1ap paauyca R, BHYTPH
KOTOPOro HaXoouTCA 3/1eKTpoH. [Ipenonaras, 4To «CHI TPEHHSI»
HET, ONpENeIHTb Xapakrep ABHKEHHs 3JEKTPOHA IOCJE TOro,
Kak OH OyJeT BEIBEJeH M3 NOJOXKEHHS paBHOBECHA.

3.80. Mcxons us MoneiH aroMa, onucanHoil B 3afaue 3.79,
ONpeZie/IUTh PajHyC MOJOKHTENbHO 3apsxeHHoro mapa R,
OpH KOTOPOM YacToTa KoseSaHHil 3JeKTPOHA COBIAJaeT C
YaCTOTON CHEKTpaJbHOA JIMHHA BOJOPOAHOTO aroMma, o003Ha-
yaeMo#l cumBosioM H,. JInusHa BosHEL 5T0# AuHHH A=656,3 HM.
CpaBHHTb NOTYyYeHHOE 3HayeHKe R ¢ pasMepaMu aToMOB, [OJTY-
YQIOMUMHUCST N3 KUHETHYECKOH TEOpHUH Ta30B.

3.81. 3apsix ¢g=1,00 uKa pacnpenenen no wmapy paguyca
R=10,0 cM c¢ oObeMHOH IJIOTHOCTBIO, MPONOPLUHOHANbHOR
pacCTOSIHUIO r OT ILeHTpa uiapa. Hafitu:

a) moTeHUuan @, B LeHTpe liapa,

6) moteHUMas @({r) BHYTPU IUapa Kak QYHKIHIO 1,

B) MOIyJb HanpsikeHnHocTd nons E (R/2) mocepepnne pac-
CTOSIHUA OT LEHTPA IIapa [0 €ro MOBEpXHOCTH. ,

3.82. IlpocTpaHCTBO 3alOJHEHO 3apaJ0M, MJAOTHOCTh KO-
TOPOTC M3MEHSETCS TO 3aKOHY P=0g/r, TAe P, — KOHCTaHTa,
r — paccrosiHye OT Hauasa KoopauHar. Hafitu nanpsker-
Hocte noist E kak dysKummio paguyc-sektopa r. HMceaenosars
Xapakrep JUHHH HanpsaxerHoctH. O6nacts B6IM3M Hayaia Ko-
OpPAHHAT HCKJIOYHTb M3 PAacCMOTPEHHS.

3.83. IlpocTpaHCTBO 3aMOJHEHO 3apsiioM IJIOTHOCTH ==
=p, exp (—oard®), Tie po B @ — Koucraurbl. Halitu E &xak
¢ynxuuio r. MceaenoBaTh XapakTep nosasl NIpH GOJBIIHX U
MaJblX ¢ (GOJBIIMMH CYNTATh 3HAYEHUS 7, YIOBJETBOPIIOLIYE
yCJIOBHIO ar®>>l, MaabMy — yojaoBHIo ariKl).

3.2. DVIEKTPHUECKOE NOJiE B JHIIEKTPHKAX

3.84. JIusnexTpHYeCKOe TE/IO 3apSIKEHO OJHOPOJHO C OOBEM-
HOH myoTHOCTRIO Pe=1,00 MKKa/M3. KakoBa Gyzer o6bemHast
IJIOTHOCTD 3apsAja O, €C/IH TeJO IPUBECTH B JABHIKEHHE CO CKO-
poctbio v=0,500c?

3.85. JlusnexkTpuyeckoe Teno, umerouee GopMy Kyba, 3a-
PAXKEHO OJHOPOAHO C IOBEDXHOCTHOH IIOTHOCTBIO Cg==
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=1,00 mxKa/m?. KaroBa Gyfier NoBepXHOCTHAS MUIOTHOCTD Ba«
psija o, ecd TeJI0 NPHBECTH B ABHXKEHHE B HAIPABJIEHHH Ol
noro u3 ero pebep co ckopoctbio v=0,500c?

3.86. ToHKHH JMIJEKTPHUYECKHH CTEPIKEHb BapsKeH Ol
HOPOAHO C JiMHEHHOH moTHocThio A,=1,00 MxKa/M. Kakosa
6y1eT JUHeHHas [IOTHOCTD 3apAja A, €CJIH CTePKeHb IPHUBECTH
B JiBI:KeHHe co ckopocThio v=0,500c B HanpasJieHHH, 06pasyo-
IIeM ¢ TiepBOHAYaIbHLIM HalpPaB/IeHHeM OCH CTEPXKHSA YIoa & ==
=30°? ,

3.87. B HexoTOpOH TOUKe H3OTPONHOIO JH3JIEKTPHKA C
[POHHIIAEMOCTBIO & JIEKTPUYECKOE CMEINEHHe HMEET SHaueHHe
D. Uemy paBHa HOJsIpH30BaHHOCTL P B 3TOH TOuKe?

3.88. Mmetorca aBe GecKOHRUHBIE lapaJlileNbHble IIJIOCKOCT H,
3apsiKeHHple ¢ IIOTHOCTAMU -0 M —0. [lepBoHayasbHO OHH
HAXOZATCA B BaKyyMe. 3areM 3a30p MeXKAY IJIOCKOCTAMH
3anoNHAETCA OAHOPOAHEIM H3OTPOIHLIM JH3JEKTPUKOM € IpO-
HUIAeMOCTbIO €. UTO NPOUCXOAMT IIPU STOM Ci &) HanpsikeH-
Hoctbio E nonst B 3a3ope, 6) cMelenueM D, B) pasHOCTHIO mo-
TeHnHanoB U MeXIy IJIOCKOCTSMH? .

. 3.89. B ogHOpORHOE 3/1€KTPHYECKOE [I0JIE ¢ HANPKEHHOCTLIO
E,=100 B/m mnomemena GecKoHeyHas ILIOCKONapaJsieibHas
NJIaCTHHA M3 OJHOPOJHOrO M H3OTPONHOTO JU3JEKTPHKA C
nporunaemoctolo £=2,00. Ilnacrina pacrmosnoxena neprneHius
kyasapao k E,. Onpepenurs:

a) HaNpsKEHHOCTh N0 L U s/eKTpuyeckoe cMmellenue D
BHYTPH IL1aCTHHBI,

6) MOJISIPH3OBAHHOCTD JIH3JEKTpHKa P,

B) NOBEPXHOCTHYIO IWIOTHOCTb CBSI3aHHBIX BapsioB o,

3.90. BecxoHeyHas NJacTHHA TO/MHUHBL @ H3 H30TPOIHOrO
JIH3JEKTPHKA ITIOIIPH30BaHa TaK, YTO NOJASPH30BAHHOCTH

BGJIM3U OHON IpaHuULbl IJIaCTHHEL Py =P;n, -
a BOsH3H Jpyro#i rpauuns P,=P,n, rge 7 "“’
n—"ezmﬂnqrmﬁ BEKTOp, NepreRIuKysp- & ‘¢ 5
HBIH K TJIaCTHHE M HaNpaBJeHHBIA OT Iep- 7 la
BoH rpaHuubl KO Bropofi. Haiitu cpension 0 I
no o6beMy MJIACTHHBL OOBEMHYIO IJIOT- % 7{ #
HOCTh CBSI3aHHBIX 3apsijoB {p’).

3.91. Deckoneynasti n/aacTiHa H3 H30- SN
TPOINHOro JHSJEKTPHKA IOMelfleHa B Iep- Pue. 8.9

HEeHIMKYJISIPHO® K Hell OfHOpOAHOE BHEL-
Hee 3JIEKTpHYeCKoe IoJie HanpsikeHHocTelo By (pue. 8.9)
TonwmuHA NIaCTHHBI @, NPOHHLIAEMOCTb H3MEHSETCA JHHeHHO
OT 3HaYeHusd € Ha JIeBOH rpauuue AC €, Ha NpaBol rpaHuuE,
Bue njacrunel e=1. Ha#itu:

a) VE BHYTpH NacTUHBI KaK (QYHKUHMIO X,
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6) norox O Bexkropa E uepes pooGpaxkaemyio UHIHHAPH-
YeCKYIO MOBEPXHOCTb C O0OpasylollUMH, DapaJjiefbHBIMH OCH
X; OCHOBAHWs LUMJIMHAPA PACIOJOMEHBI B TOYKAX C X =—a/2
B x,=-Fa/2; nnomans Kax/0T0 OCHOBAHUs paBHA S,

B) OOBEMHYIO IJIOTHOCTb P’ CBSI3aHHBIX 3apsAA0B Kak (QyHK-
IO X.

3.92. Haiitup’ B cepe)mHe [IJIACTHHEL H3 3ajaux 3.91, ecau
g, =2,00, ¢,=4,00, a=1,00 cM, E¢=3,00 xB/m.

3.93. DeckoHeuHast AU3JEKTpHYECKAasa IJacTHHA TOJILHMHLL @
(puc. 3.10) nomemieHa BO BHeIHee NepleHAMKYJ/ApHOE K IJa-
CTHHE OIHOPOAHOE 3JEKTPHYECKOE TIOJIe C HANPSAKEHHOCTHIO Eq.
IMporuiiaeMoCTh MJIACTHHBL U3MEHSETCH 110 HEKOTOPOMY 3aKOHY
e(x) [e(0)=¢,l. Kako#l Bun pomxna uMmerb (GYHKUHA €(X) 1As
TOTO, YTOGBI IVIOTHOCTH CBA3AHHBIX 3apsA0B H3MEHANACh IO
sagony: p’=p;/(14+ax), rae p; u oo — Koncraute? Bre naa-
CTUHBI &=1,

Y

4D

()

- T~
0 71 A
\ 1
/4 %a z /\\\.."l
Pue. 3.10 Puc. 3.12

3.94. Crek/asiHHas TJIaCTHHKA C MDOHUIAEMOCTBIO &,=
=6,00 BHecera B OAHOPOJAHOE 3JIEKTPHYECKOE Nosie ¢ Hanps-
x)enuocrblo EF;=10,0 B/M n pacnonoxkeHa Tak, yto yroa @,
MEXKJY HOPMaJsbl0 K IJIACTHHKE U HanpaBjeHWeM BHELIHEro
nosst pased 30°. Hafitu manpsikeHHocTs £, OISt B IJIaCTHHKe,
YIOJ 05, KOTOPBIH 3T0 IoJie 06pasyeT ¢ HOPMAJLIO K H/aCTHHKE,
a TaKKe IJIOTHOCTb ' CBSI3aHHBIX 3apsijI0B, BO3HHKIIUX Ha
NOBEPXHOCTAX I1acTHHKY. CuHTaThb JAM3JEKTPHYECKYIO NpO-
HHLAEMOCTb CPelbl BHE ITACTHHKH & =1,

3.95. B 3asop MexAy DAa3HOHMMEHHO 3apsKeHHBIMH IAO-
CKOCTSIMH BBEU ILACTHHY H3 AHIJIEKTPHKA, HE HECYIYIO CTO-
pounux sapsigos (puc. 3.11). Itpuxopoii nnHHEHR Ha pucyHke
noKasaga BooOpakaeMas 3aMKHYTas IOBEPXHOCTb, HaCTHUHO
NIpOXOAsAIIasl BHYTPH NHAJAEKTPHKA, HacTHYHO BHe ero. Yewmy
paBeH MNOTOK BekTopa D uepe3 3Ty NOBEPXHOCTB?

3.96. Boofpamaemas 3aMKHYTasl OBEPXHOCTh S NPOXOLUT
YaCTHYHO BHe IJIaCTHHbI M3 H3OTPOMHOrC AM3JIEKTPUKA, da-
CTHYHO — BHYTPH Hee (puc. 3.12). [lorok Bexropa D uepes sty
MOBEPXHOCTb DaBeH HYJ/I0, NOTOK BekTopa E Gosbliue HYJd,
Kakue MOXHO ce1aTb H3 3TOrO BBHIBOALI?
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3.97. DBeckoneunasl nJjacTUHa U3 AU3JEKTPHKA C NMPOHHIae-
MOCTBIO €& 3apsiKeHa OJHOPOAHO ¢ OOBEMHOH IJTOTHOCTBIO Q.
TosuKHa MJ1aCTHHE paBHA 2q. Bue maactunel e=1. Hanpasum
OCb X INepHeHAHKYJsPHO K ILIacTHHe; HAYajlo KOOPAMHAT
IIOMECTHM B cepelHe miacTunbl. Halitu ¢ u E, BHYTPH M Bue
TACTHHBL KaK (QYHKIHIO X (NOTeHIHad B CepefnHe MIaCTHHBI
NONOKKUTb DPaBHBIM HYJI0). [locTpouts rpaduku ¢ u £,

3.98. [ast miactuebl u3 3afayd 3.97 wHadTH:

a) nojsipusoBaHHoCcTh P JHM3/IEKTPHKA KaK OYHKUHIO X,

6) NOBEPXHOCTHYIO IVIOTHOCTb ¢ CBSI3AHHBIX 3apfAJOB Ha
JieBOH (¥=--@) ¥ Ha IpaBoH (x +-a) rpanunax NJIacTHHHI,

B) OOLEMHYIO IIJIOTHOCTH P’ CBSI3aHHBIX 3apsifOB.

. 3.99. Inacruna u3 3afaud 3.97 sapskeHa C IVIOTHOCTBIO
p=po exp(—alx|), rae po ¥ o« — Koucraursl. HaiiTn: ‘

a) NPOEKUHIO HANPSIKEHHOCTH OIS Ha OCh X,

6) 00BeMHYI0 IJIOTHOCTL CBSI3aHHBIX 3apsifioB KakK (QyHK-
LIHIO X.

3.100. INoaspusoanunoctb P Hexoropolt cpenbl OKa3blBa-
ercsl NpOIOPLHOHAJNBLHON BBIPAKEHHIO e,/7%, Tle e, — OpT, a
F — MOfy/1b pajuyc-BeKTOpa r. Uemy paBHa ofbeMHAs IUIOT-
HocTh P’ CBSI3AHHBIX 3apALOB?

3.101. BryTpu mapa 43 OfHOPOAHOrO H3OTPOIIHOTO AU3/IEK-
rpuka ¢ £=5,00 co3zaHo OAHOPOAHOE JIEKTPHUECKOE NTOJIe ¢ Ha-
npsixkennoctbio E=100 B/m. Haiith Makcuma/ibHylo NoBepX-
HOCTHYI0 [UIOTHOCTD Oac CBS3AHHBIX 3apsif0B U CpelHee
-3HayeHHe ¢’ OJIHOrO 3HaKa.

3.102. Tlanouka W3 cerHeTo’TeKTpHKa, objazalomas ocra-
TOYHOH NO/JISIPU3OBAHHOCTLIC P,, HalpaBJeHHOH BAOJIL OCH
MaJjouKH, TOABElleHa 3a CepeNUHY B TOPH3OHTAJbHOM IOJIO-
JKEHHH Ha TOHKOH meynpyro#t HutH. ONpenesuTh Yacrory o
MasiplX KosleGaHui, KoTophle Nanouyka GyJeT coBepluaTb B Of-
HOPOJHOM I'OPH3OHTAJILHO HAMPABACHHOM II0JIe ¢ HalpsKeHHOo-
cTeio E, HacTospKo csiaboM, YTO OHO HE OKAa3bIBAET CYLIECTBEH-
HOTO BJHSIHHS Ha NOJSPH30BAHHOCTD Nasno4k. JnuHa mamoy-
Kd [, naormocts O.

3.3. MpoBOAHUKH B 3JEKTPHUECKOM NoOJe

3.103. Toueunniii sapsig ¢g=20,0 K1 HaXoauTea B BaKyyme
Ha paccToaHuH a=50,0 MM oT 3a3eMJIeHHOH IVIOCKOH MeTanu-
yeckol cTeHKd. Halitu cuay F, ¢ KOTopoﬁ CTeHKA NPUTATUBAET
K cebe 3apsai.

3.104. Boausu saseMaeHHOH MJIOCKOH META/IJTHUECKOH CTeH-
KM HaxojuTcs Ha PacCTOAHHMH a OT Hee TOUYEYHBIH 3apsai .
Onpegenuts NOBEPXHOCTHYI IJIOTHOCTbD O 3apAfoB, HBAYLH-
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_ POBAHHBIX Ha CTEHKe, KaK (GYHKIHIO PACCTOSHUS X OT OCHOBAHHSA
nepnesauKyaapa, ONYLIEHHOro H3 3apsja Ha CTeHKy. Boiuuc-
JUTh CyMMapHBI HBAYUMPOBAHHBIN 3apsif (., NoJaras
pasMephl CTEHKH GECKOHEIHO GOJILUINMH.
3.105. Metannuveckufi mapuK pajauyca r=1 cM 3apsiKeH
1o norennyana ¢==1 B. B kaxoM 3Hake U3MeHHTCH 3apaj lla-
puka ¢, ecau ¢ mapuka Belietar 100 ssekrponos?
3.106. IlepBonauanbHO B NPOCTPAHCTBE MEXKAY 0OOK/IaIKa-
MM IIIOCKOTO KOHJeHcaTopa HMeercs BakyyM. B atom cayuae
HalpsLKEHHOCTH [0S B 3a3ope paBHa £, a sJex-
] TpHYecKoe cMemenye D, 3areM 0oJ0BHHA 3a3opa
{ 3anoJHsgeTcs Tak, Kak MOKazaHo Ha puc. 3.13 ox-
HODOZAHBIM H3OTPOIHBIM AH3JIEKTPUKOM C NIPOHHILAe~
7} MocTblo €. HailiTi Bo3HHKAIHe TOCJe 3TOro 3Ha-
2/ yeHus E; u D, B yacty 3azopa I, a TakXe 3Haye-
7e aud E, u D, B uvactu 3azopa 2. Paccmorpers jBa
M cayyas:
Prc. 3.13 a) ocTaercsl NPEKHUM HanpsKeHHe MeXIy 06-
KAaJxamH,
0) ocraiorcsl HeH3MEHHHIMM 3apsiiel Ha  00-

~ KJIaJKax.
% Hsobpasuts npumepnniii xopn aunuii E u D
f; B 3asope.

3.107. Peumuth 3ajzayy, aHaJOTHYHYIO 3ajaye
% 3.106, ¢ TeM orsinyMeM, YTO AHINEKTPUKOM 3amOJ-
/ HfleTCsl MOMOBUHHA 3a30pa Tak, Kak NOKa3aHo Ha

A4 puc. 3.14,

4 3.108. Ilnowans KaXa0# OOKJIAIKH IJIOCKOTO
Puc. 3.14 KoHzeHcaropa S==1,00 M3, paccrofgHue Mexay o6-
knagkaMid d=>5,00 mm. 3a3op Mexay oOKIafKaMu
SanoJiHeH JABYXCJIOHHBIM JausjaeKTpukoM. [IpoHunaemocts
TOMIHHA NepBoro cios & =2,00, d;=3,00 MM, BTOpOrO C/A0s
£,=3,00, d,=2,00 mm. Hafitu emkocts C KOHJeHcaTOpa.

3.109. Ilnomane Ka:k10i OOKIAJKH MJIOCKOrO KOHAEHCATO-
pa S=1,00 M2, paccrosiune Mexay obkiaikamu d=>5,00 MM,
3a3op MexKLYy oOK/IaiKaMy 3alloHeH AHJIeKTPHKOM, NpOHHILae-
MOCTL KOTOPOTO H3MEHSIeTCSI B HallpaBjeHHH, MepueHAUKYIAD-
HOM K 00KJIafKaM, [0 JUHEIHOMY 3aKOHY OT 3HaueHHst g, =2,00
BOJIM3H OLHOH OOKJIAJIKH JO £,=5,44 BOMU3U Apyroi. Onpene-
JuTh eMKocTh € KoHjeHcaropa.

3.110. IlpeneGperasa paccesinneM Mnosst BOMM3H KpaeB 05-
KJ4JI0K, IOJYYHTb BhIpaMKeHHe AJas eMKocTH C HUAHHApHUe-
CKOro KoHJeHcaropa. Pamuychl o6KAanok ry U ry (ry<<ri),
JJHHA UX [ 3a30p MexLy o0K/IaJKaMH 3al0JHeH JHINEKTPUK OM
€ NpPOHUIAEMOCTBIO &,
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3.111. Tasopa3psifiHbI CUETUHK DJEMEHTAPHBIX YacTHI[ CO-
cTouT U3 TPYOKH paguyca r,=10,0 MM N HATAHYTOH IO OCH
TpYOKH HHTH paiauyca r;=>50,0 Mrm. JiuHa cyeTyHKa [=
=150 MMm. IlosioXHB e=1, OLEHHTb MeXKIJECKTPOAHYIO €M-
Kocte C.

3.112. Tloayuurs Bripaxenue s emkoctd C chepHuecKoro
KoHEeHcaropa. Panuych ofraafok ry M 7y (ri<<r). 3asop
 MeXJly OOK/IajKaMH 3aNOJHeH JHIJNEKTPHKOM C NpOHHIae-
MOCTBIO €.

3.113. Panuycu oémanox cheprUecKOro KOHACHCATOPA 1y ==
==0,00 cM o ry=11,00 cM. 3a30p MexKRy 00KJaAKaMHU 3aN0THEH
JU3JIEKTPHKOM, NPOHHIIAEMOCTh KOTOPOI'O H3MeHsteTcsi ¢ pac-
CTOSIHHEM r OT LeHTpa KOHZeHcaropa IO 3aKOHY e=¢&, (ry/r),
rae & =2,00. Haiitn emxocts C KoHJeHcaropa.

3.114. Hmeercs N KOHJEHCATOPOB, €MKOCTH KOTOPHIX paB-
ubt Cy, C, . . ., Cy. llonyunts Boipaxerne jisi eMKoctd C CH-
CTeMBI KOH}leﬂcaTOpOB npu a) napajieabuoM, 6) mocsienosa-
TEJTLHOM COENMHEHHH UX JAPYT C APYroOM.

3.115. Coepuyensl nocaenosaresbio 10 oJHHAKOBBIX KOH-
JIEHCATOPOB, €MKOCTb KaXJOoro H3 KOTopelx pasHa 100 nd)
Yemy paBHa eMKocTb C 3TOH CHCTEMBI?

3.116. Kak HyxHO COEAMHUTb KomujeHcartopel C;=2 nd,
Cy;=4 1P u C3=6 n®d, yTo6H HONYUUTL CHCTEMY C EMKOCTbLIO
C=3 nd?

3.117. Ha pBa nociienoBaTenbHO COEHHEHHBIX KOHAEHCATO-
pa ¢ emxoctbio C;=1001d u C,=200n1® nonaHo MOCTOSHHOE
sanpsaxenne U=300 B. Onpenenurs nanpsikenust U; u U,
Ha KOHJEHCATOpAX M 3apfAX ¢ HA MX OGK/IajKaX. Kaxkosa em-
KocTb C 3TOH CHCTEMBI?

3.118. B usobpaxennoii Ha puc. 3.15 cxeme @9*100 B,
C;=1,00 Mx®, C,=2,00 Mx®, C;=3,00 mx®. Crauasia 3aMul-
Kaercst Koy K. 3arem ero pas- e A
MBIKAIOT ¥ 3aMBIKAlOT Kod K. o—1
Kaxkwue 3apsget q;, g, U gs TPOHAYT
IpH 3TOM B YKa3aHHBIX CTPeIKaMH
HANPAaBJIEHUs X Yepes cedenus 7, é =,
2wu 8 C
3.119. KowugencaTopnl ¢ eM- ’T
koctbio C;=2,00 Mk® u C,= ]
=3,00MK®D coenHEHBI IOC/IEA0BA- g
TeJbHO M NMOAK/IOYEHBI K Oarapee Pue. 3.15
¢3. 1. ¢. §=120 B, cpeanss Touka
KoTtopoil 3azemsiera (puc.3.16). IlpoBox, coepuusiomui KOH-
JleHcaTophl, MOXKeT ObITh 3a3eMJieH ¢ noMoulbio kiwoya K. On-
peaenuTh 3apAanpl ¢y, (4 M ¢z, KOTOPLIE HPOHAYT HOC/IE 3aMbl-

119




KaHHuA KJaioua yepes ceuenus /, 2u 3 B HampaB/eHHAX, yKa-
3aHHBIX CTPEeJKaMH Ha DHCYHKe.
3.120. [IBa anuuHbBIX NpoBojAa paguyca a=1,00 MM pacno+

/ JIOKEHBl B BO3JyXe MapajJenbHo
— Apyr Apyry. Paccrosnue MexLy
&= ¢ 2 ux ocaMu  b=200 mM. Ha#itu

B3aHMHYI0 eMKOocTb C IPOBOLOB,
=i i 1 NPUXOJAINYIOCH HA eJUHUIY HX
—-——|——-——>———_) ®

JJIHHBL.
3.121. Hatitu emrocts C KoH-
JeHcaTopa, 0GpasoBaHHOTG ABYMS
Puc, 3.16 OMHAKOBBIMHU LIADHKAMH Dajuyca
@, HaXONsIUMHCH B cpefe ¢ IH-
SJEKTPHYECKOH NPOHULAEMOCThIO €. PacCTosiHHE MEeXIy LEeHT-

pamy WIAPHKOB paBHO b (b>>a). Bencaute C mist a=10,0 M
u e=1,00.

3.4. 3Heprus 3JEKTPUUECKOTO IO

3.122, BoiuucsnnTh 3Hepruio W KYJOHOBCKOTO B3aHUMojei-
CTBHSA JBYX 3JIeKTPOHOB, HaXOASAIHXCS JPYT OT APyra Ha pacs
crosaun r=1,00 mm.

3.123. Cpennee 3HayeHHe BeIMUHHEL, OGPATHON PaCcCTOSHHIO
3JeKTpOHA OT sijpa.B aToMe Boaopoja, {l/r)=1/r, rae ro=
=0,0029 HM — TaK Ha3bBaeMblil GopoBCKuil pazuyc. Onpene-
JIUTh!

a) cpennee sHauenue (W) sHeprum KyJIOHOBCKOIO B3aHMO-
JeficTBHSL 3JIEKTpoHa H ffpa,

6) cyMMapHYIO 3Hepruio W KyJIOHOBCKOTO B3aHMOJEHCTBUSA
SJEKTPOHOB H sfep A MOJA aToMapHOro BOJOPOZAA.

+7 +2 g -7 ¢ tg
fommmmesy pememe—g
] ]
! i
i 2y
1 : ‘
NN S SRR 0N SR WO SN |
g 2 ¢ ¢, Y
Puc. 3.17

3.124. Hafity B3auMHYIO TOTeHUUaNbHyio sHepruo W aas
KaXJOH M3 CHCTEM TOUeUHBIX 3apfAJioB, H300paKeHHBIX Ha
puc. 3.17. Bee 3apsiipl 0OIMHAKOBHI 10 MOLYJIIO H PACIIONATal0TCs
B BeplIMHAX KBajpara CO CTOPOHOH a.

3.125. Haiit B3auMHYyI0 NOTeHHHANbHYIO 3Hepruio W
cucteMbl N TOUCUHBIX 3aPSA0B i, Gz « o +y iy + + +; Gy Pac
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NOJOXKEHHBIX B BaKyyMeé B TOYKAX € pajuyC-BEKTOpaMi Iy,
gy « o5 Fiy o0 oy Ty '

3.126. Ilo teny ofbvema V pacnpefesned 3apsf ¢ IJIOT-
Hocteio p=p(r). Halitu Buipaxenue ais sneprun W . sroro
TeJa, nojaras BHYTPH H BHe Teja JHJEKTPHUECKYIO IIPOHH-
HaemocT e=1,

3.127. 3apsa ¢=1,00-107*° Ka paBHOMepHO pacnpeneeH
o NOBEPXHOCTH Inapa panuyca r=1,00 em. Jusnekrpuueckas
NPOHMLAEMOCTh OKpYy:Kamolleil Iuap cpempl &=1.

a) Beuucaurs suepruo W noss, CBA3aHHOIO € LIApOM.

6) Kakas yacts 1) 5TOlff 3HepPruM 3axJ/ioueHa B Hpejenax
KOHIIEHTpHUYECKOH ¢ InapoMm BooOpaxkaeMoH cdepbl pazunyca
R=1,00 m?

B) Uemy pasen pazuyc R chepsl, B npeiesax KOTOpoO# 3a-
KJIOYeHa TOJIOBHHA 3HEPTHHU?

3.128. 3apsx ¢=1,00-10"1° Ka paBHOMepHO pacmpene/ex
no ofpeMy Iuapa paauyca r=1,00 cm. Onpeneiurs:

a) suepruio W nosd, CBSI3aHHOTO C LIApoOM,

6) sueprimo Wy, 3aK/IOUeHHYIO BHYTPH ILIapa,

B) sHepruio W,, 3aK/IO4€HHYIO B OKPYyXalouieM Hiap Hpo-
CTpaHCTBe.

[uanexTpuyeckas NPOHHUAEMOCTb BHYTPH H BHe uIapa
e=1.

3.129. Ilepsonauansuo sapax g=1,00-10"° Ka pacnpe-
JelsieTcss paBHOMEPHO mo ofbeMy Iapa paguyca r=1,00 cM.
3ateMm BCJIECTBME B3aWMHOPG OTTAJKHBAaHUA 3apsjpl Nepexo-
JSIT Ha IOBePXHOCTh luapa. Kakywo pafory A coBepuiaior npH
TOM JIEKTPUYECKHE CHJBI Haj 3apsajamu? (e=1.) '

3.130. Hafith Tak HasbiBaeMbll KJACCHYECKUH DPAIHYC 7y,
3JIeKTPOHA, PYKOBOACTBYSHCH CJEAYIOIHMH COOGPaMeHHSIMH.
B kiaccuueckoll (pH3HKe 3JEKTPOH paccMaTpHBaercst Kak 3aps-
JKCHHBIA NIapDHK, SHEPrysl NOKOS KOTOPOrO OTOXAECTBASIETCS C
SHeprHeHd CBA3aHHOTO C HUM 3JIeKTPOCTaTHUECKOro mojsi, Hro6st
He JeJaTh NPeANOJIOKEHUH O XapaKTepe pacrpeleseHHs 3a-
pAja no ofbeMy lLuapHKa, BMECTO YHCJIOBOrG MHOXHTend 1/2
(oTBeyaromiero pacnpefesieHHI0 3apsifia MO IOBEPXHOCTH; CM.
oTBeT K 3ajaue 3.127) uiu 3/5 (oTBeyaiomwero pacnpeneneHHio
3apsila paBHOMEDHO No ofheMy; CM. OTBeT K 3alaue 3.128)
B BRIpAXKEHHN JJ5i S3HEPTHH IoJs Geperca MHOXKHTE/b, PaBHbLi
eAMHULE.

3.131. Toueunwnii 3apsag g=3,00 MxKs1 nomeliaercs B nesr-
pe IapoBOro.CJI0s1 H3 OAHOPOAHOIC H H30TPOIHOrO AUJIEKTPU-
Ka ¢ £==3,00. BrytpeHuuit paguyc c1osg a=250 MM, BHeHHUH
b=500 mm. Haiitit sneprmio W, 3akioueHHyio B npefenax
JH3JIEKTPHKA.
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6.31, a) AE/E:O,O%,2 6{)} v=1,03,107 M/c = 0,034¢.
_ easin? (4/2) . 2
6.32. a) E"-——_—l—]—o&smz w0 rie o= 2¢/mc?,
6) Ey= (e¥/mc?) (1 —cos §).
6.33. a) Ey = (e2/myc?) (1 —cos ) = 1,07 k3B, 6) v=cV 2E, [mc? =
= 1,5.10~%c—=4,5. 105 m/c. “E
6.34. 8¢ =2nh (1 —cos O) 1g @/mech=1,1°
6.35. 7&0=ﬁ/mc—xommonoscxaa JAJuHA BOJIHH JAHHOH YaCTHLEL

6.36. Fapin= ot ! 1)=1,2.10-3 u
00, mm"‘2n80macz V1—02/CZ =1 = M.
Ze?
= /9y —3.3. 1014
6.37. &b St ctg (§/2)=3,3- 10—

6.38. B CU:

dN ( 1 Ze? )2 dQ

N TN Tz, 2mpv? | sin®(§/2)’

TAe n—UYHCJIO aTOMOB B efuHHLE 0GbeMa (OJNLIH, a @ — TOMHHA (OJBIH,
Mmy— Macca NPOTOHE, U—CKOPOCTh TPOTOHA.

B rayccoBofl cucTeMe — TO ke BRIDaxKenue, HO 6e3 MuOKHuTena 1/4ne,.

6.39. a) 100, 6) 7,2; B) 1,8; r) 0,8; n) 0,5.

6.40. P=umpN 4a (Ze*/4ne Ey,4{M=1,4.10-% (p—naotaocts, M —
MOJISIPHAsT Macca B80J0Ta).

6.41. Py=4Pg.

6.42. TlepBLiit nRoTeHUHAN BO3CYKACHUR aTOMOB DPTYTH ¢i=4,9B,
BTOPOil NMoTeHUHad BO3CYKIeHHA ¢o=16,7 B. )

6.43. B CH: v;=(1/4ne,) e2/h =2,2-108 m/c. B rayccoBoit cucreme:
vy =3/l =2,2.10% cm/c. '

6.4, B CU: a) ry=4neoh?/m, e2=ro/207=2,56.10~13 m (m,, /me=207),
6) Ecp=m,e/2 (dneg)® h*=2,82 k3B, ‘

B rayccoBoft cucteme: Te Xe GopMyasl, Ho Ges wmuOMxHTesel 4me,.

B) v;=2,2.10%M/c (cp. c oTBetom K 3ajaue 6.43), r) vT/2nrr=
= 3,0. 1012 oGoporos.

6.45, a) B CH: E p=mpyet/2 (4nieg)? h?=13,593B, rne iy ==
= memyf(ime -+ mp)— NPUBEAEHHAA Macca CHCTEMBI S/EKTPOH — IIPOTOH.

B rayccosoii cHCTeMe: TO e BhIpamenue, Ho 6e3 MuOKuTens (1/4meg)?,
6) 8=—1/(14 mg/me) =—0,00054 ==—0,054 %.

6.46. O=—1/(1 -{—mp/mu)z——O,IOI =-—10,1 %.

6.47. ry="Fh2/mee? —Goposckuil paauyc.

6.48. mee4/ﬁ2:—2E i, The E;—osHeprus aToMa BOJOPOZa B OCHOB-
HOM COCTOSTHEH.

6.49. pg=-eh/2me=10,927.10~2% Tix/Ta=ps.

6.50. py=elh/2my = (1/207) ps.

6.51. p,/M,=e/2me.

6.52. a) r,,::l/nﬁ/(om, 6) E,=nho n=1, 2, .;.).

6.53. a) ©,=R (2m--1)/m? (m--1)2. 6) 0110, 03:04=5,4;1;0,35:0,16.

6.54. R =eq;/h=2,07-10%¢-1,

6.55. @i=3E;/4e=10,2B.

6.56, &= "5e@/27=1,93B.

6.57. £=3E;/16=2,6 3B.

6.58. a) A;=1228M, A,=9luM, ©6) Aj=0657 M, A,==365uy,
B) A;==1876 1M, A, =821 BM.

258























































































13. BpluncneHne cyMM NpPH NOMOIY HHTErpasnos

l'chTb uMeeTcsd CyMMa BHJa

Z‘ (@4-nh)=F (@ +F @41 +f @420+ - (0),

rae f(x)—mHexoropas, He CHHIIKOM OHICTPO H3MEHSIOmMAsACH DYHKIMST
h—Manas penuuuna; b=a--Nh.

)
P F(8) E
DU L aen) i
fla) /17 /I, /‘7 ‘/;[7)
Z (a2 bz
Puc. 28

y :
Jlerko coo6pasuTh, uTO0 HCKOMAs CyMMa paBHa miIomagd S m306pa-
JKEeHHBIX Ha pHc. 28 cTONBGHKOB, JeseHHOM Ha A, 3aMeHHB IVIOWAAL CTOJ-
OHKOB IVIOIAAbIO, OTPaHHUeHHON KPUBOH f(X), MOXKHO Hamucatb, 4TO
b

1 1
s sz (9 dx-+ B (@) + A O),
a
Orciona caenyer NpUOAMIKEHHOE COOTHOWEHHE

F@-+F @hR) 4@t b oo f 6 = §f<x)dx+ F@) + 470,

OTMeTHM, YTO NPH YMEHBUIEHUH BeJHYHHHL h TOUHOCTE (POPMYJIEI BO3-
pacTaer.

14. HexoTtopuie maTeMaTHYecKne HopMyan

cos o - cos f=2 cos +Bcos 26,

sine4-sin f=2sln oH—ﬁcos 5 ﬂ.

Tnowane anmmnca S==mnab, rae @ B b—noayocH AaURCa,

a [bc]=">b [ca]=c[ab],
[a [bel] =Db (ac) —c (ab).
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