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1. Mexanika. 2. MoaekyasipHa ¢izuka i TepMoguHaMika.

Methodical instructions for independent work of students when
solve the problems of Physics by sections: 1. Mechanics. 2. Molecular
physics and thermodynamics.

[NEPEIMOBA

MeToanyHi BKa3iBKM MAarOTh Ha METi JONOMOITH CTYACHTaMm Y
po3B'sI3yBaHHI 3a7ad 3 (i3WKHM 3a TaKUMH pO3AUTaMH (i3WKH: MeXaHikKa,
MEXaHI4YHI KOJNMBaHHSI Ta TPYXKHI XBWUJ; MOJEKylnapHa ¢izuka i
TEpPMOJIMHAMIKA; SIIEKTPOCTATHKA 1 IOCTIMHUHI CTPYM; €IEKTPOMAarHeTH3M;
TeOMETpHYHA 1 XBHJIbOBA ONTHKA, B3a€MOJIs CBITIIA 3 PEUYOBHHOIO 1
TEIUIOBE BUIIPOMIHIOBAHHS, OCHOBM TEOpii TBEPAOTO Tia, KBAaHTOBOI,
aTOMHOI 1 sepHOi (i3UKH.

3MICTOM KOHTPOJBHHUX POOIT € pO3B’SA3yBaHHS IEBHOI KITBKOCTI
BIIMOBIMHUX 3a/ma4. BMiHHS pO3B’S3yBaTH 3ajjadi € OJHUM 3 TOJOBHUX
KpHUTepiiB oBoNOAiHHA (i3ukoto. | came po3B’si3yBaHHS 3ajad BUKIIMKAE
HaOIbII TpyaHOUI y cTynaeHTiB. KpiM 3HaHHS Teopii, TOJOBHUM, IO
CIpHs€ YCHIXOBI y PO3B’S3yBaHHI 3a/ad, € OBOJOJIHHS CHEIlialbHUMHU
METO/IaMH 1 pUHOMaMH NpU po3B’A3yBaHHI NMEBHUX Ipym 3aaad. Came Ha
IILOMY 30CEPE/KEHO OCHOBHY yBary B JJaHOMY ITOCIOHHUKY.

Marepian posainiB nojiieHo Ha maparpadgu. Ha modatky KoxHOTO 3
HUX I[IOJIaHO KOPOTKWH mepemik (QopMysn i 3aKOHIB, SIKi CTOCYHOTHCS
poO3B’sI3yBaHHsA 3aiad BiAmoBigHOi Temu. Ili dopmyiau J03BOJISIOTH
CTY/ICHTOBI CKJIACTH YSBJICHHS MPO OOCSAT TEOPETHYHOTO MaTepiany, SKHi
HEOOXiTHO OIPAIfOBATH, 1 MOKYTh CIYI'yBaTH ()OPMaILHHM anapaTtoM JUIst
po3B’sizyBaHHS  3amad. Jlami  HaBeleHO TPUKIAAM  PO3B’SI3yBaHHS
HAMTUTIOBIIIMX 3ajiay, B SIKMX [TOKAa3aHO 3aCTOCYBaHHS (Di3MYHUX 3aKOHIB 1
BUKJIA/ICHO METO/IU 1 MPUIOMHU pO3B’SI3yBaHHSI.

s kokHOI KOHTPONBHOI pOOOTH mMoAaHO TaONWIi BapiaHTIB
KOHTPOJIBHUX POOIT Ta CHHCOK MiJPYyYHHKIB, SIKI MOTPIOHO ONpAaIfoBaTH
JUI BUKOHAHHS BIAMOBiAHOI KOHTPOJIBHOI POOOTH I CTYACHTIB 3 OAHO-
CEMECTPOBOIO, ABOCEMECTPOBOIO 1 TPHU-CEMECTPOBOIO (POPMOIO BUKIIAJaHHS
npeametiB «Dizukay 1 «3aranbpHa Qizukay.

MeToauyHi BKa3iBKM MOXYTh OYTH BHKOPHCTaHI CTYyJEHTaMH,
acripaHTaMH i BUKJIaJauyaMH.



Preface

Methodological guidelines are intended to assist students in solving
problems in physics in the following sections of physics: mechanics,
mechanical oscillations and elastic waves; molecular physics and
thermodynamics; electrostatics and a constant current; electromagnetism;
geometrical and wave optics, the interaction of light with matter and
thermal radiation; basic theory of solids, quantum, atomic and nuclear
physics.

The content of the tests are solving a certain number of relevant
problems. The ability to solve problems is one of the main criteria
mastering physics. And that solution of problems is the most difficult
students. In the theory of knowledge, most conducive to success in solving
problems is the mastery of special methods and techniques for solving
certain types of problems. This concentrated focus in this guide.

The material chapters divided into paragraphs. At the beginning of
each short list of formulas and laws pertaining to the solution of problems
relevant topics. These formulas allow students an idea of the theoretical
amount of material that needs to work, and can serve as a formal device for
solving problems. Examples of solving most typical problems, which
shows the use of physical laws and set out the methods and techniques of
solution.

Each chapter a list of books that you need to work for the fulfillment
of the corresponding reference work for students with a one-semester, two-
semester and three-semester form of teaching "Physics" and "General
Physics".

This manual can be used by students and teachers.



3mMmicT

Contents

IlepenmoBa

Preface

Posnin 1. MexaHnika

Section 1. Mechanics

1.1. Kinematuka. OcHogui ¢hopmynu.

1.1. Kinematics. The basic formulas.

1.1.1. IlpsimoutiHIHHUH pyX

1.1.1. The rectilinear motion

1.1.2. KpuouiHiiiHU# pyXx

1.1.2. Curved movement

1.1.3. ObGeproBuii pyx

1.1.3. The rotating movement

1.2. lunamika OcHosHi popmynu.

1.2. Dynamics. The basic formulas.

1.3. MexaHiuHi KOJIMBaHHS Ta MPYXH1
xBUI OcHoeHi hopmynu

1.3. Mechanical vibrations and elastic
waves basic formulas

1.3.1. 'apMOHIYHI KOJIUBaHHS

1.3.1. Harmonic oscillations

1.3.2. 3racaroyi KoJuBaHHS

1.3.2. Damping

1.3.3. BumMynieHi KOTMBaHHS

1.3.3. Forced oscillations

1.3.4. TlpyxHi xBuii

1.3.4. Elastic waves

1.4. Ilpuxnaou po3e'szysanns
sadau(3adaui 1-13)

1.4. Examples of solving problems
(tasks 1-13)

1.5. 3amaui s caMOCTIHHOTO
po3B’sa3yBaHH 10 TeMi 1. «MexaHika,
MeXaHI9HI KOJIMBaHHA Ta MPYXKHi
xBuii» (Ne 1-157)

1.5. Tasks for independent solving on
the topic 1. "mechanics, mechanical
oscillations and elastic waves» (Ne 1-
157)

Po3gin 2. MonekynsapHa ¢i3uka i
TepMOANHAMIKa

Section 2. Molecular Physics and
Thermodynamics

2.1. MonexymnsapHa dizuka. OcHo6HI
dopmynu

2.1. Molecular Physics. The basic
formulas

2.1.1. 3akoHH igeanbHNUX rasis

2.1.1. The laws of ideal gases

2.1.2. MonexymspHO-KiHETHYHA Teopis
rasiB

2.1.2. Kinetic theory of gases

2.1.3. EnemenTH craTUCTHYHOT (Pi3UKH

2.1.3. Elements of Statistical Physics

2.2. Tepmonunamika OcHosHi
dopmynu.

2.2. Thermodynamics basic formulas.

2.3. Ilpuknaou poss 'sa3y6anms 3a0ay
(3adaui 1-32)

2.3. Examples of solving problems
(tasks 1-32)

2.4. 3amaui 11 caMOCTIHHOTO
pO3B’sI3yBaHHs IO TeMi 2.
MonexymnsipHa Qi3uka i
tepmoarHaMikay (1-160)

2.4. Tasks for independent solution
by topic 2. "Molecular physics and
thermodynamics" (1-160)




5

JlaHnii HAaBYAJIBLHUI MOCIOHMK BUKOPHCTOBYEThCA cTyAeHTamu 1 i
2 Kypcy iHJKeHepHHX cHemiaJbHOCTEeH JUIA caMOCTiiHOI po0oTH Ta
po6oTH mi KepPiBHMITBOM JIEKTOPA.

Heii HaBYaJbHUI MOCIOHNK HEOOXiIHO BUIABATH Y IPYKOBAHOMY
BUIJIsAAI mopiyHo. Tomy aBTOp Oyne Ayke BASYHHMI 3a ONMOMOrY NpH
BU/AAHHI HABYAJIbHOIO NMOCiIOHMKA.

Bce ne 0yae BiaMiueHo npu HACTYNMHOMY BHAAHHI.

This textbook is used by students of 1 and 2 course of engineering
specialties for individual work and work under the guidance of the
lecturer. This training manual is necessary to publish in printed form
annually.

The author will be very grateful for the help in the publication of
the manual.

All this will be noticed the next edition.
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Po3nin 1. MexaHika

1.1. Kinematuka OcHogHi hopmynu.

MuTTeBa MBUIKICTE: _ds. (1.1)
ot
Ie S — IUIAX, IpoiaeHui Timom, t — gac.
SN Ar
CepeHst LIBUIKICTb: yse AS, abo (V)= N (1.2)
MuTTEBa MIBUAKICTD:
. Ar| A As ds
I=v|=|lim —|= lim |— =lim—==— (1.2.a)
At—0 At| At—>0 At A0 At dt
MuUTTEBE TPUCKOPEHHS: a= dv, (1.3)
dt
CepenHe IPUCKOPEHHS: <a Av. (1.4)
At

1.1.1. MMpamoninifinmii pyx

I[Tpu piBHOMIpHOMY pyci (V = const, a = 0):
S=wt. (1.5)
Juis BUIAIKy MPSIMOJIIHIHOTO PiBHO3MIHHOTO pyXy (8 = const) IUIsAX
S, mpoieHnH TiIOM 3a 4yac t, BU3HAYa€ThCS CITIBBiAHOIICHHSIM:
2
at
Syt + 2. @)
2
a MIBHJKICTB V, SKOT JJOCSITIIO TiJIO 3a LIeH ke Jac, TOPiBHIOE:
v=yv,+at. (1.7)
TyT Vo— MOYAaTKOBA MIBUJKICTb.
i >x chiBBiZHOIIEHHS Yy CKaApHIH ¢opmi copaBemiamBi 1 JUIs
PIBHOMIpHOTO Ta PiIBHOIPUCKOPEHOTO PyXy MO KPUBONIHIHHIA TPAEKTOPIi.

1.1.2. KpuBoainiiiamii pyx

Hanpsim npruckopeHHst & He 30iracThesi 3 HANPSIMKOM TTEPEMIIICHHS 13
MIBUKICTIO D.

CknazoBa TPHCKOPEHHs, NapajenbHa IIBUAKOCTI  HAa3MBAETHCA
JOTUYHUM, a00 TaHreHLiaTbHUM NPUCKOPEHHSIM &
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CKIIQJIOBA TIPUCKOPEHHS, TMCPICHIUKYJSAPHA MIBUIKOCTI, I —
HOpMaJIbHE 200 JTOIICHTPOBE MTPUCKOPCHHS &y,
AOCOITIOTHE 3HAYCHHSI IIOBHOTO TIPUCKOPCHHS

ac Ja?+a? 18)
IIPUYOMY BEKTOP & YTBOPIOE 3 8, KYT  TAKUH, 1110

tga = (1.9)
a

T

, (1.10)

B koxHi#t Touni TpaexkTopii a, =

JIe 8, — JOLEHTpOoBe (HOpMalbHE) MPUCKOPEHHS, V — MIBHIKICTb
MartepialbHOI TOUKH, R — paiyc KpUBUHH TPAEKTOPII.

1.1.3. O6epToBHii pyx

[Ipu obepToBOMY pycCi MONOXKEHHS TiNa (MPH 3a1aHii oci oOepTaHHS)
BU3HAYAETHCS KyTOM TIOBOPOTY (200 KYyTOBUM MepeMilieHHIM) A .

MutTeBa KyTOBa WBUAKICTD: ) dﬁ, (1.11)
dt
JIe @— KyTOBa MIBUJIKICTh, ¢ — KYyTOBE IepeMileHHs, t — vac.
Cepennst KyToBa WBHIKICTD: < () > — A¢, (1.12)
At
ne A@ — 3MiHa KyTa IIOBOPOTY 3a IPOMIKOK vacy At.
KyToBe NpUCKOpEeHHS: o do, (1.13)
dt

JIe @ — KyTOBa IMIBUJIKICTb, t — uac.
JlinifiHa 1 KyTOBa HIBUJKICTH KOXKHOI TOYKH Tijia, 110 00EpPTaEThCH,
noB's13aHi Mixk coboro Gopmyoro Eitnepa:

v=o R (1.14)

ne R — BimcraHb Biji TOUKHM 10 OCi 0OepTaHHS.

TaHreHIialbHe TPUCKOPECHHS aHAJOTIYHO IMIOB'A3aHE 3 KYTOBHM
MPUCKOPEHHAM: g = gR- (1.15)

Buxozsuu 3 HaBeAeHUX CHiBBiIHOLIEHB, Gopmyna (1.8) mis moBHOTO
NPUCKOPEHHS MOXe OYyTH 3aIcaHa y BHTIISII:

a=RVe? + 0. (1.8%)
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koo KyToBa MIBHAKICTE @ = const, 00epTOBHH pyX IO KOIY
Ha3WBAEThCA piBHOMIpHUM. [Ipm piBHOMIpHOMY OOEpTaHHI MOXKHA

BU3HAYMTH M€Pio] 00epTanus: T — 21 . (1.16)
w

BenmuurHa @ B 1IbOMY BWITaJIKy MAa€ TaKOXK 3MIiCT KOJOBOI 4acTOTH
obepranHsa @ = 27N, Ae N — NiHiiiHa YacToTa 00epTaHHs (KUIbKICTh TOBHUX
o0eprTiB 3a 1 ¢).

Jns  piBHOMIpHOTO Ta PIBHO3MIHHOTO OOEpPTaHHS CIIpaBEIINBI
criBBimHOmeHHs (1.5-1.7) npu 3aMiHi NDLIXY S KYTOBHUM THepeMilllEHHIM
A@, MWBUAKOCTI V KYTOBOIO MIBHAKICTIO @, TOYAaTKOBOI IIBHIKOCTI Vo
MOYATKOBOK) KYTOBOK IIBHIKICTIO @y, NPHCKOPEHHS & — KYTOBHUM

MIPUCKOPEHHSIM &

2
Ap = oyt + g; (1.18)
w=w,+ct (1.19)

1.2. Aunamika OcroeHi ¢hopmynu.

Hpyruii 3akoH HetoToHa (piBHAHHS pyXy MaTepiaibHOI TOYKH):

& F’ (1.20)
dt
abo ma=F. (1.20%)
Tyt P = m v — iMmnynbsc MarepiajibHOT TOukH (Tij1a);

n _ . . .
F=3F pe3yJbTyoua Cuiia, sika Jli€ Ha MaTepialbHy TOUKY;

i=1
M — Maca MaTepialbHOI TOUKH, 8 — MPUCKOPEHHSI.
Cuna npyxHocti: F = —kx. (1.21)
Tyt k — xoedimieHT npy)XHOCTI (U MPYXUHH — YKOPCTKICTB); X —
a0CcoroTHA JAedopmartisl.
Cuia rpaBiTamiiHoOl B3aEMOIT: mm,, (1.22)

r.2

ne G — rpagitaliiina crtaia, My, M, — Macu B3a€MOJIIOYUX T, I —
BiJICTaHb MIX TiJJaMH (TiJIa PO3TIIAIOTHCS SIK MaTepiaibHi TOYKH).

Cuna TepTst KOB3aHHS: F =kN, (1.23)

ne kK — koedirtient teptsi, N — cuita HOpMaIBHOTO THCKY TiJIa Ha OTIOPY.

F=G
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3akoH 30epexe i cy: n . 1.24
KOH 30epeKeHHs IMITyIbCY P — const (1.24)
i=1
st nBox Tin (i =2): MyVy + MoV, = MUy + MU, (1.25)
y BHITIAJKY TPYKHOTO Yaapy,
Ta myVy+myvp = (Mg +my)u (1.26)

Y BUMAJKY HE IPYKHOTO YAApY; TYT V1, V, — HIBUAKOCTI Til B
MOYaTKOBUI MOMEHT 4acy, Uj , U — IBUIKOCTI THX XK€ TiJI B MOMEHT 4acy,
TIPUIHATHH 3a KiHIICBHIA.

KinetnuHa eHepris Tina, IKe pyXaeThCsl MOCTYNAaIbHO:

2 2

T 460 1 _P". (1.27)
2 2m

[loTenmuianpHa eHepris Npy>KHO AeOPMOBAHOT IPYKUHU:
2

M= k; : (1.28)

TyT K — )OpCTKICTh MIPYKUHU, X — aOCOIIOTHA Jiedopmaltis.

[oTeHuianbpHa eHEepris rpaBiTaiiiHOT B3aEMOIII:

Me_gMm, (1.29)

r

ne G — rpasirariiina crama, M; , My — MacH B3aEMOJIIOYUX T, I —
BIJICTaHb MiX TUIaMH, SIKi PO3TIISAAAI0THCA K MaTepiaidbHi TOUKH.

[loTeHmianpHa eHepris TUT B OJHOPIAHOMY O TSDKIHHS:

IT = mgh, (1.30)

Je M — Maca Tina, § — MPUCKOPEHHS BUIBHOTO MajiHHsA, h — BHcoTa
HiHATTS TiJIa Hajl piBHEM, PHIHITHAM 3a HyJIbOBHi 32 yMOBH, 110 h << R
(R — paxiyc 3emui).

3akoH 30epeXeHHsI MEXaHIYHO1 eHeprii:

E =T +1II = const. (1.32)
PoboTa A, 1110 311iCHIOETHCS TOCTIMHOIO cuioro F:
A=FAr=FArcos ¢, (1.32)

e A r — nepeMillieHHs, @ — KyT MiX HanpsMKaM# BeKTopiB cuiu F i
nepeMitieHHs A r.

Pobora A Bu3HauwaeTbCsl SK Mipa 3MiHM KIHETHMYHOI eHeprii
MaTepiaabHOl TOUKH:

A:AT:Tz—Tl. (133)

MurtteBa notyxHicTh cuiu F: P— d7A — Fvcosa’ (1.34)
dt
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ne A — pobora cuid, V — MUTTEBA IMMBHIKICTH MEPEMIIIICHHS Tijla, o —
KYT MiX HaIpsIMKaM{ CHJIH 1 ITBUIKOCTI.

e AA
CepenHs MOTYXHICTB! <ps>=22
At
OcHOBHE piBHSHHS AMHAMIKH 00EPTOBOTO PYXY BiJTHOCHO HEPYXOMOI
ociz: M,=J e, (1.36)

ne M, — pe3yabTyloOurii MOMEHT 30BHIIIHIX CHII, IO AIFOTH Ha TiJO,
BITHOCHO OCi Z, J — MOMEHT iHepIIii TiJla BITHOCHO OCi 00epTaHHA Z, & —
KyTOBE IIPUCKOPEHHS.

MowmenTH iHepii Tin npaBuiIbHOI (OPMH BITHOCHO OCi 00epTaHHS,
III0 IPOXOANTD Yepe3 IXHIH IEeHTp Mac:

a) CTPIXKHS, TOBKUHOIO | BITHOCHO OCI, 1110 TIEPIICHIUKYIISIPHA 10

CTPHIKHS j= i ml?; (1.37)
12

0) 06py4a (TOHKOCTIHHOTO IIITiHApa) paaiyca R BiqHOCHO OCi
mIiHpa Jj=mR% (1.38)

B) Ky pamiyca R j = 2 R’ (1.39)

5
T) IucKa (CYITBHOTO NUTH/pA) paaiyca R BiTHOCHO oci IutiHgpa
j:lmRz; (1.40)
2

Teopema llImetinepa: MoMeHT iHepIlil TiJIa BIIHOCHO OyJlb-sKOT OCI
oGepranns nopisuioe: J =J, + ma?, (1.41)

ne Jo— MOMEHT iHepIlii [LOT0 Tijia BiTHOCHO OCi, IO MMPOXOJIUTH Yepes3
LEHTP Mac Tijia, mapajesibHOI 3ajaHiit oci, a — BiJcTaHh MK OCSAMH, M —
Maca Tija.

KinetnuuHa eHepris Tina, 10 00epTAETHC: T = M , (1.42)
2

Jie J — MOMEHT iHepii Tija, @ — KyTOBa MIBUIKICTh.

KinetnuHa eHepris Tisa, 10 KOTUTHCH 10 TUIONUHI 0€3 KOB3aHHS:

2 2
Tomv Jo*, (1.43)
2 2
Jie TIEPIIHNi YJieH SBIsIE COO0I0 EHEPTii0 MOCTYNAIBHOTO PyXY, IPYTHHA

— 00epToBoOroO.
PoGora A4 mocTtiiHOTO MOMEHTY CHIM M, SIKHiA Ji€ Ha TUTO0, IO
obepTaeThCs:
A=Megp. (1.44)
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1.3. MexaniyHi KOJTHBaHHSA TAa NPYXKHI XBWIi. OcHO8HI hopmynu

1.3.1. I'apMoHi4YHi KOJTUBaAHHS

PiBHSHHS rapMOHIYHUX KOJHBAHb:
X=Asin(at+e ), (1.45)
JIe X — 3MIIIEHHS TOYKH BiJl TIOJIOKEHHSI PIBHOBArH, pi3He M Pi3HUX
MOMEHTIB 4acy, A — aMIUTITyla, ) — KOJIOBAa 4acTOTa(KUIbKICTh KOJUBAHb,
10 BiOYBaIOThCS 3a 277 CEKyHI), ¢ — oyaTKoBa (aza.
Bpaxosyrouu, o
w=27lT=2nv,, (1.46)
T — nepiox KonuBaHb, V,=1/T — niHiiiHa YacTOTa KONMWBaHb (KIJIBKICTh
KOJINBaHb, 110 BigOyBatoThcs 3a 1 cek.), popmyny (1.45) moxHa 3anucaru
TaKOXX Y BHUTJISII:
Xx=Asin{(24T) t + ¢} = Asin 2z, t +¢). (1.45%)
[IBunkicte V 1 mpuCKOpeHHS @ TOYKH, IO 3MIMCHIOE TapMOHIYHI
KOJIMBaHHS, BU3HAYAIOTHCS CITIBBITHOIICHHSIMH:

% =C(;)t(=X=a)OACOS(a)Ot+g0)’ (1.47)

L dv _d 2x
dt  dt?
lapMoOHIUHUI KONMMBalNbHUH pyX BHHHKAE TiJ JI€I0 KBa3iMpyKHOI
cwin F — cunu, BenmuanHa K01 IPsSIMO TIPOTIOPIIiiiHA 3MIIIIEHHIO YaCTHHKY 3
TIOJIO’KEHHS PIBHOBATH, a HANIPSM MPOTUIICKHHUI 10 3MIIICHHS:
F=-kx, (1.49)
ne K — koeditieHT mponopIiiHOCTI (MpyKHA CTana).
3rigHO 3 #ApyruM 3akoHOM HpIOTOHAa pyX 4YacTMHKH i Adi€ro
KBa3iMPYXHOI CHJIK OMUCYEThCS PIBHSAHHAM: Ma = — kX a6o m¥ +kx =0.
IMoxinuBim o6MABI YaCTHHU PIBHSAHHS Ha M i mo3HayuBImu K/m =a)02,
oJlepUMO audepeHIiagbHe PIBHSIHHS TaDMOHIYHUX KOJIMBAHb Y 3arajbHii

dopwmi: X+ w3x =0- (1.50)
Bupas (1.45) € 3zaranpHum poss'sskoM piBHsAHHS (1.50) npum

=X =—-wZAsin(w, + )’

JOBUIBHHX A 1 @, AKIIO W, = K . (1.51)

m



12
[IpuknamoM KOMWBaHb Wi Ai€I0 KBa3iNpy>KHOI CHJIM € KOJHMBaHHSI
MaTeMaTHyHoro MasTHuka. KojoBa wactora 1 1mepion KOJHBaHb

. : |
MAaTeMaTUYHOTO MAsITHUKA: Wy = \E D T =21 \f , (1.52)
g

Jie § — IPUCKOPEHHSI BUTBHOTO MajiHHs, | — JOBKMHA MaTeMaTHYHOTO
MasITHUKA.
Kinetnuna eneprist MaTepianLHo'i TOYKH, SIKa 3I1HCHIOE TapMOHIYHI
2
. mv ma)
KOJINBaHHSA: W, = % AZ cos ( at+¢)
2 2
i ist: k* mo .
[loTeHuianbsHa eHepris: W, = _ A2 sin? (wt+)
2 2
IToBHa eHepris TapMOHIYHHX KOJ‘II/IBaHBI
ma)
W =W, +W, == Mo p2. (1.53)

1.3.2. 3racaroui KoJIMBaHHA

[Tpu 3racaHHi KOJIMBaHb iXHS aMILIITy1a 3MEHIITYETHCS 3 YACOM.
3racaHHs KOJIMBAaHb OIUCYIOTh, BBOASYM CHIIy TEPTS, MPOMOPLIHHY
HIBUJIKOCTI YACTHHKH, KA KOJIMBAETHCS:
F=—rV=-rx
ne ' — koedillieHT MPOMOPLIHHOCTI, a 3HaK MiHYC O3Ha4ae, [0 CHJia
MIPOTH/IIE€ PYXOBI.
[Ipu HasiBHOCTI 3racaHHs piBHSHHS pyXy (AudepeHIiaabHe piBHIHHS
BJIACHUX 3aracal04uX KOJHMBaHb) MA€ BUTIISL:
mX+rx+kx=0
a0o B 3arajipHil Gopmi:

X+ 2%+ wix =0, (1.54)
a Hioro po3B’si3KoM Oy/e:
x =Ae?'sin (ot + ¢) (1.55)

abo x = Ae”’'cos (ot + ¢),
ne A — aMIuniTyza KOJMBaHb y MMOYaTKOBHH MOMeHT vacy t = 0, -

k

B I — koedilieHT 3racaHHi, @. = |— — KoioBa 4acToTa
= — 0 -
2m m

l“apMOHiT-IHI/IX KOJINBaHb.
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Bennunna
A(t) (1.56)

A(t+T)

€ norapudMiyHUM KoedimieHTOM 3aracanssa. TyT A(?) — ammiiTyaa
KOJIMBaHb B MOMEHT Yacy t, A(¢+7) — amIutiTy/1a KONHBaHb Y MOMEHT Jacy
t+T (gepes mepion).

1.3.3. BumyuieHi KoJMBaHHA

Bumyrieni konuBaHHS BiAOyBarOThCS i Ji€0 mepioguyHoi cuimu F,

MPUYOMY
F=F,sin . (1.57)

KonuBaHHs MarepiajibHOI TOYKM B TaKOMY BHIIAAKY OIUCYIOTHCS
PIBHSIHHSM PyXy: mX + X+ kx = Fy sinwt- (1.58)

BumyIieHi KOTUBaHHS TOYKH BiAOyBaTUMYThCS 32 3aKOHOM:

x=Asin( ot + @), (1.59)

ne ammutityna 4 i ¢asa ¢ BUMYIIEHHX KOJMBAHb BU3HAYAIOTHCS

CITIBBIIHOIICHHAMU:

A= Fo
2 2 2 2
m\/(a)0 -0 )+4p0
Pe3onanc (MakcrManbHe 3HAYSHHS aMILTITY/ I BUMYIIEHUX KOJIHBAHB)
OyJie TOCSATHYTO 32 YMOBH, KOJIM YaCTOTa BUMYILIEHUX KOJIUBAHb @

MOB'sI3aHa 3 YACTOTOIO BIACHUX KOJIMBaHb @, Ta KOe(il[iEeHTOM 3aracaHHs
[/ HACTYITHUM CIIiBBiTHOIIICHHSIM

w=Aw:-24 (1.61)

1.3.4. Ilpy:xni xBuIi

: (1.60)

PiBHSHHS MJI0CKOT O1KY4YO0T XBHIII:
. X
y:Asmco(t—\7)’ (1.62)

Je Y — 3MilleHHs Oyb-IKOi TOYKH CepeIOBHINA 3 KOOPAWHATOIO X Y
MOMEHT 4acy t BiJl MOJIOXKEHHs1 piBHOBaru; V — MBUJAKICTH MOUIMPESHHS
KOJINBaHb y CEPEAOBHIL.

A00, BpaxyBaBIIIH, 1110 JJOBXKHHA XBUJI

A= VT, (1.63)
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a XBUJILOBE YHCIIO

k:g:gzg, (1.64)
A VTV
CriBigHomieHHs (1.62) MoXHa 3amUcaTH Y BUTIISI:
y=Asin (ot —kx). (1.62%)

Piznuns ¢a3 xonuBaHb JBOX TOYOK, IO JIe)KAaTh HA IPOMEHI Ha
BiJICTaHI X; 1 Xz Bi IDKepeia KOJIHMBaHb

Agpz 27T(X1l— Xz). (1.65)

1.4. IlIpuknaou po3e'azyeanns 3adau (3adaui 1-13)
3aoaua 1. PiBHSHHS pyXy MarepiaibHOI TOYKK B3MIOBX OCI Mae
Bursiy X =A +Bt+Ct5, ne4=2m, B=1wm/c, C=—0,5 m/c’ . 3uaiitn

KOOpIMHATY X, IIBUJIKICTH Vy 1 IPUCKOPEHHS 8 TOYKM B MOMEHT vacy t=2 c.

B Agaéito-;- cf Poss'azanna
x Koopnunaty X 3HaiimemMo, MiJCTaBUBIIM B

A=2M . . ienTis A B
B=1wlc PIBHSIHHS PyXY YHCITOBi 3HAYCHHS KoeiieHTiB 4, B,
= 0.5 m/c? Ciuacy t:
X \_/ _a ? ) X =(2+1-2-0,50-8) m = 0.
1 VX =

MuTTeBa MIBUAKICTH BIAHOCHO OCi X — IIe TiepIa
MTOXI/{HA B1Jl KOOPJAMHATH I10 Yacy:

v =%=B+3Ct2'
dt

X

IMpuckopeHHs TOYKM 3HAWIEMO, B3SBIIM TMEPHIy MOXIJHY BiJI
HIBUJIKOCTI TI0 4acy:

a, =O:;’tX=GCt.

B momenT wacy t =2 c:
v=(1-3052 m/c; a=6(-0,5)2m/c’=—6m/c’.

3aoaua 2. 3 BepTONHOTA, IO 3HAXOAUTHCS HA BHCOTI 300 M, CKHHYTO
BaHTaX. Uepe3 SKUM yac BaHTaXX AOCSATHE 3€MJl, SKIIO BepromiT: 1)
HEPYXOMHI; 2) OMyCKa€eThCsl 31 MIBUAKICTIO 5 M/c; 3) migHIMaeThcs 3i
MIBUAKICTIO 5 M/c?
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’éz LT%:O 0 Pose’azanns
0~ M 1) SIxmIo BepTOIIT HEPYXOMUH, TO BiICTaHB IO
Vo = 5 Mm/c

BEPTHKAI, Ky POXOIUTh BAHTAX IPHU BUIBHOMY TaIiHHI

2
t-? gt™ 4 ;
h — . 3B1I[CI/I qac MaglHHA BaHTAXyY Ha 3EMJIIO

2
f= (2o [2:300_ g
g 98

2) SIkmio BEpPTOJNIT OMyCKA€ThCA 31 MIBHAKICTIO Vo, TO i BaHTaX

OITYCKa€ThCSI Pa3oM 3 BEPTOIBOTOM 31 MIBHIAKICTIO Vo. PiBHAHHSA pyxy
2
BAHTAKY: _ gt” . (1)
h=vot+=—

Konu BanTax pocsarae semii, h = hy, t =1t,.

3Biacu: 2 2V 2hg . —Vp iwlvg +2ghy ;

g g
_ 98- )
t, = 525+2-98-300 _(-05+78)c
98
Binkunaemo t,<0 i oxepxxumo t,=7,3 c.
3) Slkmio BepTOMNIT MiTHIMAETHCS 31 MIBHIKICTIO Vo, TO 1 BAaHTAXK Mae

TaKy X [I0OYaTKOBY IIBUAKICTh. PiBHSHHA pyXy BaHTaxy Mae surisig (1). ¥

2
e _ . t
MOMEHT gocsarHeHHs 3emui h = hy, t= t;. Toxi ho = —Vgty + gty |

+./V2 / 98- :
t3:V° v;+29h0:54_r 25+928 98 300:(0,517,8)c

Bigxunysmm t3<0, onepxkumo t3= 8,3 c.

3adaua 3. Touka pyxaerbes 1o Koy paaiycoM R =20 cM 3 mocTiiHuM
TaHTeHIlIaJJbHUM MPUCKOPEHHSM @,. 3HalWTH TaHTCHIlIAIbHE MPHCKOPEHHS
8, TOYKH, SKIIO BiJIOMO, III0 JIO KiHIIS I’ SITOTO O0EPTY MICJs MOYaTKy PyXy
JiHIAHA TIBAIKICTE TOYKKA V = 79,2 cm/c.

Jlano:
R=20cm=0,2 Mm; Poss’si3anns
n=>5; Jliniiina MIBUIKICTH v npu

v=79.2cm/c=0,792 M/c  piBHOIIPUCKOPEHOMY pyci 1O Koiy (a,=const)
a.-"? nopiBHIOE:  V =a.t.
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1106 3HaiiTH a,, TOTPiOHO 3HATH YaC BiJ MMOYATKY 0O0EpTaHHS A0 KiHITI
5-ro o6epry. Moro MokHa BH3HAYHTH, BUKOPHUCTABIIHN CITiBBITHOIICHHS
(1.18) 3 ypaxyBaHHSIM TOrO, III0 TIOYAaTKOBa KyTOBA IIBUAKICTH JOPIBHIOE

] 2
HYJTIO: A¢)=%=2ﬂ'n'
TyT & — KyToBe MNpPHCKOpEHHs, N — KinbkicTh 00epTiB. OTxe,
t= 420 )
&
Ane (cnieBisHomenns (1.15)) ¢ = & 3)
R
[MixcraBuBmu (3) i (2) y popmyny (1), onepxumo:
v v
a,=—=——
t 4z nR
a, )
3BifcH TaHreHIiaTbHe IPUCKOPEHHS a = Vi
° 4mR

OOunciauMo Horo 3Hauenss: a,= 0,1 m/c?.

3aodaua 4. 3HaiiTy IPUCKOPEHHS BAHTAXIB, KyTOBE MPUCKOPEHHS
0JtoKa pajiyca I' i HATAT HUTOK Ha YCTaHOBII, 300paXeHiil Ha PUCYHKY 3a
YMOBH, 1110 HEMa€ KOB3aHHS HUTKH. MOMEHT iHepIlii 0J10Ka BiTHOCHO HOTO
oci 0bepTaHHs i MacH BaHTaXIB BIAMOBIIHO AOPIBHIOOTE J, My, My (Mg >
my )
Po3zs’sazanns
OueBuIHO, IO MPUCKOPEHHS BAHTAXIB YUCEIHHO PiBHI, a HAIIPSIMKH

Hano: ix nporwnexHi. [lo3Hauumo
r BEITMYNHY MIPUCKOPEHHS
J BaHTaXIB yepes a.
m; PosrnsHemo,  ski  cuin
m, 75 JIIOTh Ha BaHTaX1 Ta OJIOK.
m; > m, Ty . 1) Ha BanTtaxx m; IirOTH
g T2 m 2 cum F; = myg i Ty . Tlepma
1 m,g HanpsiMiieHa BHU3 (LI€H Hampsm
m g } BBaKaTHUMEMO JIOJaTHHM),
Ipyra Bropy. PiBHSHHSA pyxy
BaHTaXy My:

Fl—T1=m1a. (1)
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2) Ha BanTaxx m, mitote cunmu F, (Buu3) i T (Bropy). 1, # 11 , 60
PI3HHI WX CHJI CIIPUYHMHSE BUHUKHCHHS MOMEHTY, SKHH oOeprae OJIOK.
SAx6u 610K OyB HeBaromum, T06T0 J = 0, Tomi 6 i 7, = T1. PiBHAHHSA pyXy
BaHTaXXy My
Fo—T,=—m,a. (2)
3) Ha 6ok 3 60Ky HUTKM HitoTh aBi cum 1i'= —T; 1 T'= - T, ,
MOMEHTH SKHX BITHOCHO ocCi Onoka jopiBHIOWOTE Ly = Tir i L= —Tor
(momaTHUMU BBaKAEMO MOMEHTH THX CHJI, SIKi “00epTaroTh”’ IUIOIIHUHY
pPHCYHKa TIPOTH TOAMHHHUKOBOI CTpinkm). PiBHSHHSA pyxy Onoka (SKILIO
BB2)KaTH MOTO a0COJIIOTHO TBEPIUM TUIOM) OY€ TaKUM:
(Tl—Tz)r =Je (3)
Hapemri, po3riisiHeMO Ti TOUYKH HUTKH, B SIKHX BOHA JIOTHKAETHCS 0
Omoka. OCKUTPKM KOB3aHHS HUTKM 32 YMOBOIO 3ajadi HeMae, a il
MPUCKOPEHHS 30iraeThCsl 3 MPUCKOPEHHSM BiAMIOBIIHUX TOYOK OJI0Ka, TO
a=e¢r, (@)
3TiJIHO 3 BiZJJOMOIO KiIHEMaTHYHO (DOPMYJIOK 00EPTOBOTO PYXY.
Yorupu piBHsHHS (1)-(4) YTBOPIOIOTH CHCTEMY DPIBHSIHb 3 HYOTHpPMa
HEBIJOMUMHU BeIWYMHAMU d, & 11, T,. PO3B’sI3yrouM IIO CHUCTEMY,
3HAXOJIUMO:

2 . :
a= (mg—my)gr® ; T, = 2mm,r? + Jm, T, - 2m1m2r2+Jm2
(ml—mz)r2+J (m1+m2)r2+;l (m1+m2)r2+J

3aoaua 5. OaHOpiNHWMIA TOHKHI CTPHKEHB JOBXKHHOM |, 3aKpiruieHuit
TaKk, MO BIiH MOXe o00epTaTUCh HABKOJO TOPU3OHTAIBHOI OCi, fKa
MPOXOJUTh TEPIICHIUKYISIPHO JO CTPWOXKHS 4Yepe3 OJWH 3 WOr0 KiHIB,
BiJIBOJIATH Bijl BEPTHKAJILHOTO MOJOKEHHS HA KYT « 1 TIOTIM BiAMyCKAIOTh.
3HAWTH KYTOBY IIBMJKICTh CTPHXKHS @ B MOMEHT IPOXOJDKCHHS HHUM
TIOJIO’KEHHS PIBHOBATH.

Hano: Pos36’sizanns

| [lorenuianbHa eHeprisi CTPWXKHS, BiABEIEHOTO HA KYT ¢,
nopiBHioe I1= mgh, ne mg — Bara  cTpwkHs, a h — BucoTa
HiAHATTS HOro HeHTpa Mac (BOHA JIOPIBHIOE MOJIOBHHI BHCOTH
w-"? MiTHATTS KiHIS CTPUXKHS). 3BiICH

2 & (| — moBXMHA CTPIDKHSA).

a

h:i(l—lcosa):lsin
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Komn CTPUIKCHb Ha6YJIC BCPTHUKAJILHOI'O IMOJIOKCHH, HOTCHLIiaJ'II:Ha

EHepris nepeiie B KiIHeTHIHY W= Jo?, ne J= 1 ml2

OT1xe, 12 . 3BiICH 3HAXOIUMO: 6g -

.o 1 a
mglsin® = ==-ml“w —sin% [2¥
J 2 6 =

3aoaua 6. JIns BUMiproBaHHS MIBUAKOCTI KYJIb iHKOJHM 3aCTOCOBYIOTh
OaIiCTUYHMI MasATHUK, IO CKIAZAETHCSA 3 MACUBHOI'O BUILHO IIABIIIEHOTO
Ha JICTKOMY CTPWKHI JoBXHHOIO | Tima macoro M, y sike Biydae Ky,
3acTpsour 'y HhOMY. Kyns Macoro M BIAXHIISE MAsSTHUK BiJ TOJOXKCHHS

piBHOBaru Ha KyT . 3HAWTH MBUAKICTH Ky, ko | =1 M, M =5 xr, m

=20T, o =60°

Jano: Po3ze’azanna
m=20r 3acTocyeEMO 10 CHCTEMH MasTHUK — KyJIsi 3aKOHHU
M=5xkr 36epe>1<eHH5{ imMIyIbCy T2 eHeprii. 3a 3aKOHOM 36epe>x<eHH5{
l=1wm IMIyJbCY JUISL ABOX TiJI, BPaXOBYIOUH, IO yJap MasTHHUKA i
o= 60° KYJ-II € HEMNpy)XHHUM, 3 (bopl.vlym/l (1.26? MOXKHa 3HaNTH
v CIIiJIbHE 3HAYEHHS MIBHIKOCTI MasTHHUKA 1 KyJIi HiCJIs TOTO,
SK y MassTHUK BITy4HJIa KyJIst:
mv .
Uu=———
m+ M

3aKkoH 30epekeHHs eHeprii MoB’si3ye BUCOTY N, 10 SKOT MigHIMA€EThCs
MasITHHK, 13 IIBUAKICTIO U :

(Mamyu®;

2 B 29

Bpaxosyroun, mo h = 2| sin’? /2 (quB. pucyHOK 10 3amadi 5) 3
dopmyn (1) i (2) 3Haiinemo:
2(m+M )\@Isin% ZM\@Isin%

m m
HabmkeHa piBHICTh CIIpaBeAIuBa, OCKIIBKH M<<M.
BuxoHaBm 004MCIIEeHHS, OACPKUMO V = 782,6 M.

(M +m)gh=

V=

3a0aua 7. Mix nBoma TilaMH MacaMu mj 1 mp BiOYBa€ThCs
HEMPYXHUU yaap, IpUYIoMy Ipyre Tijio 0 yaapy nepeOyBajio y CIOKOL.
3HaWTH YaCTKy KIHETHYHOI €HEprii, o nepene y Terwo.
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ano: ,
’Z Po3é’sazanna
ml [licns ymapy oOmnmBa Tima pyXarOThCS SIK €IMHE
V2=O IiJIe 31 CIUIBHOIO IMBUAKICTIO U, ska 3rigHo 3 (1.26)
2 JIOPiBHIOE
AW/W,—? m.v.
u=_ v
m; +m,
Ixus xineTnyna enepris Oyme
2 2,,2
W2:(m1+m2)u _ mivp . (1)
2 2(m +mjy)
o ynapy KiHEeTHYHY €HepTii0 Majo TUTBKH MEPIIE TIO:
2
mVv
w, =M (2
2

Piznuts Bupasis (2) i (1) mopiBHIOE KiTBKOCTI TEIUIA, SIKE BUALITUTHCS B
pe3ynpTaTi He TpYXHOTO yaapy Tt [lominwBmm 1f0 pi3HHIO Ha
MOYaTKOBY KiHETHUHY €Hepriro (2) 3HalAeMo IIyKaHy 4acTKy KiHETHYHOI
€Heprii, o NepeTBOPUIACH Y TEILIO:

po W -Wo g W my
W, W, m+m,
3aoaua 8. I3 mpyxwunHOrO micronmera Oyyno 3po0JEHO HOCTPLNT

BEpPTUKAIbHO Bropy. BusHauutu Bucoty h , Ha Ky miJHIMETbCS KyJs
macoro M = 20 r, SKIIo npykuHa sxopcTkicTio K =196 H/M Oyna crucHyTta
nepea moctpisioMm Ha x = 10 cM. Macoro npyXKHHU 3HEXTYBATH.

Tlano: Po3zé’sazanns .
m=20r Cucrema Kyisi-3eMist (PEBOM 3 TICTOJIETOM) €
k=196 H/y JAMKHEHOIO CHCTEMON, B sKiif JifOTb KOHCEPBATHBHI
=10 ou cmm’ — CHIIM MPYXHOCTI i CHIM TSOKIHHS. Tomy nis
P PO3B’A3yBaHHs 3a1aui MOKHA 3aCTOCOBYBATH 3aKOH
: 30epeXeHHsT MEXaHIgHOi eHeprii. 3TiMHO 3 UM 3aKOHOM

MOBHA MeEXaHiyHa eHepris £; CUCTeMH B MOYATKOBOMY CTaHi (B JaHOMY
BUTIAJIKY TEpe]] MOCTPLIOM) JIOPIBHIOE IMOBHIK eHeprii £, B KiHIEBOMY
ctaHi (KoM KyJIs miHsuiacs Ha Bucoty h), To6to

E1 = E2, abo T1+H1:T2+H2, (l)

Ty 1 T, — KiHETUYHI €Heprii CUCTEeMH B IOYATKOBOMY 1 KIiHIICBOMY
craHi; [1; 1 [1,— noreHIiayibHi eHepriil y THX )K€ CTaHax.
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OcCKiNbKH KiHETHYHA €HepTis KyJli B IOYaTKOBOMY 1 KiHIIEBOMY CTaHax
JOPIBHIOE HYIIO, TO PiBHICTH (1) Oyae MaTH BUIIIAL
Hl = Hz.
[IpuitMemo mOTeHIiaTbHY €HEPTito KYyJIi B TIOJI TSDKIHHS PiBHOIO HYJTIO
Ha PiBHI PO3MIIlIEHHS micTosieTa. To/li MOTeHIlialTbHA CHEePTis CUCTEMH B
MMOYaTKOBOMY CTaHi JIOPIBHIOE TMTOTEHITIANBHIA €Hepril CTHCHEHOI MPY>KHUHU

kx?
e
a B KIHIIEBOMY CTaHi — MOTCHITIaJIbHIN eHeprii Kyt Ha BHcOTI h:
IT1, = mgh-
[TizcraBuBIIM HaBeAeH] BUpa3u y Gopmymy (2), ogep>KuMo:
kx? kx? .
- = mgh "h=—"——
2 2mg

BukoHaBIIN 00YHCICHHS, OTpUMaEMO h =5 M.

3aoaua 9. Tino 3ickoB3ye 3 KpHKaHOT TOPH BUCOTOIO N 1 3yNMHUHAETHCS
Ha KPI)KaHOMY TIOJIi Ha BiAcTaHi S (Y TOPHU3OHTAIFHOMY HANpSMKY) Bij
BEpIINHK TOpH. BusHaunTu koedirieHt Tepts K.

Jano: ,

h Po3ze¢’azanns

S Y novaTkoBOMY  IOJIOKEHHI  TUIO  Mae€ Jdmie
T — noteHiianbHy  eneprito E;= W, = mgh. ¥V «kinneBomy

MOJIOKEHHI B MOMEHT 3YIIMHKH ITOBHA eHepris Tina £, = 0.
3MiHa eHeprii Tina BigOyiacs 3a paxyHOK poOOTH 30BHIIIHIX CUIL. Y IBOMY
BUIAJIKy 30BHILIIHBOIO CHIJIOIO € CHiia TepTs. Ha Bimpi3Ky HUIIXY B3IIOBXK
MOXMJIOT TUIOIIMHY 11 BEJIUYMHA JIOPiBHIOE

F.ep= kN; = kmg cosc.

TyT cuiia TepTs BUKOHYE POOOTY

Ay = —Fyepl = —F e, Nisina

(11 pobota Big’eMHa, 00 cujaa TEPTS HANpSIMIICHA IPOTHUIICKHO
HaNpsIMOBI pyXy TiNa).

Ha ropuzoHTansHOMY BiJIpi3Ky

F’1ep=kmg,
apobora A, = —F"p(s — ) = = — kmg(s—hctga).
3mina eneprii E; —E;= — mgh BinOynachk 3a paxyHOK BHKOHAHHS

POOOTH CHIIOIO TEPTS:
—mgh=kmg —hctga—(s—h c tga). 3Biacu sHaxoaumo k = hi/s.
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3aoaua 10. Hextyioum TepTsM, BHU3HAYUTH, SKy poOoTy Tpeba

BUKOHATH, 1100 IOBECTH MaxOBHK, Macy sikoro M = 0,2 T HaOmmxeHo

MOKHA BB)KATH PIBHOMIPHO PO3IOIICHOIO MO foro 00Boay aiamerpom d
= 1,2 M, 10 piBHOMipHOTO 00epTaHH 31 MBHIKICTIO N = 100 06/XB.

Jano: Pos3e si3anns
M=02T ykany po0OOTy MOXXHAa OOYHCIHTH SIK 3MiHY
d=1,2 KiHeTn4yHO1 eHeprii maxoBuka W,. Coyatky KiHETHIHA
n=100 06/xs eneprin W,=0, a motim pgocsarae 3HaueHHs W,,=
I Jow? /2,;me J — MOMeHT iHepmii MaxoBHKa BiIHOCHO OCi
o0epTaHHs, a @ — KyTOBa IMBH/IKICTb MaXOBHKA;
w=27rn.

Otxke, A=AW=W,,=2Jz%n?.

MowmeHT iHepIii MaXxOBHKa MOYKHA 00uncInTH 3a popmysoro (1.38)
J=mr?=md?a.

[MTizcraBuBmy 1e# Bupa3 y popMyiy amns poOOTH, 3HakIEMO:
A=mz’n*12; A=40 JIx.

3adaua 11. KamepToH KOJMBAETHCS 3 YACTOTOIO Vo =
800 I'r i ammumitynoro A = 4 MM. 3HalTH MaKkCHMAaJbHE

Hano: IPUCKOPEHHS HOTO TiNKHU, 10 KOJIUBAETHCS.
Vo =800 I'g
A=4 MM Poses’azanns
Amax — ? PiBHSIHHS pyXy T'JIKM KaMepTOHa Ma€ BUTIISA (Y

cuctemi CI):
X = Asin(2zv,t +¢)=0,004sin(27-800t + ) (1)
[louaTkoBa (a3a Ham He Bimoma, ane ii 3HAYEHHS
Mo3ke OyTH noBibHUM. 3a Gopmyroto (1.48) mpuckopeHHs
a=X=—(16007)%0,004sin(1600 7t +¢)- )
MakcruManbpHe 3HAYEeHHS TPUCKOPEHHS BiAIOBia€ MOMEHTaM 4acy,
KOJIM 3Ha4YCHHS CMHYCa, 1110 BXOAUTH A0 (hopmynu (2), nopiBHioe +1 abo —
1, OCKIIBKH ICTOTHHM € a0COJIIOTHE 3HAYCHHS MpUCKOopeHHs. [Ipu 1pomy 3a
aBCOJIOTHOIO BEMUMHOK ana = (16007)%0,004 M/c® ~ 10° m/c’.

3adaua 12. 3a uwac At = § XB. aMmIUIiTy/la KOJMBAaHb MasTHUKA
3MEHIIMIACh Y TPH pa3u. BuzHauuTu koediuieHT 3racaHus f.
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Tano: Posé’azanns
A= éXB 3aJIeXKHICTh aMILTITY¥ 3racarourX KOJIWBaHb BiJl 4acy
n=3 " TOJAETHCS CIIBBIIHOIICHHSIM:
-2 - pt
52 A(t)=Ae .
BinHomrenHs amrniTy uepes gac At
At e ! 1 :
( ) _ AO — eﬂAt — 3

A(t+At)  Ae AtHAD T oA
KoediuieHt f 3naiinemo, nposorapupMyBaBIIH OCTAHHIO PiBHICTh:
PAt=In3; 3Bimcm - |n3.
At
OGunciumo: = 0,0046 c™.

3aoaua 13. llomepeyHa XBWJIS IOIIMPIOETHCS B3IOBXK MPYKHOTO
mHypa 31 mBuakictTro V=15 m/c. Ilepiox kommBaHb TOUOK mHYpa 1 =
1,2 ¢, ammiityna 4 = 2 M. BusHauutu a) nomkuny xBuii A; 0) ¢asy
KOJIMBAaHb, 3MIMIEHHS 1  IIBUAKICTh TOYKH  CEPENOBHINA,  SKa
3HAaXOJUThCSI Ha BiACTaHI x = 45 M BiJ JyKepesa XBUIb B MOMEHT Yacy t =
4 ¢; B) pizHuI0 (a3 KOJMBaHb JBOX TOYOK, SKi JIGKATh HA MPOMEHI i
BiJIaJieH1 BT JpKkepena XBUih Ha x1 =20M 1 x, = 30 M.

i Powans
T=12¢ a) JloBXXHHA XBHII JIOPIBHIOE  BiZICTaHi, SIKY
Y= 2’M XBUIIS TIPOXOJMTE 32 OJWMH Hepiox, i Mose oyTH
X = 45 u1 3HalineHa 31 cmiBBimHomeHHs A = VT. IligcraBuBim
t=4c 3HaueHHs BenuunH V i T ogepxxumo A= 18 m.

x1=20 M 0) 3amumemo piBHSHHS XBHJIL:

x=30M E=Acos o (t-x/V), Q)
0, & EAp—? & — 3MIIEHHS TOYKH, IO KOJNUBAETHCH, X —

BiJICTAaHh TOYKH BiJ JDKEpella XBHJIb, V — HIBHIKICTh
MOIIUPEHHS XBHJIb.

06) daza KoiMMBaHb TOYKM 3 KOOPAMHATOIO X B MOMEHT dacy t
BU3HAYAETHCS BUPA30M, SIKUH CTOITh ITiJ] 3HAKOM KOCUHYCA!

X,, abo 2r X,, o=27xlT:
p=0(t--) p=—-(t--)

v T v
@ =5,24 pax, abo ¢ = 300°.

3MillleHHsT BU3HAYMMO, WIJCTaBUBIIM Yy piBHAHHSA (1) 3HauYeHHSA
ammtityan A i ¢pasu ¢ £=0,01 m.
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HIBUOKICTE TOYKU § 3HAXOAMMO, B3SBIIM TIEPITy TOXITHY Bil

3MIIIEHHS 10 Jacy:

. dé& . X 27A . X, 27A . .
=—2=—Awsino(t——)=———sinw(t——)=——sIn
c dt sina( v) T o v) T 4

[lincrapuBiy 3HaYCHHS BeqU4HH 77, A, T1 ¢ 1 MpOBIBIIN OOYUCICHHS,
OJIEPKUMO: éf =0,09 m/c.

B) Piznurs (a3 konmBaHbh IBOX TOYOK XBHJII 3B’s13aHA 3 BIACTaHHIO AX
MK [IUMH TOYKaMH CHiBBigHOMECHHIM Ap = (277/ A)AX = (2721 A)(X2 — X1).

IlincTaBuBIIM 3HAYCHHS BETUYHH A, X1 1 X 1 OOUHUCIUBIIH, OJEPKUMO:
Ap= 3,49 pan, abo Agp = 200°.
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1.5. 3apmaui nu1A caMOCTIHHOTO pO3B’I3yBaHHs MO TeMmi 1.
«Mexanika, MexaHiYHi KoTuBaHHS Ta MpykHi XBWID (Ne 1-157)

1. Touka pyxaerbcs mo Komy pamiycom R =1,2m. PiBHSHHA pyxy
ToukH P-At+ Bt3, e A=0,5 pan/c; B=0,2 paz[/c3. BusnaunTu TaHreHIiajJbHe
a;, HOpMaJibHE a, 1 TOBHE a MPUCKOPEHHSI TOYKH B MOMEHT Jacy t=4 c.

2. Bu3HauMTH MIBUIKICTH V 1 TOBHE IPUCKOPEHHS a TOYKH B MOMEHT
yacy t=2 ¢, SKIIO BOHA PyXa€ThCs MO KOJy pamiycom R=1 m 3rigHo 3
piBasaasaM E=AHBE, 1e A=8 w/c; B= -1 wm /% & - kpuBoiHiiina
KOOpAMHATA, BiJpaxoBaHA y3[JOBXK KOJIA BiI AESKOI TOUKH, HPUHHATOI 3a
MOYaTKOBY.

3. Io mpsimiii miHii pyxalooTbCsl [1BI MaTepiajbHI TOYKM 3TiTHO 3
PIBHSHHSIMH: X;= A1+Blt+C1t2 ix2=A2+Bz+Czt2, ne A=10 m; Bi=Im/c;
C=-2m /cz; A, =3 m; B,=2 m/c; C,=0,2 Mm /c?. B sKkuii MOMEHT Hacy T
MIBUAKOCTI ITUX TOYOK OYAyTh OJHAKOBi? 3HAWTH MPUCKOPEHHSA a; 1 a, IAX
TOYOK B MOMEHT t=3 c.

4. Bu3HayWTH TMOBHE NPHUCKOPEHHS a B MOMEHT t=3C TOYKH, IO
3HAXOJUTHCS Ha 0001 Koneca pagiycom R=0,5 wm, mo obepraeTscs 3rigHO
piBasHAs G=At+Bt’, 1e A=2 pan/c; B=0.2 pan/c’.

5. Touka pyxaerbcst o Koiy pamiycoM R=8 m. B peskuii MmomeHT
Yacy HOpPMaibHE NPHCKOPEHHS TOYKM a=4 M/C’, BEKTOp IOBHOTO
NPUCKOPEHHST a YTBOPIOE B L€ MOMEHT 3 BEKTOPOM HOPMAIILHOTO
NPUCKOPEHHA a, KyT 0=60°. 3HalTH MMBUAKICT, V 1 TaHTEHIliaJbHE
NPUCKOPEHHS a, TOUYKH.

6. Touka pyXaeThCs 10 TPAMIil 3rigHO 3 piBHAHHAM X=At+Bt’, ne
A=6 wm/c; B=-0,125 m/c®. BusHauntu CEpeHIO MIBUJKICTh <V> TOUYKHU B
IHTepBaJIi Yacy Bix t;= 2 ¢ 10 t,=6 C.

7. MarepianbHa TOYKa pyXaeThCsl NPSMOJiHIHHO. PiBHAHHS pyXy Mae
BUJI X=At+Bt3, me A=3 m/c; B=0,06 m /c. 3HaliTH MBHAKICTE V i
MPUCKOPEHHS a TOYKM B MOMeHTH dvacy t;=0 i t,=3c. Ski cepenni
3HAYCHHS MBUIKOCTI <V, 1 MPUCKOPEHHS <a,> 3a mepiri 3 ¢ pyxy?

8. Huck pamiycom R =0,2 M obepraerbcs 3rifHO 3 PiBHSHHIM
e=At+Bt+Ct}, ne A=3 pax; B=-1 pawc; C=0,1 pax/c’. Busnaunru
TaHTCHIIaJbHE a,, HOPMaJIbHE an 1 MOBHE a NMPUCKOPEHHS TOYOK Ha KOJIi
JMcKa 171 MoMeHTy dacy t=10 c.

9. 3anexHicTh NPOHAEHOrO TiMOM WUIAXY S Bifg dacy t maerscs
piasHEsM S = At — B2 + Ct%, nje 4 =2 wm/c, B=3 m/c® i C=4 wm/c’.
3HaWTH: a) 3aJEKHICTh IIBHAKOCTI V 1 NPUCKOpPEHHS & Bix 4acy t;
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0) BigcTaHb S, MPOWIEHY TLIOM, IIBUIKICTH V 1 MPUCKOPEHHS & 4yepe3 vac t
= 2 ¢ micys moYaTKy pyxy.

10. 3anexHicTh MpOIAEHOro TIIOM NUIAXY S Big yacy t gaerwcs
piBHsAHHSIM S= A — Bt + Ct,ned=6wm B=3wmc i C=2wm/c. 3uaiitu
CepefHI0 IBUIKICTE < V > 1 cepedHe MPUCKOpPEHHs < a > Tina s
iHTepBaNy yacy lc <t <4c.

11. 3anexHicTe MmpoiineHOro TiUIOM WUIAIXY S Bifg vacy t maerncs
piBHsaHHSIM S = A + Bt+ Ct’, ne A =3 M, B=2 wm/c, C=1 m/c’. 3uaiitu
CepeAHI0 MWBHUIKICTh < V> 1 CepeAHE MPUCKOPEHHS < a > 3a JAPYTY i TPETIO
CEKYHJH HOTO PyXy.

12. PiBHSAHHS pyXy MaTepiaabHOI TOUKH (MPOHICHHUI HIISIX X 3a yac t)
Ma€ BUTISIL: x = Af + BfP+ Ct3, me A=5wm/c, B=0,2 Mm/c?, C= 0,1 M/,
Bu3HauuTH MIBUAKICTH TOYKU B MOMEHTH yacy t1=2c¢ i t,=4 ¢, a Takox
CepeHI0 MIBUKICTH B iHTEpBai yacy Bin 1 1o t;.

13. BusHauuTH NUIAX, SIKMH MPOXOJUTH YACTHHKA, IO PYXAETHCS IO
NpAMONiHIMHIN TpaekTopii Bupoxosx 10 ¢, K110 ii MBUAKICT 3MiHIOETHCS
3a 3akoHOM V = 30 + 2t. B MomenT uacy t, = 0, S=0.

14. IlIBuakicTh MaTepiadbHOI TOYKH, IO PYXAEThCS B3MOBXK oci X,
Bu3HavyaeTbes piBHAHHAM V= 0,2 — 0,1 t. 3HaiiT; KOOpIWHATY TOYKH B
MoMeHT yacy t = 10 c, sKII0O B MOYAaTKOBUH MOMEHT dYacy BOHa
3HaXOIMIach B Toulll X,= 1.

15. Pyx paBoX MarepialbHUX TOYOK BHPAXKAETHCH PIBHIHHIMH:
X1=A1+Blt+C1t2 Ta X2:A2+82Z+C7_t2, Jc A1:20 M; A2:2 M; Blz Bg =2 M/C,
C1=—4 m/c?; C,=0,5 M/c®. B sikmii MOMeHT yacy t MIBHIKOCTI IIMX TOYOK
OynyTh OTHAaKOBUMH? BH3HAUNTH MIBUAKOCTI V; 1V, Ta IPUCKOPEHHS 8 1 8,
TOYOK B IIed MOMEHT.

16. Pyx nBOX MaTepialbHUX TOYOK BUPAXKAETHCS PIBHSIHHAMH: X1=
At +Blt2 +C1t3 Ta Xo = Art + thZ +C2t3, e Ai=4 M/C; B =8 M/CZ; C =
16 mM/c® A, =2 M/c; B, =—4 m/c? C, = 1 m/c®. B sxuii MoMeHT gacy t
NPUCKOPEHHS IIMX TOYOK OyAyTh OAHAKOBI? 3HAWTH MIBUAKOCTI Vi 1 Vs
TOYOK B LIEH MOMEHT.

17. Pyx TOYKHM MO NpsMii 3amaHO piBHAHHAM X = At+Bf, ne A
=2m/c; B=— 0,5 m/c’ . BU3HAUNTH CEPEIHIO IBHUAKICTh <V> PyXy TOUYKH B
iHTepBaji yacy Bix t;=1 ¢ mo t,= 3 c.

18. Pyx TouKHM 10 mpsiMili 3a71aHO piBHAHHAM X= At+Br’, ne A= 6Mm/c;
B =— 0,125 m/c>. BU3HAYMTH CEPEHIO MBHAKICTB <V > pyXy TOYKH B
iHTepBaji yacy Bint;=2cmot,=6¢.
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19. 3 Bucotu h=2 M Ha cTaJbHYy IUIUTY BUIBHO MaJa€ KyJibKa Macolo
m=200 1 i migctpubye Ha Bucotry h;=0,5 M. Buznauutn immynsc p,
OJIepKaHUH KyJbKOIO IIPH yIapi.

20. T[Ipu ropu30HTATHHOMY MOJBOTI 31 MBHAKICTIO V=250 M/c cHapsa
Macol m=8 Kr poszipBaBcsi Ha [ABi yacTWHH. bijbla yacThHa Macoro
M;=6 xr omepxana mBHAKICT U;=400 M/c B HampsMi TMOTBOTY CHapsAIA.
Busnaunty Moy b 1 HANPSAM IIBUAKOCTI Uy MEHIIOI YaCTUHU CHApSIAY.

21. 3 Bi3Kka, 10 BUTBHO PYXAETHCS MO TOPU3OHTAIBHOMY LUIAXY 31
HIBUAKICTIO V=3 M/C, B OiK, MPOTWICKHUIA PyXy Bi3Ka, CTpUOAE JIFOIMHA,
Micis YOro IMBHAKICTH Bi3ka 3MIHWJIAch 1 cTajga piBHOIO U;=4 M/C.
Bu3HauuTH TOPU30HTANIBHY CKIIJOBY IIBUAKOCTI Upy CTPHOAIOUOT JTIOIUHH
BigHOCHO Bi3Kka. Maca Biska m;=210 kr, maca mroquHu my,=70 K.

22. Tapmara, >KOpCTKO 3akpiluleHa Ha 3ali3HWYHIA Tmuatdopmi,
BUKOHYE TOCTPIJI Y3/I0BX TMOJIOTHA 3ai3HOI A0poru mix kytom o=30° 1o
miHIl TOpU30HTY. BH3HAYNTH IIBHIKICTH U, BIAKOYYBaHHA ILTaT(OpPMHU,
SKIO CHAapsia BwWiiTae 3 mBHUAKICTIO u;=480 M/c. Maca maTdopmu 3
rapMaroro i cHapsimamMu m,=18 T, Maca cHapsiga m;=60 Kr.

23. JlBa omHakoBuX 4OBHH Macamu 1mo m=200 kr koxeH (pa3oMm 3
JMIOQWHOIO 1 BaHTWKaMH, IO 3HAXOMIThCS B YOBHI) PyXalOThCS
napaielbHUMH  KypcaMH Ha3yCcTpid OJWH OJHOMY 3 OJHAaKOBHUMH
mBuAKOCTAMH Vv =1 M/c. Koy 40BHHM MOPiBHSUINCH, TO 3 IEPIIOTO YOBHA HA
JOpyruil i 3 Jpyroro Ha NepLUIMKA OJHOYACHO NEPEKUAAIOTH IPY3U MacaMH I10
m;=20 kr. BusHauMTH MIBUAKOCTI U; 1 Uy YOBHIB MICJIS TEPEKUIAHHS
BaHTaXIB.

24. BuzHauMTH IMITyIBC P, OJEPKAHUN CTIHKOIO TpU ynmapi o0 Hei
Kynbkd Macoro m=300 r, Ko KyJIbKa pyXaiachk 3 MIBUIKICTIO V=8 M/C Ti]l
KyToM 0:=60° 10 MJIOIIMHU CTIHKK. YAap 00 CTiHKY BBaXXaTH MPYKHUM.

25. Ha mimo3i cToiTh Bi30K y BUIJIAAI JOBroi JOIIKH, OCHAIIEHOT
JISTKUMH Kojiecamu. Ha ogHOMY KIHIII JOIIKH CTOITh JitoguHa. Maca
JoarHd my=60 kr, Maca JOmKH m,=20 Kr. 3 KO IIBHAKICTIO U
(BimHOCHO miayiory) Oy/ie pyxaTHCs Bi30K, SKIIO JIFOAMHA TIiJIe B3IOBXK HeEl
31 MBUAKICTIO (BIIHOCHO JOmIKM) v =1 M/c? Macow KOJiC 3HEXTYyBaTH,
TEpTSl HE BPaxOBYBATH.

26. CHapsan, mo netis 31 mBuakicTio v=400 M/c, poszipBaBcs Ha ABa
yiiaMkd. MeHIUK yJaMoK, mMaca skoro ckiagae 40% Big Macu cHapsay,
MOJIETIB y 3BOPOTHOMY HampsMi 31 mBuAKicTIO w;=150 m/c. BusHauutu
MIBUJIKICTB U, OUTBIIOTO yIaMKa.

27. YV migpinieHy Ha HUTII goBxkuHOIO | = 1,8 M neper’sHy chepy
Macol mM;=8 Kr BIIyYa€ KyJisi Macor m =4 T, IO JIETUTh TOPU3OHTAILHO. 3
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SKOIO IIBUAKICTIO JIETiNIa KyJId, SIKIIO HUTKA 3 ceporo i Kylero, oo B Hil
3acTpAria, BIIXWIWIAcS Bi BEepTHKaM Ha KyT o=3°. Po3mipom chepu
3HEXTyBaTH. Yap KyJi BBOKaTH MPAMUM, HCHTPAIbHUM.

28. Tlo HeBemukOoMy WIMAaTKy M’SIKOTO 3aii3a, IO JICGKUTh Ha
HakoBaibHI Macoro m;=300 Kr, yaapsie MOJIOT Macoro m,=8 Kr. BusHaunTn
KK n ynapy, skmo yaap He mnpyxH#HA. KOpucHOI0O BBaXaTw €HeEprilo,
3aTpadeHy Ha aedopmarito mmMarka 3aiiza.

29. Kynsa macoro m; = | Kr pyxaerbesi 31 MIBHAKICTIO Vi=4 M/C i
3IIITOBXYETHCS 3 KYJICI0 MAacOI0 M,=2KT, IO PyXa€eThcs Ha3ycTpid oMy 3i
MIBUAKICTIO V,=3 M/c. SIKi MIBHAKOCTI U; 1 Up Kynb Tichs ymapy? Ympap
BBa)KaTH a0COIOTHO MPY>KHUM, TIPSIMHUM, [IEHTPATbHUM.

30. Kynms macoro my=3 Kr pyxaeTbCs 31 MBHIKICTIO Vi=2 M/C 1
3IIITOBXYETHCS 3 KYJICIO MacOl mM,=5 KI, L0 3HaXOIUThCA B CTaHi
criokoro. Slka poGorta Oyne 3milicHeHa mpu Aedopmaiii Kynb? Ynpap
BBa)KaTH aOCOJIOTHO HE MPYKHUM, IPSMUM, ICHTPAJIbHUM.

31. Bwusnauutn KK/I n He npyxHoro ynapy 6oiika macoro m;=0,5 T,
Majaryvoro Ha caro Macoro m,=120 kr. KopucHO0 BBakaTu €HEPrilo,
3aTpaveHy Ha 3a0MBaHHS CBai.

32. Kyns macoro my=4 Kr pyxaeTbCs 31 MBHIKICTIO Vi=5 M/C 1
3IITOBXYETHCS 3 KYJCI0 Macor M,=6 KT, IO PyXaeTbcs il Ha 3ycTpiv 3i
MIBUAKICTIO V=2 M/c. BU3HAYWTH MIBHIKOCTI U; i Uy KyNIb ICIS ynapy.
Y nap BBaxkatu aOCOIIOTHO NPY>KHUM, IPSMHUM, LICHTPAIbHUM.

33. Baron macoro m=35 T pyxaerbcs Ha ymop 3i mBUAKICTIO v=0,2
M/c. [lpu moBHOMY raibMyBaHHI BaroHy Oy¢epHi NpPyKWHH CTHCKAIOTHCS
Ha =12 cm. Busnauutu makcumanbHy cuily Fpax CTHCKY OydepHHX
NPY>KUH 1 TPUBATICTH At TaTbMyBaHHSI.

34. Kyns macoro m; = 5 Kr pyxaeTbcs 31 MIBHAKICTIO Vi =1 M/c i
3IITOBXYETHCS 3 KYJICIO, IO 3HAXOJUTHCS B CTaHI CIHOKOI Macor mp = 2
Kr. Bu3HauuTH mBHIKOCTI Uy 1 Uy Kynb Tichs yaapy. Yaap BBaKaTh
a0COITIOTHO TIPYKHUM, MPSIMUAM, LEHTPATBHIM.

35. Yosen poxuHO0 |=3 M 1 mMacoro m = 120 kr croiTh Ha
criokiltHi# Bosi. Ha HOCI 1 KOpMi 3HaXOASThCS Ba prOanku Macamu m;=60
Kr 1 mp=90 kr. Ha ckiJibki 3MICTUTBCS YOBEH OO0 BOIH, SKIIO pUOAKU
MOMIHSIIOTBCS MiCIISIMU?

36. IDmit macoro m;=150 kr i moexunoro |=2 M miaBae Ha Bomi. Ha
IJIOTY 3HAXOIUTHLCS JIIOAMHA, Maca Kol my,=80 Kr. 3 KO0 HANMEHIIIO0
HIBUAKICTIO V 1 MiJ SIKUM KyTOM 0 10 IUIOU[MHM TOPU30HTY IOBHUHHA
CTpUOHYTH JIIOJMHA Y3[JOBXK IJIOTA, 100 MOTPAUTH Ha HOTO MPOTHUIIEKHUN
Kpan?
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37. Ha xymo mMacorw m;=5 Kr, II0 3HAXOJUThCSA B CTaHI CIOKOO, 3i
HIBUIKICTIO V,=5 M/C HaJliTae KyJsi Macor m,=3 kr. Hampsim pyxy mpyroi
KyJi 3MIiHHBCS Ha KyT 0=45°. BU3HAUWTH MIBUIKOCTI U; 1 Uy KyJib IiCHS
yzapy, BBa)Kal04n HOro abCONIOTHO MPY>KHAMH.

38. ATOM poO3mamacThes HA ABi 4acTHHH Macamu m;=1,6-107 kr i
m,=2,3- 10"%° kr. Bu3HAYNTH KiHETHYHI eneprii T;1 T, gacTuH atoma, SKIIIO
ix 3arampHa KimernmuHa exepris T=2,2-10"" Jx. Kinerndmoro enepriero i
IMIYJIbCOM aToMa JI0 POo3Maay 3HEXTYBaTH.

39. Ha ckinbku 3MICTHTBCS 100 Oepera YoBeH A0BkHUHO0 1=3,5 M i
Macoro m;=200 Kr, SKIo JIoAuHa Macor my,=80 KT, IO CTOITh Ha KOPMI,
nepeMicTuTbcs Ha Hic 4YoBHAa? BBaxkatn YoBeH  PpO3MILCHUM
NepreHIUKYIApHO A0 Oepera.

40. Moot mMacoro m = 20 Kr, migHsTHi Ha BucoTy h = 1,2 M, BiIBHO
najgae Ha KOBA/II0. 3HAUTH CEpeIHIO CHIIY yAapy MOJIOTa B KOBAJUIO, SIKIIIO
yaap He MPYXHHA, a TpUBaITicTh yaapy At = 0,005¢?

41. 3 sgKOW0 MIBUAKICTIO V; MOBHHHA JICTITH KYJS Macor M; = Ikr,
00 micys 11 yaapy 00 Bi30K 3 MICKOM, SIKUW CTOITh Ha peiikax, Bi3OK JiCTaB
mBUAKICTE U = 2 cm/c? Maca Bi3ka M, = 30 Kr, Kymsd pyXaeTbcs
napajelbHO JI0 PEHOK, yaap MOBHICTIO HE TIPY>KHUH.

42. JIBi omHakoBUX IUTAaTGOPMHU PYyXarOThCS OJHA 3a OAHOIO (0e3
TEepPTS) 3 ONHIEI 1 Ti€l0 3K IMBUAKICTIO V,. Ha 3amgHiii mumatdopmi
3HAXOJUTHCS JIIOJJMHA Macoro M. B meBHMI MOMEHT JIIO/IMHA TTepecKOYHIIa
Ha TepeHio IiardopMy 3i IIBHAKICTIO U BiJHOCHO CBO€I IIaT(OPMH.
3Haro4H, Mo Maca KOXXHOI TIaThopMu ITOpiBHIOE M, 3HAUTH IBUAKOCTI, 3
SKUMH OYIYyTh PyXaTHUCh OOHIBI TIaT(HOPMH TICIISI CTPUOKA JIFOTUHH.

43. Ha kpato Hepyxomoi mnargopmMu mMacu M 3HAXOOUTHCS IBOE
Trofiel, Maca KOXHOTO 3 HUX JIOpiBHIOE M. HexTyrouwm TepTsM, 3HaAHTH
MBUAKICTh TUIATGOPMH TIiCIsA TOTO, SIK 000€ IoJeil 3ickouaTh 3
OJTHI€IO 1 Ti€I0 K TOPU3OHTAIHLHO MIBUAKICTIO U BiTHOCHO IiaTdopmu: a)
OJIHOYACHO; 0) OJIMH 32 OJTHHM.

44. Ha mnnardopmi yctaHoBieHO Oe3BigKaTHy rapmary, 3 SKOi
POOUTBCS TTOCTPiN B3AOBXK 3aTi3HMYHOTO TMOJIOTHA TIiA KyToMm o = 45° 10
TOPH30HTY. BM3HaUNTH MOYAaTKOBY IIBUIKICTH CHAapsAY, SKIIO BiJOMO, IO
micns mocTpiny minatdopma  BiakoTHiach Ha Biactanb S = 3 M. Maca
wiaThopMu 3 rapMaToro
M = 2.10° kr, mMaca cHapsry M = 10 kr, KoeillieHT TepTs KOUEHHs Mix
Kosrecamu TutaTdopmu i petikamu k = 0,002.

45. SIka enepris minma Ha JedopMalilo JBOX KYyJbOK MacaMu
m; = M, = 4 Kr, WO 3iTKHYJHCA, SKIIO BOHM PYyXaJHCh Ha3ycTpid OAHA



29
onHil 31 mBUAKOCTSIMU Vi =3 M/c i V,=8 M/c, a ymap OyB mpsiMuil i He

MPYKHUM.
46. JIBi xyni macamu m; = 0,2 kr i m, = 0,8 kr, miaBiNIeHi Ha JBOX
mapajielbHAX HUTKAaX JOBXHHOIO | = 2 M, JOTHKAIOTHCA OIHA IO OJHOL.

MeHnma Kyiis BigBoauThest Ha KyT oo = 90° BiJ MOYATKOBOTO TIOJOKEHHS i
BiZITyCKAa€THCS. 3HANTH MIBUIKICTD KyJIb MIiCIs 3iTKHEHHS, BBAYKAIOUU yJap
aOCONMIOTHO HempyXKHUM. flka YacTMHAa MEXaHIYHOi eHeprii mize Ha
HarpiBaHHS KyJb?

47. Tlicns BuOyXy rpaHaTd, WO JieTila 31 MBHAKICTIO V = § M/c,
YTBOPWIIMCH ABa OCKOJIKH. OCKOJIOK, Maca sikoro cranoBuna 0,3 Bim macu
rpaHaTd, IpOAOBXKYBaB pPyXaTHCh Y IONEPEIHbOMY HANPSAMKY 31
mBUAKICTIO V; = 30 M/c. BU3HAUNTH MIBUIKICTH APYTOTO OCKOJIKA.

48. Ha migHiXXKKy BaroHETKH, IO PYyXae€ThCS NPSMOJIHINHO 31
HIBUIKICTIO V = 2 M/c, cTpubae oguHa Macoo M = 60 Kr y HampsMKy,
MEPHEHANKYIAPHOMY A0 XOAy BaroHeTku. Maca Baronetku M = 240 xr.
Bu3Ha4MTH MIBUIKICTH BATOHETKH PAa30M 3 JIFOJAUHOIO.

49. JIa yoBHuM Macoo M = 100 Kr KokeH igyTh MNapaieilbHUM
KypcoM Ha3yCcTpid OJWH OJHOMY 3 OJHAKOBOIO IMBHKICTIO V = 5 m/c. Komn
YOBHHU 3YCTPIYAIOThCS, 3 MEPUIOr0 YOBHA Ha JPYTHd MEpEeKUIaroTh

BaHTaX Macol M = 25 kr, a MmOTiM 3 Jpyroro 4YoBHa B MeEpUIMN
MIEPEKUIAI0Th TAKUH )K€ BaHTa)X. BU3HAYNTH IIBUIKOCTI YOBHIB.
50. Jlitak s 37p0Ty MOBMHEH Marth MmBUAKICTE V = 100 wm/c.

BuzHaunTH 4ac po30iry i IpUCKOPEHHS, KO JOBXHHA po30iry S = 600 M.
Pyx niTaka npu mboMy BBa)KaTH PiBHOTIPHCKOPEHUM.

51. ABTOMOOINE pyXaerbcs 31 MBHAKICTIO V; =25 m/c. Ha momixy
S =40 M NPOBOJIUTHCS rajlbMyBaHHS, MICJIs SKOTO MIBUAKICTh 3MEHIIINAIACH
o V; = 15 m/c. BBaxkatoun pyx aBTOMOOUIS PiBHOCTIOBIIBHEHUM, 3HAUTH
MOJYJb IPUCKOPEHHS 1 Yac rajJbMyBaHHS.

52. BusHauWTH dYac MigHIMaHHS JipTa y BUCOTHOMY OYIWHKY,
BB2)KAIOUM HOr0 pyX MpU PO3TOHI 1 TajJbMyBaHHI pIBHO3MIHHUM 3
NPUCKOPEHHAM & = 1 M/c”, a Ha cepedHid AUNSHII — PIBHOMIPHHM i3
HIBUAKICTIO V = 2 m/c. Bucota migiiomy h=60 M. BuzHauuTH MOYaTKOBY
HIBHJIKICTh TiJla, KWHYTOT'O BEPTHKAILHO BrOpYy, SKIIO BIJIMITKY BHCOTH
h=60 M BoHO mpoxoamio ABiYi 3 MpoMikkoM vacy At=4 c. Omip HoBiTps
HE BpPaxOBYBAaTH.

53. Tino, KWHyTEe BEPTUKAILHO BHHU3 3 MOYATKOBOIO IIBHIKICTIO Vo
=19,6 m/c, 3a OCTaHHIO CEKYHaYy NMpoWnuio N=1/4 yacTuHYy BCHOTO ILIAXY.
Bu3sHaunTH yac majiHHsA Tijia 1 HOTro KiHIEBY IIBHJIKICTb.
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54. Bu3HauUMTH KyTOBE HMPUCKOPEHHS MaXOBHKa, YaCTOTa OOEpTaHHS
akoro 3a vac 3aidcHenHss N = 20 moBHUX 00epTiB 3pocia piBHOMIPHO Bix
n;=1 06/c mo Ny =5 o06/c. Juck pamiycom I = 10 cm, 110 3HAXOAMBCS B CTaHi
CIIOKOI0, TToYaB 00epTaTHCs 3 MOCTIHHUM KyTOBHM HpUCKopeHHsM & = 0,5
pan/c. 3HalTH TaHreHUiaJdbHE @, , HOpMaJIbHE 8, i MOBHE MPHUCKOPEHHS
TOYOK Ha 0001 JUCKa B KiHII IPYToi CeKYH/IH IICIS MTOYaTKy OOepTaHHS.

55. Jluck oOepraeThCs 3 KYTOBHM MPHCKOPEHHSIM & = —2 paj/c.
Ckinpku 00epTiB N 3p0oOHUTH THUCK TPH 3MiHI 9acTOTH oOepTaHHSA Bim Nj =
4¢t no n,=1,5c¢ . 3uaiiti yac t, MpOTATrOM SIKOTO 1€ CTAHETHCS.

56. Koueco obepTaeThest 3 KyTOBUM MPUCKOPEHHAM & = 2paj/c. Uepes
gyac t = 0,5 ¢ micnd movaTtky pyxy MOBHE NPHUCKOPEHHS TOYKH, IO
3HAXOUTHCS Ha 06011 Koreca a =13,6 cm/c’. 3uaiiTu pagiyc R xoeca.

57. Touka pyxaerscs mo komy paxiycoM R = 10 cm 3 mocriitHUM
TaHTEHIIaJbHAM TPUCKOPEHHAM a.~ 5 cm/c. UYepe3 skuit dHac micis
NOYaTKy pPyXy HOPMaJbHE NPUCKOPEHHS TOYKM Oyzae [OpiBHIOBATH
TaHTCHIIaTbHOMY?

58. Tloxwia IUIOIIMHA, IO YTBOPKOE KYT O 25° 3 IUIOLIMHOIO
ropu3oHTy, Mae jgoBkuHy | = 2 m. Tino, pyxaw4uch piBHOIPHUCKOPEHO,
31CKOB3HYJIO 3 IIi€i TiomuHu 3a 4ac t =2 ¢. BusHauutu koedirtieHT Tepts K
Tija i IJIONIMHH.

59. UYepes HepyxoMuil OJIOK NEpeKWHYTa TOHKAa HEPO3TSHKHA HUTKA,
Ha KIHISX gKOI IMiABinIeHi aBa BaHTaxl mMacamu M; = 200 r 1 m, = 300 r.
Sxnit mmsx mpoiime KokeH 3 BaHTaxiB 3a 1 c¢? Beaxkaru, mo Omox
o0OepTaeThcs 0e3 TepTs. Macoo 0J10Ka 3HEXTYBaTH.

60. Illo6 Bu3HaunTH KOedimieHT TepTss K MK JAepeB'sTHUMH
MTOBEPXHSIMH, OPYCOK TOKJIAK Ha JIOMIKY 1 CTaly MiIHIMATH OJUH KiHellb
JIOUIKH JIOTH, JIOKU OPYCOK He To4yaB KoB3aTu 1o gomri. Lle cramocs, konn
KyT Haxwjly JOIIKH cTaHoBuB o = 14°. Yomy nopisnroe k ?

61. Aepocrar Macoro M = 250 Kr TO4YaB OIyCKAaTUCh i3
npuckopertsM a = 0,20 m/c’. Busznauntn Macy GamacTy, Ky MOTPiGHO
CKUHYTH 3a OopT, mo0 aepocTaT oJepKaB Take K NPUCKOPEHHS,
crnpsimoBaHe Bropy. Ormopom moBiTpsi 3HEXTYBATH.

62. B HmKHIN TOYI[I MEPTBOI METJIi PEAKTUBHUI JIITAK PyXaeThes 3i
mBuakictro V.o = 1200 km/rox. Bu3HauuTH, SKOTO TNEpEBAaHTAKEHHS
(BIJHOIIICHHS CHJIM TUCKY Ha CHIIHHS J0 CHJIHM TSOKIHHS) 3a3HA€ IMJIOT,
SIKIIIO JiaMeTp neTiti 1 Km.

63. Hepyxomuii Onok minBimeHuil no auHamomerpa. Yepe3 Oiok
NEPEeKUHYTHH HEBaroMuil LIHYp, Ha KIHIMX SKOTO YKpIiIUIEHI BaHTaxi
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MacamMu M;=2 kr i My= 8 kr. SIkum Oyzae Moka3 AUMHAMOMETpa MpPH Pyci
BaHTaXiB?

64. JIBi rupi, sKi MarOTh Macu M= 3 Kr 1 My= 6,8 Kr, BUCATh Ha
KIHIIX HHTKH, TCPeKHHYTOi dYepe3 Hepyxomuid Omok. Jlerka rups
3HAXOAUTHCS Ha 2 M HIK4Ye Bifg Baxkkoi. ['mpi mowamm pyxaTtuch 0e3
moyaTkoBoi mBUAKOCTI. Yepe3 skuii yac BOHHM OyAdyTh Ha OJHAKOBIii
BHUCOTI?

65. Kumite Baroro P =3-10H migHiMaeTbCsi 3 MPHCKOPEHHSM a =
0,49 wm/c. BusHauuTH cuIy HaTATy KaHaTy, 3a JOMOMOIOI0 SIKOTO
MigHIMAEThCA KIiTh. SIKOIO Oyle cuia HaTATY KaHATy 3a PiBHOMIPHOTO
PYXy KIIiTi Bropy i BHH3?

66. ABTOMOOINB, Maca sikoro M = 1000 xr, pyXa€eTbcs 31 MIBUAKICTIO

= 36 KM/TOJ] IO OIMYKJIOMY MOCTY, paliyc KpUBHHHU sikoro R = 50 m. 3
SKOIO CHJIOIO THCHE aBTOMOO1JIb Ha cepeuHy MocTy? 3 SIKO0 HaliMEHIIO0
MIBUKICTIO V, Ma€ PyXxaTHUCh aBTOMOO1b, 00 Y BEPXHii TOUIII BiH 30BCIM
HE TUCHYB Ha MicT?

67. Kympka macoro m = 20 T mpuKpimieHa 10 KiHISM HEBaromMoro
cTpwkHs noBkuHOIO | = 40 cMm, skuil pPIBHOMIDHO 00EPTAETHCS Y
BEePTHKAIIbHIN TUIOMIMHI JTOBKOJIA 1HIIOTO KiHI, poomstun 10 obepriB 3a
CEKYHAy. 3HaWTH CHITy HATATY CTPWKHS, KOJH KyJIbKa IPOXOJUTh BEPXHIO 1
HIDKHIO TOYKY CBOET TPAa€eKTOPIi.

68. 3 moxwnoi miuommHM BHCOTOO h=3 M 3ickoB3ye 0e3 TepTs Tilo
macoro m=0,5 kr. Busnauntu 3mMiHy Ap iMITyJIbCy Tina.

69. Kyns macoro m;=2 Kr 3iIITOBXYETHCS 3 KyJIel0 OUTBIIOT MacH, 10
3HAXOJUTHCS B CTaHI CIIOKOIO 1 TpU BOMY BTpadac 40% KiHEeTU4HOI
eHeprii. Busnauntu macy m, Oinbmioi Kymi. Yaap BBakaTh aOCONIOTHO
NPY>KHUM, TIPSMHUM, TICHTPATbHUM.

70. Yacrunka Macoio m; = 4-10° r 3imITOBXYyeThCA 3 YACTHHKOIO
Macorw m, = 10 I, 1110 3HAXOJUTHCS B CTaHI CIIOKOIO. BBa)kaTu 31TKHEHHS
abCOIIIOTHO TPYXKHHUM, BU3HAYMTH MaKCHMaJbHY BiTHOCHY BTpaTy €Heprii
[EPILO] YACTKHU.

71. BusHaunTH poOOTY PO3TATY ABOX 3’ €IHAHUX IOCIiZOBHO NPYKUH
3 xoperkocTsamu K;1=400 H/M 1 k,=250 H/m, skimo nepiia npyxuHa MpH
IbOMY po3TsATHYyIacs Ha Al=2 cwm.

72. 3 nyna aBTOMAaTU4HOTO MICTOJETY BHUJIETiNa Kyist Macoo My=10 r
31 mBuakicTio v=300 M/c. 3aTBOp MICTOJIETY MAacCOI m;=200 r
NPUTHCKAETHCS JI0 JIyJia MPYKUHOM, JKOPCTKICcTh sikoi k=25 kH/m. Ha sy
BiZICTaHb Bifiiae 3aTBOp micis nmoctpiny? BeaxkaTu, 110 HiCTOJIET KOPCTKO
3aKPIIUICHUH.
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73. Tpyxwuna xopctkictio k=500 H /m ctucnyra cmioro F=100 H.
Busnauntu poGoTy A 30BHINIHBOI CHJIM, IO JOAATKOBO CTHCKAE IO
npyxuny me Ha Al=2 cm.

74. JIBi mpyxwuan sxopctkictio k;=0,5xH/m 1 k,=1xH/m 3’emnani
napanenbHo. BusHaunTH moteHHidHy eHeprito I nganoi cuctemu mnpu
abcomoTHi# gedopmariii Al=4 cm.

75. Sy Tpeba BuKOHaTHm poOOTY A, MO0 CTHCHYTY Ha X=0 CM
npyxuHy xxopcTkictio k=800H/m, nonaTkoBo cTucHyTH Ha AX=8 cM?

76. SIkmo Ha BepxHi KiHEIb BEPTHKAILHO PO3MILICHOI CIipatbHOI
IPY)XUHU TIOKJIACTH BaHTaXX, TO MpPYXHWHa CTUCHEThCsl Ha Al=3 mm. Ha
CKIJIBKHM CTHCHE MPYKWHY TOH K€ BaHTaX, IO BIaB Ha KiHEIb NPYKUHH 3
BUCOTH h=8 cm?

77. 3 mpYXUHHOTO MICTONETY 3 MPYXUHOI kopcTkicTio k=150 H/m
OyB 3IiMCHEHHUI MOCTPIN KyJIer Maco m= 8 r. Bu3HaunTH MBHIKICTH V
KyJli TIpH i1 BUJIBOTI 3 MICTOJETY, SKIIO NpYyXKUHA Oyla cTUCHYTa Ha Ax=4
CM.

78. HaneriBmm Ha npyXuHHUA Oydep, BaroH mMacoro m=16 T, mo
pyxaBcsi 3 MBHAKICTIO v=0,6 M/C, 3yNHMHUBCS, CTUCHYBIIW IPYXUHY Ha
Al=8 cM. 3HaliTH 3arajabHy JKOPCTKICTh k mpyxunu 0ydepy.

79. BusHauWTH WBHIKICTh TOCTYMAIbHOTO PYXy CYIILIBHOTO
LMWITIHJPA, 110 CKOTUBCS 3 IOXWIIOT IUIOMUHN BHCOTOIO h=20 cM.

80. ToHKOCTIHHMI HWIIHJIP, Maca IKOro m=12 Kr, a AiaMeTp OCHOBH
D=30 cm, obepTaeThes 3riaHo 3 piBHAHHAM @=A+Bt+Ct’, ne A=4 pax; B=-
2 pan/c; C=0,2 pau/cs. BuszHaunTi mirounii Ha IUITIHAP MOMEHT cuil M B
MOMEHT 4acy t=3 c.

81. Ha o006ix maxoBuka miametrpoM D=60 cM HamMOTaHHWi#l IIHYp, IO
KIHIA SKOTO TPHB'S3aHUA TATAp Macow m=2 Kr. BuU3HAYUTH MOMEHT
iHepiii J MaxoBuKa, SKIIO BiH, 00EPTAIOUNCH PIBHOIIPUCKOPESHO IiJ| €0
CHWJIM Bard BaHTaXy, 3a 4ac t=3 ¢ OTpUMaB KyTOBY IIBUJKICTh 0=9 paj/c.

82. Hwurka 3 npuB’si3aHUMH 110 1i KiHIIB TATApIsIMU Macoro m;=50 T i
m,=60 T nepexuHyTa yepe3 010k giamerpom D=4 cm. Busnauutu MomMeHT
iHepiii J Oyioka, KO MiJ JI€F0 CHJIM Bard Ba)KeJiB BiH OTPUMAaB KYTOBE
npuckopenns e=1,5 paz/c’.

83. CrepxeHb 00epTa€eTHCSI HABKOJIO OCi, IO MPOXOIUTH Yepe3 HOro
cepenmHy, 3rigHO 3 piBHsHHSM (=At+Bt’, 1e A=2 pan/c; B=0,2 pax/c’.
BusHaunti 00epTOBHII MOMEHT M, Iit0UMii Ha CTEPXKEHb uepe3 t=2 ¢ micis
10YaTKy 06EpTaHHs, SKIO MOMEHT iHepuii crepxHs J=0,048 kr-m°.
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84. Tlo ropu3OHTaNbHIM IUIOCKIA TOBEpXHI KOTHTHCS JAWUCK 3
MIBUAKICTIO V=8 M/c. BuzHaunTh KOe]illieHT Ormopy, SKIIO0 JUCK CaM IO
co01 3yNIHHUBCS, TPONIIOBIIN TUIAX S=18 M.

85. BusHauMTH MOMEHT CHIM M, SKHH HEOOXIAHO IPUKIACTH 10
Oyioka, mo oOepTaeThcsl 3 YacTOTO nN=12 ¢?, mo6 Bin 3YIMUHUBCS
npotsroM dacy At=8 c. Jliamerp Omoxka D=30 cm. Macy Oioka m=6 Kr
BB)KATH PIBHOMIPHO PO3TOAIICHOIO 110 000Ty.

86. bnok, mo mae ¢popmy nucka macoro m=0,4 Kr, 06epTaEThCA Mif
JUEI CWIM HATATY HUTKU, JIO KIHIB SIKOI MiJABIIICHI BaHTaXi MacaMu
m;=0,3 kr 1 my=0,7 kr. BusHaunTt cum Ty 1 T, HaTATY HUTKH TIO OOMIBA
0oku OJ0Ka.

87. Ha kparo mmatrdopmu y BHUIUISAI AMCKA, IO OOEPTAETHCS IO
iHepIIii HABKOJIO BEPTHKAIBHOI OCi 3 YACTOTOIO N;=8 XB™, CTOITh JIIOJMHA
Macoro m;=70 kr. Konm monuHa mepeinia B meHTp IuiaThopMu, BOHA
crama obepratucs 3 YacToTor0  ny=10 xB?. BusHauntn Macy mjy
mwiarpopmu. MoOMEHT iHepmii JIOJUHW  pO3PaxOBYBaTH  SK LIS
MaTepiadbHOI TOUKH.

88. Ha xpai nepyxomoi naBu JKykoBcbkoro miamerpom D=0,8 M i
Macol m;=6 Kr CTOITh JoAWHA Macorw my,=60 Kr. 3 SKOI KyTOBOIO
MIBUAKICTIO ® TOYHE OOepTaTHcs JiaBa, SKIO JIIOJWHA CIiliMae M’s4a
macoro m=0,5 kr, mo netuts a0 Hei? TpaekTopis M’sida TOPU3OHTAIBHA 1
MPOXOJUTh Ha BiacTani r=0,4 M Bix oci napu. lIBuaKicTh M’siya V=5 Mm/C.

89. JlromuHa croith Ha naBi JKYKOBCBKOTO 1 JEpXKHUTh B pyKax
CTEp)KEHb BEPTHKAJIBHO B3JOBXK OCi 00epTaHHs jaBu. CTEp)KEHb CIYKHUTb
BicCI0O 00EpTaHHS KoJjieca, PO3MIIICHOI0 Ha BEPXHBOMY KIiHII CTEPIKHI.
JlaBa Hepyxoma, koieco oGepraetbcst 3 wactortoro m=15 ¢, 3 skoro
KyTOBOIO IIBHIKICTIO ®; Oyae oOepraTucs jaBa, SIKIIO JIOAWHA MOBEPHE
cTepkeHb Ha KyT ¢=180° 1 KoOJleCO ONUHUTBHCS HA HIKHBOMY KIiHIII
crepxxus? CymMapHuii MOMEHT iHepuil MouHY i MaBu J=8 kr-M°, pajiyc
koneca R=25 cm. Macy m=2,5 kr koieca MOXHa BBa)XaTH PIBHOMIPHO
po3noniieHow no odoxy. BaxkaTu, mo HeHTp Mac JIIOJMHU 3 KOJIECOM
3HaXOJUTHCS Ha OCI IIaT(HOPMH.

90. Ha naBi JKyKOBCBKOro CTOITH JIIOJMHA 1 TPUMAaE B pyKax
CTep)KEHb BEpPTHKAaJIbHO MO oci oOepTaHHs JsaBu. JlaBa 3 mrOAWHOIO
o0epTaeThcsi 3 KYTOBOK INBUAKICTIO ®;=4 paj/c. 3 SKOW KyTOBOIO
HIBHJKICTIO ®, Oyne oOepraTucs jaBa 3 JIFOJUHOIO, SKIIO MOBEPHYTH
CTepXKEeHb TaK, 100 BiH 3allHSIB TOPU3OHTANbHE NONOXeHHS? CymapHHUM
MOMEHT iHeprii moxuuu i naBu J=5 kr-m’. JoBkuHa crepxus I=1,8 M,
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Maca m=6 Kr. BeaskaTu, o LEHTp Mac CTEp>KHS 3 JIOAMHOIO 3HAXOIUTHCS
Ha OCi IaTOPMH.

91. Inardopma y BUrisLAi qucka niamerpoM D=3 M i Macoro m;=180
KI MOXe o0epTaTHCS HaBKOJO BEPTHKAIBHOI OCi. 3 SKOI KyTOBOIO
HNIBUJKICTIO 1 Oyne obepratwcs ns riardopma, sSKIio mo ii kparo mife
JoIHA Macoro my=70 Kr 3 mBHIKicTio v=1,8 M/c BimHOCHO TIaTdhopmu?

92. Inardopma, mo Mae GhopMmy JHMCKA, MOXKE 0OEpTaTHCS HABKOIO
BepTukanbHoi oci. Ha kpato mnardopmu ctoite moauna. Ha skuii kyT @
MOBEPHETHCH TUIATGOpMa, SKIO JIOAMHA ITiJIe B3IOBXK KPar TIAaThOPMH i,
oOilmoBmM {i, TOBepHEThCA y BuXimHy (Ha miardopwmi) Touky? Maca
wiatpopmu  m;=280 kr, mMaca moguHH mMp,=80 kr. MoMeHT iHepuii
JIIOIMHYU PO3PaxOBYBATH SIK JIsl MATEPiabHOT TOUKH.

93. Kynpka macoro m=60 T, IpuB’s3aHa J0 KiHIS HATKH JOBXKHUHOIO
l=1,2 ™, obepraeThCs 3 YACTOTOW N;=2 c'l, CIIUPAIOYUCh Ha
TOPU3OHTANBHY TUIONIMHY. HHTKa CKOpOUyeThCs, HAOIMKAIOUN KYJIBKY 10
oci obepranns 10 BigcTani 1,=0,6 M. 3 KO0 YaCTOTOIO N, Oy/e MPHU IBOMY
obepratucs Kympka? Sky poboTy A 3miiiCHIOE 30BHIIIHS CHIIA,
YKOpOUyIo4r HUTKY? TepTsaM KyJIbKH 00 MIIOMIMHY 3HEXTYBATH.

94. Tlo ngoTW4HINM 1O IIKiBa MaXOBUKA y BUIJISIAI JUCKA JiaMETPOM
D=75 cm i macoro m=40 kr npukinagena cwia F=l kH. Busnaunt kytose
MPUCKOPEHHS 0 1 4acTOTy 0O0epTaHHS n MaxoBHKa 4epe3 yac t=10 ¢ micns
noyatky JIii cuid, SKIO pajaiyc r mkiBa piBHuE 12 cM. Cuioro tepts
3HEXTYBAaTH.

95. Hwuninap miamerpom D = 12 cM, mo mae macy m = 3 KT, JIEKUTh
0OOKOBOIO TMOBEPXHEI HAa TOPU3OHTAIBHIN IUIOIIMHI. BU3HAYUTH MOMEHT
iHepuii HWIIHApa BIAHOCHO OCI, IO IPOXOJUTH IO JIHII KOHTaKTy 3
TUTOIUHOTO.

96. OOuMCIUTH MOMEHT iHEpIil TOHKOTO 00py4a pagiycoM I = 0,5 M i
Macor M = 3 Kr BiJHOCHO OCi, IO MPOXOJWTh Yepe3 KiHelb jJiamerpa
NEPICHIUKYISPHO A0 MIIOIIMHE 00pyYa.

97. BusHauuTH MOMEHT iHepHii CywiibHOI Kyni macor M=10 kr i
pamiycom R = 0,1 M, BIIHOCHO OCI, JOTHYHOI 10 KYIIi.

98. BusHauntH MOMeHT iHepuii 3emii BIIHOCHO oOci oOepTaHHS,
BBaKAKOUH ii KyJero pagiycom R = 6400 km i macoro M = 6-10%* k.

99. Mo oboxmy OgHOpPIOHOTO CYLiNBHOro aucka pagiycom R = 0,5 m
MpHKIIaJaeHa noctiiiHa gotuuHa cuia F = 100 H. Ilpu oGepranHi aucka Ha
HBOT'O Jlie MOMEHT cuil TepTst M = 2 H-m. BuzHauutu Macy aucka, SKIIO
BiJIOMO, III0 OTO KYTOBE IMPUCKOPEHHSI ITOCTIHHE 1 TOpiBHIOE £ = 12 paj/c .
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100. MaxoBe KoIeco, MOMEHT iHepmii sikoro J = 245 xkr-wm?
obOepTaeThes 3 yactoToro N = 20 06/c. Ilicis Toro, K Ha KOJIECO MEepPECTaB
JisiTh 00epTOBUI MOMEHT CHJI, BOHO 3YHNHHWIOCH, 3poduBmm N = 1000

00epTiB. 3HaiiTH MOMEHT cuin TepTs My, 1 4ac ramemyBaHHsA t Bif
MPUTTHHEHHS JiT 00epTaIbHOr0 MOMEHTY JI0 3YIIMHKHU KoJieca.

101. Ha Bam macoro m; = 20 Kr HaMOTaHAa HUTKA, M0 KIHIE SKOL
MPUB'S3aIM BaHTaX Macol My = 1 Kr. BU3HaYMTH MPUCKOPEHHS BaHTaXYy,
IO OIyCKAEThCA MiA €0 CHIM TOKIHHA. Macolo HUTKH 1 TepTsaM
3HEXTYBaTH.

102. MaxoBuk, 10 sBIIIE cO00K0 JUCK Macoro M = 10 kr 1
pamiycom R =10 cm, BimbHO 00epTaeThcst AOBKOJIA OCi, SKa MPOXOIUTH
gyepe3 IEHTP, 3 KPYroBOK 4YacTOTO @ = 6 pan/c. Ilpu raieMyBaHHI
MaXOBHUK 3yIUHIEThCSA 4depe3 yac t =5 c. BusHaunTu ransMiBHAH MOMEHT.

103. MaxoBuk Macor m; = | KI' YKpIIUIGHHI Ha MIKiBI paliycoM 1
=5 cM i macoro mp = 200 T, KUt IPUBOAUTHCS B 00CPTAHHS 3 JIOIIOMOT'OI0
THUPI, IO OMyCKaeThes, Macoto mz = 500 T, mpuB'A3aHOT 10 KiHI HAMOTAHOT
Ha IIKiB MOTY3KH. Uepe3 SKWii Yac IBHIKICTh MaXOBHKA JOCATHE n = 5
00/c? BBaxkatu, 110 BCS Maca MaxOBHKa pO3MOAUIEHA MO Horo ooy
Ha Bigctani R= 40 cm Big oci obepranHsa. TepTsam i Macow MOTY3KH
3HEXTYBATH.

104. Ha 6apaban pagiycom R = 10 cM HaMmoTaHa HUTKA, A0 KIiHIIS SKOT
NpUB'sI3aHui BaHTax Macor m = 0,5 kr. 3HalTH MOMEHT iHepIIii OapabaHa,
SIKIIO BAHTAX OMYCKAETHCS 3 MPUCKOpeHHsM a = 1,0 m/c .

105. SIko10 KIHETUYHOI EHEPri€r0 BOJOJIIO TIJIO Macow m = 2 K,
SKIIO BOHO IMiJHAJIOCH IO TMOXHJIIH IUIOMIMHI 3 KyToM Haxminy o = 30°
Ha Bucoty h =1 M? KoedimieHT TepTs MiXk TiJIOM 1 TOXMIOKO TUIOIIUHOIO
k=0,1.

106. Ha ToHKiif HHTII MIBIMIEHUHA NPYXUHHUHA TICTONET Tak, IO
CTBOJI PO3MIIIEHUH rOpH30HTANBHO. Ha SKuii KyT BiAXUINTHCS HUTKA MICIS
MOCTPiy, SAKIIO Kyisg mMacoro m = 20 T Tpu BWIBOTI 31 CTBOJAa Mae
mBUaKIcT vV = 10 m/c? Maca nicrosiera M = 200 .

107. 3naiitnu poOoTy, fKa BHKOHYETbCS MPH MiJHIMAHHI BaHTaXy
Macoro m = 10 Kr mo MmOXWiii IUIOMIKHI 3 KyToM Haxuiny o = 45° Ha
BiICTaHh S = 2 M, SKIIO Yac MiJHIMaHHA BaHTaxy t = 2 ¢, a koe(ilieHT
teptsi K = 0,1.

108. Napamytuct Macoro M = 70 Kr 3milCHIOE 3aTSDKHUM CTPHOOK 1
yepe3 vac t=14 ¢ mae mBuIKicTs V = 60 M/c. BBaxaroun pyx napamrytucra
PIBHONPUCKOPEHHUM, 3HAUTH POOOTY I10 MMOIOJIAHHIO OITOPY TOBITPSL.
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109. Kynpka i rpu B HACTIIBHHMH TeHIic pagiycoM I = 15 MM i
Macorw M = 5 r 3aHypeHa y Boxy Ha rmubuay h = 30 cm. Komu kysibky
BIAMYCTHJIM, BOHA BUCTpHOHYyJa 3 Boau Ha Bucoty h; = 10 cm. Ska
KUTBKICTP TeTIJIa BUALUTUTHCS BHACTIIOK TEPTS KyJIbKH 1 BOIN?

110. Sky poboty noTpiOHO 3AIMCHUTH, 11100 MAXOBHUK Y BUTIISAL TUCKA
Macoro M = 100 kr i pagiycom R = 0,4 M, skwii 3HAXOIWBCSA y CTaHi
CITOKOIO, CTaB o0epTaTHcs 3 9acToToro N = 20 06/c ?

111. O6uyncnUTH KiHETHYHY EHEpriro JUCKa Macolw m = 2 Kr, IO
KOTHTBCS 0€3 KOB3aHHS MO0 FTOPU30HTAJIbHIN MOBEPXHI 31 MBUAKICTIO V = 2
m/c.

112. Kynsi xoTuThCcsl O€3 KOB3aHHS MO TOPHU3OHTAIbHIA TOBEPXHI.
INoBHa kineTHuHa eHeprist Kyai 7= 14 [)x. BusHaunTH KiHETUUHY SHEPTit0
T, moctymansHOTO 1 75 00€PTOBOTO PyXy KYIIi.

113. OaHOpiAHUI TOHKUI CTPWKEHD TOBXHUHOK | = 1 M MOXe BiJIbHO
obepraTHCcsi BIJTHOCHO TOPU3OHTAIBHOI OCi, IO MPOXOJUTH uepe3 HOoro
kiHerp. CTprkeHb Biagxwmwid Ha KyT ¢ = 60° i Bimmyctwin. BusHauutu
KyTOBY IIBHJKICTb @ 1 JiHIHHY MIBUAKICTH V HIDKHBOTO KiHIS CTPW)KHS B
MOMEHT MPOXOJKEHHS HAM TIOJIOKEHHS PiIBHOBATH.

114. KineTnyHa €HepTis MaxoOBHKa, 10 obepTaeThes, nopiBHioe 7 =1
k/[x. Ilix niero MOCTIMHOTO TalbMIBHOTO MOMEHTY MAaXOBHK II0YaB
obepraTHCch PIBHOCTIOBUIbHEHO 1, 3pobuBmH N = 80 00epTiB, 3yNMUHUBCA.
Bu3HAUYMTH MOMEHT CHII TEPTHL.

115. Busnaunt HanpyxeHicte G TrpaBiTallifHOrO IOJII HAa BHCOTI
h=1000 kM Hang moBepxHer 3emiti. BBaxkaTH BiJOMHMHU NMPUCKOPESHHS g
BUIBLHOTO MaJAiHHA Ol moBepxHi 3emii 1 ii pamiyc R.

116. fxa poboTa A Oyne BUKOHaHa CHJIAMHU T'PaBITALlIHHOTO TIOJS MPH
nmajiHAl Ha 3eMiro Tia Macoro m=2 kr: 1 ) 3 Bucotn h=1000 km; 2 ) 3
HECKIHUEHHOCTi?

117. 3 HecKiHUEHHOCTI Ha MOBEPXHIO 3eMJIi Maja€ METEOPUT Macolo
m=30 kr. BuzHauntu poboTy A, 10 TIpH IbOMY OyJie BUKOHAHA CHIIAMHU
rpasiTtamiiHoro mois 3emii. [IpuckopeHHs BUIbHOTO NaaiHHA g 1 pagiyc R
3emMiti BBaXKaTH BIIOMHUMH.

118. 3 mnoBepxHi 3emii BepTUKAIBHO Bropy 3amylleHa pakera i3
MBUAKICTIO V=5 kM/c. Ha siky BHCOTY BOHa mifiiiMeTbcs?

119. Mo xomnoBiii opOiTI HaBKOJIO 3eMili 00EPTAEThCS CYIMYTHUK 3
nepiogtom T=65 xB. BusHauutu Bucory cynytHHKa. IlpuckopenHs
BIJIBHOTO MajiHHA g 1 paxaiyc 3emuti R BBakaTu BimomMuMmu.

120. Ha sixiii BigcTaHi BijJ HEHTPY 3eMIIi 3HAXOAMTHCS TOUYKA, B SKii
HaIpPY>KEeHICTh CyMapHOro TrpaBiTamiiHoro mons 3emii 1 Micsus
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nopiBHtoe  Hymwo? [lpuitaaru, mo maca 3emmni y 81 pa3 Oumbine Macu
Micsns 1 mo BijcTaHb Bifg meHTpa 3emii J0 mneHtpy Micsns piBHa 60
paaiycam 3emuti.

121. CynyTHUK 00epTaeTbcs HABKOJO 3eMJi MO KOJOBiH opOiTi Ha
Bucoti h=520 M. BusHaumtu mnepion oOepTaHHS CyIyTHHUKA.
IIpuckopenHs BibHOTO MafiHHA g 1 pazgiyc 3emii R BBakaTu BimoMumm.

122. Bu3HauuTH JiHIHHY 1 KYTOBY MIBUIKOCTI CYIMYTHHUKY 3€MIIi, IO
obepraeTbesi Mo KoJnoBiK opOiTi Ha BucoTi h=1000 xm. Ilpuckopenns
BIJIBHOTO MajiHHA g 1 paniyc 3emui R BBakaTH BiJOMUMH.

123. Touka 31iliCHIOE KOJIUBAHHA 3a 3aKOHOM X = A sin® t . B neBunii
MOMEHT 4acy 3MillleHHSI TOYKH BHABHIIOCH piBHUM X; = 5 cM. Komm daza
KOJIMBAaHb 30UTBIINIIACEH YABIYi, 3MIIIIEHHS CTaJIO0 PIBHUM X,= 8 cM. 3HAUTH
aMILTITYAy A KOJIMBaHb.

124. Touka 3miHCHIOE TapMOHIYHI KoJuBaHHS. HalOinbIne 3MileHHS
TOYKH Xmax—=10 cM, HalOLIBIIAa MIBUAKICTD Vinax= 20 cM/c. 3HAUTH TUKITIYHY
YaCTOTY KOJIMBAHB () 1 MAKCUMaJIbHE TIPUCKOPEHHS TOYKH may -

125. ToyarkoBa ¢a3a rapmoniuHoro konmBanag ¢ = 0. [Ipu 3mimeHHi
TOYKH BiJI TTOJIO’KEHHS PIBHOBArd X; = 2,4 CM IMIBUIKICTh TOYKH Vi = 3 CM/C,
a TIpu 3MiIeHH] X, = 2,8 cM ii MBHAKICTH V, = 2 cM/C. 3HAWTH aMILTITy Ty A
i mepiox T 1IbOrO KOJIMBaHHS.

126. Touka 3mificHroOe TrapMoHiuHe KonuBaHHA. [lepion
kosmBaHHg T = 2c¢, ammuityaa A =5 cM, modatkosa daza ¢ = 0. 3HaliTn
MIBU/IKICTD V B MOMEHT 4acy, KOJH 3MIIIEHHS TOYKH BiJl IOJIOKSHHS
piBHOBaru x = 2,5 cMm.

127. Bu3HauuTH  aMIUTTy[ly BHMYIICHHX KOJHBAaHb  BaHTaXKy
Macoro T = 0,2Kr, MiABIIIIEHOTO HA MPYXHHI ®KopcTKicTIo k = 20 H/M, axmio
Jlie 3MymIyroda cuiia 3 amiutityoro A = 2 H i1 gacTtororo yABivi OiLIBIION0
113iz[ BJIACHOI YaCTOTH KOJMBaHb BaHTaXy, a KoedimieHT 3racanns = 0,5 ¢

128. BusHaunTH 1epioj] KOJMBaHb BaHTAXY Ha NMPY>KUHHIN Basi, SKIIO
y CTaHi piBHOBaru BiH 3MII[y€ CTPUIKY Bark HAa A X = 2 CM BiJl HYJIbOBOI
MOJIKH, sIKa BiNOBiZja€ HEHABAaHTAXKEHIH MPYKUHI.

129. Kynpka macoro T = 200 r mizgBileHa Ha NPYKHHI 1 KOJIUBAETHCS 3
yactoToro v =5 'l BusHaunTu kKoedimieHT )KOPCTKOCTI NPYKUHU.

130. ¥V ckinmbku pa3iB  3MEHIIWTHCS T[OBHA EHEPTris KOJIWBAHb
CEKYHJIHOTO MasiTHMKa 32 t = 5 XB, SKIIO JIOTAPUPMIYHHIA JEKPEMEHT
sracanns A = 0,031?

131. AmmiTyna KoJlMBaHb KaMepTOHA 3a yac t = 15 ¢ 3MeHmmach y
100 paziB. 3naiiTn KOeiLi€HT 3racaHHs KOJINBaHb.
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132. 3naiiTn 4acToTy KOJMBaHb BaHTaxy wmacoro T = 0,2 kT,
MiABILIEHOTO Ha MPY)KKHI 1 3aHYPEHOTO B OJIIO, SIKIIO KOE]ILi€HT TepTs B
omii r = 0,5 xr/c, a >xopcTkicTh mpyxunan k = 50 H/m.

133. 3HaliTi MBUIKICTH TOIIMPEHHS 3BYKOBUX KOJHMBaHL B TOBITPI,
JMOBXKMHA XBWII SKuX A = 1 M, a wactota kommBanb Vv = 340 ['m. Yomy
JOPIBHIOE MaKCHMallbHa IIBUIKICTh 3MIIIEHHS YaCTHHOK MOBITPS, SIKILO
aMmIuTiTyaa KonuBaub A = 0,2 MmM?

134. Ha sxiii BifcTaHi Bix JKepena KOJMBaHb, K 3AIHCHIOIOTHCS 3a
3aKOHOM CHHYCa, B MOMEHT 4acy t = T/2 3MillleHHSI TOYKH BiJl TOJIOXKECHHS
piBHOBaru JAOpiBHIOE TONOBHHI ammutiTyau? IIBuaKicTe mnomMpeHHs
konuBaHb v = 340 m/c. [lepiox komusans T = 10> c.

135. V ckinbku pa3iB 3MIHUTHCS TOBXHHA YIBTPAa3BYKOBOI XBWIII MPHU
nepexo/1i XBUJII 31 cTani y Miflb, IKIIO IBUAKOCTI MOIIUPEHHS yIBTPa3BYKY
y MiJi i cTasi BiAMOBIIHO AOPIBHIOTE Vi = 3600 M/c 1 v, =5500 m/c?

136. JIBi ToukH 3HaXOAATHCS HA BifcTaHi X = 50 ¢cM oJHA BiJ OJHOI Ha
NpsAMii, B3IOBXK SKOi MOIIUPIOEThCA XBWIISL i3 IIBUAKICTIO v = 50 wm/c.
Ilepion xommBanp T= 0,05 c. 3naiitu pizHHIIO (a3 AQ KOJIHBaHb y LHUX
TOYKAaX.

137. Ilmocka 3BykoBa xBuitst Mae tiepiog T = 3 mc, ammutitymy A = 0,2
MM 1 J0BxkHUHY XBWiIi A = 1,2 M. JIJI1 TOYOK CEepelOBUINA, BiJIaJICHUX Bij
JOKepela KOJWBaHb Ha BIJACTaHb X = 2 M, 3HaAWTH 3MimeHHS &(X,t),
WBUIKICTE £ 1 MPUCKOPeHHs £ i MOMEHTY 4dacy t = 7 mc. IlouatkoBy

(hazy KOMMBaHb BBAXKATH PIBHOIO HYIIIO.

138. Buznauntu pizaumo0 (a3 A¢@ KoIMBaHb JKepena XBHIIb, IO
3HAXOJUTHCS B TPYKHOMY CEPEOBHII 1 TOYKH I[HOTO CEPEOBHINA, SKa
3HAaXOJUThCSI Ha BIACTaHI X = 2 M BiJ JoKepena. YacroTa KoJIMBaHb
JopiBHIOE v = 5 ['I1; XBUJII MOMIHPIOIOTHCS 13 MBHAKICTIO vV =40 M/C.

139. XBuiisi  MOWUPIOETBCS B NPY)KHOMY — CEpelloBHIN  3i
mBuakictio v = 100 m/c. HaiimeHma BiicTaHh MiXK TOYKaMH CEPEOBHIIA,
da3u SKuX NPOTHISKHI, JAOpiBHIOE AX = 1 M. BusHauutu uyacrory v
KOJIMBaHb.

140. BuszHauuTd MBUAKICT V TONIMPEHHS XBHII Y MPYKHOMY
CEPEIOBHIL, SKIIO Pi3HMIS (a3 KOJIMBAHb JIBOX TOYOK CEPEJOBHIIA, SIKi
3HaXOAThCS OJHA BiJ OAHOI Ha BifAcTaHi A x= 10 cMm, gopiBHIOE AQ =
nt/ 3. YacroTa KonuBaHb v=25 I'11.

141. 3uaiiTi 3MIlIIEHHS X BiJl MOJOXEHHS PIBHOBArd TOYKU MPYKHOTO
CepeIoBHILA, BIJ/IAJICHOT BiJl [UKepea KoJMBaHb Ha BiACTaHb | = A/12, s
MoMeHTY yacy t=T/6. Ammityna konusanb A = 0,05 M.
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142. BuznaunTu noBepratoun cuiny F B MomeHT yacy t=0,2 ¢ i moBHY
e”eprito E Touku macoro m=20 r, o 3AilCHIOE TapMOHIHHI KOJWBAaHHS
3T1IHO 3 PIBHAHHAM X=Asinmt, 1e A=15 cm; o=4n c™.

143. Buznauntu nepiox T KoJIMBaHb CTEPKHS MOBXKHHOK 1=30 cMm
HAaBKOJIO TOPU3OHTANBHOI OCi,  TMEPHEeHAMKYISPHOI CTEPXKHIO 1 sKa
MIPOXOJIHUTH Yepe3 HOTo KiHEITb.

144, Bu3HauuTH MaKCHMajgbHE TIPUCKOPEHHS amax MAaTEpiabHOI
TOYKH, IO 3JIHCHIOE TapMOHIWHI KOJHMBAaHHA 3 aMIUNTYya0l0 A=15 cwm,
SKIIO HAWOUIbIIA MIBUIKICTh TOYKU Vma—=30 cMm/c. Hamwmcatu piBHSHHS
KOJINBaHb.

145. Touka  3miliCHIOE TapMOHIHHI KOJMBaHHS, PIBHSIHHS SIKUX
x=Asinot, 1e A=5 cM; ©=2 ¢’. B momenT 4acy, KOJU TOYKa BOJIOAiNA
noteHmianpHOI0 eHepriero [1=0,1 m/I>x Ha Hel misuta obepTaroda cuina F=+5
MH. 3HaiiTu 1ieit MoMeHT 4acy t i BiAmoBigHy oMy (hazy ¢ KoIrBaHb.

146. BuzHauuTy 4acTOTy V TapMOHIMHUX KOJHMBAaHb JTUCKA PajiycoM
R=20 cM KOO TOpWM3OHTANBHOI OCi, MO0 MPOXOAUTH YEpPe3 CEpeANHY
paziyca TucKa TEePHeHIUKYISIPHO HOTO TUTOIIHHI.

147. Buznauntu nepion T TrapMOHIMHUX KOJIMBaHb JMCKA PajiycoM
R=40 cM HaBKOJIO TOPU30HTAIILHOTL OC1, 10 TPOXOAUTH KPi3b TBIPHY JIHCKA.

148. Ha crepxHi moBxuHOIO 1=30 cM 3akpiluieHi JBa OJHAKOBHX
BaXKEJISA: OJIUH - B CEPEIIMHI CTEPI)KHS, IHIIHI - HA OJJHOMY i3 HOrO KiHIIB.
CrepeHb 3  BaKEISIMH KOJHMBAETHCS KOJO TOPWU3OHTAIBLHOI OCi, IO
NPOXOIUTHh 4Yepe3 BIIbHUH KiHELb CTEpXHS. BU3HAUMTH NpHUBEIEHY
moexknHy L 1 mepiog T rapMmoHIHHMX KoOIMBaHb. Macor CTEpKHS
3HEXTYBaTH.

149. 3naiiTi MakCUMalbHY KIHETUYHY €HEpriro T,.x MarepiaibHOI
TOYKH MAacor m=2 T, 1[0 3IiACHIOE TAPMOHIIHI KOJMBAaHHS 3 aMILTITY00
A=4 cM i wacrororo v=>5 I'm.

150. Touka ©Oepe ydyacTb OJHOYAaCHO B  JIBOX  B3aEMHO
NEPIEHIUKYSIPHIX — KOJHBAHHSX, piBHSHHSA sIKMX X=Ajsinmit 1
y=A,cosmyt, 16 A;=8 cM; Ay=4 cM; ©1=0,=2 c*. Hamucaru PiBHSIHHS
TpaekTopii i noOyayBaru ii. [lokazaTu HaIpsiM pyxXy TOUYKH.

151. CknapatoTbcst  ABa  KOJNMBAHHSA  OJHAKOBOIO  HampsaMy 1
OIHAKOBOTO Tepiomy: X1=A;Sinmit, X,=Assinw,(t+t), ne A;=A,=3 cm;
o=0=n ¢*; 1=0,5 c. BusHauntu ammiitymy A i mouatkoBy dasy ¢
pe3ybTyIOuOro KonuBaHHs. Hammcatm #oro piBHAHHA. 30yayBaTh
BEKTOPHY Jiarpamy Juis MOMeHTY 4acy t=0.

152. MarepianpHa TOYKa Oepe yd4acThb OJHOYACHO B JIBOX B32EMHO
NEePICHIUKYISPHUX KOJIUBAHHSIX, IO BiJOYBAIOTHCS 3TiHO 3 PiBHSIHHIMU:
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x=Ajcosmit, Y=Assinm,t, n1e A;=2 cM; ;=2 c'l; Ar=4 cM; =2 ¢t
BusHaunTi TpaekTopiro TOYKH. 30YJyBaTH TPAEKTOPIIO 3 OICPKAHHAM
MacmTady, BKa3aTH HAMPsM PyXy TOUKH.

153. Touka 37iiCHIOE OJIHOYACHO JBA KOJMBAHHS, IO BiIOYBAIOTHCS
MO0 B3aEMHO TEPIEHAMKYJISPHUM HAmNpsSMKaM 1 10 BUPAXKAIOTHCI
piBHSHHSAME: X=A;5Inm®;t 1 y=A,cosm,t, me A;=2 cM; ®1=1 cMm 1 A=2 cM;
;=2 ¢, 3uaiiTu piBHAHHS TpaekTopii, 30yayBaTH il 3 BpaxyBaHHSIM
MacuiTa0y i BKa3aTu HampsM pyXy TOUKH.

154. Touka Oepe yd4acTh B JBOX B3aEMHO TMCPICHAMKYISPHUX
KOJIMBAHHSAX, 110 BUPAKAIOTHCS PIBHAHHIME: X=A1C0sM:t 1 y=A,sinm,t, ae
A;=4 cm; A;=6 cM; ©;=20,. 3HANTH pIBHIHHA TPAEKTOPii TOYKH 1
30yIyBaTH ii; IMOKa3aTH HAMPSM PyXy TOUKH.

155. JIBi TOuYKM 3HAXOAATHCA Ha  TpsAMid, y3AOBXK  SIKOL
PO3MOBCIOMKYIOTECA XBwil 3 mBUAKicTIO v=10 wm/c. Ilepiom konmuBaHB
T=0,2 c, Bigcranp MK ToukamMu Ax=1 M. 3HaliTu pizHMug (a3 A@
KOJIMBAaHb B IIUX TOYKAX.

156. MarepianpHa TOYKa Oepe y4dacThb B JBOX KOJNWBaHHSIX, IO
HPOXOSATH IO OHIM MPAMIM 1 10 BUPAKAIOTHCS PIBHAHHAME: X1=A;SiNm;t,
Xo=Aosinmyt, e A1=3 cM; Ay=4 cM; 01=m,=2 ¢, Buaiitn amIunityny A
CKJIaTHOTO PYyXY, HOTO YacTOTY UL 1 MO4aTKOBY a3y (o; HANKCaTH PiBHIHHS
pyxy. 30yyBaTy BEKTOPHY Jliarpamy Ui MOMEHTY 4acy t=0.

157. BuzHauuTH MBUAKICTH V PO3MOBCIOKEHHS XBUIIb B MPYKHOMY
CEPEeNIOBHII, SKIIO Pi3HUI da3 A@ KOIWBaHb JABOX TOYOK, BiJICTAFOUUX
ONIvH BiJ ogHOTrO Ha AXx=15 cM, mopiBHIoe 7/2. YactoTa KoONMBaHb V=25
'



Po3nin 2. MoJieky/sipHa ¢i3nka i TepMoanHaMika
2.1. Mouexyasipaa ¢izuxa Ocrogni hopmynu.

2.1.1. 3akoHu ineaqbLHUX rasie
PiBHsIHHA cTaHy igeanpHUX Ta3iB (piBHIHHSI MeHaeneesa-
Knanetipona):

ov =M Ry abo  pv =RT (2.1)
M
1e m — maca rasy, M — iforo monspHa Maca; R — MoisipHa razosa
CTaja; V— KiIbKICTh peUYOBHHH; T — TepMOAWHAMIYHA TEMIIEpaTypa.
JocmimHi Ta30Bi 3aKOHU /IS 130TIPOIIECiB:
1) 3akon boitns-Mapiorra (i3oTepmiunuii mpomec: 7 = const, m =
const)

pV =const, abo pVy = p,V, (2.2)
2) 3akoH ['eii-JIroccaka (i300apHuii mporec: p = const, m = const)

2.3
\L:const, abo \ﬁ:\ﬁ; @3)
T T T,
3) 3akon Hlapns (i3oxopHuit mporiec: V = const, m = const)

2.4
E:const, abo &:&; 2.4)
T T T,
4) 00’eqHaHMii Ta30BUi 3aKOH (M = CONSt):

2.5
pvV _const, ado PVi _ PaVo ’ (2.5)

T T T,

ne pi, Vi, T1— THCK, 00’ €M, TemIiepaTypa ra3y B IO4aTKOBOMY CTaHi,
P2, Vo, T — Ti K BENUYMHU B KIHIIEBOMY CTaHi.
3akon JlaneToHa:

P=Py+Py+...+ Py (2.6)
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Ae P — Trck cymiwi rasis; P~ nmapiaTbHUR THCK 1i—T0 KOMITOHEHTY

CyMIIIi; N — YUCIIO0 KOMIIOHEHTIB CyMili.
ModsipHa Maca CyMili Ta3iB:
M=(m1+m2+...+mk)/(v1+v2+...+vk), (27)
Jie M, — Maca i — r'o KOMIIOHEHTY CYMIlIIi; V; — KUTbKICTh PEYOBUHH i—

KOMITOHEHTY; K — YMCII0 KOMITOHEHTIB CyMili .

TO
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2.1.2. MonekyJasipHO-KiHeTHYHA Teopisi ra3is

KinpkicTh pedoBHUHU:
m N (2.8)

V=—o
M N
ne N — 9rcio CTPyKTYpPHHX eJIEMEHTIB CHCTEMH (MOJIEKYII, aTOMIB,
ioniB Too); Na — cTana ABoranpo, N, =6,02-10% uons -

(2.9)

MonsipHa Maca peyOBHUHHU: MM
14
Je M — Maca pedoBHHHU.
KonnenTpariist 9acTHHOK (MOJIEKYJT, aTOMIB TOIIO) OXHOPITHOL
CHUCTEMHU:
N , 2.10
\Y%
ne V — 006’eM cuctemMu; p — ryCTUHA PEYOBUHH .

OcHOBHe piBHSHHS KIHETHYHOI TeOopii rasis:

2.11
p=§n<En >, ( )

ne <E, > —cepenns KiHETHYHA €HepTis MOCTYNaIbHOTO PYXY

MOJICKYITH.
CepenHs KiHETUYHA €HEPTisl, 10 PUTIAAA€ HA OAWH CTYIiHb BIIBHOCTI

MOJIEKYJIH:

<Ei>=%kT' (2.12)

IToBHa eHeprist MOJIEKYJIH: (2.13)

<E>=_kT’
2

ne k —crana Bonbimana, 7 — TepMoiMHAMIvHA TeMIepaTypa, il —
YHUCIIO CTYTIEHIB BiJIbHOCTI.

Cepe/Hst KiHETHYHA EHEPTisl TOCTYNABHOTO PYXY MOJICKYJIH:

<E, >=§kT' (2.14)

2

3anexxHiCTh THCKY ra3y BiJl KOHIEHTPALil MOJIEKYJI 1 TEMIIEpaTypH:
p=nkT. (2.15)
[IBuaKicTH MONEKYI

1) cepenHs KBagpaTHYHA:

<U, >=+3KT/m , abo <v,>=~3RT/M (2.16)

2) cepenHs apupMeTHIHA:
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<v>=\[8KT/zm,, abo <v>=,BRT/ZM: (217)

3) HaiiOLIbII IMOBIpHA:
<uy,, >=2KT/my , abo <uv;,, >=~2RT/M: (2.18)

JIe M; —Maca O/IHi€T MOJEKYJIH.
2.1.3. EneMeHTH cTATHCTHYHOI izuKn

Posnozin Bonbimana (po3nofin 4aCTHHOK B CHIIOBOMY TIOJI):

-U
n=nge /KT (2.19)
Jie N — KOHIIEHTpaIlis 4acTUHOK; U — IX TOTeHIliabHA CHEpris; n,—

KOHIIEHTpAIlisl YaCTHHOK B Toukax mous, ae U = 0; K — crama Bombsimana, T
— TepMOAMHAMIYHA TEMIIepaTypa; € — OCHOBa HATypaJbHOTO Jorapudma.

Bapomerpuana ¢popmyra (po3moais THCKY B OJHOPITHOMY TIOJi CHITH
TSDKIHHS):

-mgZ
P = pge %, abo p=p,e #9Z/(RT), (2.20)

1€ P — THCK Tra3y; M — Maca MOJIEKYJIH; Z — KOOPAHHATA (BUCOTA) TOUKH
BITHOCHO DiBHS, B3ATOTO 3a HYJIbOBHUH; P, — THCK Ha IbOMY piBHI; u -

MOJIIIpHA Maca Ta3y; § — IPUCKOPEHHS BUTRHOTO NMafiHHS; R - yHiBepcanbHa
ra3oBa IoCTilHa.

3 posnoairy bosbliMaHa ciifye, IO MOJEKYJIM 17€aJbHOrO rasy
PO3TAIIOBYIOTHCS 3 OLIBIION0 IIITBHICTIO TaM, JIe MEHIIE iXHs MOTeHIIHHA
EHEepris, 1, HaBMaKH, 3 MEHIIIO HIUIBHICTIO - Y MICIISX, JIe TXHS ITOTCHIIIHHA
eHepris OuTbIna.

Bun ¢ynkiii po3nomainy Molekyn ifeaqbHOrO ra3y IO IIBHIKOCTSIX
OyB ycraHOBIIeHUH TeopeTudHO MakcpemioMm B 1860 p. ImoBipHicTh TOTO,
0 KOMITOHEHTH IIBUIKOCTI JEAKOI MOJIGKYJIM MarOTh 3HAYCHHS, IO
JeXaTh y MeXax Bill w, @, v, 10 % + du, w + dy, v + dv, KopiBHIOE
no0yTKy HMOBipHOCTEH

dpvx,vy,vz :(D(VX)CD(Wy)Q’(T/Z)dedvydvz’
m ]1/Ze—mvi2/(2kT)_

27KT

Urcno MONeKyI1, BeTUYHHA MOTYJIS IIBUAKOCTI ('(/= 1,2 +7;2 + vZ )
Vox Ty 2

Ie ¢(v) € QYHKIIIS PO3MOIITY BUIY )= (
1
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SIKAX 3HAXOAUTHCS B iHTEpBasi BiJ v 10 v + (v, BU3HAYAETHCS PO3MOIIIOM
Maxkcsenna:

3/2
dN =NF (0)dv = Nf (v) 470? do 42N [27zka] e~ Mv?/(2KT) 2,

ne f(v)=¢ (vx) 7 ((Vy) 7 (r(;z) - byHKILisE po3mominy MONIEKyY 32

a0COJFOTHUM 3HAYCHHSM MIBUAKOCTEH; N - 3arajibHe Yuciio MOJICKY; M -
Maca MoJiekyiu; K - mocriiina bosibimana; T - TepMoauHamMivuHa
TeMIeparypa.
Ipadix pynxuii F(v) = f (v)47rv? nokasano na puc. 2.1.
F(v)
(/’,7/)

<D
(m J’> ”722)

.
¢ /"?/'27

0 Uy o
Puc. 1. Kpusi posnoairy Makcseiia, [0 BiNOBiAalOTh a0 pi3HUM TemIepaTrypam T
i T, (mpu omHaKoBiii Maci M), ab0 BITHOCATBCSA MO PIZHUX MAac MOJEKYI My i M, (mpu

OJIHaKOBiH Temmeparypi T ).

Yuciio MoKy, eHepril SKuxX yKiIazeHi B inrepsaii Bix E fo E + d,
5 - E/(KT)
il |\ JA— 0 |
oo (kT)¥?
Po3nozin Makcsenma (po3moist MOJIEKYJ 32 IIBHIKOCTSIMH) TIOJaHUH
JIBOMA CIIIBBIIHOILLIEHHIMU:
1) 4MCII0 MOJIEKYII, IBUAKICTh SIKUX 3HAXOUTHCSA B MeXkax Bi U 10

dN(E)=Nf (E)dE =

v+ Av:
2

dN(v)=N f(v)do=4zN M PPeaT 2q,, @2
2rkT

ne f(v) — dyukuis po3noaiTy MOJIEKYIT 32 aOCOMIOTHUMH 3HAYCHHAMU
MIBUJIKOCTEH, SIKa BHPAXKa€ BIHOIIEHHS 1MOBIpHOCTI TOTO, IIIO IIBUKICTH
MOJIEKYJI JISKUTh B IHTEpBali Bl v O v+ Av, 10 BEIHYUHH I[HOTO
IHTEpBally, a TaKOX YacTKy MOJEKYJ, IIBHIKOCTI SKHX JIeKaTh B
o3HaueHOMY iHTepBasi; N — 3arambHe YHCIIO MOJEKyJ; M — Maca
MOJIEKYJIH.
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2) 4KCII0 MOJIEKYJI, BITHOCHI IIBHIKOCTI SIKUX JIE)KaTh B MEXax BiJ U
o u+du:

4 2
dN(u)=Nf(u)du=——=Ne ™ u?du, (2.22)
NG
e = U — BIIHOCHA IUBMAKICTB, IO JOPIBHIOE BITHOIIEHHIO
Uiy

MIBUIKOCTI 1) 0 HAHOLIBII iMOBIpHOI IIBHAKOCTI v, f(u) — dyHkmis

PO3MOLTY 32 BITHOCHHMHU IIBUIKOCTSIMH.
Cepe/iHe YUCIIO 3ITKHEHB, 1[0 MTPHIIAIAE HA OJJHY MOJICKYITY Ta3y 3a

OJIMHHUIIIO Yacy, <7 > /27zd2n<u> , (2.23)

d — edexTHUBHUIT TiaMeTP MOJIEKYJIH; N — KOHIICHTPAIlis MOJICKYT;
<p> - cepenHs apupMeTHIHA IIBUAKICTH MOJICKYIT .
CepenHsl NOBXHHA BITLHOTO POOITYy MOJIEKYI Ta3y:

1 (2.24)

\27d%n .

IMmyniec, 10 MEPEeHOCUTRCST MOJIEKYJIaMH 3 OAHOTO IIapy ra3y B

<|l>=

IHIINH yepe3 eNeMeHT MOBEpPXHi: dp=7n dil) ASdt (2.25)
dz
ae p - JUHaMi4Ha B’SI3KICTh rasy; , — PaJi€eHT IIBUAKOCTI Tedii
dz

fioro mapiB; AS — mJiomia eixemMeHTa mnoepxHi; dt —yac nepeHocy.

JluHamivHa B’A3KiCTh: 1 (2.26)
n= 3 p<v><l|>,

p — TyCTHHA Ta3y (piguaHM ); <P > — cepeaHs MBUAKICTH XA0TUYHOTO

PyXy Mollekyn; <|> — cepeqHs JOBXKHHA BUILHOTO TPOOITy.

3akoH HptoToHa: = dp _ n(dl)js : (2.27)
dt dz
ne F — cuia BHYTPINIHBOTO TEPTS MIXK JTBOMA IIApaMH Trazy.
3akon Dyp’e: AQz—/l(gthAt' (2.28)
X

ac AQ — TCIUIO, MO NEPCEHOCUTLCA IUIAXOM TeHJ’IOO6MiHy qepe3

MoTepeuHui nepepis miomero S 3a yac At; A — TeIIonpoBIIHICTD; ﬂ -

dx
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TPAJiEHT TEMIICPaTYpH.
KoeinieHT TeronpoBiqHOCTI ra3y (piauHN):

ﬂ:éCVp<u><l>, (2.29)

e C, —muToMa TCIUIOEMHICT ra3y IpH HOCTIHHOMY 00'eMi; p—

TrycTHHA raszy; < ) >— cepeiHsi apu(MeTHYHa MIBHIKICTH HOTO
MostekyT; < | > — cepenHst JOBKUHA BITBHOTO TPOOITy MOJICKYIL.

3akoH dika: (dn

Am=— jmlsAt’ (2:30)
dt

e Am — maca Tazy, IO MEePeHOCUThCS NUIIXoM amdysii  depe3
noBepxHio momero S 3a yac At; D — koedimient audysii; dn —
dt

IPaJiEHT KOHIICHTPALii MOJCKYII; m, —Maca OJIHIET MOJICKYJIH.

Koedimient andysii: (2.31)

D=}<u><l>.
3

2.2. Tepmonunamika OcHnoeni ghopmynu.

3B’A30K MiK MOJISIPHOIO C,, Ta MUTOMOIO ¢ TETIOEMHICTIO Tas3y:

C=cM. (232)
e M — MonsipHa Maca.
MornsipHi TETUIOEMHOCTI IIPH MTOCTIHHOMY THCKY BiJ[IIOBiTHO

JIOPiBHIOKOT: _IR, C. — (i+2)R, (2.33)
Cy=": o=
2 2
Jie i — YHCIIO CTYIIEHIB BIIbHOCTI; R — MousipHa ra3oBa craina.
[MuToMi TEIIOEMHOCTI ITPH TOCTIHHOMY 00’€Mi Ta TIOCTIHHOMY THUCKY
BI/ITOBITHO JJOPiBHIOIOTh: = l B : op = 1+2 B (2.34)
Yam P 2 M
PiBusiHHst Maiiepa: Cp-Cy =R- (2.35)
IMokasuuk amiabaru: Cp i+2. (2.36)
y==—s abo y=—
Cy
BHyTpimHS eHepris ieaibHOro rasy: U im RT (2.37)
2Mm

PoGota, moB’si3aHa 31 3MiHOIO 00’€My rasy, B 3araJlbHOMY BUIIAJIKy
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00YHCITIOETRCS 32 (OPMYIIOHO: V, : (2.38)
A= [ pdv
Vi
ze Vlf MOYaTKOBHH 00’ €M rasy; V, - WOro KIHIIEBUH 00’ €M.

PoGora mpu i300apuyHoMy mporieci (p = CONst):

A= p(V, -V, ); (2.39)
npH i3oTepmiunomy mporeci (T = const):
; 2.40
A= RTIn| Y2 (2.40)
M A
pu aiabaTHIHOMY TIPOIIECi:
r-17; (2.41)
A="C, (T,=T,) .60 A=T0L Mg [ V1
M y—1M|" VY,

ne Tl — [MOYaTKOBAa TeMIIepaTypa rasy; Tz_ fioro KiHIeBa
TeMIeparypa.
Pisusnns [lyaccona (aniaGatuynuii npouec): pv7 =const- (2.42)

3B’S130K MiJK TOYATKOBUM Ta KiHIIEBIM 3HAYEHHSIM MTapaMeTpPiB CTaHy
raszy npH aaiabaTHYHOMYy MPOIECi:

_ r—
pz_(vljy.Tz_(vljy g Tz_[pzy (2.43)
po\V2) TV, T Py

I-if 3aKOH TepMOJIMHAMIKY B 3arajibHOMY BHITQJIKy Ma€ BUTJIS:
Q=AU + A, (2.44)

ne Q — KiNBKICTh TEIUIOTH, IO HAJAETHCS Tazy; AU - 3Mina iioro
BHYTPIIIHROI ~ eHeprii; A — poOoTa, M0 BUKOHYETHCS Ta30M MPOTH
30BHIIITHIX CHIL.
I-if 3aKOH TepMOAMHAMIKY TIPU 1300apHOMY MPOILIECI:

m m m ; (2.45)
=AU+ A=—C AT + —RAT =—CpAT"
< M VAT M "
npu i30xopHoMy nporeci (44 = 0):
m )
Q:AU:(}QAT’ (2.46)
M
npu i3otepmiuHOMy mporieci (AU = 0):

Q=A="RTIn"2; (2.47)
M
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mpu agiabataomy mporeci (AQ = 0):

A=—AU :_I\r;‘chT- (2.48)

Tepmiunmii koedimieHT KOPUCHOT ii (K. K. 1.) LUKIY B 3aralbHOMY
BUTIAJIKY:

n= Q-Q, ., (2.49)
Q

ne Q - KUTBKICTh TEIJIOTH, OTpUMaHa poOOYUM TiIOM (Ta30M) Bij
HarpiBaya, Q, - KUTBKICTB TEIUIOTH, 1110 MEepPeiaHa poOOUNM TiIOM

OXOJIOJKYBaUY.
K.x.1. nukiny Kapho: n Q —-Q,, aco 5= T,-T5, (2.50)

Q T

ne T1 — TeMIeparypa HarpiBaua; T2 — TeMIepaTypa XOJOMIbHUKA.

. B
3MiHa eHTPOMii: AS = J- d7Q , (2.51)
ol

ne A1 B —Mexi iHTerpyBaHHA, IO BiAMOBIAAIOTh MOYATKOBOMY Ta
KiHIICBOMY cTaHaM cucTeMd. OCKUIBKM TpOIEeC PIBHOBOKHUH, TO
IHTErpyBaHHS IPOBOAATH 10 OYIb-IKOMY LUIAXY.
®opmyna bonpuMana:
S=kinw, (2.52)
ne S —enrpomis cucremu, W — TepMoauHaMidHa iIMOBIpHICTH ii
crany, K — crana BonbiMana.

KoeiuieHT MOBEPXHEBOrO HATATY:  , _ E’ abo o — E , (2.53)
I AS
ne F — cuia moBepXHEBOTO HATATY, IO i€ Ha KOHTYD; | — moBxuHa
KOHTYpY pinuan, AE — 3MiHa BiibHOT eHeprii MoBepXHEBOT ILTIBKU
piavHU, OB’ s13aHa 31 3MiHOIO TIOIi AS TMOBEpXHi Wi€l MITiBKY.
®opwmyna Jlammaca Bupaxae TUCK p, SIKHH CTBOPIOETHCS CHEPHUIHOIO

MOBEPXHEIO PiANHU: p= Zﬁ , (2.54)
R

ne R — paaiyc chepruunoi moBepxHi.
Bucora mnigiiomy piaiuHu B KanijasipHii TpyOLi:
h = 22089, (2.55)

PYR
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ne @ — KpailoBHii KyT (9 = 0 IpH IOBHOMY 3MOYYBaHHI CTIHOK TPYOKH

pimuHOIO; @ = 7 TIpU IIOBHOMY HE3MOUYBaHHi); R — pamiyc kaHamy TpyOkw;
p —TycTuHa piouHA; § — IPUCKOPEHHS BUTHHOTO TIAiHHS.

Bucota migiioMy piguHE MiX 1BOMa OM3BKUMHU 1 MapajieIbHIMHU OTHA
OJTHI{ TUTOIWHAMMU:
. 2acost, (2.56)

p9d

ne d— BifICTaHb MiX TUIOIMIAHAMHU.
2.3. IIpuknaou po3e’azysanns 3aday (3aoaui 1-32)

3aoaua 1. B Ganoni 06’emom 10 51 3HAXOMUTHCS TENiM MMiJ] THCKOM
p, =1 MTla 1ipn TeMIepaTypi 7, =300 K- [Ticas Toro, sik 3 0aJOHy B3sIIH

10 r remito, Temneparypa B 0ajJoHi 3HU3MIACH J10 T, =290 K - BusHauntu

THCK ), rejiro, M0 3aJIHIINBCS B OaJIOHI.

Jlano: Po3zs’a3auns
Jnst po3s’si3yBaHHS 3a/Jadi BHKOPHCTAaEMO piBHSHHS MeH[eneeBa-
Knamnefipona, 3acTocyBaBIId HOTO JIO0 KiHIIEBOTO CTaHy rasy:

m 1
p2V = 72 RTZ, ( )
M
ae m, — Maca reinito B OaJIoHI B KiHIIEBOMY CTaHi; M — MoJIeKyJIspHa

Mmaca renito; R —razosa crana. I3 piBasuHs (1) BUpa3uMo noTpiOHUIT THCK:

_ MRT, . )
MV

Macy m,, BUpa3sMMO 4epes MOYaTKOBY Macy |y, Ta Macy reiiio,

P,

B3ATOTO 3 OajoHa:
my,=m, —m - 3
Macy m 3HaiijieMo 3 piBHAHHSA MeHjeneeBa-Knaneiipona,

3aCTOCYBABIIH HOTO JI0 TOYaTKOBOTO CTAHY:
_Mp)V. (4)
m =
RT;
[ligcraBuBIIKM BUpa3 A MacH m; B (3), a Bupa3z w1 M, B (2),

3HAUAEMO:
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MpV RT, abo T2 m RT,. (5)
2 = —_ m _— p2 D E—

RT, MV Tl MV

[IpoBenemo obumcnenHs 3a popmymnoro (5):

)= (290 g 107 831 ZQOJIYa =364*10°ITa = 0364MITa

13007 4*10% 102"

3aoaua 2. banon MiCTUTh m, =80 o KHCHIO Ta i, — 320> APrOHY.
Tuck cyminn 1 Mlla, Temneparypa T =300 K - BBaxarouu ra3 igeaiabHuM,

BU3HA4YUTH 00’ eM V OajtoHa.

Jano:

Po3zé’azanna

3a 3akoHOM JlampTOHa THCK CyMIIIl MOpIBHIOE CyMi MapilialbHUX
THUCKIB Ta3iB, IO BXOAATH [0 CKJIany cywimi. 3riqHO piBHSHHS
MenpeneeBa-Knaneiipona mnapmiaibHi THUCKH Ta3iB p, KHCHIO Ta ),
aprouy:

_ myRT, _ M,RT .
P = MV P2 = MV
Ormxe, 32 3aKOHOM JlabTOHA TUCK CyMillli rasiB = P+ Py

p=| b+
M, M, )V

3BigKK 00 eM GatoHa vo(m . m RT - (8]
M, M, P
BpaxoByrouu, 1110 M, =32. 103 Ta 4010 " , (muB.
MOJ1b MOJlb

TaOIMITIO AOAATKIB), TPOBEAEMO OOUHCIICHHS:
( 0.08 0.32 )8 .31-300 B

= - St =00262 % =262.1°
32:10° 40-102) 10

3aoaua 3. Tlpu HarpiBaHHI ineanmpHOrO razy Ha AT =1K mpu
NOCTITHOMY THCKY 00 €M Horo 30inmbinyerhcst Ha 1/350 Big moyaTkoBOTrO
00’eMy. 3HATH MOYATKOBY TEMIIepaTypy rasy.

Po3sé’szannsa
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Ockinbky HarpiBaHHS ra3y HPOXOIWTH NMPH MOCTIHHOMY THCKY, TO
CTaH Ta3y MOKHa OTMCATH 32 JIOTIOMOTrol0 piBHsAHHSA boiins-Mapiorra:
Vi V. @
LT
ze V1 , Tl— NapamMeTpu MOYaTKOBOTO CTaHy rasy, \/, ,T,~ KiHIIEBOTO.
3rigHo yMoBi 3aadi, 00’ €M razy V, npu HarpiBaHHi 301IbIIYETHCS HA
AV, OTXKE \/, =V, + AV, @ Temieparypa T, Trasy 301IBIIYETBCS HA AT,
TOO0TO T, =T, + AT - Buxonsun 3 1mporo, piBHsHHA (1) MOXKHa 3ammcaTd y
BUTJIAIL:
V, Vi +AV - )
T T AT
Po3B’s13aBmu piBHAHHS (2) BITHOCHO T,> OTPHMAEMO:
V(T +AT) =T, (v, + AV),
ViT; +VLAT =TV, + 1AV,
abo VIAT =T,AV 3BIIKH
V,AT .

AV
O0YuCIIIOEMO:

1=t K =350k

1:

.V
350

3aoaua 4. Cymim a30Ty Ta reiiro npu temnepatypi 27°C 3HaX0AUTHCS
M| THCKOM p= 1.3-102 [1a - Maca azory cknanae 70 % Bij 3arajibHOi Macu

cyMimni. 3HaliTH KOHLEHTPALil0 MOJIEKYJ KOKHOIO 3 Ta3iB.

Jlano: Po36’s13anus
[Ipn maHoMy THCKY ra3 MOKHAa BB@KATH i€aJIbHUM, OTKE BiH MOXKe
OyTH onrcaHuii OCHOBHUM PIBHSIHHSIM MOJIEKYJISIPHO-KiHETHYHOT Teopii:
p=nkT, (1)

fie N —KOHUEHTpaLis MOJICKY, k =1.38.10 2 /fxc/ K — CTana bonbimana,

T =t+273°C — TepMoMHaMivHa TeMmepaTypa.

Tuck imeanpHOro rasdy, sIK BUAHO 3 piBHAHHS (1), HE 3aJIEKUTH BiA
BUAy razy. BoHO 103BOJMTH 3HAMTH KOHLEHTPALIiIO MOJEKYN CyMim i, 3a
BIJOMUM TPOIEHTHAM CKJAJIOM, — KOHIIGHTpAI[IF0 KOXXHOI'O rasy.
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HpOI_[eHTHI/Iﬁ CKJ1aza rasis 3aJaHO 3a MacoI0. Omke Maca KOXKHOTO 3 HUX:

m =cm;: my=c,m )

ne Cq 1 cy —BIJICOTKOBHH CKJIaJl BIAMOBITHO a30Ty i remiro; M — maca
cymimii. 3 iHmoro 60Ky, Maca KOXHOTO 3 Ta3iB

My =V I Nas My =Viou, I Ny ®)

fie V —06'€eM rasy; 5 —MONEKyIISIpHA Maca; N A — CTama ABorazpo
( ;| N, —Maca MOJICKYIIH. )

[NopiBHsBIIM npaBi YacTUHU PiBHAHB (2) 1 (3), oTpUMaEMO:
M=V / Nar com=Vypu, I Ny

3BiIKHU 1.
N /Ny =Cypp [ Copn ~3

OckinbKu n +n, =n T0

v P _ 2 3 . 3/ P _ 2 3.
nl_%%_o,s-lo M nZ_AE—ZA-lO M

3aoaua 5. 3HaliTH CcepeAHBOKBAIPATUYHY IIBUAKICTH, CEPEAHIO
KIHETUYHY EHEepril0 TOCTYMAIBHOTO PYyXy 1 CEepemHI0 TOBHY EHEpTilo

. . 0
MoJIeKysl refito i asory mpu Temmeparypi 27 C. BusHauutu 10BHY
eHeprito Bcix Monekyn 100 r Ko)KHOTO 3 Ta3iB.

llano: Po3s’sa3anns

CepenHst KiHETHYHA EHEPrisl MOCTYMAIBHOTO PyXy MOJIEKYN Oy/b-
SIKOT'0 Ta3y BU3HAYAETHCSA 33 TEPMOJINHAMIYHOK TEMIIEPATYPOIO:
2., 1
Wk = — kT ( )
3
7€ k =1.38-10% Jfoc/K —CTana bonenmana,
2 _ _
W, = §~1.38-1O 2.300=6,2-10"2 /.
Sk 6aunmo, cepeHi eHeprii MOCTYNaaIbHOTO PyXy OAHIET MOJICKYIH 1
relito, 1 a30Ty OJJHAKOBI.
CepeIHbOKBAPATHYHA IIIBUKICTh MOJICKYJI Ta3y 3aJICXKHUTh BiJl MacH

iforo Mosexy: Ve =+J3KT /My (2

e m, —Mmaca OJIHIET MOJICKYJIH.
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st po3paxyHKy Vs piBHSHHS (2) MOXKHA 3aMiHUTH, SKIIO

MOMHOXHTH YHCCIbHUK i 3HaMeHHuK Ha N , Toni o, = [3RT[ > A€

R =8.31/prc [( monw - K)-
Hns renito , =137.10%x/ > AIA A30TY o, =517.10%x/ c.
CepenHsl IOBHA €HEPTis MOJICKYJIH 3aJIS)KUTh HE TITBKU Bij
TEeMIIEpaTypH, a i Big Oy0BH MOJIEKYI — BiJI YHCIIa CTYTIEHIB CBOOOIM i:
W, =iRT /2 3)
Teniit — 0xHOATOMHHUIA ra3, 3BIAKK | =3, TOMI \\, =6.2-102 [fc
A30T — IBOXaTOMHHI ra3, OTKe, ;=5 a W, =5/ 2KT =10.4-10"2 [
[ToBHY KiHETHUHY €HEPTil0 BCiX MOJEKYII, sIKa JOPIBHIOE IS
i7IeaJJbHOTO Ta3y HOTro BHYTPIIIHIM eHeprii, MOKHaA 3HAWTH, K JOOYTOK W,
Ha 9nciio N ycix MOJIeKyII W =U=W,N- 4

B cBoro uepry, N - Nm 5)
7,

Jie M —Maca BCbOTO rasy; BiXHOIUCHHS /[ ;, —4MCIO MOIIB; N A

quciio ABorapo. [ToBHa eHepris BCix MOJEKYJI Mics MiICTAHOBKH
piBHsHB (3) 1 (5) B (4) Mae BUTIAA:

W=tk ™N, =L MRT,
2 U 2 u
Joist rentiro 9ueno W = 93 5x/fyc; At asory W = 22.3x/ic.

3aoaua 6._3HaiiTy cepeHIO KIHETUUHY €HEPTilo < Eop > o0epTanbHOTro

PYXY O/IHi€] MOJIEKYJIU KHCHIO TIpu Temneparypi T = 286 K, a Takox
KIHETUYHY €HEepriro <Wo p > 00epTagbHOTro PyXy BCiX MOJIEKYII I[LOTO Ta3y,

SIKIIIO MOTO m =4..
Pose’sazanns
Ha xoxHy cTymiHb BUTFHOCTI MOJIEKYJIM T'a3y NMPHUIAAae OAHAKOBA
CepeaHs eHepris, BUpaxkeHa (GopMyIIoro 1 _ . OCKiJbKH MOJIEKy1a
(&)==KT
2
KHMCHIO JIBOXaTOMHA, 1 BiJIIIOBIIHO, BOJIOJII€ ABOMA O0epTaIbHUMU
CTYIEHSMH BUILHOCTI, TO CepeiHs KIHETUYHA eHeprisi 00epTanbHOrO PyXy

MOJIEKYJIH KUCHIO: (6,5)=2- 1 KT = kT

[MixcTaBuBiy B 10 Gopmyiay 3HaueHHs K i 7 Ta OOYMCIHUBIIH,
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OTPUMAEMO: <go6> = 1,38.10_23 - 286 [ic = 3,94.10_21ﬂafc

CepenHs KiHETUYHA €HEPTisi 00epTALHOTO PYXY BCIX MOJIEKYI ra3y
BUPAKAETHCS BiTHOLICHHSM:!

@,5 =N(g,5) 1)
S0 BpaxyBaTH, IO YUCIO MOJIEKYN CUCTEMH JOPiBHIOE T00YTKY
cTanoi ABOraapo Ha KiNbKiCTh pEYOBHHU D), TOOTO:

m
N = UN A = N A’
M
TO piBHsHHSA (1) MOXHA NepenucaT y BUTIISIIL
m
Do = M Nal€o5)"

Hi[ICTaBI/IBIHI/I 3HAUYCHHA BCIIMYMH, OTPUMAEMO!
4107

= W-e,oz-lo23 :394-1072 e’

Wyp

3aoaua 7. BupaxyBatu cepeqHIO JOBKHHY BUTBHOTO MPOOIry
MOJIEKYJI a30Ty 1 B’SI3KICTb IPH THCKY p =10° []q 1 TemMneparypi t =17°C.
SIk 3MiHATBCS 3HAWACHI BEMYNHH, SKIIO 00’ €M ra3y 30UIbIIHNTH yIBIYi: a)
NIPY TIOCTIHHOMY TUCKY; 0) mpH mocTiliHii Temiepatypi? EdexkTuBamii
JiaMeTp MOJEKyYI a30Ty d =3.7-10 8cm.

Jlano: Po3zs’szamns

CepeHIO JOBXKHHY BIJILHOTO MPOOIry A i koedimieHTH iepeHocy
MO’KHA BUPaxyBaTH 3a (OPMyIIaMH:

A=1/7J2d?n, (1)
D=Av/3, (2)
n=Av-myn/3 (3)

TyT n — KOHUEHTpAIIiS MOJIEKYJI Ta3y; v —CepPeIHs MIBUAKICTD
MOIICKYIL; 1), —Maca OJHi€l MOIICKyIH.

KoHIeHTpallito MOJIeKyJI MOYKHA BU3HAYUTH 3 OCHOBHOTO PiBHSHHS
MOJIEKYJISIPHO-KiHETUYHOT Teopii: p =nkT (4)

PiBustaast (1)-(3) MaroTh 3MicT, SKIOIO JOBXKHHA BUILHOTO MpPOOIry,
obOumcieHa 3a Qopmynoro (1), HabaraTo MeHIa Big JIHIHHUX PO3MIPIB
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nocyauHd. OCKiBKM TOYAaTKOBUH THCK Ta3y — aTMoC(epHHid, MOXKHA
CTBEPJIKYBaTH, IO 111 YMOBa OyJle BUKOHAHA.

SIKImo BUpa3uTH KOHIICHTPAITIO 3 piBHAHHSA (4) 1 miactaButw ii B (1),
TO OTPUMAEMO: 3 = kT / 7,/2d%p =65-108 n
Jnst migpaxyHky 7 miacraBumo y Bupas (3) popmyay (1):
1 1 ®)
n=2 =MV,
3 z-/2d?
Aemg =l Ny

Omxe, ,7:}. ! '@21,2'10_5K2/M‘C.
3 zv2d? N,
Sk 6aunmo 3 Bupasy (1), J0BKUHA BUIBHOTO NPOOIry 3aJIeXKUTh TUIbKU
BiJl KOHIIEHTpamii MoJekyn. Skmo o6’em 1i 30imMbmUTH yaABiYi, TO
KOHIIEHTpaIlis yABidi 3MeHmuThCa. OTxe, Al =1

Ianmexcu “17 1 “2” BiINOBIAAIOTH CTaHY Ta3y J0 1 Micis PO3LIMPEHHS.
B piBasHHS 111 KoedinienTa Audy3ii BXOIUTH HE TiIBKH JOBXKHHA
BUTRHOTO TIPOOIry, a i cepeqHs mMBHUAKICTE. OTXKe:

D _4 [T

D, 4\T

[pu mocTiifHOMY THUCKY 00’ €M MPSIMO MPOMOPIIHHUH
TEPMOTUHAMIYHIN TeMITepaTypi: T,/ T,=V,/V, =2, TOMY D, / D, = 2.2.

[pu cramniit Temneparypi D,/ D =2/ 2y =2

Sk BuaHO 3 BUpasy (5), B’A3KICTh 3aJI€XKHUTh TUTHKHU BiJI IIBUIKOCTI
MOJIEKYJI, TOOTO BiJl TeMIepaTypH (BCi 1HII BETHYUHU CTANI):

1, | gy = [T, [ T, » & 1€ O3HAYAE, 1O pU TNOCTIHHOMY THCKY 77, [ 17y = J2.

Ipu nocriiiuiii Temnepatypi KOSQILIEHT 77 HE 3MIHIOETBCS.

3aoaua 8. Temnepatypa oxucy azoty NO T = 300K . BusHaunTu yactky
MOJIEKYJI, IIBHIKICTh SIKHX JIGKUTh B IHTEpBal Bij v, =820m/c RO

v, =830m/ c.
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Poszs’szanns

Hano: I'a3, gKkuil MM pPO3IIISINAEMO, 3HAXOAMWTHCA B
T=300K CTaHi piBHOBAard i, 3riAHO 3 po3moxaiioM Makcsela,
v =820m/ ¢ BITHOCHE  YHCJIO  MOJEKYJ], LIBHIKICTh  SIKUX
v, =830m/c 3HaXOUTHCS B IHTEPBAII Bi V 1o v+dv,
——— N i :
_ ,a1e f (v, T )—odyHkiis Makcpemia;
ANIN -2 N = v ()

dV —HacTibKH Manuii  giamaszoH IIBUJKOCTEH, M0 B MOro Mexax
f(VlT):COHSt. B ymoBi 3agaui moTpiOHO BM3HAYWUTH YaCTKY MOJIEKYIL,

HIBUIKICTH SIKUX JIEKHUTD B iana3oHi Ay = V, —Vv; =10Mm/ c.

Sxmo B 1mpoMy iHTEepBami (QyHKHOIFO MakcBemaa MOXHa BBaXKaTH
JOCTaTHBOIO TOCTIHHOIO, TO BEIUYUHY, SKy MH I[IyKaJId, MOXHA
00YHCITIOBAaTH 3a HAOIMKEHOO (POpMYIIOHO:

C:L\I: f(v,T)dv 1)

Take HaOmMKEHHS BiANOBiAaEe TOMY, IO HA Majl. 3 3alITPUXOBAHY
TUTOMIY MOXKHA MPHPIBHATH 0 TUIOMII MPSMOKYTHHKA 3 OCHOBOIO AV 1

BUCOTOIO f (VlT )

OTxe, cnovaTKy MOTPiOHO 3HAWTH 3HaueHHs QyHKIIT MakcBeia mpu
V=V V=V, 1 BUSHAYMTH, Ky TOXUOKY /1a€ BUKOpUCTaHHS piBHAHHA (1).

Oynkis MakcBesia Mae BUTIIS;

4 V2 —v? /vﬂ2 (2
f (V]_T ) =— " 3 e
N

eV, — HaOLIBIT IMOBIpHA IIBUKICTH MOJIEKYT,

V;,, =+/2KT /' my =J2RT / p @)
s Toro, o6 CIpOCTUTH MiApaxyHKH CIIOYATKy 3HAWAEMO HaO1IbII
IMOBIpHY IIBUJKICTB 3 piBHSHHA (3): V., =+2RT [ 11 =410m/ c-
Toxi f(v;, T)=403-10"*¢c/ x> f(v,,T)=375-10"%c/ m.
Le o3Hauae, 110 pu BUKOPUCTaHHI BUpa3y (1) MU JomycTHIHN

BiJTHOCHY IOXUOKY flv, T)= (v, T T00TO 7%.
S = ( ’ ) (2’ ):0,07'
f(v,T)
Otxe, piBHICTb (1) MOKHA BUKOPHCTOBYBATH 3 BKA3aHOIO TOUYHICTIO.
Topi 4acTka MOJEKYJI, MBUAKICTh SIKUX JIGKUTH B JAHOMY iHTEpBaIi

AN/ N = f(v;,T)Av =4,0-10"3, 10670 0,4%.
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3aoaua 9._Cepenns NOBXWHA BITBHOTO MPOOITY MOJNEKYITH
BYTIIEKHCIIOTO Ta3y CQ, 33 HOPMATbHUX YMOB JIopiBHIOE 40 KM.

BusHaunTy cepeanio apudmernuny meuakicts V. Monexym i uncio
3ITKHEHb, SKi Ma€ MOJICKyJa 3a 1c.

Hano: Po3zs’s3anns

Cepenns apupMeTHYHAa IIBHAKICTH MOJEKYJd BH3HAYAETHCA 32

dopmynow: - /BRT/ zus A€ JI — MOICKyIApHA Maca PCYOBHHH.
[lincTaBUMO YMCIIOBI JAaHi i OTPUMAEMO:

v=+/8-831-273/314-0,044 =362n/ C:

Ae Mo, =12+2-16 =442/ mone =0,044ke | mons:

Otxe, v=362u/c.

Cepenne uncino Z 3iTKHEHb MOJIEKYJI 3a 1¢ BU3HAYAETHCS
BiIHOIEHHAM CEPEIHBOT INBUAKOCTI <V> MOJIEKYIIH 110 CEPENHBOT

JIOBXKUHH 11 BIJIBHOTO IPOOIry nm:, <V>

()
[lincTaBuBIIY B 1110 GOPMYITY 3HAYCHHS V = 3621/ ¢ 1
| = 40Hn = 40-10"° u OTpUMaeMo 7 =362/ 40.10° =9,05-10% 2.

3aoaua 10. 3piBHATH NOBHE YHMCIO MOJIEKYJ B aTMOC(EPHOMY CTOBII
3 mizcTaBoro B 1 cM? i3 4HCIOM MOJTEKyN y cToBIi BucoToro 1000 M i TuM
e MiJICTaBOIO.
Posé’sazanns.
Hexaii ynciio mosekyn B oqunuii ob'emy npu h = 0 mopiaioe Ng ,
TOJIi PO3MOJIIT YKCIA IIMX YACTOK 10 BUCOTI Oyjie BU3HAYATUCS HACTYITHUM
BUPA30M:

N(h) =N e MIN(KT) _y o=2h/(RT).

. . 2 .
[ToBHE YHMCIIO MOJIEKYJ Yy CTOBII 3 IJACTaBOIO B 1 cM® 1 3a4aHOIO
BHCOTOIO

N(H) = IN(@)dz=N, e “ON(RT) g _n RT (1_e=#gH/RT),)

0 0
JIe (4 - MOJIIPHA Maca TOBITPSL.
[TizcTaBUBIIY YKCENBHI 3HAaYE€HHS BUCOTH, oaepkuMo: N(H — o ) =
2.1- 10%®; N(H = 10°%) = 0.25- 10>.
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3aoaua 11. Ha sxili BUCOTI nepeOyBaroTh HEHTP Mac BEPTUKAIBHOTO
CTOBMNA MOBITPS B arMocdepi 3emii, SKIIO TeMrepaTypa MOBITps | He
3anexuTh Bim h. YBakarm, Imo a8 MOBITPA Ma€ MiClEe PO3ITOILI
bonenmMana.
Pos3é’azanns.

Hexali moma mnepeTuHy croBma mMmoBiTps S. Buminumo Ha neskiit
Bucoti h map nositps toBmuuu dh, Toai fioro maca 6yxe dm = p(h)-S-dh,
ne p(h)- ryctuna noBiTps Ha BucoTi h. Ockinbku p(h) = m-n(h), e m - Mmaca
monekynn, a n(h)- koHHeHTpalis MoJjekynl Ha Bucoti h, xorpa

BU3HAYAETHCS 3 POy bonbumana: n(h) = noe_mgh/ (kT).
3 Kypcy MeXaHiKd BiZIOMO, IO IEHTP Mac Tina 3 Oe3nepepBHUM
PO3IMONITIOM MacH BH3HAYAETHCSA CIIIBBIJHOIICHHSIM, LIO0 Y HAIIOMY

o0
BUTAAKY M€ BHUTIISI [hdm
Heo= 2

.
fdm

0
O06uncnUMo IHTErpan:

_mgh/(k-r)dh _ mnOS kT[e—mgh/(kT)]w _ nOS KT .
mg 0 g

~mgh/(kT)y, _ ;S (kT)? |

m92

gdm:mnos [e
0

[ee] [e'e] [e 0]

[hdm =[hmn(h)Sdh = mn_S [he

0 0

0
3BIJIKHA 3HAXOUMO: H — kT
C mg h

TakuM 4MHOM, LIEHTP Mac BEPTHUKAJIHHOTO CTOBIIA TIOBITPsS mepedyBae
Ha BHCOTI, Ha sKiii KoHIEeHTpamis Mmosnekya N(h), a omke, MmoTeHIliHA
EHEPrish MOJICKYJI 1 TUCK Ta3y 3MEHIIYIOThCS B € pas.

3aoaua 12. O04YMCANTH CepeHIO NOTEHLIHHY €HEPTil0 MOJIEKYJIH ra3y
B I0JIi CHJIM Barw.
Po3é’sazanns.
Cepenne 3HaYeHHs MOTEHLIMHOI eHEprii MOJNEKYIH ra3y Ha BHCOTI Z
BU3HAYAETHCS BUPAKCHHSIM: <U>:mgTde(z) , ne d(z) - iMoBipHicT
0

TOTO, 110 TOTEHI[IIIHA €HepPris MOJIEKYJIH yKjaaeHa B iHtepsaii Big U no U
+ d y mone Baru 3emuti: e—mgz/(kT)dZ

dw(z) = TeMoz/(KT)g,
0
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Tze—mgz/(kT)dz (KT [(mg))? ,
o — mg KT/(mg)” _
) =mg Te-Mz(KT)g, "9 T imay

Tom

TOOTO TIOTEHIIIfHA €HEPTisi MOJIEKYN y TIOJie CHJIM BarW 3aJIeKUTh TLTBKU
BiJl TEMIIEPATypHU.

3aoaua 13. TIpoBOASATHCS CIOCTEPEKEHHS 3a KYJSICTUMH YacTKaMH,
o nepeOyBaroTh y 3BaKEHOMY CTaHi B MOBITPi (Y MOJI 36 MHOTO TSDKiHHS).
Paziyc uactok I = 2-107 m. Temmepatypa nositps t = 0°C, tuck p = 10°
ITa. VYcranosieno, mo Ha Bucoti h =10 M KOHIIEHTpallis YaCTHHOK
3MEHIIYETHCS BABOE. 3HAUTU MacCy 3BaK€HO1 YACTUHKU?

Po3zé’azanns.
[Toznaunmo macy wactku M. OCKIIBKH YacTKH 3BayKEHI B MOBITPI, T
BapTO BPaxOBYBaTH CHIIY, 10 BUINTOBXYE. TakuM YMHOM, CHJIa, IO Ji€ Ha
dactky, F=mg(1l-p,/p)> A€ po- IIUIBHICT TIOBITPS B TIOBEPXHI 3eMJIi;

p - IUIBHICTD YacTKH. Y IbOMY BUNAJKY 3aKoH BonbIiMaHa 3amumiersbes y

BUTJISI I n(z) = n, exp| - mg(l—p,/ p) 7
kT
[linpHICTh yacTKM pagiycom 1 3m .
e
3a ymoBoro 3aBmaHHsi, Ha Bucoti h = 10 m n(h) = ngp. Toxmi

BiJTHOIIICHHS KOHIIEHTPAIlIT YaCTOK Ha JBOX PI3HUX BHCOTAaX
n _ : 4ghp ar®l3
0 exp| MEL=P0/P) gy | = o» 3Bimeit |, _ Mo BONOTTS,
n(h) kT kT kT
Omxe, Maca wacTku kT2 + 4ghp07z'r3/3.
gh
[ligcTaBUBIIKM B OCTaHHIO (OPMYJy YHCENbHI 3HAUCHHS BEIMYHH,
oxepxumMo m=5.4- 10 kr.

3aoaua 14._ 3uaiith cuiy, 10 Ji€ Ha YacTKy 3 OOKY OJHOPITHOIO
T0JIsA, SIKIIO KOHIEHTPAIIIT I[MX YaCTOK Ha ABOX PIBHSX, IO BIJACTOSTH OUH
Bij iHIIOro Ha Bincrani Ah = 3 cM (y310BX TOJIs1), BIPI3HSIOTECS B 77 = 2
pasu. Temmneparypa cuctemu 1 =280 K.
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Pos3e si3anns.
Cuna, 110 i€ Ha 4acTKy 3 OOKY OJHOPIIHOTO TOJIs, BU3HAYAETHCS
BHPa3oM
= U(M)-U(h) _U,-U,
Ah Ah
ne Ah = h, - h; . Bianosiaao g0 posnoainy boabiiMana KOHIIEHTpAITiT
YacTOK Ny Ta Ny HA ABOX PiBHAX Ny i Ny BU3HAYAIOTHCS BiAMOBITHO
= nge U /(kT) wn =nge U_/(kT)
OCKITbKM YaCTKH PO3TALIOBYIOTHCS 3 OUIBIIOI0 MIUTBHICTIO Tam, e
MeHIIe TXHsI MOTeHIIiHa eHeprist, To Ny/N, = 5. OTKe,

_Ul U2_
ﬁ+W—In77
abo U, -U,=kTIhn.

Ilyxana cuma kT

F=""Innp=0.9-10"1H,
Ah

3aoaua 15. Y noBriii BepTHKaNbHIA MOCYIUHI nepe0yBae ras, 1o
CKIIQ/IA€THCS 13 IBOX COPTIB MOJIEKYIT 3 MacaMul My i M, , mprdoMy My > M;.
Konnentpariii mux MoJeKysn y JHa MOCYAWHH PiBHI BIAMOBITHO Ny W Ny,
npuaoMy ¥ Ny > N;. YBaxkaryd, 1m0 MO BCI BUCOTI MiATPUMYETHCS Ta
cama temMrieparypa T i MpUCKOPEHHS BUIBHOTO MAJiHHS TOPIBHIOE §, 3HAWTH
BUCOTY N, Ha SIKiil KOHIICHTPAIIIT I[MX COPTIB MOJIEKYJI OyIyTh OJTHAKOBI.

Po3ze’sazanns.

3anumemo posnonia bomblnMaHa UIST ABOX COPTIB MOJEKYJ, IO

. . , —m gh/(KT)
nepeOyBarOTh y  TOJI  CWIM  Baru: =ne 1

1

: —m_gh/(kT)
n',=ne 2

OueBHUIHO, IO

In n' = In nl—mlgh/(kT)1 In n'2 =Inn, —ngh/(kT) -

[Mlykany Brucoty h, 1e KOHIEHTpaIii MOJIEKyI OyayTh OJHAKOBI,
3Hal/1IeMO, TIPUPIBHSBIIM IPABi YaCTUHU LIUX PiBHSHB:
Inn,—Inn=(m,—m)gh/(kT)-

3Bijgcu h KT n

:7“'] _2 ’
(m,-m)g n
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3aoaua 16. Y umninnpuynid neHTpudy3i nepeOyBae eMmynbCis, L0
CKIIQJIa€ThCS 3 YacTOK Oimka macoro M i Bomu. lllinbHicTe Oinka p.
Uentpudyra obepraeThcsi 3 KyTOBOIO INBHAKICTIO . BusHaunth
BiTHOIIIEHHS YHCJIa YacTOK, IO TepeOyBaloTh Ha IBOX Pi3HUX BIIACTaHAX Iy
i r; (r2>ry) Bix oci mumiHgpa.

Po3é’azanns

Uactuaka Oinmka, mo mepeOyBae y BOIi, B 00epToBiil meHTpudys3i
BiZIUyBa€ JIit0 BIALIEHTPOBOT CHIJIM iHEPIil (€0 CHIIM Bard 3HEBAXKAEMO):

F(F)=ma?* - m @l

e [ - pamiyc-BEKTOp YacTKH MO0 OCi HHJIiHApa; Mz - Maca BOIU
BUTICHEHOI 00’eMoM Oinka (cunma — m e ?F - aHamor cuam Apximerna). 3
OrJIsiy Ha, MO Mz = pem/p, A€ po - LIIBHICTE BOJAU, OJCPIKYEMO
F(M)=m(l-p,/ p)@*T

3Bakarouu, 10 MOTeHIIHHA eHepriro yactTuakud U(r) Ha oci muminapa
piBHA HYIIO, 3HAXOIUMO:

u(r)= —E(IE(F'),dF') = _m(l—po/p)wz }I"dr' _

m
=— E(l—polp)wzrz.

[ligcraBnstoun ueit Bupas y popmyny bonbsimana, onepxyemo

TOOTO YUCIIO YAaCTOK POCTE B Mipy BimjaneHHs BiJ oci. 3 ¢popmymnu (1)
MaTUMEMO IIIyKaHEe BiJHOUICHHS

n(r.) m(l-p /p)w2
27 _ex 0
n(rl) 2kT

2 2 )
(r2-r2)

3adaua 17. 3naiiTi HAOLIBIT IMOBIPHY IIBUJIKICTH MOJIEKYIT
17IeaTbHOTO Ta3y.

Pose’szanns.
[Mpunyckatoun, mo igeansHUil Ta3 TepedyBae B TEPMOJUHAMIUHIN
PiBHOBA31, BAKOPUCTAEMO (YHKIIIIO PO3NOLTY MOJIEKYJ MO MIBUIAKOCTSIX:

f (v) =4r(al 7)¥2e— 0" 2, 1)
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ne a = m/(2k). Iloxinna ¢pynkuii poznoxiny (1) mo mBuAKOCTI

2
f'(v) = 4rz(al )% 2(~2av3 +2v)e~av" .
[To3navatroun HaOIIBII IMOBIPHY MIBUAKICTH Yepe3 'VB , 3HAXOIUMO T1i
3 PIBHAHHS f'(y )=0, TOOTO 20, (—avg +1)=0-

3Bigcu v, = Jl/a =+/2kT/m-

3aoaua 18. llpu sikiii Temnepartypi i1eanbHOrO ra3zy Yuciao MOJEKYT 3i
HIBUIKOCTSAMH B 33J]aHOMY iHTepBami v, v +dv Oyae MaKCUMaIbHUM?

Po3zé’azanna
3HalieMo MakCUMyM (QYHKIIi pPO3MOMITY MOJEKYJd IO BeIHYWHI
MIBUIKOCTI, pO3TISAAr0UN 11 K (QYHKIIIO TemIieparypu abo mapaMmeTpa a =
m/(2k), To6To

2
F(a)=4r(al )32~V 2, D
Hudepennitoroun Qynkmiro (1) mo mapamerpi a, ogepKyeMo

F'(a)=4mv?e™ av’ [%(%)1/2 % - (%)3/2 1)2) =

)

2
— 4ple—av (%)1/2(%_%,02)
Moxinua (2) Gyne pieua Hymo mpu a = 0 ta a =3/(2¢). [epmmuit
BUMAJOK BiAmoBigae T = oo i ToMy mo36aBieHo ¢izuuHoro 3micty. OTxe,
mrykana remmepatypa € T = mo’/(3K).

3aoaua 19. BuzHauutu CyMapHy X-CK1a008y IMITYJbCy BCIX MOJEKYII
171eaJbHOTO a3y, 110 MPOXOAAThH Yepe3 IMIIOCKUI KOHTYp Iuiomi S 3a yac ty
MO3UTUBHOMY HANPSIMKY OCI X, IEPIIEHIUKYISIPHOI KOHTYpY. Temneparypa
ra3y T, TUCK P.
Po3zg’azanns.
Uwucno MoJekys, W0 TPOXOJSATh dYepe3 Iuomanky S 3a dyac t,
HIBUJIKOCTI SIKUX MepeOyBarOTh B iHTEPBATI Bifl 7 10 % + O, JOPiBHIOE:

m Jm —mo2/(2kT)
e X v

sznSt[ dv ,
O\ 27kT XX

ae Ng - KOH].[CHTpaI_IiH MOJICKYJI, M - Maca 0)1Hi€'1' MOIJICKYJIHN. KoxHa 3
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[UX MOJIEKYJI IIEPEHOCHUTH IPH LBOMY IMITYJIbC My, TOi IIyKaHa CKIIagoBa
IMITyIIbCY, Yepe3 KOHTYp BCiMa MOJICKYJIAMH, J0PiBHIOE:
n Stm*?~ —mo?/(2KT) ,
p=-2——Je * v>do .

27KT X
0

BukopucToByr0un TaONWYHHUIA iHTErpas Te—IB)(sz dx=1 |~
0 53

OACPIKUMO:

Px = 5NkTSt=1 pst.

3aoaua 20. 3HaiiT cepeHIO MBUIKICTH MOJIEKYT 11€aTBHOTO razy.

Poszs’szanus

Cepennst IIBUAKICTh MOJIEKYJI BU3HAYAETHCS BUPA30OM:
o0

(v) = [vffodv = 47[(2‘_)3/2056_8‘7)21/3@0 =

0

8kT

Ockinpku @ = m/(2k), To <7;> = e

3aoaua 21. KoHueHTpallisi MOJIEKYI iIeallbHOTO ra3y Ng , TeMIepaTypa
ra3y T, Maca Mojekyn M. ['a3 nepeOyBae B TEIIOBiH piBHOBa3i. BusHauntu
YHCJIO MOJIEKYJ ra3y, IIO0 BAAPAIOTHCS B OJMHHUIO 4Yacy 00 OIMHHIIIO
MOBEPXHI MOCYTUHH.

Po3zs’sazanns
O06 o0OpaHy OJMHUINIO TIOBEPXHI IMOCYJAWHHU BAAPSIIOTHCS Ti MOJICKYIIH,
MPOEKIIiT MBUIKOCTI SKUX Ha HAMPSIMOK, MEPIECHANKYIISIPHUH JI0 TIOBEPXHI,
He piBHMHA Hymo. Hexali Bich X NepneHOUKYJsipHa 1O PO3MISTHYTOl
noBepxHi. Yuciao monekyn dn, B oauHHII 00'€My, MPOEKINsS IIBUIKOCTI
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SIKMX 3HaXOIWTHCH B IHTEpBalli MixK 1 i v + dvy , TOPiBHIOE:
m W2 —mv2/2kT
dn=n|——| e X dov_-
X0l 2akT X
3 IBOTO YHUCJIa MOJICKYJ TUIBKH Ti JOCSTHYTH 33 OJMHUINO 4Yacy
MOBEPXHI MOCYAMHHU, SIKI PO3TAIlIOBaHI BiJ| ii HE Jayli BiJCTaHI, YUCEIHHO
piBHOTO 7 . UKMCIIO WX MOJICKYJI BU3HAYAETHCS BUPA30M

m Jllz e—mv§/2kT q
27KT

[ToBHE YHMCIIO MOJICKYN, SIKi 32 OJUHUIKD Yacy JOCSATHYTHh OJUHUII
MOBEPXHI MOCYINHH, JOPIBHIOE

© m 1/2 —m'(/2/2kT
N=fovn|—— e X
o X 0\ 27KT

Beoanmo mo3navenns a = m/(2k). Toi:

v

dn'=vn[
X X 0 X

dv
X

N n wf —avid no©( 4 ; —avi
=9 [.Jav e =0 e =
A D= i)
_ M kT
YNeA B
BpaxyBasIiu, 1110 cepe/iHs MBUIKICTh MOJEKYJT (v) = [8KT , omepxuMO
Zm
n
N =0 /g
o)

3aoaua 22. BU3HaYUTH 9aCTKY MOJIEKYJ BOIHIO, MOYIIi IIBHIKOCTEH
SKUX TPU Temreparypi 27° nexars B inTepBaii Big v = 1898 M/c 1o v =
1903 m/c.

Pos3é si3anns
InTepBan mBHaKOCTEW Av = v, - v = 5 M/C JOCUTH Maiwii y
MOPIBHSAHHI i3 CAaMHUMU IIBUIKOCTAMH. TOMy JUIsi BU3HAYCHHS IIyKaHOI
YaCTKH MOJICKYJI 3aMICTh IHTErpyBaHHS MOJXKHA 3allMCcaTd PO3MOMILT
MakcBesuta 1o MOAYJISAX MBUIAKOCTEH Y BUTIISIL:

AN _ 47[[ m T’Ze—va/(sz)vav_ (1)
N 27KT

Haii0inpm iMOBipHa IIBMAKICTH MOJEKYJ BOJIHIO IIpH 3ajaHii
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temneparypi (T = 300 K) nmopiBHro€ v, = [2kT/m- 3 ormany Ha Iie,

neperBopuMo Gopmyiy (1) n0 BUTISALY:

2 9?42 2
AN _ 4 v" vy )
N Jx vg
BBezemo nosnayeHns | — Y . Toni Bupas (2) npuiime BUTIST
v
B
AN 4 42
=" u% % Au. (3)

N Jz
s Bognro mpu T = 300 K v, = J2kTIm = [2RT [ u=1.57 10° m/c.

Omke, U=12,a p; = A7 =3.16110°.

v
B

IlincraBuBum 1 3HaueHHs y Bupas (3), onepxyemo AN _ 2.45- 10° =
N
0.245%.

3aoaua 23. Slka yacTMHAa MOJIEKYN BOJHIO, IO MepedyBae mpu
Temreparypi 1 , Mae IIBHIKOCTI, IO BiIPI3HSAIOTHCS Bif HAWOLIBII
IMOBIpHOT MIBUAKOCTI He Oinbine, HiX Ha 5 m/c? 3amady po3B’si3aTH IS
nBox 3Hauens T: 1) 400 K, 2) 900 K.

Posé’sazanna
Ockinbky B 3aBJaHHI MOBa e MPO HaHOIIbII IMOBIPHY NIBHJKICTb,
Tpeba BBaXaTH ¢ = (0 Otxe, U :7,/7)8 = 1 i Bupaxenns (3)

OTpUMaHe NpHU PILICHHI MONEPEIHbOI0 3aBJAHHS NpUHAME MOCTIM BHI:

AN _ 4 Au Ilepm HiX poOUTH PO3PaxyHKH, HEOOXiTHO
N Jze
MIEPEKOHATHCS B TiM, 1110 BUKOHYETHCS YMOBa Av
P B Y Y Au = = <<Uu’
v

B
3HaiiieMo croyaTKy HaiOinbm iMOBipHY mBUAKICTh pu T; = 400 K #
T, =900 K BigmosigHo.

BL 0002 Ys2 T\ 0.002
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2.73-10° m/c.
Ockinbku 3a ymoBoto A7 = 10 m/c, TO onepKuMo Au1=1/182, Auzz

1/273.

Ockimpkn U = 1, To ymoBa AU <<U BHUKOHYETbCS I 000X
TeMIeparyp.
Tenep o0uncIUMO HIyKaHi BETUYHHU:
ANy 4, 4 ~0.0046
N Jze 1 314.27.182
AN 4

2 _

Ay, =4
N Jre 2 4314.27-273

Takum umHOM, Tpu 30LIBLICHHI TeMIepaTypd HaHOLIbII iMOBipHA
MIBUJKICTh MOJIEKYN 301IBIIYETHCSA, & YUCIO MOJICKYJ, MIBHUAKOCTI SIKUX
JISKATh Y TOMY CaMOMY IHTEpBaJIi O1JI HAHOUIBIIT IMOBIPHOT, 3MEHIITYETHCS.
Ha rpadiky ¢dyHkii po3noainy mBuakocteit (puc. 2.1), 3i 30iLIbIICHHIM
TeMIlepaTypl MAaKCUMyM KpHBili 3pYIIyeTbCsS BIIPaBO, a BEIMYMHA
MaKCHMyMY 3MEHIIYETHCSI.

=0.0030.

3a0aua 24. Slxka dYacTMHa MOJEKyJd Ta3y Ma€ IIBHIKOCTI, IO
MIEPEBUIIYIOTh HAHOUTBIIT IMOBIpHY IIBUIKICTH?

Pose’sizanns
PosrissHeMo MoneKyi, MIBUIKOCTI SKUX 3HAXOMATHCSA B iHTEpBai BiJl
HANOUTBII iIMOBIpHOI MIBHIKOCTI '()B,Z[O ’()B +00, ToOTO B HECKIHYEHHO

BeNMMKoMy iHTepBaimi tmBHaKocTell  Ap. Cropucraemocs (QYHKILERO

posnoniny Makcsenna y purasai AN _ 4 ue— u? du

N Jr

e u='0/vB : (1)

Uwncno MoJNeKysd, BIJIHOCHI HIBHIKOCTI SIKMX JIeXaTh Y 3aJaHOMY
iHTepBaNi Biji U; JO U, 3HAijeMo, iHTerpyrouu npaBy yactuHy (1) y
BKa3aHUX MeXKax:

u
4 @ 2.—u?
dN=-""N [u% ¥ du.
NZ/

(2)

u
1
3 ornsay Ha Te, 10 BiTHOCHA MIBUAKICTh | = ¢/ . TO B HAIIOMY
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3aBJIAHHI | — 1 Ta | = oo. OTKE, IIyKaHa YACTUHA MOJIEKYI BUPA3UTHCS
1 2
. 0 2
inTerpamom: AN _ 4 que—u du

N Jr

1
Ckopucraemocst 04eBUIHUM (DaKTOM, IO IIBHIKOCTI BCIX MOJEKYJ
nexars B iHTepBaii Big 0 mo oo. Tomy, skmo mozHauntu gepe3 AN' qucio
MOJIEKYJ1, IIBUAKOCTI SIKMX MEHIIEe HaWOUIbIl iMOBIpHOi, TOOTO JEKaTh B

. . . 1
1HTCpBa1 BLJ 0 a0 1, TO MOJKHa 3anucaTu AN + AN =1 Takum YHUHOM,

N N
3aMiCTh TOTO, 00 LIIyKaTH AN , MO’KHA 3HalTH LI\V no ¢popmyii
N N
. 1 2
AN'_ 4 u%e % du, @)
Nz,
a ITOTIM OOYMCIINTH ﬂ =1- LM
N N

Ockinbku iHTerpan (3) Bce-Taku B KiHIEBOMY BHUTJISIIII HE OepeThcs,
CKOPUCTAEMOCSI METOJOM HaOMMKEHOro iHTerpyBaHHs. /[nga wmworo
pO3KIIaeMo MigiHTerpadbHy (YHKIO B psia MakmopeHa:

uze_u2 :u2_£+£_£+ﬂ_...

1 2 6 24
Otxe, AN'z4[1_1 1 l+ 1 ]

. +7_7 SE—
N Jz 14 54 264

3 5
OOMeXyIYNCh MEPIIUMU YOTHPMA YICHAMHU PO3KJIaJaHHs, 3HAHIEeMO
3 HOTPilHICTIO, o He nepepumtye 0.01: AN’ _ 043

3BiJICH OJIEP’KUMO BiJIITOBIIb: % 1-043-057.

3aoaua 25. 3naiiTy HalOIBII IMOBIPHY €HEPTil0 MOJIEKYI i1€aIbHOTO
rasy.

Po3é’sazanna
BusHaunMo Kpanky MakcuMymy (GYHKIii PO3HOIITy MOJEKYI
iJleaIbHOTO Ta3y 110 eHeprisx: ¢ (E) = i(k-l—)_g/z e—E/(KT) g1/2
N3 '
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IToxinHa uie'l' dhyskii o £

f '(E) _ (kT)—3/2 —E/(kT)[

g1/2 1
— + .
Illykany eHeprito 3HaWIeMO 3 pPIiBHIHHS f'(E):O , TOOTO

EV2 1 _ 3BigkuTpeba g _ 1,7 Bigsnaummo, mo
B B, =2k Fo* Evy).
3aoaua 26. 3HaiiTh cepeHIO KIHETUYHY €HEPTil0 MOJIEKYJ i1ealbHOTO

rasy.
Poss’sazanus

I1o Bu3HAYECHHIO CepCILHH KiHEeTUYHA CHCpFiH

(E)=JET(E)E=—~ (kT) 312 [o~ EAKT)
0 0
YBenemMo no3HaueHHs ,B = (k)™ i noBy 3minny t = E¥2. Toxi

4 © _Bt? 4 d Bt?
E)= L p%2 tdt = 32 dt
€ o g

IaTerpan y mykkax OOYHCIIOETBCA 32 JOMOMOIOI0 iHTerpaia
ITyaccona

e P qt—2fe P dt— J7T5.

— 0 0
BI/IKOpHCTOBy}O‘II/I aro CI)OpMyJ'Iy, OJICPKYEMO

2
<E>:\/25133/2\/;;;2(,8—2]:2’33/22ﬁ—5/2:gﬂ—1'

E3/24E .

VY Takwii crrocio <E> = %kT.

3aoaua 27. OGUUCIUTH TUTOMI TETJIOEMHOCTI IIPU MOCTIHHOMY 00’ eMi
Cy Ta IOCTiiiHOMY THCKY Cp HEOHY Ta BOJIHIO, SIKIO BBAXKATH Iii ra3u

1IeaJIbHAMU.

Pose’sazanns
HHTOMi TEIUIOEMHOCTI 1/IeaTbHUX Ta3iB BUPAXKAIOTHCS (hOPMYJIaMU:
o =+ I R, 1)
2 M
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i+2 R, 2

Cp =
2 M
Iie { — YUCIIO0 CTYTICHIB BUTBHOCTI MOJIEKYII Ta3y; M — MOIsIpHA Maca.

Jnis HeoHy (OTHOATOMHWIA Ta3) i = 3; M = 20.10-3 <2
MOTb
Toni )
oAl =§‘ 831 b —6.24.102 2 Jrc
2 2010 %ke-K xe K
P:3+2_ 831 bk ~104.10° L -
2 2010 % ke K ke K
i = 5; .
Jlst BomHIO (IBOATOMHUM Ta3) i M—2.103 "@
MOJlb
Toni )
01 :§_ 8.31 e ~104.10" Jbre:
2 2.10 3 k2 K ke K
P:5+2_ 831 i =1,46-1O4 Jhic .
2 210 %k K ke K

3aoaua 28. lleBHwmii ra3 3a HOPMAITBHUX (PI3UYHUX YMOB MA€ TyCTUHY

BusHayutu HOro muToMi TEIIOEMHOCTI 1 C a
p=00894" Cv P
M

TaKOXK, IKHi 11e ra3?
Po3se’szanns

Hopwmaneni diznuni ymoBu: p=10°1Ta, T =273K.
s BU3HAUGHHA BUAY Tra3zy 3HaieMo HWoro MossipHy macy M,

CKOPHCTABIIKMCH piBHAHHAM Menaeneesa-KianelipoHa: m __» 3BLIKH
V =— RT
b M
M = mRT, ane M_  rycruna rasy. Toxmi 3HaxomuMo BHpa3 s
pv v
RT . O6uuciumo .
M = ,0? M =00894- 235278 5 viom,

Ile 3naueHHs MoJsipHOiI Macu BomHIO. OTXe, 1eit ra3 — BoaeHb. s

BOJIHIO (], ) 4HCIIO CTYyIIEHIB BUTBHOCTI i = 5.
Tomi i . 103 ,
Ao :;R/M _5-831:10° _, 0 Jhrc

Ke -

3
= |;2R/M (5+2)-83110° _ o) Jhr .
Ke
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3aoaua 29. Bu3HAUNTH KiNBKICTh TEIJIOTH, [0 MOTIUHAECTHCS BOJHEM
Macor m=0,2xz HpH HOro HarpiBaHHi BiJl TeMIepaTypu t, =0°C M0

TEMIIEpaTypH t, =100°C Tpu MOCTIHHOMY TUCKY. 3HAMTH TaKoX 3MiHy

BHYTPIIIHBO1 €Heprii ra3y Ta BAKOHAHY po0OTY.

Jano: Po3zs’s3anns
m = 0.2x2 KuIbKICTh TEIUIOTH (), IO MOTJIMHAETHCS BOAHEM
t = 0°c mpu  i300apHOMY  HarpiBaHHI ~ BHU3HA4ae€ThCAd  3a
t, = 100°C (hopmyiioro:
Ha Q=CpMmAT 1)
p = const .
Ie M-—maca rasy; Cp —Horo muroMa

Q-?AU-?A-?
TeMIIepaTypH rasy.
Sk Bimomo, o = I1+2 R | TMigcrasusmy ueit Bupas Cp Y dopmyay
T2 M
(1), otpumaemo: Q=m i+2 RAT,

TEIUIOEMHICTh TIPH TIOCTIHHOMY THCKY; AT —3MiHa

2 M
_ 0.2[(5+2)-8.31-(372-273)]

= 291x/oic
0 2.2.107° e
BayTpinmHs enepris U —lmRT’ OTXKe, 3MiHa BHYTPIIIHBOI eHepril
2M
3HAXOAUTHCS 3 BUPA3Y AU _imR AT ITigcraBUMO CHOAM BIAMOBIIHI
2M
3HAYEHHS:
5 02 :
U=— 8.31-100 = 208/
22.10°°

Poboty posmpeHHs rasy BuU3HA4MMO 32 (opmynior [-ro 3akoHy
TEPMOMHAMIKH: Q=A+AU, 3BIOKH A = Q-AU. OOumcIuMoO 1€
3HAYEHHS: A=291 ke — 208 xl{onc = 83x/ouc.

3adaua 30. XomonuibHa MalIMHA TMPAIFOE 32 OOOPOTHHM IIHKIIOM
KapHo B iHTepBaii Temmneparyp t, = 27°C 1t ,=-3C- Poboue tino — azsor,
Maca sikoro m = (0,2 kr. 3HalTH KiJIbKICTh TEIJIOTH, 110 BiAOUPAETHCS Bij
OXOJIO/KEHOTO Tijla Ta POOOTY 30BHIIITHIX CHJI 32 IUKJI, SKIIO BiHOIICHHS
MaKCHMaJIbHOTO 00’ €My 710 MiHIMaIBLHOTO JOpiBHIOE b = 5.
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Jlano: Po3zs’s3anns
Skmo XxomoxunbHa MallMHa Tpamoe 3a wukioM KapHo, TO
130TepMidHEe CTHCHEHHS PO0OYOro TiNla, M0 CYHMPOBOKYETHCS POOOTOFO
30BHIIHIX cHJI, BiZOyBaeThbcsi mpu OIBLI BUCOKIM TeMmmepaTypi Tl

(mimpHUI 1-2). Ilpm mpomy  poboue TiO  Bigjae B HABKOJMIITHE
CEPEIOBHILE, IO BUKOHYE POJIb TEPMOCTATa, KUIBKICTh TEIUIOTH Q,- Ha

minpHuni 3-4 mpu Okl HM3BKIM Temmepatypi T, BiOyBa€eThCA

i30TepMiuHe PO3IIMPEHHsS POOOYOro TiNa, NMpPU LBOMY BiA Tina, IO
OXOJIO/KY€ETHCS, BITHIMAETHCA KUTBKICTh TEIUIOTH Q,: 3rigHO 3 TepImM

3aKOHOM TEPMOIWHAMIKM POOOTa 3a MWK JOPIBHIOE TOBHIN KITBKOCTI
TEIIOTH, 110 OTPHUMYETHCS Ta BIIAETHCS 3a MUK A — —Q+Q,

Sk 6agumo i3 Tpadika, poboTa Ta3y 3a MUK Yy BKa3aHOMY HAIPIMKY
Bix emHa . PoOoTa 30BHIIIHIX CHJI 3a [IUKJIL:

Asc.=-A=Q -Qy 1)

Ipu i30TepMiYHOMY PO3IIHPEHH] : 2
p p yp p Q2=m-RT2In\Q
3

Sk 6aunmo i3 rpadika, MiHIMaTBHUH 00’ €M 32 UK Vy

3)

MaKCHMalbHui — \/,, a Vs b
V2
Jpyruii Ta TpeTiii cTaH JekaTh Ha OJIHIA ajiadari, MpOBEICHIH B
IHTEpBaJIi TEMIIEPATYP BiJ T, 20T,
1

Orke , v, 7‘1:1—72 abo Vy [Ty )1 (4)
V3 T V3 \Ty
[lepemHOkuBIIN TIOWIEHHO piBHIHHAS (3) Ta (4) , OTpUMAaEMO:
1

Va T2 |2 ®)
Vs T
[MincraBumo Bupas (5) y (2) .

Q, ="RT,[In b+ InT2

y-1 T
A3zor — ra3 nBoxaromHuM, orTxke KoedimieHt [lyaccona y=14 TOM1
Q, =216 -

Jnst 060pOTHOTO UKITY CHpaBEeAIMBE CIiBBiIHOLICHHS:
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Q-Q T,-T, abo Q T, )
Q T Q T
1106 3HaiiTH poOOTY 30BHINIHIX CHJI 3a ITUKJI, BUpa3uMo Qi 3 piBHIHHS
(6) Ta miacraBumo B piBHSHHA (1):

T T,-T :
A:Qz(_rl—lJ:Qz 1T 2 = 240 x/rc
2 2

3a0aua 31. Kaminsapry T1pyOKy 3  IyX€ TOHKHMH CTiHKaMH
TIPUKPINAIN 10 KOPOMHUCIIA Bar, Miciisg 4oro Baru Oynu BpiBHOBaXkeHi. J{o
HIDKHBOTO KIHIIS Kamijspa TOPKHYJIKCH MOBEPXHEIO BOJM 1 MPH LBOMY IS
BPIBHOBA)KEHHs Kamijsgpa JOBEIOCh JOOAaBUTH BaHTAX 132.107° /-

BusnaunTi pazaiyc xamiispa.

Jlano: Posé’a3auns

Cuny TOBEpPXHEBOTO HATATY [iIOTh Ha BHYTPILIHIO Ta 30BHIIIHIO
NMoBepxHI TpyOKu. BpaxoByioum HEBENWKY TOBIIMHY CTiHOK TpPYOKH,
MOKHa BB@)XaTH pajiyCl KPHUBHHA TIOBEPXOHb PiIWHU OIS CTIHOK
Kariisgpa OJHAKOBUMH 32 BEIMYMHOIO BCEPEANHI Ta 330BHI TPYOKH.

OTke, OIHAKOBUMH MO>KHA BBKATH 1 CHJIM, IIO AifOTh HA BHYTPILIHIO
Ta 30BHIIIHIO TIOBEPXHI TPYOKH.

Cuna, mo Ai€e Ha BHYTPIIIHIO MOBEPXHIO, JOPIBHIOE Ba3i BOAM, SKa
MiHSIach B KaJIsApi MiJ JIi€I0 CHJI TIOBEPXHEBOTO HATATY, a 3MiHa Baru
KaImiJisipa JOpiBHIOE TOJNBiMHIN Ba3i i€l Boaw, ToOTO: F =P /2 .

KoeoimienT nosepxHeBoro Harary Bomu: S=F /|, n#e |=2,r-
3Biacu: 5o F_p _p,
| 2-2zr dzxr

-5
ovke, P _ 182107 4 0 0780 21470
dzé 4-314-0,073
3aoaua 32. 3HaiiTH 1OJATKOBUN THCK B MUJIBHIHM Oynmp0amii
niamerpom d = 10 MM . BusHauntu Takox podoty A , Ky Tpeba BUKOHATH
00 HaayTH 10 OyIB0aIKy.
Pose’sizanns

[TniBka MUIBHOT OyNbOAIIKK Ma€ JIBi chepUyHi TOBEPXHI — 30BHIIIHIO
Ta BHYTpiHIO. OOHIBI MOBEPXHI THCHYTH HA MOBITPA, IO 3HAXOIUTHCS
BcepeanHi OynpOamku. OCKUIbKM TOBIIMHA TIUTIBKM JyXe Malia, TO
niamerpu 000X MOBEPXOHBb MPAKTHYHO OJHAKOBi. TOMY JTOJATKOBUH THCK
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:2_2£, ne  — pagiyc OympOamku. OCKUIBKH r :9, TO P :8£.
r 2 d
[MincraBuBmu B 110 Qopmyiny 3HadeHHs ¢ Ta 0, OTpHUMaeMo:
_8-40-10" ., 11y
10-10~
Tomi pobota

A~ 05 = 27025 =2-314(10-102f - 401072 = 25/ -
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2.4. 3amaui anA  CaMOCTIHHOTO pO3B’SI3yBAaHHS MO TeMmi 2.
«Monekynsipaa ¢izuka i repmogunamika» (Ne 1-160)

1. B emuocti V = 0,5 1 wmicTuTbCA Ta3 3a HOPMAIbHUX YMOB.
Busnaunty uncno N Monekyn rasy, 1o 3HaXOJSAThCS B KOJIOI.

2. B 6anoni emuictio V = 5 11 MICTUTBECSI KHCEHB Macoo M = 20 .
BusHaunTH KOHIIEHTpAIIiI0 N MOJIEKYN y OaoHi.

3. Bu3HAuUUTH KiJIBKICTh PEYOBHHU BOJHIO, 1[0 3HAXOAUTHCS B OaJIOHI
006’eMoM V = 3 51, IKIIIO KOHIIEHTPALisl MOJIEKYJI Ta3y n = 2.10% 4,

4. BU3HAUUTH KiNBKICTh pedyoBUHH V' Ta 4mciao N MoOJeKyn a3oTy
Macoro m= 0,2 Kr.

5. SIxuit 06’eM 3a HOpMAIBHUX YMOB Ma€ CyMill 4 KT KHCHIO Ta 2 KT
azory?

6. Busnauntu: 1) ymcno N Monekyn Boau, WO 3aliMaroTh OpU
temmeparypi 4°C 00°eM V = 1y°; 2) Macy IUX MOJIEKYJIH BOJIH.

7. OgHa TpeTHMHa MOJIEKYN a30Ty Macoro M = 10 r posnanach Ha
atomMu. BusHaunty noBHe 4mciio N YaCTHHOK, IO MIiCTUTHCS B TaKOMY
rasi.

8. B emHuocTti 06’eMmom V = 4 11 3HaXOAUTHCS BOJACHL Macoro M = 1 T.
Slke urco MoJieKyJ1 N MICTUTh OJMHULISA 00’ eMy?

9. B eMHOCTI 3HaXOUTHCS CyMilll KHCHIO Ta BOJIHIO. Maca cymimi m
= 3,6 1. Maca kucHto 0,6 T. BU3HauuTH KiJNBKICTh PEYOBHHU V' CyMili, a

TaKOX V| Ta V, KOKHOIO rasy OKpeMmo.

10. Bu3Ha4YHMTH KiJbKICTh PEUOBHHHM V 1 4ucii0 N MOJIEKYJ KHCHIO
Macoro m=0,5 kr.

11. Ckinbku aTOMiB MICTUTBCA B PTYTi : 1) KiJBKICTIO PEYOBHMHH
v=0,2 MoJb; 2) Macoro m=1 r?

12. Boga npu temmepatypi t=4°C 3aiimae 06'em V=1 cm’. Busuaunrn
KUTBKICTh PEYOBHHH V 1 9UCIIO N MOJIEKYII BOJIH.

13. 3maiith MonspHy mMacy M 1 Macy m, OJHIET MoOJEKyIH
KyXOHHOI COJIi.

14. BusHauntu Macy m, OJIHi€l MOJIEKYJIH BYTJIEKHUCIIOTO razy.

15. BuzHauuTH KOHIIEHTPAIIIIO N MOJICKYJ KHCHIO, 10 3HAXOAUTHCS B
nocyauni o0'eMmom V=2 n. KinbkicTe peyoBHHH V KHUCHIO aopiBHIOE 0,2
MOJT.

16. Bu3HAaYuTH KIIBKICTh PEYOBHHH V BOJHIO, IO 3alIOBHIOE
Hocynnllgy 036'€M0M V=3 §, SIKII0 KOHIICHTpAIIisl MOJIEKYJI T'a3y B TIOCY/IMHI
n=2-10""m".
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17. B Oanoni o6'emoM V=3 5 MiCTHUTbCSA KHCEHb Macolo m=10 r.
Bu3HaunTH KOHIEHTPALIIO N MOJICKYII Ta3y.

18. Banon o6'emom V=20 11 3anI0BHEHUH a30TOM TIpu Temmeparypi T=
400K. Konm wacTuHy Ta3y BHKOPHCTANM, TUCK B OaJIOHI MOHM3HWBCS Ha
Ap=200 xlla. BusHaumtn macy m BHKOpHCTaHOTO a3oTy. [Iporec
BB)XATH 130TEPMIUHHM.

19. B Oanoni o0'emom V=I5 n 3HaXOAWTbCS aproH MiJl TUCKOM
p1=600 xIla i remneparypi T;=300 K. Konu i3 6anona 6yno B3sSTO JESIKY
KUIBKICTh Ta3y, THCK B OayioHi moHu3uBcs a0 p,=400 x/la, a Temneparypa
BcraHoBmiacs T,=260 K. BusHauntu Macy m aprosy, B3sToro 3 OajoHa.

20. JIBi mocyaMHW OJHAKOBOTO 00'€eMy MICTSATh KHUCEHb. B opHii
nmocyauHi TUCK  P1=2 MIla i temmeparypa T;=800 K, B inmomy
p2=2,5Mlla, T,=200 K. Tlocyauuu 3'eqHanu TpyOKOIO 1 OXOJOAMIH
KHCEHB, 1110 3HaxX0uBCs B HUX 10 Temneparypu T=200 K. Buznauutu Tuck
P, 10 YCTAaHOBUBCSA B IOCYAMHAX.

21. O0uncnUTH TYCTHHY P a30Ty, IO 3HAaXOAWUTHCS B OAaJOHI Mif
trckoM p=2Mlla i mo mae Temnepatypy T=400 K.

22. Bu3HauuTH BiAHOCHY MOIEKYJspHY Macy M, razy, skmo mpu
temneparypi T=154 K i tucky p=2,8 Mila Bix mae ryctuny p=6,1 kr/m’,

23. 3maiiti TycTHHY p a3oTy mpu temreparypi T=400 K i tucky p=2
Mlla.

24. B mocymuni o0'emoMm V=40 1 3HaXOOUThCA KHCEHb TIpH
temneparypi T=300 K. Konu gactuHy rasy BHKOpHCTa M, THCK B OaioHi
nonususcs Ha Ap=100 x//a. BusHaunTi Macy m BHKOPHUCTaHOTO KHCHIO.

25. Bu3HauuTH TYCTHHY p BOJISHOI TapH, IO 3HAXOAWUTHCS IIiJl
TUCKOM p=2,5 klla i mo mae Temmeparypy T=250 K.

26. KimpkicTh pe4oBHHU V KHCHIO AopiBHIOE 0,5 MomiB. BusHaunTn
BHYTpilIHIO eHeprito U BOJHIO, a TAKOXK CEPEIHIO KIHETUYHY CHEprito <g>
MOJIEKYJIH II0T0 Ta3y mpu Temnepatypi T=300K.

27. Opmun 6amon 06'emom V=10 71 MicTUTH KMCEHB ITi7 THCKOM Pi=1,5
Mna, iHmui 6ayoH o6'eMoM V,=22 1 MICTUTh a30T Hia THCKOM p,=0,6
Mlla. Komu OamoHuM 3'emHamy MiK CcOO0Or, OOMABA Ta3y 3MilIaucs,
YTBOPUBIIM OAHOpiAHY cymim (0e3 3MiHM TemmeparypH). 3HaHTH
napiiaibHi TUCKU P11 p, 000X ra3iB B CyMillli 1 TOBHUM THCK p CyMIIIIi.

28. Cymim BomHIO 1 a30Ty 3arajgbHOl0 Macoro m=290 T npu
temneparypi T=600 K i TtuckoBi p=2,46 MIla 3aiimae o0'em V=30 I.
BusHaunTi Macy m; BOAHIO i Macy m; a3ory.

29. B OGamoni ob6'emom V=224 1 3HaXOIUTHLCS BOIEHHL 3a
HOpMaJIbHUX YMOB. Ilicist Toro sk B GaoH Oysio 10JaTKOBO BBEJCHO JIEsKa



76
KUTBKICTh TeNif0, TUCK B OanoHi 3pic g0 p=0,25 MIla, a Temmeparypa He
3MiHMIacs. BusHaunTy Macy m reiro, BBEZCHOTO B OaOH.

30. Cymim ckmafaeTbesi i3 BOJHIO 3 MacOBOK YacTKow ;=1/9 i
KHCHIO 3 MACOBOIO YaCTKOIO ;=8/9. 3HaliTH TyCTHHY p TaKoOi CyMilli Tra3iB
npu remnepatypi T=300 K i tuckosi p=0,2 MIla.

31. CyMim KHCHIO i a30Ty 3HAaXOJHUThCS B CYAHMHI IIiJ] TUCKOM
p=1,2 MIla. BusHaunTu mnapiiaibHi THCKH p; 1 P, rasis, SKIIO MacoBa
YyacTKa ® KUCHIO B cyMiml opiBHIOE 20%.

32. B mocynuni ob'emom V=10 n mpu Ttemnepatypi T=450 K
3HAXOAUTHCS CYMIII a30Ty Macol M;=5ST 1 BOAHIO Macow m,=2 T.
BusnaunTi THCK p CyMmimIi.

33. Cymim a30Ty 3 MacoBOIO 4acTKOI0 ®;=87,5% 1 BOIHIO 3 MaCOBOIO
4acTKow ;=12,5% 3HaxomauThcs B cyauHi o0'emom V=20 5 mpu
temneparypi T=560 K. BuzHauntu THUCK p CyMiIIi, SIKIIO Maca m CyMIii
JIOPIBHIOE 8 T.

34. BuzHauuTH CyMapHy KiHETHUYHY eHeprito E, mocTynanpHOTO pyxy
BCIX MOJEKYJ rasy, IO 3HaXOAWTHCA B TOCyAWHI 00’eMoM V=3 1 mix
tckoM p=>540 x/1a.

35. Kinbekicte pedoBunHM remiro v=1,5 monb, Temneparypa T=120 K.
BusHaunTi cyMmapHy KiHeTHUHY eHeprito E, mocTymambHOTO pyxy BcCix
MOJIEKYJT LILOTO Ta3zy.

36. B 06anoni 3HaXOAUTHCS Ta3 MPHU TEMIIEpaTypi t, =100°C" o sxoi

TeMIepaTypu t2 MOTPIOHO HArpiTH ras, mod HOro THCK 30UTBIIUBCA Y 2

pazu?

37. Kucenp Macoro 12 r 3HaXOIUTHCS B 00°€Mi 2 J1, IPUYIOMY BiJIOMO,
mo 40% Moyekysl JUCOIIIOBAIO Ha aTOMHU. 3HANTH KOHIEHTPAIio
YaCTUHOK B OJUHHMLI 00’ €My a TaKOX KiJIbKICTb PEYOBHHHU v, i v, KOXHOI

KOMIIOHEHTH.
38. Ilpu HarpiBaHHi ifieabHOTO Ta3y Ha AT =1K HpH MOCTIHHOMY
THCKY 00’€M #Oro 30UIBLIMBCS HA 1/350 T0YAaTKOBOrO 0G’eMy. 3HaiiTn

MOYaTKOBY TeMIlepaTypy T rasy.
39. Maca m = 12r ra3y 3aiimae o0’em V = 4 51 mnpu Temreparypi
t, =7°C- [Micns HarpiBaHHA ra3y NpH TMOCTIMHOMY THCKY HOTO T'yCTHHA

cTana ;= 0,6xz/n’ - Jo sikoi TemriepaTypu Harpijiu ras?
40. B nocymuni 00’emom V = 2 J1 3HaX0UTHCS Maca m, =62 CO, T

Maca m, = 2. N,O TpH Temreparypi t =127°C . BusHauntu THCK cyMirmi
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B TIOCY/IHHI.
41. B GanoHax 00’€MOM | _ o0, ; V. = 44, 3Haxomuthes ras. Tuck y

nepuoMy OaioHi p, = 2,4 MIla, Y APYTOMY — p. =16 MIla.- Busnauntu
3araJIbHAN THCK p Ta TapllialibHi TUCKHU MicCIs 3’ €HAHHS OaJIOHIB, SKIIO
TeMIepaTypa He 3MiHHIIACh.

42. B 6anoni 06’ emom V = 20 1 3naxonutbea 02 Macoro m=500T

i TuckoM p = 1,3 MIla. BuzHaunTu TemMmeparypy rasy.
43. T'az mpu Temmepatypi T = 309 K i tucky p = 0,7 Mlla mae
TYCTHHY /5 =12 ko/ - BusHaunTH BiTHOCHY MOJISIpHY Macy razy M.

44, B Oamoni o0’emom V = 25 51 3HaXOAUTHCS BOACHb IMPH
temneparypi 7= 290 K. Ilicist TOTO SIK 9aCTHHY BOJHIO BUKOPHCTAIH, TUCK
B OallOHi 3HHM3MBCSA Ha Ap = 0,4M[]q. BUsHaunTH Macy M BHTPaveHOro

BOJIHIO.
45. B ummiHapi mijg MOpIIHEM 3HAXOIUTHCS MOBITPS I THCKOM
p, = 0,2MI1a 1pu TEMIIEPATYPI  _ p7oc. SIKMii BaHTax Tpeda MOKIacTH
) 1 =

Ha TIOpIICHb TICISl HArpiBaHHS IOBITPSA IO TEMIEpaTypH t, =50°C> i (0]§}

06’€eM MOBiTps B IiHApi He 3MiHuBes? ITnoma mopms S = 30 cm?.
46. Slka tremneparypa T razy, sSIKUi 3HaAXOIUTHCs mif THCKoM p = 0,5
Mlla, sxmo B emuHocti 06’emom V = 15 n 3Haxomutehes N =18.10%

Mosekyn? ['a3 BBaKaTH 11€aTbHIM.
47. B 6anoni V = 50 n1 3naxomuthes 0,12 KMONB ra3y MmiJl THCKOM
p = 6-10° [7q- BusHauntu cepennio KiHETHYHY €HEprii0 TETIOBOTO PyXy

MOJIEKYJI rasy.
48. Bu3HauMTH CepeqHIO0 KIHETWYHY EHEPTil0 TMOCTYMAIBHOTO PYXY
MOIIeKYJ 1 Temmeparypy rasy, SKIO IHJ THCKOM p=133.10*/7a

KOHLIEHTpaLlis MoJieKya rasy n =10% » 2.
49. Ilpm skiid aOconoTHIN Temmneparypi cepelHs KiHeTU4Ha eHepris
MOJICKYJIH OJTHOATOMHOIO ra3y OyJe PIBHO 414.10 % /ixc”?

50. Bu3HauMTH KIHETHYHY €HEPIii0 TEIIOBOTO PYXY BCIX MOJIEKYII,
10 3HAXOAATHCA B | KMOJIb BOAHIO PHU TeMIiepatypi t =18°C.

51. Po3paxyBaTu KiHETHYHY €HEPTil0, IO MPHUIIAJAE HA OJHY CTYITiHb
BijIbHOCTI MoJekynu a3zoty npu T = 1000 K, a Takox KiHETHUHY €HEpTito
PYXY MOJICKYJIH.

52. Bonenp 3HaxomutThcst npu temneparypi 7 = 300 K. 3Haiitn
CEepe/IHIO KIHETHYHY (E,,) EHEpriio 00epTATLHOTO PYXY OJHIET MOJIEKYIH, a
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TaKOXK CyMapHy KIHETHYHY €HEprilo g yCiX MOJEKyd LbOro rasy;
K

KUIBKICTh BOJHIO 1, — () 5MOJIb.

53. 3HaiiTu BHyTpimHIO eHeprito (TerIoBy) Mack M = 1 T HOBITps
npu temneparypi t =15°C . Monspna maca nositps M = 0,029.

54. Eeprisi MOCTYNAIBHOTO PYXY MOJIEKYJIH a30Ty, IO 3HAXOAUTHCS
B 00’emi V =20 11, <En>: 5 x/loic, a cepenHsa KBaApaTHIHA MIBUAKICTH HOTO

MOTIEKYT /557 = 2.10° /e 3HaliTH Macy M a30Ty B OalloHi i THUCK p, MiJ

SKUM BiH 3HaXOAMTHCS.

55. 3a HopManbHHX YMOB BOJIeHb 3aiiMae 00’ em V = 1 1. BuzHauntn
guciio N Mornekyn B mpoMy 00’€Mi, IO MarOTh IIBHIAKOCTI, MEHIII 3a
Upex =1/

56. fka yacTMHA MOJICKYJ KUCHIO MpH t = 0°C Mae MIBUAKOCTI Bij
v 1=100 x/c 1O v, =300 m/c?

57. Momnsapna BHyTpimHs eHepris Uy AEIKOro ABOXaTOMHOIO raszy
nmopiBHIOE 6,02 kJ[k. Bu3HaunTH CcepenHI0 KiHETHYHY EHEpPrilo <gy5>
00epTaIbHOTO PYXY OJHIET MOJICKYJIM LILOTO ra3y. ['a3 BBaXaTH ieaabHUM.

58. BusHaunTH cepenHI0 KiHETHYHY €HEprilo <&> ONHI€l MOJIEKYIH
BOJISIHOT'O Tapa mpu temmeparypi T=500 K.

59. Bu3HauuTH CepeiHI0 KBAAPATHYHY LIBHIKICTH Vi, MOJEKYIH
ra3y, 3aMKHYTOi B mocyauHi o0'eMom V=2 i1 mig TrickoM p=200 x//a. Maca
razy m=0.3 r.

60. Bonenp 3HaxoautThcs mpu Temmepatypi T=300 K. 3naiitu
CEpEe/IHIO KIHETUUHY EHEPTii0 <g,5> 00EpTANLHOTO PYXy OAHI€T MOJIEKYIIH,
a TakoXX CyMapHy KiHETHM4YHY eHeprito E, Bcix Monekyn uporo rasy;
KUTBKICTh PEYOBUHH BOJHIO V = (0,5 MOJIB.

61. Ilpu skid TemmepaTypi cepeaHs KIHETHYHA CHEPrifd <&ocr>
TOCTYIATBHOTO PyXY MOJIEKYJIH ra3y nopiBHioe 4.14-10%" ix?

62. B a3orti 3BaxeHi HaiipiOHIMII MUIMHKH, II0 PyXalOThCs Tak, HIOM
BOHH € Jy’K€ BEJIMKHMHU MOJIEKYJIaMd. Maca m KOKHOI IMHJIMHKU JIOPIBHIOE
6:10™° r. T'a3 3uaxoauThes pu Temneparypi T=400 K. BusHauutu cepesi
KBaJIpaTHYHI IBHIKOCTI <V,,>, @ TAKOXK CEPEIHI KIHETHUHI eHEePril <€;o>
NOCTYNAJIBHOTO PyXY MOJIEKYNH a30Ty 1 THIMHKH.

63. BusHauuTH MOKa3HWK aaiabaTd Yy imeasbHOrO rasy, MO OpU
temneparypi T=350 K i tuckoBi p=0.4 Mlla 3aiimae 06'em V=300 11 mae
termnoemuicts C,=857 Jx/K.

64. Bu3HauWTH BiTHOCHY MOJIEKYISIpHY Macy M, i MossipHy Macy M
rasy, sKIIO Pi3HULA HOro MMTOMHX TEIIIOEMHOCTEH ¢,-¢,=2,08 K/Ix/(kr K
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65. B mocynuni 06'eMoM V=6 11 3HaXOIUTHCS 38 HOPMAJIBHUX YMOB
JIBOXaTOMHMN ra3. BwusHauutu Ttemnoemuicth C, 1BOrO Tazy MpH
MOCTIHHOMY 00’ €Mi.

66. BusHauMTH MOJSIPHI TEIUIOEMHOCTI ra3y, SIKIIO HOTO MHUTOMIi
teroemuocti ¢,=10,4 xJDx/(xr K ) 1 ¢,=14,6 xLx/(xr K).

67. 3maiitu nutoMi ¢y i ¢, 1 MomspHi C, i C, TemoeMHOCTi a30Ty i
Teilo.

68. 3HaiiTW MUTOMI TEMJIOEMHOCTI ra3y, 3HAIOYH, 10 HOro MOJISpHA
Maca M=4-107 kr/Monb i BiTHOIIEHHS TEMIOEMHOCTE C,/C,=1.67.

69. Tpuaromuuii a3 mig TuckoM p=240 xlla i Temneparypi t=20°C
3aiimae 0o0'em V=10 1. BusHauutu TtemnoemHicts C, 1bOro rasy mnpu
MOCTIHHOMY THCKY.

70. OpHOaTOMHHWH Ta3 3a HOPMAIBLHUX YMOB 3aiimMae 00'em V=5 .
O6uuncnuTy TermIoeMHicTh C, IBOTO Ta3y NpU NOCTIHHOMY 00’ M.

71. Busnaumtu MoisipHi TeroeMHocTi Cy 1 C, cyminn JBOX rasiB -
OJTHOATOMHOTO 1 ABOXaTOMHOTO. KiJIbKiCTh peYOBHHU V1 — OJJHOATOMHOTO 1
V2 - IBOXaTOMHOTO ra3iB BignosigHo pieHi 0,3, 0,7.

72. Busnauutu nutomi TemnoemHocti C, i C, BOIHIO, B AKOMY
MOJIOBUHA MOJICKYJT PO3IANIACs Ha aTOMH.

73. B cyauHi 3HaXOAMTHCS CyMIlll IBOX ra3iB: KUCHIO Macorw m=6 T i
a30Ty Macor m,=3 r. BusHauntu nuromi temnoemuocti C, i C, Takoi
CyMiIi.

74. 3wmimaHuii OAHOATOMHUI Ta3, KUIBKICTh PEUYOBHHH SKOTO Vi=2
MOJIi, 3 TPHOXaTOMHHUM Ta30M, KUIBKICTh PEUOBHHH SIKOTO V=3 MOJI.
Busnauut mosnspHi TeruioeMkocTi Cy i C, i€l cymimii.

75. CyMimn qBOX Ta3iB CKIAAEThCA 3 TENI0 Macor m;=5 T i BOJHIO
Macoro m,=2 r. 3HaliTu BigHOmeHHs TeruoeMuocTeil C,/C, i€l cymirmi.

76. 3maiitu MomsApHi TeruoemHocTi C, i C, cymillli  KHCHIO Macoro
m;=2,5 r i a30Ty Macor my=1T.

77. BignocHa MonexynspHa maca rasy M;=30, moka3HuK aniabatu
v1=1,40. O6UYHCIUTH TUTOMI TEIUIOEMHOCTI Cy 1 C, I[OTO Ta3y.

78. Slka yacThHA MOJIEKYJ JBOXAaTOMHOTO Ta3y pO3Maiacsi Ha aTOMH,
SKIIO TIOKAa3HUK aJ[iabaTH Y yTBOpEHOi cyMmili piBHUit 1,57

79. BusHauuTu MOJIsIpHY Macy M ABOAaTOMHOIrO rasy Ta HOro mUTOMi

TCHHOCMHOCTi, SKIIO BiI[OMO, 10 pi3HI/ILI$I MMUTOMHUX TCINIOEMHOCTEH CP -

C, 1bOTO rasy JIOPIBHIOE 260 /1y /xz- K-

80. 3maiitm muToMi C_, Ta (C,, a TaKOX MOJIIpHI C, a C,

P
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TEIIOEMHOCTI Ta3y CO,

81. BuzHauuTH MOKa3HUK aaiadaTu y i71eaJbHOTO Ta3y, SAKHH IpH
temneparypi 7= 350 K i tucky p = 0,4 Mlla mae o6’em V = 300 1z i

TEMIIOEMHICTE ¢ — 857 Jxc/K -
82. €wmmictp V = 6 1 MICTUTh JBOATOMHHUH T'a3 32 HOPMAJILHUX YMOB.
BuzHaunty TemioeMHIiCTh C,, 1boro rasy.

83. BuzHauuTH MOISPHI TEIUIOEMHOCTI Ta3y, SKIO HOro MHTOMI
TEIVIOEMHOCTL € =10,4 k/{orc/ke- K T C, =14,6 ke /ke - K -
84. 3maiitu muToMi C, T C, 1 MoJuApHi C ~Ta C, TEIIOEMHOCTI

a30Ty Ta reliko.
85. O0umcnaUTH THUTOMI TEIUIOEMHOCTI Ta3y, SKIIO WOTro MOISIpHA
Maca \| — -3 a BIJIHOIIEHHs TeruioeMHocTel ¢ /¢ = 1,67.
M =4-10" ke/monw > & BIL C,/C, =4

86. Tpwoxaromuuii ra3 mig TuckoM p = 240 x/la Ta pu Temueparypi
t = 20°C 3aiimae 06’em V = 10 1. BU3HauMTH TEIIOEMHICTb C, 1bOTO Tasy

NPY TTOCTIHHOMY THCKY.
87. OmHoaTroMHHMI Ta3 32 HOPMAJIBHAX YMOB 3aiimMae 00’em V =5 7.
OOYHNCIUTH TETIIOEMHICTD Cv LBOTO Ta3y MPH NOCTIHHOMY 00’ €Mi.

88. 3a HopMmanpHUX (DI3MYHMX YMOB IEBHUH ra3 Ma€ MUTOMUH 00’eM
V =0348° /KZ' BusHaunTH #0ro MUTOMI TEIIIOEMHOCTI C ), Ta C,, -

89. Ilpu sikoMy THCKY p CepelHs IOBXHHA BiIbHOTO mpodiry < | >
MOJIEKYJI a30Ty JAOpiBHIOE 1M, sKIo Temmnepatypa 1 ra3zy mopisHtoe 700 K?

90. Bamon emuictro V = 20 1 MicTUT, BOAEHb Macoro m = 1 1.
BusHauuti cepeiHio JOBKUHY po0iry mosekyi < | >,

91. 3HaiiTu cepemHe YUCIIO 3ITKHEHb <Z>, 10 NPHUIAAA€ HA MOJIEKYITY
KHCHIO 3a yac t = 1 ¢ 32 HOpMaJIbHUX YMOB.

92. 3maiitn uncno N ycix 3iTKHEHb, siKi Bii0yBatoThCs npoTsirom t = 1
¢ MiX BCiMa MOJIEKYJIaMH BOJHIO, IO 3aiiMa€ 3a HOPMaJbLHUX YMOB 00’ €M
V =L’

93. CepenHs JOBXHHA BUIBHOTO MpOOIry aroMmiB Tefil0  3a
HOpMaJIbHUX YMOB JopiBHIOE 180 Hm. Buznauutu xoediuient mpudysii D
TeJIifo.

94. OG6umcnutn koedimient mudysii D azory: 1) 3a HOpManbHUX
yMoB; 2) nig TuckoM p =100 [/a i mpu Temmnepatypi 7= 300 K.

95. 3HaliTH CepelHI0 JOBXKHUHY BUIBHOrO mpodiry < | > momekyn
a30Ty 32 YMOBH, [0 HOTO JUHAMivHA B’si3KicTh =17 mxlla.
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96. 3HaiiTH OUHAMIYHY B’SI3KICTh TENII0 1| 32 HOPMAaIbHHX YMOB,
AKIO KoeitieHT Audy3ii D 3a THX ke YMOB JOPIBHIOE 1 06.10* 1/° /c-

97. BuzHauuTH TYCTUHY P PO3PIIKEHOr0 BOJHIO, SIKIIO CEPEeaHs
JOBKHHA BUTLHOTO Mpo0iry <I> monexy:n gopisHioe 1 cm.

98. 3a HOpMaJIBHHX YMOB CEpEIHs OBXHHA BUIBHOTO mpoliry < | >
MOJIEKyIM KucHIO gopiBHioe 100 Hwm. Sxa cepeans apudmernyna
MIBHAKICTH <) > MOJIEKYJIM KUCHIO 32 I[X YMOB?

99. 3maiitu cepenHe ymciao <z> 3iTKHEHb 3a 4ac t=1 ¢ i JOBXUHY
BUIbHOTO Tpo0Oiry <I> Monekynu remiro, SIKIO Ta3 3HAXOJUTHCS ITi[
tuckoM p=2 xlla mpu Temmnepatypi T=200 K.

100. 3HaiiTi cepenHIO JNOBXHHY BiJIBHOrO mpodiry <I> moiekymu
a3oTy B cyauHi 00'eMom V=5 1. Maca razy m=0,5 T.

101. Bonens 3HaxomuThes mia TuckoM p=20 Mklla i Mmae Temmeparypy
T=300 K. Bu3HauuTH cepeaHio JOBKHUHY BUILHOTO mpobiry <I> monexynu
TaKoro razy.

102.Tlpu HOpMaIbHHUX yMOBaxX JOBXKHHA BUILHOTO mpodiry <I>
MOJICKYJ M BOAHIO gopiBHIOE 0,160 MkM. Busnauntu miamerp d MoJeKyn
BOJTHIO.

103. Slka cepenns apudMeTHIHA MIBUAKICTh <0> MOJEKYJT KUCHIO IPH
HOPMaJIbHUX YMOBaX, SIKIIO BiZIOMO, LIO CEpeOHs [IOBKMHA BUIBHOTO
npoOiry <I> MoJieKyJIn KHCHIO IIPU IIUX YMOBax JopiBHIOE 100 HM.

104. Kucens 3Haxomutbes mig tackoMm p=133 xlla mpu temnepatypi
T=200 K. OCuncnuty cepeqHe YUCI0 <z> 3ITKHEHb MOJIEKYJIH KHCHIO IIPH
IMX yMOBax 3ad4ac 7 =1 c.

105. Bomenbr macoro m=2 1 3aiiMmae 00’em V=2,5 1. Busnauutu
CepeHE YUCIIO <Z> 3ITKHEHb MOJIEKYJIM BOAHIO 32 yac =1 c.

106. Cepennsi TOBXHMHA BUIBHOTO TpoOiry <|> mosekysu BOJHIO MpU
JEeSIKUX yMOBax JOpPiBHIOE 2 MM. 3HalTH TYCTHHY p BOJIHIO MpPU IUX
YMOBax.

107.1lpu aniaGaTHOMY CTHCHEHHI THCK MOBITps OyJi0 301IBIIEHO Bix
p:=50 «xlla no p,=0,5MIla. Tlicngs 1uBOTO TpPHU HE3MIHHOMY 00'eMmi
TemIieparypa nopitTps Oysia MOHMWKEHA JI0 MOYaTKOBOI. Bu3sHaunTH THCK P3
ra3y B KiHIIi IIPOLIECY.

108. Kucenr macoro m=200 r 3aiimac 00'em V=100 11 i 3HaXOIUTECS
mig TuckoM P1=200 «/la. Tlpu wHarpiBaHHi ra3 pO3IMIMPHUBCI MpU
nocTiiiHoMy TUCKy 10 00'emy V=300 11, a micis LpOro HOro THUCK 3pic 10
p3=500 x/la npu He3MiHHOMY 00’€eMi. 3HAWTH 3MiHY BHYTPIIIHBOI eHeprii
AU ra3zy, BHKOHaHy HUM poboTy A 1 mepedany razy Ttemiory Q.
[loOynyBaTu rpagik npouecy.
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109. O6'em BogHIO MpH 30TepMivHOMY posmuperHi (T=300 K) 3pic B
n=3 pasu. Buznauutu podoty A i Temnoty Q, OTpuMaHy HUM MpPU LHOMY.
Maca m BoxHt0 mopiBHioe 200 r.

110. Bogenp macoro m=40 1, mo wmaB Ttemmeparypy T=300 K,
aniabaTUYHO PO3MIMPHUBCS, 30LIbIIMBIIM 00'eM B Ny=3 pasu. Ilicns mporo
MpH 130TEPMIYHOMY CTHCHEHHI 00’€M Ta3y 3MEHIIMBCS B N,=2 pasu.
BusnaunTti moBHy po0oTy ra3y i KiHIeBy temmeparypy T rasy.

111. Azot macoro m=0,] kr OyB 1300apHO HarpiTuil Bix Temmeparypu
T,:=200 K mo Temmeparypu T,=400 K. Busnauutu poboty A rasy,
onepkany HuM Teriory Q 1 3Mina AU BHyTpimIHBO1 €Heprii a3ory.

112. Kucens macoro m=250 r, mo MaB Temmepatypy T:=200 K OyB
agiabatuuno crucHytui. [Ipu oMy Oyiia BUKOHaHa poboTta A=25 x/[uic.
BusnaunTn KiHneBy temnepatypy T rasy.

113.V ckinmpku pa3iB 30UTBIIUTECS 00'€eM BOJHIO, IO MICTHTh
KUTBKICTh pedoBUHH v =0,4 MOJIB MpH 130TEPMIYHOMY PO3LIMPEHHI, SKIIO
npu upoMy rasz onaepxuth temiory Q=800 /orxc? Temmeparypa BOIHIO
T=300 K.

114.B OGanoni mpu Ttemneparypi T;=145 K i Ttucky p;=2 Mlla
3HAXOAUThCS KUCeHb. BuzHaunTtu Temmeparypy T, 1 THCK p; KUCHIO MicCIis
TOTO, fK i3 OanoHa Oyne ay>ke MIBUAKO BUITYIIICHA MTOJIOBHHA Ta3y.

115.3naiitu = poboTry A, 130TEpMIiYHOrO  CTHCHEHHS  rasy,
3MIACHIOIOYOrO  ITUKIT Kapno, x.k.ja. skoro #=0,4, skmo podoTa
130TEpPMIYHOTO PO3MIUPEHHS TOpiBHIOE A;=8 JIk.

116.T'a3, 3miiicHiorounii 1wk KapHo, mepenaB TeruonpuitmMady
terioty Q=14 x/[x. BusHauutu remneparypy T; TerionaBaya, sKIo npu
Temreparypi TerutonpuiiMaua T,=280 K pobdota nukiny A=6 x/{orc.

117.T'a3, sBnstounch poOodor0 peuoBHHOIO B kil KapHo, onepxan
BiJ TeruonaBaua terory Q;=4,38 x/[oc 1 BumHHMB poboTy A=2,4 /.
BuznaunTu TeMIeparypy  TeIuloJlaBaua, SKIIO Temreparypa
temonpuiiMaya T,=273 K.

118.T'a3, 3nificarorounii 1k Kapro, Bimmar TteruionpuiiMauay 67%
TEIUIOTH, OJiepXaHoi BiJ TemojaBaya. BusHauutu Ttemmeparypy T,
TeIlonpuiiMaya, Ko TemrepaTypa Terogasaya T;=430 K.

119.V ckinbku pasiB 301IbMHUTECS KOE(DILIEHT KOPUCHOT Ail 1 TUKITY
KapHo npu migBuiieHHi Temmeparypu Temiogasada Bim T;=380 K no
T,=560 K? Temmepatypa Teruionpuiimada T,=280 K.

120. IneanpHa TeruIOBa MamMHa ~mpamoe mo  Iukiny  KapHo.
Temmepatypa T; TemnomaBaya jopiBHioe 500 K, Ttemmneparypa
termonpuiiMada T,=250 K. BuzHauuTu TepMidHUHN K.K.JI. # TUKITY, 3 TAKOXK
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poboty A; pobouoi pedoBHHHU MPHU 130TEPMIYHOMY PO3IIUPEHH], SKIIO MPH
130TepMiYHOMY CTHCKYBaHHI BUKOHaHa poboTa A,=70 /e,

121.Ta3, 3niticHrorounii 1uikn KapHo, oxepkye teroty Q=84 x/lorc.
Busnaunté poboty A razy, AKmo temmneparypa T; 3 TeriomaBada B TpH
pasu Bulle Temrepatypu T, Teronpuiimaya.

122. B muxini Kapao ra3 ozepskaB Bija TemiofaBada teruoty Q=500
x 1 Bukonas pobory A=100 J[x. Temmeparypa termmonaBada T1=400 K.
Busnauutu temneparypy T, Teronpuiimaua.

123. Boaens 3aiimae 06’em V = 10 4, mig Tuckom p, =100«/1a- I'a3

Harpiav Impyu MocTiHOMY 00’eMi 110 p, = 400x[Iq- Busnauuty: 1) 3MiHY

BHYTpIIHBOI eHeprii rasy AU ; 2) po6oty ra3y A; 3) KiJIbKICTh TetutoTu Q,
IO Tepeana razy.

124. KuceHb HarpiBaioTh Ipu He3MiHHOMY THCKy p = 80 xlla. Moro
00’eM 30UTBIIYETHCS Bif V, = 1y® 1o V, —=3y°% Busnauutu: 1) 3miny

BHYTPINIHBOI eHeprii KucHio AU; 2) pobOTy po3mIMpeHHs rasy; 3)
KiTbKicTh Teruotu Q, 1o repenana rasy.

125. A3ot HarpiBaJid MpH TOCTIHHOMY THCKY, NMPUYOMY HoMmy OyIo
nepeaaHo Kinbkicte Temnotd Q = 21 x/[oc. Buznauutu poboty A, sSKy
BUKOHAB P IIbOMY a3, Ta 3MiHy HOTo BHYTpimHbOi eHeprii AU .

126. A3or Macoro M = 200 T© pO3MUPIOETHCA i30TEPMIYHO TPH
temneparypi 7 = 280 K, mpudomy 00’eM ra3y 301IbIIYETHCS y IBa Pa3H.
3naiiti: 1) 3MmiHy BHyTpimHbBOi eHeprii rasy AU; 2) BHKOHaHy rasom
poboty A4; 3) KibKicTh TemioTu Q, OTpUMaHy ra3oM.

127. B mutieApi mix mopIirHeM 3HaXOAUTHCS a30T macoro M = 0,6 ke,
o 3aiiMae 00’eM V, =1,25° TpH temneparypi 7 = 560 K. B pe3yibrari

HarpiBaHHS Ta3 PO3LUIUPHUBCS JIO V2 =472 3 npu HesminHii Temmeparypi.

3naiiti: 1) 3MiHy BHYTpimHbOi eHeprii rasy AU ; 2) BUKOHaHy rasom
poboty A4; 3) kinmbkicTh Terotu Q, nmepenany rasy.

128. IIpu i30TepMiYHOMY PO3LIMPEHHI KHCHIO, KIUIBKICTH PEYOBHUHH
SIKOTO v = lmonw, @ Temrneparypa T = 300 K, Oyno mepegaHo KUTbKICTbh
teriotd Q = 2 k/[oc. Y CKiNbKU pa3iB 30UIBIINUBCS 00’ €M Ta3y?

129.Tlpu posmmpeHHi BOJEHb BUKOHAaB pobory A = 6 xloc.
BusHauutH KibKicTh TemwioTd Q, IO mepemaHa rasy, SKIIO IPOIEC
npoxoauB: 1) i300apHO; 2) i30TE€pMidHO.

130.IIpu agiabaTMyHOMY CTHCHEHHI KHCHIO Macoro M = 29 2 iioro
BHYTDILIHS CHEpris 30LIbIIMIACE HA AU =8/, @ Temneparypa

MiABHILIMIIACH JI0 T, = 900K - 3Haiitu: 1) migBumensas temneparypu AT ;
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2) KIHIICBUI THCK p, rasy, sKIIo MMOYaTKOBHUI THCK p, = 200«ITa-

131.I1pu amiabaTHOMY CTUCHEHHI ra3y Horo 00’€éM 3MEHIIMBCS B N =
10 pasiB, a Tuck 30impmmBcsS B K = 21,4 pasu. BusHauuTy BiAHOUICHHS
C,/C, TEIJIOEMHOCTEH Tasy.

132. Kucenp, mo 3aiiMae 00°eM \/ =1, TA THCKOM =1 2M]Tq:
amiaGaruano  posmmpuses 10 Vo =107. Buswawutu  pobory 4

PO3IINPEHHS Ta3y.
133.Ta3, mo BukoHye nukia KapHo, BijyiaB TerioTy Q, =14x/pic -

Busnauutu temneparypy T1’ SIKIIIO TIPY TeMITepaTypi T2 =200K pobora
uukiy A = 6 /.

134.T a3, mo Bukonye 1uka Kapao, Bimgas 67% oTpuMaHOl TEILIOTH.
Busnauutu TeMieparypy T, AKWO T, = 430K -

135. Y ckinbku pasiB 30UIBIIUTHCS KOSQIiEHT KOPUCHOT il 7 LMKy
KapHo mpu mifBHINEHHI TeMIepaTrypu Bif T, =380K 720 T'=560K ?
Temneparypa T, = 280K -

136.TI'a3, mo Buxonye nukin Kapuo, otpumye termoty Q = 84 x/{oc.
Busnauntu poboty rasy 4, SKUI0 TeMmmeparypa T, Y TPH pasu BHIIa BiJ

Temneparypu T, .
137.Y umkni KapHo ra3 oTpumas TEmioTy Q =500 /fxc 1 BUKOHAB
poboty 4 = 100 [foc. Temmepatypa T, = 400K - Busznauntu T,

138. IneanpHuii ra3, mo BUKOHYe nuki KapHo, 2/3 KiNBKOCTI TEIIIOTH
Q, Bimiac TemonpuiimMady, Temneparypa SKOro T _pgok - Busnauutu

TEMIEPaTypy T -

139.Ta3, mo BukoHye 1K1 KapHOo, OTpUMaB  TEILIOT
y
Q, =4,38x/c 1 BUKOHaB poboty 4 =24 x/Pbic. BusHauuT Temmneparypy

T, , sik1io TemriepaTypa TeronpuiMaya T, = 273K
140. Ineanbuuii ra3 Bukonye muki Kapuo. Temmeparypa T, B 4oTHpH
pasu Ounpla BiJl TeMmIeparypu T, TeronpuiiMada. SIKy d4acTky @

KUIBKOCTI TEIJIOTH, OTPUMAHOI 3a OJIMH IMKJI, Ta3 BiJiJa€ TeIUonpuiiMauy?
141. IneanbHuit ra3, m0 BUKOHYE MK KapHO, OTpUMaB KiJIBKICTbH

ternotu Q = 4,2 x/[oc 1 BukoHaB poboty A = 590 x/[owc. 3HaliTH TepMiUHUI

K.K.J. 7] UbOro LUKIy. Y CKiIbKH pa3iB Temieparypa T OunbIa BiX
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TEMIEpaTypu T, TeronpuiMaya’?

142. XonomunbpHa MallHHA, mo mnpamoe 3a nukioM Kapho,
MiATPUMY€E B KaMepi TeMIepaTypy T, = 260K - 3a KOXHHI UK MalluHa

BiIBOJUTH Bin xoyomwibHOT kKamepu Q = 40 x/[oc eHeprii Ta nepenae ii
HaBKOJMIHHOMY cCepeloBHINy, Mo Mae Ttemmeparypy 7 = 300 K.
Bu3HauuTH TOTYXHICTh, SIKy CIIO)KMBAE XOJOJMIBHHK, SIKIIO TPUBAJICTD
mukny t=15c.

143.Yomy MOpiBHIOE TIOBEPXHEBUH HATAT pIiAMHH,  SIKIIO Maca
Kpamenb, IO BHUTIKAIOTh 3 KamumsipHoi TpyOkm miamerpoM 1,86 wmwm,
cknanae 1 T.

144.. Sxy pobotry A Tpeba BHKOHATH, MO0 BHIYyBAIOYA MHIIbHY
KyJNbKy, 30inmpmmTH ii giamerp Bix d, =lem 10 d, =11 cm- Hpomec
BBYKaTH 130TPOITHUM.

145, 3naiiTi Macy m BOJM, BMIIIIEHIN B CKIIIHY TPYOKy 3 JiaMeTpoM
kaHary D=0,8 MM, omymeny B Bomy Ha Mainy riauOuHy. BBaxkaru
3BOJIOKYBAHHS TIOBHHUM.

146. fxy poboTy A ciii BUMHUTH NPH BUAYBAaHHI MHIBHOI OYyJIBKH,
o0 30iIemuTH ¥Horo ob0'em Bixm Vi=0,8 em® 0 Vo=16 cm>? Bakatu
MPOIIEC 130TEPMIUHUM.

147. flxa enepris E BuminUTBCA TpW 3IUTTI JBOX Kpamenb PTYTi
miamerpom 0:=0,8 MM i d,=I,2 MM B oty Kparmo?

148. BusHauuTH THCK P BCepeauHi MOBITPsHOI Oyibku giamerpom d=4
BB2)KaTH HOPMAIIbHHM.

149. IpocTip Mk aBOMa CKISHUMH IapajieIbHUMU IUIACTUHKAMH 13
rtoriero moBepxHi S=100 om? KO’KHa, pO3MIIEHUMH Ha BijicTaHi =20 Mkm
OJIHA BiJ OJHOI, 3alIOBHCHUH BOJOI0. BusHauutu cuny F, mo nputuckae
IUIACTUHKK OJIHY 1O OJHOi. PaxyBaTu MEHICK yrHyTHM 3 xiametpoMm d,
PiBHUM BiICTaHi MiX TUTACTUHKAMHU.

150. I'minepuH migHABCS MO KanIsipHii TpyOIi aiameTpom kanary d=I
MM Ha BucoTy h=20 MM. BH3HAUUTH MOBEPXHEBUI HATIT o TIIIECPHHY.
BBakaTu 3B0J105KyBaHHSI IOBHUM.

151.Y Boamy 3aHypeHa Ha ayke Mally MIMOMHY CKJIsSHa TpyOKa 3
niamMeTpom kaHany 0=l MMm. BuzHaunti Macy m BO/IH, BTSATHYTY B TPYOKY.

152. Ha cKilbKH THCK p TOBITPSI BCEPEAMHI MUJIbHOI OyITbKU O1TBIINHI
HOPMAJIBHOTO aTMOC(HEPHOTO THCKY P, KIIO JiaMeTp Oysbku d=5 mm?

153. Maca 100 r kpanenb CIUPTY, IO BUTIKAE 3 KaIApy, 1OPiBHIOE
0,71 r. BU3Ha4HuTH MMOBEPXHEBUI HATSIT G CIUPTY, SKIIO HiamMeTp d mHiKu
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KparJii B MOMEHT BiJpUBY JOPiBHIOE 1 MM.
154. Tpybka mae miamerp d;=02cm- Ha mmxHbOMY KiHII TpyOKH

BUCHUTDH KpaIuisg BOAW, IO Mae B MOMEHT BipuBYy (OpMYy KyJIbKH. 3HAHTH
niaMeTp d, i€l Kparri.

155. TTogiTpsina Oyabbamika giamerpom d = 2 MKy 3HAXOTUTHCS Y BOII
Oina camoi moBepxHi. BuzHaunTy TyCTHHY p MOBITPs B OynbOari, Ko
HOBITPS Ha/T TOBEPXHEIO BOAM 3HAXOANUTHCS IPH HOPMAJIBHAX YMOBAX.

156. /IBi kpammi pryTi pamiycom ' =1 MM KOXXHa 3JIWJINCh B OAHY
BEJIMKY Kparuto. SIka eHeprisa £ BUALTWIACH TIPH bOMY 3HTTI? BBaxaTn
MIPOIIeC 130TEPMITHUM.

157.Ha ckinbkd THCK TIOBITpSL BCEpPEIUHI MHIBHOI OynbOaliKu
OiMbIIME BiJi aTMOC(EPHOTO THCKY P, AKIIO niametp OynbOamku d = 5

MM?

158. I'minepuH migHABCS B KamispHii TpyOIi Ha Bucoty h = 20 mm.
BusHauuTH MOBEPXHEBUIl HATAT ¢ TDIILEPUHY, KO aiameTp d KaHaty
TPYOKH JOPiBHIOE 1 MM.

159.V Boay omycTwiM Ha AyXe Mally TIHOUHY CKISHY TPYOKy 3
BHYTpIilIHIM giameTpoM 1 MM. 3HaliT Macy M BOAM, IO 3HAXOAMTHCS B
TpyO1Ii.

160. Kaminsipaa tpy6ka giamerpom d = 0,5 MM HarmoBHeHa Bojoro. Ha
HIDKHBOMY KiHIII TpyOKH BOJa BHCHUTH y BHIJISAJI Kparuii pajiycom I = 3
MM. 3a TaKUX YMOB 3HaiTH BUCOTY N CTOBMYKKA BOJH B TPYOLI.
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Indopmaniiini pecypcn

Bupuenns  gucrumutiam - ¢izmka  mepemdadae  BUKOPHUCTaHHS
iH(pOpMaLIifHO - KOMIT'IOTEPHUX TEXHOJIOTiH (TnobanbHa cuctema [HTepHeT,
CJIEKTPOHHI MiAPYYHHUKH, Bi3yamizauis (i3UUHUX SBUII Ta MPOIECIB,
OIIHIOBaHHS 3HaHb, 00OpPOOKa pe3ynbTaTiB (HI3MIHOTO EKCIIEPHMEHTY B
Mathcad, Excel) ta pe3yapTatiB cydacHHX TOCTIIKEHD B Taly3sX (Qi3UKH.

Bce MmeroaumuHe 3a0e3meuyeHHsi — JieKUiiiHMA MaTepian, ommc
JadoparopHux poOiT Ta 3aBJaHHA VIS CAMOCTIiiHOI poldoTH € Ha
eJIEKTPOHHMX Hocisgx. Bes  indopmanis Hagaerbesi  cTyaeHTam
Bukiaagadyem. Lls indopmanmis moxe OyTH po3mimeHa Ha caiiTi
kadenpu.

Marepian iHpOpMaIifHOTO XapakTepy, SAKHH B JOCTaTHIA Mipi
BUCBITJICHU B HABYAIBHIH JTiTEPaTypi, CTYACHTH OMIAHOBYIOTH CAMOCTIHHO.
PexomennoBana Jjireparypa € B JocTaTHiil Kiabkocti B 06i0JioTeni
HYBIlIl Ykpainn.
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JoBigkoBi maTepiann.

Taoauus 1. OcHoBHi ¢giznuHi mocTiiini
[Mocriiina ABoraapo Na 6,02-10% moan™
[Mocriiina boapumana (K) 1,38 -10 % [Joc/K
VuiBepcanbHa ra3osa nocriiina (R) 8,31 /[oc/K- monw

Tadauus 2. MoasipHi MacH 1esiIKUX XiMiYHMX eJIeMeHTIB i rasis
(107 kr/moub)

Bonens 1
Iemiit 4
Byrueus 12
AzoT 14
Kucenn 16

[ogitpst 3emmi 29

Ta6auus 3. BaacTUBOCTI 1esIKUX piqun
PeuoBuna IToBepxHeBuit I'ycruna,
Hatar, H/m kr/™M°>
Crupt 0,02 -
Bona 0,073 1,0-10°
['minepun 0,064 1,2-.10°
PryThb 0,5 13,6-10°

Taoannsa 4. PiznuHi KOHCTAHTH

Ilocmitina Iloznauenns Yucnose snauenns
I'paBiTartiiina mocTiiiHa G 6,6720 H-M*-kr
Enexrpuyna nocriiina & 8,8542-10* ®-m !
Maca crokoro me 9,1095-10 3 kr
CJIEKTPOHA
Maca crokoro npoToHa m, 1,6726-10 “'kr
ATOMHA OMHUII MAaCHA a.o.m. 1,6606-10_2710"
Maca o.- YaCTHHKH 4a.om.
3apsan eneKTpoHa e 1,6022-10 *°Kn




Tadanuns 5. lesiki ¢pizndHi BeJuInHu
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ITpuckopenu ITutoma Temnepatypuu | Ilutomu
S BIIBHOTO | TEIIOEMHICT [TpoBigHuK 51 i orip p,
najiHHS, J b BOAHU " Koe(iieHT aM-OM

(20°C), q omopy a, K™ (20°C)
9,8 m/c® 4190 Minpb 0,0051 17,2
JIx/(xr-K) Bonbdpam 0,0043 55
Tadauus 5. leski ¢piznyHi KOHCTaHTH
_1Q. 8 u _ . . .
C=3-10 4 HIBUIKICTh CBITJIA B BAKYyMi;
V= C - IIBUJKICTH CBITJIA B CepeIOBUILI 3 €>1 1

Jen

p>1;

£,~8.85108%D

M

- eJIEKTPUYHA TIOCTINHA;

po = 4107 I/

- MargiTHa MTOCTIHHA;

e=16-10" Kz

- eJIEMEHTApHUI 3apsiz;

m, =9,11-10 'z

- Maca CJICKTPOHA,

m, =1672-10%"x

- Maca CIIOKOIO ITPOTOHA,

m, =1675-10 %'z

- Maca CIIOKOI0 HEHTPOHa;

1,0, =16594.107% ko

- aTOMHa OJWHHUIII MacCH.
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