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Po3nin 1 OCHOBH MEXAHIKH

Mexanixa — po3nin Qi3vKu, SKUH BH-
BYA€ MexauiyHutl pyx Tia. MexaHika ckia-
daembpcst i3 TPHOX PO3IiNiB: 1) KiHeMaTHKa;
2) nuHamika; 3) craTuka.

Mexaniunum pyxom Ha3UBAETLCS 3MiHA
3 4aCOM I0JIOXKEHHS TijJia B POCTOPI.

Ocnogna 3adaua mexaniku — BU3HA-
YCHHSI NOA0JCEHHS. Mid B TIPOCTOPI B Oy 1Ib-
SIKHl MOMEHT Yacy.

Tino eioniky — ne 6yov-sxe mino, BiIl-
HOCHO SIKOTO PO3TJISIAETHCS AaHUH MEXaHi-
YHUH pyX.

Cucmema 6ioniky — ue mino 6iOniKy,
MOB'Ai3aHa 3 HUM cucmema Koopouxam i
BCTAQHOBJICHHH TIOPSIIOK YHCIEHHS dYacy
(eoounnur).

Mamepiansna mouka — e Tijo, po3Mi-
PaMH SIKOTO MOJICHA 3HeXmysamuy B yMOBaxX
JIaHOT 3a7adi.

Tpaexkmopia pyxy — ue ysBHa JiHisl, y3-
JIOBXK SIKOT PyXa€ThCs MaTepiasibHA TOYKA.

Hocmynansnuit pyx — Takuidl pyx, npu
SIKOMY BC1 TOYKH TiJIa MIPOXOISATH 0OHAKOBI
8i0cmaHi, a TPAEKTOPIl BCIX TOYOK TiNa na-
panenvhi.

Obepmanvhuii pyx — Takuid pyx, HpU
SIKOMY BCl TOYKH TiJla ORUCYIOMb KOJd,
LEHTPH SIKHUX JISKAaTh Ha OHIA MpsAMii, Ha-
3UBAHOIO GiCCIO 06epmantsl, a TUIOMIUHHA KiJl
HepIeHINKYIAPHI Lii Bici.

Ilpamoniniiinuii pyx — Takuii pyx, Tpa-
€KTOPIS SIKOTO € MpsiMa JIiHisl.

Kpueoniniitnuii pyx — Takuii pyx, Tpae-
KTOPIsl IKOTO € Oesika Kpuea JiHisl.

1.1 KinemaTuka maTtepiajibHOI TOUKH

Kinemamuxka — 11e po31in MexaHiku, 10
BUBYAE MEXAHIYHUH PYX TiJ 6e3 ypaxyeauHs
npuyuH, IKi BIUHBAIOTH HA [IeH PyX.

Ckanap — ue Qi3MyHa BeIHYHMHA, SKa
XapaKTePU3Y€EThCSI MiNbKU YUCETbHUM 3Ha-
IEHHSIM.

Section 1 FUNDAMENTALS
OF MECHANICS

Mechanics is a branch of physics dea-
ling with mechanical motion of bodies. It
consists of: 1) Kinematics; 2) Dynamics;
3) Statics.

Mechanical motion is a change of a
body position in space in time.

The main task of mechanics is to
find a body position in space at any in-
stant of time.

Body of reference is any body in ref-
erence to which the mechanical motion is
considered.

Frame of reference is a body of ref-
erence, a particular coordinate system as-
sociated with it and a clock, used for
making physical measurements.

Material particle is a body whose siz-
es can be neglected in a given task.

Traveling locus is a line a material
particle moves along.

Translational motion is a motion of a
body when all points pass the same dis-
tances, and the paths of the points are
parallel.

Rotary motion is a motion when all
points of a body make circles with their
centers lying on the straight line, which is
called an axis of rotation, and the circle
planes are perpendicular to this axis.

Straight-line motion is the motion the
trajectory of which is a straight line.

Curvilinear motion is the motion the
trajectory (path) of which is some curve.

1.1 Kinematics of a material particle

Kinematics is a branch of mechanics
dealing with the mechanical motion of
bodies without reference to forces causing
this motion.

Scalar is a physical quantity characteri-
zed only by its numerical value and does
not depend on directional measurements.
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Bexmop — ue ¢izuuna BenauuuHA, sKa
XapaKTEePU3YETbCA SIK YUCENbHUM 3HAYEH-
HSAM, TaK 1 HANPAMKOM.

Padiyc-eexmop r — BeKTOp, IPOBEICHUI
3 TOYATKy BiIUTIKY KOOpPIWHAT JI0 Marepia-
JIBHOI TOYKH, IO XapaKTEPUBYE NOAONHCEHHS
mina y npocmopi.

Ilepemiwgennna Ar — ue gexmop, siKkuit
3’€THy€ y MPOCTOpI MOYATKOBE Ta KiHICBE
TIOJIOKEHHS MaTepiajbHOI TOUKH.

Hlnax S — ue ckansApna eeauduua, Mo
JIOPIiBHIOE JTOBXKMHI ITUISTHKH TPAEKTOPIT, IKa
MpoiJieHa PYXOMOK TOUYKOK 3a JaHuH
IPOMIXOK 4acy.

Hlguoxicms V — ue 6exmopHa Qisuuna
6eUYUHA, KA CITY)KUTh MIPOK TPYAKOCTI
PYXy Ta YHCENBHO JOPIBHIOE BiJCTaHi, Ky
NPOXOJUTh TOYKA 33 OJAMHHUIIO 4Yacy.
[V1=[m/c].

Cepeonsa weuoxicmo V., — dizuuna
BEJINYMHA, [0 JOPIBHIOE BiTHOIICHHIO BEK-
TOpa MepeMilieHHs Ar 10 TPOMIKKY 4Yacy
At. 3a nanpamkom V., 3bicacmuca 3 nepe-
MIIIEHHAM AF 1 XapaKTepu3ye pyx MpOTs-
TOM YCBOTO MPOMIXKKY 4acy At.

Mummeea weuokicms V — pizuuHa Be-
JMYMHA, KA XapaKTEPU3Yye MPYAKICTh pyxy
y KOXEH MOMEHT 4acy. BekTop mBuakocti
CTIPSIMOBAHHI 630060/C OOMUUHOL IO TPAEK-
TOPIi pyXy TOUKH.

AFY_ (s \_dF
(5)= i )=

Pienomipnuii pyx — e Takuid pyx, Ipu
SKOMY MOJYJb MHTTEBOI MIBHIKOCTI PyXy
MatepialbHOl TOYKH MPOTITOM YChOTO Hacy
He 3MiHIoEmMbCS, V=const.

Hepienomipnuii (3minHuil) pyx — Takui
PYX, IPH SIKOMY MOJYJIb MHTT€BOI IIBHIKO-
CTi pyXy MarepiaibHOI TOYKH 3MIHIOETHCS
MPOTSrOM Yacy, V=const.

Cepeone npuckopenus a., — ¢izudna
BEJINYMHA, KA JOPIBHIOE BiTHOIICHHIO 3Mi-
HU weuoKocmi N0 TMPOMDKKY 4acy, HpOTS-
T'OM SIKOTO ISt 3MiHa BiI0yJach:

Vector is a physical quantity specified
both by its numerical value and its direc-
tion.

Radius vector r is a directed part of a
straight line drawn from a zero-point of
the coordinate frame of reference to a
material particle and characterizing its
position in space.

Displacement Ar is a vector connect-
ing an initial position of a material parti-
cle and its final position.

Distance S is a scalar quantity equal
to the part of the trajectory passed by a
moving point for a given period of time.

Velocity V is a vector physical quan-
tity serving as a measure of motion rate
and equal to the distance passed by a par-
ticle per a time unit. [V]=[m/s].

Average velocity V,, is a physical qu-
antity equal to the ratio of a particle dis-
placement vector Ar to a time unit Az. By
its direction V,, coincides with the dis-
placement vector Ar and characterizes the
motion during a time span At.

Instantaneous velocity V is a physi-
cal quantity characterizing the motion
rate at a given instant of time. Velocity
vector moves tangentially to the trajecto-
ry of a particle motion.

[*J = lim
At—>0NAT A0

Uniform motion is the one when a
modulus of an instantaneous velocity of a
material particle motion does not change
in time, V=const.

Non-uniform (variable) motion is the
one when a modulus of an instantaneous
velocity of a material particle motion cha-
nges in time, V=const.

Average acceleration a,, is a physical
quantity equal to the ratio of velocity cha-
nge to the time span when this change has
taken place:


Админ
Підсвічування

Админ
Підсвічування


AV | m

Yo = ar |7 |

3a HANPSIMKOM d,,, 30icacmbces i3 AV

Mummeee npuckopenns a — (pizudHa

BCJIMYMHA, SIKA XapakTepu3ye MPYIKICTh

3MIHH HIBUAKOCTI ) KONCHUL MOMEHM YACY:
AV (= av
[T: ]: lim (amp):*-

At—0

= lim
At—0 dt

Tlpu pienomipnomy npamoniniiinomy pyci
MarepialbHOT TOYKM ii MHUTTEBA IIBHIKICTH
HE 3aJISKUTH Big yacy (V=const) Ta y KoX-
HIfl TOYIll TpaekTOpii CHpsIMOBaHA Y3IOBXK
Hel. Cepe/iHs MIBHAKICTD 32 OyIb-SIKUI MPO-
MIXKOK 4aCy OOpI@HIOE MHUTTEBIH HIBUIKOCTI
MaTepiaibHOI TOUKH:

V.

=V = %. Ar=S=VAt.

[pu pienozminnomy npamoniniiinomy
PyCi NPUCKOPEHHsT MaTepialibHOI TOUKH 3a-
JUWACMbC CMAUM 33 BEJIUYUHOI 1 Ha-
npssiMkoM (a=const). [Ipu oMy ii cepenne
MPUCKOPEHHST J0pIGHIOE MUTTEBOMY IIPHC-
KOPEHHIO 1 CIIPSIMOBAHE )’30082/C TPAEKTOPIT
PYXy TOUKH: @cep=d.

Pisnonpuckopenuii pyx — Takuii, KoJIu
HAMPSMOK MPHCKOPEHHSI MaTepiaibHOI TOY-
KU 30i2aembcst 13 HANPSIMKOM i HMIBUAKOCTI
(a>0).

Pienocnosinbnenuil pyx — Takuid, KON
HAIpsSIMKA BEKTOPIB MIBUAKOCTI Ta MPHCKO-
PCHHSL TOYKH NPOMUNENHCHI, & MOIYJb IIBH-
IIKOCTI 3MeHuyemucs 3 gacoM (a<0).

V= Voia't,

n_n

ne Vy — nouamxoéa MBHAKICTH. 3HAK
BIJTHOCUTBCSL JIO PIBHOCNOBIIbHEHO20 PYXY.
Jliis BeKTOpa nepemiujenns:

AV | 'm
auv = -
At | s?

By its direction, a,, coincides with AV.
Instantaneous acceleration a is a

physical quantity characterizing a velocity

change rate at a given point of time:

- lim [ﬂj - 1im @)=,

At—0\ A dt

At—0

At a constant motion of a material par-
ticle its instantaneous velocity does not
depend upon time (F=const), and in every
point of the trajectory is directed along
the latter. Average velocity at any time
span is equal to the instantaneous velocity
of a material particle:

14

=N Ar=s=v A
At

At the uniformly variable straight-line
motion, material particle acceleration is
constant by magnitude and direction (a=
=const). An average acceleration is here-
with equal to the instantaneous accelera-
tion an Q lirected along the particle tra-
jectory. a,=a.

Uniformly accelerated motion is the
one when a direction of material particle
acceleration coincides with the direction
of its velocity (a>0).

Uniformly decelerated motion is the one
when directions of acceleration and velo-
city of a particle are in opposition, and the
velocity modulus decreases in time (a<0).

V= Voia't,

nn

there V; is an initial velocity. The sign
is for a uniformly decelerated motion. For
a displacement vector:

. ~.t2
AF =V, t+ .
2
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[ npoiineHoro wiwiaxy:

SIkmo wac pyxy ¢ He 3aJaHHi, TO BiH
MoOe OyTH BUPaXEHHI 13 BUSHAUCHHS TIPH-
CKOpeHHs yepe3 a Ta V, Toxi:

2-a
1.2 BiibHe naginHs Tix

Binvne nadinua — e pyx, o 31iicHIOE
TINO mibKyu TN A€ cunu msoicinus 0e3
ypaxyBaHHS CHIM Oropy noitps. Ilpu ma-
JIHHI 3 Manol Bi TOBepXHI 3eMJli BUCOTH A,
TiJIa PYXalThCs 13 0OHAKOBUM NPUCKOPEH-
nam g=9,81 m/c?.

V=Vy+gt. dxkmo Vy=0, T0 V=g't.

Ilnax h, npoiifieHU TiJIOM TIpHU Bijb-
HOMY HaJiHHi:

2 2
h=V, ‘t+%. Sxkmo Vy=0, T0 h= gzt .
Mooyns wieuoxkocmi V micis Mpoxo-
JOKEHHS IUIAXY A

V=V, +2gh. SIkmo V=0, 10 V =./2gh.

Yac t BIILHOTO HaiHHSA 13 BUCOTH /i:

2-h

4
Pyx Tina, KHHYTOro BepTHKAJILHO BrOpy

Hleuokicms V Tina y Oyab-IKMi MOMEHT
Jacy:

V= Vo +g 1.

o Hatisuwoi mouxku miaioMy — pyx pi-
6HOCNOGINbHE U, a TCII Hel — ginbHe na-
OiHHAL.

Yac nioiiomy t, BU3HAYAETHCS 13 YMOBH,
10 Yy TOYILli MakCUMaJbHOTrO migiiomy V=0,
toni t,=Vyg.

For a path passed:

If the time of motion ¢ is not given, it
can be specified out of the determination
of acceleration by a and V, then:

VZ—VUZ'
2-a

S=

1.2 Free Fall of Bodies

Free fall is a motion executed by a
body only by gravity with no air re-
sistance. When falling down from a small
height # over the Earth's surface, bodies
move with a constant acceleration g=
=9.81 m/s”.

V=Vytgt. If Vy=0, then V=g-t.

The distance h covered by a body in a
free fall is:

2 2
h=%¢+§;<IfKFQﬂwnh:g;.

Velocity modulus V after covering the
distance # is:

V=\V2+2gh. If V;=0, then ¥ =,[2gh.
Time ¢ of a free fall from the height 4 is:

2-h

g

Motion of a Body Tossed Vertically up

Velocity V of a body at any instant
time is:

V= Vg+g €.

Up to the highest point, a motion is
uniformly decelerated, and after that, it is
a free fall.

Time of raising t,, is calculated, if in
a maximum raising point V=0, then ¢,,=
=Vyg.



Maxkcumansna eucoma H,, mnigiiomy Maximum height H,,, of a body rais-
Tina: ing up is:

2o 2 2
o =Vyot, =500 =20, Ho =Vt =02 200
2 2g 2 2g
Hleuokicms mina V,,y B Moment Horo  Velocity of a body V., at the moment
ynapy 06 3emmo V,,,=Vy. TpuBanicts mia- of its shock upon the Earth's surface is
HoMy Tina f, dopienioe TPUBATOCTI Horo ma- ¥, =V,. The time of uprising ¢, equals

THHS t,40: to the time of falling down #4,,,:
v, Yo
Ly =t =—- Lip = lioun =+
1.3 PiBHOMIipHHUIi pyX no Koy 1.3 Uniform Gyration

e Haiinpocmiwuii KpUBONIHIMHUHA PyX. That is the simplest curvilinear mo-
IIpu Takomy pyci y jaHoi MatepianbHOi TO- tion. In such a motion for a given material
4yKH V'=const. particle V=const.

Jiniiina weuokicms V — 1ie BUIKICT, Linear velocity V is the one at which
i3 SIKOO TOYKa PYXA€ETHCS 10 KOJIY. a body moves round a circle (gyrates).

Ipuckopenna mouku a, nocmiiine Ta Acceleration of a point a, is constant

CIIpsIMOBaHE II0 pajiycy Koma g0 Horo and is directed along the circle radius to
uentpy. Bono HasuBaeThcs douenmposum the circle centre. It is called a centripetal

RnpU CKOPEeHHAM 1 IOPIBHIOE: acceleration and is equal to:
y? V:
au =—. a, =—.
R R
Kymosa wieuokicms @ XapaKkTepusye Angular velocity o characterizes the
HPYAKICTh 0bepmanHs Tina — KyToBe Iepe- rate of rotation of a body expressed as the
MIlIICHHS Tija 33 OMMHUIIO Yacy. angle displacement of the body per a time
unit.
Cepeons KyToBa IBUIKICTD Weep: Average angular velocity @,,:
A 0 A rad
S [&} o, =22 {1}
At | ¢ At | s
Mummeea KyToBa MBHUIKICTH @ Instantaneous angular velocity w:
. A . d . A . d
®= lim (7(0) = lim (wm)=di)- ©= lim (ﬁ} = lim (wm.)=df¢.
At—ON AT A0 d At—0\ AT At !
Ilpu pienomipromy pyci no Koy W=, At a uniform motion round a circle
a KyT MOBOPOTY pajiyc-BeKTOpa Marepiallb- @=a,,, and a turning angle of a radius
HOI TOYKH CTAHOBHUTH A @=@-At. vector of a material particle is Ap=w-At.
Iepioo obepmanna T — 1ie 4ac OHOTO Period of revolution T is the time of
MOBHOTO 00€pTY. one complete turn.
a):z—”:Zﬂ'v, a):z—”:Zm/,
T T



Ie v — uacmoma obepmants, TO0TO Kilb-
KiCTh 00€pTiB 32 OAUHUIIIO Yacy.

3B'SI30K MiX JIiHIIHOW 1 Kymo8ow 1IBU-
JKOCTSIMU MaTepiajbHOT TOUKH:

S=V-At Ta S=R-A@. 3Binxu, V=R-@.

1.4 Innamika MaTepiajbHOI TOUKH

Junamixa — 1ie po3aiyl MEXaHIKH, TKUAH
BUBYAE MEXAHIYHUH PYX 3 VPAXYBAHHAM
63aemo0ii Til Mix cobor0. B ocHOBI auHa-
MIKHU JIexKath mpu 3akonu Heromona, cupa-
BEIUIMBI AT MaKPOCKOIIYHUX Til, SKi py-
XalThCA 13 Manumu WBHAKOCTAME (V<<c).

Ilepwiuii 3axkon Hvlomona (3aKoH iHe-
puii): iCHYI0OTh CUCTEMU BiIUIIKY, B SIKMX BCI
Tina rnepedyBalOTh y CTaHi CHOKOM, abo pi-
BHOMIPHOTO Ta HPSIMOJIHIIHOTO PyXy, SK-
110 HAa HUX HEe JIIOTH iHIIN Tijla abo mis iH-
IIUX TiJ CKOMIIEHCOBaHa.

Inepuyielo Ha3uBaeTbCs sBUIE 30epe-
JKCHHSI TIJIOM CTaHy CIOKOIO abo piBHOMIp-
HOTO TPSIMOJIIHIHHOTO PYXY Hpu 8i0CymHO-
cmi (a00 xomnerncayii) 30BHIIIHIX BIUIUBIB
Ha HBOTO.

CucreMu BIIUTIKY, Y SIKUX BHKOHYETHCS
nepumuii 3akoH HbloToHa, Ha3UBaIOTh iHep-
uianvHuMuU.

Ilpunyun eionocnocmi Ianinen: Hi-
SKMMHM MEXaHIYHMMM JOCHigaMu, 37iHcHe-
HUMH ycepeOuni IHepialbHOI CHCTEMH Bifl-
JKy, HEMOXJIMBO BCTAaHOBUTH — YH 3HAXO-
JUTBCS L CUCTEMA Y CIIOKOI ab0 pyXaeThest
PiBHOMIPHO i IPAMOIIiHINHO.

Heinepyianpna cuctema BIIIKY — Le
OyIb-siKa CHCTeMa BIJUTIKY, sIKa PyXa€eThes i3
NPUCKOPEHHSIM @ BIJHOCHO iHEpIiajbHOI
CHUCTEMH BIJUTIKY.

Maca mina m — mipa Horo iHepIifHUX 1
IpaBiTalifHUX BIACTUBOCTEH. V kaacuumii
Mmexaniyi (IpU pyci i3 MaJIUMU HIBUIKOCTS-
MU J<<c) Maca Tila He 3anedxcumv Bij
LIBUJKOCTI Horo pyxy (m=const). Maca Ti-
Jia IOPIBHIOE cyMi Mac 4acTok abo marepia-
JILHUX TOYOK, 13 IKMX BOHO CKJIAJIA€THCI.

10

where Vv is a frequency of rotation that is
a number of revolutions per a time unit.

Relation of linear and angular veloci-
ty of a material particle is:

S=V-At and S=R-A¢p. Whence, V=R-w.

1.4 Dynamics of a Material Particle

Dynamics is a branch of mechanics
dealing with the mechanical motion re-
garding the interaction of bodies and for-
ces producing the motion. Dynamics is
based on three Newton's laws, which are
suitable for macroscopic bodies moving
at low velocities (V<<c).

The first Newton's law (the law of
inertia): There are the reference systems
in which all bodies are at rest or in the
uniform and rectilinear motion if other
bodies have no action upon them or the
action of other bodies is compensated.

Inertia is a tendency of a body to re-
sist changes in its state of rest or in its
straight-line uniform motion under the
absence (or compensation) of external
(impressed) forces.

Reference systems, in which the first
Newton's law runs, are called inertial.

Galileo's principle of relativity states
that no mechanical experiments perfor-
med inside an inertial reference system
can establish either this system is in its
state of rest or moves uniformly and line-
arly.

Non-inertial reference system is any
reference system, which moves with ac-
celeration a as to an inertial reference
system.

Body mass m is a measure of its inertial
and gravitational properties. In classical
mechanics (at the low velocities V'<<c)
body mass doesn't depend on its velocity of
motion (m=const). A body mass is equal to
the sum of masses of particles or material
points the body consists of.


Админ
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3axon 36epesicenna macu: Maca cucte-
MH TiJ 3aTUUAEMbCA ROCMItIHOI0 TIPU OyIb-
SIKUX IIPOLecax MiXK TiIaMU L€l CHCTeMH.

Tycmunoio mamepiany p Ha3UBa€THCS
Maca, SKa MICTUTbCA Y OJMHUI HOTro

00’eMy, TOOTO:
_m K
L Vol

Cunor F Ha3uBaroTh gexmopny Gizud-
HY BEJMYHHY, 5K CIYXUTb MIpOIO BILTUBY
Ha Tino 3 OOKy iHmHMX Tin abo mMomiB.
[F1=[H].

Cuna XapakTepu3yeThCsl GeaAUUUHOIO,
Hanpamkom 1 moukoio npukiaoanusn. Ilin
€0 CHJI TLJI0O MOXE ad0 3MiHI08amuU C80I0
wieuokicms (IUHAMIUHE MPOSBICHHS CHUI),
abo nedopMyBaTHCh - 3MiHIO8AMU CBOIO
@opmy 1 posmipu (CTaTHIHE TPOSBICHHS).

VY disuii po3pi3HATE womupu munu
B3aeMo/Ii (cu):

1) I'pasimayiiini — 0OyMOBIICHI HAasBHICTIO
y T mac.

2) Enexmpomaznimui — 00yMOBIICHI HasB-
HICTIO y TiJ1 800 YACTHHOK eeKmputHux 3a-
paoia.

3) Cunvni — MK 4YaCTHHKaMH, i3 SKUX
CKJIAJIAlOThCS Apa aTOMIB - HYKIOHAMU, 200
MIX Me30Hamu Ta 2inepoHamu.

4) Cnabxi — XapakTepu3yloTh HPOIECH Ie-
PCTBOPECHHA NCAKHUX CICMCHTApHUX 4YacCTH-
HOK.

B kypci MexaHIKM pO3IIISIAlOThCS 2pa-
simayitini cunu (CUIM TSOKIHHA) 1 enekmpo-
maznimui cunu (CHIIM TIPYKHOCTI Ta CHIIU
TepTA).

1.5 Cuau y mexanini

1) I'pagimayiini cunu (Cunv MPUTSITAHHS).
3akon Bcecsimnbozo msadicinnsa: BCi Tina
MPUTATAIOTECS OJHE 1O OJHOTO i3 CHIIOHO,
MIPSIMOTIPOTIOPIIIHOIO TOOYTKY IXHIX Mac Ta
00epHEHO MPOTOPIIHOI0 KBapaTy BiacTa-
Hi MiX HUMHU:
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Law of conservation of mass states that
the total mass of a system is constant no
matter what changes occurs in the system.

Density of the material d is the mass
per unit volume of a substance or materi-

al, that is:
=" {kg,}.
VvV m’

Force F is a vector physical quantity,
which is a measure of mechanical action
on a body on the side of other bodies or
fields. F=[N].

Force is characterized by a quantity,
direction, and point of application. Force
can cause a body either to change its ve-
locity (dynamic development of forces) or
to deform, that is fo change its shape and
sizes (static development of forces).

There are four types of interactions
(forces) in physics:

1) Gravitational ones occur between bod-
ies or particles as a result of their masses.

2) Electromagnetic ones arise between
bodies or particles as a result of electric
charges.

3) Strong ones occur between the parti-
cles atomic nuclei consist of - nucleons or
between mesons and superprotons.

4) Weak ones are characteristic of trans-
formation processes of some elementary
particles.

In the course of mechanics only gravi-
tation (attraction) forces and electromag-
netic forces (elastic and friction forces)
are considered.

1.5 Forces in Mechanics

1) Gravitational forces (attraction). Law
of universal gravitation states that the
force of attraction between any two bod-
ies is directly proportional to the product
of their masses and inversely proportional
to the squared distance between them:



F=G

m; -m,
P >

r

-11 2 2 . .o
ne G=6,67-100" H-M7/kr” — epasimayitina
cmana. T1o6aM3y moBepxHi 3emii Tijgo Ma-
COIO 1 MPUTSATAETHCS A0 Hel i3 CUIIoI0:

p=gmMs
3
ne M; — maca 3emui, R; — ii paniyc. Benu-
ynHa G-M3/R;=g Ha3UBAETBCA NPUCKOPEH-
uam einvrozo nadinns g=9,81 m/c*. Cunoro
MAXNCIHHA HA3WBAECTHCSA CHIIA, 3 SIKOIO TiJIO

MIPUTSTAETHCS 10 3eMITi:
P=mg.

2) Cunu npysyucHocmi — 1€ CUIH, SKi BUHH-
KalOTh TPU npyochiti (TYKOBCBKii) medop-
Marii Tina. Jlepopmariiss Ha3UBaeTHCSA HpY-
JICHOI0, SKIIO TICIIST IPUTTUHEHHS Jii CHIT Ti-
10 nosuicmio gioHosenoe dopmy. Ilnacmu-
yna nedopMallis 3aaumacmses B T Ticis
MIPUTTMHEHHS i1 CHIL

Buou oeghopmauii min: posmse, cmuc-
HeHHsl, USUH, KDYMIHHSL, 3CY8.

Cuna mpyXHOCTI, sIKa Jli€ Ha Jexcaue
mino 3 60Ky OIOPH, Ma€ Ha3BY CUlA peaKuyii
onopu N, a siKa Jii€ Ha mijBileHe Tino 3 00-
Ky miaBicy — cuna namsazy T.

Cwiti IPY»KHOCTI MalOTh eeKmpomacz-
HimHy npupooy.

3akon TI'yka: cuna NpyXHOCTI, SKa BH-
HUKae NpH Jnedopmauii Tilla, nponopyitina
BUJIOBJKEHHIO (CTHUCKY) TiNa i npomunedxcua
oMy 3a HaNPsIMKOM:

F,,=—k-Ax.

KoeditieHT mpomnopuiiHOCTI & HOCHUTH Ha-
3BY acopcmKocmi 1 3anedxcums 6i0 Ppo3Mi-
piB, hbopmu, MaTepiany Tina.

3) Cunu mepmsa BUHUKAIOTh MiX TMOBEpPX-
HSIMU CTUYHUX T Ta MEPEIIKOMKAIOTh iX-
HBOMY B3a€MHOMY NepeMiteHHIo. [1pu Bcix
BHJAX TepTs cuna F,, cupsaMoBaHa y30062ic
nogepxHi JOTUUHHX T 1 npomuiedxicHa
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F=G LZ’"Z
r

where G=6.67-10""" N-m*/kg’ is the gravi-
tational constant. Near the Earth's surface
a body having mass m is attracted to it
with the force:

p=g e iME ,

E

where M is the Earth's mass, Rz is its ra-
dius. The quantity G-Mg/Re=g is called a
frree fall acceleration g=9.81 m/s’. Gravi-
tational force is the force a body is at-
tracted to the Earth:

P=mg.

2) Elastic forces are the ones emerging
under elastic (Hooke) deformation of a
body. Deformation is elastic if a material
completely recovers its dimensions, when
the stress is removed. Plastic (residual)
deformation preserves in a body, when
the strain is removed.

Kinds of body deformation: strain,
compression, bend, torsion, shift.

An elastic force affecting a lying body
on the side of a support is called support-
ing force N, and the one affecting a sus-
pended body is called tension force T.

Elastic forces have an electromagnet-
ic nature.

Hook’s law: the principle that the
strain produced in an elastic material is
proportional to the stress producing it and
opposite it by direction:

Fe[: - kAx

Coefficient of proportionality k is called
stiffness and depends on a body sizes and
shape as well as on its material.

3) Frictional forces are forces that tend to
oppose the relative motion of two surfac-
es in contact. At every kind of friction Fj,
is directed along the planes of bodies in
contact and is opposite to the velocity of
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LIBUAKOCTI IXHBOTO BiJHOCHOTO IEpeMi-
IICHHS.

Cyxe mepmsa — 11e TEPTS MK IOBEPXHIMHU
JMOTHYHHUX TiI. BOHO TMOnmiNSEThCS Ha: a)
mepms. CHOKOK — TEpTSA TPH BIJICYTHOCTI
nepeMillieHHsT TUT; 0) mepms KO83aHHA —
TepTA NPU BIJHOCHOMY PYCi Till.

Pioke (6’a3Ke) mepmsa — TepTs MiX NOBEp-
XHEI0 TBEP/IOTO TiJla 1 OTOUYIOUUM HOro pi-
kUM (200 ra3omoiiOHUM) CepeIoBHIIEM, Y
SIKOMY BOHO PYXa€ThCSI.

Cuna mepmsa K03aHua MiX JBOMa TIOBEp-
XHSMH TPOMOPIIiiHA CHJII HOPMAJIBHOTO TH-
cky (peakuii omopu N), sika IPUTUCKAE
00M/IBI MOBEPXHI:

Fyp=p:N,

ne u - KoeilieHT TepTs KoB3aHHS. BusHa-
YaETHCS eKCHEPUMEHMATLHO.

Skuro Ha TiNO (MaTepianbHy TOYKY) OJ-
HOYACHO JIIFOTh JICKIJIbKa CHII, BOHU MOXYTh
OyTH 3aMiHEHi IXHBOIO BEKIMOPHOI CYMOIO -
Ppienodiiinoio cunor.

Ilpunyun nezaneixcnocmi Oii cun: sk-
[0 Ha TIJO IiFOTh OJHOYACHO JEKINbKa CHII,
JII0 KOXKHOI 13 HUX MOYKHA PO3IJIAJaTH He-
3a71eJiCcHO Bif i IHIINX.

Jpyzuit 3axon Hovromona (ocnognuil
3aKOH JMHAMIKM MaTepiajibHOI TOYKH):
IIPUCKOPEHHS, SIKOro HaOyBae TLIO B iHep-
LiaJbHIA CHCTEeMI BIIUTIKY, npsamo nponop-
yitine Ail04ill Ha HHOTO cuii (PiBHOMINHIN
culi), obepreno nponopyitine Maci Tina i
36icacmbcsi 32 HANPSIMKOM 13 HampsIMKOM
i€l cuIn:

CSF
a==—F

m
F=m‘%.FAt=mV—mVO=Ap.

m-a. [H]:["Zc;“

Imnynec cunu — BenMYMHA, IO JOPIB-
HIOE JI0/IaTKy CHJIM Ha yac 11 fii FAt.
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their relative motion.

Dry friction is friction between the surfa-
ces of two solids in contact. It is divided
into: a) static friction - that is friction,
when bodies in contact do not move; b)
sliding friction - that is friction at the rela-
tive motion of bodies.

Fluid (viscous) friction is friction be-
tween a solid surface and a liquid (or gas-
eous) medium in which a solid moves.

A sliding friction force between surfaces
is proportional to the force of a normal
pressure (a normal reaction of a support
N), pressing two surfaces:

Fy=pN,

where u is a sliding friction coefficient.
It's estimated experimentally.

If some forces affect a particle (mate-
rial point) simultaneously, they can be re-
placed by a vector sum that is a resultant
force.

Principle of freedom of force action:
If some forces synchronously act a body,
the action of each of these forces can be
considered independently of the action of
other forces.

The second Newton's law (the main
law of the particle dynamics): the acceler-
ation obtained by a material point in the
inertial reference system is proportional
to the force acting on the point (or their
resultant), inversely proportional to the
body mass and coincides with the force
direction:

PEILI
m

N

m.a.[zv]:{"gi;’"}

F=m~%.FAt=mV—mVO:Ap.

Momentum of force is the product of
force and the time of its action F-At.
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Imnynve mina — eexmopHa eeauduua,
sKa JOPiBHIOE NOOYTKYy Macu Tila Ha HOro
MIBUAKICTB: p=m V.

Binbur 3aeanvha popma opyzozo 3akony
Hbvromona: WBUIKICTb 3MiHH IMITYJIBCY Ti-
Ja (MOXiJHa IMITyJIbCy 33 4acoM) JOPiBHIOE
cuii (piBHOAINHIN cuiti), IO Ji€ Ha TiJIO:

F=

3=

Tpemin 3axon Hviomona: cumy B3ae-
MOZii MK IBOMa YaCTUHKAMH PIiHI NO MO-
OV, NPOMUNEIHCHI 3d HANPAMKOM 1 CTIpsI-
MOBaHI y30060ic npamofi, sika 3'€JHy€ 11l Yac-
THHKH:

ﬁ],z = _FZ,] .
1.6 Mexaniyna po6ota

Pobomor A cranoi cunu Ha3UBaEThCA
ckanspra Qi3udHa BETMYHHA, KA TOPIBHIOE
no0yTky Moy cuin F, nepemMitineHus Ar
1 KOcHHYca KyTa MiXK HUMU:

A=F-Ar-cosa.

SIkmo kyT a eocmpuii (0<a<90%), To 4>0.
Sxmo kyt o mynuii (90°<a<180"), 4<0.
Sxmo kyT o npamuii (6=90°), To A=0.

[A]=[1 H-m]=[1 o]

Cepeona nomymucnicmo P, — dizndna
BENMYMHA, IO XapaKTepHu3ye INPYIKiCTh
3IiCHEHHS POOOTH:

2, 152171 22¢ | <n],

A
Mummesa nomyscnicmsp P:
. . (Aa4)_d4
P=lim (Re,,)= lim (7j:7
Ai—0 Ai—0 AL dt

SIkmo pyx pienomipnuit (V=const), To

_A_F-r-cosa
t t

P =F.V-cosa.
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Momentum of a body is a vector qu-
antity equal to the product of the body's
mass and its velocity: p=m-V.

The more common form of the second
Newton's law is: the rate of change of a
body's momentum is equal to the force (or
their resultant), acting on it:

&

F=
At
The third Newton's law: interacting
forces of two particles are equal by
modulus, opposite by direction, and are
directed along the straight line connect-
ing these particles:

1.6 Mechanical Work

Work A of a constant force is a scalar
physical quantity equal to the product of
the modulus of force F, displacement Ar
and cosine of the angle contained by them:

A=F-Ar<cosa.

If aris acute (0<a<90°), then 4>0.
If aris obtuse (90°<a<180°), then 4<0.
If o is right (¢=90"), then 4=0.

[4]=[1 N-m]=[1 J].

Average power P, is a physical qu-
antity characterizing the rate of work per-
formance:

[n.1= 2. 71| 2 =l

Instantaneous power P:
A dA
P= lim (P,)= lim (—j=—.
At—0 A—O0 AL dt

If the motion is uniform (V=const), then

_é_F-r'cosa

P= =F-V-cosa.
t t
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1.7 3akoH 30epe:keHHs IMITyJIbCY

Buympiwnimu Ha3uBarOThCS cuiu, SKi
THIOTh MIXK YaCTHHAMH JEAKOI CHCTEMH TilI,
SIKa PO3TIIAAAETHCS.

3oenimnimu HA3UBAIOTHECA CUAU, SKI
IIIOTH Ha Tijla JaHOI CUCTEMH 3 OOKY 1HIINX
TiJI, SIKI HE BXOJSATH Y I[I0 CHCTEMY.

3amxnymoio (i3071606aH010) CUCTEMOIO
HA3MBA€ThCS CUCTEMA Till, HA SIKY He 0ilonb
30BHIIIHI CHIIH.

Imnynsc cucmemu p, siKka CKIAmaeThCs
i3 n-Tin (ab0 MaTepiaJbHUX TOYOK), JOPIiB-
HIOE Ccymi [Mnyabcié BCiX Til (TOYOK) Iii€l
CHCTEMH:

p=XmV.
i=1

3akon 30epescenHs imnynbvcy: B iHEp-
[iadbHIi CcHCTeMi BiANIKY CYMapHUH iM-
MyJbC 3aMKHYTOI CHCTEMH Till He 3MIHIO-
€mbCsi 13 4aCOM NPU OYAb-SIKMX B3a€EMOJIISX
TLJI CHCTEMH MiXK CO00IO:

pP= Zn:ﬁ,. = const.
i=1

1.8 Mexaniuna enepris

Enepciero nasuBaetbes ckanapua $izu-
YHA BEJIMYMHA, KA € MIPOI0 pizHux gopm
PYXy mamepii Ta MIpOIO TIEpeX0y pyXy Ma-
Tepii i3 ogHUX GopM Y iHMII.

Mexaniuna enepeia E xapaxkrepusye pyx
1 B3aEMOJIIIO TiJT, € PYHKIIE MIBHIKOCTEH 1
B3a€EMHOTO PO3TAIyBaHHS TiJ, TOPIBHIOE
cymi kinemuunoi K Ta nomenyianvuoi I1
eHepriil.

Kinemuuna enepzin K tina a6o i-toi
MaTepialbHOI TOYKH € MIpOI IXHBOTO Me-
XaHiuHo2o pyxy, siKa 3aJeKUTh BiJl IIBHIKO-
CTi pyXy B JaHiil iHepIianbHil CHCTeMI Bifl-
TKYy:
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1.7 Law of Momentum Conservation

Internal forces are those acting be-
tween parts of some body system under
consideration.

Impressed forces are those acting on
bodies of a system on the side of the bod-
ies not belonging to this system.

A system of bodies is called closed
(isolated) if no impressed forces influence
it.

Momentum of a system p comprising
n-bodies (or particles) equals to the sum
of momentums of all bodies (particles) of
the system:

p=XmV.
i=1

The law of momentum conservation:
in an inertial reference system the total
momentum of a closed system is constant
in time at any interactions of system bo-
dies:

p= iﬁi = const.
i=1

1.8 Mechanical energy

Energy is a scalar physical quantity,
which is a measure of different forms of
motion of matter and a measure of a mat-
ter motion transition from one form into
the others.

Mechanical energy E characterizes
motion and interaction of bodies, and is a
function of velocities and a positional re-
lationship of bodies. It equals to the sum
of kinetic K and potential P energies.

Kinetic energy K of a body or an i-th
material particle is a measure of their me-
chanical motion which is dependent on
the velocity of motion in a given inertial
reference system:

m. -
_ i
Ki_i_
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3HaueHHs KiHETUYHOI eHeprii Tima 3a-
nexcums 6i0 BUOOPY CUCTEMH BiJUTIKY, aie
3a6acou K>0.

Teopema npo Kinemuuny eHepzito: 3Mi-
Ha KiIHETHYHOI SHeprii Tijia mpH Horo nepe-
XOJIi i3 OJHOTO TOJIOXKEHHS B iHIIE JOpPiB-
HIO€ POOOTI BCIX CHJL, sIKi AIIOTH HA L€ TiJIO:

A :AK:Kz—Kl .

PoGoTa Oyab-KUX CUIL € Mipoio 3MiHU
Kinemuunoi enepeii mina. Slxkmo A>0, To #
AK>0, TOOTO Jisl TaKMX CHJI NPUBOAUTH 10
30ibIIeHHsT KiHeTH4HOi eHeprii Tina. | Ha-
BIIaKU.

Ilomenyianvna enepcia Il — yactuHa
MEeXaHIYHOI eHeprii, IKa 3azexcums 6i0 B3a-
€MHOTO pO3TallyBaHHs Ti (200 4acTWH Ti-
Ja) Ta IXHBOTO MOJIOKEHHS Y 30BHIITHEOMY
cuiIoBoMy Touti. BoHa Moke mpHiiMaTH no-
3UmMueHe, HecamugHe 3HauyeHHs, abo dopis-
HI0BAMU HYTIIO.

Ilomenyianbnumu HA3UBAIOTHCA CUIIU,
poboTa SKUX 3anedcums miibKu i0 mMovar-
KOBOTO Ta KIiHIIEBOTO MOJIOXKEHHS PYXOMOI
MaTepialbHOI TOYKH, 1 He 3anedcums Bif
(dbopMu TpaeKTopii pyxy.

Ha samxnymiti mpaexkmopii pobora Takoi
CUJIIM 3aBXKIHU 00pisHIoe Hynto. /lo nomeH-
YianbHUX BITHOCATBCS CHIM  MAJICIHHA,
NPYJICHOCMI,  eleKmpocmamuyni CWIA Ta
1HIIi.

Henomenuyiansnumu Ha3UBAIOTHCS CU-
au, poboTa SKUX 3anexcums Bin (Gopmu
TpaekTopil. Ha 3aMKkHyTill TpaekTopii podo-
Ta TaKUX CHJI iOMiHHa 6i0 Hyns. Jo Heno-
MEHUIAIbHUX CUIT BITHOCATBCS CHIIM TEPTH,
OIopYy 1 AesKi iHIII.

Cucrema Tin Ha3UBAETHCS KOHCEP8amu-
61010, SIKILIO 6CI cuY, SIK1 TIFOTh Ha Tija 1€l
CHUCTEMH, € HOMEHYIATLHUMU.

Mipoto 3MmiHu TIOTEHLIANBHOT eHepril
CHCTEMH IPU TMEPEXOJi i3 OJHOTO CTaHy y
IHILWHA, € poboma nomeHyianbHux cui, SKi
3IICHIOIOTh B3a€EMOJII0 MDK TUJIAMH CHC-
temu. OTXe, poboma nomeHyianbHUx cui

16

Values of a body kinetic energy are
dependent on the choice of the reference
system, but always K>0.

Theorem of kinetic energy: a change
in a body kinetic energy when it is going
over from one position into the other one
is equal to the work of all forces acting on
the body.

A=AK: :Kz—Kl.

Work of any forces is a measure of a
change in a body kinetic energy. If A>0,
then AK>0 and the action of such forces
results in increasing a body kinetic ener-
gy. And vice versa.

Potential energy P is a part of me-
chanical energy dependent on a relative
position of bodies (or elements of one
body) and their position in the external
field of forces. It can be both positive and
negative and equal to zero, too.

Potential forces are those the work of
which is only dependent on the initial and
final positions of a moving material parti-
cle and is not dependent on the trajectory
form.

On a circular path the work of this
force is always equal to zero. Potential
forces are gravity forces, elastic forces,
electrostatic forces and others.

Non-potential forces are those the
work of which is dependent on the trajec-
tory form. On a circular path, the work of
such forces differs from zero. Non-poten-
tial forces are frictional forces, resistance
forces and some others.

A system of bodies is called conser-
vative if all forces acting on a system
bodies are potential.

Measure of change of a system poten-
tial energy in its going over from one
state into the other one is the work of po-
tential forces which interact between the
system elements. Thereby the work of po-
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JIOPIBHIOE 3MiHi nomeHyianLHoi enep2ii cu-
cmemu TpH il mepexoni i3 OIHOTO MOJIO-
KEHHS B iHIIe, Y3STid 3i 360pomuum 3Ha-
KOM:

Anom :'AH:'(HZ'HI):HI 'H2~

[NorenuianbHa enepris 11 zpasimauyiii-
HOI 63a€m00ii BOX MaTepiaJbHUX TOYOK,
MacaMH m; Ta M, Ki 3HaXOIAThCS Ha BiJC-
TaHi r:

m, -m,

r

n=-G-

[orenuiansua enepris 11 epasimayitinoi
63a€M00ii Tima Macow m i3 3emie o0na
manux eucom h (h<<R3;) CTAHOBUTH:

I1=m-g-h.

[NorenuianbHa eHeprisi [1  npyscnux
63A€EMO0iil CTAHOBUTD:

ne k - KOPCTKiCTh, Ax - BeJIMYHHA TPYKHOL
nedopmarii.

3akon 3bepercennsa mexaniunoi enep-
2ii: MexaHi4Ha eHeprisi KOHCEPBAaTUBHOI CH-
CTEMH 30epieaemvcsi NOCMIIHOI B TIPOIIEC]
pYXy Li€i cucTeMu:

E,..=K+II=const.

Ieii 3aKOH CIIPaBEUTMBHUIA [T 3AMKHYMUX 1
He3aMKHYMUXx KOHCEPEAmMuGHUX CUcmem.

s 3amkuymoi  nexoncepeamugHol
cucmemu BUKOHYETHCS 3AKOH 30epedcenis
nosHoi enepeii W, piBHil cyMi MexaHiqHOT £
i BHyTpimHbo1 U enepriii cuctemu (U xapa-
KTepu3ye HeMeXaHidHi (GopMH pyXy Mate-
pii):

W=E+U=const.

Y nesamxuymii nekoncepeamugnii cu-
cmemi 3aKOH 30€pexeHHs MEXaHIYHOi eHe-
prii me euxonyemupca. 3MiHa MeXaHIYHOI
eHeprii Takoi cucremu E,.. NOpIBHIOE Cy-
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tential forces equals to a change of a sys-
tem potential energy when the system is
going over from one state into the other, it
being taken with the opposite sign:

Apot:'AP:'(P2'P1):Pl'P2-

Potential energy P of the gravity in-
teraction of two material particles of mas-
ses m; and m, and being at the distance r
is:

Potential energy P of the gravity in-
teraction of a body with a mass m and the
Earth for small heights h (h<<Rp) is:

P=m-g-h.

Potential energy P of elastic interac-
tions is:

where k£ is rigidity, Ax is elastic defor-
mation value.

Law of conservation of mechanical
energy: the total mechanical energy of a
conservative system is always constant at
any motion of this system:

E,cci=K+P=const.

This law is right both for closed and un-
enclosed (open) conservative systems.

In a closed non-conservative system the
law of conservation of full energy which
is equal to the sum of mechanical £ and
internal U energies of the system (U char-
acterizes non-mechanical forms of the
material motion) is valid:

W=E+U=const.

In an unclosed non-conservative sys-
tem the law of conservation of mechani-
cal energy is invalid. A change of me-
chanical energy AE,..; of such a system is
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Mapriti pob6omi 6HYMPIWHIX 1 306HIWHIX He-
NOMEHYTUHUX CUT:

AE :Asm*mp +A303H

Mex Henom Henom

1 CYNMPOBOMKYETBCS 3MIHOW BHYMPIUHBLOL

enepeii cucmemu.
1.9 Cratuka

Cmamuxka — po3/Ii1 MEXaHiKH, KUl BU-
BYAE YMOGU Pi6HOGA2Y MATEPIaTIbHUX TOYOK,
TiJ Ta X CHCTEM.

Ymoeoro pienosazu marepianbHoi TOu-
KM € PIBHICTh HYNIO CyMH BCix cui Fj, mo
JIIOTh HA IIF0 TOYKY:

n

oot
g

i=1

CucreMa JBOX DPIBHHX IO MOJIYJIO aH-
THmapaiensaux cun Fy ta F, Ha3WBaeThCs
naporo cun. Tlapa CHII XapakTEpH3YETHCS
Mmomenmom napu M, npuaomy M=F, d=F, x
xd, ne d — BiACTaHb MIX JHIAMH Oil CHII,
SKy Ha3WBalOTh miewem napu. Ilapa cui
CTIPUYMHSAE 06epmaIbHUtl pyX Tija 1 He MO-
e 3MIHUTH HOT0 IMOCTYMAIBHOTO PYXY.

Ymoeorw pisnosazu abcomoTHO TBEp-
JIOTO TiJa i3 3aKpinierolo (HEPyXOMOI0) gic-
clo obepmanHs € PIBHICTh HYJIIO anredpaid-
HOI CyMH MOMEHTIB M BCiX 30BHILIHIX CHII
1010 W€l oci (npasuno momenmis):

noo_
>M,=0.
i=1
Ymoeorw pisnosazu abconoTHO TBEp-
JIOTO TiNa, SIKE MOXKE PYXaTHCh NOCHIYNATb-
HO, a TaKOX oOepmamucb HaBKOJO IESKOI
0Ci, € 0OHOUacHe NTOTPUMAHHS 080X YMOS:

S F=0,YM=0.
i1 i1

PiBHOBara Tijia y JesKOMy CTaHi Ha3HBa-
€TBCSI CIINKOM, SIKIIO TIPU OYAb-IKOMY Ma-
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equal to the total work of internal and im-
pressed non-potential forces,

AE :Aimer +Axmpr‘

mech nonpot nonpot

and is accompanied by a change of the
system internal energy.

1.9 Statics

Statics is a branch of mechanics con-
cerned with the properties of material par-
ticles, bodies or systems in equilibrium.

An equilibrium state of a body is the
state, when it has no resultant force acting
on it:

=

oot
g

i=1

A system of two equal by modulus anti-
parallel forces Fy and F, is called a cou-
Ple of forces which is characterized by a
moment of couple M, and M=F,d=F,d,
where d is the distance between the lines
of force action which is called arm of a
couple. A couple of forces produces a
turning effect of a body and cannot
change its translational motion.

Equilibrium condition of a perfectly
rigid body with a fixed (unstable) axis of
rotation is the condition when algebraic
sum of the individual moments M of all
impressed forces as to this axis is equal to
zero (the rule of moments), that is:

>M, =0.
i=l

Equilibrium condition of a perfectly
rigid body which can move steadily as
well as turn on some axis, is a simultane-
ous observance of two statements:

> F=0,% M, =0.
i=1 i=1
Equilibrium of a body in some posi-

tion is called stable, if at any small devia-
tion of the body from this position, there
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JIOMY BiJXWJICHHI TiJla Biji IOTO CTaHy, BU-
HHUKAIOTh CHJIM a00 MOMEHTH CHJI, SKi noge-
pmaioms 1020 y no4amKo8Ull CMaH.

PiBHOBara Tina y JesKOMY IOJIOKEHHI
HA3UBAETHCS HECMIIIKOI0, SKIIO TIPH AKX
MaJlUX BIIXWJICHHSX TiJia BiJ[ IIOTO TIOJIO-
JKEHHSI, BHHUKAIOTh CHJIM 400 MOMEHTH CHII,
SIKI HAMAraloThCs e Oinblle SIOXUIUMU 1o~
20 8i0 NOYAMKOBO20 NOJIONCEHHSL.

PiBHOBara Tijia y nesSKOMY IOJOXEHHI
HA3UBAETHCS OAUOYHCHUM, SKIIO TIPH OyIIb-
SKHX MAaJlMX BiJXWJICHHSIX Tija BiJ IBOTO
MOJIOKEHHS, He BUHUKAE CUNL aDO MOMEHMI6
cun, SIKi HAMAararoThCsl MOBEPHYTH HOTO y
MMOYaTKOBUH CTaH abo Ie Oijblie Biagaiu-
TH BiJ] ILOTO CTaHy.

1.10 EnemeHTH riipoaepocTaTHKH

Tiopoaepocmamuka BUBYaE yMOBU i
3aKOHOMIPHOCTI PIBHOBard piJiH Ta Ta3iB
i TI€10 MPUKIAJCHUX 10 HUX CHII 1 YMOBH
piBHOBAaru TBEPIUX Til, SIKi 3HAXOAATHCS Y
pinnHax abo raszax. Konkperna Oymoa pi-
JMHYU a00 rasy IpU LILOMY He 8paxo8yecnib-
¢sl, 1 BOHU PO3IIISIAIOTECS, SIK CYUINbHI Ce-
pedosuuya, Oe3NepepBHO PO3NOMAUICHI Y
MPOCTOPI.

Biominnor pucoro pinuH € iXHS naun-
Hicmb, K 3B'13aHA i3 MAJIUMH CUIIAMHU Tep-
TS IIPU BiAHOCHOMY pyCi NOTUYHUX IIapiB.
3MiHi 00'eMy CYyLIJIBHOIO CEpEAOBHIIA Me-
PELIKODKAIOTD CUIU NPYICHOCHI, 5K 3a6-
JHCOU  NepneHOUKyasApHi TIIOMI  B3aEMOIT
miapiB piimHM Ta razy Mix coboro abo i3
TBEPAUMH TilIaMH.

Bzaemonii y rigpoaepocratuii xapakte-
PHU3YIOTBCS mMuUCKOM p — (I3UYHOIO BEIHNYH-
HOI0, PIBHOIO BiIHOIICHHIO MOAYJNS cuin F,
sKa Jli€e HepHeHAUKYIIPHO IOBEpXHi, 10 ii

wiomi S
1= | 2 |~lrm),

Tloszacucmemna odunuwz mucKy - MM.pT.CT.
(760 mm.pr.cT.=1,01 10° ITa).

F

S
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occur forces or moments of forces tending
to move the body into its initial state.

Equilibrium of a body in some posi-
tion is called unstable, if at some small
deviations of the body from this position,
there occur forces or moments of forces
tending more and more to move the body
from its initial position.

Equilibrium of a body in some positi-
on is called indifferent, if at any small de-
viations of the body from this position,
there occur no forces or moments of for-
ces causing the body to move into its ini-
tial state or to move it further from its ini-
tial position.

1.10 Elements of Fluid Aerostatics

Fluid Aerostatics deals with the con-
ditions and mechanism of the equilibrium
of liquids and gases affected by the forces
imposed on them, and with the conditions
of equilibrium of solids in liquids (gases).
A concrete structure of a liquid or gas is
neglected, and they are considered as con-
tinuous media continuously distributed in
the space.

A distinctive feature of liquids is their flu-
idity that is related to small frictional for-
ces under a relative motion of contacting
layers. A change in the volume of a conti-
nuous medium is impeded by elastic for-
ces that are always perpendicular to the
square of interaction of a liquid and gas
layers between each other or with solids.

Interactions in Fluid Aerostatics are
characterized by pressure p — a physical
quantity equal to the ratio of a modulus of
the force F acting perpendicularly to the
surface to its square S:

1= | 2| -tral

The off-system unit of pressure is mm.Hg.
(760 mm.Hg=1.01-10" Pa).


Админ
Підсвічування


3axon Iackana: BC1 pigvHU Ta ra3y Ie-
penaroTh 3IiiiCHIOBaHUIT Ha HUX THCK 8 VCiX
Hanpsamkax o0Hakogo. Ha OCHOBI 3aKoHY
[lackans mpamorTh 2idpaseniuni mawunu
(moMkpatH, mpecu Ta iHmie). B rigpaBimiu-
HUX MalIMHAX euepaui y cui BiNOyBaeThCs
y CTiNBKY Pa3iB, y CKUIbKM IIONIA BEIMKOIO
nopuiHs S, OinblIa 3a IOy MaJIOro HOp-
mas S, To0TO:

R tie
Y

2

liopocmamuunum Ha3UBAETHCA THCK,
CTIPUYMHEHUHN CUIIOI TSOKIHHS PiUHU 1 3a-
JIEXHUN 6i0 enubunu MijJ IOBEPXHEI0 pinu-
HU:

p=pgh,

Jie p - TYCTHHA PiIMHU, g - IPUCKOPEHHS Bi-
JIBHOTO T IiHHS, /i - BUCOTA CTOBIIA PiIUHH.
IMocynunu noBinbHOL hopMH, 3'€qHAHI Y
HW)KHIA CBOIM YacTWHI, HAa3UBAIOTHCS CHO-
JIYYeHUMU ROCYOUHAMU.
3axon cnonyuenux nocyouw: BUCOTH CTOB-
TiB Pi3HOPIOHUX PIOUH Y CTIOyYEHUX TOCY-
JIUHAX O0OepHeHO NponopyitiHi TYCTHHAM
LUX PinH:

3akon Apximeoa: Ha Tino, siKe 3aHype-
He y piauHy a0o ras, Jii€ BHUIITOBXYH4a
cHIa, SKa CIPSIMOBAHA BEPIMUKAILHO 820DY
Ta JOPIBHIOE 8a3i piouHu, BUTICHEHOI 1IUM
TijoM:

FA:pp gV7

Ie p, - TYCTHHA pinuHy, V — 00'eM 3aHype-
HOTO TiNa.

Ymoea nnasannsa min: Tino, 3anypene B
pinuny, nepedyBae y pignogasi, SIKIIO CHA
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The Pascal law: all liquids and gases
transfer the pressure imposed on them zo
all directions equally. Hydraulic ma-
chines used as presses, jacks, as well as in
breaking systems etc. operate on the base
of the Pascal law. A hydraulic machine
advantage in force is the square of a large
piston S, to the square of a small piston
S, that is:

“l

F_
ES,
Hydrostatic pressure is the pressure
caused by a liquid gravitational force and
dependent on the depth below the liquid
surface:
p=dgh,

where d is a liquid density, g is free fall
acceleration; 4 is the height of the liquid.
Vessels of an arbitrary form having
their bottoms connected are called com-
municating vessels.
The law of communicating vessels states
that the heights of heterogeneous liquids
in the communicating vessels are inverse-
ly proportional to the densities of these
liquids:

h_d
h, o d,

2 2

Archimedes' principle states that a
body immersed into a liquid or gas is act-
ed by a buoyancy force directed vertically
upward and equal to the weight of the lig-
uid, displaced by this body:

Fy=d gV,

where d; is the liquid density, V' is a body
volume.

A condition of bodies swimming: a
body immersed in a liquid is in equilibri-
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TSOKIHHS P ypieHogajcycmvcsi BUIITOBXYIO-
4010 cuiioro Fy, T00TO:

P=FA.

IIpu P>F, - Tino ToHe (OIyCKA€eThCs BHU3).
IIpu FA>P - Tijio CIUTMBA€ Bropy IOTH, IO-
K1 He OyJie BUKOHaHa YMOBa:

P=p, gV,

ne V, - 00'eM 3amypenoi 6 piouny 4acTUHH
TiNa.

Po3aiii 2 OCHOBHU
MOJIEKYJISIPHOI ®I3UKH

2.1 MoJieKkyJIsIpHO-KiHETHYHA Teopist

Monexynapno-kinemuuna meopisa - 1e
YUYEHHS, 10 HOSCHIOE OyIOBY 1 BIACTUBOCTI
TIJI PyXOM Ta B3a€MOJIEI0 aTOMIB 1 Molie-
KYJI, i3 SIKHX CKJIAJafoThes Tina. Y ii ocHOBI
JIeXKATb MPU OCHOGHUX NOJIONCEHHSL:

1) Bcei Tina cknafaroTbes i3 YaCTHHOK —
aTOMIB 1 MOJICKYJI.

2) Bci ni yacTuHKM nepeOyBalOTh y Here-
PEPBHOMY XaOTHUYHOMY PYCi.

3) Mix yacTHHKaMH TiJla iCHYIOTh CHIIH
B3a€MOJii - MPUTATAHHS Ta BiAIITOBXYBaH-
HSL.

Amomom Ha3UBAETHCS HallMeHWwa yac-
MmuHKka JTAQHOTO XIMIYHOTO €JIEMEHTa, sKa
MOXe Opamu yuacme y XiMiuHiti peaxyii.

Monexynoo Ha3uBaeThCS HalMEHIIA
CTiliKa YacTKa JJaHOI PEYOBUHU, SIKa BOJIOJIi€
11 OCHOBHMMH XIMIYHUMH BJIACTUBOCTSAMH.

Kinskicmo peuoeunu - ¢i3udna Benu-
qrHa, 0OyMOBJIEHA KINBKICTIO aTOMiB abo
MOJIEKYJ, i3 SIKMX CKJIAa€ThCi PEYOBHHA.
OnuHULS KITBKOCTI PEYOBHHU - MOJb. Huc-
JI0 aTOMIiB 200 Mouekys y | moni Oyab-akoi
PEUOBHHH OJTHAKOBE i HA3UBAETHCS CHIALON0
Aeozadpo N.

N4=6,02:10% 1/mos.

Monapna maca pedoBUHH — II€ Maca
oxHoro i Momsi: t=my Ny, ne my — maca
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um if a gravitational force P is counter-
balanced by a buoyancy force F, that is
P=F,.

If P>F,, a body sinks (goes down). If
F>P, a body comes to the surface (goes
up) until the condition is satisfied:

PZdL gl/n

where V; is a volume of the body part im-
mersed in a liquid.

Section 2 FUNDAMENTALS
OF MOLECUAL PHYSICS

2.1 Molecular-kinetic theory

Molecular-kinetic theory is the teach-
ing which explains the structure and pro-
perties of bodies by the motion and inter-
action of atoms and molecules bodies
consist of. It is based on three main
statements: 1) All bodies consist of parti-
cles — atoms and molecules.

2) All these particles are in a continuous
random motion.

3) Between bodies particles there are in-
teracting forces that is attractive and re-
pulsive forces.

Atom is the smallest amount of a
chemical element that can take part in a
chemical reaction.

Molecule is the smallest amount of a
chemical compound that is capable of in-
dependent existence.

Amount of substance is a physical
quantity determined by the number of at-
oms or molecules present. Amount of a
substance is always measured in moles.
The number of atoms or molecules in 1
mole of any substance is the same and is
called the Avogadro constant N,,.

N,=6.02:10% 1/mol.

Molar mass of a substance y=m, Ny
is the mass of its one mole, where m is
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atoma (abo MoJekynu) pedoBUHHU. Kinb-
Kicmb MoOnié PEUYOBMHU Vv Macolo M BU3Ha-
Ya€eThCs TaK:

Ke

v:M[

Tennoeum pyxom Ha3UBAETbCA XaOTHY-
HUI pyX aTOMIB I MOJIEKYJ y ras3ax, piJu-
HaxX, TBepAuX Tinmax. IBuakicTe TemmioBoro
PYXY YaCTHHOK PEYOBHHHU 3pOCMAE TIPU Ni-
08uULYeHH] TEMITEpaTypH.

Ioeanvhum 2azom HA3UBAETHCS ra3, MO-
JICKYJIU SIKOTO He Maomb po3mipie (€ mate-
plaJIbHAMH TOYKaMH) Ta MK SKUMH 6i0Cy-
mMHI CUIIA B3a€MOIII.

Jnst CyKyImHOCTI BCiX MOJIEKYJ BBOASTh-
Csl IOHATTS CepeOHix weuoKocmeii, siKi xa-
PaKTepHU3yIOTh Ta3 pU JaHil Temmeparypi:
1) Cepeonsn apugpmemuuna weuoxicms:

8RT
o
ne R — yHiBepcanbHa eazosa cmana. R=8,31

Jlx/mois-K.
2) Cepeons KeadpamuuHa wieuoKicme:

_ [3rT
o

e /L - MOJIIPHA Maca.

OcHnoene  piGHAHHA  MONEKYIAPHO-
Kinemuunoi meopii 2asie (piBHsHHs Kiay-
3iyca):

MOJlb:|

o
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K6

1 2 o
=—n-m,-V: abo p==n-E
p 3 0 ke p 3

1€ p — muck Tasy, n — KOHYeHmpayis Horo
Monekyn (n=N/V — KUIbKICTb MOJEKYI Y
oJMHULI 00'eMy), my — Maca OJHi€l MoJe-
Kynmd, £ — cepenHe 3HAYEHHs KiHETHYHOI
€Heprii MoJeKyII.

®Di3nyHi BEINYNHH, SIKI 00HO3HAYHO BH-
3HAYAIOTh CTAH CHCTEMH TiJT (a00 YaCTHHOK)
Ha3MBAIOTECA MEPMOOUHAMIYHUMU naApPa-
Mempamu.

CTaH CHCTEMHU HAa3UBAETHCS PIGHOGAIIC-
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an atom (or molecule) mass of the sub-
stance. 4 number of moles v of a sub-
stance of the mass M is found to be:

V:M[Lg}
u1 L mol

Thermal motion is the random mo-
tion of atoms and molecules in gases, lig-
uids and solids. Velocity of thermal mo-
tion of particles is proportional to temper-
ature increase.

Ideal gas (perfect gas) is a gas whose
molecules have no sizes (they are material
points) and between them there are no
forces of interaction.

For a set of all molecules there are
concepts of average velocities character-
izing a gas at a given temperature:

1) An average arithmetic velocity:

er = & 5
\ 7mu

where R is a gas constant. R=8.31 J/molx
xK.
2) A root-mean-square velocity:

v, = PR
U

where 4 is a gas molar mass.
The basic equation of the molecular-
kinetic theory of gases is

1 2 =
p:§n~m0~VS; or szn-E

where p is pressure caused by gas, n is
concentration of gas molecules (n=N/V -
a number of molecules in a volume unit),
my is one molecule mass, £ — average

kinetic energy of molecules.

Physical quantities wuniquely deter-
mining the state of a system of bodies (or
particles) are called thermodynamical pa-
rameters.

The state of the system is called equi-



HuMm, SKIIO CHCTEMa MOXE 3HAaXOIUTHUCH B
HBOMY AK 3a6200H0 00620. CTaH CHCTEMH
XapaKTepU3YeTbCS OCHOBHUMH — MPbOMA
mepmoounamiuHumu napamempamu cma-
Hy: 06’emom V, muckom p 1 memnepamy-
pow T.

06’em V xapakTepusye 4acCTUHY IIpOC-
TOpY, Ky 3aliMae cucrema.

Tuck p — ue QizuyHa BEJIMYUHA, 11O JI0-
piBHIO€ cuni F, sika Jie mpu 3iTKHEHHI 3 60-
Ky MOJIEKYJ Ta3y Ha OXMHHILIO TUIONI I10-
BepXHi S CTIHOK COCyHy, y SIKOMY 3HAaXO-
JIATBCS Ta3.

Temnepamypa T € Miporo cepedrvoi Ki-
HemuuHoi eHepzii TEIIOBOTO PyXy MOJIEKYJ
cucreMu. Ab6conromua (mepmoOuHamiuHa)
memnepamypa T(K)=t(°C)+273.

Bynp-sky 3MiHy CTaHy CHUCTEMH Hasu-
BAIOTb  MEPMOOUHAMIYHUM  RPOUECOM.
I3onpoyecamu Ha3UBaIOTHCS TEPMOAUHA-
MiuHi IPOIECH, sSIKi BiIOyBarOThCA B CHCTE-
Mi 3 HE3MIHHOI MAacOI0 npu CMmdaioMy 3Ha-
YEeHHI OJIHOTO 13 TApaMeTPIB CTaHy.

I3omepmiunuii — ue mporec, KUl Bij-
OyBaeTtbcst npu cmaniii memnepamypi. B
iZleanbHOMY ra3i BUKOHYeTbcs 3axkon boii-
as-Mapiomma: 1ns danoi macu razy n00y-
TOK THUCKY Ta3y Ha Horo 00’eM ripu T=const
€ CTaJIOI0 BEINYMHOIO:

pV=const abo p;'V,=p,V,.

[Bobapuunuii — e ipouec, SIKUI BiAOy-
BA€THCS npu cmanomy mucky. Jns imeaib-
Horo rasy icuye zakon I'eit-Tioccaka: s
O0aHoi macu Tazy npu p=const 00’eM razy
nponopyitiHull 1oro TEPMOJUHAMIYHIN TEM-
neparypi:

V=Vy(1+crt) abo 21 =02
T, T

e 0. — mepMivHUull Koeiyichm 06’ eMH020
Ppo3wupents, SIKA BBaKAETHC 0OHAKOGUM
JIJIs BCIX 1JI€aJIbHUX Ta3iB:

R
a—273 [K ]
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librium if the system can preserve it un-
limitedly long. An equilibrium state is
characterized by three main parameters
of the state: volume V, pressure p, and
temperature T.

Volume V is a part of the space occu-
pied by the system.

Pressure p is the force F acting per
unit of a body surface area S perpendicu-
lar to it.

Temperature T is a measure of an av-
erage kinetic energy of thermal motion of
system molecules. Absolute (thermody-
namic) temperature T(K)=t(°C)+273.

Any change in a system state is called
thermodynamic process. Isoprocesses are
thermodynamic processes proceeding in a
system in which no change occurs and the
value of one of its state parameters is con-
stant.

An isothermal process is the one in
which no change occurs in the tempera-
ture. In an ideal gas it obeys Boyle's law:
for a given mass of a gas the product of
the gas pressure and its volume at 7=
=const is constant:

pV=const or p;Vi=pyVs.

An isobaric process is the one procee-
ding at the constant pressure. In the ideal
gas it obeys Charles' law (the law of com-
bining volumes): for a given mass of a
gas if p=const the gas volume is propor-
tional to its thermodynamic temperature:

n_n

V=ry(l+at
o( a)orTl Tz

>

where « is the thermal coefficient of a
volumetric expansion, which is consid-
ered being the same for all ideal gases
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I30xopuunuit — ne npouec, KUl BiaOy-
BA€ETBHCS npu cmanomy 06 ’emi. B ineanpHo-
My Trasi BUKOHYeTbecs 3axon Ilapna: s
0aHoi macu Tazy npu V=const THCK rasy
nponopyitiHutl 1oro TEPMOTUHAMIYHINA TEM-
neparypi:

p=po(1+at)abo Lo=Lo
L T
Je O - mepMiyHull Koegiyienm mucky, pis-
nnit 1/273 K.

3akon Aeozadpo: npu 00HAKOBUX THC-
Kax 1 TeMIeparypax Mo/ pi3HHUX i1eaJTbHUX
rasiB 3aliMalOTh 0OHAKOI 00 €MHU.

Yucno Jlowmioma n, - KOHUCHTpPALis
MOJIEKYJI 11€albHOTO a3y npu HOPMAlbHUX
ymosax (1=0°C, p=1,013-10° ITa). ng=2,69x
x10" em™.

Pienanna cmany ioeanvnozo 2azy (Me-
HOeneeea-Knaneiipona) nnst dosinbroi Ma-
cu rasy M:

pv=" g1,
17
Je p - TUCK razy, V - iioro 00’em, T - TeM-
neparypa, R - yHiBepcajbHa Ta3oBa cTaja,
sIKa YUCeNbHO O0pisHI0e POOOTI, 3MIHCHIO-
BaHIA 0OHUM MOJem 1IEaNbHOTO Ta3y IpH
oro i3obapromy HarpiBanui Ha 1°C.

Tnwuii 6ud PiBHAHHSA CTaHy 11€aNbHOTO

ra3y Mengeneesa-Knaneiipona:

pV=NkT,

e N — 3arajbHa KiJIbKICTh MOJEKYJ rasy,
k= =1,38-107% /K — cmana Boavymana.
Ockinbku N/V=n, 10 p=n'k'T — Qopmyna,
sIKa 3B'SI3Y€ THUCK Ta3y p i3 KOHIICHTPALIEO
HOro MOJIEKyYII 7.

2.2 OcHOBHU TepMOAMHAMIKH

Buympiwina enepzia U - eHepris, sika
3aJIEXKUTh MiNbKu 6I0 XapaKTepy pyxXy 1 B3a-
€MOJIiT YaCTHHOK y cucteMi. BoHa cknada-
€mbcsi 3 KIHETHYHOI €Hepril XaoTHYHOTO
PYXy MOJIEKyJ, TIOTEHIiaJbHOI eHeprii ix-
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An isochoric process is the one pro-
ceeding at the constant volume. In the
ideal gas it obeys the Charles law: for a
given mass if V=const the gas pressure is
proportional to its thermodynamic tem-
perature:

N X b _ P
p=po(l+at)or T

1 2

where «a is the thermal coefficient of pres-
sure equal to 1/273 K.

Avogadro law: at equal pressures and
temperatures one mole of different ideal
gasses fills the same volume.

Loschmidt's number n, is the con-
centration of molecules of an ideal gas at
standard conditions (1=0°C, p=1.013-10°
Pa). 7o=2.69-10" sm™.

Equation of the ideal gas state
(Mendeleev-Clapeyron equation) for an
arbitrary mass M of the ideal gas:

pV= M R-T,
y7
where p is the gas pressure, V is volume,
T is temperature, R is the universal gas
constant numerically equal to the work
done by one mole of the ideal gas in its
isobar heating by 1°C.
Another form of the Mendeleev-Cla-
peyron equation is:

pV=NkT,

where N is a total number of gas mole-
cules, k=1.38:10% J/K is Boltzmann's
constant. As N/V=n, then p=n-k'T, - this
formula connects gas pressure p and the
concentration of its molecules ».

2.2 Principles of Thermodynamics

Internal energy U is the energy which
depends only on the character of motion
and interaction of particles in a system. It
consists of kinetic energy of a random
motion of molecules, potential energy of
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HBOI B3a€MOJii, eHeprii eJIeKTPOHIB y aro-
Max Ta BHYTPIIIHBbOAAEpHOI eHeprii. BHyT-
PILIHS eHepris BU3HAYAETHCS CTHAHOM CUC-
memy 1 HE TIOB'A3aHa i3 TMPOLECOM 3MiHU
BOTO cTany (€ @yukyicio cmany). BayTpi-
IIHS EHEPTisl 0OHOAMOMHO20 10eanrbHO20
2asy:

3

U= RT=2vRT.

M
U

| W

Po6omoro po3MpEeHHS 11€IbHOTO Ta3y
Ha3WBalOTh POOOTY, SIKY 3IIHCHIOE Ta3 npo-
mu 306HiwHb020 mucky. EneMeHTapHa po-
oora:

AA=p-AV,

Jie p — TUCK ra3dy, AV — 3miHa Horo 00’emy.
Mpu poswupenni razy AV=V,-V,>0, pobota
razy nozumusena AA>0. Ilpu ¥oro cmuc-
kauni AV<0 pobora mpuiimMae HeeamueHe
sHauenus AA<O0.

3nilicHIOBaHa CHUCTEMOIO poboTa € Mi-
PoiI0 3MiHU T eHepeii 1 3aeXUTH BiJl Xapak-
Tepy MpoLecy - € Pyukyiero npoyecy.

[Ipu i3oxopuunomy npoueci AV=0, Tomy
A=0.
[Ipu i306apuunomy npouyeci:

A:p (Vz-Vl):V“R (Tz-Tl).

[pu izomepmiunomy npoueci:

A:v-R-T~ln[V2j a60 A:V-R~T~ln[p‘).
4 P

Adiabamuynum Ha3UBAIOTH NPOLEC, LII0
BiIOyBa€eThCA B cUCTeMi 0e3 1 TerooOMiHy
i3 HaBKOJIMIIHIMHU 30BHIIIHIME Tilamu. Pea-
JibHi ania0aTHYHI MPOLECH — 1€ WBUOKON-
JuHHi npoyecu. Pobota nipu adiabamuuromy
Pposwupenni 3IACHIOETCS 32 PaxyHOK 3Me-
HUIEHHSI 8HYMPIWHLOI eHepeii Tazy — TpHU
IIbOMY BifIOYBA€TBCS 1020 OXONOOICEHHS.

Tennoobminom Ha3UBAETHCS IPOIIEC
3MIHU BHYMPIWHbLOI eHepell CUCTeMHU 0e3
301liCHEeH s pobomu.

1
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their interaction, energy of electrons in
atoms and intranuclear energy. Internal
energy is determined by a system state
and is not connected with the process of
changing this state (it is a state function).
Internal energy of a one-atomic ideal gas
is:

3

U= RT=2:vRT.

M
U

| W

Work of an ideal gas expansion is the
work done by a gas against an external
pressure. An elementary work is:

Ad=p-AV,

where p is a gas pressure, AV is a change
of its volume. At expansion of a gas AV=
=V,-V>0, a gas work is positive A4>0.
At its compression AV<0 and AA<O it is
negative.

Work done by a system is a measure of
its energy change and is dependent on the
process character and is a function of the
process.

For the isochoric process AV=0, so A=0.

For the isobaric process
A=p (V- V1)=vR (I>-T").

For the isothermal process

A:V~R~T-ln(V2] or A:v-R-T-ln[p'].
4 P

An adiabatic process is the one pro-
ceeding in a system without its heat ex-
change with surrounding external bodies.
Real adiabatic processes are quickly pre-
ceding processes. At an adiabatic expan-
sion the work is done by decreasing in-
ternal energy of gas, and its cooling takes
place.

Heat exchange is the process of
changing internal energy of a system
without doing any work.

1
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Tennoma (Q — wmipa eHeprii, nepegana
cucTeMi B mpoteci Temnoodminy. Tennoma,
K 1 poboma, HA BIIMiHY Bifl BHYTPILIHBOT
eHepril € @yHKyicro npoyecy — 3aJCKHUTh
BiJl TIpOIIeCy 3MiHHU CTaHy cucTeMu. OauHu-
1 BUMIPY KiJIBKOCTI TEIUIOTH — J{oicoynb, a
1103aCUCTEMHA — KAIOPIA.

1 xan=4,19 JIx —
MeXaniyHUull exeieaneHm meniomu.
1 1x=0,239 kanm —

meniosull exeisaienm pooomu.

ITumoma mennoemuicmsy ¢ OFHOPiAHOT
peyoBUHM — (pi3UYHA BENIUYUHA, IO YHCE-
JIBHO JIOPIBHIOE KiJIBKOCTI TEIIOTH O, SKY
HEOOXITHO HAaJlaTH 0OuHUYi Macu i€l pedo-
BHHU JUIs ii HarpiBaHHs Ha AT=1 K:

.0 [zzafc}
m-AT | ke-K |’

Monsapna mennoemuicmy C OJHODPIA-
HOI PEYOBHHHM - € TEIUIOEMHICTb KiJIBKOCTI
v=1 MoJb 1i€] peUOBUHU:

_ 0 [ Joe

v-AT | mons- K
3B's130K numomoi ¢ Ta monspnoi C Termmnoe-
MHOCTEIH:

c

C=cp

Jie /- MOJIIpHA Maca.

Ilepuwinii 3aK0H MEPMOOUHAMIKW: Killb-
KICTh OTPUMAHOI TIJIOM (CHCTEMOIO) TEIUIO-
TH (), BUTPAYA€ThCS HA 3MiHYy BHYTPILIHBOT
eneprii AU i Ha po0OTy A, 3IiliCHIOBaHY Ti-
JI0M (CHCTEMOI0) MPOTH 30BHIIIHIX CHII:

0=AU+A.

Hus izomepmiunozo (T=const) npouecy
AU=0, i Q=A — menno eumpavacmovcsi Ha
30iticHenHs1 pobomu.

Hns izoxopuunozo (V=const) npouecy
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Heat QO is the measure of energy
transferred to the system in the process of
heat exchange. Both heat and work, but
not internal energy, are process functions,
they depend on system state changing.
Heat is measured in Joules, although heat
units’ calories are used.

1 cal=4.19J -
that is a mechanical equivalent of heat.
1 J=0.239 cal -

that is a heat equivalent of work.

Specific heat capacity s of a homo-
geneous substance is a physical quantity
numerically equal to the amount of heat
Q required to raise the temperature of unit
mass by AT=1 Kelvin:

s= 0 |_J_
m-AT | kg -K |

Molar heat capacity S of a homoge-
neous substance is the heat capacity of a
number v=1 mole of a given substance:

S ot )
v-AT | mol-K |

Relation of specific s and molar S heat
capacity is

S:S'IU,

where u is a molar mass.

The 1st law of thermodynamics: a qu-
antity of heat Q absorbed by a body (sys-
tem) is equal to the change in its internal
energy AU plus the work 4 done by the
body (system) against external forces:

O0=AU+A.

For the isothermal (T=const) process
when AU=0 and Q=4, - heat is spent to
do work.

For the isochoric process (V=const)
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A=p-AV=0, Toni Q=AU — menno tide na
30UIbUEHHSA 6HYMPIWHbOT enepeii mina.

Jns i306apuunozo (p=const) npouecy
OTpPUMaHE TEIUI0 BUTPAYAETLCS Ha pobomy
PO3WUPEHHS 2a3Y NPOMU 308HIUHLO2O MUC-
Ky Ta Ha 30L1bUleHHS. BHYMPIUHbOI eHepeii:

O=AU+A.

Ilpu adiabamuunomy npoueci Q=0, i
U adiabamuyHoOMy pO3WUPeHHT TIePIIUH
3aKOH TePMOJUHAMIKH HaOyBa€ BUIIISY:

+4 =-AU,

TOOTO po0OTa PO3UIMPEHHS 3IiHCHIOETHCS
32 PaXyHOK 3MEeHUIEeHHA 6HYMPIUHbOI eHep-
2ii’ Tazy Ta Woro oxonodocenns. Ilpu adia-
b6amuyHoMy cmucky Ta3y 30BHIIIHIMH CH-
JIAMH:

—A = +AU,

6HYMPIWHSA eHepeis ea3y 30inbulyemocs (Bi-
NOYBAETHCS HOTO HACPIBAHHS).

IMepumii 3aK0H TEPMOJUHAMIKH CTBEp-
JUKY€E, IO HEeMOMCTUGUIl GIYHUIL OBUZYH
nepuio2o pody — Takuil TEPIOANYHHN JBH-
T'YH, SIKU# 311fCHIOBaB OU pobomy A Ginvbuty
3a eHeprito ¢, IO MOCTYyNae A0 HHOTO 330-
BHI.

TepMoauHaMiyHUN IpolleC HAa3UBAIOThH
000pomHuuMm, SKIO TIPU 3IIHCHEHHI HOTro
CIIOYATKY y NPSAMOMY, & TIOTIM ¥ 360POMHO-
My HalpsIMKY, IiCIIsI HOBEPHEHHSI CHCTEMH Y
[TOYaTKOBHI CTaH, Hi B Hill caMiif, Hi B Ha-
BKOJIMILHIX TiJIaX He 6i00y8acmbcs HIIKHX
3MiH.

HeoOximHOW 1 JOCTaTHBOK YMOBOIO
00OpOTHOCTI TIpOLIECY € 020 pieHOGAIIC-
nicms. Bei peanvhi npoyecu IpoTIiKaIOTh HE
HECKIHUEHHO IIOBUILHO, a i3 KIiHIEBOIO
MIBUJIKICTIO Ta CYNPOBOJUKYIOTBCS TEPTSM 1
TernoooMiHoM. ToMy Bci pealibHi MpolecH
€ HepieHOBadICHUMU, A OTXKE, HeOOOPOmHU-
mu.

Kpyeosum npoyecom abo yuknom Hazu-
BA€THCS TEPMOTMHAMIYHHN TMpOLEC, IMiCIs
SIKOTO CHCTEMa IMOBEPTAETHCS ) NOUAMKO-
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A=p-AV=0, then Q=AU, - heat is spent to
raise the internal energy of a body.

For the isobaric process (p=const)
heat is spent fo do work to expand gas
against external pressure and to raise in-
ternal energy:

O0=AU+A.

For the adiabatic process Q=0, and at
the adiabatic expansion the 1% law of
thermodynamics takes the form:

+4 =-AU,

the expansion work is done by decreasing
internal energy of a gas and by its cool-
ing. At the adiabatic compression of a
gas by impressed forces

—A = +AU,

internal energy of a gas increases (its
heating takes place).

The 1* law of thermodynamics states
that it is impossible to get a perpetual
motion machine of the first kind, such a
periodic engine which could do a larger
work A than the energy Q; applied from
without.

The thermodynamic process is called
reversible if under its proceeding first in
the forward, and then in the return direc-
tion, when the system returns to its initial
state, changes take place neither in the
system itself nor in the surrounding bod-
ies.

A necessary and sufficient condition
of the process reversibility is its equilib-
rium. All real processes do not proceed
infinitely slow but with a finite velocity
and they are accompanied with friction
and heat exchange. That's why all real
processes are non-equilibrium and, hen-
ce, irreversible.

A circular process or a cycle is a
thermodynamic process after which a
system returns into its initial state. These
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6utl cmawn. Taki MPOLIECH € OCHOBOIO Men-
7106UX 08U2YHIE.

LMK HA3UBAETHCS HPAMUM, SKIIO CHC-
Tema 3IiicHIoE poboTy 4>0 3a paxyHOK Ha-
nasoi i Terutotu. Ha miarpami p-V Taki 1u-
KM 300paXyIOThCSl 3aMKHYTUMH KPHBUMH
i3 00X0ZI0M 30 200UHHUKOBOH CMPIIKOIO.

LUK HA3UBAETHCSI 36OPOMHUM, SKIIO
cucreMa 3ailicHoe poboty A<0. Lle o3Ha-
Yae, M0 HaJl HEK 3/1iHCHIOETBCS poboTa 30-
GHIWHIMU cunamu, 1 BiIX Hel 6i0sooumbcs
€KBIBAJICHTHA KINbKiCTh Terutotd. Ha miar-
paMi p-V Taki UMKIH 300paxylOThCs 3a-
MKHYTHMH KPUBHUMH i3 00XOJIOM npomu 20-
OUHHUKOBOI CMPIIKU.

TepMmiuHUM KoegiuicHmom KopucHoi oii
(KK]I) unkiy Ha3uBa€eThCs BiJHOLICHHS PO-
601N A, 110 3AifiCHEHa CHCTEMOIO Y TIPSIMO-
MY LUK, 10 KUTBKOCTI TerIoT O, 10 CH-
crema 3700y1a BiJl Haepisaua:

— A Ql QZ
n= 5 Q 5
1 1

ne O, - KUIBKICTh TEIUIOTH, IO BiIJA€ThCS
CUCTEMOIO XOJIOMWIBHUKY IIPU i1 CTUCKY.

Luxnom Kapno HazuBaeTbcs npsamutl
060pomuull KPyroBuil mporec, KU CKIia-
JA€Thes 13 060X i30mepm 1 080X adiabam.
Oco6mmBicTh uKity KapHo B ToMy, 0 BiH
Mae markcumanoro modxcausuti KK

Teopema Kapno: KK]I uukny KapHo ne
3anexcums BiJ TPUPOIH POOOYOro Tina, a
BU3HAYAEThCA MiNbKU TEMIIEPATYypaMH Ha-
episaua T\ Ta xonoounvnuka T»:

_ Tl -T. 2
up T
KK odoginvbnozo obopotHoro abo Heobo-
poTtHOoro uukiy sasxcou menwiuti 3a KK
obopotHoro 1uki1y Kapro, mpoBeneHoro
MiXK THMH K TEeMIlepaTypaMu HarpiBada 7 i
xonoauisHUKa T, TOOTO:
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processes are the basis of heat engines.

A cycle is called direct if a system
does a work 4>0 by a heat transformed
to it. On the diagrams p-V these cycles
are shown as closed curves in tracing
clockwise.

A cycle is called reversible if a sys-
tem does a work 4<0. It means that work
is done by external forces, and an equiva-
lent amount of heat is removed from it.
On the diagrams p-V these cycles are
shown as closed curves in tracing coun-
ter-clockwise.

A thermal coefficient of efficiency of
a cycle is a relationship between work A
done by a system in a direct cycle and
heat amount O, given off by a heater:

_4_0-0
o o

where O, is an amount of heat given off
by system at its compression o a cooler.
Carnot's cycle is a direct reversible
circular process consisting of two iso-
therms and two adiabats (adiabatic lines).
A special feature of this cycle is that it
has a maximum possible efficiency.
Carnot's theorem: the efficiency of
Carnot's cycle doesn't depend on a wor-
king substance and is determined only by
heater Ty and cooler T, temperatures:
_I-T

B

The efficiency of an arbitrary reversible
or irreversible cycle is always less than
the efficiency of Carnot's reversible cycle
carried out between the same temperatu-
res of heater T and cooler 75, that is

0-0 _T-T.
o 7

<M, Or
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Jpyzuii 3akon mepmoounamiku ycra-
HOBIIIOE HEMOJICIUBICMb CMEOPEHHS GIUHO-
20 0suzyna 0py2020 poody — Takoro JABUTYHA,
SIKMH OM BCIO €HEPTito, 10 MOCTYMAE 330BHI
y BUIIIAAL TEIUIOTH (), HOGHICHI0 TIEPETBO-
proBaB 6u y poboty 4.

Dopmynrweanna Knaysiyca: HeMOXIu-
BUIl TEPMOJMHAMIYHUI TPOLEC, EOUHUM pe-
3yIbmamom SIKOTO € Iepepada eHeprii y
(bOopMi TETUIOTH 610 MeHu HATPITOTO Tija 00
6inbu HATPITOTO.

Dopmynioeannn Kenveina: HeMOXKIMBUI
MEePiOMYHUI POLEC, €OUHUM PE3YTBTATOM
SKOTO € TEPETBOPEHHS OTPUMAaHOI Bix Ha-
rpiBaya TEIIOTH Y €KBiBaJICHTHY i po0oTYy.

Jpyeuii 3akoH MeEpMOOUHAMIKU YKA3YE
Ha Heobopomuicms npouecy nepemeopeH-
Ha pobomu A — oomiei gopmu mnepenadi
eHeprii, y meniomy Q — inuiy gpopmy niepe-
Jladi eHeprii.

2.3 B3aeMHi nepeTBOpeHHs
TBepAUX TiJj, piguH i rasis

Ilapoymeopennsa — e mpouec mnepexo-
Iy PEUYOBHHH i3 piOK02o CTaHy Y 2a30no0io-
HuUl.

CyKynHICTb MOJEKYJ, SKi BHIETINH i3
pimuHN npu napoymeopenHi, Ha3UBAIOTb
naporo navoi piguau. [lapoyTBopeHHs, ske
BiZIOYBAETLCSI npu OYOb-AKUll memnepanmypi
i3 BUTBHOI TIOBEPXHI PIIWHU, HA3WBAETHCS
6UNAPOBYCAHHAM.

Konoencayin - mpouec IepeTBOPEHHS
napu Ha piouny.

SIkiro mpolec mapoyTBOPEeHHs BinOyBa-
€TBCS ) 3aKpumiti nOCyOuHi, 4epe3 IesIKHi
Yac HACTYNA€ OuUHAMIYHA DPIGHO6A2A MIX
[IpOLIeCaMy ITApOYTBOPEHHS Ta KOHJIEH Allii,
a KIJBKOCTI PIJMHU 1 Hapu nepecmarnms
sminweamucsy. Ilapa, sixka nepedyBae y pis-
HO8a3I 3i C80€H PIOUHON, HABUBAETHCS HA-
CUYEHOI0 Napolo.

Kuninnam Ha3uBaeTbCS NPOLEC 1HTEH-
CHUBHOTO IApOyTBOPEHHS B YCbOMY 00’eMi
pinuHy, a He TUIBKY Ha i moBepxHi. Temne-
pamypa Kuniuna t, - TeMIepaTypa piiuHy,
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The 2nd law of thermodynamics
states that it is impossible to make a per-
petual motion machine of the second
kind, that is such an engine which could
fully change the energy supplied in the
form of heat Q, into work 4.

The Clausius statement: there cannot
be a thermodynamic process the only re-
sult of which is transformation of energy
supplied in the form of heat from a less
heated body to a more heated one.

Kelvin's statement: there cannot be a
periodic process the only result of which
is transformation of heat released from a
heater into its equivalent work.

The 2nd law of thermodynamics im-
plies irreversibility of the process of
work A transformation - one form of en-
ergy transfer, into heat Q - another form
of energy transfer.

2.3 Mutual Transformations
of Solids, Liquids and Gases

Evaporation is the process of conver-
sation of substance from a liquid state in-
to a gaseous one.

A set of molecules having escaped
from a liquid in the process of evapora-
tion is called vapors of this liquid. Evapo-
ration taking place at any temperature
from a free surface of a liquid is called
vaporization.

Condensation is the process of trans-
formation of vapor into liquid.

If evaporation takes place in a closed
vessel, in some time there is dynamic
equilibrium between the processes of
evaporation and condensation, and quan-
tities of liquid and vapor stop changing.
The vapor which is in equilibrium with its
liquid is called a saturated vapor.

Boiling is the process by which a liquid
changes into a gas when its vapor pres-
sure equals the external pressure. When
this occurs, small bubbles of vapor can
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npH [Kild TUCK 11 HACUYEHOI Mapu JOpiBHYE
30BHIIIHBOMY THCKY. Y IpOLECi KUMIHHSA #
3JMIIAETHCS CMAOK ISl TAHOT PIAMHH.
[pu mpoMy TemmoTa, IO MiJBOIUTHCS 330-
BHI JI0 PiIMHH, BUTPAYAETHCS HA MMAPOYTBO-
penns. KinpkicTh TEMIoTH, HEOOXIAHOT s
[EPETBOPEHHS y Mapy OAMHHUII Macu pigu-
HH, HArpiToi A0 f,, HA3UBAETHCS HUMOMOI)
Mmeniomoio napoymeopenHa r:

Ke

_Q {ﬂofc}
r== .

m

Ilnasenennsa — npouec nepexony peyo-
BUHH i3 M6epo020 cmaHy B piokuti IpH TiJ-
BUIIEHHI I TeMnepaTypu. Y Ipoleci IaB-
JIeHHS BiIOYBa€ThCS PYIHYBaHHS KpUCTami-
YHOI IpaTKH TBepIoro Tina. Bono BinOyBa-
€TbCSl 30 Ne6Hoi memnepamypu 3 HA3BOIO
memnepamypa nnaenenusa t,. llpu npomy
Becs TeryioTa (), sKa MiJABOJIUTHCS 10 TBEp-
JIOTO Tija, BUTPAYAETHCS HA PYUHYBAHHS UIO-
20 KpUCmanivyHoi Ipamku.

KinbKicTh TEIUIOTH, HEOOXIAHE IJIS Iie-
PEXO0y OAMHHMII Macu meepooi peuosuHu B
pIiokuti cmax TPH t,, HA3UBAETHCS NUMO-
MOI0 Mena1omoro Niae1eHHA A:

A:Q{ﬂ‘m]

m Ke

[pouec nepexoay pedoBHHHM i3 piOK020
CTaHy y meepOutl HA3UBAETbCA KPUCHAi-
3ayiero. el mporec Takox BigOyBaeThCs
npu cmaniti memMnepamypi t, i CynpoBOKY-
€TBCS GUOLIEHHAM MENTOMIL.

Cyénimayin - nporiec 6Ge3mocepeIHHOTO
BIIPUBY MOJICKYIl 6i0 NOBEPXHI MBEPA02O
mina 1 IXHIH nepexin y eazonodionull cma.
ITumoma mennoma eunapogysanusa meep-
0020 mina - KiIbKiCTh TEIUIOTH, SIKAa HEOO-
XiHa JJ1s1 BUTIAPY 00uHuYyi Macu miid.
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form in the liquid and rise to the surface.
The boiling temperature t, is the point at
which the pressure of a liquid saturated
vapor is higher than the external pressure.
In the process of boiling, ¢, is constant.
The heat applied from without to the lig-
uid is consumed for evaporation. A heat
amount which is needed to transform a
unit of a liquid mass heated up to ¢, into
vapor is called specific heat of vaporiza-
tion r:

o\|J
m|kg|

Melting is the process of substance
changing from a solid state to a liquid
one as its temperature rises. In melting, a
solid crystal lattice destructs. Melting
takes place at a definite temperature,
which is called melting temperature t,,.
In melting, a body temperature is con-
stant, equals to #,, and the heat Q applied
to the solid state is consumed to destruct
its crystal lattice.

Heat amount needed for a unit of a
solid mass to transform into a liquid state
at melting temperature ¢,, is called specif-
ic melting heat 1.

V=

2|/
m | kg

Process of changing from a liquid

state to a solid one is called crystalliza-
tion. This process also takes place at con-
stant temperature t, and is accompanied
by heat release.
Sublimation is the passage of certain
sub-stances from a solid state surface in-
to a gaseous state without any intermedi-
ate li-quid state being produced. Specific
evapo ration heat of a solid is a heat
amount ne-eded to evaporate a unit of a
body mass.
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Po3ain 3 OCHOBHU
EJEKTPOAUHAMIKH

3.1 EnexrpocraTnka

Enekmpocmamuka — po3fin enexTpo-
JIMHAMIKH, Y SKOMY BHBYAIOTHCSI BIIACTHBO-
CTi 1 B3a€EMOJIIT HepyXomux 3apsoxicenux Tii,
a00 YaCTHHOK, L0 MAaIOTh eTeKMPUYHULl 3a-
pA0.

Enexmpuunuii 3apao — dizuuna Benu-
YUHa, SIKa XapaKTepu3ye 31aTHICTh Til 1 4a-
CTUHOK BCTYIATH Y e1eKMpoMacHimHi 63a-
emo0ii. EnexTpu4Hi 3apsan yMOBHO IUISATH-
¢ Ha nosumueni Ta Heeamueni. Hau-
MEHILOI0 CTIHKOI YaCTUHKOIO, siKa Hece Ha
co0i Heeamugnuil 3apsi Ta BXOAWUTH [0
cKi1any Oyab-sIKOI PEYOBUHHU, € €eKHPOH.
[oniOHa no3umuera YaCTUHKA - HPOMOH.
IxHilt 3apsm e 3a abcomomuum 3naveHHam
JIOPiBHIOE 1,6'10’19 Ki 1 HasuBaeTnes este-
MEHMAPHUM 3aPAOOM.

Y enexmpuuno HevimpanvHit (ne3aps-
0dicenill) CUCTEeMI MICTATBCS pi6Hi KinbKOC-
mi eNEeMEHTAPHUX 3apsiliiB HPOMUNEICHUX
3uakie. Taxumu cucmemamu € aTOMHU, MO-
JICKYJIH, 1XHI KOJCKTHBH — MaKpOCKOIIYHi
Tina. SIKmo eneKTpoHeHTpaNbHICTh TiJia TO-
pylIeHa, BOHO HA3UBAETHCS HAeIeKMPU3o-
eanum. JIns enekmpusayii mina HeoOXiaHO,
o0 Ha HbOMY OyB CTBOPEHHMH HAaJIHIIOK
(abo0 HemoJIK) EeNEKTPUYHUX 3apsliB TOTrO
9M {HIIOrO 3HaKy. EnexkTpudnuWid 3apsn g
OyIb-KOTO 3aps/DKEHOTO Tijla JOPIBHIOE
yinomy uucny eIeMEHTapHHUX 3apsiiB e.
Haitnpocrimmii cnoci6 enexTpusauii Tin -
ixne cmuxanus. Ilpu KOHTAaKTi ABOX Pi3HO-
piTHMX TN, BAJCHTHI EJNEKTPOHH AaTOMiB
OJIHOTO Tilla nepexodams Ha iHuie - o0uaBa
TiNA 3aps/DKAIOTBCS  PiHUMU  3apAdamu
RPOMUNEIHCHOZ0 3HAKY .

3aKon 30epexcennsn eneKmpuiuHozo 3a-
PpAdy: TIpU BCiX SBHUIIAX, IOB'I3aHUX i3 ne-
Pepo3nodiiom eICKTPUUHHUX 3apsfiB 6 i30-
JNIbOBAHIN cucmemi B3AEMOIIOUNX TiJI, ajre-
OpaiuHa cyMa eNeKTPUYHUX 3apsfiB 30epi-
2a€mMbeA nOCMINNOIO0.
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Section 3 PRINCIPLES OF
ELECTRODYNAMICS

3.1 Electrostatics

Electrostatics is a part of electrody-
namics to study properties and interacti-
ons of stationary electrically charged bo-
dies or particles, which possess an elec-
tric charge.

Electric charge is a physical quantity
which characterizes the property of bodi-
es or particles to attract or repel one ano-
ther by the electromagnetic interaction.
Electric charges are conventionally desig-
nated as positive or negative. The least
stationary particle possessing a negative
charge and being a part of any substance
is electron. The like positive charge is
proton. Their electric charge e by the ab-
solute value is equal to 1.6:10™° Coul and
is called elementary.

An electrically neutral (discharged)
system contains the same number of ele-
mentary charges of an opposite sign.
Such systems are atoms, molecules, their
collectives that are macroscopic bodies.
If a body electrical neutrality is disturbed,
the body is electrified. To electrify a
body, an excess (or a deficiency) of elec-
tric charges of a positive (negative) sign
should be created on it. An electric
charge ¢ of any charged body is equal to
the whole number of elementary charges
e. The simplest way of electrization of
bodies is their being in contact. In this
process, the valence electrons of one
body atoms go over into the other sub-
stance, the both bodies are thereat
charged with the same charges of the
opposite sign.

Law of conservation of an electric
charge: any phenomenon concerned with
the redistribution of electric charges in
an isolated system of interacting bodies
has the algebraic sum of electric charges
being constant.
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3axon Kysona

EnexkTpuuHi 3apsou Ha3UBAIOTHCS MOY-
Koeumu, SKII0 BOHU PO3MOLICHI Ha Tijlax,
JIHIMHI PO3MIpH SIKHX M@l y TIOPIBHSHHI 13
BigcTaHAMH MiK HUMH. CHIIM eJeKTpocTa-
THUYHOT B3aeEMOJIl 3anexcamv 6i0 (GopmH,
PO3MIpIB TiJl i XapakTepy pO3MOIiTy 3aps/iiB
Ha HUX. 1 Hepyxomux moukogux 3apsmiiB
¢1 1 q2, 300 111 3apsKEHUX Tin chepudHol
(bOopMHU TIpU  PiIGHOMIPHOMY PO3nOOini 3aps-
B 10 TXHIX MOBEpXHsIX abo 00’emMax, crpa-
BeUMBHI 3akon Kynona: cuna enextpoc-
TaTUYHOI B3a€EMOJIi MiXK 3apsiiaMi y Baky-
yMi npAMO nponopyionanvha NTOOYTKY MO-
IOyNniB 3apsiiiB 1 obepHeno nponopyitina
KBaJIpary BiJICTaHi MiXk HUMH:

4.9
Pkl

ne k — xoedimient nponopuiitHocti. B cuc-
temi CI k=1/47,=9-10" H-m/Kir’, £,=8,85x
x10™"* ®/m - enrexmpuuna cmana. Cuny F
HA3UBAIOTh K)JIOHI6CbKOH0. JIOCBI] TTOKA3YE,
IO PI3HOUMEHHI 3apSIU RPUMAZAIOMbCA, A
00HOUMeHH] - giommoexylomubca. Cuia ene-
KTPOCTATHYHOI B3a€MOLIIT 3apsliB y 00HOpi-
OHOMY OleieKmpuyHoMy cepenoBuii (pia-
KOMY a00 Ta3onofi0HOMY) 3MeHULyEMbCs 'y
& pasiB, Jie € HA3UBAETHCS GIOHOCHOIO Oie-
JIEKMPUUHOI0 RPOHUKHICINIO cepedosuiia:
1 44

rZ

F =
4re e

Exexrpuune noJe. Hanpy:xenictb

Enexmpomaznimnolo Ha3BaEeTbCs 63a-
EMOOist MK eleKMpPUHO 3apsi0dicenuMy dac-
TKaMH a00 MaKpOCKOIIYHUMHU Tijamu. Po3-
nin i3k, KU BHBYA€E €JICKTPOMATHITHI
B3a€EMOJIi, HA3UBAIOTh E1eKMPOOUHAMI-
Ko10.

Enexmpomaznimne none - ue Qopma
MaTepii, 3a IOTIOMOTOIO SIKO1 30illCHIOIOMbCS

32

Coulomb's Law

Electric charges are called point if they
are distributed on the bodies whose linear
dimensions are small in comparison with
the distances between them. Forces of the
electrostatic interaction are dependent on
the form, dimensions of bodies and on the
character of charge distribution on them.
Coulomb's law is correct for unmovable
point charges ¢, and ¢», or for charged bo-
dies of a spherical shape at a uniform dis-
tribution of charges on their surfaces or
volumes: the force of the electrostatic in-
teraction between charges in vacuum is
proportional to the product of charge mo-
duluses and inversely proportional to the
square of the distance between them:

F — k . qlrzqz ,
where k is the coefficient of proportional-
ity. In the SI system k=1/47¢,=9-10° Nx
xm’/Coul’, £;=8.85-10"* F/m is an elec-
tric constant. The force F is called Cou-
lomb. As the practice shows the unlike
charges attract, and the like ones repel.
The force of the electrostatic interaction
of charges in a uniform dielectric medi-
um (liquid or gaseous) decreases by €
times, where ¢ is a relative dielectric
permittivity of a medium:

1 9,4,

‘ dmee 1’

r

Electric Field. Field Density

Electromagnetic interaction is an in-
teraction between electrically charged
particles or macroscopic bodies. A part of
physics which studies electromagnetic in-
teractions is called electrodynamics.

Electromagnetic field is a form of a
matter by which electromagnetic interact-



eeKMPOMACHIMHI  83aEMOOI]  3aAPSAIKESHUX
yacTok abo Tin. Enexmpuune none — onna
3 YaCcTHH EJIEKTPOMATHITHOTO OIS, SKE
YTBOPIOETECS EIEKTPHIHUMH 3apsiaMu Ta
IIE HA HUX HE3ANEHCHO 8I0 MO20, PyXalOTh-
cs BOHM abo Hepyxowmi. SIKIIo 3apskeHi
TiNa Hepyxomi B JaHill cucTeMi BiJUIKY, TO
iXHS B3a€MOJisl 3IiMCHIOEThCS 3a JIOMOMO-
TOI0 e1eKmpPOoCImAamuinozo noas. Bono ne
3MIHIOETBCS B YacCi - € CMAyioHapHuM.
Hanpysicenicms enexrpuasaoro nois E €
Horo cunogoio xapaxmepucmuxoro. Hampy-
JKEHICTh TIOJISI B JIaHIM TOYIll POCTOPY YH-
cenbHO JopiBHIOE cuiti F, sika i€ Ha 00uHu-
YHUI NO3UMUEHUT 3apsi0, TIOMIIICHUH B IF0
TOUKY, 1 36ieaembcst 13 HEIO 3a HATPSIMKOM:

g-F {H} .
q | Kn
Cuna, 110 Ni€ Ha 3apsj ¢, SKUH 3HAXO-

JIUTBCS Y OyAB-IKOMY SIEKTPUYHOMY IO 3
HanpyxeHicTio E, 10piBHIOE:

F=qE.

EnexTtpuuHe mnose Ha3UBa€TbCS 0OHOPI-
OHUM, SIKIIO BEKTOpP HOTrOo Hampy>KeHOCTI
00Haxosutl y BCIX Toukax mous. [Ipuknan
TaKOTO TOJIS — eNeKTPHYHE MOJIe MiX II1ac-
THHAMHU ITUIOCKOTO KOHJEHCATOpa BHAJMHI
BiJl KpaiB HOTO OOKIIAIOK.

Jns epaghiunoeo 300paxkeHHs €ICKTpHU-
YHUX TOJIiB BUKOPUCTOBYIOTh CUI06I JIIHIT —
YSIBITFOBAHI JIiHIT, JOTHYHI JI0 SIKMX Y KOXKHIMH
TOYIll 30IraloThCs i3 HAMPSIMKOM BEKTOPA
HarnpyxeHocTi. CUIIOBI JIiHiT — po3iMKHymi:
BOHH NIOYUHAIOMbCS HA NO3UMUGHUX Ta 3a-
KIHYYIOMbCA HA He2amueHuX 3apaaax.

Ilpunyun cynepnosuyii (Haxia0aHHs)
CJICKTPUYHHX TOJIB: HANPYKEHICTh ENEKT-
PHUYHOTO TOJIA, SIKE CTBOPEHE CHCTEMOI0 3 N
3apsiIiB, TOPIBHIOE GeKMOpHili cymi HArpy-
JKEHOCTeH N TOIiB, SIKi CTBOPEHI KOXKHUM i3
3aps/iB OKpEMO:

E=YE, .

M=

i
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tions of charged particles or bodies oper-
ate. Electric field is a part of the electro-
magnetic field which is produced by elec-
tric charges and affects on them irrespec-
tively of either they move or are station-
ary. If charged particles are stationary in
a given frame of references, their interac-
tion is done by the electrostatic field. The
latter doesn't chan-ge in time - it is sta-
tionary.

Density of electric field E is its force
characteristic. Density of electric field in
a given point of space is numerically
equal to the force F effecting on an iso-
lated positive charge placed into a given
point and coincides with it in direction:

E:F[
q

=
Coul |

The force having an effect on charge
q placed into any electric field of the den-
sity E is:

F=qE.

Electric field is homogeneous if its
field vector is the same in all points of the
field. The electric field between the plates
of a flat capacitor far off the edges of its
plates could be an example of such a
field.

To show electric field graphically,
lines of force are used, these lines are
imaginary, tangents to which in each
point coincide with the direction of the
field vector. The lines of force are bro-
ken: they start on positive charges and
end on negative charges.

Superposition principle (superpositi-
on theorem) of electric fields: density of
the electric field of the system of charges
N is equal to the vector sum of densities
of the fields produced by each of them
separately:

E=YE, .
i=l
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Hamnpyxenicte E  eneKTpHUYHOTO MOJIS
IIPY 33]aHOMY PO3TAIYBaHHI 3apsdiB y i30-
MPONHOMY OOHOPIOHOMY OieeKMPUKy y &
pasiB mernwa, Hix y eaxyymi E,:

E-=

E,
2
&
Ie € - OleeKmpuyHa NPOHUKHICMb cepedo-
suwa.
Mopynb BeKTOpa HaIpyXEHOCTI IO mou-
K06020 3apaA0dy g Ha Bi[CTaHi r BiJl HBOTO:

E=—1 .4
4ree 1

PeyoBuna B €JIEKTPOCTATUIHOMY moJti

Ilpogionuku — 1ie peuOBUHH, SKi MAIOTh
6LIbHI €NEKTPUYHI 3aps/IH, IKi MOXYTb YHO-
PAOKOBAHO TIEPEMILIYBAaTUCh. [ Ipogionukamu
€ MeTaJd, BOJHI PO3YMHHU COJIeH 1 KHCJIOT,
ioHizoBaHi rasu. [lig xi€r0 30BHINIHBOTO
eNEKTPOCTATHIHOTO TIOJISI €JIEKTPOHH IIPO-
BIJTHOCTI B METAJEBOMY MHPOBIJHUKY Mepe-
PO3MOIISIFOTCS TaK, IO HAIIPYXKEHICTh pe-
3yJIBTYIOUOTO Nos y Oynp-sikiil Touni yce-
peduni TIPOBITHUKA OOPIGHIOE HYNIO, A He-
CKOMIICHCOBAHI 3apsly PO3TAIIOBYIOTHCS
TIIBKU Ha 11020 nogepxHi. SIBuILe mepepos-
MOJIINTy 3apsi/iB Yy TPOBIAHUKY Yy 30BHIII-
HBOMY EJIEKTPOCTATHYHOMY IO Ha3WBa-
ETBCSL  €IeKMPOCMAMUYHON  IHOYKUIEID.
BoHO mondArae y poszileHHI HO3UTHBHUX 1
HETraTUBHUX 3apsMdiB, SKi MICTATBCS Y MpO-
BIIHUKY 6 00HAKO8UX Kinbkocmsx. Y BCIX
TOYKaX MOBEPXHi 3apsHPKEHOTO MPOBiTHHKA
HanpykeHicTh monst E nepnenouxynapua 0o
NnoeepxHi.

Hienekmpukamu Ha3UBaIOThCS PEUOBU-
HH, Ki He np0o8o0simyb €INEKTPUUHHH CTPYM,
TOMY IO B HUX NPAKTUYHO GiOCYMHI GiNbHI
e/lekmponu. 3aJIEKHO BiJl OyOBU MOJIEKYJ
PO3PI3HAIOTh HOAAPHI 1 HEnoApHI TieneK-
TPUKU. Y BiJICYTHOCTI 30BHIIHBOIO €NIEKT-
PUYHOTO TIOJISI LEHTPU Mac TO3UTUBHHX 1
HETaTUBHUX 3apsfiB Yy MOJEKYIl Henonap-
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Density of the electrostatic field E ata
given equiposition of charges in an iso-
tropic uniform dielectric is ¢ times less

than in vacuum E,:

2y

where ¢ is a medium dielectric permitti-
Vity.

Scalar of a field vector of a point charge
q at the distance r from it is:

E=—1 .4
dre,e 1

Substance in Electrostatic Field

Conductors are substances having got
free electric charges, which can move or-
deredly. Conductors are metals, aqueous
solutions of salts and acids, ionized ga-
ses. Under the influence of the external
electrostatic field conduction electrons in
a metallic conductor rearrange in such a
way that the intensity of a resultant field
in any point inside the conductor is equal
to zero, and unbalanced charges are dis-
posed only on its surface. The phenome-
non of the charge rearrangement in a
conductor in the external electrostatic
field is called electrostatic induction.
This phenomenon presupposes the sepa-
ration of positive and negative charges
which are in a conductor in equal quanti-
ties. In all points of the surface of a
charged conductor the field intensity E is
perpendicular to the surface.

Dielectrics are substances which are
non-conductors of electricity, as they
practically have no free electrons. De-
pending on the structure of molecules di-
electrics can be polar and non-polar. If
there is no external electric field, the cen-
ters of mass of positive and negative
charges in a molecule of a non-polar die-
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HO20 JIieNEeKTpUKA cnignadaioms, a IpU
3HAXO/KEHHI HOro y 30BHIIIHBOMY IOJI
BiZI0yBaeThCst AeopMallist eNeKTPOHHOT Op-
OiTH 1 BUHMKAE HaBeACHHH (iHOYKOGaHULL)
CJeKTPUIHUNA OunoavHuti momenm. More-
KyJIH NOIApHUX JIeTEeKTPHKIB HE3aIeKHO
BiJl 30BHIIIHIX €IEKTPUYHUX MOJIIB SABISIIOTH
co0010 enekmpuyni ounoni. SIKo 30BHi-
LIIHE T0JIC BiICYTHE, TEIJIOBHHA PyX MOJICKYJI
MIPUBOMTH J0 BIJICYTHOCTI YIOPSAKOBAHO-
CTi y po3TanryBaHHi Aunonis. Tomy cymap-
Ha HAMpPYKEHICTh TOJIA Y HIeJICKTPUKY 00-
pieHioc Hymo. Y 30BHINIHBOMY EIEKTPHY-
HOMY TIOJNI BifIOYBaeThCsS noaApuzauia —
OpieHTaNis MOJEKYJI-AUIONIB, B Pe3yabTaTi
YOr0 y HieNeKTPUKY BUHUKAE GIACHE EIEKT-
pUUHE TIOJIe, MpOmuiedcHe 30BHIIIHBOMY
TIOJTIO.

HOTeHl[iaJI CJIEKTPUYHOI0 MOJIsA

Enepeemuunoro XxapakTepHCTHKOIO eje-
KTPOCTATUYHOTO TIONISL € 1020 NOMeHYidll.
Ilomenuyianom nona B naHiil TOYII HAa3W-
BAIOTh CKAIAPHY Beiuduny, SKa YHCEIbHO
JTOPIBHIOE MOTEHIiaNbHIN eHeprii /1 odunu-
YHO20 NO3UMUBHO20 3apsAdy, IO 3HAXO-
JIUTHCS B I[I€1 TOYIII:

o= g [zzc} _ [B] (Boaem),

Poboma enekmpocmamuunozo nons no
HepeMILIeHHIO 3apsity ¢ i3 TOUKH | y TOUKy
2 NOpiBHIOE:

A=—(UL-1I1)=q (o — p).

Skuro Touka 2 nepeOyBae y HecKiHueHHOC-
mi, o I1,=0 1 ¢,=0, Tomy ¢,=A/q, abo note-
HITIAJI TIOJISL @) YUCenbHO OOpieHIOE podomi,
SIKY 3IIHCHIOIOTH €JIeKTPOCTATUYHI CHJIU IO
MepeMillleHHI  OJJUHUYHOTO ITO3UTHBHOIO
3apsy 13 AaHoi Touku moist 1 y meckinuen-
nicmb. Ilomenyian €neKTPOCTATUYHOTO
OJISL IMOYK08020 3apsady ¢ Yy TOYIli, BHIA-
JICHIH Ha BiJICTaHb F BiJl HHOTO JOPIBHIOE:
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lectric coincides, and when being pla-ced
into the external field, there takes place
the deformation of an electron orbit and
there emerges an induction electric di-
pole moment. Trrespective of the external
electric fields, molecules of the polar di-
electrics represent the electric dipoles. If
there is no external field, heat motion of
molecules results in the absence of the
degree of order in the arrangement of di-
poles. So, the total intensity of the field
in a dielectric is equal to zero. When
placing a dielectric into the external elec-
tric field, there takes place its polariza-
tion, that is molecules are polarized, so
they act as dipoles, and in the result the
internal electric field opposite to the ex-
ternal one emerges in the dielectric.

Potential of Electric Field

An energetic characteristic of the elec-
trostatic field is its potential. Field poten-
tial in a given point is called a scalar va-
lue numerically equal to the potential en-
ergy P of a unit positive charge placed
into this point:

@ :g [Cc{ul} =[] (volt).

The work of electrostatic field to mo-
ve the charge ¢ from point 1 to point 2 is
equal:

A=—(Pr—P)=q(p— @)

If point 2 is at infinity, then P,=0 and
¢ =0, then ¢, =A/q, or field potential ¢, is
numerically equal to the work done by
electrostatic forces when moving a unit
positive charge from a given point 1 into
infinity. Potential of the electrostatic field
of a point charge q in a specified point
removed from the charge on the distance
ris:



1 ¢

Aree 1

Exeinomenuiansnoro noeepxmuero Ha-
3UBAlOTh TE€OMETPUYHE MicCIie TOUOK €NIEeKT-
POCTaTHYHOTO TOJS 13 pi6HUMU nOmeHYyia-
qamu. Y KOXHIHA TOYIll Takoi MOBEPXHi BEK-
TOP HAIPYKEHOCTI N0 nepneHOUKYIAPHUL
0o Hel' 1 cIpsIMOBaHUit y OiK cnadauHs no-
menyiany. T1o6nu3y Oyab-1KOi TOUKH OIS
HNOTEHUIANl Hatweuoule 3MIHIOETbCA Yy Ha-
npsAMKY cuitoBoi niHii. Hanpyocenicmo E'y
JOBUIBHIM TOYI TIOJISI YHCENIBHO JOPiBHIOE
3MIHI nomeHyiany, sKa IpUIANAaE€ HA OIU-
HULIO JOBKMHH CHIIOBOT JIiHI:

H

3.2 EnexrpoemHuicts. Kongencaropu

_Ae
Ar

E:

Enexmpuuna emnicms C TpOBiTHUKA
XapakTepu3ye HOTro 3MaTHICTh HAKONUYY6a-
mu enekmpuunuil 3apao. lle ¢izuuna Benu-
YHHa, SIKa YHCETHbHO JOPIBHIOE 3apsiay, L0
3MIHIOE TIOTEHINia] BiJIOKPEMJICHOTO IPOBi-
JTHUKA HA OJMHHII0. BUMIpIOEThCS y hapa-
dax.

c=4 {K”} = [@] (@apao).
0| B

€MHICTh MPOBITHUKA 3a/1€HCUMb 6i0 HOTO
JHIUHUX pO3MIpI6 1 2eomempudnol ghopmu.
€MHICTb 8i00Kpemneroi kyui paaiyca R:

C=4regyR.

B3aemna enekmpoemmuicms IBOX TIPO-
BITHUKIB — 1I¢ ()i3UYHA BEJIIMYMHA, IO YUCe-
JIbHO 00pi6HIOE 3apsily ¢, SKUH NOTPiOHO
HEePEHECT! i3 OAHOro MPOBITHUKA Ha IHIIIMH,
00 3MIHWTH PI3HHIIO TOTEHINATIB MiX
HUMH HA OOUHUYIO:

q

-4
O, — ¢

C= =—=.
U
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14
drge v

Equipotential surface is a geometric
place of points of the electrostatic field
with the same electric potential. In every
point of such a surface an intensity vector
is perpendicular to it and is directed fo
the potential decrease. By any point of
the field a potential changes most quickly
in the direction of a field line. Intensity E
in an arbitrary point of the field is numer-
ically equal fo the potential change fall-
ing at a length unit of a field line:

ol

3.2 Capacitance. Capacitors

_Ae
Ar

E

Capacitance C is the ability of a sys-
tem to store electric charge or a measure
of this for a particular system, equal to
the charge stored to raise the system's po-
tential by ome unmit. The unit of capaci-
tance is the farad.

c=1
¢

A conductor capacitance depends on its
linear dimensions and geometrical form.
The capacitance of a solitary sphere is:

C=4regyR.

{Coul} =[F] (Farad).

Mutual capacitance of two conduc-
tors is a physical quantity numerically
equal to the charge g which should be
transmitted from one conductor to the
other to change the difference of poten-
tials by one unit:

9 _49

c=—t1 -1
O, — ¢ U



Bomna takox 3anexcums 6i0 ceomempuynoi
opmu, ninitinux po3mipie i 63aeMHO20 pO-
3mautyganHs MPOBiTHUKIB.

Konoencamop — npuctpiii 111 HAKOIH-
YyBaHHS €JeKTpU4HOi eHeprii. Bin ckmana-
€TBCH 13 JBOX MPOBITHHUKIB — OOKIIAOK, 3a-
PSIDKEHUX PIBHUMHU Pi3HOWMEHHUMH 3apsi-
namu. Ilnockuti kondencamop SIBIsE€ cOO0I0
JIBI MapaiesibHi TUIOCKI IUIACTHHU IUIOLICIO
S, po3TaloBaHi Ha BifcTaHi d OfiHa Bi OJ-
HO1. €MHICTB TAaKOTO KOHJEHCATOpa:

&5, S
d

Ie € - dieleKmpuuHa NPOHUKHICMYb cepedo-
6uwya Mix TIACTHHAMH KOHJEHCaTopa.

IIpu napanensnomy nioknrouenni KOHICH-
caTopiB eJIEKTPUYHA EMHICTh BCi€l OaTapei:

C05:C1 +C2+... +Cm.

C

b

Ipu nocniooenomy niokniouenni:

111 1
— =t — .t
c, C G C

06 n

Bnacna enepeia 3apsKeHOTO TMpPOBIJ-
HUKA - LI NOMEHYIANbHA eHepeis B3aeMOIIT
3apsiIiB, SKI MICTSTHCS HA MPOBITHUKY:

_4q
2C

2
S _a9_

2 2

>

ne C — eMHICTb NPOBIJHUKA, ¢ 1 ¢ — Horo
3apsi] 1 HOTEHIiaj], BiMOBIAHO.

Enepcia 3apaoicenozo kondencamopa
- 1Ie MOBHA €HEPris CUCTEMH JBOX IMPOBiJI-
HUKIB, SKa 00UHCIIOETHCS IO POPMYITi:

:cU2 _qU q’

Il 4
2

2 2’

ne U - pi3HHLS NOTEHIialiB MiX OOKIIaKa-
MU KOHJIEHCaTopa.
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It also depends on a geometrical form,
linear dimensions and mutual position of
conductors.

Capacitor is a device consisting of
two conductors and insulators with the
property of storing electric charge. In the
parallel-plane capacitor air or some ot-
her insulator separates two parallel metal
plates. If S is the area of plates, d is the
distance between them, capacity of such a
capacitor is:

&5, S
d

where ¢ is a dielectric permittivity of a

medium between the capacitor plates.

At the parallel combination of capaci-
tors the capacity of the whole battery is:

th:C] +C2+~ .- +(jm~

C

9

At the series combination:

111 1
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A self energy of a charged conductor
is a potential energy of interaction of
charges on a conductor:

p-C0 _q0_qa
2 2 2C
where C is a conductor capacity, ¢ and ¢
are its charge and potential, respectively.
Energy of a charged capacitor is a
total energy of the system of two conduc-
tors and is calculated by formula:

:Csz :q-V q°

P a7
2

2 2C’

where V is a difference of potentials be-
tween the plates.



Enepzia o0onopionozo enekmpuunozo
noas, 30cepeKeHoro B 00’emi ¥ i30Tpomn-
HOTO CEepeNOBHUINA CTAHOBUTB!
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1= v,

ne E - HanpyKeHICTh MOJIsL.

06'emna cycmuna enepeii enNeKTPUIHO-
rO TOJIS - 1Ie eHepris, 30cepepKkeHa ¥ oou-
Huyi 00'emy nos:

I _¢-¢-E
v 2

3.3 [ocriiinnii eJieKTPUYHHUIL CTPYM

3a 3[aTHICTIO NPOBOAUTHU CIEKTPUYHUIH
CTpyM BCi PEYOBHMHH IIUIAThCA Ha HPOGIO-
Huku (METaJH, eJICeKTPOJITH, 10HI30BaHI ra-
3u), dierexkmpuku (i307TOpH) 1 Hanienpo-
GIOHUKU.

Enexmpuunum cmpymom Ha3UBAEThCS
YHOPAOKOBAHUL pYX ENEKTPUYHUX 3apsIiB.
CtpymMaMu y npogioHukax - cmpymamu
npogionocmi - €: y Memanax - ynopsiikoBa-
HUI pyX BUIBHHX €JIEKTPOHIB; ) e1eKmpo-
Jimax - ynopsAKOBaHUH pyX 10HIB; y eazax -
pyX 10HIB i eneKTpoHiB. Hanpsmkom enex-
MPpUYHO20 CMpYMy BBAXKAIOTh HANPIMOK
PYXY no3umueHux 3apsois.

Cunorw cmpymy Ha3sUBAETLCA CKAIAPHA
6eudUHA, MO JOPIBHIOE KIIBKOCTI EJIEKT-
PHKH, SIKa IEPEHOCHUTHCS Yepe3 MOTepeIHIH
niepepi3 IPOBITHAKA 3¢ OOUHUYIO YACY:

_Ag [ﬁ} =[4] (Annep).

I=
At

Cc

Ilocmitinum HA3UBAETHCS ENEKTPUIHUI
CTPYM, CUld Ta HANPSAMOK SKOTO He 3MiHI0-
H0MbCs 13 4acoM:

~ |

Cuna nocmiiinozo cmpymy B memare-
60MY NPOGIOHUKY 13 TUIOLICIO TIOMEPEYHOTO
nepepisy S:
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Energy of a homogeneous electric fi-
eld concentrated in the volume V of an
isotropic medium is:

_8~8O~E2.
2

where E is a field intensity.

A space-charge density of the energy
of an electric field is the energy concen-
trated per unit of field volume:

P v,

P &-¢-E
w=—=""0"
V 2

3.3 Direct electric current

As to their ability to conduct electric
current all substances are divided into
conductors (metals, electrolytes, ionized
gases), dielectrics (isolators), and semi-
conductors.

Electric current is an ordered flow of
electric charges. Current in conductors -
conduction current - is: in metals - an
ordered flow of free electrons; in electro-
Iytes - an ordered flow of ions, in gases -
a flow of ions and electrons. A direction
of the flow of positive charges is taken as
a direction of an electric current.

Current strength is a scalar quantity
equal to the amount of electricity trans-
ferred through the conductor cross-section
per unit time:

A
=24 [%} = [A] (Amper).
At ¢
Direct current is an electric current
that has a fairly constant value and al-
ways flows in the same direction:

~ |

Direct current strength in a metallic
conductor with a cross-section S is:
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I=en-V,S,

IIe e - 3HAYCHHS 3apsiy €JIeKTPOHA, /1 - KOH-
LEHTpalis HOCiiB 3apany, Ve, - cepeaHs
LIBUAKICT IXHBOTO YIOPSAAKOBAHOTO PYXY.

Tycmuna cmpymy - éexmoprna isnuna
BEJIMYMHA, 1[0 AOPIBHIOE CHIIl CTPYMY, IPH-
MaJalodoro Ha 0OUHUYIO NAOW TIOTIEPETHO-
ro nepepizy IpOBiTHUKA:

< A . 5 1
j=enV, ey OCKIiJIbKU MZE'

HasiBHICTD €JIEKTPUYHOTO CTPyMYy Y
MIPOBITHHUKY BUAGTAECHbCA 32 WOTO Meno-
6010, XiMIUHOI0 Ta MazHimHow misMu. J{is
iCHYBaHHS y MpPOBITHHKY CTpyMY IpOBij-
HOCTi, HEOOXiJHE BUKOHAHHS HACMYNHUX
ymog: 1) HasIBHICTb Y IIPOBITHUKY eneKmpu-
YH020 NoAs; 2) eNeKTPUYHE KOJIO MYCHTh
6ymu 3amkHeHuM; 3) 10 KOJa MyCUTb OyTH
BKIIIOUCHE 0Jicepesio cmpymy — TPUCTPIH,
yCepenuHi SKOTO 3a PaxyHOK CIMOPOHHIX
cun eNeKTPUYHI 3apsay MepeMillyioThes B
HAIPSAMKY, HPOMUNEHCHOMY TIii eNeKTpocTa-
THYHOTO MOJIS. 3aBISIKM LBOMY, Ha KIHIUIX
30BHIIIHBOTO KOJIA, SIKEe MiIKII0UeHe 10 1M0-
JIFOCIB  JpKepelna, MiATPUMY€EThCS Pi3HUIIS
MTOTEHITiAIB 1 Y KOJIi BUHUKAE eIeKTPHIHIMA
CTPYM.

Enexmpopywiiina cuna (EPC) mxepe-
Ja CTpyMy - 1ie (i3uuHa BEJIUYHHA, YHCEITh-
HO JIOPiBHIOE pobomi cmopornuix cun (0ynb-
SKUX CHJI HEeIeKTPOCTATHYHOI HPHPOJIH)
M0 MEPEMILICHHIO OOUHUYHO2O NOZUMUGHO-
20 3apsdy y3I0BK 3aMKHYTOTO KOJa:

Aoney [ﬂwc

g = emor.
Kn

} = [B] (Bonem).
q

Hanpyzot0 (cnad uanpyeu) Ha RiISHIL
CJIEKTPUIHOTO KOJa Ha3WBA€ThCs (i3myHa
BEJIMYMHA, YUCEJIHO piBHA pobomi Kyno-
Hi6cbkux (EMEKTPOCTATHYHUX) CUI TIO Tepe-
MIIIEHHIO OOUHUYUHO20 NOZUMUBHO2O0 3aAPAOY
Y3IIOBXK JJAHOT AUISHKU KOJa:
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I=enV,,S,

where e is an electron charge value, 7 is a
concentration of the charge carriers; V,,
is an average velocity of their ordered
motion.

Current density is a vector physical
quantity equal to the strength of current
flowing per unit area of the conductor
cross-section:

j=en, [’ﬂ asljj=L.

Electric current presence in a conduc-
tor is detected by its heating, chemical
and magnetic effect. The following condi-
tions should be fulfilled to make the ex-
istence of conduction current possible in a
conductor: 1) If there is an electric field
in a conductor; 2) An electric circuit sho-
uld be closed; 3) If the circuit contains a
current source which is a device inside
which the external forces make electric
charges move in the direction opposite the
action of the electrostatic field. Due to
this, a difference of potentials is kept on
the ends of the external circuit connected
to the terminals of the current source, and
electric current flows in the circuit.

Electromotive force (EMF) of a cur-
rent source is a physical quantity numeri-
cally equal to the work of the external
forces (that is any forces of a nonelectro-
static origin) making an individual posi-
tive charge move along a closed circuit:

Aext i —
€= o [Coul} =[V] o).

Voltage (drop of voltage) in the sec-
tion of an electric circuit is a physical
quantity numerically equal fo the work of
Coulomb (electrostatic) forces to transfer
an individual positive charge across a
given section of the circuit:
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U="[5].
q

Enexmpuunum onopom R [inSHKH KO-
Jla Ha3UBAKOTh (i3UYHY BEIUYUHY, LIO € Mi-
poio npomudii i€l TUISTHKA KOJia MPOTiKaH-
HIO B Hill enekTpuyHoro crpymy. Omip 3a-
nexcums 6i0 mamepiany TPOBiHUKA, HOTO
2eomempuuHoi hopmu 1 po3mipie, a TaKOK
Bif memnepamypu. JIns 00HOpioHo20 yui-
HOpUYHO2O TIPOBITHUKA JOBXHHOMK / 1 IUIO-
IIEI0 ONePEeYHOoro nepepisy S:

R=p-é[0fw],

1€ p - numomull onip MaTepialy IpPOBiTHU-
ka. Benuunny o=1/p Ha3uBaroTh #oro nu-
momoio npogionicmio.

3asnexHicTh ONOPY MPOBIIHUKA Bij HOTO
memnepamypu:

R=R, (1+a),

ae Ry - onip npu 0 °C, ¢° - Temneparypa 3a
wkanoro Lenwcis, a - memnepamypruii ko-
e@iyicum onopy - BITHOCHA 3MiHa OINOPY
IIPOBiAHMKA NpH HarpiBaHHi ioro Ha 1 °C.
3BUYANHO 0/ YUCMUX Memaié B THTEpBai
0+100 °C mpuitmaerses a=1/273 rpax’.

3akon Oma Ona OinanKu Kona: cuia
CTpyMy Ha AUIAHII KOJIa NpAMO nponopyii-
Ha Hampy3i Ha Horo KiHIX 1 00epHeHo npo-
nopyitina onopy i€l AisTHKA:

I:%[%}:[A].

3axkon Oma 01 HOGHO20 (3AMKHYMO20)
CJISKTPUYHOTO KOJIa: CHJa CTPyMy y KOJIi
npamo nponopyitina EPC mxepena, sike Jie
y KOlIli, 1 06epHeHo nponopyiiiHa TMOBHOMY
omopy KoJja:

1=—2,
R+7

1€ 7 - GHYMPIWHIL Onip JHKepena CTpyMy.
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y=2epy].

Electric resistance R of a circuit secti-
on is a physical quantity which is a mea-
sure of the ability of a given circuit secti-
on to resist the flow of current across the
section. Resistance depends on a conduc-
tor material, its geometrical form and di-
mensions as well as on temperature. For
a homogeneous cylinder conductor of the

length / and the cross-section area S it is:
/

where p is a specific resistance of a con-
ductor material. The value o=1/p is a
conductor conductivity.

Conductor resistance as a function of
its temperature is:

R=R, (1+at),

where R, is resistance at 0 °C, ¢° is tem-
perature by the Celcius scale, « is a tem-
perature coefficient of resistance, that is a
relative change of a conductor resistance
under its heating by 1 °C. Usually for
pure metals at temperatures in the range
of 0100 °C, a=1/273 degree™.

Ohm's law for a circuit section: the
strength of current flowing across the cir-
cuit section is directly proportional to the
voltage on its ends and inversely propor-
tional to the resistance of this section:

RARA Y]

"R | Om

Ohm's law for a complete (closed)
electric circuit: strength of current in a
circuit is directly proportional to the
source EMF in the circuit, and inversely
proportional to the circuit impedance:

£
R+r’
where r is an internal resistance of a cur-
rent source.

I=
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3axon Oma 6 enekmpouniii meopii nns
T'YCTHHH HOCTII{HOTO CTPYMy B MeTajax: Iy-
CTHHA TOCTIHHOTO CTPYMY HPSAMO HPONOp-
Yilina HATIPYXEHOCTI eJIEeKTPUYHOTO IO B
JIaHId TOYIll yCepearHI METaJeBOro MpoBi-
JTHHKA 31 CTPYMOM 1 06epHero nponopyitina
HOro MUTOMOMY OIOpY:

E_ 5

P

j=

IIe 0 - TUTOMA TIPOBITHICTb.
Enexmpuune kono - 1Lie CyKyIHICTh
IIPOBIHUKIB Ta [PKEPEN CTPYMY.

By3nom posranyxeHoro eneKTpUYHOro
KOJIa HAa3MBAIOTh TOUKY, Y SAKifl CXOIATBCSA
He MeHuwie mpbox TIPOBiTHUKIB. 1 po3pa-
XYHKIB pO3ralyXeHHX KiJl 3aCTOCOBYIOTb
IIpaBUIIA 6)371i8 1 KOHMYPIE.

Ilpasuno ey3nie (nepwe npasuno Kipx-
2ogha): anreOpaiuHa cyma CTPYyMIB, 1[0 CXO-
JITBCA Y BY3TIi, OOPIGHIOE HYIO:

31, =0,
i=1

JIe 1 - YUCIIO TIPOBIITHUKIB, SIKI CXOISATHCS Y
By3Ji. (CTpyMU BBaXKAIOThCS NOZUMUBHUMU,
SKIIO BOHH BTIKalOTh Y BY30JI, 1 Heeamug-
HUMU - SIKIO BOHU BUTIKAIOTh i3 By3J1a).
Ilpasuno koumypie (Opyze npasuno Kipx-
2ogha): y OyIb-KOMY 008ibHO 0OPAHOMY
3aMKHYTOMY KOHTYPi PO3Tally’>KeHOTO €JIeK-
TPUYHOTO KOJIa, anredpaiuHa cyma CrajiiB
HANpyTH Ha BCiX HOTO IISHKAX JOPIBHIOE
aneebpaiyniti cymi HassBHUX y KoHTYpi EPC:

Zn:li 'Ri = igk'
i1 =1

SAxmwo crpymu [; 3bicaromvcs 3 00paHUM
HaNpsIMKOM 00XOAy KOHTYpY, TO BOHH BBa-
KaTbcs nozumuenumu. EPC ¢, BBaxa-
I0ThCS. HO3UMUGHUMU, SKIIO BOHU YTBO-
PIOIOTH CTPYMH, CIPSIMOBaHI YOIk 00x00y

KOHmMYpY.
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Ohm's law in the electronic theory
for density of direct current in metals:
density of direct current is directly pro-
portional to the intensity of an electric
field in a given point inside a metallic
conductor alive, and inversely propor-
tional to its resistivity:

- E
j:—:(;-E’

P

where o is specific conductivity.

An electric circuit is a set of conduc-
tors and current sources.

A node of a tree electric circuit is a
place where at least three conductors
meet. To calculate tree circuits, the rules
of nodes and loops are used.

The rule of nodes (the first Kirch-
hoff’s law): an algebraic sum of the cur-
rents at any point in the node is equal to
zero:

iln = 0 s
i=l

where 7 is a number of conductors meet-
ing in the node. (A current flowing to-
wards the node is positive and the one
flowing away from the node is negative).

The rule of loops (the second Kirch-
hoff’s law): an algebraic sum of the prod-
ucts of the currents and the resistances,
through which they flow, is equal fo the
algebraic sum of the EMFs in any closed
loop of the circuit, that is:

SI-R=Ye,.
i-1 k=l

If the currents /; coincide with a taken di-
rection of a loop tracing, they are taken as
having a positive sign. EMF g, is taken as
positive if they produce the currents di-
rected fo the side of a loop tracing.
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ITpu 30upaHHi eNEKTPUYHMX Kil MPOBIi-
JHUKA MOXYTb 3'€HYBATHCh NOCHIO08HO
a00 napanenvro.

[Ipu nocnioosnomy 3'conanni:

a) Cuia cTpyMy y BCiX YaCTHHaX KoJia 00-
HAK08A:

I,=L=...=I,=const.

6) Cnan HarpyrH y eJIeKTpUYHOMY KOJIi J10-
PIBHIOE cymi CNaJliB HANPYTrd Ha OKPEMHUX
JUISHKaxX LOT0 KoJia:

U3a3:U1+U2+...+Un.

B) 3arajibHUil OMip KoJa, SIKe CKIIagaeThes 13
n-IIPOBITHUKIB, JOPIBHIOE cymi OHOPIiB
OKPEMHX IPOBITHUKIB:

Rga;:R1+R2+...+R,,.

[Ipu napanensnomy 3'eonanni:
a) Cuia cTpyMy B HEpO3raiyKeHil 4acTuHi
KOJla JIOPIBHIOE CyMi Cul cmpymie, siKi Te-
YyTh y PO3Taly)KEHHX OUITHKaX [bOT0 KO-
na:

13a2=11 +12+--- +In-

6) Cnagu Hampyru Ha mapalleibHO 3'€lHa-
HHX JISHKAX KOJIa 00HAKOGi:

U3a2= Ul = U2=v. = (],,.

B) 3arajibHUil OMip KoJa, SIKe CKIagaeThes 13
n-HapajenbHo 3'€JHAHUX NPOBIJHUKIB, BH-
3HAYAETHCS 32 POPMYIIOF0:

1 1 1 1
+— ot —.
R

302 1 2 n

R

Ipu npoTikaHHI ENEKTPUYHOTO CTPYMY
y TPOBiTHUKY, KYJIOHIBCBbKI €JIEKTPUUHI CH-
JIM IPOTATOM 4acy ¢ 3IHCHIOIOTE pobomy:

A=I-Ut, [A-B-c]=[/xc],

ne [ - cuna ctpymy, U - cnaj Hampyru Ha
npoBinHUKY. Ilomyscnicms €IeKTPHIHOTO
CTpyMy JOpPIiBHIOE POOOTI, siKa 3iHCHIOETH-
Csl HUM 3d OOUHUYIO YACY:
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When making an electric circuit, con-
ductors can be connected either in a se-
ries or in parallel.

At a series combination of conductors:
a) Current strength in all points of the cir-
cuit is the same:

I,=L=...=I,=const.

b) A drop of voltage in the electric circuit
is equal to the sum of voltage drops on
separate circuit sections:

Vav=Vl+V2+v~~+I/n~

c) The total resistance of a circuit consist-
ing of n-conductors is equal to the sum of
resistances of separate conductors:

Ra\,:R1 +R2+... +R,,.

At a parallel combination:
a) Current strength in a parallel section of
a circuit is equal fo the sum of currents
flowing in the parallel sections of the cir-
cuit:

[uv=11 +IZ+--- +In-

b) Drops of voltage in parallel circuit sec-
tions are the same:

VaV:Vlezz...:Vn.

c¢) The total resistance of a circuit consist
of n-conductors connected in parallel is
found by the formulae:

1 1 1 1

=—t— .+
RI RZ Rn

R

av

When an electric current flows across a
conductor, the Coulomb electrostatic for-
ces perform the work during the time ¢:

W=1Vt, [AVs]=[]],

where [ is current strength, V' is a drop of
voltage on a conductor. Power of an elec-
tric current is equal to the work operated
per unit time:
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SIKIIO eNeKTPUYHUN CTPpYyM nocmitinuil,
a IPOBITHUKU Y KOJIi Hepyxomi, TO poboTa
CTOPOHHIX CUJI Y DKEPENi CTpyMy IOBHICTIO
HeobopomHo nepemeoproemsvCs B pe3yibTa-
Ti 3iTKHEHb €JICKTPOHIB i3 IO3UTHBHUMH 10-
HaMH{ BY3JIIB KPUCTATIYHOI IPATKU: KiHETH-
9HAa EHEeprisl eIeKTPOHIB BUTPAdYa€ThCA HA
HAa2pPi6aHHA NPOGIOHUKA - TIEPETBOPIOETHCS
Ha 6HYMPIWHIO eHepeiio.

3akon [coyna-Jlenya: KinbKicTh Ter-
JIOTH, sIKa BUIUISETHCS CTPYMOM y NIPOBif-
HUKY, HPAMO NpONOpYiliiHa CUIL CTPyMY,
gacy HOTo MPOXOJUKEHHS Ta CNa[y HAIpyTrd
Ha HOTo KIHIIX:

O=1-Ut [[rc]=0,24-1-Ut [kax].

[-U [A- B]=[Bm](Bamm).

EnexTpuunuii cTpyMm B e1eKTpoOIiTAX

Enexmponimamu Ha3uBaoTh PEYOBUHU,
y SKHX CNEKTPUYHUI CTPYyM 3IiHCHIOETBCS
ionamu TiJ Ji€l0 eneKTpuyHoro mois. lo-
HaMu HA3UBAIOTHCS aTOMHU a00 MOJIEKYIIH,
SIKI BTpaTHIIN a00 MPUETHAIN KiJIbKa eJIeKT-
POHiB. [lo3umueni ionu HA3UBAIOTLCS KaAmi-
oHamu, a HecamusHi - anionamu. Enextpu-
YHE II0JIE CTBOPIOETHCS B PIIUHI enexmpo-
damu - IPOBIJTHUKAMH, 3'€ITHAHUMH i3 JKe-
penoMm crpyMmy. [losumueno 3apsKeHUH
€JICKTPOJ] HA3UBAETLCSA AHOOOM, & He2amug-
HO 3apSJDKEHUH - Kanooom.

BuHuKHEHHS 10HIB B  eNEKTpONiTax
00yMOBJIEHE SIBUILEM e1eKMpPOoaimuunor
oucouiayii - po3nadom MOJEKYI PO3UHHE-
HOi PEYOBMHHU Ha TO3UTHBHI Ta HEraTHBHI
iOHM B pe3ynbTaTi B3a€MOZIl i3 PO3UMHHH-
koM. IIpouec 8o33'conanms ioni¢ MpoTHIIC-
JKHUX 3HAaKiB y HEUTpaJbHI MOJICKYJH, Ha-
3UBAETLCS PEKOMOIHAYIEIO TOHIB.

ITpoxomKEeHHS eNeKTPUIHOTO CTPYyMY de-
pe3 PiOMHH CYNPOBOIKYETHCS e1eKmpoJii-
30M - GuOiNeHHAM Ha €IEeKTPOAAX PEUOBHH,
SIKI BXOJIATH 710 CKJIAJy €IeKTPOJITY.

Ilepwiuii 3axon enexkmponizy (nepuiuti
3axkon Papades): Maca PEHOBHHU, 110 BUJIi-
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poA_
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If electric current is direct and con-
ductors making a circuit are immovable,
the work of external forces in a current
source will irreversibly convert in the re-
sult of electron collisions with positive
ions of a crystalline lattice node: kinetic
energy of electrons is responsible for a
conductor heating - it is converted into
internal energy.

Joule's law: an amount of heat re-
leased by a current flowing through a
conductor is directly proportional to the
current strength, the time of its flowing
and the drop of voltage at its ends:

O=1-Vt [J]=0.24-1-Vt [cal].

1V [4-V]=[w]wartr).

Electric Current in Electrolytes

Electrolytes are substances in which elec-
tric current is carried by ions drifting un-
der the influence of an electric field. Ton
is an atom or molecule with a net positive
or negative charge. Positive ions (cations)
have a deficiency of electrons, and nega-
tive ions (anions) - have an excess. An
electric field emerges in a liquid under the
influence of electrodes- conductors con-
nected to a current source. 4 positively
charged electrode is called anodes, a ne-
gatively charged one is called cathode.

Emergence of ions in electrolytes is
caused by electrolytic dissociation that is
a decay of molecules of a dissolved sub-
stance into positive and negative ions in
the result of their interacting with a sol-
vent. The process when ions of the oppo-
site signs join together into neutral mole-
cules is called ion recombination.

Electric current flowing through liqu-
ids is accompanied by electrolysis, that is
deposition of substances, which are parts
of an electrolyte, on the electrodes.

The first law of electrolysis (the Ist
Faraday's law): a mass of the substance
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JeHa Ha €JNeKTPOAdi, NPAMO NpOnopyiliHa
€JIEKTPUYHOMY 3apsaly ¢, SKUH IpoHIIoB
4epes eNeKTPOIIT:

m=k-q abo m=k-It.

k Ha3UMBa€THCS e1eKmpoXimiuHuM eKeiea-
JleHmom peuoBUHU. BiH uucenvHo dopisHioe
Maci pedOBHHH, sIKa BHIUIATHCS MPH IIPO-
XOIDKEHHI 4Yepe3 eNEKTPOJIT OOUHUUHO20
3apsoy.

/Jlpyzuii 3akon enexkmponizy (Opyeuil 3a-
xon Dapades): eNeKTPOXIMiuHI eKBiBaleH-
TH PEYOBHH NPAMO NPONOPYIHI BITHOIICH-
HSM iXHIX aTOMHHX (MOJISIpHHX) Mac 4 10
IXHIX BaJIEHTHOCTEH n:

p=cA_1 4

n F n

Bemnunna F=1/C=9,648-107 Ki/Moins Hasu-

Ba€eTbCA uucaom (cmanoro) Dapades.
06'conanuii 3axon @apadesn:

EnexTpu4nuii cTpyMm y razax

Hocii enekTpuyHOro CTpyMy y rasax
MOXYTh BUHHKHYTH TIIBKHU T[] Yac ioHi3a-
yii 2azie — 6iopuei BiJ IXHIX aTOMiB 200 MO-
JeKyn enektpoHiB. [Ipu mpomy HeHTpabHi
aTOMH Ta3iB MEPETBOPIOIOTHCS HA NO3UMUG-
Hi ionu. ENEKTpUYHUNA CTpyM y rasax Hasu-
BAaIOTh 2aA308UM po3padom. J{ns fioro oxep-
JKaHHS 10 TpyOKH 3 10HI30BaHHM Ta3oM (ea-
30po3paA0noi) MycuTh OYyTH TpHKIaIeHe
eNIeKTpHYHe ToJie. [oHi3allis ra3iB MoXe Bi-
MOYBATHCH T AI€I0 308HIUHIX [OHI3AMOPIE:
CHJILHOTO HarpiBaHHSA, yJIbTpadiojeToBOro,
PEHTIeHIBCbKOTO ab0 pPajioaKTUBHOTO BH-
MIPOMiHIOBaHb, 00MOApyBaHHS aTOMIB Ta3iB
LIBUIKUMH €JIEKTPOHAMH a00 10HaMH.

Buou 2azo6020 pospsoy.

1) Hecamocmiiinuii 2azoeuit po3psao — 1e

€JIEKTPOIPOBIAHICTb 'a3iB, CIPUYUHEHA 30-

BHIWHIMU [OHI3aMOPaAMU.

2) Camocmitinuii 2azoeuti po3pao MinTpH-
44

deposited on an electrode is directly pro-
portional to the quantity ¢ of electricity
which passed through the electrolyte:

m=k-q or m=k-I't.

k is an electrochemical equivalent of the
substance. It is numerically equal to the
amount of the substance deposited when «
solitary charge was passing through the
electrolyte.

The second law of electrolysis (Fara-
day's law): electrochemical equivalents of
substances are directly proportional to
the ratio of their atomic (molar) masses 4
to their valences n:

1 4

p=c. AL A4
n F n
The quantity F=1/C=9.648-10" Coul/mol
is called the Faraday constant.
The united Faraday's law is:

Electric Current in Gases

Electric current carriers in gases can
emerge only in the process of gases ioni-
zation that is electron detachment from
their atoms or molecules. Thereat, neutral
atoms of gases are transferred into posi-
tive ions. Electric current in gases is
called a gaseous discharge. Gaseous dis-
charges are usually produced by applying
electric field to the tube with an ionized
gas (a discharge tube). Gas ionization
can occur under the influence of external
ionizers — great heating, ultra-violet radi-
ation, X-radiation, radioactive radiations,
fast electron or ion bombardment of gas-
€s atoms.

Types of Gaseous Discharge.

1) Semi-self-maintained gaseous discha-
rge is gas conductivity caused by external
ionizers.

2) Self-maintained gaseous discharge is
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MYEThCS 1 PO3BUBAETHCA 332 PAXYHOK 10HIB 1
€JICKTPOHIB, SIKi BUHUKIIM B Pe3yIbTaTi yoa-
PHOI i0OHi3ayii Ticns TMPUTIMHEHHS Aii 30B-
HIIIHBOTO 10HI3aTOpA.

Yoapnoro ionizauicro nazuBaethes Bij-
pHB BiJ aToMa (ab0 MOJICKYJIH) ra3y OJHOTO
a00 JEKiNbKOX EJNEKTPOHIB, CIHPUYMHEHHI
cHiByIapsiHHSIMH 13 aroMamu (abo Moueky-
JIaMH) Ta3y eJNeKTPOHIB a0o i0HIB, po3irHa-
HUX CJICKTPUYHHM T0JIeM Y po3psiai. Pospi-
3HAIOTh OeKiIbKAd 6UJi6 CAaMOCTIHHOTO pO3-
POy B Tazax 3aleXHO Bill mucky easy i
MPUKIIAJCHOT JI0 EINEKTPOIB Hanpyau:

1) Tnirouuit po3pao - npu THCKax razy 10
JIEKIIBKOX MM.PT.CT. (Y Ta30CBITJIOBUX TPY-
OKax, ra30BHX J1a3epax).

2) Koponnuii po3psd — npu HOpPMaITbHUX
THCKaX y rasax, siki nepe0yBaloTh y CUIbHO
HeOOHOPIOHUX eNeKTPUYHUX noysx (Ois
TOCTPOKIHIIEBUX CIIOPYA, HPOBOIIB JIHIN
BHCOKOI HATIPYTH Ta iH.).

3) Ickposuii po3ps0 - Ipu HOPMATBHUX TH-
CKax: MPH BEJHKIHA HAPY>KEHOCTI TOJIS MiXK
EJIEKTPOJIAMH CIIOCTEPIraeThCsl ICKPaBe CBi-
TiHHS Ta3y Y BUIVIAI MEPEPHBYACTUX SICK-
pPaBUX HHUTOK Ta BHIUISETHCS BEIHKA Killb-
KIiCTh TEIJIOTH (O1UCKABKA).

4) /lyzoeuii po3ps0 - Ipu HOPMAIGHUX THC-
Kax: IPU BEJIUKIi IYCTHHI CTPyMY 1 Hampys3i
MDK €JEeKTPOIaMU TMOPSAKY NEKIIbKOX Je-
CATKIB BOJBT. OCHOBHA MPUYKMHA TYTOBOTO
pO3psiny - IHTEHCHUBHA €MiCisi PO3KAPEHOTO
KaTony. EjexTpudHa myra BHKOPHCTOBY-
€TBCS 32 NOMYJCHe Odicepeno ceimaa 'y
MPOKEKTOpax, MPOEKI[iiHI Ta KiHOamapa-
Typi.

EnexTpuunmii ctpym y Bakyymi

Bakyymom Ha3uBalOTh Takuil piBeHb po-
3piUKEHHS ra3y, KOJIN CepeiHs JOBKHHA Bi-
JILHOTO MPOOITY MOJIEKYJ hepeguiyye MiHiH-
Hi po3MipH IIOCYIUHY, Y AKili IepedyBae ra3
(2>d). IIpoBinHicTb MK €IEKTPOJAMH Y Ba-
KyyMi MOX€ BUHUKATHU JIMIIE 32 JJOIOMOI 00
3aps/UKEHUX YacTOK, IO 3 SIBISIIOTHCS Iif
Yac emiciliHux A6uuy Ha eIeKTpoaax.
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supported and developed by ions and ele-
ctrons which resulted from the collision
ionization when an external ionizer
stopped working.

Collision ionization is a detachment of
one or some electrons from the atom (or
molecule) caused by collisions of gas ele-
ctrons or ions accelerated by the electric
field in a charge with gas atoms (or mole-
cules). There are some kinds of self-main-
tained gaseous discharge depending on
gas pressure and voltage applied to elec-
trodes:

1) Glow discharge - at gas pressures up
to some Hg.mm. (in gaslight tubes, gas
lasers).

2) Corona discharge - at normal pres-
sures in gases which are in a greatly non-
homogeneous electric field (close to po-
ints, medium-voltage line wires etc.).

3) Spark discharge - at normal pressures:
at a large intensity of the field there is ob-
served a bright glow between the elec-
trodes in the form of interrupted bright
lines, and a great amount of heat is re-
leased (lightning).

4) Arc discharge - at normal pressures: it
is a luminous electrical discharge between
two electrodes at high current density and
low potential difference. The main reason
of an arc discharge is an intensive ther-
moelectric emission of a red-hot cathode.
1t is used as a powerful source of light in
searchlights, projection and cinema.

Electric Current in Vacuum

Vacuum is a level of gas rarefaction
when a mean length of a molecule free
path is more than linear dimensions of a
vessel d containing gas (i.e. A>d). Con-
ductivity between electrodes in vacuum
can be ensured only by charged particles
which resulted from emission phenomena
on electrodes.
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SBuiie pomoenexmponnoi emicii (306-
HIWHL020 homoeghexmy) TONSATAE y BUPH-
BaHHI EJICKTPOHIB 13 MOBEPXHi EJIEKTPOIY
(pomoxamody) min niero ceimua.

SBumie mepmoenekmponnoi emicii no-
JISITa€ 'y BUIYCKAaHHI €JIeKTPOHIB TBEPAUMH 1
PiIKUMU TinaMu NIpU iXHBOMY HACPIGAHH.
J7sl BUIBOTY €NEKTPOHIB 13 PEUOBHHU HOT-
piOHO, 00 iXHs KiHeTH4HA eHepris Oyna
JOCTaTHs AJIsL OMOJIaHHs TXHBOTO 3B'SI3KY 13
PEUYOBHHOIO - IS 3IIMCHEHHS podomu 6u-
x00y A. EnektpuuHuii CTpyM y BakyyMHii
ra3opo3psaHii TpyOui (mepmoenekmpon-
Hull cmpym) 0OyMOBJICHHUI SBUILEM TEPMO-
EJICKTPOHHOT eMicii i3 HarpiToro Katoy.

Po3ngia 4 OCHOBU
EJEKTPOMATHETU3MY

Macnimnum nonem Ha3UBAETHCS OIHA
13 YaCTHH eleKmpoMazHimuo2o noas. Mar-
HITHI TIOJISL CMEOPIOIOMbCA:
1) IpoBinHuKaMu 3i cmpymami,
2) Pyxomumu enekmpudno 3apsodicenumu
TilaMi 200 YaCTHHKAMH;
3) Hamaenivenumu Tinamu,
4) 3minHuMU enekmpuyHUMU TIOJISIMH.
MarsuitHe 1nojie die minbku Ha pyxomi
YACTHHKH 1 TiJla, SIKi MAlOTh eleKmpuiHull
3aps0. Ha namaeniveni mina MarHiTHe mose
i€ He3anexcHo BiI TOTO — PyXalOThCS BOHU
YH Hi.

4.1 BaacTHBOCTi MArHITHOTO MOJISK

CHJIOBOIO XapaKTEPHCTUKOI MarHiTHOTO
0JIs1 € 6eKkmop maznimnoi indykuii B. Tlo-
HATTS NP0 BEKTOpP iHAYKLii MarHiTHOro mo-
JIS BBOIUTBCS HA MIJICTaBI 00HO20 i3 MpPboX
JOCIITHUX (aKTiB:

a) Opienmyioyoi Oii MarHiTHOTO TOJSI Ha
3aMKHYTHH TUIOCKHHA KOHTYp (pamky 3i
cmpymom);

0) Bioxunenns TIPOBIAHHKA 31 CTPyMOM Yy
MarHiTHOMY IIOJi;

B) Bioxunenns mydka 3apsyKEHHX YaCTH-
HOK y MarHiTHOMY IOJIi.
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The phenomenon of photoemission

(external photoelectric effect) is a break-
ing of electrons away of an electrode
(photocathode) surface in light.
The phenomenon of thermionic (thermal
electron) emission is the emission of elec-
trons by solids or liquids when being hea-
ted. To make electrons emit from a sub-
stance, kinetic energy of electrons should
be sufficient enough to overcome their
bonds with a substance — to fulfill work
on escaping A. Electric current in a vacu-
um discharged tube (thermionic current)
is caused by the phenomenon of thermio-
nic emission out of a heated cathode.

Section 4 PRINCIPLES
OF ELECTROMAGNETISM

Magnetic field is one of the parts of
electromagnetic field. A magnetic field
can be produced by:

1) A current flowing in a conductor;

2) Moving electrically charged bodies or
particles;

3) Magnetized bodies;

4) Alternative electric fields.

Magnetic field works only with mov-
ing particles and bodies, having an elec-
tric charge. As to magnetized bodies
magnetic field works with them inde-
pendently whether they move or do not.

4.1 Properties of magnetic field

Magnetic field is characterized by its
magnetic induction vector B. A concept
of a magnetic induction vector is intro-
duced on the basis of one of the following
experimental facts:

a) Magnetic field action is orientated onto
a closed flat circuit (a frame with cur-
rent),

b) Deviations of a conductor with current
in a magnetic field;

¢) Deviations of a beam of electrically
charged particles in a magnetic field.
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SIK110 3HAYEHHS 1 HAIPSIMKU BEKTOPa Ma-
THITHOI 1HAYKIII B He 3miniolomucs 'y KOX-
Hilf TOYLi MPOCTOpY i3 YacoM, Take MoJie
HA3WBAETHCS cmayionaphum. Y TPOTHBHO-
My BUTIQJIKy BOHO € 3MinHUM (Hecmayiona-
PHUM).

Maznimnum momenmom p,, 3AMKHYTOTO
IUIOCKOTO KOHTYPY 31 cTpyMOoM / Ha3UBaIOTh
6eKmop

pm:I’S'nﬂa

Je S — IOl OXOIUICHOI KOHTYPOM IHOBEp-
XHI, My — OAMHHUYHHUN BEKTOP HOZUMUBHOL
HOpMaJIi: MOIYJIb HOTO JopigHIoc 00uHuyi, a
3a HamlpsSIMKOM — BIH NEpneHOUKyIspHull 10
IUIOLMHU KOHTYPY TaKUM YHWHOM, 100, TH-
BJISTYMCH 13 HOTO KiHIIS, HAPSIMOK CTPYMY Y
KOHTYpi OYB npomu 200UHHUKOBOL CIMPIIKU.

Hamnpsimok Bektopa p,, (i ny) TakoX BH-
3HAYAETBCS MPAGUIOM HDPABO20 26UHMA:
SIKIIIO PYKOSITKY TBUHTA 13 IIPaBOIO pi3n0010
00epTaTu 3a HanpAMKOM CIpYMy B KOHTYDI,
TO IOCTYNAIBHUI pyX HOTo BiCTps cnienade
13 HaNPSIMKOM BEKTOPA P,

3a nanpsamox eexmopa B 'y nauiii Touni
MAarHiTHOTO ITOJIsl BUOUPAIOTh HANPSMOK Be-
KTOpa p,, Majuoi paMKu 31 cTpyMoM (sKa He
CNOMBOPIOE MArHITHOTO NOJISA) MOOIM3y Ja-
Hoi Touku. HanpsiMok BekTopa B criBnagae
TaKoX i3 HaNpsSMKOM IPsAMOi, MPOBEIECHOI
4yepe3 HEeHTP MaJIol MarHiTHOI CTPIIKKU Bij il
nieoennozo noiroca S 10 nieniynoz2o N.

MarHiTHe MoJie Ha3UBAETHCS 0OHOPIO-
HuM, SKIIO BeKTOpU B y Bcix Horo Toukax
00HAKOGI 33 BEIMYMHOIO Ta HAIIPSIMKOM.

Ha pamky 3i CTpyMOM, IO 3HAXOIUTHCS
B OJHOPITHOMY MarHiTHoMy momi B, nie
momenm cun M, MOZyTb SIKOTO JIOPiBHIOE:

M=p,,B-sing,

JIe 0. — KyT MK BEKTOpamHu p,, i B. MarHir-

He TIoNie 3MIMICHIOE Ha paMKy 3i CTpyMOM

opicumyiouy 0i10: BOHa 6y0e nogepmamucs,
JIOKH KyT 0. HE CTaHe PIBHUM 71/2.

I'paghiuno MarHiTHE TOJIE 300PAKYIOTh

Yy BUDJISAL JIIHIA MarHiTHOI iHAYKIii — ysiB-
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If values and directions of a magnetic
induction vector B do not change in every
point of space in time, the magnetic field
is called stationary. Otherwise, it is alter-
nating (non-stationary).

Magnetic moment p,, of a closed flat
circuit with the current 7 is vector

meI'S’ng,

where S is an area of the surface surroun-
ded by the circuit, n, is a solitary vector
of a positive normal: its modulus is equal
to unity, and its direction is perpendicular
to the circuit plane in such a way that loo-
king from its end the current direction in
the circuit would be counter-clockwise.

Vector p,, (and ng) direction is also
determined by the right-hand screw rule:
a right-hand screw being rotated along the
current direction, a reciprocating motion
of a screw will coincide with the direction
of vector py,.

The vector p,, direction of a small cir-
cuit with the current flowing through (the
circuit does not distort a magnetic field)
at a given point is taken as the direction
of vector B in a given point. The vector B
direction also coincides with the direction
of a straight line drawn through the centre
of a magnetic needle from its S'to NV poles.

Magnetic field is called homogeneous
if vectors B in all its points are equal in
value and direction.

A circuit with current placed in a homo-
geneous magnetic field B is affected by
the moment M the modulus of which is

M=p,, Bsina,

where « is an angle between vectors p,,
and B. Magnetic field gives an orientat-
ing action on a circuit with current: the
latter will rotate till o is equal to 7/2.
Graphically a magnetic field is rep-
resented as magnetic induction lines,
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JIFOBAHUX JIiHIN, JOTUYHI JI0 AKUX Y KOXHIH
TOYILlI 30iearombcsi 13 HANPSIMKAMH BEKTOPa
B. Jlinii MaruitTHOT iHIYKIIT 3amKHymi, a 1ie
O3HAYa€, 110 B MPHUPOJII 8i0CyMmHI BIJIbHI Ma-
THITHI 3apsau (Ha BiIMIHY BiJl BUIBHHX elie-
KTpUYHUX 3apsfiB). Ha BiaMiHy Bix enexT-
POCTATUYHOTO TOJIs,, MarHiTHE TMOJIE € He-
nomenuyianvHum (BUXPOBUM).

Ilomokom maznimnoi inoykuii (mazHi-
mHumM nomokom) A@ Kpi3b MOBEPXHIO 13
miomeo AS Ha3UBAETHCS CKAIAPHA GeAUUU-
Ha, N0 JIOPiBHIOE:

AD=B-AS-cosa=B, AS [B0] (Bebep),

ne B,=B-cosa - mpoexiisi Bektopa B marHi-
THOI IHAYKIII Ha HampsAMOK HOpMaji 10
wiomanky. Ilo3umugnuii 3HaK MarHiTHOIO
NOTOKY BiJmoOBinae eocmpomy kymy o. (abo
yMOBi B,>0), necamusnuii - mynomy Kymy o
(abo B,<0). MarHiTHuii motik @ 4epe3 mo-
BEPXHIO S BHU3HAUAETBCA aneeOpaiuHum cy-
MyeanHAM NOTOKIB AQ Kpi3b OUISHKU HO-
BepxHi AS. SIKII0 MarHiTHe IOJE 0OHOPIO-
He, TO MArHITHHH HOTIK 4Yepe3 IUIOCKY I0-
BEPXHIO IIIOLICIO S IOPiBHIOE:

®d=B-S-cosa.

Ha mpoBigHuK 31 CTpyMOM, IO 3HaxXo-
JUTHCSL Y MarHiTHOMY MO, Ji€ cuna Amne-
pa.

3akon Amnepa: Ha TPOBITHUK JOBXKH-
HOIO / 31 CTpYMOM /, 1[0 3HAXOAUTHCS B OA-
HOPITHOMY MAarHiTHOMY HOJI 3 iHIYKII€O
B, nie cuna, MOAyIb SIKOT IOPiBHIOE:

F,=I'I'B-sina,

Je o — KyT MiX BEKTOpoM B i HanpsiMKoM
cTpyMy y mpoBigHuky. Cuna Ammepa nep-
NEeHOUKYIAPHA 10 TIPOBIJTHUKA 31 CTPYMOM i
JI0 BekTopa MarHiTHOI iHaykiii B. Hamps-
MOK IIi€i CUIU BU3HAYAETLCS 30 HPAGUOM
g0l pyKu: SKIIO JOJIOHIO JiBOi PyKH pO3-
TallyBaTH TaK, W00 NEPHEHAUKYISPHA 10
IIPOBiHUKA CKJIaJ0Ba B, BEKTOpa MarHiT-
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these are imaginary lines tangents to
which in every point coincide with the di-
rection of vector B. Magnetic induction
lines are closed, that means that in the na-
ture there are no free magnetic charges
(in contrast to free electric charges). Un-
like electrostatic field, magnetic field is
non-potential (rotational).

Flux of magnetic induction (magnet-
ic flux) A® through the surface of AS
square is a scalar quantity which is equal
to

AD=B-AS-cosa=B, AS [Web] (Weber),

where B,=B-cosa is a projection of the
magnetic induction vector B on the direc-
tion of a normal to the place. 4 positive
sign of the magnetic flux corresponds to
an acute angle o or to the condition B,>0,
a negative sign corresponds to an obtuse
angle o or B,<0. Magnetic flux through
the surface S is determined by the algeb-
raic summation of fluxes A@ through
parts of the surface AS. If magnetic field
is homogeneous, magnetic flux through
the surface S is equal to

®=B-Scosa.

A conductor with current inside
placed in the magnetic field is affected by
Ampe-re's force.

Ampere's law: a conductor as long as /
with current / inside placed into homoge-
neous magnetic field B is affected by the
force the modulus of which is equal to

F,=I'lBsinq,

where « is an angle between vector B and
the current direction in a conductor. This
force is perpendicular to a conductor and
to the vector B. The direction of this for-
ce is determined by Fleming's rule (left-
hand rule): if a left palm is placed in
such a way that a perpendicular to a con-
ductor component of the magnetic field
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HOI 1HAYKUII 6xoduna y 00100, @ YOTUPU
BUTSTHYTHX MAJbLS NOKA3YEANU HANPIMOK
cmpymy, TO BIOIrHyTHH Ha 90° Beankuii nma-
Jielb MOKaKe HANpsIMOK CHIM AMmIiepa, sika
i€ 3 OOKY IOJISl Ha MPOBITHUK 31 CTPYMOM.

3akoH Amriepa Moke OyTH BHKOpPHCTa-
HO 014 U3HAYEHHA MAZHIMHOT IHOYKYIT: Y
JIaHil TOYIli OJIHOPIHOTO MarHiTHOTO MOJIS
MOZYJb BeKTOpa B uucenvro dopisnioc cu-
i, sKa Ji€ Ha TPOBIIHHK O0OUHUUHOI 006-
JiCUHU, IKAH 3HAXOIUTHCS y JaHii TOUIl Ta
0 SKOMY TEPIEHIUKYIIAPHO JIHISM THIYK-
ii Te4e CTPYM y OOUHUYIO CULU CIPYMY,
TOOTO!

F

:Tl A-m

[H} _[14] (ecna).

SKmo Aeskuil MpPOBITHUK 31 CTPYMOM
cuIIot0 / CTBOPIOE B JaHii TOULl y 6aKyymi
MarHitHe none By, T0 y 00Hopionomy izom-
PONHOMY cepedosuwyi, 1O 3allOBHIOE BECh
IpocCTip, y Lill e Touwi Oyae yTBOpIOBaA-
THUCh MarHiTHe ToJie 3 iHAyKuieo B:

BZ,U'Bg,

Iie [t - 6IOHOCHA MazHImMHA NPOHUKHICHb
cepedosuwa. | cepenoBrina Moxe Oytu >1
i <l i mokasye, y CKiJIbKH pa3iB B JIaHiil TO-
YIi MPOCTOPY MAarHiTHA HAYKILIs y cepeo-
Bulli B Oinvuwa (abo menwa), HIX y Bakyy-
Mmi Bo.

[HIyKIis MarHITHOTO MO, SIKE CTBOPEHE
HecKiHYeHHO  0082UM  NPAMOJIHIUHUM
npogioHuKom 3i cTpyMoM [, Ha BijicCTaHi r
BiJl HBOTO JIOPIBHIOE:

Bty
27

JIe (4 - BIJIHOCHA MarHiTHa MPOHUKHICTH Ce-
penoBuIa, ,u():47z‘10'7 I'a/M — macnimua
cmana.

IHayknis Mar”iTHOro IONA 6 yeHmpi
Kpyz06020 eumka 31 ctpymoM [ pamiyca R
CTaHOBHTB:

1
B=ﬂ'ﬂo'ﬁ~
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B, goes into a palm and four stretched
fingers point the direction of the current,
then a 90° unbent thumb will indicate the
direction of Ampere's force acting on the
conductor from the field side.

Ampere's law can be used to deter-
mine magnetic induction: a modulus of
vector B at a point of a homogeneous
magnetic field is numerically equal to the
force which acts on a conductor per unit
length placed in a given point perpendicu-
larly to induction lines, a current flowing
through a conductor per unit strength of
force, that is

F

:TJ A-m

[N} _[11] (7esla)

If a conductor with current / makes a
magnetic field B, in a given point in vac-
uum, then in a homogeneous isotropic
medium which fills up the whole space a
magnetic field with B induction will be
produced in this very point:

B:/,l'Bg,

where u is a relative magnetic permea-
bility of a medium. y can be both >1 and
<1, and it shows how many times in the
given point of space magnetic induction
in the medium B is larger (or smal-ler)
than in vacuum B,

Induction of a magnetic field produ-
ced by an infinitely long straight-line
conductor with current / at a distance r is:

1
B=pu,——
HHy Py

where u is magnetic permeability of a
medium, =4710" Hn/m is magnetic
constant.

Magnetic induction in the centre of a
circular coil with current / of the R radius
is:

1
B=ﬂ'ﬂo'ﬁ-



Conenoio — NUIiHAPUYHA KOTYIIKA, 110
CKJIQIA€THCS 3 JEAKOI KiJIbKOCTI BUTKIB HPO-
BOJZY 31 CTPYMOM, SIKi yTBOPIOIOTh TBUHTOBY
miHifo. s ZOCHTh 0062020 colleHOiga i3
YHCJIOM BUTKIB N i JOBXKHHOIO [ IHIYKIIis
00HOPIOH020 MAcHIMHO20 Noas 'y HOTO ce-
penuHi:

B=p-py-n-1,

ne n=N/l - KifbKiCTh BUTKIB APOTY Ha 00u-
HUYI0 006dICUHU CONICHOINa (KoHyenmpayis
HAMOMYBANHS).

VY BCIX BHINAIKAX HANPSIMOK MACHIMHOL
iHOYKYii TIOJIsI, CTBOPEHOTO TPOBIAHUKOM 31
CTPYMOM, BU3HAYAETLCS 3d NPAGUIOM Hpa-
6020 26unma (bypasuuxa).

Mix ABOMa napanerbHUMu HecKiHUeHHO
doszumu TIPOBITHUKAMU 31 cTpymamiu [ 1 [
BUHUKAE CUAA 63aEcmo0ii. SIKIIO CTpyMHU
MalOTh OOHAKO0GI HANPSIMKU, TPOBITHUKA
RPUMAZYIOMbCA, KO TPOTHIICKHI — 6i0-
wimosxyomusca. MoIoynb CHIM B3aeMOJIl
MiX MPOBITHUKAMH HA OOUHUYIO OOBIHCUHIL:

I -1,

TEH 2l

l

s

Ie d - BiZICTaHb MiX MPOBITHUKAMH.

Ha enextpuunmii 3apsn g, Lo pyxaecmo-
cs 31 WBUAKICTIO V' y Mar"iTHoMy moui 3
inpykuieto B, nie cuna Jlopenya:

Fy=q V-Bsing,

Je a — KyT Mix Bektopamu V'u B.

Hanpamox cunu JlopeHua, sika Jii€ Ha no-
3umueHull 3apsijl, BU3HAYAETHCS 3d NPAGU-
J10M J1ie0¥ pyku. SIKIIO Y 0OHOPIOHOMY Mar-
HITHOMY TI0JIi BEKTOp iHAYyKIii B nepnenou-
Kynapruii 0 HANpsAMKY IIBHAKOCTI 3aps-
JoKeHol vactuHku V, to BoHa Oyne pyxa-
muco no Koty 3 pajiiycoM R, TOJIIMHA KO-
IO MepIeHNKYIIIpHA 10 BeKTopa B:

_m-V

R ,
q-B

Jle m - Maca YacTUHKH, ¢ - 1i 3aps.
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Solenoid is a long spiral coil of wire,
usually cylindrical, through which an ele-
ctric current is passed. For a sufficiently
long solenoid with an N-number of coils
and a length /, an induction of homogene-
ous magnetic field inside is:

B=p-py-n-1,

where n=N/I is a number of coils per unit
the solenoid length (concentration of coil-
ing).

In all cases the direction of a field
magnetic induction produced by a con-
ductor with current is determined by the
right -hand screw rule (Maxwell).

Between two parallel infinitely long
conductors with currents /; and /,, there
originates an interacting force. If currents
have the same direction, conductors att-
ract, if their directions are opposite they
repel. The modulus of the interacting for-
ce of two conductors per unit length is

I,-1,
Ml omd
where d is a distance between conductors.
An electric charge ¢ moving at the ve-
locity ¥ in the magnetic field with the in-
duction B is acted by the Lorentz force:

F1=qV-B-sina,

where « is the angle between V and B.

The direction of the Lorenz force act-
ing on a positive charge is determined by
the left-hand rule. 1f in a homogeneous
magnetic field the vector B is perpendicu-
lar to the direction of a charged particle
velocity V, it will pass round a circle
which is perpendicular to the vector B
with the radius R:

_mV

R bl
q-B

where m is a particle mass, ¢ is its charge.
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VY npomy Bunanky cuia Jlopenua € doyen-
mMPo60I0 cuno i He 30ilicHIOE pOOOMU TIpU
pyci uactusku. Ilepioo obepmanns 1o xo-
Ty 3apsIPKEHOT YacTKH Y OAZHOPIAHOMY Ma-
THITHOMY ITOJIi:
T 2-w-m

q-B

4.2 SIBuie eJeKTpOMarHiTHol
iHgyKuii

SIKIO0 TpPOBIAHMN 3aMKHYTHH KOHTYp
nepedyBae y 3MIiHHOMY MAZHIMHOMY NOJI,
TO B HbOMY BHHHUKA€E EJEKTPUUYHUH CTPyM,
KU Mae Ha3By IHOYKYiiiH020 cmpyma, 2
caMe SBHIIE Ma€ Ha3By e1eKMPOMAZHIMHA
inoykuia (EMI). SIBumie Oyino BusiBICHE
M.Dapaaeem JOCITITHUM IIISIXOM.

3akon @apaoes ons EMI. EPC innyx-
1ii B KOHTYPI & YUCEIBHO OPIBHIOE Ul6UO-
KOCmi 3MiHU MAarHiTHOrO MOTOKy uepe3
IUIOIY TMOBEPXHi, OOMEXEHOI UM KOHTY-
POM 1 B34TO1 i3 NPOMUNEIHCHUM 3HAKOM:

_A®

A
Cuna indykuiiinozo cmpymy I, y 3a-
MKHYTOMY TPOBITHOMY KOHTYpi i3 omnopom
R cTanoBuTH:

Enexmpuunuii 3aps0, sxuii NpoTikae y
KOHTYpi 13 oniopoM R nipu siBui EMI:

_A®
-

n_n

3HaK y 3akoHi dapajies BUHHKAE Y
3B’S13Ky 3 mpasuiom Jlenya: iHpayKuinHUN
CTPYM y 3aMKHYTOMY KOHTYpi 3aBXKIH Mae
TaKWi HAmpsMOK, LIO CTBOPIOBAaHUH HHUM
MAarHiTHUH TOTIK nepewKkooxcac 3MiHi Mar-
HITHOrO TOTOKY, SIKHH CIOPUYHHAE T
CTPYM.

Ilpu pyci mpoBigHHKa TOBXHHOK [ 3i
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In this case the Lorentz force is a centrip-
etal force and it does not do work when a
particle moves round a circle. An orbital
period of a charged particle in a homoge-
neous magnetic field is:
2-r-m

q-B

T =

4.2 The phenomenon of
Electromagnetic Induction

If a conducting closed circuit is in the
alternating magnetic field, the electric
current is produced in it. This current is
called induction current, and this phe-
nomenon is called electromagnetic in-
duction (EMI). M.Faraday originally ob-
served the phenomenon.

Faraday's law for EMI. EMF of the in-
duction in the circuit & is numerically equ-
al to the rate of change of the magnetic
flux through the surface limited by this
circuit and taken with the opposite sign:

The force of the induction current I;
in the closed conducting circuit of the re-
sistance R is:

At the EMI, an electric charge flow-
ing in the circuit of the resistance R is:

_A®
=

n_n

The sign in Faraday's law con-
firms the Lenz's rule: if the magnetic
flux changes with respect to a conductor
the current induced in the conductor
tends to flow in such a direction as fo op-
pose the change.

When a conductor of the length / mo-
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IIBUJKICTIO V' y OAHOPIAHOMY MarHiTHOMY
noni, EPC enextpomMarHiTHOi iHAYKUIT & y
IIPOBIAHUKY TOPiBHIOE:

&=B-I'V-sinq,

Iie o - KyT Mix BekTopamu V' u B.

[ix niero cunu JlopeHua y NPOBIAHUKY
BiIOYBAETLCS po3’€0HAHHA 3apsadie: no3u-
mugHi 1 HecamueHi 3apSIA HaKOIHIYIOTHCS
Ha  NPOMUNEICHUX  KIHYAX NPOGIOHUKA,
YTBOPIOIOYM BCEPEHMHI HBOTO KYJIOHIBCHKE
noJe.

VY nnockii OpSAMOKYTHIM pammi, sKka
0bepmaemucsi 'y OJHOPITHOMY MarHiTHOMY
moji B i3 KyTOBOIO IIBHKICTIO @ Tak, IO
Bich 00EpTaHHA JISKHUTh y IJIOIIUHI pPaMKU
nepneHOUKyIApHO JI0 BEKTOpPAa MAarHiTHOI
innykuii B, B pamui Bunnkae EPC EMI, sika
JOPiBHIOE:

&=BS-wsin(w?),

nie S - TUIoIa paMKH.

HAsuwem camoindykyii Ha3UBAIOTH BUHH-
kHeHHs: EPC iHayKIii y eNeKTpHYHOMY KOJTi
B PE3YNbTATI 3MiHU Cuny cmpymy y LbOMY
KOMi. Brachne macnimte none 1bOro CTPyMy
B KOHTYpl YTBOPIOE MArHITHHH TOTIK @,
Kpi3b IJIOILY MOBEPXHi, OOMEKEHY KOHTY-
poM, SIKHH € nponopyionanbHum CUIL CTPY-

MY Y KOHTYpI:
D=L

BennunHa L Ha3uBae€ThCA IHOYKMUBHICMIO
KOHTYpY 1 € HOTO eleKmpUuyHolo xapaxkme-
pucmuxoio. 3HaueHHs L 3anesxcums 6i0 po-
3MipiB 1 GopMH MPOBITHHMKA, a TAKOXK BiX
MArHiTHAX BIIACTHBOCTEH CepeloBHINA, Y
SIKOMY 3HAXOIUThCs KOHTyp. Hampukmna,
02151 conenoioa OBXKUHOWO [ 1 MIOLIEIo Ie-
pepi3y BUTKa S i3 3arajibHAIM YKHCJIIOM BUTKIB
N iHAYKTHUBHICTb TOPIBHIOE:

2

L:ﬂ'ﬂoT:ﬂ'ﬂo'nz'Vs

I (4 - MarHiTHa IPOHHKHICTh CEpPeIOBHUIIA,
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ves at a velocity 7 in a homogeneous ma-
gnetic field, the EMF of the electromagne-
tic induction & in a conductor is equal to:

&=B-I'V'sinq,

where « is the angle between V and B.

Under the influence of the Lorentz
force, charge separation takes place in a
conductor: positive and negative charges
are stored on the opposite ends of a con-
ductor creating the Coulomb field within
a conductor.

In a flat rectangular frame which ro-
tates in a homogeneous magnetic field B
at the angular velocity @ in such a way
that its axis of rotation is within the frame
plane and is perpendicular to the vector
B, then EMF of the EMI is:

&=BS-w'sin(w'?),

where S is the frame area.
Self-induction is an emergence of an EMI
of the induction in an electric circuit as
the result of changing the electric current
in this circuit. The self-magnetic field of
the current in the circuit produces a mag-
netic flux @; passing through the surface
area which is limited by a circuit which is
proportional to the strength of the current
in the circuit:

O=L-1.

The quantity L is called a circuit induct-
ance and is its electric characteristic. The
value of L depends on the dimensions and
shape of a conductor as well as on the
magnetic properties of the medium the
circuit is in. For example, the inductance
of a solenoid as long as [ and having the
surface of a turn section S and the total
number of turns N is equal to

2

N--
Lep-py=——=ppy-n-V,

where x is a medium magnetic permea-



n=N/| - 41CIO BUTKIB Ha OJJMHUIIIO JIOBXKH-
Hu, V=S"[ - 06’em conenoiga. Y cuctemi CI
OOWHMI BHUMIPY iHOYKTUBHOCTI — [empi.
[L]=['H].

3a 3akoHoM EMI, sKIIO iHIYKTHBHICTD
KOHTYpY nocmitna, 10 EPC camoindyxuii
MPOTIOPIIHHA UWEUOKOCTI 3MIHU CMPYMY Y
KOHTYpi:

C —_

AD

£, =— L Al
At

Inoyxmuenicms KOHTYpY € Miporo HOro
"inepmHocmi" CTOCOBHO 3MiHH CTPyMy B
IIbOMY KOHTYPI.

Bnacuoro enepciero cmpymy cunoro [
Ha3WBA€THCS BEINUUHA, YUCETLHO PIGHA PO-
6omi, Ky HEOOXiJHO 3IIHICHUTU Ha IOM0-
nmanHs EPC camoiHyKuii aist CTBOpEHHS
ctpyMy / B KOHTYpi 3 IHIYKTHBHICTIO L.
Bona popiBHIOE eHepril MarHiTHOro MoJs,
CTBOPEHOT'O IPOBIJHUKOM 31 CTPYMOM:

2
wo=L L

M

Po3nin S KOJIMBAHHA TA XBHJII

5.1 KoruBaasHi pyxu

Konusanwni pyxu (konusanmnsa) — ue Taxi
pyXH, SIKi MarOTh JEAKUH CTYIiHb HO6MO-
prosarnocmi 'y daci. KonnBaHHS Ha3UBaKOTh-
cs nepioouunumu, SKIIO0 BOHU IOBTOPIO-
FOTBCS Yepe3 pigHi NPOMIJHCKY YaCY.

Ilepiooom ronuseanv T Ha3UBAETHCA
MIPOMIXKOK 4acy, 3a SIKMHA KOJIMBaJlbHA CHC-
TeMa 3I1HCHIOE 0OHe NOBHEe KONUBAHHS.

Yacmomorw Konueamp v HA3UBAETHCS
YHCIIO TIOBHUX KOJIMBAHb, SKi BiJOyBalOThCS
3a 0OUHUYIO UaCy:

1

T

[j = [Iy] (Fepy).

Hukniuna wacmoma @ — 1€ 9YNCIIO TIOB-
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bility, n=N/I is a number of turns per unit
length, =S/ is a solenoid volume. The
ST unit of inductance is Henry.
[L]==[Hn].

According to the EMI law, if a circuit in-
ductance is constant, the EMF of self-in-
duction is proportional to the rate of chan-
ge of the electric current in the circuit:

A, Al

si _L T
' At At

A circuit inductance is a measure of
its "inertness" as to a change of the elec-
tric current in the circuit.

Self-energy of the current of the strength
1 is called a value numerically equal to the
work which should be done to overcome
the self-induction EMF to produce the cur-
rent / in a circuit of the inductance L. It is
equal to the energy of the magnetic field
produced by a conductor with the current:
LI

W, 5

Section 5 OSCILLATIONS
AND WAVES

5.1 Oscillatory motions

Oscillatory motion (or oscillations) is
the motion possessing this or that degree
of recurrence in time. Oscillatory moti-
ons are called periodic if they recur in
right intervals of time.

Period of oscillations T is a time in-
terval one complete oscillation is done by
an oscillatory system.

Oscillation frequency f is a number
of complete oscillations done per unit
time:

1

f

1
T L} = [Hz] (Hertz).

Angular frequency o is a number of



HHUX KOJIMBaHb, sIKi BiJOyBalOThCs 3a 27-
CEeKYH:
2z | pao
w=2-7-v="2 P4
T c

Tapmoniuni Ko1UBAHHA — TaKl KOJH-
BaHHS, NIPH SIKUX BEJIMYHMHA, IO KOJIHBAETh-
Cs1, 3MIHIOETBCS 3 YACOM 3d 3AKOHOM CUnYCa
(abo xocunyca):

x=A-sin(w-t+g¢,).

BennunHa A4, sika IOpIBHIOE Mmakcuma-
JbHOMY abcomomuomy 3Havennio GpiznaHol
BEJIMYMHH X, IO KOJMUBAETHCS, HA3HUBAETHCS
aAMniMy0010 KONUGAHHS.

Bupas ¢p=(w-t+¢,) BU3HaUa€ 3HAYCHHS X
y OyIb-SKMil MOMEHT 4acy ¢ i Ha3UBa€ThCs
¢azoro konueanna. Bennunna ¢, BU3HAUaE
3HAYCHHS X) ) NOYAMKOBUL MOMEHm 9acy
t=0 1 HA3WBAETHCS HOUAMKOBOI0 (ha3oio.

Binvnumu Ha3UBaOTHCS KOJUBAHHS, SIKi
BUHUKAIOTh y CHCTEMi B pe3ylbTaTi Oyab-
SKOTO 0OHOPA308020 NOYAMKOBO20 GiOXU-
JleHHs 1€l CUCTEeMHM Bifl CTaHy CTiHKoi piB-
HOBard. SIKmo cucremMa xoucepsamusua (y
Hill BiACYTHI cuin TepTs abo CHJIM Omopy),
TO IPH KOJHMBAaHHAX He 6i00Y8AEMbCA pO3-
CisiHHA eHepeil, 1 BUIbHI KOJMBaHHS Ha3WBa-
I0ThCSI HE3A2ACAIOUUMU.

Hpyscunnuin maamuuk — 1e BaHTaX
Macoi0 m, AKWH 3iHCHIOE BiJbHI KOJIMBaH-
HS M €10 CUTU APYIHCHOCHE NPYICUHU, 3
koediuienToM npyxHocrti k. Ilepioo konu-
6aHb IPY>)XUHHOTO MasiTHUKA CTAHOBUTD:

m

T=2r-

Mamemamuunuii MaAMHUK — LIe Mate-
piangbHa TOYKA Macolo 71, sIKa MiABIIICHA Ha
He8acoMitli Hepo3mMANCHIN HUmMyi JOBXUHOIO
[, Ta 37ilicHIOE BUIbHI KOJMBAaHHS y BEPTH-
KaJlbHIN TUIOIINHI M JI€I0 cuiu maxiCinus.
Ilepioo konueans MaTEMaTHIHOTO MAasTHH-
Ka:
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complete oscillations done per 27
second:
2z [rad
w=2-rv=—"-/|—
s

Harmonic oscillations are the oscilla-
tions when an oscillating quantity chan-
ges by the sine or cosine law:

x=A-sin(w-t+¢,).

The quantity 4, equal to a maximum
absolute meaning of an oscillating physi-
cal quantity x, is called an oscillation
amplitude.

The expression p=(w-t+¢,) determi-
nes the value x at any time ¢ and is called
an oscillation phase. The quantity ¢, de-
termines the value x, at zero time t=0 and
is called an initial phase.

Free oscillations are those which oc-
cur in a system as the result of some sin-
gle initial deviation of this system from
the state of a stable equilibrium. If a sys-
tem is conservative (there is no frictional
or other forces of resistance), then oscil-
lating, there is no energy dissipation, and
free oscillations are called continuous os-
cillations.

A spring pendulum is a plummet of
mass m that makes free oscillations under
the influence of the elastic force of a
spring as rigid as k. A period of oscilla-
tions of a spring pendulum is:

m

T=2r-

A simple pendulum is a material po-
int of the mass m suspended by a weight-
less inextensible thread of I in length and
making free oscillations in a vertical pla-
ne by gravity. A period of oscillations of
a simple pendulum is
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T=2rx- L,

g

Jie g - IPUCKOPEHHS BUILHOTO MaJ[iHHS.
Ilosna mexaniuna enepzisa rapMOHIYHO-
T'0 KOJMBAIBHOTO PYXY JOPiBHIOE:

2 2 2 2 42
WekigmV_ kT KA _mo 4
2 2 2 2

Konueanvhum KoHmypom Ha3MBa€eThCS
CJICKTPUYHE KOJIO, SIKS CKIIANAETHCS 13 MOC-
JIZIOBHO 3'€JJTHAHUX KOHOEHCamopa €MHICTIO
C i KoTymKu inoykmusHocmi L. Y KoluBa-
JIBHOMY KOHTYpi MOXYTbh BiIOYBaTUChH Gilb-
HI eleKMPOMACHIMHI KOAUBAHHSL 3apsIy, Pi-
3HUII MOTEHLialiB Ha OOKIaaKaX KOHIEH-
caropa i eNeKTPUIHOro cTpymy y Koii. Ie-
Ppio0 1UX KONUBAaHb BU3HAYAETHCA QopMy-
a0t Tomcona:

T=2rn-~L-C.

5.2 XBuaboBi pyxu

Xeunvosum  npoyecom  (npysicnHumu
XeunsAmu) Ha3UBAIOTh HPOYeC NOWUPEHHS
KOUBAHb y TIPY')KHOMY CEpeIOBHII i3 4a-
COM.

Enexmpomaznimui xeuni - 1e momu-
pIOBaHI y TPOCTOPI KOJMBAHHS HANpydice-
nocmi E 1 indyxkyii B enekTpoOMarHiTHOro
OIS

XBUIISL HA3UBAETHCS HONEPEUHOIO, SKITIO
JAaCTUHKU CEPEelOBUINA KOJIMBAIOTHCSA y Ha-
NPSIMKaX, NepneHOUKyIApHUX O HANPAMKY
MOLIMPEHHS XBUIII.

XBUISI HA3UBAETBCS  HO3006IHCHBOIO,
SKIIO KOJMBAHHS YaCTOK CEPEelOBHINA Bil-
OYBAIOTHCS Y HANPSAMKY TIOITUPEHHS X BHJI.

Y meepoux minax moxnuse noumpeH-
HSI SIK TIO3/I0BXKHIX, TaK i MOMEPEYHUX XBHJIb.
Y zazax i piounax nOMMPIOIOTHCS MIiNbKU
N03008XCHI XBUIIL.

Josxncunoro xeuni A Ha3UBAETLCA Bijc-
TaHb MK JBOMa HAUOIUIICUUMU TOUYKAMH,
SIKI KOJIMBAKOTBCSL Y 00HaKosil (asi. AGO A -
1€ BiJICTaHb, HAa SIKY NMOLIUPUTHCS XBHJIA 32
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T=2r- L,

g

where g is free fall acceleration.
The full mechanical energy of a
harmonic oscillatory motion is equal

_mVZJrkxiz_kA;z_ma)zA2

W=K+II=
2 2 2

An oscillatory (resonant) circuit is an
electric circuit consisting of a capacitor
of a capacity C and an inductance coil L
connected in a series. Free electromag-
netic oscillations of a charge, potential
differences on capacitor plates and the
electric current in a circuit can take place
in the oscillatory circuit. 4 period of this
oscillations is expressed by Thomson's fo-
rmula:

T=2rx-AL-C.

5.2 Wave motions

A wave process (elastic waves) is the
process of oscillations propagation in an
elastic medium in time.

Electromagnetic waves are the space
propagation of oscillations of the intensity
E and induction B of the electromagnetic
field.

A wave is called fransverse if medi-
um particles oscillate in the directions
perpendicular to the direction of wave
propagation.

A wave is called longitudinal if me-
dium particles oscillate in the direction of
wave propagation.

In solids there can be propagation of
both longitudinal and transverse waves.
In gases and liquids only longitudinal
waves propagate.

A wave length 1 is called a distance
between two adjacent points with the sa-
me phase in a wave, i.e. the distance be-
tween adjacent peaks. The wave length is



oJiiH nepion 7 KOJIMBaHb JHKEpeIia XBHJIb:

_r_2z

A

=V-T

. V,
v [0

ne V - MBHIKICTD MOMIMPEHHS XBHIIL.
Pienanns naockoi xeuui, sika MoMMPIO-
€ThCS Y3/I0BXK OCi X:

S=A4cos(wt-kx+q),

ne S - 3HaueHHS KOJMBHOI BEJTMYUHH, X - Bi-
JCTaHb BiJ JOKepena XBWIi, k — Xeunvoge
uucno:

2r o
AV
VY neskoMy 00’emi V mpyxHOTO Ccepezo-

BUILA, Y SKOMY TOIIUPIOETHCS XBHIIS, Mic-
TUTBCS CEPEOHA eHeP2is:

Mo A

>

ne M - maca BuziieHOro 00’ emy.
Cepeons ycmuna enepzii XBUIi CKIIANIAE:

w.

cee

_p-a)2~A2

ZD-L‘L’E 2
A% 2

e 0 - TYCTHHA CePEIOBHIIA.

Enexmpomaznimna (EM) xeuns - 3minne
enekmpomazHimue none, ke MOLINPIOETHCS
y npoctopi. EM XBuni minarbes Ha padio —
Ta ceimnogi xBuii. LIBuaKicTh V normmpeH-
Hs EM xBuni y cepenosuiti (¢popmyra Ma-
Kceenna):

I & 1 4 - BIAHOCHI JieJIeKTpHYHA 1 Mar"iTHa
NPOHUKHOCTI CEPEe/IOBUINA, ¢ - HIBHIKICTH
MOLIMPEHHS CBITJIA Y BaKyyMi.

EM xBuii € nonepeunumu, T00TO KO-
JIMBAHHS BEKTOPIiB HANPYKEHOCTi 3MiHHOIO
eneKTpuuHoro noiust E Ta iHaykuii 3MiHHOTO
MarHiTHoro mois B e3zaemno nepnenouxy-
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related to its velocity 7 and frequency f,
_¥_ 2z

/

where T is the period of oscillations.
The equation of a plane wave pro-
pagating along the axis x:

A=V-T -V,

4]

S=A4-cos(wt-kx+q),

where S is a value of an oscillating quan-
tity, x is the distance from the wave sour-
ce, k is a wave number:

_2r_o
AV
In some volume V of an elastic medi-

um a wave is propagating in, there is an
average energy:

k

M- A
w =T

El

where M is a mass of a released volume.
An average density of a wave energy is
W, do-A

av

@,
vV 2

>

where d is a medium density.

Electromagnetic (EM) wave is a di-
verging in space alternating electromag-
netic field. EM waves are divided into
radio- and light waves. An EM wave ve-
locity 7 in a medium (Maxwell's formu-
la) is:

where ¢ and y are relative dielectric and
magnetic permeabilities of the medium, ¢
is light velocity in vacuum.

EM waves are transverse, that is oscil-
lations of intensity vectors E of an alter-
nating electric field and induction B of an
alternating magnetic field are mutually
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JApHI 1 IeXaTh Y IUIOMIUHI, NePIeHIUKYII-
PHill BEKTOPY IIBHIKOCT] MOMIMUPEHHS XBUIII
V. Li xBuii neperocsimo enepeiro EM nons
y HampsIMKy CBOTO IOIIMPEHHS (BEKTOpa
V). O6'emna zycmuna enepzii EM mons

XBUII:
]
]

Ie &1 L - SNEKTPUYHA Ta MarHiTHA CTali B
cucremi CI.

BZ
+7
2y,

Po3ain 6 OITUKA

OnmuKoro Ha3UBaIOTh PO31i1 Bi3UKH, KU
BUBYA€ SBUIA 1 3aKOHOMIPHOCTI, IOB'sI3aH1
i3 BUHMKHEHHSIM, TOIIMPEHHSM Ta B33a€EMO-
Ii€ro cBITI0BHX EM XBHIIb 13 PEYOBHHOKO.

6.1. I'eomeTpr4Ha ONTHKA

VY eeomempuunivi onmuyi po3riIsaar0TbCS
3aKOHM HOIUMPEHHS CBiTJIa y MPO30PHX Ce-
penoBHUILlaX HAa OCHOBI YSBJIEHb PO CBITIIO,
SK IIPO CYKYIHICTb C8Iim/106UX NPOMEHIE -
JiMitl, Y3IOBXK SIKHX IOIIUPIOETHCSI SHEPTis
ciTnoBux EM xBunb. TyT He gpaxosyromo-
¢s1 XBUJIBOBI BJIACTUBOCTI CBITIIA 1 TIOB'sI3aH1
i3 HUMU JudpakiiiiHi SBUIIA.

Abconiomnuil NOKA3HUK 3A10MJIEHHA
cepedoguua n TOKa3zye, y CKUIbKH pa3iB
LIBUJKICTh TOIIMPEHHS CBITIA ) 6aKYyMi
OiybIla 3a WIBUAKICTH CBITIA ) YbOMY cepe-
dosuuyi, TOOTO:

V‘("'/ua

JIe € Ta 4 — BIJIHOCHI JiCJICKTPHYHA i MarHi-
THa IPOHMKHOCTI ceperoBumia. s 6yosb-
K020 CEpelioBUIA, KpiM Bakyymy, n>1, i
BEJIMYMHA 71 3aexcumb 6i0 YaCTOTH CBITIIA
V Ta CTaHy CepeloBHUINA — Ti TYCTHHH 1 TEM-
nepaTypu.

Bionocnuii nokasHuk 3anomnenusn ny
JIPYroro CepeloBHIa BiTHOCHO IEPLIOTo
MOKAa3Ye€, ¥ CKibKY pa3ié MBUIKICTD ITOIIH-
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n=—=

14

perpendicular and are in the plane which
is perpendicular to the vector V of a wave
propagation. These waves transfer energy
of the EM field at the direction of wave
propagation (vector V). The volume den-
sity of energy of the wave EM field is:

g

where & and g are respectively electric
and magnetic constants in the SI system.

e, B> B
7_*_7

w=0,+0,=
2 2upy,

Section 6 OPTICS

Optics is a branch of physics to study
phenomena and regularities connected
with emergence, propagation and interac-
tion of light EM waves with a substance.

6.1. Geometric Optics

Geometric optics studies the laws of
light wave propagation in transparent me-
dia on the base of the ideas of light as a
set of light beams that is lines along
which the energy of light EM waves pro-
pagates. Geometric optics doesn't consi-
der the wave properties of light and dif-
fraction phenomena related to them.

An absolute index of a medium re-
fraction n shows what times the velocity
of light wave propagation in vacuum is
larger than the velocity of light in a given
medium, 1.e.

Vglﬂﬁ

where ¢ and u are relative dielectric per-
mittivity and magnetic permeability of
the medium. Any medium, but vacuum,
has n>1, and quantity n depends on the
light frequency f and the medium state,
that is its density and temperature.

A relative index of refraction ny, of
an other medium as to the first one shows
what times the velocity of light wave

n=—=

14
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PEeHHs CBiTJa y mepmiomy cepemoBuili Oi-
JIbLIA, HIK y APYTOMY:

Ie 1y Ta 1y - aDCONIOTHI MOKa3HUKH 3aJI0M-
JICHHSI TIEPIIOTO 1 IPYroro CepemoBHIN BiJ-
TIOBIJTHO.

CepenoBullle HA3UBAETHCA  ONMUYHO
00HOpIOHUM, SIKIIO HOTO TOKAa3HUK 3aJ0M-
JI€HHS CKPi3b 00HAKO6UL. Y ONTHIHO OJJHO-
PIIHOMY CEpEeIOBHIL CBITJIO MOIIMPIOETHCS
APAMOIHIGUHO (3AKOH NPAMONIHIUHO20 NO-
WUpenHs ceimaa).

ITyuku CBITIOBUX IIPOMEHIB IIPU MEPETH-
HaHHI [OIIUPIOIOTHCS HE3AIEHCHO 00U 6i0
0py2020 (3aKOH HE3ANENHCHOCI CEIMI0BUX
nyyKie).

[Ipu mangiHHI CBITJIIOBMX HpPOMEHIB Ha
i0eanvHo NAOCKY Mexcy PO3ALTY ABOX HpO-
30pUX CEPEIOBHII, BiNOYBAIOThCS SBHIIA
6iobusanna 1 3anomnenna csitna. Hamps-
MOK TOUIMPEHHSI CBITJA 3MIHIOEMbCA TIPU
nepexoni Horo B apyre cepeoBUIe, 32 BH-
KIIFOYCHHSM BHIAIKY HePHeHOUKYIAPHO20
MajiiHHg TPOMEHIB Ha MEXY PpO3MOIiTy.
Kymom nadinna o Ha3sUBa€ThCA KyT MIX
NaJaloyiM HPOMEHEM 1 MEePHEeHAUKYISPOM
JI0 TPaHHIII PO3MOJLLY, TPOBEICHUM Y TOYILI
nagiaas. Kymom 6i0oueanus o' Ha3uBa€eTh-
csl KT MDK BiIOMTHM IPOMEHEM 1 TUM ca-
MHUM TEpHeHAuKyIIpoM. Kymom 3anom-
JIeHHA [f HA3UBAETHCS KYT MK 3aJIOMJICHUM
MPOMEHEM 1 [[UM TEePIEHIUKYIISPOM.

3akon 6iobueanna ceimaa: NafaYUM
MPOMiHb, BIIOUTHI MPOMIHb 1 IEPICHAUKY-
TSP 10 MEXi PO3MOJINYy JBOX CEPEeNOBHIL,
BiJTHOBJICHUH 13 TOYKU MaJiHHSI, JIexcamsy y
OOHIll nIOWUHI, IPU LIbOMY KYT BiTOMBaHHS
o 0opignioe KyTy NaJiHHA a.

BinOuBanHsg cBiTIa, SKE 3aJI0BOJIBHSE
IIbOMY 3aKOHY, HA3UBAETHCS O3E€PKAILHUM.
SIKIo yMOBa N3ePKANBHOCTI He GUKOHYENb-
¢, 3aKOH BiIOMBaHHS HECIIPaBEUIMBHUM, a
BiZIOMBAHHS CBITJIa HA3UBAETHCS OUPYIHUM.
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propagation in the first medium is larger
than the one in the second medium:

172

21 2
V., n

where n;, n, are absolute indices of re-
fraction of the first and second media, re-
spectively.

A medium is called optically homo-
geneous if its index of refraction is the
same everywhere. In an optically homo-
geneous medium light propagates stra-
ight (the law of the straight light wave
propagation).

When crossing, light beams propagate
independently of each other (the law of
light beams independence).

When light beams are incident on a
perfectly plane boundary of two transpar-
ent media, the phenomena of light reflec-
tion and refraction take place. The direc-
tion of light propagation changes when
passing into the other medium, except
when light beams are incident on the
boundary perpendicularly. The angle of
incidence « is the angle between an inci-
dent beam and a perpendicular to the
boundary restored in the point of inci-
dence. The angle of reflection o' is the
angle between a reflected beam and the
perpendicular. The angle of refraction [
is the angle between a refracted beam and
this perpendicular.

The law of light reflection: an inci-
dent beam, a reflected beam and the per-
pendicular to the boundary of two media
restored in the point of incidence are
within one plane, the angle of reflection
o' being equal to the angle of incidence.

Light reflection answering this law is
called mirror reflection. If a mirror re-
flection condition is not satisfied, the law
of reflection is invalid, and light reflec-
tion is called diffuse.
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3axon 3anomnenna ceimna: Nagaodui
1 3aTOMJICHUI TIPOMEHI, 8 TAKOX MePIICH M-
KyJp, TMPOBEAEHUH Yy TOYLi MamiHHA, Je-
Jicamov Y 0O0HI naowyuHi. BiTHOIICHHS CH-
HYCIB KYTIB TAJiHHS Ta 3aJOMJICHHS JUIs
JIBOX CEPEIOBUIL € BEITHMINHOIO, IO JAOPIiB-
HIOE BIHOCHOMY ITOKA3HUKY 3aJOMIICHHS
IIUX CEPENOBUIIL:
sina
sin
3aKoHHU 8I0OU6AHHS 1 3AI0OMNEHHS CBITIIA
CIpaBeUIUBI I 0OHOPIOHUX [30MPOnHUX
cepedoeuwy y BiJICyTHOCTI NOTJIMHAHHS CBi-
Tia. SIkmo n,,>1, To Apyre cepenoBuIIe Ha-
3UBAETHCS ONMUYHO Oinbut 2ycmum. SIKIo
CBITJIOBI TIPOMEHI 13 ONTHYHO O1IBII I'yCTO-
rO CepelOBHIIA TaJal0Th Ha TPAHHUIIO PO3-
MOJITY i3 ONTHYHO MEHII I'yCTUM Cepeo-
BUIIEM (HAIPUKIAL, 31 CKIa Y BOAY), TO KYT
3ajioMJICHHS f§ Oy1e Oinbium 3a KyT Ta(iH-
Hs o. [Ipu 30inblIeHH] KyTa TamiHHA, VI
NESKOTO 0l KYT 3JIOMIICHHS 5 CTaHE piB-
HuM 907, 1 CBITIIO He nepetide y dpyze cepe-
oosuuje. lle sBUIIE HA3UBAETbCS HOGHUM
gioousannam. Kyt o, Ha3UBaeTbcs cpa-
HUYHUM KYMOM HO6HO20 8i00uanHs. SIKio
CBITJIO TIEPEXOUTH i3 CEPEIOBHUILA 3 TIOKA3-
HHUKOM 3aJIOMJICHHSI 71; Y TIOBIiTpSA 3 ny=1, TO
IPaHUYHUIA KYT TMOBHOTO BiJOMBaHHS MOX-
HA BHU3HAYMTH i3 YMOBH:

21

. 1
smea,, =—.

nl

6.2 Jlin3n

JIin3010 Ha3WBaIOTH MPO30pEe Tino, 00-
MEXEHE 3 JIBOX OOKiB KPHBOJIHIHHHMH T10-
BepXH’IMH. B okpeMoMmy BHIaiKy omHa i3
MIOBEPXOHb MOXe OyTu miockoro. Y Oilb-
LIOCTI BHUMAJKIB OOMIBI MOBEPXHi, sKi 00-
MEXYIOTh JiH3Y, cepuyni. JliH3a BBaXKa-
€ThCS MOHKOI0, SKIIO 11 TOBIIMHA Habaza-
mo Menwa 3a pajalycu KpuBMHH R; Ta R, ii
MIOBEPXOHb.
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The law of light refraction: an inci-
dent beam and a refracted beam as well
as the perpendicular restored in the point
of incidence are within one plane. The
relation of sines of the angles of inci-
dence and refraction for two given media
is constant and equal to a relative refrac-
tive index of these media:

sina
sin §

The laws of light reflection and re-
fraction are valid for homogeneous iso-
tropic media when there is no light ab-
sorption. If n,>1, the other medium is
called optically denser. If light beams
from an optically denser medium are in-
cident on the boundary of an optically
less dense medium (for example, from
glass into water), the angle of refraction
will be /larger than the angle of incidence
a. When increasing the angle of inci-
dence, for some ¢, the angle of refrac-
tion /8 turns to be equal to 90° and light
does not pass into the other medium. This
phenomenon is called fotal reflection.
The angle a,,, is called a critical angle
of total reflection. If light passes from a
medium with an index of refraction 7; in-
to the air with n,=1, then «,,,, can be fo-
und from the formulae:

n2]

max

. 1
sina,, =—.
nl

6.2 Lenses

Lens is a transparent glass limited on
both sides by a curvilinear surface. In a
particular case one of the surfaces may be
flat. In most cases both surfaces limiting
a lens are spherical. A lens is thin if its
thickness is much less than the radii of
curvature R, and R, of its both surfaces.
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[Ipsimy, mpoBeneHy uyepe3 LEHTPH KpH-
BUHU 000X MOBEPXOHb, HA3HBAIOTh 20J106-
HOW ORMUYHOW Giccio TH3U. Y MOHKIU -
H3[ TOYKU MIEPETHHY TOJIOBHOI ONTHYHOT OCi
i3 oboma moBepxHsaMu O; Ta O, MOXHa
BBa)XKaTH CIOJYYCHUMH y OAHIA Toumi O,
SIKa HA3UBAETHCS ORMUYHUM UEHMPOM Ji-
n3u. Bynp-sxuil IpoMiHb CBiTIa, WO MPO-
XOIUTh Yepe3 ONTHYHHWN LEHTP JIiH3H, He
3MiHIOE CBOTO HANPSIMKY, He 3A10MAIOEMbCs
JH3010.

IIpomeHi mapakcianbHOTO (npuocbLo60-
20) TyYKa, M0 TOUIHUPIOIOTECS HAPAEIbHO
20106HIli ONMUYHIL 8iCi, IEPETUHAIOTHCS Y
TOUYII, SIKa JIEKUTH Ha Iiif 0Ci 1 HA3MBAETHCS
goxkycom ninsu. Y Oynp-sKOi JH3U iCHY-
I0Th 06 hokycu 1o 00uBa OOKH Bij HEi.

[TnomuHa, npoBeneHa yepe3 HOKyc JTiH3U
nepneHouxyasApHo 1o ii roJI0BHOI ONTUYHOI
0Ci, HA3UBAETHCS POKANLHOI NIIOWUHOIO.

Biacranp Bil ONTHYHOTO IEHTPY JIH3H
1o ii (oKyCiB Ha3UBAETHCS POKYCHOIO 8i0-
cmannio ainzu F:

fm | [L_L
F n R R )
e n; 1 n, - abCOJIIOTHI MTOKAa3HUKH 3aJI0M-
JIHHS JJISL MaTepiaiy JIH3U Ta OTOYYI04Oro
cepenoBuina, Ry ta R, - pagiycu KpUBHHHU
nepeoHvboi 1 3a0Hb0i (BIIHOCHO TpenMera)
ITOBEPXOHB JIIH3H.

Dopmyna moukoi nin3u, ClpaBeiIMBa

JUIs HapaKcianbHUX IPOMEHIB!

1.1

———

d f F
ne d 1 f- BifcraHi 0o npedmema Ta 11020 30-
Opaodicents, SIK1 BIIPaXxOBYIOTHCS Bil ONTHY-
HOTO IIEHTpPA JIIH3U y3/I0BXK ii TOJOBHOI OI-
THYHOI oci, F' - (OKyCHa BiJCTaHb JIiH3H.
3Hak "+" - mus 36ipHoi niH3W, a 3HaK "-" -
IUISL PO3CIit08ANHOI.

Jlin3a Ha3uBaeTbCs 30ipHON, SIKIIO Tl
Kpai TOHIII 3a cepeauny. s CKIISTHUX JiH3
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A straight line drawn through the cen-
ters of curvature of both surfaces is called
a lens principal optical axis. In a thin
lens the points of intersection of the prin-
cipal optical axis and both surfaces O,
and O, may be considered as merging in-
to one point O which is called the lens
optical centre. Any light beam passing
through the lens optical centre doesn't
change its direction (it is not refracted by
a lens).

Beams of a paraxial (biaxial) light
beam propagating in parallel with the
principal optical axis, cross in the point
on this axis and are called a lens focus.
Any lens has two focuses on its both
sides.

A plane passing through the lens fo-
cus perpendicular to the principal optical
axis is called a focal plane.

The distance between the lens optical
centre and its focuses is called a lens fo-
cal distance F'

where n, and n, are absolute refractive
indices for a lens material and the envi-
ronment, R; and R, are the radii of curva-
ture of the front and back (as to the ob-
ject) surfaces of a lens.

A thin lens formula is true for parax-
ial rays:

where d and f are distances fo the object
and fo it image which are counted off
from the lens optical centre along its prin-
cipal optical axis, F is a lens focal distan-
ce. The sign "+" is for a converging lens,
the sign "-" is for a diverging lens.

A lens is called converging if its ed-
ges are thinner than its centre. For glass
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y moBitpi (n,>n;) 30ipHUMHU € 0800NYKI,
NII0CKO-ONYKII Ta 62HYMO-ONYKi JIH3H.

JliH3a Ha3WMBa€ThCA  PO3CIlOBANBHOIO,
SIKIIO 11 ceperHa monwa, Hix kpai. Posci-
IOBAJIGHUMHE € 08062HY NI, NIOCKO-62HYMI T
ONYKN0-62HYMi JH3U.

Junst 36iprux nin3 Goxycu diticui, a st
PO3CII08ANbHUX - YPAGHI.

Benmuuna D=1/F Ha3zuBaeTbcs onmuy-
Hotw cunoio ninzu. s 36iprux nin3 D>0, a
st poscitosanvhux D<0. OntudHa cuma
BUMIPIOETHCS 8 OlONmpIsix:

1 Jntp=1 M.

300paxeHHs Oyab-sfKOi TOYKM Ipel-
METY B JIiH31 3HAXOTUTBCA )y mouyi nepe-
muny 080X npomerieé (a0 iXHIX npo0o0s-
Jicensb), KI BUHILIH 13 1€l TOYKM 1 mpoii-
[UTA 4epe3 JiH3Yy. 3BHYaifHO A o0ymo-
BU 300pakeHb BUKOPHCTOBYIOTBCS 08a i3
mMpbOX TIPOMEHIB:

1) npomiHb, KUl NPOXOIUTH O€3 3aJIOM-
JICHHS Yepe3 OnmuyHull yeump JiH3H,

2) MPOMiHb, SIKHH MAIA€ NAPALENbHO 20106~
Hitl onmuynill Gici — TICIS 3aJIOMJICHHS B
TiH31 el mpoMiHk (200 HOTO MPOIOBXKEH-
HS) NPOXOAWUTH Yepe3 3aJHil BiIHOCHO 1O
MIPEAMETY 20108HULL POKYC;

3) npoMiHb (2060 HOro MPOJOBKEHHS), KU
MIPOXOINTh YEPe3 nepeoHili 20/108HUl Go-
Kyc, a TICIsl 3aJIOMJICHHSI B JIiH31 e napa-
JIeIbHO 207I06HItl ONMUYHILL BICI.

Jtiniiinum nonepeunum 30inbuienuam
TOHKOI JIH3U Y Ha3WUBA€ThCS BiTHOUICHHS
JiHIHHUX pO3MIpiB 300padicenns h, Ta npe-
omemy hyp, PO3TALIOBAHMX MEPIEHAUKYISA-
PHO JI0 TOJIOBHOT ONTHUYHOT BicCi:

Y=
h

np
3nak "+" (Y>0) BigmoBigae mpsmomy 30-
6padcennio, a 3uak "-" (Y<0) — obeprernomy
(epeBepHyTOMY) 306pasncentio. 13 momio-
HOCTI TPUKYTHHKIB, OTPUMaHHUX IpH TOOY-
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lenses in the air (n,>n;) converging len-
ses are biconvex, plano-convex and con-
cavo-convex.

A lens is called diverging if its centre
is thinner than its edges. Diverging lenses
are biconcave, plano-concave and con-
vexo-concave.

For converging lenses focuses are real,
and for diverging lenses - imaginary.

The quantity D=1/F is called a lens
focal power. For converging lenses D>0,
for diverging ones D<0. The focal power
is measured in diopters:

1 Dptr=1 m™".

An image of any point of a subject is
in the point of intersection of two beams
(or their length) coming out of this point
and passing through a lens. To draw im-
ages two (out of three) beams are used:

1) a beam passing through a lens optical
centre without refraction;

2) a beam falling down in parallel with
the principal optical axis - after refrac-
tion in a lens this beam or its length pas-
ses through the back as to the subject
principal focus;

3) a beam (or its length) which passes
through the front principal focus and af-
ter refracting in the lens goes in parallel
with the principal optical axis.

A linear lateral magnification of a
thin lens m is called a relation of linear
dimensions of an image 4;, and a subject
h, which are placed perpendicurly to the
principal optical axis.

The sign "+" (m>0) corresponds to the di-
rect image, and the sign "-" (m<0)
corres-ponds to the reversed (inverted)
image. Out of the similarity of the trian-
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J0Bl 300pa’keHHs Yy JIiH31, A JIiHIHHOTO
301/IbIIIEHHS BUXOIUTD:

Y=

S
-

3 ypaxyBaHHSAM IIpaBHiIA 3HAKIiB JUIf f 1
d, nns diichux 300pasicens Y<0, T0OTO, BO-
HU o0fepHeni, 1S ysenux 300padiceis Y>0 -
BOHU HPAMI.

6.3 XBHJILOBA ONITHKA

X6ub06010 ONMUKOI HA3UBAETHCS PO-
3171 YUeHHS [IPO CBITJIO, Y SIKOMY BOHO PO3-
TTSIAETECS AK eNeKMPOMASHIMHI XGuJi, K1
3aiiMaoTh MEBHUI iHTepBan Ha mkami EM
XBHJIb. Y XBHIJIBOBIH ONTHUII PO3TIISIAIOTHCS
3aKOHH 8UNPOMIHIOBAHHS, NOWUPEHHS 1 83a-
€MOOii CBITIIOBUX XBHJIb i3 PEYOBUHOTO.

Hlguokicms ceimna BU3HAYAETHCSA aHa-
JIOTiYHO MIBHAKOCTI MOUIMPEHHS  XBHII
Oynb-sxoi mpupod. IIBUAKICTE mommpeH-
Hs cBitna y eaxyymi ¢=3 10° m/c. Bumipu
LIBUJKOCTI CBITNIA V'y Pi3HUX npo3opux ce-
peoosuwax TiNATBEPIUIH, IO BOHA 3MeH-
wlyembcsi 'y TOPIBHSHHI 31 IIBUIKICTIO ¢ Y
BaKyyMi BIATIOBITHO 13 (hOPMYJIOHO:

e

b

C
n

Ie n=.&-u - aOCOMIOTHUU MOKA3HHUK 3a-
JIOMJICHHS JTAHOT PEYOBHHH.

InTepdepennis cBitia

Inmepgpepenyicro xeunv Ha3UBAETHCA
SIBUIIC HAKJIAJAHHS XBWIb, IPU SKOMY BiJ-
OyBaeTbCsl IXHE G3AEMHE NOCUNEHHS Y Ofi-
HHUX TOYKaxX MPOCTOPY 1 ociabneHHs -y iH-
mux. Pesynbrar iHtepdepeHuii saresxcumo
BiJ piznuui ¢haz Agp XBWIb, SIKI HakiIaga-
10TbCs. [HTepdepyBaTH MOXYTH TIBKH KO-
2epenmHti xXeui, y SIKUX KOJMBaHHS BifOy-
BAIOThCS Y3JOBXK 00HO20 HANpAMKY. XBUI
(ta 30ymKyroui iX mKepena) Ha3WUBAIOTHCS
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gles having resulted from drawing an im-
age in a lens, it follows for linear magni-
fication:

Taking into account the rule of signs
for f'and d, for real images m<0, that is
they are reversed, for imaginary ones
m>0), that is they are direct.

6.3 Wave Optics

Wave optics is a part of the study of
light in which it is considered as electro-
magnetic waves taking a certain interval
on the scale of the EM waves. In wave
optics there are considered the laws of
radiation, propagation, and interaction
of light waves and a substance.

Velocity of light is determined in the
same way as the wave velocity of any
type. Light velocity in vacuum is equal to
¢=3-10" m/s. Measurements of light velo-
city V in different transparent media ha-
ve confirmed that it slows down in com-
parison with the velocity ¢ in vacuum ac-
cording to the formula:

4

b

c
n

where n=.,/¢-u is an absolute refractive
index of a given substance.

Interference of Light

Wave interference is the phenomenon
of wave superposition when their mutual
amplification takes place in some points
of the space and their attenuation takes
place in the other points. The result of in-
terference is dependent on the difference
of phases Agp of superimposed waves.
Only coherent waves in which oscilla-
tions are set up along the same direction
can interfere. Waves (and sources exiting
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Kozepewmuumu, SKIO pi3HULS (a3 XBUIb
He 3anedicumb BiJl Hacy (3anumaemocs noc-
MIlHO0I0):

Ap=0,-p,=const.

Bl cuHycOimanbHI XBHI KO2epeHmHi,
SIKILIO IXHI Yacmomu 0OHAKOBI ] =w,.

Inmepgpepenyicio  céimna Ha3UBAIOTH
siBrme iHTepdepenmii EM xBunb onmuunoco
dianaszoHy, y sIKMX KOJIMBaHHS BiJOyBalOTh-
csl ¥y ooHaxosux niowunax. Pesynprar Ha-
KJIaJJaHHSI KOTCPEHTHUX CBITJIOBUX XBHIIb,
CIIOCTEPE)KYBaHHUH Ha €KpaHi y BHIJIAAI Ma-
KCHUMYMIiB 1 MIiHIMYMIiB OCBITJICHOCTi, IO
YepryloThess MK CO0O0I0, HA3UBAIOTh iHMe-
pepenyiiinoro kapmunoio. Ilpn HakiagaH-
Hi HEKOT€PEHTHUX CBITJIOBUX XBWJb Bif0y-
BAETHCS TUIBKU NOCUTIEHHs C8imd, a THTep-
(epeHIis He CoCTepiraeThesl.

[Isunkicte ¥V momupenns EM xBuii B

PEUYOBHHI 3MeHwyembca 'y n-pasiB: V=c/n.
Tomy,

T00TO, IOBXKHHA CBITJIOBOI XBWIIi A y pedo-
BHHI 13 TOKa3HUKOM 3aJIOMJICHHS 11 3MEHUL)-
€mbcsi y TIOPIBHSHHI 13 TOBXKUHOO XBHII 4
y Bakyymi. Ha Bifcrani d, Ky TpOXOAUTH
EM XBWiIsl y PEUOBHHI, YKIAAEThCS Kib-
KIiCTh JIOBKHH XBWJIb y H-pa3iB Oinbuud, HIX
y BakyyMi. Y ONTHI BBOJUTHCS MOHATTS
ontuunoi 0oexcunu xeuni A=n d, ne d —
reoMeTpUYHa JOBXKHMHA LUIAXY XBHI, n —
MOKa3HUK 3aJIOMJICHHS cepenoBuima. On-
MuYHa 008JICUHA WXy A xapaxmepuszye
KUTBKICTh JTOBKUH XBHIIb, K1 YKIaJaIOThCS
y JaHOMY CEpeJOBHILI HAa reOMETPUYHOMY
nuaxy xsuii. CBITIOBI XBWIII, BHIIYIIEHI
KOTEPEHTHUMH JpKepenaMu S 1 Sy, MOXKYTh
MOIIVPIOBATUCH 6 PIZHUX PEHOGUHAX 13 TIO-
Ka3HUKaMHU 3aJIOMJICHHS 7, 1 n,. Pi3HHAIA O
ONTHYHHUX JOBXHUH LUISAXIiB JBOX MPOMEHIB
Ha3UBAETHCS ONMUYHOIO PI3HULEIO XO00Y:

0=A,-A=n,-d,—n, -d,.
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them) are called coherent if the phase
difference of waves is not dependent on
time (it remains constant):

Ap=0,-p,=const.

Two sinusoidal waves are coherent if
their frequencies are the same ®=w,.

Interference of light is the phenome-
non of interference of EM waves of an
optical band in which oscillations take
place in the identical planes. The result
of superposition of coherent light waves
observed on the screen in the form of al-
ternating maxima and minima of illumi-
nance is called the interference (fringe)

figure. On superposing incoherent light

waves, only light amplification takes pla-
ce and no interference is observed.

The velocity V of an EM wave propaga-
tion in a substance decreases by n-times:
V=c/n. So,

ﬂ‘O
)
n

1=v.T=S.17=
n

i.e., a light wavelength A in a substance
with refractive index n decreases in com-
parison with the wavelength A, in vacu-
um. Within the distance d which an EM
wave passes in a substance a number of
wavelengths is n-times more as in vacu-
um. In optics there is introduced a con-
cept of @ wave optical path length A=n-d,
where d is a geometrical path length of a
wave, n is a refractive index. An optical
path length A characterizes the number of
wavelengths which are present within a
given medium along the geometrical path
length of a wave. Light waves emitted by
coherent sources S and S, can propagate
in different substances having the refrac-
tive indices n; and n,. The difference 6 of
optical path lengths of two beams is cal-
led the optical-distance difference:

0=A,-A=n,-d,—n,-d,.


Админ
Підсвічування


Ymoea nocunenna xeunsy: na onTUUHIN
PI3HHMII X0y MYCHUTb YKIIaIaTUCh NAPHA Ki-
JbKicmy TMBXBWIb (a00 yina Kinbkicmb IO-
BYKHMH XBUIIb):

A
§=2k3, 1e k=0, 1,2,..

Ymoea ocnabnenns xeunsv: Ha ONTHYHIN
PI3HHII XOJly MYCHUTb YKIIAIAaTUCh HenapHa
KIIbKICMb TIBXBHIIb:

yl
5:(2k+1)-5 Lk=0,1,2,...

Jlnst inTepdepentii citia moTpioHo, 1100
CBITJIOBI XBUIIi Oyiu KozepenmHi. MeTonoM 1i
CIIOCTEPEXXEHHS € pOo3ujenieHHs XBUI, sKa
BUITYCKA€THCSI OOHUM OJICepesioM ceimaa Ha
OBl abo gekiigpka XBWIb. Ilicias mpoxo-
TDKCHHSI pi3HUX ONTHYHHUX TOBXKHH NMUISXIB,
i XBWJII HAaKJIaHalOThCS B TOYKAX CIOCTE-
PEXKEHHS 1, MAIOUH NIESIKY ONMUYHY PI3HUYIO
X00y, al0Th IHTEp(epeHLiiHy KapTHHY.

JAudpaxuis ceitaa

Jughpakuicro ceimna Ha3UBAECTHCS 02U-
HAaHHs CBITJIOBHMH XBHJIAMH mepenkon. Lle
SBUILIE YKA3y€ HA NOpYyuieHHs 3aKOHIB I'eo-
METPUYHOI ONTHKH. YMOBOIO CIIOCTEPEKEH-
Hs mudpakiii €:

DZ

lx——,
4-2

ae [ - BiAcTaHb BiA nepemkonu, D - miHiiHi
PO3MIpH MEPeKOIU, A - JAOBXKUHA XBHII
CBITIIA.

Ilpunyun T'ioiicenca: KoXHAa TOYKa
XBHJIBOBOTO (DPOHTY € 0dicepeiom 6MmopuH-
Hux cgpepuunux xeunb. HoBe MONOXKEHHS
XBUJILOBOTO (PPOHTY uepes yac Af sIBISE CO-
0010 006i0HY NO6EPXHIO BTOPUHHUX XBUJIb.
el NpUHUMIT € YUCMO 2eOMEMPUYHUM, 1
JI03BOJISIE TOSICHUTH 3aKOHH 6i00U6aHHA 1
3A10MAEHHSA CEIMA.

Ilpunyun I'oiicenca-Dpenens: BCi BTO-
puHHI chepuuHi XBUII, IO BUIPOMIHEHI
KOXHOIO TOYKOIO XBHJIBOBOIO (poHTY, €
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The condition of wave amplification:
an optical-distance difference must con-
tain an even number of half-waves (or an
integral number of wave lengths):

A
o =2k S where k=0, 1, 2,...

The condition of wave attenuation:
an optical-distance difference must con-
tain an odd number of half-waves:

6=(2k+1)% k=0,1,2,...

To interfere light, it is necessary that
light waves are coherent. The method of
interfering light is splitting a wave emit-
ted by one source of light into two or
more waves. After covering different op-
tical path lengths these waves superpose
in the points of observation and, having
some optical-distance difference, result in
an interference (fringe) figure.

Light Diffraction

Light diffraction is the phenomenon
of bending around an object by light wa-
ves. This phenomenon points fo the viola-
tion of the laws of geometrical optics.
The condition of diffraction is:

2
lz—D ,
42

where / is a distance from an obstacle, D
are linear dimensions of an obstacle, A is
a light wave length.

Huygens principle states that every
point of a wave front is a source of sec-
ondary spherical waves. A new position
of a wave front in the time At is a bend-
ing surface of secondary waves. This
principle is geometrical only, and it may
explain the laws of light reflection and
refraction.

Huygens-Fresnel principle states that
all secondary spherical waves emitted by
every point of a wave front are coherent
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Ko2epenmHumu Ta iHTEpP(EPYOTh MIX CO-
6oto. Lleit npuHIKI JO3BOJISE MOSICHUTH 3a-
KOH NPAMOJIHIUH020 NOWUPEHHs C8Ima.

Ipu nudpakuii cBiTHa Ha 8y3bKill winu-
Hi, nocuienHs cBiTna (Ougppaxuitini max-
cumMymu) CIIOCTEPITAIOThCS i KyTaMH ¢,
SIKI 38J0BOJIBHSIOTH YMOBI:

b.sinq):(2k+1)~§,

ne b - WMpHHA WIIMHK, ¢ - Kym ou@pakyii
(KyT BiIXWJIECHHS TIpoMeHs), k - nopadox
cnekmpy (k=0, 1, 2,...).
YMmoBa ocnabnennss cBitina (Oughpax-
uiiHi minimymu):
b-sin(o=2k-%.

Jugpakuiiitnumu rpamamu 'y ONTHUIN
HA3UBA€ThCS CYKYIHICTh BENIUKOI KIIBKOCTL
nepewikoo i omeopie, 30cepeKEHNX Ha 00-
MEKEHOMY MPOCTOPI, Ha SIKMX BiIOYyBa€eThCS
mudpakiis citna. Hainpocrimumu and-
paKUiffHIME TpaTaMu € cucteMa i3 N omHa-
KOBUX NAPANEIbHUX WINUH Y TUIOCKOMY He-
MIPO30pOMY €KpaHi mHUpuHOI0 "b", sKi po3-
TAIIOBaHI Ha PIGHUX HENnpo30pux TPOMIXK-
kax "a" onHa Bix napyroi. Bemmumna d=
=a+b Ha3uBaeThCA cmanolw (nepiooom)
mudpakiiiHux rpat. 3a npuHiUnoM ['roi-
reHca-OpeHes, KOXKHa [IUTHHA IPpaT € JKe-
PEIOM  KO2EpeHMHUX GMOPUHHUX  X6UIb,
30aTHUX iHTepdepyBaTH oOIHA i3 OJHOIO.
Tonoeni maxcumymu tupu audpaxuii Ha
IpaTax CHOCTEPIraloThCs MiJl KyTaMu ¢, sKi
3aI0BOJIBHSIOTH YMOBI:

dsingp=k-A,

ne k=0, 1, 2,... - mOpsAIOK CHEKTPY, ¢ - KyT
muppakuii (KyT BIAXWICHHS CBITJIOBOTO
TpoMeHst P qudpaKirii).

6.4 KBanToBa ontuka

Keanmoeoro onmuxoro Ha3uBaroTh PO3IiI
YYEHHS NP0 CBITJIO, y SKOMY BHBYAIOThH
OucKkpemHnuii xapaxkmep BUIPOMIHIOBAHHS,
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and interfere between each other. This
principle may explain the law of a light
rectilinear propagation.

At a light diffraction on a narrow slot
light amplification (diffraction maxima)
are observed at the angles ¢ fulfilling the
condition:

. A

b-sm(o:(2k+l)~5 ,

where b is a slot width, ¢ is a diffraction

angle (an angle of a beam deflection), k=
=0, 1, 2,... is a spectrum order.

The condition of light attenuation (dif-
fraction minima) is

. A
b-singp=2k-—.
¢ 2

Diffraction grating in optics is called
a set of a large number of obstacles and
holes concentrated within a limited space
and on which light diffraction takes
place. The simplest diffraction grating is
the system of N separate closely spaced
parallel slots (lines) in a flat opaque scre-
en; every slot has a width "b" and they
are placed at equal opaque distances "a"
from one another. The quantity d=a+b is
called the constant (the period) of a dif-
fraction grating. According to the Huy-
gens-Fresnel principle every slot of a gra-
ting is a source of coherent secondary
waves which can interfere between each
other. The principal maxima under dif-
fraction on the grating are observed at the
angles ¢ which fulfill the condition:

dsingp=k-A,

where k=0, 1, 2,... is a spectrum order, @
is a diffraction angle (the angle of a light
beam deviation).

6.4 Quantum optics

Quantum optics is a branch of the
theory of light in which they study a dis-
crete character of radiation, propagation,
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HOIIMPEHHS 1 B3a€MOJIl CBiTIa i3 peyoBH-
HOIO.

VY KBaHTOBIM ONTHIII CBITJIO PO3IJIsija-
I0Tb SIK HOMIK 0COOMUBUX YACMUHOK - ho-
MOoHi8, SKI He MarOmb MAcu Cnokow i py-
XalThCS 31 MIBUAKICTIO CBITJIA Y BaKyyMi C.
OcHogni xapakmepucmuxy (POTOHY - HOTrO
enepeia ¢ Ta iMnyse p:

g:h.‘,:h.fyp:hlzﬁj
A c A
JIe v - yacToTa cBiTioBoi EM xBmii, A - 10-
B)XKMHA XBHJI y BakyyMi, & - crana [Inanka
(h=6,63 10" JIx c).

®oton Mae macy m=E/c*=hv/c*, sxa €
Macoro EM mons 1 He moB’s3aHa 3 Macoro
CIIOKOI0, OCKIIBKH ()OMOHI8 ) CHOKOT He ic-
nye. Y Oynb-sKiil iHepUianbHIlA cucTemi Bi-
JUIIKY HIBUJKICTH CBIiTJA y BaKyyMi JOpiB-
HIOE . Y PEYOBHHI i3 MOKA3HUKOM 3aJIOM-
JeHHS n (OTOHM 3aBXKIU PYXarOThCS 31
LIBHUJIKICTIO CBITJIa y BaKyyMi, Xo4a HIBHJI-
KicTh V CBITJIOBOI XBWJI Y PEYOBHHI Yy n-
pasiB MeHma: V=c/n. He moowcna 3miuiyea-
mu MWBUAKICTh V nomupenHs ¢gponry EM
XBHJI Y PEUOBHHI 3i MIBUAKICTIO (DOTOHIB:
(OTOHM y PEUOBHHI PYXarOThCs BiJl OJHOTO
i aTomMa J10 1HIIOTO HIOW y BakyyMi, a "mo-
nagawouu’ y aTtoMm, MOTJMHAIOTBCS HUM, a
MOTiM 3HOBY BUHUKAIOTb.

Domonu eunpominiolOmsca pH mepe-
XO/IaX aTOMIB, MOJICKYJI, i10HIB Ta aTOMHHX
saep 30 30y0dceHux CHEPreTHYHUX CTaHIB -
CTaHIB i3 OinbUiOl0 CHEPTIEI0 - y CTaHU I3
MmeHwiolo eHepriero. MOTOHU BHUIIPOMIHIO-
IOTBCSL TAKOXK TIPU NPUCKOPEHHI 1 eanbmy-
6aHHI 3aPAKCHUX YaCTUHOK, IPH po3nadi
JESKUX YaCTHHOK Ta 3HUWEeHHI napu eNeKT-
pou-nio3utpoH. IIpouiec nozrunanns ceim-
Jla PEYOBHMHOIO 3BOJHUTHCS JI0 TOTO, MO (o-
TOHH HOGHICMIO nepedaioms CBOIO SHEPTII0
YaCTUHKaM PEYOBHHHU.

Enepeis, imnynse 1 maca GHOTOHY BUpa-
JKAIOThCS Yepe3 XapakTepucTuku EM xBui
— yacmomy abo 006ICUHY X6UNI Y BAKYyMi.
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and interaction of light and a substance.

In quantum optics light is considered
as a flux of special particles - photons,
having a zero rest mass and moving at
the light velocity in vacuum c. The basic
characteristics of a photon are its energy
& and momentum p:

5:h-v:h~£, p:h—vzﬁ,
A c A
where vis a frequency of a light EM wa-
ve, A is a wavelength in vacuum, / is the
Planck constant (h=6.63-10>* J.s).

A photon has mass m=E/c’=hv/c’
which is the mass of an EM field and has
nothing in common with the rest mass as
there are no resting photons. In any iner-
tial re-ference frame a velocity of light in
vacu-um is equal to c. In a substance with
a ref-ractive index n photons always
move at a velocity of light in vacuum,
though the ve-locity ¥ of a light wave in
a substance is n-times the velocity in
vacuum: V=c¢/n. Do not confuse the ve-
locity of propagation V' of an EM wave
front in a substance and the velocity of
photons: in substance they pass from one
atom to the other as in va-cuum, and
"running" into an atom they are absorbed
by the atom and appear again.

Photons are emitted when atoms,
molecules, ions and nuclei transfer from
excited energy states (states with a higher
energy) into the states with a lower ener-
gy. Photons are also emitted at the accel-
eration and deceleration of charged parti-
cles, at the decay of some particles, and
at the elimination of an electron-positron
pair. The process of light absor-ption by
a substance comes to the process, when
photons wholly transfer their energy to
substance particles.

Photon energy, momentum, and mass
are expressed in terms of characteristics
of an EM wave, i.e. a wave frequency or



VY 1bOMy TNpOSBIAETLCS KOPHYCKYAAPHO-
X6uUnb06uUil dyanizm BIaCTUBOCTEH CBIiTIA. 3
OJHOTO OOKY, CBITJIO Ma€ XBUIbOBI GIACHIU-
6ocmi, SKI BUSIBIISIFOTBCSI Y SIBUIIAX IHTEp-
GbepeHii 1 qudpakirii, 3 iHIIOro OOKY, CBIT-
10 sBisie coboro nomik gpomonis. Ipu ma-
JUX 4ACMOmax v TEePeBaKHy POJb IPAIOTh
XBHJIbOBI BJIACTHBOCTI CBITNA, a NPH 6elu-
KUX 4acmomax — Woro KBaHTOBI BJIACTHBOC-
Ti. KBaHTOBI Ta XBHJIbOBI BIACTHBOCTI CBIT-
Ja 83a€MHO OONOBHIOIOMb OJHE OJHOTO Ta
BiZIOMBAIOTh 3aKOHOMIPHOCTI MOIIMPEHHS
CBITJIa Ta HOTO B3a€MOII1 3 pEYOBHHOIO.

SABnme poroedexTy

Domoeghexmom Ha3UBAIOTD SBUILIE B3a-
€MOIii CBITJIA i3 PEYOBHMHOIO, B Pe3yJbTaTi
SIKOTO eHeprisi (QOTOHIB MepeNaeThCs eIEKT-
poHaMm pe4oBUHHU. {71 TBEPAUX 1 PIIKUX Til
PO3PI3HSIOTh 306HiMHil | 6HympiwHii (o-
toedekt. [lpu 306HiwHbOMY homoepexmi
NOTJMHAHHSA  (QOTOHIB  CYHPOBOIKYETHCS
sunbomom enekmponie 3a Mexi Tina. [pu
SHYmMPIWHbOMY homoeekmi  €NEKTPOHH,
BUpBaHi 3 iOHIB, aTOMiB a00 MOJEKYJ, 3a-
JUAIOMBCS YcepeOuHi peosuHil, ane eHep-
riil eNeKTPOHIB 3MiHIOIOThCA. Y Tazax (oro-
eeKT moisirae y SABHII (homoioHizauii —
BHUPHBAHHI €JIEKTPOHIB 3 aTOMIB 1 MOJEKYII
rasy Iij Ji€lo cBiTIa.

SBuiie 306HiwWHbO20 pomoeghexmy BuU-
Haiinene ['.I'epuem, neransao BuBuene A.T.
CTONETOBBIM, @ BHSBIISETHCS JOCIIJaMH TI0
BUPHBAHHIO €JICKTPOHIB i3 MOBEPXHI MeTa-
JIiB, OMPOMIHEHNX KOPOTKOXBWJIBOBHM CBi-
10M. EnexTponu, siki BUIITAIOTh 13 HOBEp-
XHI Tina mpu 30BHIIIHBOMY (OTO3ddEKTI,
MalOTh Ha3By ¢homoenekmponu. dotoene-
KTPOHH, NMPUCKOPEHI ENEKTPUYHHM I0JIEM
MIDX KaTOZOM 1 aHOZOM, YTBOPIOIOTH ¢homo-
cmpym. Tlpu 36utbmienHi Hanpyru U mix
KaTOZOM i aHOJIOM, (DOTOCTPYM 3pOCTae, aine
IpU 3aJaHiil OCBITJICHOCTI KaTOAy IpU Je-
sikoMy 3HaueHHi U, cuna poTocTpymy ao-
carae Haubinbuwo2o 3HaYeHHS [,,., AKe Ha-
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length of in vacuum. This is the idea of
the corpuscular-wave dualism of light
properties. On the one hand, light has wa-
ve properties which become evident in
the phenomena of interference and dif-
fracti-on, on the other hand, light is a flux
of pho-tons. At low frequencies v wave
properti-es prevail, and at high frequen-
cies quantum properties of light do.
Quantum and wave properties of light are
mutually com-plementary and show inter-
related regularities of light propagation
and its interrelation with a substance.

Photo-effect Phenomenon

Photo-effect is a phenomenon of light
interrelation with a substance in the result
of which the energy of photons is trans-
ferred to substance electrons. Solids and
liquids have both an external and inter-
nal photoeffect. Under external photoef-
fect photon absorption is accompanied by
the removal of electrons outside a body.
Under internal photoeffect electrons re-
moved out of ions, atoms or molecules
stay inside a substance, but their energies
change. In gases, photoeffect means pho-
toionization, i.e. a removal of electrons
out of a gas atoms and molecules under
light.

The phenomenon of an external photo-
effect was discovered by H.Hertz and was
studied in details by A.Stoletov. This phe-
nomenon is detected by experiments to
extract electrons out of the surface of me-
tals radiated by a short-wave light. Elec-
trons escaping out of a body surface un-
der the external photoeffect are called
photoelectrons. Photoelectrons accelera-
ted by the electric field between cathode
and anode form a photocurrent. As the
voltage U between cathode and anode in-
creases, a photocurrent grows up, but at a
given cathode illuminance at some value
of Uy, a photocurrent power reaches its
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3UBA€TLCS  homocmpymom  HACUYEHHA.
Ipu U=U,,. 6ci erexmponu, sKi BUIITAIOTh
i3 KaTomy IpH HOro OCBITIIIOBaHHI, docsea-
omb aHody. IcHyBaHHS (oToCcTpyMy mpu
nezamusnux nanpyeax Big 0 mo -U; mosic-
HIOETBCS THM, IO (HOTOETEKTPOHH, BHOHTI
CBITJIOM i3 KaToOAy, MarOTh HOYAMKOBY Ki-
Hemuuny eHepeito, Halbilbe 3HAYCHHS
K01 E,, JIOPIBHIOE mV,WZ/2. 3aBasku ii,
CJICKTPOHH 3[IICHIOIOTH POOOTY TMPOTH CHJII
3ampuUMyI04020 el1eKmMpUYHO20 Nos Ta J0-
CSTAIOTh He2AMUSHO 3aPSOANCEH020 aHOIY.
3riziHO 3aKOHY 30€peKeHHSs eHeprii:

Vi
m zmax :€'U3,

ae U; - 3ampumyiloua nanpyza, 0pu sKiit
dorocTpyM npununsemuvcs. [lpn Bcix 3Ha-
yeHHx U;<U, poTocTpyMm gidcymHiil.

3aKkoHH 30BHIIIHLOIO (hoTOCPEKTY

1) Makcumanvua weuokicms (HOTOCIEKT-
POHIB V,, 3aJI€KHUTH 6I0 wacmomu ceimia
Ta BJIACTUBOCTEH MOBEPXHI MeTany, i He 3a-
Jiexcums 6i0 OCBITICHOCTI KaToAa.
2) Cuna gpomocmpymy Hacuuenus I, nps-
MOTIPOTIOPLIHHA 0C8IMIeHOCHT KAmooy.
3) Jnst KoxKHOT peuOBUHH icHYE nopic (uep-
60Ha zpanuysn) Qortoedexty — Taka Hail-
MeHuia 9acToTa Vy,,, TIpH siKid GoToedekT
wje MOXNCIUBUIL.

Bci 3axonu potoedeKkTy MOSCHIOITHCS
pienannam Einwmeiina:

mV’

hv=A4, +—==,

ne hv — eHepris GOTOHY, Ay — pOOOTA BH-

XOJly CJIEKTPOHIB 13 MeTaly, mVul2 — ma-

KcumanvbHa KiHeTndHa eHeprist E,,. oToe-

JIEKTPOHY, SIKUH BUJIETIB 13 KaTOLy.
3oBHIMHIA (OTOCHEKT MOKIUBHI auLUe

3a ymoeu hv>A,,. Yepeona epanuys doto-

ePEKTY Vyin=Aan/h 3a1e2cums 6i0 XiMiuHOT

MIPUPOIU METANY 1 CTaHy HOTO MOBEPXHI.

68

largest value I, that is called saturation
photocurrent. If U=Uy,, all electrons es-
caping out of a cathode at its illuminance
reach an anode. The existence of photo-
current at negative voltages from 0 up to
-Uy is explained by the fact that photoe-
lectrons liberated by light out of a cath-
ode have an initial kinetic energy, which
largest value is E,,,=m me.z/Z. Due to this
energy, electrons perform a work against
the forces of a delaying electrical field and
reach a negatively charged anode. By the
law of conservation of energy:

m-V: _

max

e-U,,
2 d

where U, is the value of a delaying volt-
age when a photocurrent stops. At U;<U,
photocurrent is absent.

Laws of External Photo-effect

1) A maximum velocity of photoelectrons
Vuax depends on the light frequency and
properties of a metal surface, and doesn’t
depend on a cathode illuminance.
2) A saturated photocurrent power Iy, is
proportional to a cathode illuminance.
3) For each substance there is a threshold
(a red boundary) of photo-effect, i.e. the
least frequency V;,;, when photo-effect is
still possible.

All laws of photo-effect are explained
by the Einstein equation:

2

max

hv=A+£,
2

where 4 v is a photon energy, A4 is an elec-
tron work function of a metal, mV,,,>/2 is
the maximum Xkinetic energy E,, of an
outgoing from cathode photoelectron.

An external photo-effect is possible
only at hv>A. A red boundary of photo-ef-
fect v,;,=A/h depends on a chemical na-
ture of a metal and its surface state.



Pignaunna Einwmeitna Mmoxe OyTH Iie-
penucaue y guensaoi:

hv=hv,;,+e-Us.

Buympiwnin gomoegpexm y Hamii-
POBIZIHUKaX MPUBOAUTH JIO MOSIBU B HHOMY
BIIbHUX HOCII6 cmpyMy 1 HA3UBAETHCS ¢ho-
monpogionicmro. Ha siBuii ¢GoTonposiz-
HOCTI 3acHOBaHa OynoBa ghomopesucmopis
Ta gomoenemenmie 13 BHyTpilHIM (oToe-
dbexToMm.

Tuck cBiTia

Tuckom ceimia HA3UBAETHCSA THCK, IO
3MIHCHIOTE EM ceimnosi xeuni, SKi maga-
I0Th Ha MOBEPXHI0 Oyab-skoro Tinma. CBiT-
JIOBHU TUCK € HACAIOKOM mo2o, O GOTOHU
MaroTh iMnyisc p. [Ipu 3iTkHeHH] (oToHY 13
MOBEPXHEIO TiNla, eH IMIYNIbC nepedaemy-
¢ atoMaM ab0 MOJIEKYJaM PeYOBHHU (aHa-
JIOTIYHO, SIK MUCK 2a3y € Pe3yJbTaToM He-
pedayi iMnynbCy MOJIEKYJIaMH Ta3y HOBEpX-
Hi CTIHKH TIOCY/IUHH).

THCK CBITJIa BH3HAYAETHCS (POPMY0I0
Makceenna:

p=(1+r)w,

ne r - Koegiyienm 6i00UBAHHA c8imaa TO-
BEPXHEIO, W - 00'emHa cycmuna enepeii EM
TIOJISL XBHITL.

Tuck cBiTIa Ha ideanvHo 6i0OUBAIOUY
(03epkanvhy) nosepxuio (r=1) p=2w yasiui
MEPEBUIIYE THCK CBITIA p=w IJIs afcoo-
muo uopnozo mina (r=0). Pi3HUIA TUCKIB B
IIUX JBOX BUIAJKAX HOACHIOEMbCA MUM, 110
iMIyssC GOTOHY p=hv/c y BUNAAKY HO2TU-
HaI040i no6epxHi EPENAEThCS aTOMaM TiJa.
IIpu BigOWBaHHI Bifl 03epKaibHOI NOGEPXHI
IMITyJTbC (POTOHY Av/c 3MIHIOETBCS HA NPO-
munexcHull -hv/c, ToMy IMILyJIbC, EpeIaHui
YaCTUHKaM PEYOBHHH, CTAHOBUTH Ap=2hv/c.
IcHyBaHHS CBITJIOBOTO THCKY 1 CHpaBeJIH-
BicTh (opMmynu MakcBemia Oynu excnepu-
Mmenmanvho 0osedeni nociaigamu I1.H.JIeGe-
J€Ba.
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The Einstein equation can be given
in the following form:

hv=hv,,+e-U,.

An internal photoeffect in semicon-
ductors results in emerging firee current
carriers and is called photoconductivity.
The phenomenon of photoconductivity is
the basis of photoresistors and photoele-
ments with the internal photoeffect.

Light Pressure

Light pressure is the pressure pro-
duced by EM light waves falling on the
surface of some body. Light pressure re-
sults from the fact that photons have a
momentum p. When a photon collides
with a body surface, this momentum goes
over to atoms or molecules of the sub-
stance (just like pressure of gas is a result
of impulsing by gas molecules to the sur-
face of vessel walls).

Light pressure is determined by the
Maxwell formula:

p=(1+r)w,

where r is a coefficient of light reflection
by a surface, w is a volumetric energy
density of a wave EM field.

Light pressure on a perfectly reflect-
ing (mirror) surface (r=1) p=2w is twice
of light pressure p=w for an absolutely
black body (r=0). Differences of pressure
in these two cases are explained by the
fact that a photon momentum p=hv/c in
the case with an absorbing surface goes
over to body atoms. When reflecting off
a mirror surface, a photon momentum
hv/c changes its sign on the opposite one
-hv/c, so the momentum imparted to sub-
stance particles is Ap=2hv/c. The exist-
ence of light pressure and the validity of
the Maxwell formula were proved by P.
N.Lebedev's experiments.
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Pozain 7 ATOMHA TA SAIEPHA
PI3UKA

7.1 Bynosa atoma u sigpa

Hoepuorw (nnanemaphnor) MOAEIIIO
Ha3WBAETHCS TaKa MOJENb CTPYKTYpH aTo-
Ma, Yy SIKil BEChb no3umueHuil 3apsi0 aToMa
30Cepe/KeHU y 20pi - obnacTi, sika 3a-
WMae maauti 06’eém TOPIBHAHO 3 YCIM
o6’emom aroma. JIiHiltHI posmipu adpa
CKJIaJIal0Th NPUOIH3HO 10%+10" M. Pe-
IITY YaCTUHYU aTOMY, JiHIHHI po3mipu sKO-
ro MpUOIU3HO 10" wm, 3aiimac xMapa He-
2aMUBHO 3APsI0JNCEHUX eIeKMmPOHie. AO-
COJIIOTHE 3HAYCHHS CYMapHOTO HeraTHB-
HOTO 3apsilly €JNEKTPOHIB 00pigHIOE€ TIO3U-
TUBHOMY 3apsay sapa. Kigbkicte npomo-
Hig Y AIPi 00piBHIOE KINBKOCTI €IEKTPOHIB
y HETaTHUBHO 3apsKeHIH XMapi Ta cnigna-
0ac 13 OPSIIKOBUM HOMEPOM aToMa JaHO-
ro XiMIYHOTO eJeMeHTy Z y TepiogudHii
cuctemi Menneneepa. [IpakTHYHO BCs Ma-
ca atoma 30cepeoddcena y tioeo A0pi. Sne-
pHa MOJeJb 3'IBUIIACH, SIK PE3YNbTaT 00C-
nidie Pesepghopoa, sikuii BUBYAB IPOXO-
JDKEHHS 0-4YaCTHHOK 4epe3 TOHKI MeTalieBi
TUTACTHHKH.

B ocHOBi keéanmoeoi meopii 6yooeu
amowma, po3suHeHit H.bopowm, nexuts ines
00'€0Hanna y eoune yine:

1) 3aKOHOMIPHOCTEH JIiHiliuamo2o cnekmpy
aToMa BOJIHIO;

2) si0epHoi moodeni atoma Pesepdopaa;

3) keanmogo2o xapakmepy BUIPOMIHIOBaH-
HS 1 IOTJIMHAHHS CBITJIA.

Jns 3nidicHenHs wiel inei bop BucyHyB
06a nocmynamu, Ha3BaHUX HOTO IM'sIM:

I. V aroMi iCHYIOTh cmayionaphi Keanmosi
cmanu, KOOKHOMY 13 SIKAX BIJIIIOBIZA€ TICBHA
e”eprist E,; nepeOyBalo4n y CTaliOHApHHX
CTaHax, aToM He sunpominioe EM XBUIIb.

I1. TIpu nepexoai aToma i3 OJHOTO CTallio-
HApHOTO CTaHy y IHIUHH, GUIPOMIHIOEMbCS
abo noemunaemvca doron (xkBant EM Bu-
npoMiHioBanHA). EHepris ¢oTony NOpiBHIOE
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Section 7 ATOMIC AND NUCLEAR
PHYSICS

7.1 The Structure of Atom and Nucleus

A nuclear (planetary) model is called
such a model of an atom structure in
which the whole positive charge of an
atom is concentrated in the nucleus - in
the area taking a small volume in com-
parison with the whole volume of an at-
om. The linear dimensions of a nucleus
are 10"°+10"* m. The rest part of an at-
om, which dimensi-ons are 10" m, is
taken by a cloud of ne-gatively charged
electrons. An absolute value of a total
negative charge of elect-rons is equal to
a nucleus positive charge. The number of
protons in a nucleus is eq-ual to the
number of electrons in a negati-vely
charged cloub and is the same as the or-
dinal number of a given chemical ele-
ment atom Z in the Periodic System of
Elements. Practically the whole mass of
an atom is concentrated in its nucleus.
The nuclear model resulted from
Reserford's experiments, who studied o-
partic-les passing through fine metallic
plates.

The quantum theory of an atom struc-
ture, developed by N.Bohr, has as its ba-
sis the idea of joining together:

1) regularities of the line spectrum of a
hydrogen atom;
2) Reserford's nuclear model of an atom;
3) the quantum character of light radia-
tion and absorption.

To realize this idea, Bohr suggested
two postulates named after him:
I. Within an atom there are stationary
quantum states each with its own definite
energy E,; being in stationary states, an
atom does not radiate EM waves.
I1. A photon (a quantum of EM radiation)
is emitted or absorbed when an atom ma-
kes a transition between two stationary
states. A photon energy is equal fo energy
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PIi3HUYI eHepeili atoMa y JBOX CTalioHap-
HUX CTaHax:

hv=E,—E,.

Sxwo E,>E,, T0 GOTOH éunpominoemscs,
a skuo E,<E,, To GOTOH noziunaemsca.

Aopo amoma Oynb-SKOTO XiMI4HOTO
eJIEMEHTa CKIIANAETHCS 13 nO3UMuUGHO 3apsi-
0JICeHUX NPOMOHIE 1 HellmpoHie, SKi He
Marmo e1ekmpuyHo20 3apady. 3apsn npo-
TOHY 32 a0COJIIOTHOIO BEIMYUHOIO O0PIGHIOE
3apsay eJeKTpoHa. [IpomoH 1 HelmpoH €
JIBOMa 3apsIOBUMH CTaHaMH SJIEPHOI 4Yac-
THHKH, SKa Ha3WBA€THCS HyKaoHom. Kib-
KICTh TIPOTOHIB y snpi Z (3apsn sapa Ze)
36ieaemwbcsi 13 ATOMHUM HOMEPOM BiTIOBIJI-
HOT0 XIMIYHOIO €JIEMEHTY y HepiofuyHiil
cucteMi eneMeHTiB. KinbkicTh HEHUTPOHIB y
A1pi Ho3HAYa€eThCs V.

Macosum uucnom sapa A Ha3UBAETHCS
3azanbHe yucio Hykionige 'y sapi: A=(Z+N).
CHMBON fUTs TTO3HAueHHs saapa: ;X , ne X -
MO3HAYEHHS XIMIYHOTO EJIEMEHTY y Iepio-
IUYHii cuctemi. Sapa i3 oonakosumu 3Ha-
YEeHHSMH 3apsI0BOTO YUCIa Z, ale pisHuMuU
3HAuUeHHAMH A (BiAPI3HAIOTBCA YHCIIOM
HellmpoHig), Ha3UBAKOThCs i3omonamu. Ic-
Hye Omu3pko 300 crifikux i Gumusbko 2000
HECTIHKUX (padioakmuenux) i30TOMIB BCiX
BIJIOMUX XiMIYHHX €JIEMEHTIB.

Maca aTOMHOTO SApa npakmuuHo 36iea-
€mbCs 13 Macol BChOI'O aTOMa, OCKLIBbKU
Maca eJIeKTPOHIB y aToMi Maja (Maca elek-
TPOHY m, cTaHOBUTH 1/1836 Bin macu mpo-
TOHY m,). MacK aTOMiB BUMIpIOIOTE y CIIe-
IATBHAX amMOMHUX 00uHUYAx macu (a.o.
M.) - 1/12 macu i3otony Byrnemo C: 1 a.o.
M.=1,66-10" kr. MacoBi umcia npoToHa Ta
HEHTpOHA 00HaKo6i 1 piBHI | a.0.M.

ATOMHE SI/IpO He Mae Pi3KO BHPKEHHX
rpanuns. Lle 3B'13aHO i3 THM, IO HYKJIOHH
BOJIONIIOTE  X6UTbOGUMU  BIACIUBOCHISAMU.
O0’eM sAapa NPONOPLIHHUI KIIBKOCTI HYK-
JIOHIB y si/ipi 4. SIKIo BBaXkaTH sAAPO che-
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difference of an atom in two stationary
states:

hv=E,—-E,.

If E,>E,, then photon is released, if
E,<E, - it is absorbed.

An atomic nucleus of any chemical
element atom consists of positively char-
ged protons and neutrons having no elec-
trical charge. A proton charge is equal in
magnitude to the charge of an electron.
Proton and neutron are two charge states
of a nuclear particle which is called nu-
cleon. The number of protons in a nucle-
us Z (Ze is a nucleus charge) corresponds
to the atomic number of a given chemical
element in the Periodic System of Ele-
ments. The number of neutrons in a nu-
cleus is symbolized with N.

A nucleus mass number A is the num-
ber of nucleons in the nucleus: A=(Z+N).
The symbol for a nucleus is X, where
X is a symbol of a chemical element in
the Periodic System. Nuclei with the sa-
me magnitudes of a charge number Z, but
with different magnitudes of 4 (they dif-
fer in the number of neutrons) are called
isotopes. There are about 300 stable and
about 2000 unstable (radioactive) isoto-
pes of all known chemical elements.

The mass of an atomic nucleus is prac-
tically the same as the mass of the whole
atom, as the mass of electrons in an atom
is small (the mass of an electron m, is 1/
/1836 of a m,,). Atomic masses are measu-
red in a special atomic mass unit (a.m.u.)
which is 1/12 of the carbon isotope :C
mass: 1 a.m.u.=1.66-10"" kg. Mass num-
bers of a neutron and proton are the same
and are equal to 1 a.m.u.

An atomic nucleus has no strict boun-
daries. It's because nucleons have wave
properties. The volume on an atom is pro-
portional to the number of nucleons 4 in
a nucleus. If a nucleus is considered be-



poio paaiyca R, To R 00UHCIIIOETECS 32 eM-
HIpUYHOIO GOPMYIIOH:

R=R, A",

e R0=(1,3+1,7)-10'15 M. Haubinow eadcki
sJjpa MaloTh pajilycH, HAOIKEeHI 10 TOPSI-
Ky BEJTMIHUHH 10 10 m.

Enepcieto 36'a3ky atomuoro sinpa AE,,
Ha3uBa€eThCs (Pi3MYHA BENMUYHMHA, 10 3a ab-
COJIIOTHOIO BEJIMYMHOIO JOPIBHIOE mitli po-
oomi, 5Ky Tpeba 3MIHCHUTU 0 po3ujen-
JlenHsa A0pa Ha CKJIAJIOBI HYKJIOHU 0e3 Ha-
JaHHS M KiHeTHYHOT eHeprii. I3 3akoHy
30epekeHHs] €Heprii BHIUIMBAE, IO IPU
YTBOPEHHI sipa i3 CKIaJOBHX HOTr0 HYKIO-
HIB MYyCHUTb 6udinamucy enepris. Lla enep-
ris Mae Ha3By eHeprii 3B'A3Ky supa AE,,.
Cepennst eHepris 3B'I3Ky, sKa IPHUIaJac HA
OJIMH HYKJIOH, HAa3UBAETHCSI RUMOMOIO eHe-
pei€ro 368'a3Ky.

Miporo eHeprii 3B'I3Ky aTOMHOTO sipa €
deghekm macu. [lepexmom macu Am Hazu-
BAETHCS PI3HUYsA MK CyMapHOIO Macoro BCiX
HYKJIOHIB 5/{pa y BIIbHOMY CTaHi Ta Macolo
camoro sipa M,:

Am=Z-m, +(4-Z)-m,-M,.

TyT Z — KineKicTb NPOTOHIB y sapi, m, —
Maca npoToHy, (4-Z) — KiNbKiCTh HEHTPOHIB
y aapi, m, — Maca HeHTpony. Sxmo AE,, —
€HEeprist 3B'A3KY S/pa, KA 6UOLIAEMbCA TIPU
1OT0 YTBOpPEHHI, TO BiNOBIAHA 1if Maca Am=
=AE,,/c’ XapaKTepu3ye :MeHuienHs cyMap-
HOI MacH BCiX HYKJIOHIB IIPH YTBOPEHHI siA1-
pa. Otxe,

AE, =|Z-m, +(4-2Z)-m,—M,] .

IIpu po3paxyHkax euepeii 36'a3Ky siaep BU-

KOPUCTOBY€ETHCS CITiBBiAHOLICHHS:
AE,;=931-Am (MeB),

ne 931 MeB - eHepris, sika BilIOBiae 0OHil

amomHitl 0OUHUYL Macu.
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ing a sphere of the radius R, then R is
calculated by the empirical formula:

R=R, A",

where Ry=(1.3+1.7)-10"° m. The heaviest
nuclei have the radii approximating by
the magnitude order to 10™* m.

A binding energy of an atom AE}, is cal-
led a physical quantity equal by its abso-
lute magnitude fo the work, which has to
be done fo split a nucleus into its consti-
tuent nucleons without transferring kine-
tic energy to them. From the law of conse-
rvation of energy it follows that when a
nucleus is being formed from its consti-
tuent nucleons, energy equal to a binding
energy of an atom AE} has to be emitted.
An average binding energy of one nucle-
on is called a specific binding energy.

The measure of an atomic nucleus
binding energy AE, is mass defect Am,
that is a di-fference between the sum of
masses of all individual nucleons of a nu-
cleus in a free state and the mass of the
nucleus itself My

Am=Z-m +(4-Z)-m -M,.

Here Z and (4-Z) is the number of pro-
tons and neutrons in a nucleus, m, and m,
is the mass of a proton and neutron. If AE,
is the nucleus binding energy emitted in
its forming, then its corresponding mass
Am=AE,/c’* characterizes a decrease of the
sum of masses of all nucleons when a nu-
cleus is being formed. Therefore,

AE, =|Z-m, +(4-2)-m M, ] ¢
When calculating the binding energy of
nuclei, the following formula is used:

AE,=931-Am (MeV),

where 931 MeV is the energy correspon-
ding o one atomic mass unit.



1eB=1,6:10" IIx.

Cuum, SKi JiI0OTh MK HyKJIOHAMHU Y S7Ipi 1
sIKi 3a0€3MeuyIoTh ICHyBaHHS CTIHKHX sIep,
Ha3UBAKOThCs A0eprHumu cunamu. 1i cunmm
MalOTh DAL 0COONUBUX 6T1ACIMUGOCINEN:

a) BOHH 6IOPI3HAIOMbCS BiJl TPABITAIIAHUX 1
€JICKTPOMArHITHUX CHJI Ta € NPUKIAJIOM CU-
JIbHUX 83A€EMO0il MIXK €IeMEHTAPHUMH Yac-
THUHKAMU.

0) BOHH € Kopomxoditouumu. Bincrans, Ha
SIKIA JTIFOTh I CHITH, Ha3UBAETHCS pAdiycom
0ii’ s10epHux cun r, SIKMA TOPIBHSUIbHUH 13
JMHIHHUMH poO3MipaMHd caMHX HYKJIOHIB
(r~2x x10™° w).

B) BOHH MalOTh BJIACTUBICTb 3apsA0060i He-
3anexcHocmi: MiX IBOMa IPOTOHAMH, [BO-
Ma HeHTpoHaMu abo MiX MPOTOHOM 1 HEHT-
POHOM i cunu oO0uaxogi. TOMy BOHHU He
Maromy eNeKTPOMArHITHOTO MOXOPKEHHSI.

I) BOHH MAlOTh 61dCMUBICIb HACUYEHHS:
KOKEH HYKJIOH B3a€EMOJIIE minbKu 13 oOMe-
JKCHOK KUIBKICTIO HAUOAUNCYUX 1O HBOTO
HYKJIOHIB, a He 3 yciMa HyKJIOHAMU sIpa.

1) BOHH He € YeHmMpaibHuMy CUIIaMH Ha Bi-
JIMIHY BiJl KyJOHIBCBKHX a00 TIpaBiTamiid-
HUX, SIKI 3anedxcams 8i0 6i0cmani MiX dac-
TUHKaMH.

€) BOHH MAaIOThb OOMIHHUL Xapakmep: CUIH
B3a€EMOJIi MiX JABOMa SICPHAMH YacTHHKA-
MU PO3TIISAAI0TH, SIK PE3YJIbTaT OOMIHY MiX
HUMH ACSKOIO BPOMINCHOI YACTUHKOIO.

7.2 Ilpupoana paioaKTHBHICTH

IIpupoonoio padioaxkmugnicmio Ha3u-
BA€THCS camMouunHe IEPETBOPEHHS Aep He-
CTIMKHX 130TOIIB OHOTO XiMiYHOTO elemMe-
HTa Yy spa i30TOMIB IHIIUX XIMIYHHX elie-
MeHTiB. lle ABHINE CYMPOBOIKYETBCA G-
NPOMIHIOBAHHAM BU3HAYCHUX JACTHHOK (a-
i f-BUIPOMIHIOBAaHHSIMHU), aHTUHEHTPUHO, a
TaKoXX KOPOTKOXBWIbOBoro EM Bumpomi-
HIOBaHHS (y-BUIPOMIHIOBaHHS). SIK mpaBu-
JIO, BOHO CIIOCTEPITAEThCS ) 8ANCKUX s0ep
€JIEMEHTIB, SIKi PO3TAIIOBYIOTHCS Y MeEpio-
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1evV=1.610"1.

Forces acting between nucleons in a nu-
cleus and ensuring the existence of stab-
le nuclei are called nuclear forces. These
forces have some peculiar properties:

a) They differ from gravitational and elec-
tromagnetic forces and are an example of
strong interactions between elementary
particles.

b) They are short-range forces. The dis-
tance these nuclear forces act is called a
radius effective range r which is compa-
red with the linear dimensions of nucle-
ons themselves (#~2:10"" m).

c¢) They have the property of charge inde-
pendence: between two protons, two neu-
trons or between a proton and neutron the-
se forses are the same. That's the reason
why they cannot have the electromagne-
tic nature.

d) They have the property of saturation:
each nucleon interacts only with a limited
number of its nearest nucleons but not
with all nucleons of a nucleus.

e) They are not central forces unlike the
Coulomb and gravitational forces which
are dependent on the distance between
particles.

f) They have an exchangeable character:
forces interacting between two nuclear
particles are considered as a result of in-
terchange of some intermediate particle.

7.2 Natural Radioactivity

Natural radioactivity is a spontaneous
transformation of the nuclei of unstable
isotopes of one chemical element into the
nuclei of isotopes of other chemical ele-
ments. This phenomenon is accompanied
by emission of some particles: a-, fradia-
tions, antineutrino, as well as a short-wa-
ve EM radiation (j-radiation). As a rule,
this phenomenon is observed with heavy
nuclei of the elements which are arranged
after lead Pb in the Periodic System of
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IUYHIM CHCTEMI CIIEMEHTIB 3a CBHUHIEM Pb,
X0ua ICHYIOTb TAaKOX JecKi padioakmueHi
a0pa ('{C, 9K, 'JRb Ta inmi).

CkJiag pagioaKTUBHUX O-, f- 1 y-BHITIPO-
MIHIOBaHb BCTaHOBJIEHO 10 iXHbOMY GiOXU-
JIeHHl0 y MarHiTHomy mouii. Bimomo, mo a-
GUNPOMIHIO6AHHSA SIBIISIE COOOIO TIOTIK fA0ep
eenito (o-yacmuuku). f-4acmuHKu € NOTO-
KOM WBUOKUX eleKMPOHIE 3 SHEPTIE, SKa
nmocsirae 3HadeHns 10 MeB, i mBuakicTiO,
10 HaOJMKAEThCS 0 MIBUIKOCTI CBITIA Y
BaKyyMi. P-6URPOMIHIOGAHHA SBISIE COOOIO
orcopcmre EM sunpominiosarnms, sike Biapi-
3HSIOTHCS BiJl iHIIMX BUIPOMIHIOBAaHb MaK-
CHMaJIbHOIO ITPOHHUKAIOUOI0 31aTHICTIO. Ya-
CTOTH )-BUIIPOMIHIOBaHb Guuyi 3a YaCTOTH
HAKOPCTKIIINX PEHTIEHIBCHKUX TIPOMEHIB.

Bnacmueocmi padioakmuenux eunpo-
Mminroeany (PB), ycraHOBIEHI 3a iXHBOIO
B33€EMO/IIEI0 13 PEYOBUHOIO:

a) Bci PB NEBHOI MIpOI0 MaIOTh XiMIYHY
0710, 30KpeMa, CIPUYUHSIOTH MOYOPHIHHS
(OTOILIACTHHOK.

0) PB BUKJIMKAIOTh [OHI3ayil0 2a3ie, a THO/I,
1 TBepOMX Ta PIOKHUX TN, Kpi3b sSIKi BOHU
IIPOXOIATE.

B) PB 30y0a1cyromb irominecyenyiio TBepanX
1 pIAKKX TiJI.

1li B1acTHBOCTI JICKaTh B OCHOBI €KCITe-
PUMEHTAIBHUX Memodie 6ussienHs 1 10CIi-
JOKEHHSI PB: CIMHTWIALIRHAX JTIYAIBHNKIB,
munneHuka [eiirepa, kamepu BinbcoHa,
Oynp0aImKkoBoi KaMepH, METOAYy SACPHUX
(hoToeMyIIbCii.

IepeTBOpeHHsT aTOMHHUX siiep, SKi Cy-
MPOBOJKYIOTBCS BHIYCKaHHAM a- Ta f-
BUIIPOMIHIOBaHb, HA3UBAIOTHCS BiAIOBIIHO
a- Ta fi-poznadom. Tepminy "y-posnaod" He
icHye. Slnpo, sike po3nana€eThesl, Ha3UBA€Th-
CSl MAMEPUHCHKUM, & SIPO TIPOIYKTY PO3-
Tagy — O04ipHim.

Ilpasuna 3miwgenna snep npu paaioax-
THBHOMY po3nazi. [Ipu a-posnadi:

A A-4 4
S X— Y+ He.
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Elements, though there are /ight radioac-
tive nuclei as well (';C, 9K ,'7’Rb and ot-
hers).

The composition of the radioactive o~
, f and jradiations has been found by
the-ir deflection in the magnetic field. It's
known that a-radiation is the flux of he-
lium nuclei (a-particles). f-particles are
the flux of fast-moving electrons which
have energies up to 10 MeV and their
speed is close to the velocity of light in
vacuum. y-radiation is a hard EM radia-
tion which is highly penetrating. Frequen-
cies of j-radiations are higher than frequ-
encies of the hardest X-rays.

Properties of radioactive radiations
(RR) have been fixed by their interaction
with a substance:

a) All RR to this or that degree have che-
mical effects, in particular, they cause the
blackening of photo plates.

b) RR induce ionization of gases, and so-
metimes, of solids and liquids through
which they pass.

¢) RR give rise to luminescence of solids
and liquids.

These properties are the basis of the ex-
perimental methods of detection and in-
vestigation of the RR: scintillation coun-
ters, Geiger counter, Wilson cloud cham-
ber, bubble chamber, the method of nu-
clear photo emulsion.

Transformations of atomic nuclei which
are accompanied by the emission of -
and M-radiations are called o~ and f-de-
cay, respectively. There is no term "j-de-
cay". A decaying nucleus is called a par-
ent nucleus, and a nucleus of decay pro-
duct is called a daughter nucleus.

There are rules of a nuclear shift un-
der the radioactive decay. At a-decay:

A A-4 4
,X—, Y+ He.



[pu erexmponnomy f.-posnaoi:
A A 0
S X—, Y+ Je.

(IcHye 1 mMO3UTPOHHMH f.-po3man). o-
PO3nad 3menuye MacoBe YHCIIO siapa Ha 4, a
3apsia sAapa - Ha 2 eNeMEeHTapHUX MO3UTHUB-
HUX 3apsijd, TOOTO, 3Miuyye XimiuHull eie-
MeHm Ha 2 KUmKu 61i60 y IePIOANYHIN CH-
cremi. Ilpu f-posnadi macoBe 4HCIO He
3MIHIOEMbCS, & 3apsil AApa 30LMbUYEMbCA
Ha OAMHUINO. XIMIYHUI eJIeMEeHT mepeMmi-
LIY€ETbCS HA OOHY KIIMKY 6npaso y Iepio-
IUuHii cuctemi. [IpaBuna 3MilieHHs € Hac-
JIIOKaMu 3aKOHIB 30€pPEIKEHHS eJCKTPUIHO-
ro 3apsay i KiJIbKOCTI HYKJIOHIB y SIEPHUX
MEPETBOPEHHSX.

OcHo6HUIl 3aKOH PAdiOAKMUBHO20 PO-
3nady sBisie COOOK0 3aKOH 3MEHIICHHS Y
Yaci KUIBKOCTI pafioaKTUBHHX SAEp:

t
N=N,27.

Tyt Ny - mouyaTkoBa KillbKiCTb pajJio aKTUB-
HUX f7ep, ska Oyaa y MOMEHT dacy, IpUiH-
ATHH 3a MOYATOK BifpaxyHKyY =0, N - KilIb-
KIiCTh PalioaKTUBHUX siep (AKi He 30iliCcHuU-
au posnady) y MOMeHT 4acy f, T - nepioo
nigpo3nady — yac, 3a SKUi po3najgaeTbes
NONOBUHA 3 TIOYATKOBOI KIIBKOCTI siep:
ko =T, To N=Ny/2. 3aKoH paaioaKTHB-
HOTO pO3Maay BKa3ye Ha Te, IO PaJioaKkTH-
BHI IIEPETBOPEHHS ATOMHHUX SIIAEP € cmamu-
cmuuHuMy npoyecami: po3nan Oyab-sKOro
13 A7ep € PiBHOUMOBIPHOW NOJi€0 — HEMO-
XJIMBO NependaunTH, sIKe caMe SApo pajio-
AKTUBHOTO 130TOIYy PO3MANAEThCs Yy AAaHMM
MOMEHT 4acy.

7.3 SAnepHi peakuii

Aoepnumu peakyiamu Ha3UBAIOTH LITY-
YHI nepemeopents, amoMHux s0ep, Cpudn-
HEHi IXHIMH B3a€MOISMH i3 Pi3HUMH Yac-
TUHKaMH1 a00 onHE i3 ogHuUM. Y OiIbLIOCTI
BUNAJKIB y SAEPHUX peakuisix OepyTh
ydacTb 06a A0pa Ta 08I HACMUMKU: OJIHA

75

At the electron f-decay:

JX—, Y+ e
(There is also a positron f.-decay). a-de-
cay decreases the mass number of a nuc-
leus by 4, and the charge of a nucleus by 2
elementary positive charges, it shifts a che-
mical element by 2 squares to the left in
the System. At f-decay, the mass number
does not change and the charge of nucle-
us increases by 1. A chemical element mo-
ves to the next square to the right in the
System. The rules of shift are the conse-
quences of the laws of conservation of an
electrical charge and a number of nucle-
ons in nuclear transformations.

The basic law of the radioactive de-
cay is the law of falling with time in the
number of radioactive nuclei:

N=N,-27.

Here N, is an initial number of radioac-
tive nuclei at the moment of time taken as
the zero time reference (1=0), N is the
number of radioactive nuclei (not subject-
ted to decay) at the moment of time ¢, T is
the period of half-decay, that is the time
for a half of the initial quantity of nuclei
to decay: if =T, then N=N,/2. The law of
radioactive decay states that radioactive
transformations of atomic nuclei are sta-
tistical processes: decay of any nucleus is
an equiprobable event, - it's impossible to
foresee what nucleus of the radioactive
isotope will decay at a given moment of
the time.

7.3 Nuclear Reactions

Nucleus reactions are artificial transfor-
mations of atomic nuclei caused by their
interactions with various particles or with
one another. In most cases two nuclei and
two particles take part in nuclear reacti-
ons: one pair "nucleus-particle”" is called



napa "Apo-4acTUHKA" HAa3UBAETLCS 6UXIO-
HOI0 naporo, a iHIIA - KiHYegol napoio.
Cumeoniunuii 3anuc sACpHOI peakuii mac
8U2nA0:

A+a—B+b, unu A(a,b)B,

ne A 1 B — BuxifiHe Ta KiHLEeBe spa, a 1 b -
BHUXi/JJHA Ta KIHIIEBA YACTUHKH B PEaKIIii.

SlnepHy peaklilo XapaKTepusyloTb eHe-
peieto adepnoi peaxuii Q, sixa TOPIBHIOE pi-
3HUYI KIHETUYHUX EHepriil KiHIeBoi i BUXi/-
Hoi nap y peakiii. [Tpu Q<0 peakuii Big0y-
BAIOTBCS i3 NOAUHAHHAM eHepeii 1 Ha3uBa-
0TbCSl enoomepmiunumu. llpu O>0 peax-
il CyNPOBOKYIOTECS BUOINEHHAM eHepaii 1
Ha3UBAIOTbCS K30MEPMINHUMU.

Po3pi3HAIOTH AAepHI peakLii npu manux,
CepeOHix 1 6UCOKUX EHEpPriiX YacCTHUHOK.
Peaxuii npu manux enepeisx (=1 eB) Bin0y-
BAaIOTHCS 32 Y4acCTIO HEHTpoHiB. Peakuii npu
cepeoHix eHepeiax (0o nexinbkox MeB) Bi-
N0YyBalOThCS Mifl AI€I0 3aps/KEHUX YacTH-
HOK, )- KBaHTiB i KOCMIUYHOTO BUIIPOMiHIO-
BaHHS. Peakuii npu sucoxux euepeisx npu-
BOJSITH 70 PO3KJIAJaHHS sIep Ha CKIAIOBI
HYKJIOHH, [0 HApOKEHHS €JIeMEHTapHUX
yacTUHOK. OKpiM HEHTpOHIB, AnepHi peak-
Ui COpUUMHSIOTHCS 3apSKEHUMU YaCTUH-
KaM{: IPOTOHAMH, (-YaCTHHKaMH, -
KBaHTaMH, 0araTo3apsiaHUMH IOHAMH BaX-
KUX XIMI9HUX €JIEMEHTIB.

LlImyunow padioakmuenicmio Hazu-
BalOTh PaJiOaKTUBHICTh i30TOMNIB, OTpUMAa-
HHUX B pe3yibTaTi saepHUX peakuii. Jlerki
anpa (4<50), y SKUX LITY4HO CTBOPIOETHCS
HaJIMIIKOBA KUTBKICTh HEHTPOHIB Yy MOPiB-
HSHHI 13 KIUIBKICTIO TIPOTOHIB, € f.--
panioakTMBHUMH (TI03Ha4YEHHS "B." 03HaYae,
0 Taki sifipa BUIIYCKAIOTb €IEKMPOHLUL).
IIpu BBeNEHHI y AP0 HAAIMIIKOBUX IIPO-
TOHIB, HOT0O €HEepris 3pocTa€ i 3'ABIAETHCS
ITy4YHa B, -palio-aKTUBHICTb, SIKa MOB'A3aHa

0
3 BUKHUJIOM 3 S1pa HO3UMPOHY €.
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an initial pair, the other pair is called a
finite pair. Symbolically a nuclear reacti-
on can be written as:

A+a—B+b, or A(a,b)B,

where 4 and B are the initial and finite
nuclei, a and b - the initial and finite par-
ticles in a reaction.

A nuclear reaction is characterized by
the energy of a nuclear reaction Q equal
to the difference of kinetic energies of the
finite and initial pairs in the reaction. At
Q<0 reactions proceed with energy being
absorbed, and they are called endother-
mic. At O>0 energy is emitted and they
are called exothermic.

There are distinguished nuclear reacti-

ons at small, average and high energies
of particles. Reactions at small energies
(=1 eV) take place at the presence of neu-
trons. Reactions at average energies (up
to some MeV) take place by the action of
charged particles, y~quanta and cosmic ra-
diation. Reactions at high energies result
in decomposition of nuclei into constitu-
ting nucleons and in nucleation of funda-
mental particles. Nuclear reactions are ca-
used not only by neutrons, but also by
such charged particles as protons, o-par-
ticles, y~quanta, multicharged ions of hea-
vy chemical elements.
Artificial radioactivity is the radioactivity
of isotopes produced in the result of nuc-
lear reactions. Light nuclei, in which there
is artificially produced an excessive num-
ber of neutrons in comparison with the nu-
mber of protons, are B-radioactive nuclei
(a symbol "A" means that these nuclei re-
lease electrons). Excessive protons being
introduced into a nucleus, its energy inc-
reases and the artificial f,-radioactivity
connected with the overshoot of a posi-
tron ‘e out of a nucleus appears.


Админ
Підсвічування

Админ
Підсвічування

Админ
Підсвічування

Админ
Підсвічування

Админ
Підсвічування


Baxki siapa, sKi NepeBaHTaXKECHI HEUT-
poHamu, € Hecmitikumu sopamu. Iloodinom
A0pa Ha3UBA€THCS SAEpHA DPEaKList po3mi-
JICHHS BAKKOTO sapa, 30yIDKEHOTO 3aXOll-
JICHHSIM HEUTPOHY, Ha JBI MPHOJIU3HO piBHI
YaCTUHU - yaamku. [Ipu IBOMY MOMKIHBE
BUBIJILHEHHSI HEBEJIMKOI KiIBKOCTI HEHTpO-
HiB. [Toxin BaxKKHX siliep Ha YJIaMKH CYNpo-
BOJDKYETBCS GUOLIEHHAM 8eUYe3HOI eHepeli,
OCHOBHA YacTHHA 5KOi mpuOyBae y dopmi
KiHETHYHOI eHeprii ynamkiB mnoxiny. Ha-
MIPUKIIAM, TIPU IO SIep, AKI MICTAThCS Y
1 r ypany 25U, suminserscs 810" Ik
eHeprii. [lnsa 3xilicHeHHs peakuii Mozimy
sapa MoTpiObHa BUTpaTa OEAKOi KUIBKOCTI
€Heprii, sKa Ha3UBAETbCS eHepziclo aKkmu-
sauyii (nopocom noodiny). HaiiBaxmupimmm
MPOIIECOM € IO BaXKKUX sAEp HEHTpOHA-
MH, SKi BHOCATh HEOOXIJHY €HEpril0 aKTH-
Barii.

SIKIIO KOKEeH i3 HEHTPOHIB MOALTY B3a-
€MOJII€ 13 CYCIIHIMHU SApaMu PEYOBHHHU, SKa
JITMTBCS 1, B CBOKO YEPry, CIIPUYMHSIE TXHIO
PEaKIio MOaiTy, TO BiIOYBAETHCS JIAGUHO-
nodibHe HAPOCTaHHS KiJBKOCTI aKTIiB MOJi-
ny. Taka peakuist oIy HA3UBAEThCS J1dAH-
Ur0206010 peaxyicro. Heobxiona ymosa pos-
BUTKY JIAaHIIIOTOBOI peakiii € BuMora k>1,
ne k — koeiyieHm po3MHOdICEHHS Helimpo-
Hi6 - BITHOIICHHS KITBKOCTI HEUTPOHIB, SKi
BUHMKIIM Ha JICSKIA MUISHIN peakiii, 1o ix-
HBOI KUIBKOCTI Ha MOTIEPETHIN JIISHII.

MinimManbeHi po3Mipyd aKTUBHOI 30HH Y
MPOCTOPI, Jie BiIOYBAETHCS JIAHIIOTOBA pea-
KIS, HA3UBAIOTb KPUMUYHUMU PO3MIpa-
Mmu. MiHIMallbHY Macy pPEYOBWHH, SKa i-
JIUTHCS, TepeOyBaloyd Yy aKTHBHIH 30HI
KPUTHYHHUX PO3MIpiB, HA3UBAIOTh KPUMUY-
HOI0 MACOI0.

Adepni peaxmopu — 1e npUCTPOi, y
SIKHX 37IHCHIOIOTBCS KEPOBAHI SIICPHI peak-
uii. Aoepna enepzin — 1ie eHepris, sKa BH-
TIJISETHCS] TIPH JTIAHIFOTOBUX PEAKIIsX MO/Ii-
Jy BOKKHX sIEP.

Tepmoadepuumu peakyiamu Ha3UBaAIOTH
€K30TepMIiuHI SACpHI peakuii cunmesy aee-
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Overcharged with neutrons heavy nuclei
are unstable. Nuclear fission is a nuclear
reaction of splitting a heavy nucleus, exi-
ted by trapping a neutron, into two almost
equal parts - fragments. A small number of
neutrons might be released thereat. Fissi-
on of heavy nuclei into fragments is acco-
mpanied by emission of a large amount of
energy, the main part of which is emitted
in the form of kinetic energy of fragments
fission. For example, in the process of
nuclear fission of 1 g of uranium’,U, the
energy of 810" J is emitted. To initiate a
nuclear fission, we should supply some
energy which is called activation energy
(or a fission threshold). The most im-
portant process is the process of fission of
heavy nuclei by neutrons which give the
required activation energy.

If each fission neutron interacts with
the adjacent nuclei of a substance under
fission and in its turn causes a fission re-
action in them, then an avalanche-like ri-
se of the number of fission acts takes pla-
ce. Such a fission reaction is called a
cha-in reaction. A chain reaction could
occur if k>1, where k is a coefficient of
neutron multiplication, that is a relation-
ship of a number of neutrons which occur
in a reaction unit and a number of neu-
trons in a previous unit.

The minimum sizes of a nuclear core
(the space where a chain reaction takes
place) are called critical sizes. A mini-
mum mass of a fissile material which is
in an active section (nuclear core) of cri-
tical sizes is called a critical mass.

Nuclear reactors are devices in which
controllable chain nuclear reactions take
place. Nuclear energy is the energy emit-
ted in chain reactions of heavy nuclei fis-
sion.

Thermonuclear reactions are exother-
mal nuclear reactions of light nuclei fusi-



Kux s0ep 'y Ouibmn Baxki. Taki peakuii ede-
KTHBHO TIPOTIKAIOTh 1pU HAOBUCOKUX TEM-
neparypax 6Gmuseko 107-10° K. Ilig uac
TEPMOSJICPHUX PEAKIiid BUIIAEThCS e Oi-
AbWa eHepeis, HDK TpPH TOATI BaXKKUX
anep. Hampuxnan, npum smurri smep D

neiitepito i 3T TpHTIIO B AAPO reio:
2 3 4 1
D+ \T—, He+n,

BUJIUIAETBCSL eHeprisi Onm3bko 3,5 MeB Ha
OJIMH HYKJIOH (B peakKIlisiX MOALUTy eHepris Ha
OJIMH HYKJIOH ckianiae 61u3bko 1,0 MeB).

TepmosinepHi peakuii BinOyBaroTbcsi Ha
CoHui Ta 3ipKax, i € dxcepenom enepeii, ska
3a0e3nedye ixHe BUIpOMiHIOBaHHA. [[Joce-
kynou CoHIe BUIpoMiHIoe erepriio 3,810%
JIx, 110 BiAMOBiAa€ 3MEHIIEHHIO HOr0 MacH
Ha 4,3 MUTBHOHHU TOHH.
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on into heavier nuclei. Such reactions ef-
fectively proceed at super-high tempera-
tures of about 10’+10° K. At thermonuc-
lear reactions more energy is emitted than
even at heavy nuclei fission. For example,

when deuterium D and tritium 37 nuc-
lei join to form a helium nucleus,

2 3 4 1
D+ T—;He+n,

there is emitted energy of about 3.5 MeV
on one nucleon (in fission reactions ener-
gy on one nucleon is about 1.0 MeV).

Thermonuclear reactions take place on
the Sun and stars and are the sources of
energy supporting their radiation. Every
second the Sun emits the energy of 3.8x
x10% J which corresponds to its mass de-
crease by 4.3 million of tons.


Админ
Підсвічування


MI’KHAPOJHA CUCTEMA OJUHHUIB (CT)
INTERNATIONAL SYSTEM OF MEASURES AND WEIGHTS (SI)

Opunnns Unit
Bemmramua Unit Haspa Ilo3nauennsi Symbol
Name VYkpaiuceke | International

JloB:xkuHa Metp M

Length Meter m
Maca Kinorpam KT

Mass Kilogram kg
Yac Cekynga c

Time Second S
Cuiia eJIEKTPUYHOTO CTPYMY Ammep A

Strength of current Ampere A
Temnepartypa KeabBin K

Temperature Kelvin K
KinbkicTs peyoBuHM MoJab MOJIb

Amount of substance Mole mol
Cuana cBitia Kanpeaa K/

Strength of light Kandela cd
IInockmii KyT Panian pan

Plane (Flat) angle Radian rad
Tinecumii Kyt Crepagian cp

Solid angle Steradian sr
YacroTa I'epu I'n

Frequency Herz Hz
Cuna Heroton H

Force Newton N
Tuck IMackans Ia

Pressure Pascal Pa
Eneprin Jxoyab Jox

Energy Joule J
HotyxHicTh Batr Br

Power Watt W
KinbkicTh ejekTpuku KyJsion Ka

Kmount of electricity Coulomb C
Hanpyra exexrpunyna BoasT B

Voltage Volt v
EnexkTpuuna eMHicTh ®apaj

Capacitance Farad F
Omip esleKTpHYHMIT Om Om

Resistance Ohm Q
IIpoBigHicTh eekTpUYHA Cumenc Cm

Conductivity Siemens S
oTik MarniTHol iHgyKuii BeOep Bo6

Magnetic flux Weber Wb
MarsiTHa iHgyKIis Tecaa Ta

Magnetic induction Tesla T
InaykTHBHiCTH T'enpi I'n

Inductance Henry H
CaiT/10BHi1 MOTIK Jliomen M

Luminous flux Lumen Im
OcgiTienicTbh Jioke JIK

Illuminance Lux Ix
AKTHBHICTb pafioHyKJIixy Bekkepenasn Bk

Activity Beckerel Bq
Jlo3a BUIIPOMiHIOBAHHS I'peit I'p

Radiation doze Grey Gy
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TECTOBI 3ABJJAHH 1O PO3A1IY "OCHOBH MEXAHIKH"
KinemaTuka piBHOMipHOro pyxy

1. 3a npomixok yacy =5 roauH i 30 XBHJIMH BEJIOCUIICAUCT MpoixaB BiacTanb S=99 i-
JIOMETPIB. I3 KOO CepeIHBOIO MIBHUAKICTIO V,,, PyXaBCs BEIOCHIIENHCT ?

A) V=T MIC. B) V=3 /. B) Vegy=6 /. T) Vegy=5 m/c. J1) Veoy=d c.

2. Teputy norosuny uiisxy aBToOyc pyxascs i3 mBuakictio V=40 km/rox, a dpyey - i3
mBHAKICTIO V,=60 KM/roa. 3HalTH cepednio MBUAKICTE aBTOOYCA Ve,

A)V.qy=44 KM/T. B)Vp=50 kM/T. B)V0,=48 kM/T. I)V,)=56 kM/T. [))V(0p=54 KM/T.

3. ABTOMOOINH TMPOIXaB BIAICTaHb MiX NMyHKTaMU A i B piBHOMIpHO 31 WBUIKICTIO V=
=60 xm/roj, a Ha3ax - 31 wBHAKICTIO V4/=20 xm/roj. BusHaute cepesrro BUAKICTD py-
Xy aBTOMOOIIA V.

A) V=30 xm/t. B) V., =25 km/T. B) Vo, =40 xM/T. ') V., =35 xm/T. 1) Ve, =20 KM/T.

4. Mix nBOoMa myHKTamH Ha Bifcrani S=100 KM OAMH BiJ| OZHOTO KypCye KaTep, KU
MIPOXOAMTH 10 BIACTaHb 3@ meuicio piuku 3a MPOMDKOK 4acy t=4 TOAWHH, a npomu
meuii - 32 IPOMIXOK £,=10 roguH. Bu3HaunTH IWBUAKICTH Tedil piuku V.

A) 7=9,0 km/r. B) V=7,5 km/r. B) V=3,0 km/r. ') V=4,5 xm/r. JT) =6,0 km/T.

5. Hepury mpemuny winaxy aBToMo0LIb Ipoixas 31 mBUAKicTIO V=10 km/rox, npyry - 3i
mBuaKicTio V,=20 kM/ToJ, a TpeTio - 31 mBUAKicTIO V3=60 km/ron. BuzHauutu cepen-
HIO IBUJIKICTh pyXy aBTOMOOINIA Ha yChbOMY HIIAXY Viep

A) Vg =24 xm/T. B) Vi, =12 xm/T. B) V(=36 xM/T. T') V., =18 xm/r. 1) V., =30 kM/T.

6. Jlesxy BiacTanp S MK HaceleHUMH ITyHKTAMH MOTOPHHMI YOBEH HPOIUIMBAE 32 T e-
Yi€ro pIYKH 3a IPOMDKOK 4acy =10 XBUWINH, a IpOT H T e4ii - 3a IPOMIXOK dacy £=30
XBHJIMH. 32 SIKMI Yac 4 MPOIUIMBE IO BiICTaHb PATIBHUI KPYT ?

A) =30 xBui. b) £=40 xBun. B) £=35 xpun. I') =20 xBun. J[) £=25 xBuI.

7. Eckamatop MeTpo MiJHIMAE CT OF90Tr0 macak Hpa 3a MPOMDKOK Yacy =1 XBHIMHA.
[lo Hepyxomomy eckanatopy maccaxup MmiJHIMA€eTbCs 3a £=3 XBHIMHU. CKIUJIbKH 4acy &
iAHIMATUMETBCS TACAKUP 110 PYXOMOMY €CKaIAT Opy !

A)5=35c. B)s=50c. B)s=45c. I)4=40c. JH)s=55c.

PiBHOMipHUii 00epTanbHuii pyx

8. 3a sikuil IpoMiXOK dacy ¢ KoJeco, sIke 00epTaeThes 13 KyTOBOIO MIBUIKICTIO =47
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TEST PROBLEMS TO THE SECTION “FUNDAMENTALS OF MECHANICS”
Kinematics of the uniform motion

1. During the time interval /=5 h 30 min a cyclist covered the distance of =99 km. What
is the average speed V,, of the cyclist ?

A) V,=7 m/sec B) V,,=3 m/sec C) V,,=6 m/sec D) V,,=5 m/sec E) V,,=4 m/sec

2. During the first halfway a bus moved at a speed V=40 km/h, during the second
halfway — at a speed V,=60 km/h. Find out the average speed of the bus V,,.

A)V,~44 km/h B)V,,=50 km/h C)V,,=48 km/h D)V,,=56 km/h E)V,,=54 km/h
3. A car covered the distance between points A and B uniformly at a speed of V=60
km/h; it returned at a speed of V,=20 km/h. Find out the average speed V,, of the car.
A)V,,=30 km/h B)V,,=25 km/h C)V,,=40 km/h D)V,,=35 km/h E)V,,=20 km/h

4. The distance between two points of S=100 km apart a boat runs; it covers this distance
with the stream for 4=4 h, and against the stream — for =10 h. Find out the river flow
speed V.

A) ¥=9.0 km/h B) ¥=7.5 km/h C) ¥=3.0 km/h D) V=4.5 knvh E) ¥=6.0 km/h

5. The firth third of a path a car moved with speed V1=10 km/h, the second third — with
speed V,=20 km/h, and the third part — with speed V3=60 km/h. Find out the average
speed of the car V,, for the whole path.

A)V,=24 km/h B)V,,=12 km/h C)V,,=36 km/h D)V,,=18 km/h E)V,,=30 km/h
6. Distance Sbetween two places a motorboat travels for £=10 min with the stream and
for 3a £=30 min against the stream. For what time & does a life buoy cover this
distance?
A) £=30 min B) £=40 min C) £=35 min D) £=20 min E) £=25 min
7. A metro escalator takes a standing passenger up for =1 min. If an escalator does not
move a passenger goes upstairs for 54=3 min. How long & will a passenger go upstairs by
a moving escalator?
A) =35sec B) £=50sec C) s=45sec D) £=40sec E) =55 sec

Uniform rotary motion

8. For what period of time 7 will a wheel rotating at angular velocity w=4= rad/sec per-
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pan/c, 3aivicauts N=100 06epTiB HaBKOJIO CBOET OCi ?
A)t=20c. B)t=50c. B)t=60c. T)r=30c. [)r=40c.

9. Ban obGepTaeThes i3 KyTOBOK MIBUAKICTIO w=>5 pan/c. JIiHiliHA MBUAKICTh TOYOK, SKi
3HAXOIAThCA Ha Horo moBepxHi V=1 m/c. BuzHaunre pajiyc 1iporo Bamy R.

A) R=0,4 . B) R=1,0 m. B) R=0,6 . ) R=0,8 m. JT) R=0,2 m.

10. KyroBa mBHAKICTH @ JomaTell BeHTHISTOpa MOpiBHIOE 21 paxn/c. BusHaurte Kinb-
KicTh Horo o0epTiB V3a npomixok yacy =30 c.

A) N=140. Bb) N=180. B) N=120. TI') N=100. ) N=160.
11. 3naiftu paxiyc koneca R, sSIKIO JiHIiHA IBUAKICT V) Touku Ha Horo oboxi y 3 pasu

OinbIna 3a JHIAHY MIBUAKICTH V), TOYKH, SKa JIGKUTh Ha BifcTaHi Ar=6 cM Oimxde 10
#oro oci.

A)R=12cm. B) R=18 cm. B) R=9 cm. I') R=6 cm. ) R=15 cm.

12. JliniliHa MBUAKICTh TOYOK, PO3TAIIOBaHUX HA 0001 MaxoBuka V{=5 M/c, a TOHOK, sKi
nexatb Ha Ar=20 cm Omkue 10 oci, 4=4 m/c. BusHaute paniyc MaxoBuka R.

A) R=100 cm. B) R=40 cm. B) R=80 cm. I') R=120 cm. [T) R=60 cm.
13. JliniliHa MIBUJKICTH TOYOK, PO3TAIIOBaHUX HA 0001 MaxoBuka V{=5 M/c, a TOHOK, sKi
nexatb Ha Ar=20 cM Ommkue 1o oci, V4=4 m/c. BuzHauTe KyTOBY IIBHJKICTh MaXOBHKA
.

A) =20 pag/c. B) =5 pag/c. B) @=10 pan/c. I') =15 pan/c. ) @=25 pan/c.

14. 3HaiiTi KyTOBY IIBHIKICTh @ oOepTaHHs OapabaHy maiameTpoM d=16 cMm mpu min-
HoMi BaHTaxy 13 JiHiHO mBHAKICTIO V=0,4 M/cC.

A) w=15 pag/c. B) @=10 pan/c. B) =25 pan/c. I') @=5 pan/c. ) ©=20 pan/c.

15. I3 sikor0 cepeiHbOIO MBHIKICTIO VTpeba pyXxaTuch, mod 00'ixaTu 3eMiTto 1Mo eKBaTo-
py 3a npomixok yacy =80 i ? Paniyc 3emmi R BBaxkatu piBHUM 6400 KM.

A) V515 xm/ron. B) V221 km/ron. B) V&12 km/ron. I') V=18 km/ron. [1) V=24 km/ron.

16. YV ckinbku pa3iB KyTOBa HIBUJAKICTb cOOUHHMUKOGOI CTPUIKM @, Oinblla 3a KyTOBY
HIBUAKICTH 00006020 0OepTaHHs 3emiti @, ?

MNP 225 pP-40. B =30, D%=15 mP%-=20.
()

) ) a, ) o

82



form N=100 rotations round its axis?
A)t=20sec B)t=50sec C)t=60sec D)t=30sec E)¢=40 sec

9. A shaft rotates at angular velocity @=5 rad/sec. Linear velocity of points on its surface
is =1 m/sec. Find out the shaft radius R.

A)R=04m B)R=10m C)R=0.6m D)R=0.8m E)R=02m

10. Angular velocity @ of ventilator blades is 21 rad/sec. Find out the number of its
rotations N for the time #30 sec.

A)N=140 B)N=180 C)N=120 D)N=100 E)N=160

11. Find out a wheel radius R if linear velocity V; of point on its rim is 3 time larger the
linear velocity V; of point which is Ar=6 cm nearer to its axis.

A)R=12cm B)R=18 cm C) R=9 cm D) R=6 cm E) R=15cm

12. Linear velocity of points on a flywheel rim is V{=5 m/sec, and of points which are
Ar=20 cm nearer to the axis is ¥,=4 m/sec. Find out the flywheel radius R

A) R=100 cm B) R=40 cm C) R=80 cm D) R=120 cm E) R=60 cm

13. Linear velocity of points on a flywheel rim is V=5 m/sec, and points which are
Ar=20 cm nearer to the axis is /,=4 m/sec. Find out a flywheel angular velocity @.

A)@w=20 rad/sec B)w=>5 rad/sec C)w=10 rad/sec D)w=15 rad/sec E)w=25 rad/sec

14. Find out angular velocity w of rotation of a drum of =16 cm in diameter when lifting
a load at a linear velocity 1~0.4 m/sec.

A)w=15 rad/sec B)w=10 rad/sec C)w=25 rad/sec D)w=>5 rad/sec E)w=20 rad/sec

15. What should average velocity Vbe to travel the Earth by the equator for the time
t=80 days and nights? The Earth radius R; is considered equal to 6400 km.

A) V=15 km/h B) V=21 km/h C) V=12 km/h D) V=18 kmvh E) V=24 knvh

16. How many times is angular velocity of an hour hand @, larger than the Earth diurnal
rotation @y ?

AZio2s BZr-40, 02=30, DYZ-10; E)2L=20
@, @, @, @y, @,
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17. XBrmHHA CTpiNKa TOJMHHMKA y TPU pasd JAOBIIA 3a CEeKyHAHY. BusHaure BimHo-
LICHHS JIIHIHHUX MBUIKOCTEH KIHIIB 000X cTpinok V,/ V.

v v v v v
A)—=-=0,05. B)—=-=0,15. B)—=0,01. == =0,25. J1)—==0,10.
)7 )5 ) )7 D,

c c c c c

KinemaTnka piBHO3MiHHOIO pyxy

18. Pyxaroumch pisHocnosinbhero, Tino mpoinuio mugx S=180 M 3a mpoMixkok vacy t=
=8 ¢, 1 micas UpOro e Majio MBUAKICTh V=5 M/c. BU3HAUUTH MOYATKOBY IIBUIKICTH
nporo Tina V.

A) Vy=45 m/c. B) V=16 m/c. B) V=36 m/c. T') V,=40 m/c. 1) V=24 m/c.

19. Pyxaroumch pisHonpuckopero, TiNo, y KiHIli neputoi CEKYHIU BiJl TIOYATKY PyXy MaJo
mBHAKICTE V=1 M/c. SIKOIO CTaHe IBUIAKICT Tija Y KiHII 7'moi CeKyHIU HOTro pyxy
Vs?

A) V=5 m/c. B) Vs=15 m/c. B) Vs=2,5 w/c. T) Vs=10 m/c. JT) Vs=1,5 wlc.

20. TTotsr yepes t,=10 ¢ micnsg novaTky pyxy HabyBae mBuakocti V1=0,6 m/c. Uepes cki-
JBKU 9acy BiJ MOYATKy PYXY f, MIBUAKICTH MOTITY CTAHOBHTHUME V=3 M/C, SIKIO PyX
HOTATY pigHonpuckoperuti ?

A)t=60c. B)ty=40c. B)n=20c. T)=50c. JI)6=30c.

21. YoMy mOpiBHIOE MIBUAKICTH TiJla Y KiHII wocmol CeKyHIIU Bl MoYaTky pyxy Vs, K-
110, PYXAIUKUCh PIGHONPUCKOPEHO 31 CTaHy CIIOKOI, Y KiHIII nepuioi CeKyHIIH BOHO JI0-
CSTJI0 IBUAKOCTI V=2 M/c ?

A) Ve=24 w/e. B) V=15 m/c. B) V=9 w/c. T) V=18 m/c. ) V=12 m/c.

22. TanbMyroO4H BijJi MOYATKOBOI MIBUAKOCTI V=72 KM/TOJ 31 cmanum TPUCKOPEHHSM,
aBTOMOOIJIb 3yITUHUBCS Yepe3 NPOMDKOK =5 ¢. Bu3HauTe AnuCTaHIi0 TaIbMyBaHHS S.

A)S=40 M. B)S=55m. B)S=50m. I)S=45m. JI)S=35m.

23. Tino, pyxaw4uch pigHonpuckopero 0e3 mMoYaTkoBOi IBUIKOCTI, MPOAIILIO BiJ MOva-
TKY pyxy S=60 M i HaOyno mBuakocti V=12 m/c. BusHaunTi 4ac pyxy Tija f.

A)t=7,5¢c. B)t=100c. B)=12,5¢. I)¢=20,0c. JI)=150c.

. . . .o 2 . v
24. Tino pyXxaerbcs 3i cmaHy cnokor i3 nocmitiHum MPUCKOPEHHAM a=2 M/c”, 1 IPONIILIO
oorax S=25 M. BuzHaunTH yac pyxy 1boro Tina f.

A)t=13¢c. B)t=Tc. B)r=llc. T)t=5c. J)t=9c.
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17. A munute hand is 3 times longer than a second one. Find out a relationship of linear
velocities of the ends of both hands V,,/ V..

4 4
)Y 005, By L2015 )L 2001 )22 =025, E)VVi:O.lo.

Kinematics of uniformly variable motion
18. Moving uniformly retarded a body traveled a path S=180 m for /=8 sec and after that
it still had velocity V=5 m/sec. Find out initial velocity ¥} of this body.
A) Vo=45 m/sec B) V=16 m/sec C) V;=36 m/sec D) V=40 m/sec E) V,=24 m/sec
19. Moving uniformly accelerated a body at the end of the first second of its moving had
velocity 71=1 m/sec. What will a body velocity be at the end of the fifth second of its
moving Vs ?

A) Vs=5 m/sec B) Vs=15 m/sec C) V5=2,5 m/sec D) Vs=10 m/sec E) Vs=7,5 m/sec

20. In /=10 sec after start a train has velocity 7,=0.6 m/sec. In what time after start ¢,
will a train velocity be equal to V,=3 m/sec if a train motion is uniformly accelerated ?

A) t,=60 sec B) ,=40sec C)#H=20sec D) #=50sec E)1,=30sec
21. What is a body velocity at the end of the sixth second after start Vs if moving
uniformly accelerated from the rest a body had velocity V1=2 m/sec at the end of the
first second ?

A)Ve=24 m/sec B)Vs=15 m/sec C)V¢=9 m/sec D)Vs=18 m/sec E)Vs=12 m/sec

22. Braking from the initial velocity V=72 km/h with a permanent acceleration, a car
came to a stop in =5 sec. Find out a braking distance S.

A)S=40m B)S=55m C)S=50m D)S=45m E)S=35m

23. A body moving uniformly acceleratedly without initial velocity traveled $=60 m after
start and got velocity V=12 m/sec. Find out the time ¢ of the body motion.

A) t=7.5 sec B) t=10.0sec C)=12.5sec D) t=20.0 sec E)t=15.0 sec

24. A body moves fiom the rest with a permanent acceleration a=2 m/sec® and traveled
the path S=25 m. Find out the time ¢ of the body motion.

A)t=13sec B)t=7sec C)t=11sec D)r=5sec E)r=9sec
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25.3a sKuH NPOMIKOK yacy ! aBTOMOOLIb, pyXarouuch i3 mpuckopenHsM a=0,4 wm/c’,
301IBIINTH CBOKO IIBUAKICTE Bif V=12 m/c go V>=20 m/c ?

A)t=20c. B)t=10c. B)t=25c. I)t=5¢. J)t=15c.

26. Tino pyxaerbes MPIMOJIHIHHO Oe3 nouamkosoi weudkocmi i3 npuckoperusm a=0,6
2 ~ o
Mm/c”. SIkuit muisix AS BOHO mpoiine 3a decsamy cekyHOy CBOTO pyxy ?

A) AS=6.4 M. B) AS=3,6 M. B) AS=10,4 m. T') AS=5,7 m. JT[) AS=4.,5 M.

27. 3a 6ocbmy CEKyHAY PYXY 3i CMAHY CROKOW Tij0 NPOUNLIO BiacTanb ASg=30 M Skuit
[UISIX TLIO TIPOHIE 3a sicim cekyHO Sg, SIKIIO HOTO PyX pigHonpuckopenuti ?

A) Si=112 M. B) Sg=128 M. B) Sy=84 m. T') Sy=141 m. JI) S5=96 m.

28. Pyxarouuch pisHOMIpHO 31 MBUIAKICTIO Vy=36 KM/TOJ, TIOTAT TI0YaB PyXaTHCh PiGHO-
npuckopero, 1 Ha nusixy S=50 M #oro MBUAKICTH cTana piBHow V=15 m/c. Busnaute
9ac ¢ piGHONPUCKOPEHO20 PYXY TIOTSITY.

A)t=4c. B)t=12c. B)t=15c. T)t=8c. MO)t=18c.

29. Tino, pyXxarouuch PIBHOMPHCKOPEHO 31 CT aHY CIIOKOIO, 32 IT'AT Y CEKYHAY CBOTO PYXY
mpoHNLIo nuisaX ASs=18 M. I3 IKMM IPUCKOPEHHSIM 2 PyXaJoch Iie TiJio ?

A) a=10 M/c’. B) a=6 m/c*. B) a=2 m/c>. T') a=8 m/c’. ]T) a=4 m/c’.

30. Tino, pyXalO4UuCh PIBHOMNPHCKOPEHO 31 CT aHY CIIOKOIO, 38 ITAT ¥ CEKYHAY CBOTO PYXY
npoinuio nuistx ASs=18 M. Skuif nursIx STpoiIuIo e Tijo 3a MpoMiKok =5 ¢ ?

A) $=35M. B) $=50m. B)S=40m. I)S=45m. JI) S=60 m.

31. Pyxawouuch pIBHOCHOBLIPHEHO, TIOTAT Y MOMEHT BKJIFOYCHHS CEKYHOMipa MaB IIBHU-
nkictb V=10 m/c, a yepe3 MPOMIKOK 4acy /=5 ¢ Horo mBUAKICTh cTaHOBHIa V5=5 M/cC.
BusHauuTe npucKOpeHHs 4, i3 IKUM pyXaBcsl MOTIT.

A) a=-2 M/c*. B) a=-0,5 m/c’. B) a=-1 m/c*. T") a=-1,5 m/c’. ]T) a=-2,5 m/c™.

32. Kynbka, CKOYYHOYHCH IO TOXHIOMY KOO0y 31 CT aHY CIIOKOIO, 33 MEPILY CEKYHIY
pyxy npoinuia muiax $;=10 cM. Skuii nusx npoiae KyiabKa 3a T pH CEKYHIH CBOTO pY-
Xy S ?

A) §=60 cm. B) $=100 cm. B) $=30cm. T') $=90 cm. 1) =70 cm.

33. 3a skuii IPOMDKOK yacy f aBTOMOOLIb, PYXalOUUCh 3/ CT AHY CHOKOIO 13 IPUCKOPEH-
2 o
Ham a=0,6 m/c”, npoiige nuisx $=30 m ?

A)=8c. B)t=12¢c. B)r=15c. I)r=6c. [I)t=10c.
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25. For what time ¢ will a car, moving with acceleration a=0.4 m/secz, increase its
velocity from V=12 m/sec up to V,=20 m/sec ?

A)t=20sec B)r=10sec C)t=25sec D)t=5sec E)t=15sec

26. A body moves rectilinearly without initial velocity with acceleration a=0.6 m/sec’.
What distance AS will it travel for the tenth second of its moving ?

A)AS=6.4m B) AS=3.6 m C) AS=10.4m D) AS=5.7m E) AS=4.5m
27. For the eighth second of its moving from the rest a body traveled ASs=30 m. What
distance will the body travel for eight seconds Sg if its motion is uniformly accelerated ?
A)Sg=112m B)S=128m C)S=84m D) Sg=141 m E)S=96 m
28. Moving uniformly with Vy=36 km/h, a train began moving uniformly accelerated and
at the distance S=50 m its velocity was V=15 m/sec. Find out the time ¢ of a uniformly
accelerated motion of the train.

A)t=4sec B)t=12sec C)t=15sec D)t=8sec E)r=18 sec

29. Moving uniformly accelerated from the rest, for the fifth second of its moving a body
traveled AS=18 m. What acceleration & did this body travel ?

A) a=10 m/sec’ B) =6 m/sec’ C) a=2 m/sec’ D) a=8 m/sec’ E) a=4 m/sec’

30. Moving uniformly accelerated from the rest for the fifth second of its moving a body
traveled AS=18 m. What distance Sdid this body travel for £5 sec ?

A)S535m B)SS0m C)S40m D)S45m E)S=60m
31. Moving uniformly retarded at the moment of a stopwatch start a train had velocity
V=10 m/sec, and in =5 sec its velocity was V4=5 m/sec. Find out acceleration z did the
train travel.

A)a=-2 m/sec’ B)a=-0.5 m/sec’ C)a=-1 m/sec’ D)a=-1.5 m/sec’ B)a=-2.5 m/sec’

32. Rolling down a shoot from the rest, for the first second of its moving a ball traveled
S=10 cm. What distance S; will the ball travel for three seconds of it’s moving ?

A) $=60 cm B) 5=100 cm C) &=30cm D) $=90 cm E) $=70 cm

33. For what time ¢ will a car moving ffom the rest with acceleration 2=0.6 m/sec’ travel
the distance $~30 m ?

A)t=8sec B)r=12sec C)¢=15sec D)t=6sec E)r=10 sec
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34. I3 IKMM NPUCKOPEHHSAM a PYXa€ThCS CHAps/A Y CTBOJI rapMmartH, SIKIIO JOBXKHHA ii
ctBONa /=3 M, a yac pyxy cHapsany £=0,009 c ?

A) a=68 km/c’. B) =49 km/c’. B) a=74 km/c®. ") a=56 km/c’. J) a=81 km/c’.

35. Skoi mBuakocti VHabyze pakera, sSiKa pyXa€eTbCsi 31 CT aHY CIIOKOFO 13 IPUCKOPEHHAM
a=60 m/c’* Ha mursxy S=750 M ?

A) V=300 m/c. B) 1150 m/c. B) V=350 m/c. T') V=250 m/c. JT) V=200 m/c.

36. Kyns npu BUIIBOTI 31 CTBOJIa aBTOMATy Mae IIBHAKicTh V=715 m/c. JloBxkuHa CTBOJNA
1=41,5 cM. I3 IKNUM IPUCKOPEHHSM & PYXa€eThCs KyJisl y CTBOJII aBTOMATy ?

A) a=484 M/c*. B) a=616 M/c*. B) a=532 m/c’. ') a=648 m/c*. JT) a=581 m/c’.

37. Kyns npu BUIBOTI 31 CTBOJIA aBTOMATy Mae mBHAKICT V=715 M/c. JloBxkuHa cTBOJIA
1=41,5 cm. Ckinbky yacy ¢ pyXaeTbes Kys y CTBOJII aBTOMATy ?

A) =4,64 mc. b) =2,32 mc. B) =0,96 mc. I') =3,48 mc. [JT) +=1,16 mc.
38. Ipu mBugKoCcTi pyxy V(=15 xM/roj, raibMiBHUIN MUIIX aBTOMOOLIS CTAHOBHTH Sj=
=1,5 M Sxum Oyzne Horo ranpMiBHHN NUIIX S npu mwBHAKOCTI pyxy V=90 xm/rox npu
O0HAKOBOMY IPUCKOPEHHI a ?

A)S=45M. B)S,=61 M. B)S;=38m. T)S,=54m. J)S,=32m.

39. Maroun no4aTKOBY IBUAKICTE V=36 KM/T0J, TpoJeiOyc npoimos nuisax S=120 m 3a
npoMixok yacy =10 c. I3 sskuM NpUCKOpPEHHSIM 2 pyxaBcs Tposieiioyc ?

A) a=0,4 m/c*. B) a=0,8 m/c*. B) 2=0,2 m/c. T') a=1,0 m/c*. 1) a=0,6 m/c’.

40. Maroun noyaTtkoBy IBHAKICTs V=36 kM/4, Tponeiibyc mpoiimos nux S$=120 M 3a
3a npomixkok vacy =10 c. SIky mBuaKicth VMaB Tponedyc y KiHmi pyxy ?

A) V=10 m/c. B) V=16 M/c. B) V=12 m/c. T) V=8 m/c. 1) V=14 mic.
41. Yxun 3aBnosxku L=100 M IDKHUK 370J1aB 32 IPOMDKOK yacy /=20 ¢, pyXaro4ucsb i3
npuckopenHsM a=0,3 m/c’. SIkoro Gyna MBUAKICTH TMKHHKA V; Ha MOYATKY IHOTIO
yxuiy ?

A) Vi=3,0 we. B) W=1,5 m/c. B) %=2,0 m/c. T) ¥=2,5 m/c. JT) =3, m/c.

42. Yxun 3aBnosxkd L=100 M JIIKHUAK 370J1aB 3a POMDKOK yacy =20 ¢, pyXxawuuch i3
nprckopermsM a=0,3 m/c’. SIkoro GyiIa MBHAKICTD IMAKHAKA VY KiHII [HOTO YXHILy ?

A) V55,5 m/c. B) 158,0 m/c. B) V56,5 m/c. T') V57,0 m/c. ) V&7,5 m/c.
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34. With what acceleration a does a shell move in a gun tube if the tube length is 3 m
and the time of the shell motion is #0.009 sec ?

A)a=68 km/sec’ B)a=49 km/sec’ C)a=74 km/sec’ D)a=56 km/sec’ E)a=81 km/sec’

35. What velocity V does a rocket gain moving ffom the rest with acceleration a=60
m/sec” on the path §=750 m ?

A) 15300 m/sec B) 15150 m/sec C) 1-350 m/sec D) 15250 m/sec E) 1200 m/sec
36. Dashing out a submachine gun tube a bullet has velocity V=715 m/sec. The length of

the submachine gun tube is ~41.5 cm. What acceleration a does a bullet move in the
tube with ?

A)a=484 m/sec’ B)a=616 m/sec’ C)a=532 m/sec’D)a=648 m/sec’ E)a=581 m/sec’

37. Dashing out a submachine gun tube a bullet has velocity V=715 m/sec. The length of
the submachine gun tube is ~41.5 cm. How long ¢ does a bullet move in the tube ?

A) t=4.64 msec B) t=2.32 msec C) t=0.96 msec D) 1=3.48 msec E) r=1.16 msec

38. At a velocity of motion V=15 km/h a braking distance of a car is §=1.5 m. What

will its braking distance S at a velocity of motion 14=90 km/h at the same acceleration a
9

A)S=45m B)S=61m C)S$=38m D)S$=54m E)S$=32m

39. Initial velocity being 1§=36 km/h, a trolleybus traveled S=120 m for time #~10 sec.
What acceleration a did the trolleybus move with ?

A)a=0.4 m/sec’ B)a=0.8 m/sec’ C)a=0.2 m/sec’ D)a=1.0 m/sec’ E)a=0.6 m/sec’

40. Initial velocity being =36 km/h, a trolleybus traveled $=120 m for time ~10 sec.
What velocity Vdid the trolleybus have af the end of its moving ?

A) 1510 m/sec B) 1516 m/sec C) V=12 m/sec D) 158 m/sec E) V=14 m/sec
41. A road slope length is /=100 m. A skier covered this distance for time ~20 sec
moving at acceleration 2=0.3 m/sec’. What was the skier’s velocity ¥} at the beginning
of this slope ?
A) V=3 m/sec B) =1.5 m/sec C) 15=2 m/sec D) 1{=2.5 m/sec E) =3.5 m/sec

42. A road slope length is =100 m. A skier covered this distance for £20 sec moving at
acceleration 2=0.3 m/sec’. What was the skier’s velocity Vat the end of this slope ?

A) 155.5 m/sec B) 158.0 m/sec C) 156.5 m/sec D) 1V=7.0 m/sec E) 1=7.5 m/sec
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43. TloTAr npoHIIOB M YXUJI 32 IpoMixok dacy =20 ¢ muisax S=340 M 1 po3BUHYB IIBU-
nkicte V=19 m/c. I3 SKUM IPUCKOPEHHSM & pyXaBcsl MOTAT ?

A) a=0,5 m/c2. B) a=0,1 m/c2. B) 2=0,4 m/c2.T") a=0,2 m/c2. ]T) 2=0,6 m/c2.

44. TloTsAr NpOWMIIIOB MM YXHJI 32 MpoMiXkOoK Yacy =20 ¢ nuisix $=340 M i po3BHHYB IIBH-
nkicte V=19 m/c. SIkoto Oyna foro mogat koBa MIBHAKICTH V4 ?

A) =15 w/c. B) =11 m/c. B) V=17 m/c. T') =9 m/c. 1) V5=13 m/c.

45, SIxoi mBHAKOCTI V IOCSATHE paKeTa, PyXaloukch 31 CT aHY CIOKOFO i3 IPHCKOPEHHAM
2 . .
a=100 m/c” 1o xi"nesoi Bucotu A=1 kM ?

A) 15494 m/c. B) 15383 m/c. B) 15447 m/c. T') V=526 m/c. [1) V=412 m/c.
PiBHOMipHUIi 00epTanbHUIl pyx

46. YacTuHKA PYXAEThCS pi6HOMIpHO TIO KPUBOJIHIMHIN TpaekTopii 31 mBuakicto V=10
M/c. BuzHauTe paaiyc KpUBHHHM TpaekTopii R y TOuIl, Jie TPUCKOPEHHS YacTHHKU a=10
M/,

A)R=10m. B)R=7,5m. B)R=12,5m. I)R=5m. ) R=2,5m.

47. ABToOyc pyxaeTbcs MO OMyKJIoMy MocTy. Ha cepemuni MocTy #Oro mBHAKICTD V=
=25 m/c, a TOLEHTPOBE NMPUCKOPEHHS dy OOPIi6HIOE IPUCKOPEHHIO BUIBHOTO HaJiHHSA .
BusHauutu paaiyc R [bOro MOCTY.

A) R=56 M. B) R=81 m. B) R=64 m. T) R=72 m. JI) R=48 m.

48. KyToBa HIBUAKICTH PIBHOMIPHOTO 00CpTaHHS BITPOABUTYHA =6 pan/c. BuzHauntu
JTOIIEHTPOBE MPUCKOPEHHS ¢, KiHIIB HOTO JIOMATeH, KO IXHS JIiHIHA MIBUIKICTH V=
=20 m/c.

A) a,=100 M/c*. B) a;=140 m/c*. B) a;=160 m/c>. T') a,;=120 m/c’. JT) a,=80 m/c’.

49. JIBi MaTepialibHi TOUYKH PyXarOThCS IO KOJIaX pajiyciB R i Ry, mpuuomy R;=2R,. ITo-
piBHsIETE TXHi JOLIEHTPOBI NPUCKOPEHHS (a1/a,), SKIIO Mepioau iXHBOro obepraHHs T’
0OHAKOBI.

A)ﬁ:l. B)ﬂzg. B)ﬂzl' F)ﬂ:i ﬂ)ﬁzl.
a, 4 a, 1 a, 8 a, 1 a, 2

50. BusHauTe 10LEHTPOBE NPUCKOPEHHS 4, JIONATel BEHTUIIATOPA, SAKIIO KyTOBA IIBHUI-
KiCTb IXHBOTO 0OepTanHs w=12 pan/c, a iHiliHA MBUAKICTH KiHIIB JonaTted V=36 m/c.

A) a;=432 M/c*. B) a;=218 M/c*. B) a;=326 m/c*. T') a;=277 m/c*. ]T) a;=384 m/c’.
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43. Moving downgrade a train traveled $=340 m for time £#20 sec and made velocity
1~19 m/sec. What acceleration a did the train move with ?

A)a=0.5 m/sec’ B)a=0.1 m/sec’ C)a=0.4 m/sec’ D)a=0.2 m/sec’ E)a=0.6 m/sec’

44 Moving downgrade a train traveled $~340 m for /~20 sec and made velocity V=19
m/sec. What was its initial velocity Vg ?

A) V=15 m/sec B) 15=11 m/sec C) ;=17 m/sec D) V;=9 m/sec E) ;=13 m/sec

45. What velocity Vwill a rocket reach moving fom the rest with acceleration a=100
m/sec’ up to a final height /=1 km ?

A) 15494 m/sec B) 1-383 m/sec C) V=447 m/sec D) 1526 m/sec E) V=412 m/sec
Uniform rotary motion

46. A particle moves uniformly in a curved path at a velocity =10 m/sec. Find out the
curvature radius R in the point where the particle acceleration is a=10 m/sec’.

A)R=10m B)R=75m C)R=12,5m D)R=5m E)R=25m
47. A bus moves along a convex bridge. At the middle of the bridge its velocity is V=25
m/sec, and centripetal acceleration a,. is equal to free fall acceleration g. Find out the
bridge radius R.
A)R=56m B)R=8lm C)R=64m D)R=72m E)R=48m
48. Angular velocity of a uniform rotation of a wind-powered engine is w=6 rad/sec.
Find out centripetal acceleration a. of the ends of its blades if their linear velocity is
V=20 m/sec.
A)a=100 m/sec’ B)a,=140 m/sec’ C)a.=160 m/sec’ D)a,=120 m/sec’ E)a,=80 m/sec

49. Two material points move in circles of the radii R, and R,, and R,=2R,. Compare
their centripetal accelerations (a,/a,) if their rotation periods T are the same.

A)ﬂzi. B)ﬂz% C)ﬂ%. D)ﬂ% DI

a, 2 2 2 a, 2

50. Calculate centripetal acceleration a. of fan blades if angular velocity of its rotation is
w=12 rad/sec and linear velocity of the ends of its blades is V=36 m/sec.

A)a=432 m/sec’ B)a=218 m/sec’ C)a.=326 m/sec’ D)a, =277 m/sec’ E)a~=384 m/sec’
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51. I3 sikor0 mIBUAKICTIO VaBTOMOOLIE MyCUTB MPOT3IUTH IO OIMYKJIOMY MOCTY PajiiycoM
R=80 M, 1100 y BepxHili TOULli MOCTY BiH 3HAXOIUBCS B CT AHI HEBATOMOCT 1?7

A) V=20 m/c. B) V=32 m/c. B) V=24 m/c. T) 1516 m/c. T) V=28 m/c.

52. 3HalTH AOLEHTPOBE IPHCKOPEHHS TOYOK KOJieca aBTOMOOLIS 4,, SIKIIO BiH PYXa€Th-
cs 31 mBHAKicTIO V=72 KM/Ton, @ yactota o0epTaHHs Kojeca v=4 ',

A) a;=392 M/c’. B) a;=502 m/c’. B) a;=456 M/c*. T") a;=278 m/c>. ]) a;=314 m/c’.

53. YoMy IOpIBHIOE IOLEHTPOBE MPUCKOPEHHS a, HOTATY, SIKHH PYXa€TbCsl PIBHOMIPHO 31
mBHAKicTIO V=20 M/C 1o 3a0KpyriieHHo pagiycom R=800 m ?

A) a,=1,5 M/c%. B) ay=2,5 M/c%. B) az=1,0 M/c%. T) a5=0,5 m/c%. 1) a,=2,0 m/c’.

54. Porop TypOinu niamerpom d=40 cm obepraethes i3 yactotoro v=200 I'u. Buznaute
JIOLICHTPOBE MIPHCKOPEHHS 4, KIHI[B JIONaTei wiei TypOiHu.

A) a,~142 M/c*. B) a,=286 M/c%. B) a,=194 M/c*. T) a,;=98 m/c?. IT) ay=251 m/c?.

55. MarepianbHa TouKa pyXaeTbes 10 Kody paaiycoM R=10 M. B nesxuii MoMeHT 4acy
JIOLIEHTPOBE MPUCKOPEHHSI TOUKU dy=5 M/c’. BusHaurte HIBUAKICTh TOYKH V' y 1el Mo-
MEHT Yacy.

A) V=8,4 m/c. b) V=6,8 m/c. B) '=7,1 m/c.T') V=4,2 m/c. ) V=5,6 m/c.
BinbHe maginus Tij

56. 3a sKUil TPOMIKOK Yacy f Tijlo, iK€ BIJIBHO Maja€, IPOXOIUTh [IEPLIHI CAHT HMET P
CBOTO NUISXY ?

A) t=30wmc. B) =75mc. B) t=15mc. T') =60 mc. [I) =45 mc.

57. YoMy NOpPIiBHIOE BiJHOILCHHS IIUISAXIB, SKI IPOXOAUTD TLJIO 33 mpu 1 38 womupu CeKy-
HJIY BiJl TOYaTKy HOTO BUTBHOTO MAMiHHS A3/hy ?

A)hi:i B)hizi. B)hizi. r)hizl. ﬂ);:é.
h, 6 h, 11" " h, 16 " h, 18 b, 4

58. HoMy JOpiBHIOE BiNHOIIEHHS LIIAXiB, IPOUAEHUX TIIOM 3a uwomupu i 3a n'amo ce-
KYH/I BiJ] T0YaTKy HOT0 BiJIbHOTO NMaAiHHA fg/hs ?

mh 2 g 16 g b T oy 4y 9
hy 3 h 25 he 11 g 5

59. YV neskuii MOMEHT Yacy IIBHIKICTh BUTBHO Majarodoro Tina V=7 m/c. SIkoro craHe
fforo mBHAKICTS V> 4epes mpoMikok gacy At=1 ¢ nicis yvoeo ? (Beaxat g=10 m/c?).
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51. With what velocity must a car go by a convex bridge of the radius R=80 m to be in
the state of weightlessness at the upper part of the bridge ?

A) 1220 m/sec B) 1532 m/sec C) V524 m/sec D) 1516 m/sec E) 128 m/sec

52. Find out centripetal acceleration a. of points of a car wheel if it moves at a velocity
V=72 km/h and a wheel rotational frequency is =4 Hertz.

A)a=392 m/sec’ B)a, =502 m/sec’ C) a,=456 m/sec’ D)a~278 m/sec’ E)a=314 m/sec’

53. What is centripetal acceleration 4, of a train moving uniformly at a velocity V=20
m/sec in a curved track of the radius £=800 m ?

A)a=1.5 m/sec’ B)a,=2.5 m/sec’ C)a=1.0 m/sec’ D)a=0.5 m/sec’ E)a~=2.0 m/sec’

54. A turbine rotor of =40 cm in diameter rotates with frequency =200 Hertz. Find out
centripetal acceleration a, of the ends of the turbine blades.

A)a=142 m/sec’ B)a, =286 m/sec’ C)a~=194 m/sec’ D)a~=98 m/sec’ E)a, =251 m/sec’

55. A material point moves in a circle of the radius R=10 m. At some moment of time
centripetal acceleration a, of the point is 2~5 m/sec’. Find out the point velocity ¥ at
that moment of time.

A)V=8.4 m/sec B)V'=6.8 m/sec C)V'=7.1 m/sec D)V'=4.2 m/sec E)V'=5.6 m/sec
Free fall of bodies

56. For what period of time ¢ does a free falling body travel the first centimeter of its
path ?

A) =30 msec B) =75 msec C) =15 msec D) =60 msec E) =45 msec

57. What is the relationship of the paths /3/A4 a body travels for 3 and for 4 seconds from
the start of its free fall ?

58. What is the relationship of the paths /4/hs a body travels for 4 and for 5 seconds from
the start of its free fall ?

h h h h h
mle 2 gyl 16 b T oph 4O
he 3 O h, 25 ' hg 11 h, 5 hy 22

59. At some moment of time velocity of a free falling body is ¥1=7 m/sec. What will its
velocity V5 be in At=1 sec afier this ? (Consider g=10 m/sec?).
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A) V5=17 w/c. B) V5=34 w/c. B) V,=21 m/c. T) V,=28 m/c. JT) V=14 w/c.

60. Y ckinbKkH pa3iB HOTPIOHO 30UIBIIMTH MOYATKOBY LIBUAKICTE V) Tila, KHHYTOTO 6ep-
MUKAIbHO 620y, OO Yac HOTo MiAHOMY ¢ 30inbuuscs yogiui ?

A)Y 2,5pa3u. b)YV 3,5pazu. B)yV4pazu. I)V2pazu. )V 1,5 pa3m.

61. Ha Micsui BiTbHO najgaroue TiJIo npoJitae BiacTanb #=20 M 3a NPOMDKOK 4acy =5 c.
BusHauuTH MPUCKOPEHHS BIIbHOTO MaAiHHA g Ha Micsi.

A) g=4,7 M/c*. B) g=1,6 M/c>. B) g=5.4 m/c*. T) g=3,2 m/c”. JT) g=2,5 m/c’.

62. Y CcKUIBKM pa3iB NPUCKOPEHHS BUIBHOTO MAJiHHA Tijla g Ha BUcOTI H=2R; MeHIe,
HiX g mobmm3y nmoBepxHi 3emii ? (R; - pagiyc 3emi).

A)Y 2pasu. B)V 6pasis. B)V9pasi. I')V4pasu. )V 3 pasmu.

63. Ha sixiit BucoTi H BiJ OBepXHi 3eMJIi cuna msxcinks y 4 pa3u MeHIIa, Hix Ha ii mo-
BepxHi ? Paniyc 3emii R; BBaxkatu piBHUM 6400 kM.

A) H=3200 xm. b) H=2100 xm. B) H=5600 xm. I') H=4800 kM. JI) H=6400 kM.

64. M's4, KUHYTHH 8epmuKanvbHO 620py, BIAB y BUXIJHY TOUKY depe3 MPOMDKOK dacy
: . 2
t=3 c. Buznauutn nouamxogy mBHIKICTH Vj Hioro kumanus. (BBaxaru g=10 m/c”).

A) Vo=12 m/c. B) V3=21 m/c. B) Vy=15 m/c. T') Vy=9 m/c. ) V=18 m/c.

65. Tino KMHYTE 6epMUKATILHO 620pY 13 TOYATKOBOK MBHAKICTIO Vy=30 M/c. Uepes skuit
IIPOMIXKOK Yacy ¢ BOHO JoCsrHe BucoTH #=40 M Brepie ? (BBaxatn g=10 m/c?).

A)t=1,5c. B)t=2,5c. B)t=3,0c. I')¢=2,0c. J)t=35c.

66. Tino kuHyTe Mg KyToM 0=30° 10 TOPU30HTY i3 OYATKOBOI IBHIKICTIO Vy=100 M/cC.
Yepes skuil IPOMIKOK Yacy ¢ TiJIO JocsrHe BUCOTH h=45 M Briepiie ? (Braxaru g=10
M/cd).

A)t=0,25c. B)t=1,25c. B)t=0,5c. I')¢=0,75¢c. O)t=1,0c.
67.JltopuHa, sika 3HaXONUThCS HA BEPIIMHI BEXi 3aBBULIKU A=15 M, Kumae geopy Ka-
MiHellb 13 MOYaTKoBOIO MBUAKICTIO V=10 M/c. Uepe3 skuii mpOMIKOK Yacy ¢ KaMiHellb
nocsrue nosepxHi 3emui ? (Beaxatu g=10 m/c?).

A)t=1,5c. B)t=2,5c. B)tr=3,0c. INt=2,0c. )t=3,5c.

68. Jlitak neTuth 31 mBUAKICTIO V=450 kxM/rox Ha BUcOTi #=1960 M. I3 HBOTO OTPiIGHO
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A)V=17 m/sec B)V,=34 m/sec C)},=21 m/sec D)V,=28 m/sec E)V,=14 m/sec

60. How many times should the initial velocity V7, of a body thrown vertically up be
increased that the time of its lifting ¢ increased twice ?

A)2.5times B)3.5times C)4times D)2 times E) 1.5 times

61. In the Moon a free falling body flies distance /=20 m for time /=5 sec. Find out
acceleration of free fall g in the Moon.

A) g=4.7 m/sec’ B) g=1.6 m/sec’ C) g=5.4 m/sec’ D) 3.2 m/sec’ E) 2.5 m/sec’

62. How many times is free fall accelerating g of a body at a height of H=2R;; less than
go near the Earth surface ? (R is the Earth radius).

A) 2 times B)6times C)9times D)4 times E)3 times

63. At what height H from the Earth surface is the gravity force 4 times less than on its
surface ? The Earth radius Ry is considered to be 6400 km.

A) H=3200 km B) H=2100 km C) H=5600 km D) H=4800 km E) H=6400 km

64. A ball thrown vertically up fell into an initial point in =3 sec. Find out initial velocity
¥, of its throwing. (Consider g=10 m/sec’)

A) Vy=12 m/sec B) V=21 m/sec C) V=15 m/sec D) V=9 m/sec E) V;=18 m/sec

65. A ball is thrown vertically up at an initial velocity 7,=30 m/sec. In what time ¢ will it
appear at a height of /=40 m for the first time? (Consider g=10 m/sec?).

A)r=15sec B)r=2.5sec C)r=3.0sec D)+=2.0sec E)=3.5sec
66. A body is thrown at an angle of a=30° to horizon with initial velocity V=100 m/sec.
In what time ¢ will the body reach the height /=45 m for the first time? (Consider g=10
m/sec?).
A) =0.25 sec B) +=1.25 sec C) +=0.5 sec D) t=0.75 sec E) t=1.0 sec
67. A person who is at the top of a tower as high as =15 m throws a stone up with initial
velocity Vp=10 m/sec. In what time ¢ will the stone reach the Earth surface ? (Consider
g=10 m/sec?).
A)t=1.5sec B)t=2.5sec C)t=3.0sec D)¢=2.0sec E)r=3.5sec

68. A plane is flying at a speed V=450 km/h at a height 2=1960 m. It is necessary to
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CKHHYTHU 3TOpPTOK 3 IOIITOIO B MyHKT A4. Ha sikiif Bigcrani S BiJ MyHKTY A JIBOTUUK My-
CHTB BIJIKPUTH JIIOK, II00 3rOPTOK TOYHO MOTPAIUB y HOTPiOHE Micue ?

A) §=1750 m Bb) §=1250 m B) S=1500 m I') $=2500 ™ []) $§=2250 m

69. Kpamnsa momry moumHae BUIBHO TAJATH i3 XMapH. 3a ocmanHio ceKyHOy TIepen Ta-
JIHHSM Ha 3eMJIIO BOHA NpoJieTina Bigctanb Ah=95 M. HexTyroun onopom HOBIiTps, BU-
3HauTe yac maginus kpami ¢, (Beaxarn g=10 m/c%).

A)t=ldc. B)t=10c. B)t=16c. I)r=8c. [)t=12c.

70. Tino KUHYTE 3 BEXI I'OPH30HT aJI6HO 13 TIOUaTKOBOIO HiBuakictio V=15 m/c. Ha 3em-
1150 BOHO BHalo iz kytom a=60° 70 ropusont y. Busnaunte BucoTY A 1i€i Bexi.

A) h=58,2 M. B) h=46,5 . B) 4=27,8 m. T) h=34,4 m. JT) h=61,7 m.

71. Tino KMHYIH I'OPH3OHT aJBHO, 1 4epe3 (=5 C MOJbOTY KyT @ MK HalpsMamMd HOro
. . 0 .
mBuakocti Vi mosHoro npuckopeHHs g cknaB 45°. HexTyioun ornopom HOBIiTpsl, BU3HA-

YTe MOJYJIb IIBUIKOCTI Tifla VYy 11eif MOMEHT 4acy.

A) V=82 m/c. B) V=48 m/c. B) V=71 m/c.T’) V=56 m/c. 1) V=064 m/c.

72. Kyneka BinbHO najae 3 Bucotd H=80 M Busnauutu ii nepemimenns A# 3a ocr aHmo
CCKYHAY PYXY.

A) Af=40 M. B) A=25 M. B) A=20 m. T) AZ=35 M. JT) AE=30 m.

73. Crpina, BUMyILICHA 13 JYKY BEpPT HKAJIGHO BIOpY, BNAlla HA 3eMIII0 4epe3 MPOMIXKOK
yacy At=6 c. Bu3Haure moyatkoBy mBHAKICTh cTpinu V4. (BBaxkatn g=10 M/Cz).

A) V=20 m/c. B) 1§=35 m/c. B) V=15 m/c. T") V=25 m/c. 1) 14=30 m/c.

74. Crpina, BUNyLICHA 13 JIYKY BEpPT HKAJIBHO BIOpY, BNajla Ha 3€MIII0 4epe3 MPOMIXKOK
yacy At=6 c¢. BusHaure BUCOTY ii MakcHMAIbHOIO IHOMY A,y (BBaKaTH g=10 M/Cz).

A) Byay=35 M. B) Byy=50 M. B) Ayppi=45 M. T) f10=30 M. JT) Bay=40 M.
Junamika mocTynajabHOro pyxy

75. SIka i3 mepeniueHnX BEKTOPHUX XapaKTEPUCTHK CHi6naddae 3a HANPSIMKOM i3 BEKTO-
POM npuckopenHs TIPU NMOCTYNAIBHOMY PYCl Y Hali3aeanbHiuoMy BUTIAAKY ?

A) Imnynse. B) Cuna. B) HIBuaxicts. I') Papiyc-Bexrop Touku. /) MoMeHT cuiy.

. 2 .
76. Cuna F Hajiae nepuioMy Tilly IPUCKOPEHHS a;=2 M/c”, a iHIIIOMY - IPUCKOPEHHS a,=
2 . . . e . .
=3 m/c”. SIKoro mpuCKOpeHHs a Wi Ai€lo yici cunu HaOyAyTh oOMABa TiNa, SKIIO 1X
3'eonamu pazom ?
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throw a post parcel out of it to the point A. At what distance S from the point 4 must a
pilot open a hatch for the parcel to fall down into the required point ?

A) $=1750 m B) §=1250 m C) S=1500 m D) §=2500 m E) §=2250 m

69. A rain drop starts free falling from a cloud. For the last second before falling on the
land, it covered distance AA=95 m. Neglecting air-resistance, find out the time ¢ of drop
falling. (Consider g=10 m/sec?).

A)t=14sec B)r=10sec C)r=l6sec D)r=8sec E)r=12sec

70. A body is thrown horizontally from a tower at initial velocity V=15 m/sec. It fell
down on the land at an angle of a=60° to horizon. Find out the tower height A.

A) /=58.2m B) /=46.5m C) #=27.8m D) /=34.4m E) /=61.7 m

71. A body was thrown horizontally and in 5 sec of flying angle « between the
directions of its velocity Vand fill acceleration g was 45°. Neglecting air-resistance,
calculate modulus of a body velocity Vat the moment of time.

A) 1582 m/sec B) 1548 m/sec C) V=71 m/sec D) 1556 m/sec E) V~=64.m/sec

72. A ball is freely falling from the height #=80 m. Find out its displacement A# for the
last second of motion.

A)AF40m B)AE25m C)AFF20m D)AA35m E)A#=30m

73. An arrow shot from a bow vertically up fell to earth in time A&6 sec. Calculate the
arrow initial velocity V4. (Consider g=10 m/sec’).

A) V5=20 m/sec B) 15=35 m/sec C) ;=15 m/sec D) ;=25 m/sec E) ;=30 m/sec

74. An arrow shot from a bow vertically up fell to earth in time A%6 sec. Calculate the
arrow maximumheight f,,,,. (Consider g=10 n]/sec2).

A) b, =35 m B) £,,=50 m C) A,,=45 m D) 4,,=30 m E) 4,,,=40 m
Dynamic of translational motion

75. What of the below vector characteristics coincides in direction with acceleration
vector in translational motion in the general case ?

A) Impulse B) Force C) Velocity D) A point radius-vector E) Moment of force

76. Force F accelerates the first body with ;=2 m/sec’ and the other — with a,=3 m/sec’.
What acceleration a will the both bodies obtain under this force if they are connected
together ?
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A) a=1,8 m/c’. B) a=0,9 m/c’. B) a=1,5 M/c%. T) a=0,6 m/c*. JT) a=1,2 m/c’.

77. IBa Tina, macu SKUX BITHOCATHCS SIK 1/2, pyXaioTbes i3 mpuckopemusamu, ki Bin-
MOBIJIHO BIHOCATHCS, K 1/4. 3HaiiTH cuiy F), [i04y Ha Opyee TiNno, SKIIO HA nepuie
nie cmta Fi=1,3 H.

A)F=2,6 H. B) ;=104 H. B) F,=52 H. I') F,=7,8 H. JI) F~=11,7 H.
78. Yepes npomixkok vacy t=10 c miciisi moyatky aBapiifHOro raJbMyBaHHS aBTOOyC 3y-
nunuecs. KoediuieHt tepts npu ranemyBaHHi ©=0,3. 3HalTH WBUIKICTh V) y MOMEHT
ROUAMKY 2ANbMYBAHHSL.

A) V=40 m/c. B) V=25 m/c. B) V=30 m/c. ') V=20 m/c. 1) V=35 m/c.

79. Baron mMacoro m=20 T pyxaetbcs 3i mBuaKicTio V=18 xm/roa. I3 sikoro cuioro F no-
TpiOHO raybMyBaTH, 11100 rajJbMiBHHUHN IUISX BaroHy S craHOBHB 250 M ?

A) F=1000 H. B) F=1250 H. B) F=1750 H. I') F=1500 H. JT) F=500 H.

80. Benocuneauct pyxascs i3 mBUAKICTIO V=8 m/c. Skuii uuisx S mpoine BiH micis Toro,
sIK mepecTane kpyTuTH neani ? Koedimient omopy £=0,05. (Beaxari g=10 m/c?).

A)S=81 M. B)S=112M. B)S=96m. I')S=48m. JI)S=64 u.

81. SIkoro Oyne MBUAKICTD TiIa V' Macow m=3 Kr y KiHII Wocmoi ceKyHOU pyxy, SKIIO
Ha Hboro jJie cuna F=10 H ?

A) V=10 m/c. B) V=24 m/c. B) V=16 m/c.T") V=20 m/c. ) V=13 m/c.
82. Ha nmapamyTrcTa Mmacor m=90 Kr, skuii BACTPHOHYB i3 JIiTaKa, Jli€ CHjia Omnopy MoBi-

Tps, gepmuxanvra ckianosa skoi F1=500 H, a copuzonmanvna - F,=300 H. Busnauntu
. L T 5
3HAYEHHS pigHOOitiHoI BCiX cun F, siki nitoTh Ha Hhoro. (BBaxkatn g=10 M/c”).

A) F=1100 H. B) F=750 H. B) F=500 H. I') F=250 H. ) F=900 H.
83.JTronnHa Macoro m=70 Kr nioHimaemuvcs 'y MiQTi, SKUH PyXa€ThCs PIBHOCNOBIIbHE-HO
BEPTHKAIIBHO 620py 13 mpHcKOpeHHaM a=1 m/c’. BU3HAYHTH CHIly THCKY TOAHEA N Ha
niutory ka6inm mi¢ry. (Beaxarn g=10 m/c?).

A) N=700 H. B) N=770 H. B) N=540 H. T') N=630 H. J[) N=840 H.

84. flxa cuna F notpibHa, mo6 Baronerri Baroo P=2000 H nagatu npuckopeHus a=20
em/c?, stkimo koedimient Teptst cranoButh £=0,02 ? (BBaarn g=10 m/c?).

A) F=60 H. B) F=80 H. B) F=120 H. I') F=100 H. JI) F=40 H.
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A)a=1.8 m/sec’ B)a=0.9 m/sec’ C)a=1.5 m/sec’ D) a=0.6 m/sec’ E)a=1.2 m/sec’

77. Two bodies, the masses of which correlate as 1/2, move with accelerations, which
respectively correlate as 1/4. Determine the force F, which influences the second body if
the first body is influenced by the force F;=1.3 N.

A)F,=2.6 N B) F,=104N C)F,=52N D) F,=7.8N E) F,=11.7N

78. In time =10 sec after the start of the emergency braking a bus came to a stop.
Coefficient of friction in braking is £=0.3. Calculate velocity ¥, at the moment of
braking start.

A) Vy=40 m/sec B) Vy=25 m/sec C) V=30 m/sec D) V=20 m/sec E) V,=35 m/sec

79. A carriage of m=20 t in mass moves at a velocity /=18 km/h. What force F should it
brake with that a braking distance S of the carriage were 250 m ?

A)F=1000N B)F=1250N C) F=1750N D)F=1500N E)F=500 N

80. A bicyclist moves at a velocity V=8 m/sec. What distance S will he cover when he
stops treadling ? Coefficient of resistance is 1=0.05. (Consider g=10 m/sec’).

A)S=81m B)S=112m C)S=96m D)S=48m E)S=64m

81. What will a velocity V" of a body of m=3 kg in mass be at the end of the sixth second
of moving if it is influence by a force F=10 N ?

A) V=10 m/sec B) V=24 m/sec C) V=16 m/sec D) V=20 m/sec E) V=13 m/sec

82. A skydiver of mass m=90 kg has jumped out of a plane and is influenced by air-

resistance force the vertical component of which is F1=500 N and the horizontal one is
F,=300 N. Find out a value of a resultant of all forces F, which influence him.
(Consider g=10 m/sec?).

A) F=1100 N B) F=750 N C) F=500 N D) F=250 N E) F=900 N
83. A person of mass m=70 kg goes upstairs in a lift which moves uniformly retardedly
with acceleration a=1 m/sec’. Find out the person-pressure-induced force N on a lift
floor. (Consider g=10 m/sec?).

A)N=700N B) N=770 N C) N=540 N D) N=630 N E) N=840 N

84. What force F is needed for a wagon of weight P=2000 N to be accelerated with a=
=20 cm/sec” if friction coefficient is £=0.02 ? (Consider g=10 m/sec?).

A)F=60N B)F=80N C)F=120N D)F=100N E)F=40 N
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85. Canuara macoro m=40 Kr TArHyTb 3a HYp i3 cunoro F=400 H. Koediuient Teprs
candar o6 cHir x=0,01. BusHauuTH cuily TepTsa caHyYaT 00 CHIl F,,, AKIIO IIHYP CKJIa-
JIa€ KyT a=30° i3 20PU30HMOM.

A) Fep=1 H. B) F,,0;=2,5 H. B) F,,,=0,5 H. T) F,,,,=1,5 H. JT) F,,,,=2 H.

86. Tino movasno KOB3aTH MO MOXMJIIN IUIONMHI 1 mpoinuio Bigctanb S=1 M. SIka mBua-
KIiCTh Tijla B KiHIIl LLOTO LUIAXY V, SKIIO KYT HAXWITY TUIOLIMHU 00 20PU3OHMY a=30°, a
koediwieHT TepTs Tina o6 miomuny 4=0,1 ?

A) V=4,1 m/c. B) V=29 m/c. B) '=1,8 m/c. ') V=3,6 m/c. ) V=5,4 m/c.

87. I3 sixoro cunoro N moguaa Macoro m=8(0 KI' THCHE Ha MiIOTY Ty B MOMEHT 11020

3ynuHKy TIPY MiAROMI HAa CBOMMH TOBEpPX, SKIIO NPHUCKOPEHHS JiTy B L€ MOMEHT 4a-
2 2

cy a=-2 m/c” ? (Baxxatu g=10 m/c”).

A) N=640 H. B) N=810 H. B) N=960 H. ') N=720 H. JT) N=480 H.

88. I3 skoro cunoro N mronuHa Macoro m=70 Kr THCHE Ha MiJUIOTY J(Ty B MOMEHT #O-
N e . . 2
yamky 1020 niouomy, SKIO TPUCKOPEHHS TiPTy B el MoMeHT a=2 m/c” ? (BBaxarn
2
g=10 m/c”).

A) N=560 H. B) N=720 H. B) N=840 H. ') N=980 H. JT) N=650 H.

89. Jlroguna macoro m=60 Kr onyckacmocsa y moTi. I3 sxoro cusoro N JoanHa TUCHE Ha
mijtory mi¢Ty, SIKIIO BiH PyXa€eTbesl pignomipho ?

A) N=0 H. B) N=60 H. B) N=300 H. T) N=600 H. JI) N=900 H.

90. TiNo MAacoK0 M=5 KU PYXacTbCS NPAMOMIHIIHO 3TITHO 13 3aKOHOM: S=2-3+5£+1 M.
Slka 3a BemMuMHOIO crita F jiie Ha 1 TiIO B KiHIII Opy2oi ceKyHOu pyxy ?

A) F=72 H. b) F=44 H. B) F=176 H. I') F=110 H. []) F=84 H.
91. I3 sixO1O CHIIOK0 F npumseyiomsbcs migic cob601o IBi MaTepialbHi TOUKH MacaMH 11 TI0
1 KT, AKIO BifcTaHp Mix HuMi =2 M ? (CpaBitauiitna crama y=6,67-10"" m/kr-c?).
A)F=6,67-10""H. B)F=3,34-10"" H. B)F=1,67-10"' H. I"/F=1 H. [)F=1,33-10""H.

92. Bpycok KOB3a€ 3i CTaHy CIIOKOIO IO MOXWIIIN IUIONIHHI, sIKa CKIIAJa€ 13 TOPU30HTOM
kyT 0=45". BusHauutn mwBHAKicTh Gpycka V' y Toii MOMEHT, KONM BiH MpOiile MUIsX
S$=1 ™ nicns nouatky pyxy. Koedimienr teprs 6pycka 06 miomuny p=0,1.

A) V=3,6 m/c. B) V=7,2 w/c. B) V=4,5 w/c. T') V=2,8 m/c. JT) V=54 m/c.

93. I3 sixoro cunnoro N moanHa Macoro m=60 Kr THCHE Ha IiuIory NiTy B MOMEHT Horo
3YNUHKY HA HUJICHOMY TIOBEPCI, SIKIIO NPUCKOPEHHS TihTa y el MOMEHT dacy a=-3
m/c? ? (BBaxaru g=10 M/cD).
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85. A sleigh of mass m=40 kg is pulled with a cord with force F=400 N. Friction
coefficient of the sleigh on snow is x=0.01. Find out a force of friction of the sleigh on
snow Fj if the cord makes an angle of a=30" to horizon.

A)F4=1.0N B) F;=2.5N C) F;=0.5N D) F;=1.5N E) F;=2.0N

86. A body started sliding by an inclined plane and covered the distance S=1 m. What is
the body velocity at the end of this path ¥ if inclination of plane o horizon is a=30" and
friction coefficient of the body on the plane is 1~=0.1 ?

A)V=4,1 m/sec B)V=2,9 m/sec C)V=1,8 m/sec D)V'=3,6 m/sec E)V'=5,4 m/sec

87. With what force NV does a person of mass m=80 kg press on a lift floor at the moment
of its stop when lifting as high as the seventh floor if a lift acceleration at this moment
of time is a=-2 m/sec” ? (Consider g=10 m/sec?).

A)N=640 N B) N=810 N C) N=960 N D) N=720 N E) N=480 N

88. With what force NV does a person of mass m=70 kg press on a lift floor at the moment
when it starts going up, if a lift acceleration at this moment of time is a=2 m/sec’ ?
(Consider g=10 m/sec?).

A) N=560 N B) N=720 N C) N=840 N D) N=980 N E) N=650 N

89. A person of mass m=60 kg goes down in a lift. With what force N does a person press
on a lift floor if it moves uniformly ?

A)N=0N B)N=60N C)N=300N D)N=600N E)N=900 N

90. A body of mass m=5 kg moves rectilinearly according to the law: S=2-3¢+5/+ m.
What is a value of the force F which influences it at the end of the second second of
moving ?

A) F=72N B) F=44N C) F=176 N D) F=110N E) F=84 N

91. With what force F' do two material points of masses m=1 kg attract to each other if a
distance between them is =2 m ? (Gravitation constant is y=6.67-10"" m’/kg-sec?).

A)F=6.67-10" N B)F=3.34-10"' N C)F=1.67-10"' N D)F=1 N E)F=1.33-10""N

92. A bar is sliding from the rest by an inclined plane which composes an angle of o=45°
to horizon. Find out a bar velocity / at that moment when it has traveled S=1 m after
the start of motion. Friction coefficient of a bar on a plane is £=0.1.

A)V=3.6 m/sec B)V'=7.2 m/sec C)V'=4.5 m/sec D)V=2.8 m/sec E)V=5.4 m/sec

93. With what force N does a person of mass m=60 kg press a lift floor at the moment of
its stop on the bottom floor if the lift acceleration at this moment is a=-3 m/sec® ?
(Consider g=10 m/sec?).
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A) N=600 H. B) N=420 H. B) N=780 H. I') N=550 H. JT) N=360 H.

94. Mix giero cunu F=10 H Tino pyxaeTbest npsamoniniliHo, a 3aJeKHICTh LUISXY Bij 4acy
. 2 o .
3aa€ThCs PIBHAHHAM: S=2-4¢+¢" M 3HaiiTH Macy m IHOTO TiJa.

A)m=1xr. Bym=7xr. B)m=9 kr. I')m=3 xr. 1) m=>5 kr.

95. I3 sKkor0 cHiIOI0 F MPHUTATYIOTHCS MK COOOIO JIBI MartepiajbHi TOYKH MacaMu 7 =
=m,=1 KT, Kl 3HaXOAAThCS Ha BigcTaHi r=1 m ?

A)F=1H. B)F=1,36:10"H. B)F=3,82-10°H. I')F=6,67-10" H. J)F=1,33-10""H.

96. YoMy HOpIBHIOE TAIBMIBHHUI MIJISX aBTOMOOLIA S, sIKMH pyxaBcs 13 mBHAKICTIO Vj=
=100 xm/ro, KO KoedilieHT TepTs Kouic npu ransMmysaHHi £~0,4 ? (Baxxaru g=10
M/c%).

A) =102 m. B) =64 M. B) §=96 m. I') S=72 m. [I) S=81 m.

97. JIBi rupi Macamu m=>5 1 mp=3 Kr MiABillIEH] JO KiHIB IEePEKHHYTOI Yepe3 HepyXo-

MHH OJIOK HUTKH, IPUIOMY MEHIIA TUPS 3HAXOIUThcs Ha Ah=1 M HmK 9e, HDX BENUKa.
UYepes KA IPOMIKOK 4acy ¢ BIJIBHO PyXOMIi THP1 BUSBISATBCS HA OJHAKOBIH BUCOTI ?

A) t=0,96 ¢. B) =0,64 c. B) t=0,86 c. T) =128 c. JI) t=0,72 c.

98. Tino KoB3a€e PIBHOMIPHO 11O IOXWIIIH IUIONIHHI 13 KyTOM HaXUITy =30 110 TOpU30HTY.
Busnauute koeillieHT TepTs 4 MK HOBEPXHAMH TiNa i TOXUIOT IIOIMHHY.

A) 1=0,58. B) 1=0,36. B)=0,72. T)1=0,64. H) 1=0,45.

99. Tpoc Butpumye 6e3 posprBy Bantax Macoro M=1000 kr 3a KUl MIHIMAJIbHHI TIPO-
MIXKOK 4acy £, MOKHA TiJHATH Ha I[bOMY Tpoci BaHTax Macor m=200 Kr i3 riuOH-Hu
h=80m?

A) t,=3,0c.B) ,=2,5¢.B) ,=4,0c. ) £,=2,0 c. ) £,=3,5 c.

100. Ha kiHIfIX KaHATYy, IEPEKHHYTOTO Yepe3 HeBaroMuil OJIOK, 3HAXOISATHCS JBA BaH-
Taxi, Macamu ny=4 Ta 1p=5 Kr. HexTyioun mMacoro KaHaTy, BU3HAUUTH NPUCKOPEHHS
. 2
PyXy Lux BaHTaxiB a. (BBaxaru g=10 m/c”).

A)a=32 M/c’. B)a=1,1 m/c. B)a=2,7 m/c*. I a=1,6 m/c’. J[)a=0,8 m/c’.
101. Ha xiHISIX KaHATY MEPEKMHYTOTO Yepe3 HeBaromuii 010k 3aBHOBXKKHN /=20 M 3Ha-
XOIATbCSA HA OZHOMY pIBHI 1Ba BaHTaXi, MacaMU m=4 1 npx=5 Kr HexTylouu Macolo Ka-

HAaTy, BU3HAUTe IPOMIXKOK 4acy £, 3a SKUM MeHIIHHA BAaHTaX J0CSTHE OJIOKY.

A)t=54c. B)t=48c. B)t=2,lc. I)=3,6¢c J)t=42c.
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A)N=600N B)N=420N C)N=780N D)N=550N E)N=360 N

94. Under the force F=10 N a body moves rectilinearly and the path-time dependence is
set by the equation S=2-4¢+# m. Find out mass m of this body.

Aym=1kg B)m=7kg C)ym=9kg D)m=3kg E)m=5kg

95. With what force N do two material points of masses m,=m,=1 kg attract to each other
if a distance between them is 7=1 m ?

A)F=1 N B)F=1.36:10" N C)F=3.82:10° D)F=6.67-10"' N E)F=1.33-10""N

96. What is a braking distance .S of a car which moved at a velocity =100 km/h if
friction coefficient of its wheels in braking is £=0.4 ? (Consider g=10 m/sec?).

A)$102m B)$64m C)$9m D)S72m E)S8Im

97. Two weights of masses m=5 and m»=3 kg are hung up to the ends of a thread
thrown-over a fixed block, the less weight being A#=1 m Jlower than the bigger one. In
what time ¢ will the weights be af the same height moving freely ?

A) £0.96 sec B) =0.64 sec C) ~0.86 sec D) ~1.28 sec E) £0.72 sec

98. A body is uniformly sliding from by an inclined plane at an inclination angle a=30"to
horizon. Find out friction coefficient 1 between the surfaces of the body and the plane.

A) 1=0.58 B) =036 C)=0.72 D) 1=0.64 E) 1=0.45

99. A cable holds a load of mass A=1000 kg without any rupture. For what minimum
period of time £, can a load of mass n=200 kg be lifted with this cable from the depth
80 m?

A) £,;7=3.0 sec B) £,,;7=2.5 sec C) t,,;74.0 sec D) £,,,72.0 sec E) £,,;=3.5 sec
100. There are two loads of masses m=4 and m»=5 kg at the end of a rope thrown-over
a weightless block. Neglecting the rope mass, calculate acceleration of loads motion a.
(Consider g=10 m/sec?).
A)a=3.2 m/sec’ B)a=1.1 m/sec’ C)a=2.7 m/sec’ D)a=1.6 m/sec’ E)a=0.8 m/sec’

101. At the end of a rope as long as /=20 m thrown-over a weightless block there are
two loads of masses m;=4 and m~=5 kg at the same level. Neglecting the rope mass,
calculate the time #during which a less load reaches the block.

A) =54sec B)~4.8sec C) ~2.1sec D) £3.6sec E) #4.2 sec
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102. I3 ripku 3aBaoBxku L=40 M i 3aBBuiiku /=10 M 3'DKIKaOTh caHuara, sIKi 3HaXo-
IWITHCH JI0 LIbOTO y CT aHI CIIOKOO. SIKa TPUBAJICTh CIyCKY CaH4YaT £, SKIIO0 KoeillieHT
TepTA IXHiX 1003iB 00 cHir x#=0,05 ?

A) =72c. B)t=5,6¢c. B)=64c. TI)t=8,1c. JI) =9,6c.

103. Temnoso3 Barow P=500 kH Tarue notsr i3 N=20 BaroHiB, Bara KO)KHOTO 13 IKHX
nopiBHIOE P. BusHauTe NpOMDKOK Hacy £ 3a SKUH NOTAT 3/ CT aHY CIIOKOrO Halyne
mBuakocTi V=36 xm/rog. Cuna tsru TemnoBo3y F,=60 kH, a xoedimieHt Teprs u=
=0,005.

A) =23 xBun. b) =17 xsun. B) =20 xBun. I') =14 xsun. 1) £=26 xBuL.

104. Tlocriiina cuna F=5 H npuckopuna 3/ ¢r aHy criokoro Tijio Macoro m=10 kr npots-
roM TpoMikka vacy t=2 ¢. BU3HAYMTH 3HAYCHHS KIHIEBOI KIHET HYHOI €Heprii 1boro
Tina E;.

A) E=7,5 k. B) E=12,5 [k, B) B=5 Jlk. T) E=2.5 Jik. ) E=10 Jik.

105. Tlo Tiny Baroro P=98 H, sike 3HaXOIUTHCS Ha BUCOTI /1=4,9 M HajJ FOPU30HTOM, 3a-
BIAIOTh TOPH3OHT aJbHOTO yaapy cuinoro F=980 H, ska misuta ynpomosx A=0,01 c. Ha
SKiH BizcTaHl STino ynazie Ha noBepxHio ? CHUIIOI0 OMOPY MOBITPS 3HEXTYBATH.

A) §=81 cMm. B) =112 cm. B) §=72 cm. I') §=98 cm. [I) §=64 cm.

106. IInyp Butpumye Bantaxxk P=900 H mpu Horo BepTHKaNbHOMY miZHOMI 13 IESKUM
MIPUCKOPEHHSM 4, 1 BanTax P,=1100 H - npu #oro omyckaHHI 3 TAKHM CaMUM TIPUCKO-
peHHAM. SIKkuit BaHTaX Py MOJKHA MiTHATH 32 JOMOMOTOI0 I[bOTO IIHYPa PIBHOMIPHO ?

A) P=990 H. B) P=1060 H. B) =930 H. T") ,=1030 H. JI) P,=960 H.

107. Xnonuuk Macor m=>50 Kr, CIlyCTUBILIUCH HA CaHYaTax 3 TipKH, NIPOiXaB [0 IopH-
30HT aJbHIA F0po3i 10 3ynuHKU It S=20 M 3a npoMikok dacy =10 c. Busnauutu
cuity TepTs F; ., BBAXKAIOUH ii 110CT IFHOFO 33 BETMYUHOIO.

A)F, =30 H. B)F, =15 H. B)F, =10 H. T)F, ,=25 H. JI)F, ;=20 H.

108. Tlig miero cumu F=2,5 kH mBUAKICTH aBTOMOOIISI MACOIO m=5 T 301IBIIYETHCS BijT
V=54 xm/rog no V4=72 xm/ron. BusHauTte yac #10ro posrosy.

A) =50¢c. B)=125¢. B) =10c. ) =15¢c. JI) =1.5¢c.

109. Ilix miero cumu F=2,5 kH mBHAKICT aBTOMOOLIS MacO0 m=5 T 301JIbIIY€EThCS Bif
V=54 km/ron o V4=72 xm/roa. BusHauute nuisix SHoro po3roxy.

A) S=100 . B) $=175 m. B) $=150 m. T) S=125 M. JI) $=200 m.
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102. A sleigh, which was in the rest, is going down a hill as long as /=40 m and of
height /=10 m. How long #will it take the sleigh to go down if friction coefficient of its
runners on snow is £=0.05 ?

A) 7.2 sec B) £5.6 sec C) 6.4 sec D) 8.1 sec E) £9.6 sec

103. A diesel locomotive of weight P=500 kN hauls a train of N=20 carriages, each
weighing P. Find out the time ¢ during which the train ffom the rest will get velocity
1536 km/h. The diesel locomotive drawing force is F,;=60 kN and friction coefficient
is £=0.005.

A) £23 min B) #17 min C) £20 min D) ~14 min E) £26 min

104. A permanent force F=5 N accelerated a body of mass n=10 kg fom the rest

during the period of time 2 sec. Calculate a value of the final kinetic energy of this
A)E=15]1 B)EF125] C)ESS] D)ES25] E)EFL0]

105. A body of weight P=98 N which is at the height /4.9 m over horizon is
horizontally kicked with force F=980 N for A~0.01 sec. How far Swill the body fall on
the surface? Air-resistance force can be neglected.

A) 881 cm B) $~112 cm C) $72 cm D) $~98 cm E) $=64 cm

106. A cord holds a load of 2/=900 N at its vertical /iffing with some acceleration a, and
a load P,=1100 N at its /owering with the same acceleration. What load P, can be
uniformliylifted with the help of this cord ?

A) Py=990 N B) P=1060 N C) P,=930 N D) P,=1030 N E) P=960 N

107. Having slid downhill in a sleigh, a boy of mass =50 kg covered a horizontal path
5-20 m for time ~10 sec. Find out friction force F; considering it fo be constant in
value.

A) F;=30N B)F=15N C)F=10N D)F=25N E)F=20N

108. Under the force F=2.5 kN velocity of a car of mass #F5 t increases from V=54
km/h up to V4=72 km/h. Find out the time ¢ of its acceleration.

A) £5.0sec B) £12.5sec C) £10sec D) ~15sec E) 7.5 sec

109. Under the force F=2.5 kN velocity of a car of mass 75 t increases from V=54
km/h up to ¥4=72 km/h. Find out the distance Sof its acceleration.

A) $5100m B) $175m C) $150m D) $=125m E) $200 m
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110. MiuHicTs TpoCcy Ha pO3pHUB CTaHOBUTH F,,,=15 kH. [Ipu sikomy npuckopeHHi a po-
3ipBeThCS IIeH TPOC, SKIIO0 Ha HbOMY [ZIAHIMAT H BaHTax Macoro =500 kr ?

A) a=8 M/c’. B) a=4 m/c*. B) a=12 m/c>. T') a=10 m/c>. JT) a=6 m/c>.

111. Sky cuny F tpeba mpHKIacTH 10 Bi3ka Macor m=2 Kr, o0 yr pumart u ii Ha 1o-
xwii wrommai ? Kyt Haxmmy miomusn ¢=30°, a koedimient teprs £=0,2.

A) F=9.5H. B) F=5,0 H. B) F=11,5H. T) F=8,0 H. JI) F=6,5 H.

112. I3 sxoro mBHAKICTIO V§ pyxaBcs moTsr Macoro 717=1500 T, Ko mij Ai€ro cuiu ra-
JIbpMyBaHHS £ ;=150 kH BiH IIpoifIIOB Bil MOMEHTY MOYATKy TalNbMYBAaHHS 4O 3VIIHHKH
max S=500 m ?

A) V=10 m/c. B) V;=12,5 m/c. B) 15=20 m/c. I') W=7,5 m/c. ) =15 m/c.

113. SIkoro mpuUCKOpEHHS & MyCSTh HaJaTH KOCMIYHOMY KOpaOJI0 y MIKIUIAHETHOMY
MPOCTOPI PEaKTUBHI JBUTYHH, 1100 KOcMOHABT MaB Bary P=700 H, skimio Maca KocMo-
HaBTY m=75 kr ?

A)a=-0, 86 M/c’. B)a=-0, 67 m/c’. B)a=0,45 m/c>. [)a=-0, 92 m/c*. J1)a=0,78 m/c>.

114. Tino Macor m=2 KU BLIbHO HAAA€ BEPTHKAIBLHO BHM3 i3 IPUCKOPEHHSIM a=9,2
2 . . .
M/c”. BuzHaure cuily onopy HoBiTps £, pyXxo0Bi IIbOTO Tila.

A)F=12H. B) F=24H. B) F=1,6 H. I') F,=2,8 H. II) F,=2,8 H.

115. Cuna F1=60 H nanae tiny npuckopenus a,=0,8 M/c?. BusHaunti cuy £, sika Ha-
JIACTh [LOMY Tilly IPUCKOPEHHS 2,=2 M/c’.

A) /=150 H. b) /=210 H. B) /,=180 H.T') /2=90 H. 1) /2=120 H.

116. Tino macoro m=4 Kr mix miero aeskoi cumi F Habylo MpHCKOpeHHs 4,=2 M/c’.
SIkoro mpuckopeHHs 2, Haly/e Tio Macoro mp=10 Kr mix xiero wiei x cumm F ?

A) =12 m/c*. B) a=1,8 M/c>. B) a,=1,4 M/c%. T) 2,=0,8 m/c*. IT) a=1,6 m/c’.

117. TlopoxHill BaHTaXXHUH aBTOMOOLIbL Macol M=3 T pyXaeTbCs i3 NPUCKOPEHHIM
2,=0,3 m/c’. SIka Maca BaHTaXy Y HOTO Ky30Bi /13, SIKIIO NPH T fif camiii cui Taru F, BiH
: 2
pyXaeThes 13 IPUCKOPEHHIM a,=0,2 m/c” ?

A)nF3,0T. B)m=2,0t. Bym=1,51. I)m=3,51. ) m=2,5T.

118. Bu3HAa4uTH KOPCTKICTh MPYXKUHU £, sKa MiA Aiero cunu F=2 H BuIoBXUIach Ha
Ax=4 cm.

A) k=1,0 xkH. B) £=2,5 xH. B) £=3,0 xH. I') 4=1,5 xH. J]) £=2,0 xH.
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110. Rupture strength of a cable is F,,,,=15 kN. At what acceleration a will this cable
break if o /iff a load of mass n=500 kg ?

A) a=8 m/sec’ B) a=4 m/sec’ C) a=12 m/sec’ D) a=10 m/sec’ E) 2=6 m/sec’

111. What force F is to be applied to a small cart of mass n=2 kg fo keep it on an
inclined plane ? The plane inclination angle is =30° and friction coefficient is £=0.2.

A)F95N B)F=50N C)F=11.5N D)FS80N E)F=6.5N

112. With what velocity V; did a train of mass 771500 t move if under braking force
F=150 kN it traveled $=500 m from the start of braking to a fiill stop ?

A) =10 m/sec B) 1j=12,5 m/sec C) V=20 m/sec
D) W=7,5m/sec E) V=15 m/sec

113. What acceleration a should jet engines bring to a spaceship in the outer space for
an astronaut to have weight P=700 N if an astronaut’s mass is n=75 kg ?

A) a=—0.86 m/sec’ B) a=—0.67 m/sec’ C) a=0.45 m/sec’
D) a=0.92 m/sec’ E) a=0.78 m/sec’

114. A body of mass nF2 kg is freely falling straight down with acceleration 4=9.2
m/sec’. Find out air resistance F, to the body motion.

A)F=12N B)F=24N C)F=1.6N D)F=28N E)F=2.8N

115. Force F1=60 N brings acceleration 2,=0.8 m/sec’ to a body. Find out force F,
which will bright acceleration 2,=2 m/sec to this body.

A) F=150N B) /=210N C) /=180 N D) /=90 N E) /=120 N

116. A body of mass =4 kg under some force F got acceleration 2,=2 m/sec’. What
acceleration a, will a body of mass =10 kg under this very force F?

A)a,=1.2 m/sec’ B)a,=1.8 m/sec? C)a,=1.4 m/sec? D)a,=0.8 m/sec? E)a,=1.6 m/sec?
117. An empty truck of mass M=3 t moves with acceleration 2,=0.3 m/sec’. What is a
load mass m in its body if at the same tractive force F, it moves with acceleration
2,=0.2 m/sec’ ?
A)nF3.0t B)ynr2.0t C)nFl.5t D)nF3.5t E)ynF2.5t
118. Find out a spring rate &, which under the force /=2 N became Ax=4 cm longer.

A) &=1.0kN B) 4=2.5kN C) &3.0kN D) 4&=1.5 kN E) &=2.0kN
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119. Uepes ckinbKH Yacy #Micis MOYATKy radbMyBaHHS 3yIMHHUThCS aBTOOYC, SKILO io-
TO 7709aT KoBa MBUIKICTh V; nopiBHIOBana 12 M/c, a KoedillieHT TepTa MiX IIMHAMHU i
noporoio 4=0,4 ? (Beaxatu g=10 m/c?).

A)t=4,0c. B)t=3,5c. B)£5,0c. I)=4,5¢c. ) =3,0c.

120. ABrobyc Macowo m=15 T pymwae 3/ cT aHy coKoro i3 mpuckopeHHaM a=0,7 m/c’.
Busnauutu cunty Tsru doro nBuryHa F, sxio xoeginieHT onopy ioro pyxy £=0,03.

A) F,=18 xH. B) F, =24 xH. B) F,=15xH.T) F,=21 xH. ]T) F,=12 xH.

121. Tlapamrytuct Macor m=85 Kr MpH PO3KPUTOMY HapallyTi pyXaeThCsl BHU3 31 CT a-
Jioro mBUIKicTIO V. BuzHauntu cuiy omnopy nositps F, ioro pyxy. (Bsaxaru g= =9,8
M/cd).

A) F,=896 H. b) F,=804 H. B) F,=867 H.I') F,=782 H. ) F,=833 H.

754. TloTar siKOT MacH 1 MOXe BECTH TEIIOBO3 13 mMpuckopeHHsIM a=0,1 M/c?, SIKIIO CH-
Ja TSy oro aBuryHa F, nopisaioe 300 kH, a koedilieHT onopy HOro pyxy CTaHOBHTh
£#=0,005 ?

A) m=2000 1. B) m=2500 1. B) m=3000 1. I') m=1750 7. 1) m=2250T.
123. ABTOMOOIIb Macowo m=14 T, pylmaouu 31 ¢T aHy CHOKOIO, IPOXOIUTh NULIX S$=50 M

3a IpoMixok dacy =10 c. BusHauutu cuity TSru Horo ABUryHa F, sKIIO KOedili-eHT
omopy oro pyxy #=0,05.

A) F,=15 xH. B) F,=21 kH. B) F,=27 H.T) F,=18 kH. J) F,=24 H.

124. BuzHaute cully HaTAry KaHaTy F, npu pyci Beepx nipty mMacoro m=600 kr i3 npuc-
Kopennsam a=1 m/c’.

A) F,=7,2 xH. B) F,=6,0 kH. B) F,=4,8 xH. T") F,=6,6 xH. 1) F,=5,4 xH.

125. Tpomneiibyc macoro m=10 T, pyuiBIIM 3/ CT aHy COKor0, HaOyB mBuakocti V=10
M/c Ha muaxy S=50 M. BusHaunt koedillieHT omopy HOTro pyXy 4, SKIIO CHJa TATH
nmeuryna F, =14 xH.

A) 1=0,08. B)1=0,21. B)=0,04. I)2=0,16. ) 1~=0,12.

126. Ha sixy BuCOTY A Haja NOBEPXHEIO PIAUHU HiACTpUOHE KyNbKa, SKIIO 11 BUITyCTHIN
13 TIIMOMHY A, a TYCTHHA MaTepially KyJIbKHU 0 y JBa pa3d MEHIIIA 33 TYCTHHY PiTUHU ) ?

A) H=125h. B) H=0,75h. B) H=1,5h. T) H=0,5h. JI) H=h.
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119. In what time ¢ after the start of braking will a buss come to a stop if its initial
velocity Vg was 12 m/sec, and friction coefficient between its tires and a road wasu =0.4
2 (Consider g=10 m/sec?).

A) t=4.0 sec B) t=3.5sec C) t=5.0 sec D) t=4.5 sec E) +=3.0 sec

120. A bus of mass n=15 t starts from the rest with acceleration 2=0.7 m/sec’. Find out
tractive force of its engine £}, if coefficient of resistance to its motion is £=0.03.

A) F,=18 kN B) F,=24 kN C) F,=15 kN D) F,=21 kN E) F,=12 kN
121. A parachute jumper of m=85 kg in mass moves down at a constant speed V with
his parachute open. Evaluate an air resistance force F, to his motion. (Consider g=10
m/sec?).
A) F=896 N B) F=804 N C) F,=867N D) F=782 N E) F=833 N
122. A train of what mass m can a diesel locomotive haul with acceleration 2=0.1
m/sec’, if tractive force of its engine is F,, =300 kN and coefficient of resistance to its
motion is £~=0.005 ?
A)m=2000t B) m=2500t C) m=3000t D) m=1750t E) m=2250t
123. A car of mass =14 t starting ffom the rest travels a path $=50 m for #10 sec. Find
out tractive force of its engine F, if coefficient of resistance to its motion is z==0.005.

A) F,=15 kN B) F,=21 kN C) F,=27 kN D) F,=18 kN E) F,=24 kN

124. Find out a rope tension force F; when a lift of mass n=600 kg goes up with
acceleration a=1 m/sec’.

A) FF72kN B) F=6.0kN C) F~4.8kN D) F~6.6 kN E) F=5.4 kN
125. Starting from the rest a trolleybus of mass 7710 t gains velocity V=10 m/sec on
the distance S=50 m. Find out coefficient of resistance of its motion y if tractive force
of its engine is F,=14 kN.
A) 1=0.08 B) =021 C)p=0.04 D)p=0.16 E)1=0.12

126. How high H over a liquid surface will a ball jump up if it was let out from the
depth 4 and the ball material density p is fwo times less than the liquid density o ?

A) H=125h B) H=0.754 C)H=15h D)H=0.54 E)H=h.
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127. Ha nutwi, sxa ButpuMye Hatar F,=10 H, mignimarors BanTax Baroro P=5 H 3i
Cmamy cnoxow pieHONpUcKopeHo BEpTUKAIBHO 620py. BBaxaroun cuiy onopy F,=1 H,
3HAHTH MaKCHUMAJIbHY BUCOTY /iy, HA Ky MOXKHA MiJHATH LEW BAHTAXK 32 MPOMI-KOK
yacy =1 ¢ Tak, o0 HATKa He Po3ipBaiach.

A) hpe=2.3 M. B) 7,,,=3,9 M. B) h,,,,=4,6 M. T) h,,,=4,7 M. [T) 1i=5,4 M.
128. Tino macoro m=100 kr ynano 3 BUCOTH /=75 M 4epe3 NpOMIKOK 4acy =5 ¢ mic-Jst

M0YATKYy BLIBHOIO IaIHHA. BU3HAUTE BEJIMYMHY CHIIM ONOPY MOBITPs F,, BBAXKAIOUH il
TI0CT IHHOIO.

A) F,=150 H. b) F,=300 H. B) F,=250 H. T') ;=400 H. [T) £,=350 H.
Junamika KpuBo.TiHiiiHOTO PyXY

129. BusHauuTu mepry kocmigHy WBUAKICTs Vi mnsa Benepw, sikio mMaca Benepu Mp=
=4,9-10* kr, a ii paniyc Rz=6200 xm.

A) Vi=6,8 xm/c. B) V{=4,9 km/c. B) V=73 km/c. ') V[=8,1 xm/c. ) V=7,8 km/c.

130. SIxy mBUAKICT VMYyCHTh MaTH CYIyTHHK, 100 00epTaTHCh HABKOIO 3eMJli Ha BU-
coti A=600 km Hazx ii mosepxuero? Paxiyc Semmi R=6400 km, a maca M;=6-10* kr.

A) 156,8 km/c. B) V58,0 km/c. B) V57,2 km/c. I') V57,6 km/c. [T) V6,4 km/c.

131. Busnaure nepioa 7 oOepTaHHS CYyIyTHHKA HABKOJIO 3eMJIi, SKIIO BiH 00€pPTAEThCS
Ha Bucoti #=1700 kM Hap ii moBepxHero ? Paxiyc 3emii R; BBakatu piBHUM 6400 KM.

A) 7=100 xBuin. b) 7=60 xBun. B) 7=120 xBuin. I') 7=40 xBun. [I) 7=80 xBui1.

132. Micsup pyxaetbes HaBkoJO 3emii 3i mBuakicTio V=1 km/c. Bigcranp R Bix 3emii
110 Micsist mopismioe 3,8-10° kM. Busnaure 3a nux yMoB Macy 3emii M;.

A) M=5,7-10" xr. B) M=6,1-10* kr. B) M=5,5-10** kr.
I) M=59-10" xr. JI) M=6,3-10*" kr.

133. ABTOMOGiNIL Macow m=2 T NPOXOAUTH 110 OMYKJIOMY MOCTY, paaiycom R=40 M, 3i
mBuKicTIO V=36 kM/roa. I3 sikoro cuitoro N aBToMoOib THCHE Ha MICT y HOro cepe-
muni ? (Beaxarn g=10 m/c?).

A) N=25 xH. B) N=20 kH. B) N=10 xkH. I') N=30 xH. JI) N=15 xH.
134. I3 sxOl0 MIBUAKICTIO V' MOXe iXaTH BEJOCHIIENUCT B CEpEelHIH YaCTHHI 0OnyK1020
MOCTY i3 pajaiycoM KpuBHHU R=10 M, 100 He yunumu mucky Ha Mict ? (BBaxaru g=

=10 m/c?).

A) V=15 w/c. B) V=10 m/c. B) V=25 m/c. T') V=20 m/c. JI) V=30 m/c.
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127. With a thread which stands tension ;=10 N a load of weight P=5 N is uniformly
accelerated lifted from the rest straight up. Consider resistance force F,=1 N, find out
the maximum height 4,,, this load can be lifted for the time =1 sec without breaking
the tread.

A) hpi=2.3 M B) 1,=3.9 M C) /1pi=4.6 m D) h1,i=4.7 m E) £,,=5.4 m

128. A body of mass 7=100 kg fell down from the height /=75 m in time &5 sec after
the start of fiee fall. Find out air-resistance force F, considering it as permanent.

A) F=150N B) F=300N C) F,=250N D) F=400N E) F=350N
Dynamics of curvilinear motion

129. Find out the first orbital velocity V; for the Venus if its mass is M=4.9-10* kg and
its radius is R;=6200 km.

A) 1=6.8 km/sec B) V{=4.9 km/sec C) V{=7.3 km/sec
D) V{=8.1 km/sec E) V{=7.8 km/sec

130. What velocity Vmust a satellite have to turn round the Earth at the height 2=1700
km over its surface ? The Earth radius is R=6400 km and its mass is M,=6-10%* kg.
A) 156.8 km/sec B) 158.0 km/sec C) 1=7.2 km/sec D) V&7.6 km/sec E) 156.4 km/sec

131. Find out the orbital period T of a satellite round the Earth if it turns at the height
h=1700 km over its surface? The Earth radius is R=6400 km.

A) 7=100 min B) 7=60 min C) 7=120 min D) 7=40 min E) 7=80 min

132. The Moon moves round the Earth at a velocity V=1 km/sec. The distance R between
the Earth and the Moon is 3.8-10° km. Find out the Earth mass Mg under these
conditions.

A) M;=5.7-10" kg B) M;=6.1-10"kg C) M=5.5-10"* kg
D) M=5.9-10"kg E) M=6.3-10" kg

133. A car of mass n=2 t goes over a convex bridge of radius =40 m at a velocity
1536 km/h. With what force N does the car press the bridge in its middle ? (Consider
=10 m/sec?).

A) N=25 kN B) N=20 kN C) N=10 kN D) N=30 kN E) A=15 kN

134. With what velocity can a bicyclist go in the middle of a convex bridge with a
curvature radius R=10 m not to press the bridge ? (Consider g=10 m/sec?).

A) V&15 m/sec B) V=10 m/sec C) 1525 m/sec D) V=20 m/sec E) V=30 m/sec
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135. Tino macorwo m=1 Kr pyXxaeTbcs MO KONy pajiycoM R=2 M y eepmuKanbHitl 10~
muHi. YoMy JOpIBHIOE CUJa HATATY HUTKU F), y HudicHiti mouyi Koja, SIKIO IBUIKICTD
fioro B wiit Touri V=4 m/c ? (Beakati g=10 m/c?).

A)F=24H. B)F,=12H. B)F,=32H. I F,=18H. ) F,=36 H.

136. I3 KOO HAMOUIBIIOW MIBUAKICTIO V), MOKHA BECTH aBTOMOOLIb Ha TIOBOPOTI J0-
poru i3 paniycom kpuBuHA R=150 M, 11100 Horo "He 3aHec0", SKIIO KOEPIlieHT TepTs
koutic 006 mopory ©=0,42 ?

A) V=25 w/c. B) V=30 M/c. B) V=35 m/c.
D) V=15 M/c. 1) V=20 Mm/c.

137. JIboT4MK THCHE Ha CHAIHHS Kpicia jiTaka y eepxwiti moyyi nerii Hecreposa i3 cu-
noro N=6300 H. Maca npotunka m=70 kr, a paaiyc netii R=400 M Buznauuty msun-
KicTb mitaka V. (Beaxarn g=10 m/c?).

A) V=150 m/c. B) =200 m/c. B) =300 m/c. I') =250 m/c. ) V=100 m/c.

138. JliTak 3xilicHioe "MepTBy netiro" paxiycoM R=800 M, pyXxar4uch 31 CTaJO IIBHU-
nkictio V=720 km/ron. I3 skoro cunoro N minot macorwo m=70 Kr THCHyTUME Ha CH-
JUHHS JIITaKa y 8epxHiti mouyi neti ?

A) N=6300 H. B) N=3700 H. B) N=2800 H. I') N=5400 H. JT) N=4200 H.

139. Pyxarouucsk 3i mBuakictio V=720 xm/ron, JiTak 31iicHIOE "MepPTBY neTm0" paji-
ycom R=800 M. I3 sikoro cuiioro N mijoT Macoro m=70 Kr THCHE Ha CHJIHHS JITaka y
HIDK HIH T 041l TPAEKTOPIi pyxy ?

A) N=6400 H. B) N=2700 H. B) N=3800 H. I') N=4200 H. JT) N=5400 H.

140. Biapo, 10 NOJOBMHU HAIOBHEHE BOJAOIO, 00EPTAIOTh V 8epmMuUKaibHiti niowuri. Bi-
JICTaHb Bifl oci 00epTaHHA A0 LEHTpPY Horo TsokiHHA R=1 M. I3 siKoI0 Halimenwioro yac-
TOTOIO V,,;, TpeOa 00epTaTH Bizpo, 1100 BOJa Y BEPXHIH TOYIII He 8UIUBANACH 13 HBOTO ?

A)vi,=0,25 T'. B)v,;,=1 I'a. B)v,;,,=0,75 I'a. 1) v;,,;,=1,25 T'w. 1) v;,,1,=0,5 ['mx.
141. I3 KO0 MAKCUMANLHOK IBUIKICTIO V., MOXE iXaTH MOTOLMKIICT HO 20pU30H-
MAAbHIU NAOWUHE, OTTUCYIOUH OYTY panriycoM R=90 M, Ko koedilieHT TepTs Koitic 00

nopory ©=0,4?

A) Vor=14,5 m/c. B) Vpur=18,8 M/c. B) Vu=22,4 m/c.
) Vy=27.6 Mlc. 1) Vyur=16.3 m/c.

142. Ha sikuii KyT @ BLJ BEpPT HKAJI TIOBUHEH BIAXUIUTUCH MOTOLUKIIICT, ONUCYIOUH JyTY
paniycom R=90 m, npu mBmakocTi pyxy V=15 m/c ? (Baxaru g=10 m/c’).
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135. A body of mass m=1 kg moves in a circle with radius R=2 m within a vertical
plane. What is a thread tension force F; equal to in the lower point of the circle, if its
velocity in this point is V=4 m/sec. (Consider g=10 m/sec?).

A)F=24N B)F=12N C)F=32N D)F=18N E)F~36N

136. With what largest velocity V,,, can a car be driven on a road turn with a curvature
radius R=150 m for it not to be swerved if friction coefficient of its wheels on road is
1=0.427?

A pa=25 m/sec  B)V,.=30 m/sec C)V,..=35 m/sec
D)V,w=15 m/sec  E)V,,=20 m/sec

137. A pilot presses a plane chair in the upper point of the Nesterov loop with force
N=6300 N. The pilot’s mass is m=70 kg and the loop radius is R=400 m. Find out the
plane velocity 7. (Consider g=10 m/sec?).

A)V=150 m/sec B)/=200 m/sec C)F=300 m/secD)V=250 m/sec E)/=100 m/sec

138. A plane is making “a dead loop” of radius R=800 m moving at a permanent veloci-
ty =720 km/h. With what force N will a pilot of mass m=70 kg press a plane chair in
the upper point of the loop ?

A) N=6300 N B) M=3700 N C) M=2800 N D) N=5400 N E) N=4200 N

139. Moving at a velocity =720 km/h, a plane is making “a dead loop” of radius R=
=800 m. With what force N will a pilot of mass m=70 kg press a plane chair in the lower
point of the loop ?

A) N=6400 N B) M=2700 N C) M=3800 N D) A=4200 N E) N=5400 N

140. A bucket half with water bucket is being rotated within a vertical plane. The
distance between the rotation axis and the center of its gravity is R=1 m. With what
minimum frequency v,,;, must the bucket be rotated for water not to pour out in the
upper point ?

A) V=025 Hz B) V=1 Hz C)3,=0.75 Hz D) v}=1.25 Hz E) v},,,=0.5 Hz

141. With what maximum velocity V... can a bicyclist go on a horizontal plane making
an arc of radius R=90 m if friction coefficient of wheels on a road is 1=0.4 ?

A) Vyu=14.5m/sec B) V,,=18.8 m/sec C) V,,,=22.4 m/sec
D) V,u=27.6 m/sec  E) V,,,=16.3 m/sec

142. At what angle a from the vertical must a motorcyclist deviate making an arc of
radius R=90 m at a velocity V=15 m/sec ? (Consider g=10 m/sec?).
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A) o=14°. B) o=22°. B)a=30". TI)e=18". [I) a=26".

143. BwusHauuTH doyermpoge MIPUCKOPEHHS Tijla HA €KBATOPI a,, MOB'I3aHe 13 00006UM
obepmannam 3emii. Pagiyc 3emii R; BBaxkatu piBHUM 6400 kM.

A)a,=5,1 mm/c?, B)ay=6,8 em/c. B)ay=9,6 Mm/c?. MNay=3,4 em/c?, Ma,~1,7 em/c?.

144. MoToLUKIICT pyXaeTbes 31 MBUAKICTIO V=80 KM/T0J IO I'OPH30HT a.IbHOMY Killb-
L0 BEpT HKAJILHOrO TWIIHAPY paniycom R=10 m Skum Mae OyTu MmiHiMa/ibHHH Koedi-
IIEHT TEPTS [IKH MOTOIMKIIA 00 MOBEPXHIO LIWIIHAPY £, 00 Take 0YJI0 MOKIUBUM ?

A) 120,05, B) 1=0,10. B) 1=0,25. T) 1=0,15. JI) 1=0,20.

145. Sxuil miHiMampHAE pafiyc Kona R, IO SKOMY MOXKE IPOIXaTH KOB3aHAp, PyXOMUI
31 mBuaKicTIo V=20 kM/4, K110 KoedinieHT TepTs KoB3aHiB 00 mig 4=0,2 ?

A) R=12,8 M. B) R=21,6 m. B) R=15,7 M. T') R=18,2 m. JT) R=24.4 m.

146. Xmomunk macoro m=50 KT rolIaeThesl Ha FORIAIII i3 JOBXKUHOO HijBicy /=4 m. I3
SIKOKO CHJIOK N BiH THCHE Ha CHIIHHS TPH MPOXODKCHHI 100K €HHS PIBHOBATH 31
mBuaKicTIO V=6 Mm/c ?

A) N=500 H. b) =950 H. B) =800 H. I') N=650 H. ) N=900 H.

147. 3Haiit cuity THCKY NaBTOMOOLIS Ha CEPEMHY OMVKJIONO MOCTY pajiycoM R=50 m,
SIKIIO HOT0 Maca m=35 T, a BUAKICTh Horo pyxy V=21,6 m/c.

A) N=3,0 kH. b) N=1,8 xkH. B) N=4,2 kH. ') N=2,4 xH. JT) N=3,6 xH.
Mexaniuna po6oTa cuau

148. Ha rino macoro m=1 Kr, pyxome no kony pagiycom R=1 wm, 1ie mocriiiHa 3a BeJu-
yrHOMW cuia F=10 H, cnpsiMmoBana do yenmpy xona. BusHaunt podoTy A 1i€l cuiu 3a
00UH nepioo.

A) A=62,8 Jlk. B) A=15,7 Jlx. B) A=0 . T') A=31,4 Jix. J[) A=7.8 JI.

149. Ha wHypi 3aBIOBKKH [=1 M pieHoMmipHo 00€pTAEThCS Y TOPU3OHTAIBHIH TUIONIH-HI
Tino macoro m=2 kr. Cuna Harsary mHypa F,=10 H. Busnaute po6oty A mi€i cuim,
3IIHCHIOBAHY 3¢ 00UH NOGHUIL 0Oepm Tina.

A) A=15,7 Jlk. B) 4=3,14 . B) 4=62,8 Jlx. T') A=31,4 Jik. JT) A=0 JIk.
150. Smwmk macoro m=10 Kr pyXaeTbcs MO TOPU3OHTAIBHINA TOBEPXHI 3i MIBUAKICTIO
V=2 m/c mig niero ropusoHTanbHOi cuan F=5 H. SIky poboTy A BHUKOHYe I CHIa 3a

MPOMDKOK Yacy /=1 xBuimHa ?
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A) =14 B) a=22" C)a=30° D)c=18" E)a=26"

143. Find out centripetal acceleration of a body on the equator a. connected with the
diurnal rotation of the Earth. Radius of the Earth R;is considered to be 6400 km.

A) a=5.1 mm/sec’ B)a=6.8 cm/sec’ C)a.=9.6 mm/sec’
D) a=3.4 cm/sec’ E)a~=1.7 cm/sec’

144. A motorcyclist moves at a velocity V=80 km/h in a horizontal ring of the vertical
cylinder of radius =10 m. What must the minimum friction coefficient of motorcycle
tires on the cylinder surface x for a motorcyclist to do this ?

A) 12005 B)1=0.10 C)z=0.25 D) =015 E)1=0.20

145. What is the minimum radius of a circle R by which a skater can run moving at a
velocity V=20 km/h if friction coefficient of skates on ice is 1=0.2 ?

A) R=12.8 m B) R=21.6 m C) R=15.7m D) R=18.2m E) R=244 m

146. A boy of mass n=50 kg is swinging on a swing with a weighing height ~4 m.
With what force NV does he press a seat when passing the equilibrium position at a
velocity V=6 m/sec ?

A) N=500N B) A=950 N C) M=800N D) N=650 N E) A=900 N

147. Find out pressure force Nof a car on the middle of a convex bridge of radius R=50
m if its mass is 75 t and velocity of its motion is V~21.6 m/sec.

A) M=3.0kN B) =1.8 kN C) M=4.2kN D) A=2.4kN E) M3.6 kN
Mechanical work of force

148. A body of mass m=1 kg moving in a circle of radius R=1 m is influenced by force
F=10 N permanent in value and directed to the center of the circle. Find out the work of
this force A4 for one period.

A)A=62.8] B)A=157] C)A=0] D)A=31.4] E)A4=7.81]

149. A body of mass m=2 kg is uniformly rotating within a horizontal plane on a cord as
long as /=1m. Tension force of the cord is /=10 N. Find out work 4 of this force
performed for one complete turn of the body ?

A)A=15.7] B)A=3.14] C)A=628] D)A=31.4] E)A4A=01]
150. A box of mass 7710 kg moves in a horizontal plane at a velocity V=2 m/sec under

a horizontal force /=5 N. What work A does this force perform for time /=1 minute ?
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A) A4=450 JIx. B) A=0 Jix. B) A4=300 Jix. I') A=150 JIxk. JT) A=600 [

151. Ha Tino macoro m=1 kr gie cura F=10 H, cpsmosana mix kyrom a=60° 10 Ha-
MpSMKY #oro pyxy. SIky po6oTy 4 BoHa 3iHCHIOE HA IUIAXY S=2 M ?

A) A=30 JIx. B) A=50 Jlx. B) 4=20 Jix. ) A=10 [Tx. JT) A=40 Jx.

152. Tino Macoto m=1 Kr, pyXaiounch i3 npuckopennam a=2 M/c*, M IHIIOCH HA BUCOTY
h=2 m. Busnaute po6oTy A, 3xiiicHeny npu mporo migiiomi. (Beaxari g=10 m/c?).

A) A=32 JIx. B) A=20 Jlx. B) A=40 Jlx. ) A=16 JIx. J) A=24 Jx.

153. Tino, maca sikoro m=20 KT, 6iibHO nadae yIPOJOBK MPOMIXKKA dacy =6 c. Bu-
3HAUUTH POOOTY A cunu maxicinms.

A)A=36 kJlk. B)A=2,4 k]lx. B)A=720 kx. [)A=18 xJlx. J)A=6.4 k]Ix.

154. Jligr Baroro P=6000 H migxiMaioTs Bropy i3 npuckopennuam a=14 m/c*. Sxa po-
60Ta A 311HCHIOETHCS MIPU LIBOMY, SIKILO JiT MifHIMAEThCS HA BUCOTY A=10 M ?

A) A=1,7 xJlk. B) A=34 JIx. B) A=69 k. I') 4=5,5 xJIx. 1) A=810 K/I.

155. Busnauurtu pobdoty A cunu namsey tpocy F,, SKIIO MiJBIIICHUA Ha HHOMY BaHTaX
. 2 .
Macoro m=20 Kr OIyCKA€TbCA i3 npuckopenHam a=3 m/c” Ha Bigcranp S=2 M. (BBaxkatu
2
g=10 m/c").

A) A=450 Ix. B) 4=280 Ix. B) A=120 [Ix. I') A=540 [Ix. [I) A=360 Ix.
Enepris. Po6oTta, sik 3MiHa eHeprii

156. Ilin miero cumu F, IBUIKICTD pyXy Tina V s0inbwunacy y 2 pa3u. Y CKiJIbKH pasiB
3MIHHMJIACh MPH LIbOMY HOTO KiHemuuHa eHepris E, ?

A) 36impmminace y 2 pasu. B) 3mMenmmiacs y 2 pasu. B) 36insmmnacs y 2 pasis.
I') 30inpumnace y 4 pasu. JI) 3MeHImnach y 4 pasu.

157. Sk 3MIHUTBCS nomeHyiaibHa eHepeis TPYKHO nedopMoBaHoro Tina E,, SKIIO Be-
JIMYMHA a0COOTHOI AeopMartii Tia Ax 36inbuumscs’y 2 pasu ?

A) 3meHmmThCs y 2 pasu. b) 30unbmunThes y 2 pasu. B) 30i1b1mThes y 4 pasu.
I') 36imemmThca y +2 pasis. JI) 3MeHmHMTECA ¥ 4 pasm.

158. Ha ckinbky 301IbIIMTHCS MOTEHIIAIBHA SHEPTris PecOpHOl MpYXUHHU BaroHy AFE,,
sxmio 1i crucHyT Ha A%=0,2 M ? Bimomo, o amns i1 ctucHeHHs Ha AX;=3 cM HOTpiOHO
npuxiactu cuity £;=90 kH.

A)AE,=60 k. B)AE~15 k[lx. B)AE,=T5 k[lx. DAES30 x[lx. IDAE=45 k]lx.
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A)A=450] B)A=0] C)A=300] D)A=150] E)A=600]

151. A body of mass m=1 kg is influence by force F=10 N directed at an angle o=60" to
the direction of its motion. What work 4 does it perform on a path S=2 m ?

A)A4=30] B)A=50] C)A=20] D)A=10] E)A=40]

152. A body of mass m=1 kg moving with acceleration a=2 m/sec” rose as high as h=2
m. Calculate work A, performed at this body rise. (Consider g=10 m/sec?).

A)A4=32] B)A=20] C)A=40] D)A=16] E)A=24]

153. A body of mass m=20 kg is fireely falling for time =6 sec. Find out work 4 of force
of gravity.

A)A=36k] B)A=24k] C)A=720k] D)A=18kJ E)6.4kJ

154. A lift of weight P=6000 H goes up with acceleration a=1.4 m/sec’. What work 4 is
being performed thereat if the lift goes up as high as /=10 m ?

A)A=1.7k] B)A=34k] C)A4=69k] D)A=55k] E)A=810kJ
155. Find out work A4 of a cable tension force F, if a load of mass m=20 kg hung up on it
is sinking with acceleration a=3 m/sec® on a distance =2 m. (Consider g=10 m/sec?).
A)A=450] B)A=280J C)A=120] D)A=540] E)A=360]J
Energy. Work as energy variation

156. Under a force F, a body velocity V increased 2 times. How many times did its
kinetic energy E, change thereat ?

A) It increased 2 times. B) It decreased 2 times. C) It increased +2 times.
D) It increased 4 times. E) It decreased 4 times.

157. How will potential energy E, of an elastically deformed body change if value of
absolute deformation of the body Ax increases twice ?

A) It decreased 2 times. B) It increased 2 times. C) It increased 4 times.
D) It increased +/2 times. E) It decreased 4 times.

158. How much will potential energy AE, of a carriage spring change if it is pressed by
Ax=0.2 m ? It is known that to press it by Ax;=3 cm it is necessary to apply force F =
=90 kN.

A) AE=60 kI B) AE=15 kJ C) AE,=75 k] D) AE=30 kJ E) AE=45 kJ
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159. Kpyrmmii croBn niamerpom d=0,4 M i 3aBBUIIKY A=4 M BIIaB Ha 3€MJIIO i3 BEpTU-

KaJIBHOTO MOJIOXKEHHA. Ha ckinbky 3MiHWIIACh TIPU LIBOMY HOTO nOmMeHyidibHa eHepeis
2

AE, ? Maca cronia m=300 kr. (BBaxatu g=10 m/c”).

A)AE=3.6 kllx. B)AE=64 xJlk. B)AE=54 k.
N AE=18 xx.  JI) AE~2,7 kJUk.

160. Ilix wac ogHOro i3 BipaxiB MIBWAKICTH JIiTaka Macor m=1 T 3MiHWIAch Bij V1=
=720 xkm/rox g0 V>,=1080 km/rox, a fioro BUCOTa Haa 3eMJICIO Bix /1;=6 KM 10 /,=3 KM.
Sk 3MiHHIIACK TIPH IIbOMY HOTO no6Ha mMexaniuna enepeis AE ? (BBaxatu g=10 M/Cz).

A) 3menmmacsk Ha 5-10° JIx. B) 36inbumnack Ha 8-10° [Ix. B) He 3minnnace.
I') 36inpmmnace Ha 4 107 k. ) 3menmmiace Ha 2- 10* k.

161. Ha sxiif BincTani S Bix mepexpects HOTPiOHO MOYATH rajJbMyBaHHS IIPU YEPBOHO-
My curHami cBiTnodopa, Skmo aBToMo011b pyxaBcs i3 mBuakictio V=100 km/rox, a ko-
edilieHT TepTs Mixk mHHaMH i gopororo 1=0,4 ? (Beaxatu g=10 m/c?).

A)S=64 M. B)S=108 M. B)S=72m. [)S=81m. JI)S=96m

162. I3 sxoro mBHUAKICTIO V), pyxaBcs aBTOMOOLIb, SIKIIO TOBXKHWHA CHigy IpU HOro ra-
npbMyBaHHI S=25 M ? BBaxaru, 1o KoJjieca Mpu rajJbMyBaHHI HEe 00epTauch, a KOe-
Giuient Tepts koic 06 gopory u=0,4.

A)Vy=96 xm/t. B)Vy=72 xm/r. B) V=84 xm/r. I')Vy=51 xm/r. [) V=63 xm/t.

163. Tino macoro m=2 Kr, KUHyTe 3 BUCOTH h=250 M gepmuxanvHo 6Hu3 i3 IOYATKOBOIO
mBHAKicTIO V=20 M/c, 3armubmioch y TpyHT Ha raubuny S=20 cM Busnauuru cepen-
HIO CHITy OTIOpY TPYHTY F,. OTIOpOM MOBITPSI 3HEXTYBATH.

A) F,=6,4 xH. B) F,=0,52 H. B) F,=26,5 kH. ') F,=9,6 xH. JI) F,=13,2 kH.

164. Illaiiba, mymieHa no NOBEPXHi JILOJY 13 HOYATKOBOK MIBUAKICTIO V=20 M/c, 3ynu-
HWJIACch 4epe3 MpoMikok vacy t=40 c. 3HaiiTu koe(ilieHT TepTs mwaibu o0 g wu.
(BBaxxatu g=10 m/c?).

A) 1=0,05. B) z=0,10. B) z=0,02. T)z=0,16. ) 1=0,08.

165. Sky po6ory A morpiOHO 3IMCHUTH, 100 PO3TATHYTH HPYXKHHY 13 JKOPCTKICTIO
k=4-10" H/m na Ax=5 mm ?

A) A=2 JTk. B) A=0,5 Jix. B) A=1,5 Jlx. ) A=1 Jik. JT) A=2.5 JIx.

166. Ilicnst ynapy MOJOTKOM IO IIBSIXY, BiH Mae KiHeTH4Hy eHeprito E,=2,8 J[x. Bu-
3HAYTE CEPEIHIO CHITY ONIOPY ACPEBUHHU F,, SIKIIO IBSAX YBIHIIOB Yy HHOTO HA S=7 MM.

A) F,=100 H. B) F,=200 H. B) F,=300 H. T') F,=400 H. JT) F,=500 H.
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159. A round pole of d=0.4 m ion diameter and as high as #7=4 m fell down the earth
from the vertical position. On what value did its potential energy AE, change thereat ?
The pole mass was m=300 kg. (Consider g=10 m/sec?).

A)AE=3.6k] B)AE~6.4k] C)AE=5.4k]
D)AE~18k] E)AE=2.7k]

160. During a turn velocity of an airplane of mass m=1 t changed from ;=720 km/h to
V,=1080 km/h and its height over the earth changed from /;=6 km to /#,=3 km. How did
its complete mechanical energy AE change ? (Consider g=10 m/sec?).

A) It decreased by 5-10° J B) It increased by 8-10° J C) It did not change.
D) It increased by 4-10" ] E) It decreased by 2-10* J

161. At what distance S from a crossroads should one start braking at the red traffic light
if a car was moving at a velocity ¥=100 km/h and friction coefficient between its tires
and a road is £=0.4 ? (Consider g=10 m/sec?).

A)S=64m B)S=108m C)S=72m D)S=81m E)S=96m

162. At what velocity ¥, was a car moving if the length of its braking distance was S=25
m ? Its wheels did not rotate on braking and friction coefficient of wheels on a road is

1=0.4.
A)V=96 km/h B)V;=72 km/h C)V;=84 km/h D)V,=51 km/h E)V;=63 km/h

163. A body of mass m=2 kg thrown from height /=250 m straight down with initial
velocity V=20 m/sec went deep into the earth by S=20 cm. Find out average resistance
force of the soil F,. Air resistance can be neglected.

A) F,=6.4 kN B) F,=0.52 kN C) F,=26.5 kN D) F,=9.6 kN E) F,=13.2 kN
164. A puck thrown by the ice surface with initial velocity V=20 m/sec came to a stop

in /=40 sec. Find out friction coefficient of a puck on ice. (Consider g=10 m/sec’).

A) 1=0.05 B)z=0.10 C)=0.02 D) z=0.16  E)z=0.08

165. What work 4 should be performed to extend a spring of rigidity &=4-10* N/m by
Ax=5 mm ?

A)A4=2.0] B)A=05] C)A4=1.5] D)A4=1.0] E)A=2.5]

166. After striking a hammer on a nail it has kinetic energy E;=2.8 J. Find out average
resistance force F, of wood if the nail went into it as deep as S=7 mm.

A) F,=100 N B) F,=200 N C) F,=300 N D) F,=400 N E) F,=500 N
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167. Sky po6oTy A notpiOHO 31ilicCHUTH, 0O BaroHy mMacoro m=60 T, IKKii pyxaBcs 3i
HMIBUAKICTIO V=2 M/C, HagaTh MBUAKOCTI V>=6 m/c ?

A) A=48 kJlk. B) A=640 /Ix. B) A=16 k. I') A=3.2 xJIx. 1) A=960 K/l

168. T'ymoBuii mHyp 3aBIOBKKH [;=1 M Tz miero BanTaxy Baroto P=10 H BHIOBXKUBCS
Ha A/=10 cMm. BusHauuti podoTy A CHIHM IPYKHOCTI.

A) A=2 Jlk. B) A=0,5 Jlx. B) A=1 Jlx. T') A=2,5 Jix. JI) A=1,5 JIx.

169. SIky poboty A Tpeba 3aificHUTH, 00 OJHOPIAHHUI CTOBI 3aBIOBXKKH [=2 M i Ma-
coro m=200 K, 110 JIeXKaB Ha 3eMJIi, TOCTABUTH depmukanviho ? (Beaxatn g=10 m/c?).

A) A=1500 JIx. B) A=750 Jlx. B) 4=2000 Jix. T)) A=1250 Jx. JT) A=500 k.

170. Kawmine Macoro m=1 xr nagae 3 BUCOTH /=20 M i B MOMEHT NaJiHHS Ha 3eMIII0 Ma€
mBuzKicts V=18 m/c. Slka po6oTa A 1Mo MOA0JaHHIO OMOPY MOBITPS 3MIHCHIOETHCS i
yac foro naginus ?

A) A=34 Jlx. B) A=68 Jlx. B) A=46 Jix. T) A=72 Ix. 1) A=57 JIx.

171. Tino macoro m=100 kr Bnano 3 BUCOTU 4=75 M 4epe3 =5 ¢ micist MOYATKy BLIEHO-
ro nazaiaAg. BusHaure po6oTy A cuiti onopy MOBITpsI, BBaXKAI0UH il 110CT IHHOIO.

A) A=5 kJlx. B) A=20 k/Ik. B) A=15 /. T') A=30 xJIx. JI) A=25 xJIx.

172. Tino macoro m=1 Kr 3HaXOAUTHCA Ha MIJCTABI, Ky MiAHIMAIOTL 620pY 13 NPUCKO-
2 o . . .
penHam a=2 m/c”. BusHauutu poOOTy A, 3AiHCHEHY 10 MiJHATTIO Tijia 32 MPOMDKOK Ya-
. . 2
cy t=2 c micis movyatky Horo pyxy. (BBaxaru g=10 m/c”).

A) A=24 Ix. B) A=48 [Ix. B) A=72 [Ix. ') 4=96 k. ) A=64 [Ix
173. Kos3ansp macoro M=60 Kr KuIae y TOPH30HTAILHOMY HANpPSIMKY BaHTaX MAacoOr0
m=10 xr 3i mBuakictio V=3 m/c. BusHauTe 3xiliCHEHy NpH I[bOMY JIIOJUHOIO ITOBHY
poboTy A, AKIIO micis KUJaHHSA BOHA BiAKOTHWIAch Ha Bincranb S=0,5 m. KoediuieHt
TepTs KoB3aHiB 00 mig 4=0,1.
A) A=75 Ix. B) A=30 Ix. B) A=45 Ix. ') A=60 Tx. ) A=15 Tx.
MoTtyxHicTH
174. iz giero cumu F=100 H, cipsmoBanoi mia kyrom a=60" 10 HAPAMKY pyxy, Ti-no
3a MPOMDXKOK gacy ¢=5 ¢ npoiuio nurix S=100 M. BuzHaunTu notyxHicTts N, ska po3-
BUBAETHCS II€I0 CHIIOKO Ha BOMY HUIAXY.

A) N=2 kBrt. ) N=1 kBT. B) N=4 xBr. I') N=12 xBT. /]) N=8 kBrT.
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167. What work A4 should be performed to bring velocity V,=6 m/sec to a carriage of
mass m=60 t and moving at a velocity V1=2 m/sec ?

A) A=48 k] B) A=640kJ C)A=16kJ D) A=3,2k] E) A=960 kJ

168. A rubber cord as long as /;=1 m becomes longer by A/=10 cm under the load of
weight P=10 N. Find out work 4 of elasticity force.

A)A=2.0]J B)A=0.5] C)A=1.0] D)A=25] E)A=1.5]

169. What work 4 should be performed o set up a homogeneous pole of /=2 m in length
and m=200 kg in mass lying on the earth ? (Consider g=10 m/sec).

A) A=1500] B) A=750] C) A=2000J D) 4=1250J E) A=500]

170. A stone of =1 kg in mass is falling from height /=20 m, and at the moment of its
falling on the earth its velocity is V=18 m/sec. What work A4 should be performed to
overcome air resistance during its falling ?

A)A=34] B)A=68] C)A=46] D)A=72] E)A=571]

171. A body of 7=100 kg in mass fell down from height /=75 m in &5 sec after the
start of free fall. Find out work A of air-resistance force considering it as permanent.

A)A=5k] B)A=20k] C)A=15k] D)A=30k] E)A=25kJ

172. A body of n=1 kg in mass is on a rest which is being lified with acceleration a=2
m/sec’. Calculate work A performed to lift the body for /=2 sec after the start of its
moving. (Consider g=10 m/sec’).

A)A=24] B)A=48] C)A=72] D)A=96] E)A=64 Jlx
173. A skater of M=60 kg in mass throws horizontally a load of n=10 kg in mass with
velocity V=3 m/sec. Find out fi1// work Aperformed if after throwing he slid away on the
distance $=0.5 m. Friction coefficient of skates on ice is £=0.1.
A)A=75] B)A=30] C)A=45] D)A=60] E)A=15]
Power

174. A body is influenced with force F=100 N directed at an angle of a=60" to the
direction of motion. For =5 sec the body traveled the distance S=100 m. Calculate the
power N made by this force on this path.

A)N=2kW B)N=1kW C)N=4kW D) N=12kW E)N=8 kW
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175. Tino macoro m=1 xr nagae 3 Bucoty /=20 m. HexTyrouu onopom nosiTpsi, BU3HA-
YUTH MUMMEGY TOTYKHICTb N, SIKa PO3BUBAETLCS CUION0 mAdCiHHA Ha BUCOTI h=10 M.
(BBaxaru g=10 m/c’).

A) N=75 Br. b) N=100 Br. B) N=125 Br. I') N=140 Br. ) N=50 Br.

176. Tino Macoro m=1 KI KHHYTE 8epmMUKanibHo 620py i3 MOYATKOBOIO MIBUAKICTIO Vo=
=50 m/c. Po3paxyBatu mummeegy NOTYKHICTb N, sika PO3BUBAETBCS CUNON MANCIHHA Y
: 2
MOMEHT 4acy #=3 ¢ micis noyarky pyxy. (Braxaru g=10 m/c”).

A) N=150 Brt. b) N=75 Bt. B) N=200 Br. I') N=125 Br. 1) N=100 Br.
177. Tino macoro m=1 Kr 3HaXOAWTHCS HA IMIJCTaBII, KA MiTHIMAETLCS 620p) 13 npuc-

2 .
KopenHsm a=2 M/c”. BU3HAaUUTH cepedHto nomysicHicms N, SKa PO3BUBAETHCS 32 IIPO-
MIDKOK 4acy =2 ¢ IiClisl ToYaTky HOoro pyxy.

eps

A) N,,,=24 Br. B) N,,,=72 Br. B) N.,,<36 B. ) N,,,=48 Br. JI) N,,,~60 Br.

178. Bwusnauutu koediuient xopuchoi aii (KK/I) »# nigiioMHOrO Kpany, sikuil migHiMae

BaHTaX Macor m=2,4 T 31 CTAJIOK MBHIKICTIO V=6 M/XBWJI, SIKIO IBUTYH IIPU LBOMY
: 2

CIIOKMBAE TOTYKHICTh N,,,=3 kKBT. (BBaxkat g=10 m/c”).

A) 7=0,75. B) 7=0,80. B) 7=0,90. T’) =0,85. M) 1=0,70.
179. Buznauntu KKJI TpaHcnoprepa 7, SKIO 3a =24 roauHu Oe3nepepBHOI poOOTH

BiH migHiMae BaHTax Macor =200 T i3 piBHS 3eMJIi Ha BUCOTY /=5 M. ButpadeHna mo-
TY)XHICTb ABUTYHA TpaHcHopTepa N, =1,84 kBT.

A) 7=18,3%. b) 774,8%. B) 1=12,4%. T) 1=9,6%. 1) 1776,2%.
3axoH 30epeskeHHs1 MeXaHi4HOI eHeprii

180. Tino macoro m=300 r sinbHo nadac 3 Bucotn h=50 M 3HalTH KiHemuyHy €HEprito
Tina E; B MOMEHT HOT0 3iTKHEHHSI i3 TIOBEPXHEIO 3eMJIi.

A) E=50 JIx. B) E;=250 JIx. B) E;=100 Jix. I') E;=150 Jix. JT) E;=200 JIx.

181. Tino, sike 3HaxXoAUTHCS Ha BUCOTI H=80 M Haja 3eMIICI0, KUHYIH Y 20PU3OHMATb-
HOMY HaIPAMKY 13 nouamxogoio WBUIKICTIO Vy=15 m/c. SIkoro Oyne mBHUAKICTh Tina V' B
TOH MOMEHT, SIKIII0 BOHO BHUSBHUTLCSA Ha BHCOTI #=60 M Ha 3eMero ?

A) V=35 m/c. B) =20 m/c. B) V=15 m/c.T’) V=30 m/c. ) V=25 m/c.

182. Tino kuuyTe i3 mBHAKicTIO Vy=10 M/3 iz kyToM a=45° 10 ropusonty. Busnauntn
jioro mBmaKicTs V Ha BHcoTi A=1,8 M Hax 3emiero. (BBaxarn g=10 m/c?).

A) V=6 m/c. B) V=9 m/c. B) V=8 m/c. I') =5 m/c. ) V=T m/c.
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175. A body of m=1 kg in mass is falling from height /=20 m. Neglecting air resistance
calculate instantaneous power N which is made by gravity force at height /=10 m.
(Consider g=10 m/sec?).

A)N=T5W B)N=100W C)N=125W D)N=140 W E) N=50 W

176. A body of m=1 kg in mass is thrown straight up with initial velocity ;=50 m/sec.
Calculate instantaneous power N which is made by gravity force in =3 sec after the
start of motion. (Consider g=10 m/sec?).

A)N=150 W B)N=75W C)N=200 W D)N=125W E)N=100 W

177. A body of m=1 kg in mass is on a rest which is being lifted with acceleration a=2
m/sec’. Calculate average power N, which is made for time =2 sec after the start of
its motion.

A)N,=24 W B)N,=72W C)N,=36 W D) N,=48 W E) N,,=60 W

178. Calculate coefficient of efficiency 7 of a hoisting crane which lifts a load of m=
2.4 t in mass with permanent velocity /=6 m/min, its engine consuming power Nj,,=3
kW. (Consider g=10 m/sec?).

A) 72075 B)7=0.80 C)77=090 D) 7=085 E) 77=0.70

179. Calculate coefficient of efficiency 7 of a cargo carrier if for /=24 h of a continuous
running it lifts 77200 t from the earth to height 725 m. Supplied power of the cargo
carrier engine is N,,,~1.84 kW.

A) 7=18.3% B) 7=4.8% C) 7=12.4% D) 17=9.6% E) 1=6.2%
Law of conservation of mechanical energy

180. A body of mass m=300 g is freely falling from height =50 m. Find out the body
kinetic energy E; at the moment of its touching the earth surface.

A)E=50] B)E=250) C)E=100J D)E=150] E)E=200]J

181. A body which is at height H=80 m lover the earth was thrown horizontally with
initial velocity Vy=15 m/sec. What will the body velocity 7 be at that moment when it is
at height 7=60 m over the earth ?

A)V=35 m/sec B)V=20 m/sec C)V=15 m/sec D)}V'=30 m/sec E)'=25 m/sec

182. A body was thrown with velocity /,=10 m/sec at an angle of =45’ to horizon.
Find out its velocity at height #=1.8 m over the earth. (Consider g=10 m/sec?).

A) V=6 m/sec B) =9 m/sec C) V=8 m/sec D) V=5 m/sec E) V=7 m/sec
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183. Ha ckinbKH CTUCHETBCS 6epmuKanbHa MpyxKUHa Ax, SKIIO Ha Hei 3 BucoTH h=10 M
ymazne Tijo Macoro m=1 kr ? Koedinient xopctkocti npyxunu k=20 xH/m (BBaxkartu
2
g=10 m/c”).

A) Ax=10 cM. B) Ax=6 cM. B) Arx=12 em. T) Ax=8 cm. JT) Ax=4 om.

184. Tino macoro m=1 Kr pyxarouucs 3i mBuakictio V=100 m/c, HastiTae Ha MPYKUHY 1
CTHCKYE T1 Ha Ax=5 cM. BU3HAYHUTH KOPCTKICTH I[i€l IPYKHUHU k, SKIIO BTpaTa eHep-Til
8i0cymHusi.

A)k=5-10° H/m. B)k=6-10° H/m. B)A=3-10° H/m. I)A=7-10* H/m. 1)k=2-10° H/m.

185. Tino KUHYTE 8epmuKaibHO 620py 13 TOYATKOBOIO MBHAKICTIO V=50 M/c. Ha sikiit
BHUCOTI & Horo kinemuuna eHepris E; dopieniosamume nomenyitnii E, ?

A)h=72m. B)h=81m. B)h=56m. T)h=98m. JI)h=64 wm.

186. Kawminenp macoro m=0,02 kr kuHymu 3 BUCOTH h=30 M copusonmansHo 13 mnovar-
KOBOIO IBHAKiCTIO V=10 M/c. HoMy HOpiBHIOE eHepris kaMiHLs E B MOMEHT HOro
npmsemenns ? (Beaxaru g=10 m/c?).

A) E=21 Jlx. B) E=4 Jlx. B) E=14 Jlx. T) E=7 Jlx. ) E=28 Jix.

187. Tino macoro m=1 Kr KUHYyTE 20pu30HmanbHo 3i mBHAKICTIO V=10 m/c. BuzHaunt
foro kiHeTHUuHy eHeprito E; uepe3 HMPOMDKOK dacy #=2 ¢ Micis HOYaTKy MHOJIBOTY.
2
(BBaxxatu g=10m/c”).

A) E=250 JIx. B) E;=400 JIx. B) E;=450 Jix. T') E;=300 Jix. JI) E;=350 Jx.

188. CtoBH 3aBBUIIKK £=2 M ynaB Ha 3eMJTF0. HEXTYyIOUH TOBIIMHOO CTOBIA, BU3HAYTE

NiHiHY IBUAKICTb V 6epxnboi mouku CTOBIIA B MOMEHT Horo najinus. (Beaxatu g=10
2

M/c”).

A) V=4,5 w/c. B) V=63 w/c. B) ¥=9.4 m/c. T') V=7,8 m/c. JT) V=32 m/c.

189. Tino kuHyTe i3 Bexi 3aBBumKkn A=10 M mix kyroM @=30° 10 TOPH30HTY i3 MOYAT-
KOBOIO MBUAKICTIO V=15 m/c. BusHaunTy MBUAKICTE TiIa VB MOMEHT HOro majiHHS
Ha 3eMJIIO.

A) V=24 m/c. B) V=15 m/c. B) V227 m/c. T) V=21 wm/e. [T) V=18 m/c.

190. M'si'y kunynu sepmuxanvro 6Hu3. Ilicns yaapy o0 3eMilto BiH MiICKOYMB Ha Ah=
=1,8 M 6uuye 3a T piBEHB, 13 AKOTO OyB KHHYTHH. 3 KO NOYAmMK0E010 MBUJIKICTIO V)
fioro kuHynu ? Brpatu eHeprii npu yaapi o0 3emiro He gpaxosysamu. (BBaxaru g=10

2
M/c”).

A) Vy=10 m/c. B) V=8 m/c. B) V=6 m/c. T') Vy=7 m/c. ) V¢=9 m/c.
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183. How Ax will a spring compress, if it stands vertically and a body of mass m=1 kg
will fall on it from height ~=10 m. (Consider g=10 m/sec?).

A) Ax=10 cm B) Ax=6 cm C) Ax=12 cm D) Ax=8 cm E) Ax=4 cm

184. A body of mass m=1 kg is moving at a velocity /=100 m/sec, runs into a spring
and compresses it by Ax=5 cm. Calculate this spring rigidity & if no energy was lost.

A)k=5-10°N/m B)k=6-10°N/m  C)k=3-10° N/m
D) k=7-10*'N/m  E) k=2-10° N/m

185. A body was thrown straight up with initial velocity V=50 m/sec. At what height £
will its kinetic energy E; be equal to potential energy E, ?

A)h=72m B)h=81m C)/=56m D) =98 m E)h=64 m

186. A small stone of mass m=0.02 kg was horizontally thrown from height 2=30 m
with initial velocity V=10 m/sec. What will the stone energy E be equal to at the
moment of its touchdown. (Consider g=10 m/sec?).

A)E=21] B)E=4] C)E=14] D)E=7] E)E=28]

187. A body of mass m=1 kg was horizontally thrown with velocity V,=10 m/sec. Fond
out its kinetic energy Ej in time /=2 sec after the start of flying. (Consider g=10 m/sec?).

A) E=250] B) E.=400J C) E;=450] D) E,=300J E) E;=3501J

188. A pole of /=2 m long fell down on the earth. Neglecting the pole thickness,
calculate the linear velocity V in the upper point of the pole at the moment of its falling.
(Consider g=10 m/sec?).

A)V=4,5 m/sec B)V'=6,3 m/sec C)V'=9,4 m/sec D)V=7,8 m/sec E)V=3,2 m/sec

189. A body was thrown from a tower of /=10 m high at an angle of &=30" to horizon
with initial velocity V=15 m/sec. Find out the body velocity Vat the moment of its
falling down.

A)V=24 m/sec B)V’=15 m/sec C)V=27 m/sec D)/=21 m/sec E)/’=18 m/sec

190. A ball was thrown straight down. After its touchdown it jumped up at height Ah=
=1.8 m above that level it had been thrown down. What was the initial velocity Vj it was
thrown with ? Energy loss at the moment of touchdown can be neglected. (Consider
=10 m/sec?).

A)Vy=10 m/sec B)V;=8 m/sec C)Vy=6 m/sec D)V;=7 m/sec E)V;=9 m/sec
125



191. Kawminps Macoro m=0,5 Kr, npuB's3aHuil 0 MOTy3Ka 3aB1oBxkHu /=50 cMm, obepra-
€TbCS Y BEpT HKabHIH oz, CHuila HaTATYy MOTY3Ka y HIpk HIF Touli kona F,=44,1
H. Ha siky BUCOTY A, IIAHIMETBCS KaMiHb, SIKIIO MOTY30K OOipBEThCS B TOM MOMEHT,
KOJIM HOTO MBHKICTE VOy/e cpsiMOBaHa BEPT HKAJIBHO Bropy ?

A) ]]IZIZX:155 M. B) bIHHX:350 M. B) bmax:?’as M. r) bmaxzzao M. H) bmax:zas M.

192. Benocunenuct MycHTh MpoixaTu 1o Tpeky y ¢opmi "MepTBoi nerii" pagiycom R=
=8 M. I3 sakoi Bucotu H BiH MYCUTb [I0YATU PO3TiH, 1100 HE BHACTU Y BEPXHIA T 04LI
TpaekTopii ?

A) H=14 M. B) H=20 M. B) H=16m. T) H=12m. J) H=18 m.

193. Ha nurui 3aBnoBxku /=1 M mijBiieHe Tino macorw m=3 kr. Ha sky Bucoty A Tpe-
0a BIIBECTH TIJIO 6i0 noa0JICeHHA pigHOgazu, OO MIPU HOTO MPOXOHKEHHI Yepes Ie 1o-
JIOXKEHHs1, HUTKA 3a3Haja HaTsary F,=50 H ?

A) h=0,25 m. B) h=0,40 M. B) h=0,35 m. T') h=0,45 m. JT) h=0,30 m.

194. Jlroctpa mMacoro m=10 Kr BUCHTh Ha MiJBICI 3aBJOBXKKHU /=5 M, MII[HICTb SKOTO JIO-
PiBHIOE T1 nodsitinii cuni mscinns. Ha Ky MakCUMAJbHY BUCOTY /., MOXHA BiIXUIIH-
TH JIFOCTPY 80 NON0NCEHHA pisHOsazu, 100 MI/IBIC He 00ipeascs Py TOUIAHHIX ?

A) hr=1,5 M. B) Bipx=2 M. B) 100x=3.5 M. T) Fx=3 M. JI) e =2,5 M.

195. Kynpka mMacoro m=50 r migBilieHa Ha HEPO3TsHXKHIA HUTIH. BuBiBIIM 11 i3 moJ0-
JKEHHs PIBHOBArM TaK, IO HATATHYTA HUTKA CKIama KyT a=90" i3 BepTHKALIO, KyIbKY
BiAMyCTUITH. BU3HAUMTE CHIIy HATATY HUTKH F), B MOMEHT MPOXODKEHHS HEI0 1noJo-
ocenns pisnosazu. (Beaxarn g=10 m/c?).

A)F,=1,5H.Bb) F,=3,0H.B) F,=2,5H.T) F,=2,0 H. ) F,=3,5 H.
3akoH 30epe:keHHsI iMITyabCy

196. I3 pymnHuni macoro M=5 Kr BuiliTae Kyas Macoro m=15 r 3i mBugkictio V=300
M/c. BuzHaunth mBuakicts U Bijiadi pyurHuIii.

A) U=0,9 m/c. B) U=0,6 w/c. B) U=0,8 m/c. ') U=1,0 m/c. ) U=0,7 m/c.
197. 13 nepyxomum BaroHoM Macoro m=37 T CTUKA€TbCS €JIEKTPOBO3, SIKUI pyXaBcs 3i
mBuakictio V=0,6 m/c. Tlicns 3iTKHEHHS BOHM pyXarTbcsi pazom. BusHauutu macy
eJIeKTPOB03a M, sKIo Horo mBuAKicTs V 3meHmmnack 1o 0,5 m/c. Teptsam 06 peiiku i B

0CSIX KOJTIC 3Hexmyeamu.

A) M=552 1. B) M=164 1. B) M=376 1. T) M=248 1. J[) M=185 T.
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191. A stone of mass 2=0.5 kg was fastened to a cord of £50 cm long. It is rotating in a
vertical plane. The cord tension force in the lower point of the circle is F=44.1 N. What
height 4,,, will the stone rise if the cord breaks at the moment when its velocity V is
directed straight up ?

A) fyy=1.5 M B) £10,=3.0 m C) £=3.5 m D) £ =2.0 m E) £,,=2,5 m

192. A bicyclist must go in a track in the form of “a dead loop” of radius R=8 m. What
height A must he start speeding up at not to fall down in the upper point of the path ?

A)H=14m B)H=20m C) H=16m D) H=12m E)H=18m

193. A body of mass m=3 kg is hung over a thread of /=1 m long. What height must the
body be taken at ffom the rest for the thread underwent tension =50 H, when the body
is passing this position ?

A) h=025m B) h=0.40 m C) 4=0.35m D) #=0.45 m E) #=0.30 m

194. A luster of m=10 kg in mass hangs on a bracket of /=5 m long, the bracket strength
is equal to a double gravity force of the luster. What maximum height can the luster be
taken firom the equilibrium position for the bracket not to break on its swinging ?

A) =15 M B) 11=2.0 m C) 1,00=3.5 m D) /1,,0:=3.0 m E) /1,u=2.5 m

195. A small ball of m=50 g in mass is hung on an inextensible cord. Having taken it
out of the equilibrium position, an angle between the tight thread and the vertical line
being =90, the ball is let go. Find out the thread tension force F; at the moment of its
passing through the equilibrium position. (Consider g=10 m/sec?).

A)F~1.5N B) F=3.0N C) F=2.5N D) F=2.0N E) F=3.5N
Law of conservation of momentum

196. A bullet of n=15 g leaves a gun of mass M=5 kg with a velocity 1300 m/sec.
Find out velocity Uof the gun kick.

A)U~0.9 m/sec B) U=0.6 m/sec C) U=0.8 m/sec D) ~1.0 m/sec E) U=0.7 m/sec
197. An electric locomotive moving with a velocity V,=0.6 m/sec came into collision
with a stationary carriage of m=37 t in mass. After collision, they were moving
together. Find out the electric locomotive mass M, if its velocity decreased up to 0.5

m/sec. Friction on rails and in wheel axes can be neglected.

A)M=552t B)M=164t C)M=376t D) M=248t E) M=185t
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198. JTronuHa, sika cTOsUIa Ha HepyXomomy TUIOTY, Milla i3 WBHAKICTIO Vy=5 M/c BigHOC-
HO 1IoTy. Maca moaunu m=100 xr, Maca maoty M=5000 xr. I3 siKo10 mBHAKICTIO V
IUTIT TIOYHE pyXaTUCh 11O BOAi ?

A) 1=0,2 m/c. B) =0,4 m/c. B) '=0,1 m/c. T') V=0,5 m/c. ) =0,3 m/c.

199. Jlitak neriB 31 mBuakictio Vo=900 kM/ron. Ha #oro nuisixy OmuHUBCS HepyXomull
nTax, Maca skoro m=2 kr BuszHaute cuiy F' ynapy nraxa o0 jiTak, sSKIIO yIap TpUBaB
YIPOAOBK MpoMixkka yacy At=0,001 c.

A) F=5-10° H. B) F=4-10* H. B) F=2-10° H. ') F=8-10* H. JT) F=9-10° H.

200. TI'panara, sika yeTina 3i mBUAKICTIO Vy=15 M/c, po3ipBaiiack Ha JBi YaCTUHU Maca-
mu m=0,6 kr 1 my=1,4 kr. LIBUIKicTh 6inbwioco ynamka V,=24 m/c Mae nonepeonii
HAIpsAMOK, IO 1 TpaHaTa J0 po3pHUBY. BU3HAUNTH MIBUIKICTE V| Menwio20 yiaMKa.

A) V=18 w/c. B) 7,=9 m/c. B) V=12 m/c. T) V=6 m/c. JT) V,=15 w/c.

201. CHapsn seriB 3i mBuaKicTio =150 M/c 1 po3ipBaBcs Ha /B YaCTHHH, MacaMH I1h=
=5 kr i my=15 xr. llIBunkicte OLmmoro ynamka V4=120 m/c Mae monepeqHiti HAOpIMOK
pyxy. BusHauurtu mwBuakicts V5 MeHmioro ynamxa.

A) 1,=270 m/c. B) V=150 m/c. B) V,=210 m/c. I') V,=180 m/c. J1) V,=240 m/c.

202. JIBa Tija Macamu m;=2 Kr' i my=4 KU pyXaJHMCh HA3yCmpiy OHE OAHOMY 31 LIBUAKO-
cramu V=4 M/3 1 V,=2 m/c. I3 sixoro mBuaxictio Uy BOHH pyXaTUMYThCS M a0COIIO-
THO HENpPYNCHO20 3ITKHEHHS ?

A) Uy=1,4 m/c. B) Uy=2,6 m/c. B) Uy=0 m/c. ') Uy=3,2 m/c. 1) Uy=2,0 m/c.

203. Tino mMacoro m;=2 KT pyXaeTbes i3 MBUIKICTIO V1=5 M/c 1 Ha3poraHse iHIIe Tijo,
Macor0 mMy=5 KT, SIKE PYXaEThCS y MOMY JHC HAnpsAMKY 31 BUIKICTIO V=2 m/c. Ilicns 3i-
TKHEHHS BOHH CTaIlM PyXaTHCh pazom. 13 skoro mBuakicTio U ?

A)U=3,94 m/c. B)U=2,86 m/c. B)U=1,74 m/c. T')U=4,53 m/c. ) U=2,12 m/c.

204. Hepyxoma noauHa 3acTpUOHyIa Ha Bi30K, SIKMI PyXaBCs i3 IOYaTKOBOIO IMIBUJIKi-
ctio 15=1,5 m/c. SIkoto ctaHe MBUAKICTS ii pyxy V] sikmo maca monunu n3=70 Kr, a Bi-
3ka m»=30 xr ?

A) V=75 em/c. B) V=90 cm/c. B) V=45 em/c. T') V=60 cm/c. [T) V=105 cm/c.

205. JlBa Tina Macamu =2 Kr i =0 KI' pyXalOTbCS HA3YCT pid OJHE OJHOMY 3 OJIHa-
KOBUMHU IIBHIKOCTIMU Vi=14=2 m/c. I3 sikoro mBuakicTio U pyXxaTUMyTbhCs 11l Tina mic-
J151 IXHBOTO HENMPY»K HOro 3ITKHEHHS 7

A) U=1,75 w/c. B) U=0,75 m/c. B) U=1,5 w/c. T') U=1,25 m/c. T) U=1,0 m/c.
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198. A person who was standing on a stationary raft started moving with a velocity
Vo=5 m/sec relative to the raft. The person’s mass is m=100 kg, the raft mass is
M==5000 kg. What velocity V' did the raft started its motion with on water ?

A)r=0.2 m/sec B)V'=0.4 m/sec C)/=0.1 m/sec D)/'=0.5 m/sec E)V'=0.3 m/sec

199. An airplane is flying at a velocity ;=900 km/h. On its way there turned out to be an
immovable bird of m=2 kg in mass. Find out an impact force F of the bird on the plane
if a kick lasted for A==0.001 sec.

A) F=5-10°N B) F=4-10*N C) F=2:10°N D) F=8-10*N E) F=9.-10°N

200. A grenade was flying at a velocity V=15 m/sec burst into two parts of m,=0.6 kg
and my=1.4 kg in mass. 4 larger fragment velocity is />,=24 m/sec and it has that dire-
ction the grenade had before an explosion. Find out velocity V; of a smaller fragment.

A)V1=18 m/sec B)V=9 m/sec C)V=12 m/sec D)V1=6 m/sec E)V';=15 m/sec

201. A shell was flying at a velocity 14=150 m/sec and burst into two fragments of
m=5 and mp=15 kg in mass. Velocity of a larger fragment is /=120 m/sec and it has
the previous direction. Find out velocity V; of a smaller fragment.

A) V7=270 m/sec B) /=150 m/sec C) 1,=210 m/sec D) 15=180 m/sec E) 14,=240 m/sec

202. Two bodies of m;=2 kg and m,=4 kg in mass were approaching at velocities V= =4
m/sec and V,=2 m/sec. What velocity U, will they move with after an inelastic
collision?

A)Up=1.4 m/sec B)Uy=2.6 m/sec C)U;=0 m/sec D)U,=3.2 m/sec E)Uy=2.0 m/sec

203. A body of m;=2 kg in mass is moving at a velocity V,=5 m/sec and comes close to
another body of m,=5 kg in mass which is moving in the same direction with a velocity
V=2 m/sec. After collision, they were moving together. What velocity U were they
moving with ?

A)U=3.94 m/sec B)U=2.86 m/sec C)U=1.74 m/sec D)U=4.53 m/sec E)U=2.12 m/sec

204. An immovable person jumped onto a cart moving with an initial velocity ¥§=1.5
m/sec. What will its velocity Vbe, if the person’s mass is 73=70 kg and the cart mass is
m=30 kg ?

A) V=75 em/sec B) V=90 cm/sec C) V=45 cm/sec D) V=60 cm/sec E) V=105 cm/sec
205. Two bodies of nmy=2 kg and mp=6 kg in mass are approaching at the same
velocities V{=¥=2 m/sec. What velocity U will these bodies move with after their

Inelastic collision ?

A)U=1.75 m/sec B)U=0.75 m/sec C)U=1.5 m/sec D)U=1.25 m/sec E)U=1.0 m/sec
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206. Kos3ansip macoro M=80 kr, cros4yu Ha JbOAY, Kuaae maindy macorwo m=100 r mif
KyTOM a=60" 10 TOPH30HTY. BH3HAYNTH MOYATKOBY WIBHUAKICTH KOB3aHSPS Vj, SIKIIO
mraiiba KMHyTa 31 MBUAKICTIO '=4,8 M/C BITHOCHO JHOLY.

A) V=1 mm/c. B) V=8 mm/c. B) Vy=3 mm/c. T') V=10 mm/c. [T) V=6 mm/c.
207. Kos3ausp macoro M=60 Kr KuJga€ B I'opH30HT aIbHOMY HAlPSIMKY BaHTaK Macoro

m=10 kr 3i mBuakictio V=3 m/c. BuzHaunTte xoedillieHT TepTS KOB3aHIB 00 JiJ L, K-
10 MICJIS KMJIKa KOB3aHAp BiIKOTUBCS Ha BifcTtanb S=0,5 M

A) 1=0,075. B) 1=0,05. B) 1=0,01. T)=0,025. ) =0,1.

208. Baxok macoro m=10 Kr KOB3a€ 6e3 T €pT 4 10 MOXMWIIH IUIOIUHI 3aBBUIIKU /=
=1,8 M i nagae Ha mardopmy 3 mickoM, Macoro A=50 kr Kyt Haxury IIIomusy 1o ro-
PHU30HTY a=45". I3 SKOKO TI0YATKOBOKO MIBHAKICTIO U/ TI0UHE pyxaruch g miargopma ?

A)U=45 cm/c. B)U=75 cm/c. B)U=55 cm/c. T') U=65 cm/c. 1) U=85 cm/c.
209. Ha pyxomuii ropu30HTaIBHO 3i MBUIKICTIO V=5 M/c Bi3ok Macoro M=10 kr 3Bep-

Xy KJIaIyTh LETJIMHY Macor /m=2 KT, sKa J0 1IbOT0 3HAXOJMIACh V CT aHI CHOKOr. Bu-
3HAYTE KUJIBKICTh TEIUIOTH (Q, sIKa BUIIUTHCS TIPH LIBOMY.

A) Q=15 Ix. B) Q=21 Ix. B) Q=18 [Ix.T') Q=24 Ix. 1) Q=12 Ix.

210. JIBa BaHTaxi, MacH SIKMX BiTHOCSTHCS SIK 1:4, 3'€[JHaHI CTUCHYTOIO MPYXXHHOIO i
JeKaTh Ha TOPU3OHTANIBHIN MOBepXHi CTONy. [IpH pO3NpSMICHHI NPYXUHH, BaHTAXK
Menwioi Macu otpumye xinemuuny eneprito E;=40 JIx. Busnaunte nomenyianivny exe-
prito cTucHyTOi pyxuHu E,. TepTsam 3HEXTyBaTH.

A)E, =100 k. B)E,=25 [Ix. B)E,=50 Ix. ') E,=125 dx. 0)E,=75 Ix.
TECTOBI 3ABJIAHHSA 110 PO3JILTY "OCHOBH MOJIEKYJIAPHOI ®I3HKH"

I[MapameTpu rasis

211. Slka ¢izuuHa BenuurMHA BU3HAYAETHCSA (pasoro "..€ MIpOK cepednboi Kikemuunol
eHnepeaii MoNeKyI cucteMu" ?

A) Kinbkicts Terioru. b) Temoemuicts. B) [Tutoma TennoemHicTs.
I') Temneparypa. 1) TernoTBopHa 31aTHICTb.

212. flka ¢i3nuHa BEIMYHHA XapaKTEPU3YE CTAH MEPMOOUHAMIYHOI PiGHO8AU MAKPO-
CKOITIYHOI CHCTEMH 1 BU3HAYAE HAIIPSM TEIJIOOOMIHY MiX Tilamu ?

A) Tuck. B) O6'em. B) Temnieparypa. I') I'yctuna. ) Konuenrparist Mmosiekyi.
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206. Standing on ice a skater of mass M=80 kg throws a puck of mass m=100 g at an
angle a=60° to horizon. Find out the skater’s initial velocity ¥ if the puck was thrown
with a velocity V=4.8 m/sec relative to ice.

A)Vy=1 mm/sec B)V;=8 mm/sec C)V;=3 mm/sec D)V,=10 mm/sec E)Vy=6 mm/sec

207. A skater of mass M=60 kg throws horizontally a load of mass n=10 kg with a
velocity V=3 m/sec. Find out friction coefficient of skates on ice u if after a throw the
skater skated back on the distance $~0.5 m.

A) 120075 B) 1=0.05 C)=0.01 D) z=0.025 E) =01

208. A truck of mass nF=10 kg is sliding without fiiction down an inclined plane /=1.8
m high and falls on a platform with sand A=50 kg in mass. A slope angle between the
plane and horizon is a=45". What initial velocity U/ will this platform be on the move
with ?

A)U=45 cm/sec B)U=75 cm/sec C)U=55 cm/sec D)U=65 cm/sec E)U=85 cm/sec
209. A cart of mass M=10 kg is moving horizontally at a velocity V=5 m/sec, a brick n=2

kg in mass is put on it, the brick being in the rest beforehand. Find out the quantity Q of
heat, which will be release thereat.

A)Q=15] B)E=21] C)@=18] D)(@E=24] E)I12]

210. Two loads, which masses relate to each other as 1:4, are connected with a solid
spring and are on the horizontal plane of a table. On spring straightening, a load of less
mass is given kinetic energy E,=40 J. Find out potential energy of a solid spring E,,.
Friction can be neglected.

A)E,=100] B)E,=25] C)E,=50] D)E,=125] E)E,=75]
TEST TASKS TO THE SECTION “FUNDAMENTALS OF MOLECUAL PHYSICS”

Parameters of gases

211. What physical quantity is determined by the phrase: “..is a measure of the average
kinetic energy of molecules of a system” ?

A) Heat B) Heat capacity C) Specific heat
D) Temperature E) Thermal value

212. What physical quantity characterizes the state of thermodynamic equilibrium of a
macroscopic system and determines the direction of heat exchange between bodies ?

A) Pressure B) Volume C) Temperature D) Density E) Concentration of molecules
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213. VYKaxiTb OAMHHLIO BUMIPY MUCKy razy p:
A) IMackanb. B) Ammnep. B) KenwBin. I') Hetoron. 1) Jlxoyns.
214. Y yomy nmonsisirae GpizuyHU 3MICT cmanoi Aeozadpo ?

A) Yucno monekyn B 1 kr pedyoBunu. I') Unciio Monekys B 1 T peuoBUHH.
B) Yucno monekyn B 1 M3 peuoBunn. J[) Uncio Monekyn B 1 MoJli peuOBHHH.
B) Yucno monexyn B 1 miTpi peuyoBHHH.

215. 'V pesepsyapi o6'emom V=20 M’ mictutbest N=5-10° Monekyn rasy. Busnauntn
KOHIICHTPALIi}0 MOJICKYJI IIbOT'O Ta3y A.

An=4-10" M>. B)n=1-10° v>. B)n=7,5-10" M. T)n=2,5-10> M. JHn=5-10° m.
KinbkicTs peyoBunm

216. Slka i3 mepeniueHUX YaCTHHOK € HAlMeHUlOl YaCTKOK PEYOBHMHH, sika 30epirae 1i
Ximiyni enacmugocmi ?

A) Atom. B) Enextpon. B)IIpoton. TI') Ion. 1) Mosekyna.

217. Mo skiii GopmyIi MOXKHA BUSHAYUTH MOIAPHY Macy pedoBuru M ? (my — maca Mo-
JIeKynu , N - 3arajgbHa KilbKiCTh MONEKYJN, N, - 4HCI0 ABOTapo, m - 3arajbHa Maca
PEYOBHHN).

m,

m m
A) M =7 B) M =0 B) M=o Ny T) M =m, -N. Jl) M =0

218. SIxa KimbKicTb MOJEKYT N MICTUTLCS Y 0OHOMY MOJIi PEUOBUHH ?
A) N=1,6:10"". B) N=8,31-10°. B) N=1,38-10%. I") N=6,02-10%. JT) N=9,11-107".

219. Tlo skiii hopMysi MOKHA BH3HAUUTH 3d2AIbHY KLIbKICHb MOJIEKYJ Ta3zy y HOCy-
vl N ?

m m m p m
N=— B)N=—T B)N=—-n.) N==— ) N=—-N, .
A) M b) M B) w " D kT 2y M

220. Ckigbku MOJIB v MicTHTh Maca m=1 kr BogHi0 ? MoJspHa Maca BogHIO M=2: 107
KI/MOJb.

A) v=500. B) v=50. B)v=15. T)v=150. HO) v=1500.

221. BwuszHauuth Macy KinekocTi v=50 MOJIIB BYIJICKHCIIOTO Ta3y /71, MOJISIpHA Maca SIKO-
ro M=0,044 kr/mMoJb.

A) m=12 kr. b) m=5,4 xr. B) m=1,6 xr. I') m=0,8 kr. 1) m=2,2 xr.
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213. Choose the unit of measurement of pressure of gas p:
A) Pascal B) Ampere C)Kelvin D) Newton E) Joule
214. What is the physical meaning of the Avogadro constant ?

A) A number of molecules per 1 kg of a substance. D)...per 1 g of a substance.
B) A number of molecules per 1 m’ of a substance. E)...per 1 mole of a substance.
C) A number of molecules per 1 liter of a substance.

215. A reservoir of =20 m® contains N=5-10° molecules of gas. Find out concentration
of molecules of gas n.

A)n=4-10" m> B)n=1-10> m* C)n=7.5-10" m> D)n=2.5-10> m* E)n=5-10’ m”>
Quantity of substance

216. What of the below particles is the least particle of substance which preserves its
chemical properties ?

A) Atom B) Electron C)Proton D)lon E) Molecule

217. What formula can a molecular mass M of substance be determined with ? (m, is
mass of a molecule, N is a total number of molecules, N, is the Avogadro number, m is
a total mass of substance).

m m m
A)M:NiA B)M:N C)M=m0NA D)M=m0N E)M:WO

218. What number of molecules N is contained in one mole of a substance ?
A)N=1.6:10" B)N=8.31-10° C)N=1.38-10"> D)N=6.02:10* E)N=9.11-10""

219. What formula can a total number of molecules of gas in a vessel N be calculated
with ?

m m m p m
A N=— B N=—'T N=—: D N="— E N=— N
YN=4p BYN=3 T O N=rn D) N=rr B) N=3 N,

220. How many moles v does mass m=1 kg of hydrogen contain ? Molar mass of
hydrogen is M=2-10" kg/mole.

A) v=500 B)v=50 C)v=15 D) =150 E) v=1500

221. Determine the mass m of v=50 moles of carbon dioxide, which molar mass is M=
=0.044 kg/mole.

A) m=12 kg B) m=5.4 kg C) m=1.6 kg D) m=0.8 kg E) m=2.2 kg
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222. Sxuit 06'em V 3aiimae kinbkicTs v=100 moniB ptyTi ? (MossipHa Maca pTyTi M=
=0,2 kr/mMob, a ii FyCTI/IHap:13,6'103 KF/M3).

A)V=11. B)V=151 B)V=51. T)V=0,1n JI)V=15n

223. BwusHauwute, CKiIbKM MOJIEKYNT N MicTUTBCs Y Maci m=2 T BoasHol napu ? (Mousip-
Ha Maca BoJsiHOT apu M=18-10" kr/Mou).

A) N=6,7-10. B) N=2,4-10%. B) N=8,1-10*". T') N=3,6-10**. JI) N=7,2-10%.

224. Y mocynuHi 06'eMom V=8 M’ mictaTses N=4:10"7 MOJIeKyn ra3zy. BusHaure koH-
LEHTPALIO 7 MOJIEKYJI IIbOTO razy.

A) n=9 10"m>. B) n=7 10*'m>. B) n=4 10°m>. T') n=5 10"*". JT) n=2 10""m".
225. BwusHauTe Macy my 00Hi€l MOneKyau ByTIEKHCIIOro Tasy. (M=44- 10° KI/MOJIB).
A)mg=3,6"102kr B)m¢=7,3-10"2°kr B)m=3,6102*xr me=8,1-10**kr ) 4,2:10*'kr

226. CKinbKH MOJEKyI TIOBITPpst N MIiCTHTBCS B ay/UTOpii, po3Mipamu V=8x6x4 M, npu
temnepatypi 7=295 Jlo i Tucky p=10 Ia ? (Crana Bonbimana k=1,38-10% Jixc-K).

A) N=4,7-10". B) N=2,5-10**. B) N=6,4-10%. I') N=7,8:10%. JT) N=4,2-10%.

549. Ckinbku Moaekyn N MicTuThes y Maci m=1 r amiaky NH; ? (MonspHa Maca amia-
Ky M=17-10" xr/mMons).

A) N=2,8:10". B) N=7,4-10%. B) N=4,6-10%. I") N=1,2-10**. JT) N=3,5-10%.

550. Bwusnaure, ckibku atoMiB N MicTathcs y o0'emi V=1 eM’ ceummo ? (Monspua
Maca cBuHI0 M=207-10" Kr/mMouib, a ryctuHa p=11,3 F/CMS).

A) N=7,4-10*. B) N=3,3-10%%. B) N=6,8-10”. T') N=2,1-10%. JT) N=4,6-10%°.

551. Ta3 mictutbes y Oanoni 06'emom V=10 n mig Tuckom p=49,8 MIla npu temmepa-
Typi T=600 K. CKijibkK MOJIIB V CKJIa/Ia€ 1Sl KUTbKICTh razy ?

A)v=250 momb. B)y=150 momb. B)y=100 mosb. I')v=50 mois. /1)v=200 mMoJib.
MoJieKy/15IpHO-KiHeTHYHA Teopis

230. Sxa i3 HaBeneHUX (QOPMYI € OCHOBHUM PIGHAHHAM MOJEKYISIPHO-KIHETUYHOI Te-
opil i TUCKY ra3y (piensnnam Kiaysiyca) ?

1 RT RT
A) p-V=Nk-T. B) p=nkT. B) p=snmV; T) p:%'7. ="
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222. What volume ¥ do v=100 moles of mercury occupy ? (Molar mass of mercury is
M=0.2 kg/mole, and its density is p=13.6-10° kg/m’).

A)V=11 B)V=151 C)V=51 D)V=0.11 E)V=151

223. Determine how many molecules N are contained in mass m=2 g of water vapor ?
(Molar mass of water vapor is M=18-10" kg/mole).

A) N=6.7-10" B) N=2.4-10% C) N=8.1-10*' D) N=3.6-10** E) N=7.2-10"

224. A vessel V=8 m’ in volume contains N=4-10"" molecules of gas. Find out
concentration n of molecules of this gas.

A)r=9 10" m” B)n=7 10> m” C)n=4 10* m” D)n=5 10" m” E)n=2 10" m”
225. Find out the mass m, of one molecule of carbon dioxide. (M=44-10" kg/mole).
A)me=3.6'10>kg B)mo=7.3:10"kg C)my=3 6:10 kg D) m;=8.1-10*'kg E)4.2:10"*'kg

231. How many molecules N of air are there in a room as large as V=8x6x4 m3, at
temperature 7=295 K and pressure p=10 Pa ? (k=1.38-10% J/K).

A) N=4.7-10"" B) N=2.5:10** C) N=6.4:10%° D) N=7.8:10* E) N=4.2-107®

227. How many molecules N are there in mass m=1 g of ammonia NH; ? (Molar mass
of ammonia is M=17-10" kg/mole).

A) N=2.8-10° B) N=7.4-10" C) N=4.6-10° D) N=1.2-10* E) N=3.5-10%

228. Find out how many atoms N are contained in V=1 cm’ of lead. (Molar mass of lead
is M=207-10" kg/mole and density is p=11.3 g/cm’).

A) N=7.4-10* B)N=3.3-102 C)N=6.8-10° D)N=2.1-10" E) N=4.6-10"

229. Gas is contained in a cylinder of volume V=10 / under pressure p=49.8 MPa at
temperature 7=600 K. How many moles v make up this quantity of gas ?

A)v=250 moles B)y=150 moles C)rv=100 moles D)»v=50 moles E)»=200 moles
Molecular-kinetic theory

230. What formula represents the basic equation of molecular-kinetic theory for gas
pressure (the Clausius equation) ?

m RT RT
nmVy,y D)p=—>=—- E)p=——

A)pV=N*kT B)p=nkT C)p= YA v

1
3
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231. Tuck ineansHoro razy p=2-10" Ila, a xoHueHTpauis Horo Monekya n=2:10" m".
Bu3HauuTH cEPENHIO KiHETHYHY EHEpTilo IOCTYNAILHOTO PYXY OJHIET MOJIEKYIIH Ecep.

A) 65,4107 Jx. B) £,=4,6:10"" [l B) £,¢,=1,510" Il
T) 62,7107 Jlrc. J1) 6.,=8,2-107" [l

232. T'a3 macoro m=3 kr 3aiimae 00'em V'=0,5 . Cepequs KBaJpaTHYHa WIBUIKICTH HOT0
Modekyn V=500 m/c. BusHaute THCK p, 301iICHIOBaHUI Ia30M Ha CTIHKH NOCYAWHH.

A) p=300 MIla. B) p=400 MIIa. B) p=100 MIIa. I') p=200 MIla. [T) p=500 MIIa.
233. Bu3HAYUTH CEpeIHIO KBaJPaTUYHy IIBHAKICTH MOJEKYN razy V,, SKIIO ra3 Mac
Mmacy m=10 kr i 3aiimae 00'em V=10 M’ mpu tucky p=30 klla.
A) V=350 m/c. b) V,,=400 m/c. B) V,,=250 m/c. T') V,,=300 m/c. 1) V,,~450 m/c.
234. Maca MoJeKynu BOJIHIO m=3,3-10" kr. BusHauTte THCK BOHIO p Ha CTIHKHU 1OCY-
JVHH TIpH KOHIIeHTpartii Monekyn n=10% M i cepenniii KBampaTHUHil MIBHIKOCTI MO-
nekyn V=700 m/c.

A) p=5,4 xlla. B) p=8,1 lla. B) p=2,7 kIla. I') p=3,6 xIla. 1) p=7,2 xIla.

235. Bu3HauUTH CepeHIO KiHETUYHY €HEprilo aToMiB BOJHIO y (doTochepi COHLSA &.p
SIKIIO KOHIICHTPAL[isl aTOMIB CTAHOBUTH 71=1 ,6-1021 M , aTHck p=125 Ila.

A) gcep:7,5'10_21 I[)K B) g""pzl’ZlO-lg I[X( B) 5cep:4,6'10_l7 I[)K
r) ‘c"ceﬂz&l'lo-zo IbK I[) gcep:3,6'10_18 H)K

236. Ilpm sxiit Temnepatypi 7 3HAXOJUTHCS iCANbHUN Ia3, SKIIO CEPEIHs KiHETHYHA
o <19
€Hepris Horo MoneKyn &.,=1,6-10"" Tx ?

A) T=6570 K. B) T=5290 K. B) T=3460 K. ') =4310 Jlo. JT) T=7730 K.

237. Sk 3MIHIOETBCS cepedHs KeaopamuyHa MBUAKICTb PyXy MOJIEKYI ra3y Vi, npH no-
cmitiniti TeMmnepatypi ?

A) 3anuinaerses nocTiHOW. b) 3MiHIOETHCS TpH 3iTKHEHHX. B) 3pocrae.
I') [octymoBo 3meHnryetsest. J[) 3MiHa 3aeKuTh Bifl THCKY rasy.

238. SIK 3anexXuTh cepeoHs wEUOKiCmb PyXy MOIEKYN Tasy V., IpU 00Haxosil mem-
nepamypi Biz fioro mossapHoi macu M ?

1 1
A) He 3anexwurs. b) V,,~M. B) Vcep~ﬁ. D) Ve~ M . T) Vcep“’ﬁ'
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231. Ideal gas pressure is p=2-10" Pa, concentration of its molecules is n=2-10" m™.
Find out the average kinetic energy of translational motion of one molecule &,,.

A) £,=5410"T B)g,~4.610"] () £,~1.510"]
D) £,=2.7-10""]  E) £,-8.2:102"J

232. Gas of mass m=3 kg occupies volume of /'=0.5 1. The average quadratic velocity of
its molecules is V,,¢=500 m/sec. Find out pressure of gas p on a vessel wlls.

A) p=300 MPa B) p=400 MPa C) p=100 MPa D) p=200 MPa E) p=500 MPa

233. Find out the average quadratic velocity of gas molecules V4, if the gas has mass
m=10 kg and occupies volume of V=10 m® at pressure p=30 kPa.

A) Vyuai=350 m/sec B) V=400 m/sec  C) V,,,=250 m/sec
D) V4uai=300 m/sec  E) V,,,~450 m/sec

234. A hydrogen molecule mass is m;=3.3-10"" kg. Calculate hydrogen pressure p on
vessels walls at the concentration of molecules n=10" m™ and the average quadratic
velocity of molecules V=700 m/sec.

A) p=5.4kPa B) p=8.1 kPa C) p=2.7 kPa D) p=3.6 kPa E) p=7.2 kPa

235. Find out the average kinetic energy of hydrogen atoms in the photosphere of the Sun
Eaver, 1f cOncentration of atoms is r=1.6- 10*' m? and pressure is p=125 Pa.

A) £0er=7.510""T B) £,,,=1.2-10"T C) 6,00, =4.6:10"" ]
D) £1e:=8.1-10 T E) £,,6,=3.6-10"%J

236. What temperature 7 is ideal at if the average kinetic energy of its molecules is
Ene1.6:1077 72

A) T=6570 K B) T=5290 K C) T=3460 K D) 7=4310 K E) T=7730 K

237. How does the average quadratic velocity of motion of gas molecules V., at
permanent temperature ?

A) It remains constant. B) It changes in collisions. C) It increases.
D) It gradually decreases. E) Its change depends on gas pressure.

238. How does the average velocity of motion of gas molecules V,, at the equal
temperature depend on its molecular mass M ?

1 1
A)ltd d donitB) V,,~M C) V,~—. D) Vyy~vM E) Vy~r—7—.
) It does no depend on it B) ) v; ) ) Nl
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239. SIK 3aneXMTh cepeoHA wieuoKicms PyXy MOIEKyN rasy V., 0OHaxoeoi MONSPHOI
Macu M Bix Horo temmneparypu T ?

A) He sanexuts. B) Vigp~T. B) Vey~T . T) Vce,,~%. b VMF%.

240. Jns sikoro i3 ra3iB cepeqHs KBaJpaTWdHa IIBHIKICTH Vi, Oyne Haulbinbuiono npu
oouaxkositi Temnepatypi T ?

A) Asor. b) I'eniii. B) Kucens. I') Bogens. J1) [lnist Bcix oHakoBa.

241. Temmneparypa rasy sHusuzacv y 2 pasu. Sk 3MIHUTbCSA NPHU IIbOMY BEJIHYHHA Ce-
Peonboi wsuokocmi pyxy Horo Monekyn Ve, ?

A) 3MeHuUTLCA y 2 pasis. B) 36inbmuThes y 2 pasu. B) 3anumuThcs HE3MiHHOIO.
I') 36inpmuThCs y +/2 pasis. 1) 3MeHIHUTbCS y 2 pasu.

242. Jlns sKOro i3 rasiB cepe/iHs KBaJIpaTHYHA MIBUAKICTH Vi, Oyle Hatimenwioro npu
00HaKo6ill Temmeparypi ?

A) Azor. b)Teniii. B)Kucens. I')Bopens. [I) Byrueus.

243. Temnepatypa ra3y nidguwuiacs y 2 pasu. SIk mpu oMy 3MiHIIACh BEIUIHHA Ce-
DPeonboi weuokocmi pyxy ioro monekyn Ve, ?

A) 36impumiace y 4 pasu. B) 36insmmnack y /2 pasis. B) 36insmmace y 2 pasmu.
I') 3menmmnace y 2 pasu. J[) He 3minumnace.

244, Tlpwu siiit Temmeparypi T, Monekysu reinito (M>=4 KIr/KOJib) MalOTh MaKy He CaMy
CepelHIO KBaIPATHYHY IIBUJKICTb V4, K 1 MOJIEKYJIH BOAHIO (M;=2 KI/MOJIb) IIpU Te-
mmeparypi 77=15"C ?

A) T»=318 K. B) T,=742 K. B) T»=464 K. T) T,=576 K. JT) T:=639 K.

245. CepenHsi KBapaTHYHA MIBHIKICTH MOJIEKYN KUcHIO V=600 m/c. Ilpu sikiii Tem-
neparypi 7 BuKkoHaH ii Bumip ? (M=32-10" kr/mons).

A) T=614 K. B) T=348 K. B) T=462 K. I') 7=703 K. []) T=562 K.
I3onmpouecu y razax
246. Ski npouecu Ha3UBaKOTh "isonpoyecamu’?

A) B sikux Bci mapaMeTpH rasy 3alUIIaoThes IOCTIHHUMU.

b) B sixux Bci mapaMeTpu rasy 3MiHIOIOTHCS IIPOIOPLIIHO.

B) B sixux oauH i3 mapaMeTpiB razy 3ajHIIA€ThCs OCTIHHNAM.

I') B sxux Bci mapamMeTpy rasy 3MiHIOIOTCS OTHAKOBO.

J) B sxux nBa mapaMeTpH rasy 3aIUIIAlOThCSA TOCTIHHUMIL.
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239. How does the average velocity of motion of gas molecules V,, of the equal
molecular mass M depend on temperature 7 ?

N

A) It does no depend on it. B) V,,~T. C) V~AT . D) V,~ % E) Vo~ T

240. For what gases will the average quadratic velocity V,, be the largest at the same
temperature T ?

A) Nitrogen B) Helium C) Oxygen D) Hydrogen E) It is the same for all gasses

241. Temperature of gas decreased twice. How will the values of the average velocity
V., of motion of its molecules change ?

A) Tt will decrease +2 times B) It will increase 2 times C) It will not change
D) It will increase v2 times E) It will decrease 2 times

242. For what gases will the average quadratic velocity V,, be the least at the same
temperature ?

A) Nitrogen B) Helium C) Oxygen D) Hydrogen E) Carbon

243. Gas temperature increased 2 times. How did the value of the average quadratic
velocity V,, of motion of its molecules change ?

A) It increased 4 times B) It increased +/2 times C) It increased 2 times
D) It decreased 2 times ~ E) It did not change

244. At what temperature 7, do helium molecules (M,=4 kg/mole) have the same
average quadratic velocity ¥, as hydrogen molecules (M,=2 kg/mole) at T,=15"C ?

A) T,=318 K B) T,=742K C) =464 K D) I,=576 K E) ;=639 K

245. The average quadratic velocity of oxygen molecules is V,,=600 m/sec. At what
temperature 7 was it measured? (M=32-10" kg/mole).

A)T=614K B)T=348K C)T=462K D) T=703K E)T=562K
Isoprocesses in gases

246. What processes are called “isoprocesses”?

A) In which all parameters of a gas are permanent.
B) In which all parameters of a gas change proportionally.
C) In which one of the parameters of a gas is permanent.
D) In which all parameters of a gas change equally.
E) In which two parameters of a gas are permanent.
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247. Tlpouec, sKuii MPOTIKAE B Ta3i NPH NOCMILHIT memnepamypi, Ha3UBaAKOTh:

A) Aniabatnunum. B) [3otepmiunum. B) [300apuyunmM.
I') [3oxopuunnm.  JI) HeBigomum.

248. Tlpouec, sIKHii POTIKAE B T'a3i IPH NOCHILIHOMY MUCKY, HA3UBAIOTH:

A) Aniabatnyaum.  B) [3otepmiuaum.  B) [300apuynum.
I') I3oxopuunuM. /1) Heigomum.

249. Tlpouec, sIKMiA POTIKAE B T'a3i IPH nOCMIIHOMY 06'eémi, HA3UBAIOTh:

A) Aniabatnuaum. B) [3otepmiunum.  B) [300apudnHnMm.
I') I3oxopuunum. 1) HeBizomum.

250. Slka i3 hopmyn xapakTepusye izomepmiunuii poec ?

R4
A) “L=£2, B)&=&~ B)il_i2

now, I, T, T,

b _P P
r & -£2 £
) LT ) v

TS

251. SIk 3MIHUTBCS TUCK Ta3y p NPU 3MeHuleHHi Horo 00'emy V' B 3 pasu, SKIIO HOro TeM-
neparypa I 3aIUIIaeThCsl HesmMinHoi0 ?

A) 36inbiuThes y 9 pasiB. b) 30inbuuthees y 6 pasis. B) 3MeHmuThcs y 3 pasu.
I') 30inbumThes y 3 pasu. 1) 3aUIINTHCS HE3MIHHKM.

252. Tuck razy B muininnapi o6'emom V=10 1 p;=150 ITa. Yomy nopiBHIOBaTHME THUCK
rasy ps, AKIIO NPU nocmitiHitl TeMneparypi 00'eM ra3y 30iapmHThCs 10 Vo=15 17?7

A) p;=100 TTa. B) p,=150 ITa. B) p,=50 Ta. ) p,=250 ITa. JT) p,=200 Ila.

253. Ta3 isomepmiuno ctucHymu Big o0'emy V=6 1 1o o6'emy V,=4 n. Tuck #ioro npu
LOMY IiJBULIMBCS Ha Ap=2- 10° Ma. SIxkum OyB [MOYAaTKOBHUI THCK Tazy p; ?

A)p=8-10" ITa. B)p,;=2:10° ITa. B)p,;=6:10° ITa. I')p;=4-10° Ia. )p;=9-10° ITa.

254, IneanbHuil a3 3aiiMaB 06'eM V=10 M mpu THCKY p;=25 Ila. ITotiM ioro o'em
OyB i30mepmiuno 30inbIeHNH Ha AV=15 M. SIKHM CTaHe TpH LbOMY THUCK ra3y B IO-
CyIMHI p, ?

A) p;=10Ta. B) p,=15 Ia. B) p,=30 Ta. T) p,=5 ITa. JT) p,=20 ITa.

255. Y ckinbKH pa3iB 30UIBIINTBCS THCK Ta3y p MpPH 3MeHuieHHi oro o0'emy V'y 9 pa-
31B, SIKILO Horo Temneparypa I 3alulunacs Hesminnoio ?

A)Y 3 pa3u. b) V9 pasis. B) ¥V 6 pazis.I) ¥ NE) pasis. 1) B 18 pasis.
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247. The process which proceeds in a gas at constant temperature is called

A) Adiabatic  B) Isothermal C) Isobaric
D) Isochoric ~ E) Unknown

248. The process which proceeds in a gas at constant pressure is called:
A) Adiabatic  B) Isothermal C) Isobaric
D) Isochoric ~ E) Unknown
249. The process which proceeds in a gas at constant volume is called:
A) Adiabatic  B) Isothermal C) Isobaric
D) Isochoric ~ E) Unknown
250.

What formula characterizes isothermal process ?

P_Pr PP
A) =y B = O

NS

v, Py
-2 p =2
T, )

P
E) Zi=P2
AT

oY=
~
ST

251. How will gas pressure p change in decreasing its volume by a factor of 3 if its
temperature T is constant ?

A) It will increase 9 times B) It will increase 6 times C) It will decrease 3 times
D) It will increase 3 times E) It will not change

252. Gas pressure p; in a cylinder of ¥;=10 / in volume is 150 Pa. What is gas pressure
P> equal to, if at constant temperature gas volume increases up to V,=15/?

A) p5=100 Pa B) p;=150 Pa C) p,=50 Pa D) p,=250 Pa E) p,=200 Pa

253. Gas was isothermally compressed from V=6 [/ up to V,=4 /. Its pressure increased
thereat by Ap=2-10" Pa. What was initial pressure of gas p; ?

A)p,=8-10° Pa B)p,;=2-10° Pa C)p;=6-10" Pa D)p,=4-10° Pa E)p,=9-10° Pa

254. Ideal gas occupied volume V=10 m® at pressure p;=25 Pa. Then its volume was
isothermally increased by AV=15 m’. Find out gas pressure in a vessel p,.

A)p:=10Pa B)p,=15Pa C)p,=30Pa D)p,=5Pa E)p,=20 Pa

255. How many times will gas pressure p increase, if its volume V decreases 9 times
and temperature T is constant ?

A)3times B)9times C)6times D) /3 times E) 18 times
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256. OO0'eM V OynpOamky MOBITpA, SKa MiAHIMAEThCS 13 AHA 03€pa Ha MOBEPXHIO, 30i-
JIBIIYETHCS BTpUYi. BBaxkaroun TeMieparypy BOIH HE3MiHHOIO, BU3HAYTE TIHOMHY 03e-
pa h. T'yctuna Boau p=10° kr/m’, armocdepruii Tck pe=10° ITa.

A)h=16m. B)h=24m. B)h=8wm. I)h=12m. [)h=20wm.
257. Slka i3 HaBeneHUX (HOPMYJIT XapaKTePU3YE i300apuyHull mporec ?

A 2P p PP B)ﬁzﬁ.
v v L T L T

N

258. 3akou I'eii-JIroccaka uist i300apuuHo20 IpoLecy Ma€e TaKUH BUTIIS:

Voo _ D _ P _ PP
A) L =2 B) V=Vy(1+tat). B) &£ =22 T') p=py-(1+at). ) =22,
)Tz T ) o(1+a) )Vz 7 )ppo(a)II)Tl T

259. T'a3 HarpiBawOTh npu NOCMIUHOMY Mucky. SIK 3MIHIOETbCS TIPH 1IbOMY HOTO T'YCTHHA
p?
1
A) p~T. b) p~ﬁ. B) p=const. T') P~ ) p~T".

260. Mo sixoi Temriepatypu 7, MOTpiOHO HArpiBaTH MOBITPS, B3ATE NpH TemrepaTypi 7=
=303 K, mo0 iioro 06'eM V 36inbuiuecs BOBiUi, a TUCK p 3aJUIIUBCS MAKUM camMum ?

A) T:=404 K. B) T,=505 K. B) 7,=606 K. ) 7,=707 K. J[) T,=808 K.

261. B muriHgpi i MOpIIHEM i300apuyHo OXOJOKY€EThes ra3 06’emom V=10 i Bix
temnepatypu 77=321 K no 75=273 K. SIkuii 06'em V, y niTpax Mae 0X0JI0/pkeHUH ra3?

A) V5=8,51. B) Vh=4,8 1. B) V,=7,2 1. T) V5=5,6 . J) Vo=6,4 n.

262. [lo sxoi temnepatypu 7, Tpeba HarpiBaTW MOBITps, B3ATe IpU TeMIepaTypi #=
=200C, o6 foro 00'eM V 36inbuiuscs BIBIYL, a TUCK p 3aTAIIABCS He3MIHHUM ?

A) T:=394 K. B) T:=586 K. B) =619 K. T') T,=313 K. JT) T»=456 K.

263. Tas, B3stuii npu temmeparypi £,=0°C, HarpiBarots npu nocmiiinomy mucky. Ha
cKinbkH rpaayciB AT Tpeba HarpiTh ra3, moo itoro o6'eM V s6irvuuscs y 1,5 pazu ?

A) AT=252 K. B) AT=346 K. B) AT=89 K. I') AT=137 K. J[) AT=410 K.

264. Y nuiniHApi mig MopiHeM i3obapuuro HarpiBaloTh 00'eM V=12 1 rasy Big Temrepa-
typu 71=321 K no 7,=473 K. SIkuii 06'em V, y miTpax MaTuMe HarpiTuii ra3 ?

A) V=211 B) V=151 B) Vh=27n. T) V=18 1. JI) V,=24 1.
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256. Volume V of an air bubble rising from a lake bottom increases by a factor of three.
If water temperature is considered as constant, determine the lake depth h. Water
density is p=10° kg/m’, atmospheric pressure is p;=10° Pa.

A)h=16m B)h=24m C)h=8m D)h=12m E)h=20m

257. What formula characterizes isobaric process ?

)Pl P )P| Pz C)E:E D)ﬁzﬁ E)ﬁzﬂ
VoV T T L, T , T
258. Charles' law for isobaric process looks like:
n_n _ P_Ps — p_p
A) L=22 B) V=Vy(1+ta+). C) 2L =£2 D) p=p,-(1+a+). E) £L=22,
)T2 T ) o(1t+a) )2 7 )Ppo(a))T‘ T,

259. Qas is heated at constant pressure. How does its density p change thereat ?
1
A)p~T B) p~\/? C) p=const D) P~ E) p~T*

260. What temperature 7, must air taken at 7,=303 K be heated to that its volume V" will
increase 2 times and pressure p will be the same ?

A) T7=404 K B) T,=505K C) T,=606 K D) T,=707 K E) T,=808 K

261. In a cylinder under a piston, gas of /=10 [/ in volume is isobarically cooled from
T1=321 K to 7,=273 K. What volume V; in liters will a cooled gas have ?

A) V=851 B) V=481 C)V=721 D)Vy=5.61 E) V=641

262. To what temperature must air taken at £=20°C be heated that its volume will
increase 2 times and pressure p will be the same ?

A) Th=394 K B) =586 K C) T.=619K D) 7,=313K E) 7,=456 K

263. Gas taken at ,=0"C is heated at constant pressure. How many degrees AT must the
gas be heated by that its volume V will increase 1.5 times ?

A) AT=252 K B) AT=346 K C) AT=89 K D) AT=137 K E) AT=410 K

264. In a cylinder under a piston, gas of V1=12 [ in volume is isobarically heated from
T1=321 K to T,=273 K. What volume V; in liters will a heated gas have ?

A) V=211 B)V=151 C) V=271 D) V=181 E)V,=241
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265. Ilpu sxiit remnepatypi 77 3HaX0IUBCS a3, SKILO NPHU Horo HarpiBauHi Ha AT=40.
K npu nocmitinomy mucky 06'em rasy V 30inb1mBcs BABiyi?

A) /=40 K. B) T)=80 K. B) T)=20 K. I') T)=100 K. J[) T,=60 K.

266. Slka i3 popMys HaBeICHUX XapaKTEPHU3YE i30X0puuHuUil TIporiec ?

P _ P P _ P> n_n b _ P P _ Py
A D=2 gy iz ogy =220 1y o2 LR
YT P T BT Dy Ty Mty
267. 3akon Ulapns nus i3oxopuunozo npouecy Mae Takui BUIL:
A) ppo(1+a). B) pV =LRT . B) V=Vy(l+a0).T) =22y 10
M , 7V T

268. Jlo sixoi Temmepatypu £,’C TOTPIGHO OXOJTOIMTH MOBITPS, SKE MPHMIIIEHE Y Tep-
METHYHY [OCyMHy TipH Temmepatypi ;=21°C, o6 THCK Ta3y p SMEHIIHBCS 606iui?

A) £,=-84°C. B) ,=-42°C. B) ,=-21°C. ") ,=-126"C. JI) t,=-63°C.

269. V 6anoni npu temrnepatypi t,=7°C 3HaxoauBcs ra3 mia Tuckom p;=100 kIla. bagon
OXOJIOJIUIIH, 1 THCK 3MeHIIUBCs 10 p,=80 klla. Ha ckinvku rpanyciB AT 3HU3UIIACH TEM-
neparypa razy?

A) AT=92 K. B) AT=128 K. B) AT=56 K. T) AT=164 K. JI) AT=212 K.

270. Banon mictuth ra3 mig tuckoM p;=0,1 MIla npu temnepatypi 7,=250 K. Ha cki-
JibKY 30UTBIINTBCS THUCK y 0anoHi Ap, SKIIO TeMIepaTypy rasy MiABUIIMTH Ha AT=
=100 K?

A)Ap=100 ITa. B)Ap=60 kITa. B)Ap=120 Ila. T)Ap=80 ITa. 1)Ap=40 kITa.

271. 'V Gamoni mictutbes ra3 mpu temmeparypi 7,=280 K. Moro marpiBaiors Ha AT=
=70 K i tuck razy 36insiyersest Ha Ap=600 xIla. BusHaure Horo no4yaTkoBUH THUCK p.

A)p=1,2 MITa. B)p;=2,4 MIla. B)p,=3,6 MIla. I')p,=4,8 MIIa. J[)p;=6,0 MITa.

272. Hpu sikiit Temmeparypi ¢,°C 3HaXOTHBCS Ta3 y 3aKpumiti NOCYOUHI, SKIIO TIPU HOTo
HarpiBaHHi Ha Ar=140°C TuCK p B nocynuHi 30imbmmBes y 1,5 pasu ?

A) 4=7°C. B)#=21°C. B)#=14°C. T)#=35°C. ) #=28°C.

273. o sixoi Temnepatypu T, Harpinu 0ajoH i3 ra3oMm, sIKIIO HOTO THUCK p 301IBIINBCS
606iui, @ nOuamKo6a TEMITEpaTypa rasy ¢, nopisuioana 24°C ?

A) Ty=467 K. B) ;=376 K. B) T,:=594 K. T) T,=48 K. JT) T,=282 K.

274. Tuck razy y s npu temnepatypi 7,=290 K cranoBus p;=320 ITa. I[Tpu Harpi-
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265. What temperature 77 was gas at if in its heating by AT=40 K at constant pressure
gas volume V increased two times ?

A)T=40K B)T,=80K C)T,=20K D) T,)=100K E) I'=60 K

266. What formula characterizes isochoric process ?

po_ D P _ P n_n po_Ds p_D
p BB gy Bl = py Bl gy Ao Be
non I T, 6 > N L T
267. Charles' law for isochoric process looks like:
m b _ P _h
A) p=po-(1+a-1). B) pV =—=RT C) V=V,(1+a#) D) =-=L2 g) “L="2
) ppo(i+an). B) pV = LRT ©) V=Vy(1+a) D) - =5 B) 1=

268. What temperature £°C must air in a sealed housed in a vessel at £,=21°C be cooled
to that gas pressure p will decrease two times?

A) £,=-84°C B) £,=-42°C C) ,=-21°C D) £,=-126°C E) ,=-63°C

269. Gas was in a vessel at #,=7°C and at pressure p;=100 kPa. The vessel was cooled
and pressure decreased up to p,=80 kPa. By how many degrees did gas temperature AT
decrease?

A) AT=92 K B) AT=128 K C) AT=56 K D) AT=164 K E) AT=212 K

270. A vessel contains gas at pressure p;=0.1 MPa and at temperature 7;=250 K. By
how many units will pressure in the vessel Ap increase if temperature rises by
AT=100K?

A) Ap=100 kPa B) Ap=60 kPa C) Ap=120 kPa D) Ap=80 kPa E) Ap=40 kPa

271. A vessel contains gas at 7;=280 K. It is heated by A7=70 K and its pressure
increases by Ap=600 kPa. Find out initial pressure of gas p;.

A)p=1.2 MPa B)p,=2.4 MPa C)p,=3.6 MPa D)p,=4.8 MPa E)p,=6.0 MPa

272. At what temperature #,C was gas in a closed vessel if on its heating by Ar=140°C
pressure p in the vessel increases by a factor of 1.5 ?

A)1,=7°C B)#=21°C C)#=14°C D)#=35°C E)#=28°C

273. Up to what temperature 7, was a vessel with gas heated if its pressure p increased
two times and initial temperature of gas #, was 24°C ?

A) T,=467 K B) I,=376 K C) T,=594 K D) I,=48 K E) I,=282 K

274. Gas pressure p; inside a bottle at temperature 77;=290 K was equal to 320 Pa. On co-
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BauHi i1 10 7,=450 K npoOka i3 ruismky BuieTiia. BusHauure, npu sIkoMmy THCKY p, 1€
cranocs ?

A) ;=712 Ta. B) p,=476 a. B) p,=384 Ia. I') p,=638 Ila. JI) p,=527 Ila.

274. o sikoi Temmepatypu T, MOTPiOHO HATPITH MOBITPS, SIKE 3HAXOAUTBCS V eepMemu-
.o . .0 0 . .
yHitl nocyouni pu Temneparypi ¢, =20°C, mo0 Tuck rasy p; 30UIbIIKBCS 6mpuui ?

A) T,=254 K. b) T)=879 K. B) T,=646 K. T") T,=60 K. J1) T,=487 K.
IneannHmii ras
275. Slxwuit Bun mae 3akoH Menoenecea-Knanetipona ?

p]Vl pz

b _
A)pi-Vi=p-Vo.B) —/—=—"+. B . T I pV——RT
) p1-Vi=paVa. B) T ) ) ) M

T T

276. SIka i3 HaBeneHUX OPMYII € PIBHAHHAM CMAHY i0eanbHO20 2a3y U 008LIbHOI Ho-
O Kinbkocmi ?

2 1
A) pV =vRT.B) P=3nty .B) pV' =MRT .T) ngan; ) pV =RT.

277. T'a3 HarpiBarOTh MPH NOCMILIHOMY MUCKY. SIK 3MIHIOETBCS TIPH LIbOMY HOTO T'YCTH-
Hap ?

A) p~T. B) p~JT. B)p=const. I)p~T°. ]I p~%.

278. Slxuil i3 Bka3aHUX Ta3iB Ma€ Haubinbuly TYCTUHY p HpU 0OHAKOBUX TUCKY p 1 TEM-
nepatypi T ?

A) Bonmenb. B) Azor. B) Meran. TI') Kucens. [I) emiid.

279. Slkuii i3 nepeniueHUX ra3iB Mae HallMeHuty TYCTHHY p, SKIIO TeMmneparypa T i THCK
p Ta3iB 00HaKo8i ?

A) Kucens. b) Meran. B) Azor. I') Byrnexucnuii ras. /1) Boness.

280. Yomy MOpiBHIOE KOHIICHTpAIlis MOJICKYJI 1/1€albHOTO ra3y 7, KO HOTo TeMIiepa-
Typa t=27°C, a THcK p=11a?

An=4310"m" B)n=2,4-10"m> B)n=1,5-10""w" INn=6,4-10""m> NHn=38,1-10"m"

281. Tuck igeaspHOro razy p:2~10'3 IMa, a KOHIIEHTpALLiST HOTO MOJIEKYJT n=2-10"" m?
Busnauntn Temmnepatypy uporo razy 7.

A) T=5178 K. B) T=3894 K. B) T=6732 K. T') T=4245 K. J[) T=7246 K.
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oling the bottle up to 7,=450 K a cork took off. Find out the pressure p, that happened
at.

A) p,=712 Pa B) p,=476 Pa C) p,=384 Pa D) p,=638 Pa E) p,=527 Pa

274. Up to what temperature 7> must the air in a sealed vessel at ¢,°=20°C be heated that
gas pressure p; would increase three times ?

A) =254 B) T,=879 K C) I,=646 K D) I,=60 K E) 7,=487 K
Ideal gas
275. How does the Mendeleev-Clapeyron law look like ?

_P C)ﬁ_&D) pl'Vlzpz'Vz

P
A Vi=p,-V, B) — =
)PV B) = O 7y T, T,

m
E) pV="2R-T
Y

276. What of the below formulas is the equation of ideal gas state for arbitrary quantity
of gas ?

2 1
A) pV =VRT B) p=2né,. C) pV=MRT D) p==nmVy,, E) pV=RT
277. Gas is heated at constant pressure. How does its density p change thereat ?
A)p~T B)p~JT C)p=const D)p~T> E) p~%

278. What of the below gases has the largest densityp at the equal pressure p and
temperature 7 ?

A) Hydrogen B) Nitrogen C) Methane D) Oxygen E) Helium

279. What of the below gases has the least density p at the equal pressure p and
temperature 7 ?

A) Oxygen B) Methane C) Nitrogen D) Carbon dioxide E) Hydrogen

280. What is the concentration of molecules of an ideal gas n equal to if its temperature
is =27°C and pressure p=1 Pa ?

An=4.3-10"m" B)n=2.4-10"m" C)n=1.5-10"*m™ D)n=6.4-10""m" E)n=8.1-10"°m"

281. Ideal gas pressure is p=2-10" Pa, concentration of its molecules is n=2-10" m™.
Find out the gas temperature 7.

A) T=5178 K B) T=3894 K C) T=6732 K D) T=4245 K E) T=7246 K
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282. VY Ganoui MicTuthes ra3 mpu temneparypi 7=200 K, a koHueHrtpanuis #oro Mosne-
3
KyJ 71 CKJIagae 25 Moib/M™ . BUBHAUUTH THCK IIBOTO Tazy p.

A)p=1,4 10°T1a. B)p=5,6 10°Ia. B)p=4,2 10*I1a. T')p=8,7 10°’ITa. 1)p=9,8 10*I1a.

283. SlkuM cTaHe THCK i1eaJbHOTO ra3y p, MpH 00HOUACHOMY 30LIbIIEHHI HOro 00'eMy
V1 abcomoTHoi Temmnepatypu Ty 2 pasy, sKIIO No4aTKoBuUi TUCk OyB p;=100 I1a ?

A) p=100 ITa. B) p,=50 Ia. B) p,=250 ITa. I') p,=200 ITa. 1) p,=150 Ila.

284. Bu3HauwWTe IyCTHHY KHCHIO p, SIKMH 3HAXOMUTHCS i THCKOM p=250 kIla i Teme-
patypi 7=250 K. MomsipHa Maca kucHio M=32-10" xr/mous.

A)p=1,42 xr/m’. B)p=2,54 xr/»r’. B)p=1,96 kr/m’. T)p=4,78 xr/v’. 1) p=3,85 kr/n’.
285. Bu3HAuUTH TeMIiepaTypy aMiaky ¢ Macorw m=3 KT, SKUil MICTUTbCS y OanoHi 00'e-
MoM V=0,83 M iz trckoM p=4.8-10° ITa. Momsipaa maca amiaky M=17-10" kr/moib.
Bingmosins Hagatu y °C.

A) t=-10°C. B)t=+1°C. B)¢=0°C. T)=-1°C. J[) t=+10°C.

286. VY mocynuni ob'emom V=8,3 51 3HaXomuThCs Ta3 npu temneparypi (=27°C. Bua-
CJIIIOK BUTIKAHHS ra3y, TUCK y ocyauHi 3uu3uBcs #a Ap=600 kIla. Cxinbku MOJIB ra-
3y Av BUHIDIO i3 nocyauHu ? Temneparypy BBaXKaTH HE3MiHHOMK).

A) Av=8 monsb. B) Av=2 monb. B) Av=4 momns. I') Av=1 momb. J1) Av=6 Mob.

287. 3uaiitu TuCK p V=1 KinoMos rasy, Ko opu Temneparypi t=28°C iforo o6'em V'
ckmamae 1 .

A) p=0,5 MIla. b) p=3,0 MIla. B) p=1,5 MIla. I') p=2,5 MIla. ) p=2,0 MIla.
288. T'a3, skuit mae tuck p;=810 kIla i remneparypy #,=12°C, 3aiiMae 06'em V=855 1.
SIkuM Oyzie THCK p,, SIKIO maka Jic cama Maca rasy m npu temmneparypi 7,=320 K 3aii-
Me 00'em V,=800 11 ?

A) p=675 lla. b) p,=763 klla. B) p,=854 «Ila. I') p,=598 xIla. /) p,=972 kIla.

289. BuzHauuTH TYCTUHY p ABOATOMHOIO KUCHIO IIpH THCKY p=5 MIla i Temneparypi
=296 K ? (M=32-10" kr/mous).

A) p=95 kr/™’. B) p=80 kr/m’. B) p=35 xr/m’. I') p=50 xr/™’. JT) p=65 Kr/™’.

290. Tuck p azory y mocynuHi nopiBHioe 4 Mlla, a Horo ryctuHa npu upomy p=45
/M. BusHaunTH, sK0t0 6yia ioro temmeparypa 7. (M=28-10" kr/mons).

A) T=325K. b) T=250K. B) 7=300 K. I') 7=275 K. 1) T=350 K.
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282. A vessel contains gas at 7=200 K, concentration of its molecules # is 25 mole/m®.
Find out the gas pressure p.

A)p=1.410’Pa B)p=5.6 10° Pa C)p=4.2 10" Pa D)p=8.7 10’ Pa E)p=9.8 10* Pa

283. What will ideal gas pressure p, be at a simultaneous increase of its volume 7 and
absolute temperature 7 by a factor of two if the initial pressure was p;=100 Pa ?

A) p>=100 Pa B) p,=50 Pa C) p,=250 Pa D) p,=200 Pa E) p,=150 Pa

284. Find out density p of oxygen which is at pressure p=250 kPa and temperature
T=250 K. (Molar mass of oxygen is M=32-10" kg/mole).

A)p=1.42 kg/m’ B)p=2.54 kg/m’ C)p=1.96 kg/m’ D)p=4.78 kg/m’ E)p=3.85 kg/m’

285. Find out temperature ¢ of ammonia of m=3 kg in mass which is contained in a
vessel of volume 7=0.83 m’ under pressure p=4.8-10° Pa. Molar mass of ammonia is
M=17-10" kg/mole. Answer should be given in °C.

A)=-10°C B)t=+1°C C)#=0°C D)=-1°C E)=+10°C

286. Gas is in a vessel of ’=8.3 1 in volume at =27°SEC. Because of gas flowing-out,
pressure in the vessel decreased by Ap=600 kPa. How many moles of gas Av flew out of
the vessel? Temperature is considered as constant.

A) Av=8 mole B) Av=2 mole C) Av=4 mole D) Av=1 mole E) A1=6 mole

287. Find out pressure p of v=1 kilomole of gas, if at temperature r=28°C its volume V'
is 1m’.

A) p=0.5 MPa B) p=3.0 MPa C) p=1.5 MPa D) p=2.5 MPa E) p=2.0 MPa

288. Gas which has pressure p;=810 kPa and temperature #,=12°C occupies volume V=
=855 1. What will pressure p, be if the same mass of gas m at 7,=320 K takes volume
V,=80017?

A) p,=675 kPa B) p,=763 kPa C) p,=854 kPa D) p,=598 kPa E) p,=972 kPa

289. Find out density p of two-atom oxygen at pressure p=5 MPa and temperature 7=
=296 K. (M=32-10" kg/mole).

A)p=95 kg/m’ B)p=80 kg/m’ C)p=35 kg/m’ D)p=50 kg/m® E)p=65 kg/m’

290. Nitrogen pressure p in a vessel is 4 MPa and its density is p=45 kg/m’. Find out
what its temperature 7'was. (M=28-10" kg/mole).

A)T=325K B)T=250K C)T=300K D)T=275K E)T=350K
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291. BusHauuTH TUCK p, SAKUH 3AIHCHIOE HA CTIHKU IOCYOUHH YOT HPH KIIOMOJI a3y,
- 3
skmo ixHs Temneparypa 7=300 K, a o6'em V=4 m".

A) p=3,0 MIla. B) p=2,5 MIa. B) p=4,0 MIIa. T') p=3,5 MIla. J[) p=5,0 MIla.

292. Bwu3zHauMTH Macy a30Ty m, SIKHi 3HaXOMUThCsS y GanoHi 06'eMoM V=56 i1 mif THC-
KoM p=3 MITa npu Temmepatypi =13°C. (M=28-10" kr/moub).

A)m=2,0 xr. B) m=1,5xr. B) m=3,0 kr. ') m=2,5 xr. J) m=1,0 kr.

293. BwusHauuTH HaliMeHImi 00'eM 6anoHy V] KWl MOXXe BMICTUTH m=6,5 KI' KUCHIO,
SIKIIO HOTO CTiHKH 1 Temneparypi =20°C ButpuMyioTs THCK p=17 MIIa. M=32-10"
KI'/MOJTb.

A)V=16n1. B)V=42n. B)V=29n. T)V=34n J) V=23 n
294. Tlpu temmepartypi £=15"C1i tucky p=13,3 klla ra3 3aiimae o6'em V=2 n. SJkum
CTaHe WOTO THCK p,, AKIIO TEMIIEPaTypy MiJABUIIUTH 10 £=30C, a 06'eM 3MEHIIATH [0
V=1,5n7?
A)p,=26,4 kIla. b)p,=35,5 klla. B)p,=11,6 xIla. I')p,=18,7 xIla. q)p,=42,1 klla.

295. Tpu Trcky p;=250 kIla i Temmeparypi T)=250 K kucers 3aiimas 06'em V1=1,66 .
SIkor0 CTaHe I'yCTHHA KHCHIO p, SIKIIO Horo o0'eM 30imbmmThes mo V=8 m3 ? (M=
=32-10" kr/mous).

A) p=0,8 kr/™’. B) p=1,6 xr/s’. B) p=3,9 kr/s’. T') p=2,7 xr/ar’. [) p=0,4 kr/n’.

296. BwusHaute rycTHHY BOAHIO p TpH Temnepartypi t=54°C i tucky p=0,2 MIla. (Mo-
JNspHa Maca BOHI0 M=2-10" Kkr/Monb).

A)p=0,25 kr/m’. B)p=0,3 kr/m’. B)p=0,15 xr/m’. I)p=0,2 kr/m’. J1)p=0,1 kr/m’.

297. Bu3znaure Temieparypy MeTaHy I, sKMi MicTUTbcs y 6anoHi 06'emoM V=80 1 mix
tuckoM p=>5,4 MIla. Maca merany m=1,5 xr (M=16- 10 kr/mos).

A) T=347 K. B) T=619 K. B) T=286 K. I') T=194 K. J[) T=555 K.

298. 3HaWTH THCK p Yomupbox Kinlomonie rasy, sKio npu temneparypi 7=328 K iioro
06'eM V craHOBHTB 2 M’

A)p=2,79 xlla. b)p=4,28 kIla. B)p=1,63 xIla. I')p=5,45 xIla. 1)p=3,84 xIIa.
299. 'V mocyauni 06'emom ¥=100 cM’ MicTuThCA ra3 npu Temmepatypi r=27°C. Busua-
uTe, Ha CKibKU 3HU3UTHCS THCK rasy B MOCYAMHI Ap micis BuTikaHHs i3 Hei AN= =107

MOJIEKYJI Ta3y.
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291. Find out the pressure p which four kilo-mole of gas do on the vessel walls if its
temperature is 7=300 K and volume is V=4 m’.

A) p=3.0 MPa B) p=2.5 MPa C) p=4.0 MPa D) p=3.5 MPa E) p=5.0 MPa

292. Find out the mass m of nitrogen in a vessel of V=56 1 in volume at pressure p=3
MPa and temperature =13°C (M=28-10" kg/mole).

A)nr2.0kg B)nrFlS5kg C)nr3.0kg D)nrF25kg E)nrl.0kg

293. Find out the least volume of the vessel V, which contains m=6.5 kg of oxygen, if
its wall at temperature #=20"C with stand pressure of p=17 MPa. (M=32-10" kg/mole).
A) 1161 B) V=421 C) V=291 D) =341 E) 1”231
294. At temperature 4=15"C and pressure p;=13.3 kPa a gas occupies volume of ;=2
[. What will its pressure p, be, if temperature rises up to £=30°C and volume decreases
upto B=1.51?
A) py=26.4 kPa B) p,=35.5 kPa C) p,=11.6 kPa D) p,=18.7 kPa E) p,=42.1 kPa

295. At pressure p;=250 kPa and temperature 77=250 K oxygen occupied the volume
V,=1.66 m*. What will oxygen density p be if its volume increases up to V>=8 m’ ?
(M=32-10" kg/mole).

A) p=0.8 kg/m’ B) p=1.6 kg/m’ C) p=3.9 kg/m’ D) p=2.7 kg/m’ E) p=0.4 kg/m’

296. Find out density of hydrogen p at temperature t=54°C and pressure p=0.2 MPa.
(Molar mass of hydrogen is M=2:10" kg/mole).

A)p=0.25 kg/m’ B)p=0.3 kg/m’ C)p=0.15 kg/m’ D)p=0.2 kg/m’ E)p=0.1 kg/m’

297. Find out temperature of methane 7 in a vessel of /=80 1 in volume and at pressure
p=5.4 MPa. Methane mass is m=1.5 kg. (M=16-10" kg/mole).

A) T=347K B)T=619K C)T=286K D) T=194K E)T=555K

298. Find out pressure p of four kilo-moles of gas, if at temperature 7=328 K its volume
Vis2m’.

A) p=2.79 kPa B) p=4.28 kPa C) p=1.63 kPa D) p=5.45 kPa E) p=3.84 kPa

299. A vessel of ¥=100 cm’ in volume contains a gas at r=27°C. Find out by how ma-
ny units will pressure of the gas Ap in the vessel decrease, when AN=10"" molecules of
gas flew out.
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A)Ap=5,6 klla. B)Ap=3,4 xIla. B)Ap=1,9 kIla. I')Ap=2,7 xIla. I)Ap=4,1 «lla.

300. Tas3, sxuit mae tuck p;=540 klla i Temneparypy #,=24°3, 3aiimae o0'em V=72 n.
SIKMM CTaHe THUCK p,, SKIIO Ta X Maca rasy npu temneparypi 71,=328 K 3aiiMe 00'em
V=64 11?7

A) p;=484 I1a. B) py=296 klla. B) p,=671xI1a. T) p,=319 ITa. ) p,=568 kIla.

301. V Oanoni MicTuthes m=4 Kr rasy npu temneparypi 77=270 K. fIky macy razy Am
Tpeba BUAAINTH 13 OanoHy, o0 npu HarpiBaHHI 10 TeMmnepatypu 7,=300 K tuck p 3a-
JIMLIUBCS mum camum ?

A) Am=0,4 xr. B) Am=1,2 xr. B) Am=2.,4 xr. I') Am=1,8 xr. 1) Am=0,8 kr.

302. ¥V nocynuHi o6'emMoM V=4,2 1 3HaX0QUTHCS Ta3 mpH Temneparypi t=18°C. Buacii-
JIOK BHTIKaHHS rasy, THCK y nocyauHi 3uu3mnBcs Ha Ap=800 kIla. Ckiibku MOJIIB razy
Av Buiinuo i3 nocyaunu ? Temnepatypy razy T BBaXKaTH HE3MIHHOMK).

A)Av=2,8 monb B)A1=1,4 mons B)A1=0,7 moss I')Av=2,1 monb J)Av=3,5 moJb

303. SIxa yacTHHA Ta3y Mo Maci BiIHOCHO MOYATKOBOI HOTO KiIbKOCTI Amy/im BUTEKIA i3
0aJtoHy, SIKIIO THCK Y HhoMY 3MeHImBcs Bix p=10 MIla mo p,=8 Mlla ?

A) Anmvmy=0,2. B) Anvim=0,4. B) Amvimy=0,1. I') Anviy=0,5. 1) Anviy=0,3.
OcHOBH TepMOJUHAMIKH
304. Sk 3anexuTh 6HympiuiHs enepeis ineanpHoro rasy U Bin itoro memnepamypu T ?
A) U~T*. B)U~T. B)U~IT. I ~1T. ) U=const.
305. Sk 3anexuTh eHympiwHa enepeis ineansHoro razy U Bin kowyenmpayii 1oro Mo-
JeKyn n ?

1
A) U~n%. B)U~n. B)U~vn. T) U~—. JI) U=const.

306. Tlpu sikoMy i3 porieciB BHYTpilHs eHepris cucteMu U He 3miHtoembca?

A) Ipwu i300apuunomy. b) [Ipu i30xopuunomy. B) IIpu i3oTepmiuHOMY.
I') ITpu aniabatuunomy. 1) [pu noBinbHOMY.

. ~ o 1 -
307. Tuck izeansHoro rasy p=2-10" Ila, a konmeHTpamuis iforo monexyn n=2-10"" m.
BusHauTe cepeiHIo KIHETHUHY €HEPTIIO &, IOCTYNATBHOTO PYXy MOJIEKYII IIbOTO Ta3y.

A) Ecgp:7,8-10-|5 I[)K B) %617:],5.10-19 H)K B) %gp:6’3]0-18 I[)K
D) 6p=2,7-10"7 Jox. 1) p=4,2:10" [l
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A)Ap=5.6 kPa B)Ap=3.4 kPa C)Ap=1.9 kPa D)Ap=2.7 kPa E)Ap=4.1 kPa

300. Gas which has pressure p;=540 kPa and temperature #,=24°C occupies a volume
of V=72 I. What will pressure p, be if the same mass of gas at temperature 7,=328 K
occupies the volume V,=64 [ ?

A)p,=484 kPa B)p,=296 kPa C)p,=671kPa D)p,=319 kPa E)p,=568 kPa

301. A vessel contains m,;=4 kg of gas at temperature 7,=270 K. What mass Am of gas
should be taken out of the vessel, that in heating up to temperature 7,=300 K the
pressure p will be the same ?

A) Am=0.4 kg B) Am=1.2 kg C) Am=2.4 kg D) Am=1.8 kg E) Am=0 8 kg

302. A vessel of '=4.2 [ in volume contains a gas at temperature t=18°C. Because of gas
outflow, pressure in the vessel decreased by Ap=800 kPa. How many moles of gas Av
flew out of the vessel ? Considered temperature T as constant.

A)Av=2.8 mole B)A1=1.4 mole C)A1=0.7 mole D)A1=2.1 mole E)Av=3.5 mole

303. What part of gas in mass relative to its initial quantity Anym flew out of a vessel,
if pressure in the vessel decreased from p;=10 MPa to p,=8 MPa ?

A)Anym=0.2 B)Anvmy=0.4 C)Anym=0.1 D)Anym=0.5 E)Anym=0.3
Fundamental thermodynamics

304. How does internal energy of an ideal gas U depend on its temperature T ?
1
A) U~T* B)U~T C)U~JT D) U~; E) U=const

305. How does internal energy of an ideal gas U depend on the concentration of its
molecules n ?

1
A)U~n® B)U~n C)U~Vn D) U~— E) U=const

306. At what of the below processes will internal energy of a system U not change ?

A) Isobaric  B) Isochoric  C) Isothermal
D) Adiabatic  E) Arbitrary

307. Ideal gas pressure is p=2-10" Pa, concentration of its molecules is #=2-10"" m™.
Find out the average kinetic energy &,,., of translational motion of the gas molecules.

A) £40=7.810"T B) £,,=1.510"T C) £,yu=6.3-10"%7J
D) 64e=2.7-10"71  E) £,,=4.2-102"]
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308. 3HaiiTi BHYTpilHIO eHeprito U odHoamomHozo ineansHoro razy macoro m==80 r,
MoJspHa Maca sikoro M=4-10" kr/mons, mpu Temmepatypi t=27°C.

A) U=150 kJTx. B) U=75 kJlx. B) U=50 k. T') U=25 kJlx. J1) U=100 k.

309. 3HaiiTi 3MiHy BHYTpilHbOI eHeprii AU oqHOro mMosg 0IHOATOMHOTO i1€aJIbHOTO
rasy, SIKIIO BiH 1300apmdHo po3mmpuscs npu THEKy p=500 kIla Bix o6'emy V=10 1 1o
00'emy V=20 .

AAU=10 klx. BYAU=2,5 kJlk. B)AU=5 kJlk. D)AU=T,5 klx. IAU=15 k]
310. VYkaxiTh OAWHHUIIO BUMIPY Kinbkocmi meniomu Q-
A) K (Kensin). B) Bm (Bar). B) H (Hetoron). I') Zorc (Ixoyne). 1) I1a (TTackans).

311. [lo sikoro i3 mepesiueHnX MPOLECIB y iealbHOMY Ta3i 3aCTOCOBHA (opMyIna st
BU3HAYEHHS Kinbkocmi meniomu : Q= p-AV ?

A) IBoxopuunoro. b) I3otepmiunoro. B) Anxiabatuynoro.
I') [306apuunoro. 1) JloBinbHOTO.

312. o macu m;=100 xr Boau npu temnepatypi 7,=373 K noganu macy m,=200 kr Bo-
Ju npu Temueparypi 7,=283 K. Busnaunutu Temneparypy ixHboi cymimi 6.

A) 6=302 K. B) 6=313 K. B) 6=328 K. T") 6=336 K. [[) 6=351 K.

313. Slkxa kijbKicTh TerioTH () MOTpiOHA Ui MEPETBOPEHHS M=5 KI JIbOIY, B3ATOTO
npu temueparypi t=0°C, y Bony yiei sc Temnepatypu ? IIuToma TemIoTa IUIaBIECHHS
nmboay A=330 xJ[x/kr.

A)0=1200 kI B)0=1350 k[l B)0=1500 xJlx [)0=1650 x J)O=1800 k/lx

314. Sy xinmbkicTe Teriotd Q) Tpeba BUTPATHTH, MO0 PO3IUIABUTU M=2 KI' CBHHLIO,
B34TOIO IIPH TeMIepaTypi iioro ruiaBnenHs. [Turoma remora ruiaBneHHs A=25 kJDHK/Kr.

A) 0=125 kJlx. B) 0=25 kJlx. B) 0=50 k. T') 0=75 x/Ix. JI) 0=100 kJIx.

315. II[o6 po3miaBUTH KpUCTAIIYHE TIIO MACOI0 /m=3 KT, K€ 3HAXOIHUTLCSI Npu mem-
nepamypi nnaenents, BUTpatumn 0=9 x/lx TemnoTu. 3HaiiTH NUTOMY TEILIOTY ILIAB-
JIEHH Martepiany IbOro Tila.

A)=18 kJx/kr B)A=3 k[Ix/kr B)A=9 xJlx/xr [N)A=27 x[x/kr D)A=12 xJx/kr

316. CauHIeBa KyJst JEeTHTh 31 mBHAKICTIO V=250 m/c. Ha CKijbKu 3MIHUTBCS TEMIIC-
patypa Kyini Af, SIKIIO 6cs1 KIHETHYHA €Hepris IpH yaapi nige Ha i HarpiBanus Q ? [lu-
TOoMa TeroeMHicTh cBuHI0 ¢=100 Tx/kr-K.

A) At=89 K. b) Ar=126 K. B) Ar=182 K. T") Ar=254 K. ]T) At=312 K.
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308. Find out internal energy U of one-atom ideal gas of mass m==80 g, its molar mass is
M=4-10" kg/mole at t=27°C.

A) U=150 k] B) U=75kJ C) U=50kJ D) U=25kJ E) U=100 kJ

309. Find out how internal energy AU of one mole of one-atom ideal gas will change, if
it has isobarically extended at p=500 kPa from V=10 /to V,=20 /

A)AU=10k] B)AU=2.5k) C)AU=5kJ D) AU=7.5k] E) AU=15K]
310. Tick a unit of measurement of heat Q:
A) K (Kelvin) B) W (Watt) C) N (Newton) D) J (Joule) E) Pa (Pascal)

311. What of the below process in ideal gas is the formula to calculate heat Q=p"AV’
applied to ?

A) Isochoric  B) Isothermal C) Adiabatic
D) Isobaric  E) Arbitrary

312. A mass of water m;=100 kg at temperature 7,=373 K was added with mass of
water m,=200 kg at 7,=283 K. Find out the temperature of the mixture & obtained.

A) 6=302 K B) 6=313 K C) 6=328 K D) =336 K E) =351 K
313. What heat Q is needed to transform m=5 kg of ice taken at t=0°C into water of the
same temperature ? Specific heat of ice melting is =330 kJ/kg.
A) 0=1200 kJ B) 0=1350 kJ C) 0=1500 kJ D) 0=1650 kJ E) 0=1800 kJ

314. What quantity of heat Q is required to melt m=2 kg of lead taken at the
temperature of its melting. Specific heat of lead melting is =25 kJ/kg.

A)0=125k] B)0=25k] C)0=50k] D)Q=75k] E)Q=100kJ

315. To melt a crystalline body of mass m=3 kg, which is at melting temperature,
0O =9 kJ of heat was consumed. Find out specific heat of melting A of this body material.

A) A=18 kJ/kg B) 1=3 kJ/kg C) 2=9 kJ/kg D) A=27 kJ/kg E) A=12 kl/kg

316. A lead bullet flies at a velocity V=250 m/sec. How will the bullet temperature At
change, if the whole kinetic impact energy is consumed to heat it Q ? Specific heat
capacity of lead is ¢=100 J/kg-K.

A) At=89 K B) A=126 K C) A=182 K D) Ar=254 K E) A=312 K
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317. Monot macoro m=10 T nagae 3 Bucotd h=2,5 M Ha 3anizHy OonBaHKy. SIka Kilb-
KiCTh TeIUIOTH Q BUIUISETHCS PU OHOMY yrapi moiiota o0 Hel ?

A)0=250 kI B)0=500 k[l B)0=750 k[l [)0=1000 kx J)0=1250 kIx

318. Ha ckinbku rpagyciB At Temriepatypa BOAH OISl TITHIKOKS BOAOCIHALY 3aBBHIIKH
H=120 ™ Oinplue, HX Ha HOro BEepILUMHI, SAKIIO Ha i HarpiBaHHA BUTpadaeTbcs 50%
poboTtu A, 3ailiCHEHOT CHIIOK TsDKiHHA npu il naxainHi ? [TuToMa TeroeMHicTh BOAU
¢c=4190 Dx/xrK.

A) At=0,03C. B) A=0,11°C. B) A=0,07°C. I") At=0,14"C. JT) At=0,18°C.
319. Ha ckinbku rpagyciB Af HarpieTbcs MIMaTOYOK CBUHIIO, SKIIO BiH YIaJe 3 BUCOTH

h=25 wm, a Ha Hioro HarpiBaHHs mige 60% Bciel TeruotH @, SKa BUAUIMTHCS MPH yaapi.
[Muroma rernoemHicts cBuHI0O ¢=126 Ix/xr-K.

A) A=0,6°C. B) A=1,5°C. B) A=0,9°C. T) Ar=0,3°C. JI) Ar=1,2°C.

320. Sxy macy Bomu my, y35TOi IpH £=14°C, moxHa HArpiTH 10 £=50°C TIpH CHAITIO-
BaHHI 75=30 T CrUpTy, SKIOIO Ha I HATPIBaHHS Mixe Bcg Temiota (, sKa BHIUIMIACK.
[Muroma Terutora 3ropstHHA cnupty ¢=29 MJDx/Kr, nuToMa TemnoeMHicTb Boau ¢=4200
Jx/krK.

A) m=6,4 xr. b) m=7,1 xr. B) m3=3,6 xr. I') m=5,8 xr. ) my=4,2 xr.

321. Ilotar macoro M=3000 T, sikuil pyxaBcs 31 MIBUIKICTIO V=36 KM/TOJ, rajabMye 10
noeHoi 3ynunku. SIka KinbKiCTh TEINOTH O BUAUIMIACH Y rajabMax ?

A)Q=50 M/Tx B) Q=125 M[Ix B) Q=150 M/Ix I') Q=75 M[x 1) Q=100 M
322. Ha ckinbku rpafyci Af HarpieThes Bojia y CKIAHII 06'eMoM V=200 cM’, AKIIO it
HajaTu Kimbkicts Q=10 [k Temtotu ? Iyctuna Bomu p=10° kr/M’, a 7i muToMa Terio-
emHicTh ¢=4200 Jx/krK.
A) A=0,04°C. B) Ar=0,01°C. B) A+=0,03°C. T) A=0,05°C. J) A+=0,02°C.
323. CauHIEeBa Kyls JIETUTh 31 mBUIKICTIO V=160 m/c. Ha ckinbku rpamgyciB At 3Mi-
HUTBCS TEMITEpaTypa Kyl SKIIO 6cs ii KiHeTHIHa eHepris E, npu yaapi mige Ha ii Ha-
rpiBanss Q ? ITutoma TernoeMuicTs cBuHIO ¢=100 JHx/kr-K.

A) A=76"C. B) Ar=64"C. B) Ar=112°C. T) Ar=96"C. JI) A=128°C.

324. Sky kinpkicth TemaoTu Q Tpeba BUTPATHTH, 11100 Boay Macoro m=40 T HarpiTH Bij
temmnepatypu £,=16°C 1o 1,=18°C ? IIutoma Ternoemuicts Boau ¢=4,2 xJx/kr K.

A) 0=149 JTx. B) 0=189 Jlx. B) 0=336 Jlx. T') 0=583 Jix. J[) 0=438]T:x.
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317. A hammer of mass m=10 t falls down from #=2.5 m onto an iron ingot. What
amount of heat Q is released in one rap of a hammer on an ingot ?

A) 0=250 kJ B) 0=500 k] C) 0=750kJ D) 0=1000 kJ E) 0=1250 kJ

318. How many degrees At is the temperature of water at the bottom of a waterfall of
height H=120 m higher than at its top if to heat it there is consumed 50% of work A,
performed by the gravitational force in water fall ? Specific heat capacity of water is c=
=4190 J/kg-K.

A) At=0,03"C B) At=0,11°C C) At=0,07"C D) A=0,14°C E) At=0,18"C

319. On how many degrees Afwill a piece of lead get hot, if it falls own from height A=
=25 m and to heat it 60% of the whole heat is consumed. Specific heat capacity of lead
is ¢=126 J/kg-K.

A) A=0,6°C B) Ar=1,5°C C) A=0,9°C D) Ar=0,3°C E) Ar=1,2°C

320. What mass of water my, taken at 4 :14°C, can be heated up to £=50°C in burning
m»=30 g of spirit, if to heat it the whole released heat is consumed Q ? Specific heat of
spirit burning is ¢=29 MJ/kg. Specific heat capacity of water is c=4200 J/kg-K.

A) m=6.4 kg B) my=7.1 kg C) m=3.6 kg D) m=5 8 kg E) my=4.2 kg

321. A train of mass M=3000 t, which was moving at a velocity V=36 km/h, is
applying the brake up to a full stop. What amount of heat O was released in the brakes ?

A) 0=50 MJ B) 0=125 MJ C) 0=150 MI D) 0=75 MIJ E) 0=100 MJ

322. On how many degrees A¢ will water in a glass of ¥=200 cm’ in volume get warm if
0=10 J of heat is given to it ? Water density is p=10°> kg/m’, and its specific heat
capacity is ¢=4200 J/kg-K.

A) At=0.04"C B) Ar=0.01°C C) A=0.03"C D) Ar=0.05°C E) A=0.02°C
323. A lead bullet flies at a velocity ¥,=160 m/sec. On how many degrees At will the
bullet temperature change, if its whole kinetic energy E; in an impact is consumed to
heat it Q ? Specific heat capacity of lead is c=100 J/kg-K.
A) A=76°C B) At=64°C C) A=112°C D) A=96°C E) A=128"C

324. What amount of heat Q is to be consumed to heat water of mass m=40 g from
temperature #,=16°C to £,=18°C ? Specific heat capacity of water is c=4.2 kJ/kg-K.

A)0=149] B)0=189] C)(0=336J D) 0=583] E) (Q0=438]
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325. SIka KinpKicTh TeIUIOTH Q BUIUTUTHCS MPU OXOJIOKEHHI BOIM Macor m=0,5 Kr Bij
t,=80°C 10 t,=60°C ? ITuroma Temnoemuicts Boau ¢=4,2 kJ[x/xr K.

A) 0=54 Jlk. B) 0=36 k. B) 0=28 kJlx. I') 0=42 kJlx. JT) 0=63 kJlx.

326. 1106 0X0JIOOUTH BOLY Macorw m;=2 KT, B3ATY Ipu Temrepatypi £, =80°C mo Tem-
neparypu £,=60°C, noaarTh X0I0IHy Boay npu temieparypi 1,=10°C. fky macy xouno-
JTHOT BOJIU M, TpeDa B3sTH ?

A) my=0,4 xr. B) my=0,8 xr. B) m,=1,2 xr. I') my=1,6 xr. ) my=2,0 kr.

327. Jlns mpuroTyBaHHS BaHHH 3Mimand ;=80 KI' XOJIOJHOT BOJAM MpH TEMIeparypi
t;=10°C i3 rapsuor Bojow0 npH Temieparypi £,=60°C. Busnaute macy cymimn M, siK-
o ii Temneparypa §=40°C ?

A) M=180 xr. B) M=120 kr. B) M=200 xr. I') M=160 xr. /1) M=140 xr.

328. Ha sky BucoTy 4 MOkHa OyJ10 O MiJHATH BaHTaX Macor m;=1 T, K10 Braiocs 6
MOBHICTIO BUKOPHCTYBATH CHEPTiI0, K& 3BIJIBHAETHCS MPH OXOJOKEHHI BOJH Macoro
my=1 xr Bix Temmeparypu +;=100°C mo £,=20°C ? [Turoma TerioemHicTs Boau c=4200
Jx/krK.

A)h=5,6 M. B)h=72 . B) h=34m. T) h=4,5m. J1) h=6,8 m.

329. 'V xacTpyno Haauiu XoJojaHoi Boau npu Temmeparypi #=10°C i nocraBuiu Ha
mty. Yepes npomikok vacy 7,=10 MiH Boja 3akumina. Yepes sSKuUid yac micist LbOTO T,
BOJIa NOBHICMIO GUKUNUMb, SKIIO BTpaTaMy eHeprii 3HexTyBaTH ? IInToMa TemnoeM-
HicTh Boau ¢=4200 [Ix/kr-K, a nuroma Terora i napoytBopenHst #=22,6°1 0° JIx/kr.

A) =50 xB. b) =30 xB. B) =20 x8. I') =40 x8. /) =60 xB.

330. 3MimyloTh pigni no maci KibKocTi Boau npu Temmneparypi +,=90°C i abony mpu
temmepatypi £,=-40°C. Skoro Oyne kiHieBa Temneparypa cymimi 0 ? Tlutoma Termso-
E€MHICTH BOJH 01:4'103 Ihx/xrK, a neomy 02:2'103 Jx/kr'’K, muroMa TeIioTa IUIaB-
JICHHS JIbOJTY 1=3310° JIx/Kr.

A) 6=24°C. B) 6=11°C. B) #=18°C. T) 6=21°C. ) 6=14°C.

331. 3Banisny kymbky pagiycom r=1 cm, Harpity g0 Temmeparypu 4=120"C, moxiamu Ha
mizx, B3sruii npu £5=0C. Ha siky rimOuHY A 3aHYPHTBCS KyJIbKa y Ji mpH ii 0Xo-
nomxkenHi ? J{ns 3amiza p,=7900 kr/M’, ¢,=500 Jx/xkr'K, ms Boau pB:lO3 KT/M°, U1t
mboay A,=335 JIx/kr.

A)h=12 em. B) h=36 cm. B) h=24 em. T) h=19 em. JI) h=30 cm.

332. Yomy nopiBHIoe pobota A4, 3aiiicHIOBaHa ra3oM IpU i30X0pHOMY npoyeci?

A)A="".c .AT. B) A=0.B) A="2RT .1n| 2 |. T) A= p-AV. ) A="2.R-AT.
) A= 11,67 ) A=0.B) = k| 2. T) = p-AV. ) 4=22

2
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325. What amount of heat Q will be released in cooling water of mass m=0.5 kg from
temperature t,=80°C to t,=60°C ? Specific heat capacity of water is c=4.2 kJ/kg-K.

A) 0=54k] B)(0=36k] C)(0=28kJ D)(0=42kJ E)Q=63kJ

326. To cool water of mass m;=2 kg take at temperature ;=80°C up to temperature
1,=60°C, cold water at 1;=10°C is added. What mass of cold water m, is to be taken ?

A) my=0.4 kg B) m=0.8 kg C) my=1.2 kg D) m,=1.6 kg E) m=2.0 kg

327. To prepare a bath they mixed m;=80 kg of cold water at temperature ¢,=10°C and
hot water at temperature #,=60°C. Find out the mass of the mixture M, if its temperatu-
re is 6=40°C ?

A) M=180 kg B) M=120 kg C) M=200 kg D) M=160 kg E) M=140 kg

328. At what height & could a load of mass m;=1 t be lifted, if the energy which is
released in cooling water of mass m,=1 kg from temperature #,=100°C to £,=20°C could
be completely consumed ? Specific heat capacity of water is ¢c=4200 J/kg-K.

A)h=5.6m B)h=72m C)h=34m D)h=45m E)h=6.8m

329. A pan was filled with cold water at temperature #,=10°C and put on an oven. In
71=10 min the water boiled. In what time 2 after this will the water boil completely
away, if energy losses can be neglected ? Specific heat capacity of water is ¢=4200
J/kg-K. Specific heat of its vaporization is ¥=22.6-10° J/kg.

A) =50 min B) =30 min C) =20 min D) =40 min E) =60 min

330. Equal in mass quantities of water at £,=90°C and ice at temperature #,=-40°C are
mixed. What will the final temperature of this mixture be 8 ? Specific heat capacity of
water is ¢,=4-10° J/kgK, of ice — ¢,=2-10° J/kg:K, specific heat of ice melting is A=
=3.3.10° J/kg.

A) 6=24°C B) #=11°C C) 6=18°C D) #=21°C E) #=14°C

331. Aniron ball of =1 cm in radius heated up to temperature #=120"C was put on ice
taken at 5=0°C. At what depth 4 will the ball sink into ice in it’s cooling ? For iron
P=7900 kg/m’, ¢,=500 J/kgK, for water p,=10° kg/m’, for ice =335 J/kg.

A)F~12em B) F36cm C) /24 cm D) /19 cm E) /30 cm

332. What is work 4 performed by gas in the isochoric process ?
A)A=".c .AT. B) 4=0 C)A:ﬂm-ln(ﬂ] D)A=p-AV. E)A="".R-AT.
M M » M

2
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333. Yomy nopiBHIOE poOOTa A, 311HCHIOBAHA TA30M IIPH [30MepMiyHOMY npoyeci ?

A)A="".Cc .AT. B) 4=0. B) A="LRT 1| 2L |.T) A= p-AV. ) A="2.R-AT.
) A= C.AT.B) A=0.B) A= k] 21 T) = p-oV. ) 4=

2

334. Yomy nopiBHIOE pobota A, 3/iicHIOBaHa Ira30M NpH i3006apuyHomy npoyeci ?

A)A="2.C .AT. B) A=0. B) A= T -In| 2L |. T) A=p-AV. ) A="" . R-AT.
)A=1C.AT.B) A=0.B) A= k] 21 1) = p-oV. ) 4=

2
335. Jlna sxoro i3 i3ompolieciB 31iiicHIOBaHa ra3oM pobota 4 dopignioc Hymio ?

A) I3oxopuunoro. b) [3orepmiunoro. B) [306apuuHoro.
I') Takoro Gytu He Mmoxe. /1) AxiabatudHoro.

336. Tlpu i306apuunomy po3UIMpEHHI a3y Horo ob'em 3pic na AV=0,05 n. Slka npu
LBOMY 3/1IHCHIOETBCS pOO0Ta 4, KO TUCK I'a3y CTAHOBUTH p=2" 10° Ia.

A) A=1 Jlx. B) A=2,5 Jlk. B) A=10 Jix. T) A=1 xJlx. JI) A=2.5 x]Ix.

337. Ipu i306apuuHoMy posmuperHi npy THcky p=10> I1a ra3 saificauB po6oTy A=50
JIx 1 mpu oMy 3aifHAB 00'eM V,=2 m°. BuzHauntu noyarkosuii 00'em rasy V.

A) V=125 v. B) ¥1=1,0 »’. B) ¥,=0,75 v". T') V,=1,50 . J) V1=1,75 u’.

338. Ta3 izobapuuno motpoiB cBiit 00'eM npu THCKy p=3 klla, mpu 1ILOMY BiH 3]1iii-CHUB
poboty A=12 xJIx. 3HaliTi mOYaTKOBUi1 00'eM bOTO Ta3y V.

A) V=2, B) V=6 M. B) Vi=4 . T) V=12 0. JT) V ;=8 M.

339. Ta3, sxuii 3HaxoxuBcs mifg tuckoM p=10 Ila, i3006apuyno po3mmpuBcs, 3A1HCHUB-
i poboty A=25 JIxk. Ha ckinbku npu npoMy 30iibmmBcs 00'eM razy AV ? Bianosiab
HAJaTH y JTpax.

A) AV=1500 1. B) AV=250 n. B) A¥V=500 1. I') AV=1000 1. [T) A¥V=2500 1.

340. Y umniHzapi 3HaX0IUBCA ra3 Macoro m=3 Kr i MojspHoro macoto M=0,04 xr/Mob.
BusHaute po6oTy rasy Anpu ioro i306apmiHomy posumpenni na A 7=80°C.

A) A=125 Ix. B) A=50 Ix. B) A=75 k. I') A=100 x. 1) A=25 [Ix.
341. TloBitpst Macoro m=4 Kr mpuMimeHe y mutisap npu temmeparypi =20"C. SIka Gyxe
3piiicHeHa poGoTta A IpH oro /300apHaroMy HarpiBanHi 0 Temreparypu 4=120"C?

(MonspHa mMaca nositpst M=0,029 xr/mois).

A) A=100 kJlx. B) 4=55 kJlk. B) A=70 kJlk. T') A=115 kJTx. JT) A=85 kJIx.
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333. What is work 4 performed by gas in the isothermal process ?

A)A=".c .AT. B) A=0. C)A:ﬁkr.m[&j. D) A=p-AV. E) A="2.R.AT.
M M p M

2

334. What is work A4 performed by gas in the isobaric process ?

A)A="0.c .AT. B) A=0. C)A:ﬁkr.ln[&J. D) A=p-AV. E) A="2.R.AT.
M M p M

2
335. For what of the iso-processes is the work 4 performed by a gas equal to zero ?

A) Isochoric  B) Isothermal C) Isobaric
D) It cannot happen  E) Adiabatic

336. In an isobaric gas expansion its volume increased by AV=0.05 /. What work 4 is
performed thereat, if gas pressure is p=210° Pa.

A)A4=1]J B)A=25] C)A4A=10J D)A=1kJ E)A=2.5Kk]

337. In an isobaric expansion at pressure p=10* Pa gas performed work 4=50 J and
occupied volume V,=2 m’. Find out the initial volume of gas V).

A) V=125 m’ B) V,=1.0 m’ C) ,=0.75 m’ D) V,=1.50 m’ E) V,=1.75 m’

338. Gas isobarically trebled its volume at pressure p=3 kPa, and it performed work
A=12 kJ. Find out the initial volume of gas V;.

A)V=2m’ B)V=6m’ C)V=4m’ D)V=12m’ E) V=8 m’
339. Gas which is at pressure p=10 Pa isobarically expanded having performed work
A=25J. How did gas volume AV increase thereat ? The answer should be given in liters.
A) AV=1500 [ B) AV=250 [/ C) A¥=500 [ D) AV=1000 / E) AV=2500 [

340. In a cylinder there is gas of mass m=3 kg and molar mass A~=0.04 kg/mole. Find
out gas work Aat its isobaric expansion by A 7=80°C.

A)A=125] B)A=50] C)A=75] D)A=100] E)A=25]

341. Air of mass n=4 kg is in a cylinder at temperature #=20°C. What work A4 will be
performed in its isobaric heating up to £=120°C ? (Molar mass of air is M=0.029
kg/mole).

A) A=100kJ B) 4=55kJ C)A=70k] D) A=115kJ E) 4=85k]J
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342. T'a3 3HAXOAMTHCA Mij MOpIIHEM wWTiHApa npu memnepamypi t,=0°C i THCKY p=
=2:10° Tla. SIky poboty A 3nificHuTh ra3z 00’eMoM V=1 1 npu i306apuyHomy poO3LIU-
PeHHi, SIKIIIO HOTo TemmepaTypa migsuuuThes Ha Ar=20"C ?

A) A=15 JIx. B) A=20 Jlx. B) A=5 Jlx. T) A=10 k. J{) A=25 Jix.

343. T'a3 i306apuuro 30inpmuB CBil 00'eM y 4oTupH pasu npu Tucky p=3 klla, 3aiic-
HMBIIY OpH IbOMY poboTy 4=24 xJ[)x. BusHauTte mouatkoBuii 00'em razy V.

A) V=24 M. B) Vi=1,8 M. B) V1=3,0 M. ) V,=2,7 v, J1) V1=2,1 M.

344. YV uwmmiHgpi 3HaXOAUThCs ra3 macow m=0,6 kr ta MoJspHOr Macow M=0,03
KI/MOJIb. 3HAMTH poOOTY ra3y A mpu #oro izob6apuunomy HarpiBanHi Ha AT=120°C. Bi-
JIOBiNb HajaTh y KJXK.

A) A=40 xIx. B) 4=80 x/Ix. B) 4=20 xIx. I') 4=60 x/x. 1) 10 kIx.
345. Ta3, sxuii 3afiMaB 06'eM V=20 1M, i306apU4HO HATPLIH Bif TeMIepaTypH f=
=27°C no #,=78°C. Pobota po3mupenns razy 4=340 J[x. Busnauutu THck rasy p y Ki-

JionmacCKaJisax.

A) p=300 ITa. 6) p=500 ITa. B) p=100 kITa. r) p=400 ITa. 1) p=200 ITa.

346. 'V mumiaapi o6'emom V=1 M° 3Haxommnock moBiTps mix trckom p=2-10" ITa. B pe-
3ynbTaTi Horo i300apuynoro HarpiBanHs Ha AT=100 K Oyua 3ailicHeHa podora 4= =7,2
k/Ix. BuzHauTe nmoyaTkoBy Temrepatypy nositps 7.

A) T'=316 K. b) T'=253 K. B) T'=424 K.T') T'\=278 K. ) T,=387 K.
347. Slkmii npoliec HA3UBAOTh adiabamuunum ?
A) Ilpu moctiiiHomy TucKy. I') I3 Ter1ooOMiHOM 3 JOBKILIAM.
b) Ipu nocriiinomy 00'emi. JI) be3 TernooOMiny i3 TOBKILISAM.
B) Ilpu nocriiiniii Temmeparypi.
348. a4 sixoro i3 mepenideHuX IPoLEciB 3acTOCOBHE piBHAHHA AQ=0 ?

A) I3oxopuunoro. b) Aniabaruunoro. B) [3oTepmidnoro.
I') I306apuunoro. ) JloinbHoro.

349. BinOyBaetbes adiabamuune po3uiupents ra3y. SIK 3MiHIOIOTBCS MIPU LLOMY BHYT-
pimms eneprist razy U 1 Horo temnepatypa T ? SIka 3a 3naxom poOoTa 3IiHCHIOETBCS

nput 1bomy ? (T- 36imbiyeTses, V- 3MeHITyeThCS).

A) UN,11,4>0. B) U4, T4,4<0. B) UT,T4.,4>0. ) U4, T4.,4>0. 1) UT,TT,4<0.
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342. Gas is under a cylinder piston at temperature #,=0°C and pressure p=2-10" Pa.
What work 4 will V=1 [ of gas perform in isobaric expansion, if its temperature rises
by Ar=20°C ?

A)A=15] B)A=20] C)A=5] D)A=10J E)A=25]

343. Gas isobarically quadrupled its volume at pressure p=3 kPa having performed
work A=24 kJ. Find out the initial volume of gas V;.

A) V=24 m’ B) V;=1.8 m’ C) /,=3.0 m’ D) /=27 m’ E) V;=2.1 m’
344. Gas of mass m=0.6 kg and of molar mass M=0.03 kg/mole is in a cylinder. Find out
work A4 of the gas in its isobaric heating by AT=120°C. Answer should be given in kJ.
A)A=40k] B)A=80k] C)A4=20k] D)A4=60k] E)10kJ

345. Gas that occupied volume V=20 dm’ was isobarically heated from temperature
1,=27°C to ,=78°C. Work of gas expansion is 4=340 J. Find out gas pressure p in kPa.

A) p=300 kPa B) p=500 kPa C) p=100 kPa D) p=400 kPa E) p=200 Pa

346. Airis in a cylinder of V=1 m’ in volume at pressure p=2:10" Pa. Due to its isobaric
heating by AT=100 K there was perform work 4=7.2 kJ. Find out the air initial
temperature 7.

A) T'=316 K B) T'=253 K C) 7'=424 K D) T,=278 K E) 7'=387 K
347. What process is called adiabatic ?
A) At a constant pressure D) At a heat exchange with the environment
B) At a constant volume E) Without a heat exchange with the environment
C) At a constant temperature

348. For what of the below process is equation AQ=0 applied ?

A) Isochoric  B) Adiabatic  C) Isothermal
D) Isobaric  E) Arbitrary

349. An adiabatic expansion of gas is proceeding. How do internal energy U of gas and
its temperature T change thereat ? What work by sign is performed thereat? (T- it

increases, ¥- it decreases).

A) UN 11,450 B) U4, 14,4<0 C) UT,T,4>0 D) UL, T4,4>0 E) UT,TT,4<0
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350. BinOyBaetbcs adiabamuune cmucHenHsa Ta3y. Sk 3MiHIOIOTbCS NPU IIbOMY BHYT-
pimms eneprist razy U i Horo temnepatypa T ? SIka 3a 3naxom poGoTa 3IiHCHIOEThCS
nipu pomy ? (T- 36imbimyernes, V- 3Menmyerses).

A) UT,11,4<0. B) UT, T,4<0. B) UT,1T,4>0. T) UL, TT,4<0. JT) U4, T4, 4<0.

351. Tlpu adiabamuunomy poswupenni v=10 MoJiB ineansHOro razy Oyia 3aidcHeHa
pobota 4=249 JIx. Ha ckinbku Ipy bOMY 3MEHIIMIACH TeMIepaTypa razy AT ?

A)AT=12K. B)AT=3K. B)AT=9K. I)AT=15K. M) AT=6K.

352. fIke i3 HaBeIEHUX TBEP/KEHBb MPO KUIBKICTh TEIIOTH Q BU3HAYAE MENIOEMHICb
mina C?

A) Q, sixe notpibHe 1 HarpiBaHHs | kr peyoBuHH Tina Ha 1 K.

b) O, sixe noTpiOHe A HAarpiBaHHS AOBLIBHOI Macu pedoBUHU Ha 1 K.
B) O, sixe noTpiOHa A1 HAarpiBaHHs BCiel Macu pedoBUHU Tina Ha 1 K.
I') Q, sixe noTpiOHe anst HarpiBaHHs 1 Moust peyoBuHH Tina Ha 1 K.

M) O, sixe oTpUMaHe MpH 3ropsiHHI 1 KT peUOBUHHM Tija.

353. Slke i3 HaBeEHUX TBEPIXKEHB MPO KUIBKICTh TEIJIOTH () BUSHAYAE NUMOMY MENI0-
emHicmy Tina c?

A) O, sxa notpiOHe ans HarpiBaHHs | Kr pedoBuHH Tina Ha 1 K.

b) O, sixa moTpiOHe A4 HarpiBaHHs AOBIIbHOI Macu pedoBUHU Ha 1 K.
B) O, sixa noTpibHa 1151 HarpiBaHHA Beiei Macu pedoBuHH Tina Ha 1 K.
I') Q, sixa noTpiOHe Amnst HarpiBaHHs 1 Moust peyoBuHH Tija Ha 1 K.

) O, sxa oTpuMaHe MpH 3rOPsiHHI | KT pEYOBWHU Tija.

354. Slxe i3 HaBeICHUX TBEP/DKEHb NIPO KUIBKICTh TEIUIOTH () BU3HAYAE MOJAPHY men-
noemnicms Tina C?

A) O, sxa notpiOHe a1 HarpiBaHHs | KT pedoBuHHM Tina Ha 1 K.

b) O, sixa moTpiOHe A HarpiBaHHS AOBIIbHOI MacH pedoBUHU Ha 1 K.
B) Q, sixa moTpiOHa ast HarpiBaHHs yciel macu pedoBuHH Tiyia Ha 1 K.
I') Q, sixa oTpiGHe Anst HarpiBaHHs | Moust peyoBuHH Tina Ha 1 K.

) O, sixa oTpUMaHe MpH 3ropsiHHI | KT peUuOBUHHM Tija.

355. SIx Ha3UBAIOTH KIIBKICTh TEIIOTH (), AKa MOTPiOHA IS MiJBUILEHHS TeMIepaTypu
TepMoAnHaMi4HOi cuctemu Ha 1 KenbBin ?

A) Ternoemuicts. b) Extpomnis. B) I'yctuna.
I') Bayrpimmnas enepris. 1) TennonpoBiaHICT.

356. Slxa i3 HaBeneHUX (OPMYJT BU3HAYAE MENIOEMHICIb MEPMOOUHAMIYHOL Cuc-
memu C?
AU AQ
A) C=AU+A. B) C=0-AU. B) C=7- I C:E' ) C=p-AV.
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350. An adiabatic compression of gas is proceeding. How do internal energy U of gas
and its temperature T change thereat? What work by sign is performed thereat? (- it
increases, |- it decreases).

A) UT,11,4<0 B) UT,T4,4<0 C) UT,T1,4>0 D) UL, TT,4<0 E) U4, T{,4<0

351. In an adiabatic expansion of v=10 moles of the ideal gas there was performed
work A=249 J. By how many degrees did the gas temperature AT decrease thereat?

A)AT=12K B)AT=3K C)AT=9K D)AT=15K E)AT=6K

352. What of the below statements on heat quantity Q determines heat capacity
of body C?

A) QO needed to heat 1 kg of a substance by 1 K

B) O needed to heat an arbitrary mass of a substance by 1 K
C) QO needed to heat the whole mass of a substance by 1 K
D) O needed to heat 1 mole of a substance by 1 K.

E) QO obtained in burning 1 kg of a body substance

353. What of the below statements on heat quantity Q determines specific heat capacity
of body ¢?

A) O needed to heat 1 kg of a substance by 1 K

B) O needed to heat an arbitrary mass of a substance by 1 K
C) O needed to heat the whole mass of a substance by 1 K
D) O needed to heat 1 mole of a substance by 1 K

E) QO obtained in burning 1 kg of a body substance

354. What of the below statements on heat quantity Q determines molar heat capacity
of body C?

A) O needed to heat 1 kg of a substance by 1 K

B) QO needed to heat an arbitrary mass of a substance by 1 K
C) QO needed to heat the whole mass of a substance by 1 K
D) Q needed to heat 1 mole of a substance by 1 K

E) O obtained in burning 1 kg of a body substance

355. How is heat quantity Q needed to increase temperature of a thermodynamic system
by 1 Kelvin called?

A) Heat capacity B) Specific heat capacity C) Density
D) Internal energy E) Heat conductivity

356. What of the below formulas determines heat capacity of a thermodynamic
system C?
Q

AU A
A) C=AU+A B) C=0-AU C) C=—~ D) C="— E) C=pAV

165



357. VYkaxite oguHULIO BUMipy mennoemuocmi C TEPMOIUHAMIYHOT CUCTEMH:

(] ol w ] 0[] we

K K MOJIb

1 A
358. Slka isuvHa XapaKTepUCTHKA CUCTEMU BU3HAYAETHCS (HOPMYJIO0 — - AT
m

A) Tennoemuicts. b) I[Turoma temnoemuicts. B) I'ycruna.
I') TennonpogignicTs. /1) MonsipHa TeNnI0eMHICTb.

, 1 AQ
359. fka ¢i3udHa XapaKTepHCTHKA CUCTEMH BU3HAYAETLCA YOPMYIIOI0 — - AT
v

A) Tennoemuicts. b) Konnentpauis. B) MossipHa TerioeMHiCTb.
I') Tennonpogignicts. [I) [luToma TenaoeMHicTs.

360. BxaxiTh HesipHy PO3MIPHICTB U1 MOApHOI menioemHocmi razy C.

o | [ [ o [ o e

361. MounspHa TeruioeMHicTh C SKOTO 13 mpoueciB HeckinuenHo genuka (C—) 7 laid-
Te BU3HAYCHHS HOTO MIPOLIECY.

A) I3orepmiunoro. b) Aniabaruunoro. B) I3oxopudnoro.
I') I306apuunoro. /1) HepeanbHoro.

362. MounspHa TermnoeMHicTs C SIKOTO 13 TIPOIECIB dopigrioe wynto ? JlaiiTe BU3HAUCHHS
[BOTO POLIECY.

A) I3orepmiunoro. b) Axiabariuunoro. B) [3oxopuvnoro.
I') 306apuuanoro. 1) HepeansHoro.

363. VYkaxite Gopmyiy, sika BU3HAYAE nepuiull 3aKOH TEPMOJUHAMIKH:

R-AT

N | W

A)Q=AU+A. B)Q=c'm"AT. BYQ=AU-A. T)A=p-AV. ) AU = %

364. llpu sikoMy i3 mepesniueHHUX HpoueciB Teriora (), sSKa HANAEThCS a3y, HOGHICIO
MepeTBOPIOETHCS Ha poboTy A ? JlaliTe BUSHAYEHHS LIOT'O IIPOIIECY.

A) Aniabatnynomy. b) [3otepmiunomy. B) [3oxopuunomy.
I') I306apuunomy. 1) JloBisbHOMY.
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357. Tick the unit of measurement of heat capacity C of a thermodynamic system:

W] w[s] ol wlz] wue

1 A
358. What physical characteristic of a system is determined by formula m r? ?
A) Heat capacity B) Specific heat capacity C) Density
D) Heat conductivity E) Molar heat capacity
. e . . 1 AQ
359. What physical characteristic of a system is determined by formula; AT ?

A) Heat capacity B) Concentration C) Molar heat capacity
D) Heat conductivity E) Specific heat capacity

360. Show a false dimension for molar heat capacity of gas C.

A) [kgjf} B) {mjleAE] © [mzjlemE} D) [V,anzt: ZC} E) {molﬁE}

361. Molar heat capacity C of what process is an infinite quantity (C—x) ? Give a
definition of this process.

A) Isothermal B) Adiabatic C) Isochoric
D) Isobaric  E) Unreal

362. Molar heat capacity C of what process is equal to zero ? Give a definition of this
process.

A) Isothermal B) Adiabatic C) Isochoric
D) Isobaric  E) Unreal

363. Show the formula which determines ke first law of thermodynamics:

m 3
A)O=AU+4 B)Q=c m-AT C)Q=AU-4 D)A=p AV E)AU = A ER AT

364. In what of the below processes is heat Q imparted to gas completely transformed
into work 4? Give a definition of this process.

A) Adiabatic B) Isothermal C) Isochoric
D) Isobaric  E) Arbitrary
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365. Slkmii BUpa3 Mae nepuInid 3aK0H TEPMOAUHAMIKH JUIsl adiabamuuHozo npouecy ?
A) O=A. B) A=p'AV. B) Q=+AU. ') A=-AU. J]) A=-c'm"AT.

366. Slkuii BUpa3 Mae NepIIHii 3aKOH TEPMOAUHAMIKH VIS i30mepmiuHo20 Tpouecy ?
A) O=A. B) A=-AU. B) Q=+AU. T) A=p-AV. ) O=c'm AT.

367. Slkuii BUpa3 Mae nepIuii 3aK0H TEPMOAMHAMIKH JUISl 130X0puyH0o20 Tipouecy ?
A) 0=A. b) A=-AU. B) Q=cm-AT. T') A=p-AV. ) Q=+AU.

368. Jlns sKoro i3 npoLeciB nepuiuii 3aKoH TEPMOTUHAMIKH Mae BUIISL O=4 ?

A) I3oxopuuHnoro. b) Aniabatuunoro. B) [3oTepmivnoro.
I') I306apuunoro. M) HesmilicHeHHOTO.

369. Vkaxite Gopmyiy sl BU3HAUCHHS pOOOTH A, 3iHCHIOBAHOI iIcaJIbHUM Ta30M
pu adiabamuyHomy TIpoLeci:

v m 3
A)A=p-AV.B)4=0. B)A=p1~V1~ln[V2]. nA=—"2 (L -T). )A=vR-AT.
1
370. Vkaxite GopMydy A BU3HAYEHHS POOOTH A, 3/IMCHIOBAHOIO i7ICAIbHUM T'a30M
TP i30mepmiuHOMY TIPOLIECi:

v,
A)A=p-AV.B) A= ATB)A V- ln[ ]F)A 0. ﬂ)A—ﬁRAT

3.
2

NE

371. Bxaxith QopMyny /Ui BU3HAYCHHS pOOOTH A, 3 CHIOBAHOIO iZICalbHUM T'a30M
TPH i30XOPUYHOMY TIPOLIEC:

A)A=p-AV. B) A= -AT. B)A V- ln(i‘] r)A—MR ‘AT. ) A=0.

NE
t\)\w

372. Kinekicts nepenanoi cucremi temnota Q=25 Jix. IIpu npomy 36inbmeHHs il BHY-
TpimHbkoi eneprii AU=15 JIx. Buznaute poboTy 4, BUKOHAHY CHCTEMOIO.

A) A=10 Ix. B) A=15 JIx. B) 4=20 dx. I') 4=25 JIx. 1) A=40 [Ix.
373. llpu 1306apromy HarpiBanHi v=80 MoOIIB Ta3y BiJ TeMIepaTrypu #=25°C 10 Tem-
neparypu £=537°C Bin normuuys Q=940 /[ TerioTH. Bu3HAuMTH TpHpIicT ioro

BHYTpIilIHBO1 eHeprii AU

A)AU=400 xJIx. B)AU=600 k% B)AU=500 k[Tx. D)AU=300 xJIx. J)AU=700 K1k
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365. What is the expression of the first law of thermodynamics for the adiabatic pro-
cess ?
A) 0=A4 B) A=p-AV C) Q=+AU D) A=-AU E) A=-c:m-AT

366. What is the expression of the first law of thermodynamics for the isothermal
process ?
A) 0=4 B) A=-AU C) Q=+AU D) A=p-AV E) Q=cm-AT

367. What is the expression of the first law of thermodynamics for the isochoric pro-
cess ?

A) 0=4 B) A=-AU C) Q=cm-AT D) A=p-AV E) Q=+AU

368. For what of the below processes does the first law of thermodynamics have the
form Q=4 ?

A) Isochoric B) Adiabatic C) Isothermal D) Isobaric E) Unrealizable

369. Show the formula to calculate work 4 performed by an ideal gas in the adiabatic
process:

(T, - T,) E)A=vR-AT

N\w

A)A=p-AV ByA=0 C)4=p,V;- ln( JD)A—Z
l

370. Show the formula to calculate work 4 performed by an ideal gas in the isothermal
process:

A
A)A=p-AV B)4d= AT C)A=p, V- ln[ jD)A OE)A—H R-AT

<3
N\w

371. Show the formula to calculate work A performed by an ideal gas in the isochoric
process:

m 3 p
A=p-AV ByA=—-=-AT C)4A=p, -V, In| = A=""R-AT By4=0
AyA=p-AV Byd=- AT Q) d=p;- [p D)= E)

372. The quantity of heat transferred to a system is Q=25 J. And its internal energy
increase is AU=15 J. Find out work 4 performed by the system.
A)A=10] B)A=15] C)A=20] D)A=25] E)A=40]
373. In isobaric heating of =80 moles of gas from temperature £ =25"C to temperature

£=537C it absorbed =940 kJ of heat. Find out its internal energy increase A .

A)AU=400 kI B)AT=600 kI C)ATES00 kJ D)ATE300 kI E)ATET700 kJ
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374. Ilicnsg orpumanns Q=800 JIx TemnoTy, NOBITPs B UMIIHAP] PO3LMIMPUIOCH, 3AiHC-
HuBmK pobdory 4=200 /[x. Ha ckinbku 3MiHWIIaCh NPH 1IbOMY HOTO BHYTPIIIHS €HEp-
riss AU ?

A)AU=200 Jix. B)AU=300 k. B)AU=400 [Tx. T)AU=500 Tk, A U=600 Jik.

375. Sy kinbkicTs Teruiotd Q Tpeba HaJaTH ra3y B IMJIIHAPI i MOpIIHEM, 1100 Horo
BHYTpitHs eHepris U 3pocna #a 100 JIx, i mpu 1iboMy BiH 3ailcHUB poboTy 4=200 JIx
?

A) 0=600 Jx. B) 0=500 [Ix. B) 0=400 Jix.. ') 0=300 . I) 0=200 [Tx.

376. Tlpwu izoxopuunomy npoueci v=100 MOJIb 00HOAMOMHO20 1I€aNBHOTO Ta3y HaIaIH
0=249 x/Ix tenotu. Ha ckinbku 3011bIMIaCh IPU LIOMY TeMIiepaTypa rasy AT ?

A) AT=350 K. B) AT=200 K. B) AT=150 K. I') AT=300 K. J[) AT=250 K.

377. Temmepatypa ra3zy mMacoro /m=1 Kr 30iJbIIuIacs Npu i30XOpUYHOMY IIpoleci BiX
t1=273°C nmo t,=300°C. 3HaiiTi 3MiHy BHYTpIIIHBOI eHeprii razy AU, skmio Horo nu-
moma teroeMHicTb =38 Jx/kr-K.

A)AU=684 Jix. B)AU=968 JIx. B)AU=857 Jlx. D)AU=739 Jix. J)AU=1026 JIx.

378. B mpoueci i306apuunozo po3mmpenHs npu tucky p=0,6 Mlla rasy nagamu Q=4
M/ Temnotu. BuzHaunuTu 3MiHy BHYTpIIIHBOI eHeprii rasy AU, skio npu 1npomy Ho-
10 06'eM 36inbImBCs Ha AV=2 M.

A)AU=3.2 MJlx B)AU=2,0 MJTx B)AU=2,8 Ml [)AU=1,6 M/l J)AU=2,4 M]Ix

379. Tlpu adiabamuunomy po3mmperHi v=10 MoOnb 00HOamMOMHO20 1€aJBHOTO Ta3y
3aiiicHuB podoty A=249 JIx. Ha ckilbKky 3MEHINUIACh TIPH [[LOMY TEMIIEpaTypa rasy
AT?

A) AT=2 K. B) AT=8 K. B) AT=10 K. T") AT=6 K. 1) AT=4 K.
380. VY mocynuni emHictio V=29 M> 3HAXOIUTHCA 0OHOAMOMHUL iIeaNbHII Ta3 npu

temueparypi #=17°C i tTucky p;=1 klla. I'a3 i3oxopuuno narpisaiotb Ha AT=100°C.
Busnauutu 3MiHy ioro BHyTpiHb0i eneprii AU.

A)AU=4 xJx. B)AU=2,5 xJlx. B)AU=3 xJlx. )AU=1,5 xx. 1)AU=2 x[x.

381. Oonoamommuomy ineanbHOMy Ta3zy Hamanu Q=14 k/lx termnotu. [Ipu npomy ras
i306apuyHo pO3MMPHUBCS. 3HANTH 3MiHY HOT0 BHYTpilHBOI eHeprii AU.

A)AU=63 kJlx. B)AU=4,5 kJlx. B)AU=2,7 xJIx. [)AU=3,8 k. HAU=5,6 k]Jlk.

383. Slka i3 HaBeneHux Qopmyn BuzHauae koediuieHt kopucHoi aii (KKI) n Heobo-
pommoi TETII0BO1 MaIIuHU 7
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374. After receiving O=800 J of heat, the air in a cylinder expanded having performed
work 4=200 J. How many Joules did its internal energy AU change by ?

A)AUR200] B)AUF300] C)AU=400] D)AUS500] E) AU=600)

375. What quantity of heat Q is to be imparted to gas in a cylinder under a piston for its
internal energy U to increase by 100 J and gas will perform work 4=2007J ?

A) 0=600] B)(Q=500] C)(Q=400] D)Q=300] E)(Q=200]

377. In the isochoric process, v=100 moles of a monatomic ideal gas was imparted with
0=249 kJ of heat. How many degrees did temperature of the gas AT increase by ?

A) AT=350 K B) AT=200 K C) AT=150 K D) AT=300 K E) AT=250 K

378. In the isochoric process temperature of m=1 kg of gas increased from #,=273°C to
$,=300°C. Find out how the internal energyAU of the gas changed if its specific heat
capacity is ¢=38 J/kg-K.

A) AU=684 ] B) AU=968 J C) AU=857 J D) AU=739 ] E) AU=1026 ]

379. In the isobaric expansion at p=0.6 MPa gas was imparted with Q=4 MJ of heat.
Find out how the internal energy AU of the gas changed, if its volume had changed by
AV=2m’ thereat.

A) AU=3.2 M] B) AU=2.0 M] C) AU=2.8 M] D) AU=1.6 MJ E) AU=2.4 MJ

380. In the adiabatic expansion v=10 moles of a monatomic ideal gas performed work
A=249 J. How many degrees did temperature of the gas AT decrease thereat ?

A)AT=2K B)AT=8K C)AT=10K D)AT=6K E)AT=4K

381. A monatomic ideal gas is in a vessel of ¥=2.9 m’ in volume at temperature ¢,=
=17°C and pressure p,=1 kPa. The gas is isochorically heated by AT=100°C. Find out a
change of its internal energy AU.

A) AU=4 kJ B) AU=2.5 kJ C) AU=3 kJ D) AU=1.5 k] E) AU=2 kJ

382. A monatomic ideal gas is imparted with Q=14 kJ of heat. The gas was isobarically
expanding thereat. Find out a change of its internal energy AU.

A) AU=6.3k] B)AU=4.5k] C) AU=2.7k]J D) AU=3.8kJ E) AU=5.6kJ

383. What of the below formulas specifies the efficiency factor 7 of an irreversible heat
engine ?
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384. 'V ckinbku paziB 30inbmuthes KK ioeansroi Tennooi mammuu Kapao, sikio te-
Mmneparypa HarpiBaua 7 spocme Big 400 K mo 500 K, a Temneparypa oxonopKyBaya
T,=350 K 36epeacemuvcs ?

A)Y 2,8 pazu. b) B 1,6 pazu. B) V 2 pazu. I') V 2.4 pazu. 1) V 3.2 pazm.
385. BusHauTte TemIepaTypy OXOJO/KyBaua i/1eajdbHOi TEMIOBOI MamMHKU 75, siKa mpa-

mroe o 1ukiy KapHo, sikio remnepatypa Harpisaya 7;=500 K, a npu BuTpari Terotu
0,=2000 I 3a uukn 3aidcH0eThes poboTa A=900 JIx.

A) I,=225 K. B) I=275 K. B) T,=325 K. I') T,=175 K. ) =375 K.
386. SIky KinbKicTh TeluloTH () HaJal0Th poOOYOMY Tilly, SIKIO MAIIUHA IPALIOE IO

mukiny Kapho B intepsaini remneparyp 77=800 K i 7,=400 K, i 3aiiicHtoe 3a Uk po6o-
Ty A=5 xJIx ?

A) 0,=10 x/Ix. b) 0,=15 x/Ix. B) 0,=20 x/Ix. I') 0,=25 xIx. ) 0,=7,5 xIx.

387. KinbKicTh TEINIOTH, SIKy TEIUIOBUI ABUTYH OTpUMYeE Bij HarpiBaua Q=5 xJ[x, i
IIPU [IEOMY 3a LUK BiH 37ikicHI0e poboTy 4=1,5 k. Busnauntu KKJI nBuryna #.

A) n=35%. B) n=40%. B) n=25%. I') n=30%. 1) n=45%.
388. InmeanpHa TeruoBa MalmMHA 3 KoedilieHTOM KOpUCHOI Aii 7=25% oTpumye Bix Ha-
rpiBaua 3a uuka Q;=800 J[x termnoTu. SIKy KOpucHy poOOTy A BOHA 3IIHCHIOE 3a LIUKII
?

A) A=500 JIx. B) A=200 Jix. B) A=400 Jix. ') A=100 [Ix. J) A=300 Jix.

389. KinbKiCTh TEMJIOTH, Ky TEIUIOBHH ABUTYH BiIIa€ OXOJIOJDKYBady 3a IHHMKI (0r=5
kJIx, 3aifcHIOIOUM IpH oMY poboTy A=1,5 x/Ix. BusHauutu xoedilieHT KOpPUCHOT
nii 77 uporo nBuryHa y %.

A) n=27%. B) n=42%. B) n=33%. T') n=46%. 1) n=38%.
390. Temmeparypa mapw, sika IMOCTyTae y napoBy mammuny +,=227°C, a Temneparypa y

XOJNOMUIBHUKY £,=27°C. SIKy MakcuMallbHy poOoTy A MOXe 3AIHCHUTH L1 MalluHa,
ButpatuBiy O,=40 [Ix tennoru ?

A) A=28 JIx. B) A=20 Jix. B) 4=24 Jlx. ') A=16 JIx. J) A=32 Jx.
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T.
A)n=1-2B) 7=
A Q r, 0

384. How many times will the efficiency factor 7 of the Carnot ideal heat engine
increase, if the heater temperature T increases from 400 K to 500 K, the cooler
temperature 7,=350 K does not change ?

A) 2.8 times B) 1.6 times C) 2 times D) 2.4 times E) 3.2 times
385. Determine temperature of an ideal heat engine cooler 7>, which operates on the
Carnot cycle, if the heater temperature is 7;=500 K and at heat consumption of Q;=
=2000 J per cycle the work 4=900 J is performed.
A) =225 K B) =275 K C) T,=325 K D) T,=175 KE) =375 K
386. What quantity of heat Q; is imparted to the operating element, if the engine
operates on the Carnot cycle in the range of temperatures 7,=800 K and 7,=400 K and
performs work A=5 kJ per cycle ?

A) 0,=10kJI B) 0,;=15kJ C) ;=20 kI D) 0,=25kJ E) 0,=7.5kJ

387. The quantity of heat a heat engine obtains from a heater is Q;=5 kJ and it performs
work A=1.5 kJ thereat. Find out the efficiency factor 7 of the engine.

A) 7=35% B) n=40% C) 7=25% D) n=30% E) n=45%

388. An ideal heat engine wit the efficiency factor 7=25% obtains Q;=800 J of heat per
cycle from a heater. What effective work 4 does this engine perform per cycle ?

A)A=5001J B) A=200J C) A=400] D) A=100J E) A=300J
389. The quantity of heat a heat engine transfers to a cooler per cycle is 0,=5 kJ and
work 4=1.5 kJ is performed thereat. Find out the efficiency factor 7 of this engine in %.
A) n=27% B) n=42% C) n=33% D) n=46% E) n=38%
390. Temperature of the vapor, which is delivered to a steam engine is #,=227°C and
temperature in a cooler is #,=27°C. What maximum work 4 can be performed by this

engine after consuming Q;=40 J of heat ?

A)A=28J B)A=20] C)A=24] D)A=16] E)A=32]
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TECTOBI 3ABJAHHS O PO3JALIY "OCHOBH EJIEKTPOJHHAMIKH"
3axon KyJsiona

391. Sk 3MIHUTBCS CcUIIA KYJIOHIBCBKOI B3a€MOJIIT JBOX TOUYKOBHX 3apsi/IiB, SKIIO BiJICTaHb
MK HUMU 30inbwumu 'y 2 pasu ?

A) 3meHmmThCs y 4 pasu. b) 30unbmunThes y 2 pa3u. B) 3MeHmuThcs y 2 pasu.
I') 30inpmnThes y 4 pasu. J1) 3MeHIMTHCS Y V2 pasis.

392. SIk 3MIHMTBCS CHJIa KYJOHIBCHKOI B3a€MOJIi JJBOX TOYKOBHX 3apsjiiB, SKIIO Bijic-
TaHb MK HUMH 3MeHwumu y 3 pazu ?

A) 3menmmThes y 3 pasu. b) 36inbmmTees y 3 pazu. B) 36inbmmthes y 9 pasis.
T') 3menmmToes y 9 pasu. /1) 301nbmmTecs y 3 pasis.

393. Sk 3MiHMTbCS CHJIa B3a€MOJIi JBOX TOYKOBUX 3apsfiB, SKILIO MEPEHECTH iX i3 Ma-
CTWJIA, JieJeKTPUYHA IPOHUKHICTb SIKOTO £=5, y BakyyM ? Bigcrans Mix 3apspamu He
3MIHUAACH.

A) 36inbimThes y 25 pasis. B) 36inbmuThes y S pasiB. B) 3MeHmuThCs y 5 pasis.
I') 30ibIMTCS Y J5 paziB. /1) 3MeHIMTECS Y 25 pasis.

394. Sxum Oyzme 3apsan (MO MOAyNr0) MeTaneBoi Kydi O, SKIIO HA HbOMY MiCTATHCS
N=4-10" majummkosux enextponis ? (3apsa enexrpona e=1,6-10"" Ki).

A) 0=6,4 Kn. b) 0=4,0 Ki1. B) 0=0,64 Kn. I') 0=64 K. ) 0=0,4 K.
395. SIke TBEpPIKEHHS € 3aKOHOM 30epedicentisi eNeKTPUIHOTO 3apsry?

A) 3apsin Oyb-SKOTO Tijla KpaTHHH €l1eMEHTapHOMY 3apsiy.

b) Enextpuuni 3apsau He MOXKYTh 3HUKATH 1 BUHUKATH 3HOBY.

B) Cymapauii 3aps eNeKTPHYHO i301b0BAHOT CHCTEMH HE 3MIiHIOEThCS.
I') B 3amkHyTiI# crcTeMi KUTBKICTh 3apsiiiB 000X i 3HAKIB OJTHAKOBO.

J) Ipu enextpuzanii Tist X 3apsau piBHI i IPOTUIIEXKHI 110 3HAKY.

396. Bwusnaure cuity F B3a€MOJIIT €IEKTPOHA i3 SAPOM y aTOMi BOJHIO, SIKIIO BiJICTaHb
mix mama 7=0,5 107° m. (3apsix enexrpona e=1,6-10"" Ku1, koedirient mpornopiiiiao-
cri B 3axoni Kymnona £=9.10° H-mY/Ki).

A)F=92-10"H. B)F=3,6-10"H. B)F=5,7-10°H. T)F=1,2-10"H. )F=7,8-10°H.

397. Bixcranp » Mix ABOMa TOYKOBHMH 3apsaamu ¢,=3 HKI 1 ¢,=-8 K ckinanae 40 cm.
BusHaunTty cuity B3aeMOJii Mixk HUMHU y 2aci F, NieNeKTpUYHA IPOHUKHICTb SIKOTO £=2.

A)F=675 uH. B)F=6,75 uH. B)F=6750 uH. IF=67,5 uH. J{)F=0,675 nH.

398. Busnaunte cuy F, sika gie Ha 3apsin 0=5-10" K, npumimennii no cepeduni mix
JIBOMa TOYKOBHMH 3apsIaMH q,le'6 K i 612:-2-10'6 K, sixmmo BoHM 3HaXOATHCS Y Ba-
Kyy Mi Ha Bifictani d=20 cm.
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TEST TASKS TO THE SECTION “FUNDAMENTAL ELECTRODYNAMICS”
Coulomb's law (inverse-square law)

391. How will the force of the Coulomb mutual interaction of two point charges change,
if the distance between them increases twice ?

A) It will decrease 4 times. B) It will increase twice. C) It will decrease 2 times.
D) It will increase 4 times. E) It will decrease y V2 times.

392. How will the forces of the Coulomb mutual interaction of two point charges
change, if the distance between them decreases three times ?

A) It will decrease 3 times. B) It will increase 3 times. C) It will increase 9 times.
D) It will decrease 9 times. E) It will increase 3 times.

393. How will the force of the Coulomb mutual interaction of two point charges change,
if to take them out of an oil the dielectric permeability of which is &=5, to vacuum ? The
distance between the charges remains the same.

A) It will increase 25 times. B) It will increase 5 times. C) It will decrease 5 times.
D) It will increase V5 times. E) It will decrease 25 times.

394. What will the charge (in modulus) of a metallic ball O be, if there are N=4-10*" of
excess electrons on it ? (Electron charge is e=1.6:10"" coul).

A)0=6.4 coul B)0=4.0 coul C)0=0.64 coul D)0=64 coul E)0=0.4 coul
395. What statement is the law of conservation of electrical charge?

A) A charge of any body is multiple of the elementary charge

B) Electrical charges cannot disappear and appear again

C) A total charge of an electrically isolated system does not change

D) In a closed system the number of charges of the both signs is the same
E) In the electrization of bodies their charges are equal and opposite in sign

396. Find out the force F of interaction between and electron and the nucleus in a
hydrogen atom, if the distance between them is =0,5 10" m. (Electron charge is
e=1.6x x10™" coul, the coefficient in Coulomb's law is &=9:10° N-m?/ coul ?).

A)F=9.2-10" N B)F=3.6:10" N C)F=5.7-10° N D)F=1.2-10®* N E)F=7.8-10° N

397. The distance » between two point charges ¢;=3 ncoul and ¢,=-8 ncoul is 40 cm.
Find out the force of interaction between them in kerosene F, the dielectric permeability
of which &=2.

A) F=675 nN B) F=6.75 nN C) F=6750 nN D) F=67.5 nN E) F=0.675 nN

398. Find out the force, which influences the charge 0=5-10% coul, located in the
middle between two point charges ¢;=10° coul and ¢,=-2-10° coul, if they are in
vacuum and the distance between them is =20 cm.

175



A) F=45 mH. B) F=105 MH. B) F=135 MH. T') F=180 mH. JT) F=90 mH.

399. JIBa TOUKOBI 3apsaM ¢ 1 ¢» 3HAXOAATHCS HA BijcTaHi L oJuH Bix ogHOTO. SKIIO Bi-
JICTaHb MK HUMH 3MeHIINTH Ha Ad=50 cM, TO cuia B3aeMoii F Mi>X HUMH 301IbIIUTE-
csy Ba pa3u. BusHauutu BigctaHs L.

A) L=35 cm. B) L=69 cm. B) L=171 cm. T') L=94 cm. JT) L=228 cm.

400. /IBa 3apsinu, 3HAXOISIYMCh y nOGIMpi HA BIJICTaHI 7y=5 CM, B3aEMOIIOTH i3 CHJIOKO
Fy=120 mxH. Ili x 3apsau y piouni Ha Biactani =10 cM B3a€MOIIOTH i3 CHIIOKW F=
=15 mxH. 3HaiiTn nieneKTpuYHy NPOHUKHICTD €T PIUHHE &.

A) e=4. B) e=2. B) ¢=8. I') e=10. ) e=6.
401. 3HaiiTu BiICTaHb 7 MIXK JBOMa OOHAKOGUMY CICKTPUYHUMH 3apsiiaMH, TpHMIlie-

HUMHU Y Macmuio i3 JIeJIeKTPUYHOK MPOHUKHICTIO =3, Km0 cuia F B3aemMoii Mix
HUMH maxa dic cama, sk 1 Fy y eaxyymi Ha Biacrani r;=30 cm.

A) r=52 cm. B) ¥=36 cm. B) =90 cm. I') =72 cm. []) r=64 cm.
Hanpy:keHicTh i moTeHIiag eJIEeKTPUYHOTO MOJIS
402. VY AKUX OXMHULX BUMIPIOETHCS HANPYICEHICMb eIEKTPUIHOTO Hous E ?

A) Enextpon-Bonbrax (eB). b) Bebepax (BO). B) Kynonax (Ku).
I') Bonsrax Ha metp (B/m). JI) AMrepax Ha kBajapaTauii metp (A/M°).

403. 'V AKuX OJMHULSAX BUMIPIOETHCS NOMEHYial eICKTPUIHOTO MO ¢ ?
A)Kynonax (Ki). B)Amnepax (A). B)Ixoynsx (JIx). I')Barax (Bt). I)Bonbrax (B).

404. sxa i3 HaBe#eHUX (HOPMYII TO3BOJISIE BU3HAUYUTH IOTEHLIAT ¢ €IEKTPHIHOTO MO
mouko6020 3apsioy

1 1 W,
Ap=L Bp=—— 9T Bp=— L p="t0 M)Ap=-E A
C 4reg, 1 4ree, 1 q

405. Ha Toukosuit 3apsix q=2-107 Ki1 y mesiiif To4i eeKTPHYHOTO OIS i€ cra F=
=15 mH. Busnauutu HanpyxeHicTh 1oJs E B il ToYII.

A)E=15 kH/Kn B)E=90 xH/Kn B)E=30 xH/Kn E=45 H/Kn I)E=75 kH/Kn

406. BusHauuTy HaNpyXeHicTb E eIeKTPUYHOTO IOJI Y TOUll, SIKa 3HaXOJUThCS Ha Bijic-
TaHi ¥=1 cM Big moukosoeo 3apsa0y q=5 uKi1.

A) E=750 kH/Kn. Bb) E=250 xkH/Kn. B) E=50 kH/K.
I') E=450 xH/Kx. 1) E=150 xH/Ku.
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A) F=45 mN B) F=105 mN C) F=135 mN D) F=180 mN E) F=90 mN

399. The distance between two point charges ¢, and ¢, is L. If the distance between
them decreases by Ad=50 cm, then the force of interaction F between them will
increase twice. Find out the distance L.

A)L=35cm B)L=69 cm C)L=171 cm D) L=94 cm E) L=228 cm

400. Two charges in air, the distance between them being =5 cm, interact with the
force Fy=120 mkN. These very charges in a liquid at the distance »;=10 cm interact
with the force F1=15 mkN. Find out the dielectric permeability of this liquid &.

A)e=4 B)e=2 ()e=8 D)e=10 E)e=6

401. Find out the distance r between two equal electrical charges, located in the oil of
the dielectric permeability ¢=3, if the force F of interaction between them is the same as
F, in vacuum at the distance ,=30 cm.

A)r=52 cm B) =36 cm C) =90 cm D) =72 cm E) r=64 cm
Electric-field strength and potential

402. In what units is electric-field strength E measured ?

A) Electron-volt (¢V) B) Weber (Wb) C) Coulomb (coul)
D) Volt per meter (V/m) E) Ampere per square meter (A/m?)

403. In what units is electric-field potential ¢ measured ?
A) Coulomb (coul) B) Ampere (A) C) Joule (J) D) Watt (W) E) Volt (V)

404. What of the below formulas allows determining the electric-field potential ¢ of a
point charge ?

W
Byp-— L gt .4 D= E)Ap=—E-&r

Ao = = . =
) 4res, r 4res, r

Qe

405. A point charge g=2:107 coul in some point of the electric field is influenced with
force =15 mN. Find out the field strength E in this point.

A)E=15 kN/coul B)E=90 kN/coul C)E=30 kN/coul D)E=45 kN/coul E)E=75 kN/coul

406. Find out the field strength E in the point which is =1 cm away from a point
charge g=5 ncoul.

A) E=750 kN/coul B) E=250 kN/coul C) E=50 kN/coul
D) E=450 kN/coul E) E=150 kN/coul
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407. Bigcranb MK ABOMa TOYKOBUMH 3apsigamu ¢,=8 HK1 i ¢,=-5, 3 HKn cTanoBUTH
d=40 cMm BuzHaunTu HampyXeHiCTh €IEeKTPUYHOrO Nojd £ y Touli, sKa JIeXKUTb 1o ce-
PEeOUHi MK LIUMH 3apATaMH.

A)E=42 kB/m. B)E=1,2 kB/m. B)E=2,4 kB/m. [E=3,0 kB/m. )E=1,8 kB/wm.

408. Y oxHOpiIHOMY €IEKTPUYHOMY IOJI y BaKyyMi 3HaXOAUTHCSI HOPOLIMHKA MAacolo
~ 11 .
m=4-10"r, sixa mae 3apsin ¢=-1,6-10"" Ku. fIkoro mae OyTu HanpyxeHicTh nojs E, mob
MTOPOIIMHKA 3aJUIIANIACh Y pieH08asi ?

A)E=9,81 B/m. B)E=2,45 B/m. B)E=6,78 B/m. I)E=4,96 B/m. )E=1,24 B/m.

409. Ha Bincrani =3 cM BijJ TOYKOBOTO 3apsny g=4 K, skuii IpuMileHud y piakuit
mienekTpuk, HanmpyxeHicts nons E=2-10* B/m. SIKy mienekTpudHy NPOHHKHICTH & Ma€
L JieNeKTpUK ?

A)e=8. B)e=2. B)e=6. I')e=81. N)e=4.
410. Ha sikuid KyT ¢ BiIXWIHTBHCS TiJBIillICHA HA IIOBKOBIi HHTII KyJbKa 13 3apsioM
6124,9-10'9 Ku i macoro m=0,4 1, KO HOr0 MOMICTUTH y 20pU30HMALbHE OIHOPIIHE
noste, Hanpyskenictio £=10° H/Ku ?

A) 9=142°. B) 9p=3,6". B) p=21,3". T) p=7,1°. II) p=1,8".

411. EnekTpoH, pyxommii 3i mBukicTio V=5-10° m/3, Biitae y napanensue iforo pyxy
enekTpuuHe Tone Hanpyxkenictio E=10° B/m. SIky Bizctanb S mpoiie e1eKTpOH 10 710-
6HOI 3ynunku ? (e:1,6~10'19 K, m,=9,1-10™" KT).

A) §=48 mm. B) S=71 mm. B) $=24 mm. T') §=96 mm. [T) S=36 mm.

412. EnexkTpoH 3HaXOIMTBHCS Y OJHOPITHOMY CJICKTPHYHOMY IOJI HAIMpyKEeHICTIo E=
=200 kB/m. SIky BizicTaHb S IPOJIETUTH EIECKTPOH 3a MPOMIKOK 4acy =1 Hc, AKIIO #o-
ro noyamkoea MBUIKICTE V=0 ? (e=1,6-10'19 K, m,=9,1-10>! KT).

A) S=84 cm. B) §=3,5 cm. B) §=0,12 cm. I') S=31 cm. 1) S=128 cm.

413. Slkoi mBUIKOCTI V' HaOyae eNeKTPOH, KU MPOMIIOB MPUCKOPIOIOYY PI3HUIO MO-
tenmianis Ag=100 B ? (e=1,6:10"° K1, m,=9,1-10°" k).

A) V=83-10* w/c. B) V=7,6:10° m/c. B) V'=1,8-10" m/c.
) V=5,9-10° m/c. JI) V=3,410 m/c.

414. Slka po6ota A 3mIHCHIOETHCS CIEKTPUYHUAM MOJIEM TPH MEPEMIlCHHI TOYKOBOTO
3apsay ¢=3 KU1 i3 Touku 3 oTeHmianom ¢;=1 B y Touky 3 moteHmiaiom ¢,=9 B ?

A)A=2.4 u]lx. )4=240 u[lx. B)4=24 u/{x. I')4=2.4 mxJx. 1)4=0,24 v]]x.
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407. The distance between two point charges ¢,=8 ncoul and g,=5,3 ncoul is =40 cm.
Find out the field strength E in the point, which is in the midpoint between these
charges.

A)E=4.2kV/m B)E=1.2 kV/m C)E=2.4 kV/m D)E=3.0 kV/m E)E=1.8 kV/m

408. In a homogeneous electric field in vacuum there is a grain of powder of mass
m=4-10" g, which has charge ¢g=-1,6-10"" coul. What must the field strength E be for
the grain of powder to be in equilibrium ?

A)E=9.81 V/m B)E=2.45 V/m C)E=6.78 V/m D)E=4.96 V/m E)E=1.24 V/m

409. The field strength away from a point charge g=4 ncoul located in a liquid dielectric
is E=2-10* volt/m. What dielectric permeability & does this dielectric have ?
A)e=8 B)e=2 C) e=6 D)e=81 E)e=4
410. Through what angle ¢ did a little ball of a charge g=4,9-10° coul and of mass m=
=0.4 g hung up on a silk thread deviate, if it is placed into a homogeneous horizontal
field of E=10° N/coul in strength ?
A) p=142° B)¢=3.6" C)p=21.3" D)¢=7.1" E)¢=1.8"

411. An electron moving at a velocity ¥=5-10° m/sec flies into the electric field of
E=10° V/m in strength and which is parallel to the electron motion. What distance S
will the electron travel before ifs full stop ? (e=1.6-10"" coul, m=9.1-10>" kg).

A) 548 mm B) $=71 mm C) $=24 mm D) $=96 mm E) $=36 mm
412. An electron is in the homogeneous electric field of strength £=200 xV/m. What
distance S will the electron travel for the period of time /=1 ns, if its initial velocity is
V5=0 ? (e=1.6-10"° coul, m=9.1-10"" kg).
A) $=84 cm B) §=3.5cm C) $=0.12 cm D) S=31cm E) $=128 cm

413. What velocity V wills an electron that has passed the accelerating potential
difference Ag=100 volt have ? (e=1.6~10'19 coul, m,=9.1-10! kg).

A) 7=8.3-10"m/sec B) V=7.6-10° m/sec C) V'=1.8-10" m/sec
D) V=5.9-10° m/sec E) V'=3.4-10° m/sec

414. What work 4 is done by the electric field in the motion of a point charge ¢=3 ncoul
from the point with potential ¢,;=1 volt to the point with the potential ¢,=9 volt ?

A) A=2.4n] B) A=2401nJ C) A=24nJ D) A=2.4 mk] E) 4=0.24 nJ

179



415. EnexTpoH neTuTh i3 TOUKU A y TOUKY B, pi3HHIS MOTEHLIaNiB MiX SKUMU Agp=
=100 B. fIky mBHAKICTH V' MaTHMe €JEeKTPOH B TOYLI B, SKIIO B TOYLi 4 HOro IIBUI-
KicTh Vy=0 ? BigHowrenns 3apsiy eneKkTpoHa 10 iforo macu e/m=1,76-10"" Kn/kr.

A) 7=1,2-10° m/c. B) V'=8,4-10° m/c. B) I'=2,4-10" m/c.
) V=4,810" m/c. JI) V=5,9-10° m/c.

416. HampyxeHicTh NOJS MiX IUIACTHHAMH KOHJEHCATOpPa E=3-10" B/m Pi3uums note-
Huianis Mix HuMu U=600 B. BusHauuTu Bijgcradb d MiX HOro IiacTUHAMM.

A) d=2 cm. B) d=0,5 cm. B) d=2 mm. ') d=10 mm. ) d=10 cm.
417. Toukosuii 3apsa ¢,=1-10"? K11 mepeminryeThcs B3IOBXK TPAEKTOPIl nigKinbys pa-
niycom R=10 cM, B LeHTpi SIKOTO MPUMILIEHHH TO4KoBuUil 3apsan go=1 Ki. Buznauutu
po6OTY A mepeMillieHHs 3apsiy.

A)A=135 m]Ix. B)A=90 mIx. B)4=45 m/]x. ))4=180 mx. J1)4=0 mIx.

11 -18 . .
418. Tlopommnuka macoro m=10"" r mae 3apsn ¢=3,2-10"" K 1 3Haxonutses y pigno-
6a3i MK IJTACTMHAMH KOHJEHcaTopa i3 pizHuuer noreHuianis U=153 B. Buznauntu
BiJICTaHb d MiX HOTO IJIaCTHHAMH.

A) d=2,5 mm. B) d=5,0 mm. B) d=7,5 mm. ') d=10 mm. [1) d=12,5 mm.
Konnencaropu. EHeprisi e1eKTpu4HOro moJist

419. Slka i3 HaBeneHUX (OPMYJI BU3HAYAE MOHATTS eNeKTpu4HOi MicTtkocTi C 8idokpe-
MAEHO20 NPOosIOHUKA ?

&S el
d d

ac=2 pc=4 By-= HC=gq-g.
q 2

420. 3apsn Q Ha OOKIagKax KOHIEHcaTopa 30inbuwiuau y 2 pasu. Sk 3MiHWIACH TIpH
LBOMY €JICKTPOEMHICTh KoHeHcaTopa C ?

A) 3menmmmnacsk y 2 paszu. b) 36inbmmnace y 2 pasu. B) He 3minuace.
T') 3menumnace y 4 pasu. J1) 30inbimnacs y 4 pasu.

421. EnekTpoeMHICTb MPOBIAHUKA 3aedcums 6io:

A) Temneparypu npoBifiHuka. [') ArperaTHOro ctaHy IpOBiJHUKA.
b) Marepiany npopigauka.  J[) @opmu i po3mipiB MpoBiTHHKA.
B) [Turomoro omopy Martepiaty MpOBiJHHKA.

422. Sxa i3 HaBefieHUX HOPMYIL He npusHayena A BU3HAUEHHS enepeii eNeKTPUYHOro
TOJIS TIOCKOTO KOHeHcatopa W ?
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415. An electron is flying from point 4 to point B, the potential difference between them
is Ap=100 volt. What velocity V" will the electron have in point B, if in point 4 its
velocity is V,=0 ? The relationship between the electron charge and its mass is e/m=
=1.76:10"" coul/kg.

A) V=12-10 m/sec B) V=8.410° m/sec C) V'=2.4-10" m/sec
D) V=4.8-10* m/sec E) V'=5.9-10° m/sec

416. Strength of the field between the condenser disks is £=3-10* volt/m. The potential
difference between them is U=600 volt. Find out the distance d between its disks.

A)d=2cm B)d=0,5cm C)d=2mm D)d=10 mm E)d=10cm

417. A point charge ¢;=1-10"2 coul moves along a semi-ring of radius R=10 cm in the
center of which there is a point charge ¢o=1 coul. Find out work of the charge motion.

A) A=135mJ] B) 4=90 mJ C) A=45mJ D) A=180 mJ E) A=0 mJ
418. A particle of dust of m=10"" g in mass has the charge ¢=3.2:10"* coul and is in
equilibrium between the condenser disks with the potential difference U=153 volt. Find
out the distance d between its disks.
A) d=2.5 mm B) d=5.0 mm C) d=7.5 mm D) d=10 mm E) d=12.5 mm

Condensers. Electric field energy

419. What of the below formulas determines the concept of the capacity C of a free
conductor ?!

=2 pc=4 oc=55 pycY Ecog.e
q 1) d d

420. The charge Q on the condenser plates was increased two times. How did the
condenser electro-capacity C change ?

A) It decreased 2 times. B) It increased 2 times. C) It did not change.
D) It decreased 4 times. E) It increased 4 times.

421. A conductor electro-capacity C depends on:

A) The conductor temperature. D) The conductor aggregative state.
B) The conductor material. E) The conductor form and sizes.
C) The conductor material resistivity.

422. What of the below formulas is not intended for determining energy of a plane
condenser electric field W ?
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2

@B by 4

AW = .
2-C

B) W =

2
U %. B) WV =

423. Sk 3MIHUTBCS €MHICTH IUIOCKOTO KOoHAeHcaropa C, SIKIIO BifAcTaHb d MiX Horo
IUTACTHHAMU 3MeHwumu 'y 3 pasu ?

A) 36inbmuThes y 3 pasu. b) 36inbmurscs y 3 pasiB. B) 36inbumThes y 9 pasis.
I') 3meHmuThCs y 3 pasu. J]) 3MeHIIHUTBCS y 3 pasiB.

424. HapaBumm npoBiJHUKY 3apsi q:2-10'2 Ko, #ioro 3apsimunu 1o noteHuiany ¢=100
B. BuznauuTu enekrpoeMHicts C 1[bOTO MPOBIHUKA.

A)C=100 Mx®. B)C=200 mx®. B)C=500 mx®. I')C=50 mx®. 1)C=150 MxD.

425. Bu3HAYMTH €MHICTH IIOCKOTO KOHJeHcaTopa C, OOKJIaJKaMHu SIKOTO € JIMCTH CTa-

. 2 . . .
Hiomo tiometo S=47 cM”, i301poBaHi m'sTHaAUATEMa (N=15) nucramu mapadiHoBa-
HOTO marnepy, 3aBToBIIKH d=0,03 MM, JieIeKTPHYHA TIPOHUKHICTD SKOTO £=3.

A) C=438 nd. B) C=254 n®. B) C=68,2 n®. I') C=277 nd. J[) C=146 nad.

426. Jlpa xonaeHcatopu emHoctsimu C1=0,25 Mx® i C,=0,5 Mx®D 3'ennanu napanenvro i
MIAKIFOYMIN 10 Jokepena Hanpyru U=12 B. Slkuit enextpuunuii 3apsan Q npuadae us
cucrema ?

A)0=9 mxKin. B)0=36 mxKun. B)0=72 mMxKu. I') Q=4 mxKu. J1)0=24 mMxKi.

427. Sk 3MiHHTBCS eNeKTpoeMHICTh C IIOCKOTO KOHAEHCATOpa, SKIIO IUIoNLy S HOTo
IUIACTUH 30inbwumu 'y 2 pasu ?

A)30inpmnThCS Y V2 pasiB. b)36inbmurecs y 4 paszu. B)30inpmmThecs y 2 pasn.
I') 3menmmTees y 2 paszu. J1) 3mMeHmmMTHCS Y 4 pasn.

428. Bwu3HAYNTH pi3HMIIO MOTeHIianiB U Mixk IITACTHHAME KOHJEHCATopa, SIKUH Mae Ha
IUIACTHHAX eNeKTpuuHuil 3apsn ¢=2 MKui, a Horo mictkicts C cknaznae 200 Mx®.

A) U=50B. B) U=75B. B) U=5B. I') U=10B. 1) U=25B.
429. Tlnomia miacTHH IIIOCKOTO KoHAeHcaTopa S=100 CMZ, a BifcTaHp MDK HUMH d=35
M. Jlo miacTuH npukiaaeHa pisauis noreniianie U=300 B. YoMy 10piBHIOE eHEp-Tist

KOH/IeHcaTopa W, sSKIO NieJeKTpUYHA MPOHUKHICTh PEUOBHHU MK HOTO INTaCTUHAMU
&2,57

A)YW=2-10" . B)W=2-10"TTx. B)W=2-10"Ix. T)W=2-10"Jix. J)W=2-10"]Tx.

430. TInoCKuil MOBITPSHMI KOHAEHCATOP 13 ILIOMIEIO IACTHH S=50 cM” Ta BiACTAHHIO
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2

c-U? q-U

. E?
B) W = . el

D)W =2

AW = .
2.C

)4

423. How will the value of a plane condenser C change, if the distance d between its
disks decreased by a factor equal to three ?

A) It will increase 3 times. B) It will increase /3 times. C) It will increase 9 times.
D) It will decrease 3 times. E) It will decrease /3 times.

424. Having imparted the charge g=2-107 coul to a conductor, it was charged up to the
potential p=100 volt. Find out this conductor electro-capacity C.

A) C=100 mkF B) C=200 mkF C) C=500 mkF D) C=50 mkF E) C=150 mkF

425. Find out the capacity C of a plane condenser, which plates are tin foil leaves of
$=47 cm’ in square isolated with fifteen (N=15) leaves of paraffined paper as thick as
d=0.03 mm; its dielectric permeability is &=3.

A) C=438 pF B) C=25.4 pF C) C=68.2 pF D) C=277 pF E) C=146 pF

426. Two condensers of the capacities C;=0.25 mkF and C,=0.5 mkF were connected in
parallel and were connected to a voltage source U=12 volt. What electric charge Q will
this system gain ?

A)0=9 mkcoul B)0=36 mkcoul C)Q=72 mkcoul D)Q=4 mkcoul E)0=24 mkcoul

427. How will electro-capacity C of a plane condenser change, if the area S of its plates
is increased twice ?

A) It will increase /2 times. B) It will increase 4 times. C) It will increase 2 times.
D) It will decrease 2 times. E) It will decrease 4 times.

428. Determine the potential difference U between the condenser disks, which have
electric charge g=2 mcoul and the condenser capacity is C=200 mkF.

A) U=50 volt B) U=75 volt C) U=5 volt D) U=10 volt E) U=25 volt
429. The area of plane condenser disks is =100 cm® and the distance between them is
d=5 mm. the disks are applied with the potential difference U=300 volt. What is the
condenser energy W equal to if the dielectric permeability of the substance between the
disks is &=2.5 ?
A) W=2-107 T B) W=2-10"T C) W=2-10"J D) W=2-10"] E) W=2-10°7
430. The area of a plane air condenser is $=50 cm® and the distance between them is
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MK HUMH d=2 MM 3apsamxKaeTbes Bin Oarapei 3 Hanpyroro U=500 B. Busnauutu Benu-
YUHY 3apsy g Ha INIaCTHHAX KOHAEHCATopa.

A)g=4-10""Kx1. B)g=7-10"Kx1. B)g=5-10"Ku. Ig=1-10"Ku. 1)g=6-10"Kz.

431. Bu3HAuMTH HANPYXKEHICTh TOJIs £ y KOHJICHCATOPI 32 YMOB 1n0nepednbo20 3aBIaH-
HSL.

A)E=50 kB/m B)E=250 kB/mM B)E=100 kB/M [\E=200 kB/m J)E=150 kB/m

432. BwusHaute pi3HHIIO MOTeHIaniB U MiXk MIaCTHHAMH KOHJECHcAaTopa, eMHicTio C=
=100 MxD, sKHit Mae 3apsia Ha IacTHHaX ¢=5"10" K.

A) U=25B. b) U=5B. B) U=50B. I') U=100 B. ) U=75 B.

433. VY cKkinbKH pa3iB 3MIHUTBCS EMHICTh TIOCKOTO KOHICGHCATOPA, SKIIO poOoUy moBe-
PXHIO HOTO IUIACTHHIB S 3Menwumu y 2 pa3u, a BiICTAaHb MK HUMH d 30inbwumu y
3 pazu?

A)3menmutses y 1,5 pasu. b)36inbmuthes y 6 pasis. B)3menmutsces y 0,7 pasu.
I') 36inpmmThes y 1,5 pasu. []) 3mMenmmThes y 6 pasis.

434. 'V ckinbky pa3iB 3MIHUTHCS EMHICTB INIOCKOTO KOHIASHCATOPA, SKIIO PodOody MmoBe-
PXHIO HOro IUIACTHHIB S 360iibwumu y 3 pa3u, a BifICTaHb MK HUMH d 3MEHWUMU Y

2 pazu?

A)36inbnThCs y 6 pasis. b)3menmmTses y 1,5 pasu. B)36inbmmTses y 1,5 pasu.
I') 30inbmmThes y 0,7 pazu. J) 3MeHImThes y 6 pasis.

435. 3apsax kougencatopa q=4'10" K, a manpyra mix #oro o6kmagkamu U=500 B.
BusHauutu eHeprito W eneKTpuyHOro nosisi B KOHAEHCATopi.

AYW=250 mJlx. B)W=50 mIx. B)W=100 mIx. I') =200 mJDx. ) #=150 mIx.
436. Slka KiNBKICTh TEIUIOTH () BUIUINTHCSA Y MPOBIAHUKY TIPH PO3PSAl Yepe3 HbOTo
KoHJeHcaTopa eMHicTI0o C=50 Mk®, 3apsukeHoro o pizHuLi noreHuianisa U=120 B?
A)Q=540m/Tx. B)0=180 m/Ix. B)0=360 mx. I')0=240 mx. 1)0=720 MIx.

437. Pi3HuIA MOTEHHIANIB MiX IUIACTHHAMHU KoHIeHcatopa U=90 B. ITmomia xoxHOT
2 9 . .
mwractuan S=60 cm”, a 3apsan g=10" K. Buznaure BincTanp Mixk HOTo IiacTHHAMH d.

A) d=1,2 mm. b) d=4,8 mm. B) d=2.4 mm. ') d=6,0 mm. [1) d=3,6 mm.

438. 3HaitTu pi3HUIIO MoTeHIiamiB U MiX IUIACTHHAMH IMOBITPSHOTO KOHJCHCATOPA,
SIKMI Ma€ 3apsif Ha tuiactuHax ¢=2 MK i enekrpuuny emHicte C=200 Mx®.
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d=2 mm. The condenser is being charged from a battery of voltage U=500 volt. Find out
the value of the charge ¢ on the condenser disks.

A)g=4-10"coul B)g=7-10"coul C)g=5-10"coul D)g=1-10"coul E)g=6-10"coul

431. Find out the field strength £ in a condenser under the conditions of the previous
problem.

A)E=50 kV/m B)E=250 kV/m C)E=100 kV/m D)E=200 kV/m E)E=150 kV/m

432. Find out the potential difference U between the condenser disks, the condenser
capacity is C=100 mkF, the charge on the disks is g=5-10" coul.

A) U=25 Volt B) U=5 Volt C) U=50 Volt D) U=100 Volt E) U=75 Volt

433. How many times will a plane condenser capacity change, if the working surface of
its disks S is decreased by a factor equal to 2 and the distance between them d is
increased three times?

A) It will decrease 1.5 times B) It will increase 6 times C) It will decrease 0.7 times
D) It will increase 1.5 times ~ E) It will decrease 6 times

434. How many times will a plane condenser capacity change, if the working surface of
its disks S increases three times, and the distance between them decreases by a factor
equal to 2 ?

A) It will increase 6 times B) It will decrease 1.5 times C) It will increase 1.5 times
D) It will increase 0.7 times E) It will decrease 6 times

435. A condenser charge is g=4-10" coul, voltage between its plates is U=500 volt. Find
out energy W of the electric field in the condenser.

A) W=250 mJ B) W=50mJ] C) W=100 mJ D) W=200 mJ E)W=150 mJ

436. What quantity of heat Q will be released in a conductor when a condenser of C=
=50 mkF in capacity charged up to the potential difference of U=120 volt will discharge
init?

A) 0=540 mJ B) 0=180mJ C) 0=360mJ D) (0=240mJ E) (=720 mJ

437. The potential difference between condenser disks is U=90 volt. The area of each
disk is $=60 cm’, and charge is g=10" coul. Find out the distance between its disks d.

A) d=1.2 mm B) d=4.8 mm C) d=2.4 mm D) d=6.0 mm E) d=3.6 mm

438. Find out the potential difference U between air condenser disks with the charge on
them g=2 mcoul and the condenser electro-capacity is C=200 mkF.
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A)U=20B. B)U=5B. B)U=10B. T)U=25B. J)U=15B.

439. BuzHaunTe eIeKTPHUYHY MicTKicTh C IJIOCKOTO MOBITPSHOTO KOHIAEHCATOpa, IJIO-
2 . .
ma o0kIamok sikoro S=100 cM”, a BigcTanb Mixk HUMH d=0,1 MM.

A) C=221 n®. B) C=885 nd. B) C=116 nd. I') C=442 nd. JT) C=694 nad.

440. KongmeHcaTop, KU CKIANA€ThCs i3 ABOX MapalelbHUX IIACTHH, MAa€ eMHICTh C=
=5 n®. Skuii 3apsan ¢ Mae KOKHA i3 HOro OOKIJIA/IOK, SKIIO PI3HHIS MOTEHINANIB MiX
Humu Ap=100 B ?

A)g=0,5 uKn. B)¢g=5,0 mxKi. B)g=5,0 K. I')¢=0,5 mxKu1. J])g=50 uKu.

441. Slkuit 3apsa ¢ MICTHTBCSI Ha KOXKHIH 13 TJIACTHH KOHJIGHCATOPA, SKIIO PI3HHIS MO-
TeHuianiB Mix Horo obkiaakamu U=200 B, a emnictb koHaencaropa C=0,5 Mx® ?

A) ¢=0,5 MKn. B) ¢=2,0 MK31. B) ¢=0,1 mKu. T') g=1,0 mKu. [T) ¢=0,2 mKon.
442. Sk 3miHuThCS eMHicTh C TUIOCKOTO KOHAEHCATOpA, SKIIO podovy IUIOHLy HOTo

IUIACTUH S 3MeHwumu y 2 pasu, a BiICTaHb MiX HUMU d 3meHwumu 'y 3 pasu ?

A)3meHmuTbes y 6 pasis. B)36inbmuThes y 1,5 pasu. B)3menmmToes y 1,5 pasu.
I') 36inbumthes y 0,67 pasis. 1) 30inbmThes y 6 pasis.

443. Tlnockuil MOBITPSIHAN KOHIEHCATOP 3apsAwiin. SIK 3MIHUTHCS HANPYXKEHICTh elie-
KTPUYHOTO T10JIS1 MXK HOTO ITaCTUHAMH, SIKIIO BiZICTaHb d MK HUMH 30i1biumu 'y 2 pa-
3u ?

A)36inbuuThes y 4 pasu. b)30inbmmrhees y V2 pasis. B)3meHummThes y 2 pasu.
T') 3menmmThes y 4 pasu. ) 30inbmmThCs y 2 pasu.

444. Koupencaropy emuictio C=2 Mx® nagami 3apsia g=10" Ku, i 3'equam iforo 06-
KJIaJK{ TPOBIJHUKOM. Bu3HauTe KiNBbKICTh TEINOTH (), SIKA BUAUIMTHCSA Y MPOBITHUKY
i1 4ac PO3PSAKH.

A)O=500 m/Ix. 5)0=150 m[Ix. B)0=250 mlx. I')0=50 M. 1)O=350 m/Ix.
Iocriiinuii enexTpuyHuUii cTpym
445. Ske i3 npUBEICHUX TBEPIKEHD € BUSHAUEHHAM €IEKTPUYHOTO CTPyMy?
A) Ilpsmoniniiauil pyx 3apsaais. ') [Toctynanbhuit pyx 3apsmis.
b) OGepranbuuii pyx 3apsiiB. ) YnopsigxoBaHUH pyX YaCTHHOK.
B) YnopsiakoBauuii pyx 3apsiis.

446. SlxoMy i3 TBEp/KEHb BiJNIOBIAE€ BUSHAUCHHS eleKmpuuHo2o cmpymy I?
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A) U=20 Volt B) U=5 Volt C) U=10 Volt D) U=25 Volt E) U=15 Volt

439. Find out electro-capacity C of a plane air condenser; the area of its plates is S=
=100 cm’ and the distance between them is d=0.1 mm.

A) C=221 pF B) C=885pF C) C=116 pF D) C=442 pF E) C=694 pF
440. A condenser consisting of two parallel disks has capacity C=5 pF. What charge ¢

does each of its plates have if the potential difference between them is Ap=100 volt ?

A)g=0.5 ncoul B)g=5.0 mkcoul C)g=5.0 ncoul D)g=0.5 mkcoul E)g=50 ncoul

441. What charge ¢ is on each disk of a condenser, if the potential difference between
its coverings is U=200 volt and the condenser capacity is C=0.5 mkF ?

A)g=0.5 mcoul B)g=2.0 mcoul C)g=0.1 mcoul D)g=1.0 mcoul E)g=0.2 mcoul

442. How will capacity C of a plane condenser, if the working surface of its disks
decreases by a factor equal to 2 and the distance between them d decreases by a factor
equalto 3 ?

A)It will decrease 6 times B)It will increase 1.5 times C)It will decrease 1.5 times
D) It will increase 0.67 times E) It will increase 6 times

443. A plane air condenser was charged. How will the electric field strength between its
disks change, if the distance between them increases 2 times ?

A)It will increase 4 times B)It will increase 2 times O)It will decrease 2 times
D) It will decrease 4 times E) It will increase 2 times

444. A condenser of capacity C=2 mkF was imparted with charge ¢=10" coul and its
plates were connected with a conductor. Find out the quantity of heat O, that will be
released in the conductor in its discharge.

A) 0=500 mJ B) 0=150mJ C) 0=250 mJ D) 0=50 mJ E) 0=350 mJ
Direct current

445. What of the below statements is the definition of electric current ?

A) Rectilinear motion of charges D) Translational motion of charges
B) Rotary motion of charges E) Ordered motion of particles
C) Ordered motion of charges

446. What of the below statement does the definition of electric current I correspond
to?
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A) 3MiHa HIBUAKOCTI 3apsKeHUX yacTHHOK. ') CripssMOBaHMH pyX 4aCTHHOK.
b) Xaotnunuii pyx 3aps/pkeHUX 4acTUHOK. /1) Pyx 3apskeHHX 4acTHHOK.
B) CnpsimoBanuii pyx 3apsikeHUX 4aCTHHOK.

447. Bing sKuX i3 HaBeJCHUX IapaMeTPiB 3aJICKUTH eIEKTPUUHUIM Omip NpoBifHKUKA R ?

A) Bin ryctunu ctpymy y xoni. I') Big Hanpyru Ha KiHISIX IPOBIIHUKA.
b) Bin cunu ctpymy B nanmosi. J[) Big po3mipis i Matepiany npoBiaHUKa.
B) Bix EPC mxepena ctpymy.

448. YkaxiTb 6ipry Gopmyity, 1O SKiii MOYKHA BU3HAYUTH CICKTPUYHUI OMIp MPOBITHU-
Ka R 110 HOT0 TeOMETPUYHHUX PO3Mipax.

A)R:Rl+R2‘B)R:p~é.B)R:Ro~(1+a-t)‘F)%:i+RL.I[)R:

Rl 2

~|

449. JIpa mpOBITHHUKYU i3 €NEKTPUYHUMHU OmopaMu R, Ta R, 3'emHanu napanenvro. Ske
TBEPJDKEHHS I0JI0 MTAPAMETPIB ENEKTPUIHOTO KONA cnpasednuee NSl IIbOTO BUMAIKY ?

A) I=1+L; U=U,=U,; R=R\+R,. B)I=I,=I,; U=U,+U,; R=R,+R..
1 1 1 I 1 1
=l=L; U=U,+U,; —=—+—. D) I=l,+L; U=U=Uy; —=—+—.
b) I=1,=L; U=U,+U,, R R R D) I=1+5L; U=U,=U,; R R R

450. V sxoMy BMIAJKy BIPI30K METalEBOr0 APOTY, BKIIOYEHWIH y KOJO IOCTiIHHOTO
CTpyMY, 30inbuums CBill enexrpuuHuii omip R ?

A) Ipu Harpianti. b) Ilpu ckopouensi. B) IIpu 3ropranHi y cripaib.
') IIpu oxonomxensi. 1) Ilpu sy inHi (MOKPUTTI TOHKUM LIapOM OJIOBA).

451. JIBa MpoBiTHUKHY 3 ENEKTPUYHUMH ONIOPaMU R Ta R, 3'enHanu nocrioosro. Slke TBe-
PIDKEHHS 00 MapaMeTPiB eIEKTPUYHOTO KONa chpasednuee A IbOTO BUMAAKY ?

A) I=11+L; U=U,=U,; R=R\tR,. B)I=l,=L; U=U,+U,; R=RtR,.
1 1 1 1 1 1
=l=L; U=U+Uy,; —=—+—. =[+L; U=U=U,; —=—+—.
b) I=1,=L, U=U,+U,, R R R D) I=1+L; U=U,=U,, R R R

452. JIBi enexTpuuHi JaMIk po3xaproBaHus ormopamu R1=200 Om i R,=300 Om 3’ex-
HaHi napaienvho. BuzHaunre cuiny ctpymy [, y ApYriid j1amiii i3 onopom R,, sIKIIO y 1ie-
piiit Jamni BoHa cranoButh /,=0,6 A.

A) =03 A.B) ,=0,1 A. B) ,=0,5 A.T) ,=0,2 A. JT) ,=0,4 A.

453. 3arajpHWii eNEKTPUYHUH OMip JBOX MPOBIAHHUKIB, 3 €MHAHUX NOCAIO06HO, CKIIA-1a€
R=5 Owm, a 3’eqHanux napaneivho, R,=1,2 OM. BU3HauuTH OMip KOXKHOTO MPOBIiI-HUKA
riir.

A) r=2,5 Om; ,=2,5 Om. B) ri=1 Om; =4 Om. B) r1=0,5 Om; r,=4,5 Om.
I') =3 Om; =2 Om. ) 1,=1,5 Om; ,=3,5 Om.
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A) Variation of charged particles velocity D) Ordered motion of particles
B) Chaotic motion of charged particles  E) Motion of charged particles
C) Ordered motion of charged particles

447. What of the below parameters does electrical resistance of a conductor R depend
on?
A) On a current density in a circuit D) On voltage in conductor ends
B) On current intensity in a circuit  E) On conductor sizes and material
C) On current source electromotive force

448. Show the correct formula to determine electrical resistance of the conductor R by
its geometry.
l

1 1 1 U
A)R=R +R,,B)R=p-— C)R=R,-l+a-t)D)—=—+— E)R=—.
JR=R+Ry. B)R=p-. COR=R, -( ))RR]RZ) ;
449. Two conductors with electrical resistances R, and R, were connected in parallel.
What statement about the parameters of electric circuit is true for this case ?

A) I:II +12,' U:U1:U2,' R:R|+R2 C) 1_11 _12, U_U1+U2, R_R|+R2.
1 1 1 1
=I,=L: U=U,+U, —=—+— + —=—t—
B) I=1,=l; U=U,+Uj, R R Rz - D) I=+1; U=U,= Uz, 'S R R
450. In what case will a metallic wire in a direct current circuit increase its electrical
resistance R ?

A) In heating. B) In shortening. C) In coiling. D) In cooling.
E) In tinning (covering with a thin layer of tin).

451. Two conductors with electrical resistances R, and R, were connected in sequen-ce.
What statement about the parameters of electric circuit is true for this case ?

A) I=1+L; U=U,=U,; R=R\+R,. C)I=[,=L; U=U,+U,; R=R|+R,.
1 1 1 1 1
=I.=1-U=U.+U,  — +7 + —_—
B) I=1,=1L,; U=U, U2, Rl R, D) I=1,+1,; U=U,=U,, 'S R R

452. Two electric incandescent lamps with resistances R;=200 Ohm and R,=300 Ohm
are connected in parallel. Find out current intensity in the second lamp with resistance
R,,, if current intensity in the first lamp is /,=0.6 A.

A)L,=03 A B)L=0.1A C),=05A D)L,=02A E),=04 A

453. Total electrical resistance of two conductors connected in sequence is R;=5 Ohm
and connected in parallel — R,=1.2 Ohm. Find out resistance of each conductor »; and
.

A)r=2.5 Ohm; r,=2.5 Ohm B)r=1 Ohm; r,=4 Ohm C)r=0.5 Ohm; ,=4.5 Ohm
D) =3 Ohm; ,=2 Ohm E) r;=1.5 Ohm; r,=3.5 Ohm
189



3akon Oma

454. Slka popmyna e Bupazom 3akoHy OMa 07151 00HOPIOHOI OLisAHKYU ENEKTPUYHOTO KO-
na?

455. Ska i3 opmyn € 3axoHoM OMa IS 3aMKHYMO20 €1EKTPUIHOTO KoJa?

Ap+s . Agq .U . & . P
=— b)i=—B)i=—1)i= . i=—.
R+r ) At ) R ) R+r o U

A)i

456. Slka i3 GopMyl € usHaUenHAM ENEKTPOPYLIIIHOT CHIIH JKepesa cTpyMy &7

AD

. " ‘
A)g:—L-ﬂB)g:ﬂ.B)g:——.r)g: -ﬂ.n)gﬂ-(mr).
At q At a

1

ne

457. Bkaxite onuHHUIIO BUMipy erexmpopyuitinoi cunu (EPC) mxepena ctpymy.
A) e (Axoynb). bB) Kn (Kynon). B) A (Amnep). I') B (Bonbr). 1) Bm (Bar).

458. Bu3HAUMTH ENCKTPUYHMH OMip MPOBiAHUKA R, Skmio mpu Hamnpy3i U=9 B Ha #oro
KIHIIX cuiia cTpyMy /'y HbOMY cKiajae 3 A.

A)R=27 Om. B) R=6 Om. B) R=3 Om. I') R=1 Om. JI) R=12 B.

459. BuzHauMTH CHIy €NEKTPUYHOTO CTpyMy / y HPOBIIHMKY, SKIIO IIPU HANpy3i Ha
roro kingx U=15 B, #toro enextpuunuii onip R nopiBHIOE 3 OM.

A)I=ISA. B)I=45A. B)I=30A. I)I=10A. ) I=5A.

460. Bwusnauurte nmaaiHas Hanpyru U Ha MiZHOMY ApOTi 3aBIOoBXKH /=500 M i miamer-
poM d=2 MM, AKIIO CHJa CTpyMy y HboMy /=2 A, a mutomuii omip mini p=1,7-10"
OM'M.

A) U=4,5 B. B) U=2,8 B. B) U=9,6 B.T) U=5,4 B. J) U=8,1 B.

461. Skumo 10 MOJdIOCIB JpKEpena CTpyMY IPUETHATH PEe3UCTOp ornopoM R;=8 Om, 10 y
HIM BUHHKHE CTPyM CHJIOK /. SIKIIIO MOMIHSTH #0ro Ha pe3uctop onopom R,=17 Om, To
cuia cTpyMy Oyne 6 0sa pasu meHnwiolno, HDK y TepHIOMy BUIAnKy. BusHaure BHYT-
PpilIHIi Omip 7 [pKepena CTpyMmy.

A) r=1,0 Om. B) r=2,5 Om. B) r=0,5 Om. I') r=1,5 Om. 1) r=2,0 Om.

462. batapes i3 enexTpopyuliiiHo0 cuioro =2 B i BHyTpimHiM onopom r=0,4 Om 3a-
MKHYTa Ha pe3ucTop i3 enekTpuyHuM onopom R=1 Om. Buznauutu Hampyry U Ha Kie-
Max Oarapei.
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Ohm's law
454. What of the below formulas expresses Ohm’s law for a homogeneous subcircuit?

P
A)i:& B),-:M C)i:g D),':L E)i=—
At U

R+7r R R+r
455. What of the below formulas expresses Ohm’s law for a closed electric circuit?

. Ap+te

P
Ayi g v £

B)i= C)i=—D)i= E)i=—
R+r ) At ) R ) R+r ) U

456. What of the below formulas is the definition of the electromotive force of a current

source &7
j A AD 1 B-I
A)g:—L-ﬁ B)¢e=— C)e=—— D)g=—-——E)e=1-(R+r)
At q At ne a

457. Show the unit of measurement of the electromotive force of a current source.
A) J (Joule) B) Coul (Coulomb) C) 4 (Ampere) D) V' (Volt) E) Wt (Watt)

458. Find out electrical resistance of a conductor R, if at voltage U=9 volt current
intensity / in its ends is 3 A.

A) R=27 Ohm B) R=6 Ohm C) R=3 Ohm D) R=1 Ohm E) R=12 volt

459. Find out electric current intensity / in a conductor if at voltage U=15 volt in its ends
its electrical resistance R is 3 Ohm.

A)I=15A B)I=45A C)I=30A D)I=10A E)I=5A

460. Find out a voltage drop U in a copper wire as long as /=500 m and d=2 mm in
diameter, if its current intensity is /=2 A and specific resistance of copper is p=1.7-10*
Ohm-m.

A)U=45V B)U=28V C)U=9.6V D) U=54V E)U=8.1V

461. If a resistor with resistance R;=8 Ohm is connected to the poles of a current source,
the current of intensity / appears in it. If a resistor with resistance ;=17 Ohm is taken
then the current intensity will be twice less than in the first case. Find out internal
resistance r of the current source.

A) r=1.0 Ohm B) »=2.5 Ohm C) r=0.5 Ohm D) =1.5 Ohm E) =2.0 Ohm

462. A battery electromotive force is &=2 volt and internal resistance is ¥=0.4 Ohm. The
battery is closed on a resistor with electrical resistance R=1 Ohm. Find out voltage U on
the battery terminals.

191



A) U=0,8 B.B) U=1,6 B. B) U=1,0 B.T') U=1,4 B. ) U=1,2 B.

463. Hampyra Ha 3aThckadax Oarapei miciyis BKIOYEHHs HaBaHTakeHHs U=9 B npwu cu-
mi ctpymy /=1,5 A. 3HaiiTH BHYTpIlIHIN omip OaTtapei 7, SKIIO eJIeKTpOpyIIiiHa cuiia
Oarapei =15 B.

A)r=20m. B) r=4 Om. B) r=10m. T') =5 Om. [I) r=3 Om.

464. TIlpu nocrioosnomy 3'eqHaHHi BOX JaMmil 3 onopamu R;=100 OM koxHa, uepe3 HUX
npotikae crpym cuioro /=1 A. BuzHauTe ejeKkTpopylliliHy CHIy JDKepena CTpyMmy &,
BBa)Kal04W HOT0 BHYTPILIHIN OMIp 7 HEXmMOEHO ManuMm.

A) =50 B. B) &=150 B. B) &=250 B. I') &=100 B. J[) =200 B.

465. BusHaunTH BHYTpIlIHIH omip 7 [pKepena CTpyMy, SIKIIO IPH 3aMHKaHHI Horo Ha
pesuctop onopom R;=1,8 Om y kouti Teue ctpym cuioro /;=0,7 A, a nmpu 3aMUKaHHI Ha
pesucTop onopom R,=2,3 OM cuna ctpymy y Ko nopisHioe 1,=0,56 A.

A) r=0,5 Owm. B) r=0,1 Om. B) r=0,2 Om. I') »=0,5 Om. []) r=0,4 Om.

466. BusHauuTU eNEKTPOPYLIINHHY CUITy JPKEpena CTpyMy &, SKIO P 3aMHKaHHI Horo
Ha pesuctop onopoM R;=1,8 OM y koui Teue ctpym cuioro /,=0,7 A, a nipu 3aMHu-KaHHI
Ha pe3ucTop onopom R,=2,3 Om cuina ctpymy y Kodi nopiBHioe ,=0,56 A.

A)&e24B. b)&1,8B. B)&3,2B. INe1,4B. ) &2,7B.
PoGoTta i moTy:KHicTh cTpyMy

467. Slka i3 popMyI He 00360151€ BUSHAYUTH HOMYIHCHICHb P eneKTpuYHOTro cTpyMy ?

2

A)P:I'U.B)P:U?.B)P:jz pDVP=(p,—9p,)- I+&-1.N)P=1"-R.

468. SIx 3MIHUTBCS NMOTY)XHICTb €IEKTPOIUIUTKH P, AKIo Hanpyra U B Mepexi ne 3mi-
HIOEMbCSL, A TOBKUHA 11 HarpiBaIbHOI CIipai [ sMenuyemoscst yaBidi ?

A)36inbmmThes y 2 pasu. b)3menmmrecs y 4 pasu. B)36inbmmthes y 2 pasu.
I') 36inbumThes y 4 pasu. J1) 3MeHmmThCS y 2 pasu.

469. Sk 3MiHUTBCS TOTYXHICTh €JIEKTPOIUTUTKH P, k1o Hanpyra U B Mepexi nocmiti-
Ha, a NoBxuHY [ ii HarpiBaJbHIl cipaii 36inbuLyoms BTpudi ?

A)306inpmmThes y 3 pasu. b)3meHmurecs y 9 pasis. B)30inbmutecs y 3 pasu.
I') 36inbmmThes y 9 pasis. ) 3MEHIIUTBCS ¥ 3 pasw.

470. VY sikoMy BHUNAJIKy KUIBKICTh TeTNOTH (J, sSika BUAITUTHCS B HArpiBaui omopom R,
YBIMKHEHOMY B MepeiKy i3 Hanpyroto U, 36inbuumocst yosiui ?
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A)U=08V B)U=1.6V C)U=1.0V D)U=14V E)U=12V

463. Voltage on battery terminals after switching load U=9 volt at current intensity /=1.5
A. Find out the battery internal resistance r if the battery electromotive force ise=15
volt.

A)7=2 Ohm B) =4 Ohm C) =1 Ohm D) =5 Ohm E)=3 Ohm

464. Two lamps with resistances R;=100 Ohm are connected in sequence, the current of
intensity /=1 A passes through them. Find out the electromotive force of the current
source & considering its internal resistance r is small.

A) &=50 V B) =150 V C) =250 V D) &=100 V E) £=200 V

465. Find out internal resistance r of a current source if in its connection on the resistor
of resistance R;=1.8 Ohm the current in the circuit is /;=0.7 A and in connection on the
resistor of resistance R;=2.3 Ohm the current in the circuit is /,=0.56 A.

A) 7=0.5 Ohm B) /=0.1 Ohm C) =0.2 Ohm D) /=0.5 Ohm E) 7=0.4 Ohm

466. Find out the electromotive force of a current source ¢ if in its connection on the
resistor of resistance R;=1.8 Ohm the current in the circuit is /;=0.7 A and in connection
on the resistor of resistance R;=2.3 Ohm the current in the circuit is /,=0.56 A.

A)e24V B)e1l8V (C)&32V D)eldV E)e27V
Current work and power
467. What of the below formulas does not allow determining electric current power ?

UZ

AYP=1.U B)P= OP=j*p D)P=(p,—¢,)-I+&-1 EyP=1*-R

468. How will an electric stove power P change, if voltage U in the circuit does not
change and its heating coil length / becomes two times shorter ?

A)It will increase 2 times. B)It will decrease 4 times. C)It will increase /2 times.
D) It will increase 4 times. E) It will decrease 2 times.

469. How will an electric stove power P change, if voltage U in the circuit is current
and its heating coil length / becomes three times longer ?

A)It will increase 3 times. B)It will decrease 9 times. C)It will increase 3 times.
D) It will increase 9 times. E) It will decrease 3 times.

470. In what case will the quantity of heat released in a heater of resistance R connected
to a circuit with voltage U increase twice ?
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A) Yac narpiBy ¢ 30inemuty y 4 paszu. I') Onip R 30i1bmmTH yABidi.
B) Omip R 3MeHImIUTH YABiYi. 1) Omip R 36inbmmty y 4 pasu.
B) Hanpyry U 3MeHIINTH y/Bidi, a omip R 3011pUTH y 4 pasu.

471. VY sSKOMy BHIIQJIKy KUIbKICTh TeuIoTH (), sIKa BUAUIMTHCS B HArpiBadi omnopom R,
YBIMKHEHOMY B MEpPEXKY i3 Hanpyrow U, smenuumucst yosiui ?

A) Yac HarpiBy ¢ 3MeHIIUTH Y 4 pa3u. ') Onip R 3611bIUTH yABIYi.
B) Omip R 3MeHmuMTH yABiYi. 1) Omiip R 36inb1uuty y 4 pasu.
B) Hanpyry U 36inbmuTu yiBiui, a omip R 3MeHIIUTY y 4 pasi.

472. CTOpOoHHI CHIH JpKepena CTpyMy 3a IPOMDKOK 4acy =5 XBHIMH 3AilicHUIN poOo-
1y A=0,72 xJ)x. Bu3HaunTH cuiy cTpyMy y Kol /, SKIIO €IeKTpOopyIliiiHa cuia JpKe-
pena ctpymy =12 B.

A)I=12A. B)I=0,8 A. B)/=0,2A. T')I=0,6 A. JI) I=0,1 A.
473. ]JIBi 1amMnu MaroTb 0OHAKOGY €IEKTPUUHY NOTYxHICTh. OfHa 13 JaMIl po3paxoBaHa

Ha Hampyry U;=127 B, a apyra - Ha Hanpyry U,=220 B. V¥ ckinbku pasiB Biapis-
HSIFOTBCS €IEKTPUYHI OTOpH KX JaMn Ro/R; ?

R R R R R
A) —2=3,0.B) —2=0,58.B) = =141.T) —2=2,0.]) = =173.
)% ) 2 )2 ) AV

1 1 1 1 1
474.Y ckinbku pasiB BiAPi3HAIOTbCS CTpyMHU [o/], pO3:KapIoOBaHHS, 10 IPOXOAATH Yepes3

IB1 Tammy, notyxHoctsimMu P=40 Bt i P,=75 BT, po3paxoBaHNMH Ha BKJIIOYEHHS B Me-
pexy i3 Hanpyroro U=127 B ?

Moo0s3 Bz o3s By o188 1) 2003 - 137,
I 1, 1, I I

1 1 1

475. Tponeiidyc macoro m=11 T pyXaerbcsi pi6HOMIpHO 31 MWBUIKICTIO V=36 KM/TO.I.
BusHauuTu cuity cTpyMy y 0OMOTII ABUTYHA [, siKIo Hanpyra y ko U=550 B, a iioro

A)I=60 A. B)I=20A. B)/=50A. T I=30A. J)I=40 A.
476. Cnipasb €eIeKTPUYHOIO YaifHUKA PO3/LICHA Ha JIBi CEKIil, OJTHA i3 SKUX M€ €JICeKT-

puunuii onip R;1=1000 Om. BuzHauutu onip aApyroi cekiii R,, KO npu napaieibHomy
3'e/IHAHHI CEKI[ii BOJIa 3aKUMae y 4 pa3u MBHIILIE, HIXK [IPU HOCAIO0BHOM) .

A) R,=500 Om. B) R,=250 Om. B) R,=1000 Om. I') R,=750 Om. [T) R,=1500 Om.
TECTOBI 3ABJAHHS 1O PO3ALLY “OCHOBH EJIEKTPOMATHETU3MY”

477. Slkuii i3 nepeniueHUX NPOLECIB He Npu3600umsb 10 BUHUKHEHHS MarHiTHOTO T10JIsi?
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A) Time of heating ¢ increases four times. D) Resistance R increases two times.
B) Resistance R decreases two times. E) Resistance R increases four times.
C) Voltage U decreases two times and resistance R increases four times.

471. In what case will the quantity of heat released in a heater of resistance R conected
to a circuit with voltage U decrease by a factor equal to 2 ?

A) Time of heating ¢ decreases 4 times. D) Resistance R increases twice.
B) Resistance R decreases 2 times. E) Resistance R increases 4 times.
C) Voltage U increases 2 times and resistance R decreases 4 times.

472. The off-site current source intensities for the period of time /=5 min performed
work 4=0.72 kJ. Find out current intensity in the circuit / if the electromotive force of
the current source is £=12 volt.

A)IF12A B)I=08A C)I=02A D)[=0.6A E)I=0.1A

473. Two lamps have the equal electric power. One of the lamps is designed for voltage
U,=127 volt the other — for voltage U,=220 volt. How many times do resistances R,/R;
of these lamps differ ?

Mo foss o) fcia pyBsop i
R R R R R

1 1 1 1 1

474. How many times do currents I,/7; , passing through two filament lamps of powers
P=40 Wt and P,=75 Wt designed to be connected to the circuit of voltage U=127 V
differ ?

I I I I I
A) =2 =0.53B)-2=3.52 C) -2 =1.88 D) -2 =0.23 E) -2 =1.37
I I I I I

1 1 1 1 1

475. A trolleybus of mass m=11 t moves uniformly at a velocity V=36 km/h. Find out
current intensity / in the engine winding, if voltage in the circuit is U=550 volt and its
efficiency factor is 7=80%. The coefficient of resistance to motion is £=0,02.

A)I=60 A B)I=20A C)I=50A D)I=30A E)I=40 A

476. An electric kettle spiral is divide into two sections, one of them having electrical
resistance R,=1000 Ohm. Find out resistance R, of the second section, if in a parallel
connection of the sections water boils 4 times quicker than in a sequential connection.

A)R,=500 Ohm B)R,=250 Ohm C)R,=1000 Ohm D)R,=750 Ohm E)R,=1500 Ohm

TEST TASKS TO THE SECTION “PRINCIPLES OF ELECTROMAGNETISM”

477. What of the below processes does not result in the occurrence of the magnetic
field?
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A) CnpsiMoBaHuii pyx 3apsiB. I') Pyx 3apsmxeHux Ten.
b) 3mina enekrpuunoro mois. 1) Enexrpu3zauis Tin npu tepri.
B) Pozmnozin y mpocTopi HaMarHideHux MaTepiais.

478. VYKaxKITb gipHe TBEPIIKCHHS: MACHIMHI NOJISL CTBOPIOIOTHCS:

A) Pyxomumu 3apsnamu. I') PyxoMuMu i HEpyXOMHUMHU 3apsiiaMu.
b) Hepyxomumu 3apsinamu. 1) 3apsaKeHUMH TilnaMu.
B) HaenexTpu3oBaHUMU IIPYU TEPTI TLIAMU.

479. Slky i3 Gi3uuHUX BIACTHBOCTEH MArHITHOTO TOJIS IOBOJUTh dociio Epcmeda ?

A) BoHO BUHHKAE TIPH PYCi 3apsiIiB.

b) BOHO YMHUTH CHIIOBY JIif0 Ha PYXJIUBI 3apsiiy.
B) BoHo cTBOpIO€THCS IPOBIIHUKAMH 13 CTPYMaMH.
I") BoHo nie Ha HAMarHivYeHi Tiia.

J1) BoHO i€ Ha MPOBITHUKH 13 CTPYMaMH.

480. Bwu3zHauTe OAMHMIIO BUMIDPY MaeHimHol indykyii B cuctemi ClL.
A)B6 (Bebep). B)H (T'enpi). B)® (Papan). I')Tx (Tecna). 1)A/m (Ammep Ha MeTp).

481. Bu3HAUNTH MArHiTHy iHAYKUit0 B Heckinuenno 0062020 npsmo2o TPOBIIHUKA 31
cTpymoM critoro /=1 A Ha Bixcrani 7=25 cM Bix Hporo. (1=4710" Tr/m).

A)B=8-10" T. B)B=6-10" Ti. B)B=4-10"° Tx1. 'B=2-10" T. J)B=7-10" Tu.

482. SIxe TBEpIUKEHHS NPO 1HAYKILII0 MAarHiTHOTO Mojs B y HECKIHYEHHO JOBTOMY co.le-
HOI0i ipre ? (I - MOBXKHMHA CONCHOIA, N - KITBKICTh BUTKIB Y HBOMY, / - CHJIa CTPyMY).

A) B~Nta~I B) B~ ta~1/N.B) B~NTa~1/I. T) B~NTa~Il. ) B~l ta ~I.

483. OOMOTKA TOHKOTO COJICHOifa MICTHUTb IIAp TOHKOrO ApOTy AiamerpoM d=0,2 MM,
BUTKH SIKOTO WiIbHO NPUNIAeaioms OUH JI0 OAHOTO. BU3HAUNTH MarHiTHY iHAyKIi0 B B
COJICHOIII, KO TI0 HOro 0OMOTIII Teue cTpyM cuiioro /=0,5 A.

A)B=3,14Tx. B)B=0,314Tn. B)B=3,14-10> T. T')B=3,14-10” T J[)B=3,14-10" Tn.
Cuiia Amnepa

484. Cuna F, i3 SIKOX0 MarHiTHe I10JIe JIi€ Ha MPOBIJHUK 13 CTPYMOM He 3a1exHCUmb Bijl:

A) Bix B3aeMHOr0 po3TallyBaHHs IPOBiIHUKA 1 ITOJIS.
b) Bix TpuBanocti nepedyBaHHs y MarHiTHOMY I1OJIi.
B) Bix 10BXUHHU IPOBIAHUKA 13 CTPYMOM.

I') Bin BnactuBocCTeil JOBKIILIA.

JI) Bix cunu cTpyMy y IIPOBITHHKY.
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A) The ordered motion of charges. D) The motion of charged bodies.
B) An electric field change. E) Electrization of bodies in friction.
C) A distribution of magnetized materials in space.

478. Show the true statement: magnetic fields are generated by:

A) Moving charges. D) Mobile and immobile charged.
B) Immobile charges. E) Charged bodies.
C) Bodies electrified in friction.

479. What of the physical properties of a magnetic field is proved by the Oersted expe-
riment ?
A) It appears in charge propagation.
B) It exerts a force effect on mobile charges.
C) It is created by conductors with currents.
D) It exerts an influence on magnetized bodies.
E) It influences the conductors with currents.

480. Find out the unit of measurement of magnetic induction in the SI-systems.
A) Wb (Weber) B) H (Henry) C) F (Farad) D) T (Tesla) E) A/m (Ampere-per-meter)

481. Calculate magnetic induction B of an infinitely long straight conductor with
current /=1 A at a distance =25 cm away from it. (1p=410" H/m)

A)B=8-10"T B) B=6-10"T C) B=4-10°T D)B=2-10"T E) B=7-10"T

482. What statement about the magnetic field induction B in an infinitely long solenoid
is true ? (I — the solenoid length, N — the number of coils in it, / — current intensity).

A)B~N and~I B)B~I and~1/N C)B~N and~1/I D)B~N and~/ E) B~/ and~/

483. A thin solenoid winding contains a layer of a thin wire of d=0.2 mm in diameter,
its coils fit closely to each other. Find out magnetic induction B in the solenoid, if
current /=0.5 A flows in its winding.

A)B=3.14T B)B=0.314T C)B=3.14-10"T D)B=3.14-10>T E)B=3.14-10"T
Ampere force
484. Force F, a magnetic field influences a conductor, does not depend on:

A) the mutual arrangement of the conductor and the field
B) a duration of staying in the magnetic field

C) the length of the conductor with current

D) the environment properties

E) current intensity in the conductor
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485. TIpoBigHUK 3aBIOBXKKU / 13 CTPyMOM CHIJIONO / PO3TAIIOBAaHUM Y OJHOPIJHOMY Mar-
HITHOMY TIOJIi napanenbHo BEKTOPY MArHiTHOI iHAykuii B. SIka cuna F i€ mpu 1boMy
Ha Ie IPOBIAHUK ?

I-B-1

A)F = .B)F=1-B-I-sina. B)F =0.T)F=2-1-B-1.)F =1-B-1-cosa.

486. Cuna Amrmepa, sika Jli€ Ha MPAMOJNIHIHHUI MPOBITHUK 13 CTPYMOM 30i1bUUMbCA
yosiui, sikio (I - moBXKWHA NPOBIJHUKA, B - IHAYKIsI MarHITHOTO 10, [ - cuna cTpy-
My):

A) 36inbmmntu /i By 2 pasu. I') 3menmmru / y 2 pasu, a B 30i1bmuty y 2 pasu.
B) 30inbumt / y 4 pasu.  [I) 3menimTa /'y 2 pasu, a [ 301nbmutH y 4 pasu.
B) 3menmmnTu /'y 2 pasu, a I 3011bmmTH y 2 pasu.

487. SIxa cuna F Jiie Ha TIPOBIAHUK 3aBIOBXKKH /=10 CM y OJJHOPITHOMY MarHiTHOMY IOJIi
3 iHaykmiero B=2,6 Tn, skmo cuia cTpyMy y HpoBimHUKY /=12 A, a KyT MiX Ha Ha-
IPAMKOM CTpYMy Ta HiHismu inmykiii a=30" ?

A)F=1,56 H. B) F=0,78 H. B) F=3,12 H. T) F=7,8 H. J) F=6,24 H.

488. IIpoBigHuK 3aBROBXKKU /=50 cM 31 CTpyMOM cHioi0 /=1 A 3HaXOIUThCSA y OJHOPIA-
HOMY MarHiTHOMYy Toiti iHaykuiero B=0,1 Ti i po3ramoBaHuil y BaKyyMi nepneHouxy-
JISIPHO IO HAMPSIMY MarHiTHUX CHJIOBUX JIiHIN. SIka cuia F jie Ha 1eil npoBiqHUK ?

A) F=100 mH. B) F=125 MH. B) F=25 mH. I') F=250 mH. J[) F=50 mH.

489. IlpoBigHuk 3aBIOBXKH /=20 cM 31 CTpyMOM CUIIO0 /=2 A pO3TallOBYIOTb HephneH-
OUKYJIAPHO CUIIOBUM JIiHISIM MarHiTHoro noss inaykuiero B=50 mTn. Busnauutu iM-
IyJIbC IIBOTO IPOBIAHUKA p Yepe3 MPOMDKOK dacy =10 ¢ micist "BMUKaHHA" OIS,

A)p=0,2 xr-m/c. B)p=2 xr-m/c. B)p=0,1 kr-m/c. I')p=1 xr-m/c. {)p=0,5 xr-m/c.

490. Ha npoBinHuK 3aBIOBXKH /=60 cM 31 cTpyMOM cmiioio /=2 A 3 60Ky MarHiTHOTO
noJist inaykiiero B=5 mTn nie cuna F=3 MH. Bu3HauTe BEeIMUUHY KyTa o MiXK HApsiM-
KOM LIBUAKOCTI Apei(y 3apsIKeHNX YaCTHHOK V, IKi YyTBOPIOIOTh CTPYM, Ta BEKTOPOM
MarHiTHOI iHIyKUil B.

A) a=45°. B)a=30°. B)a=60°. T)a=0°. O)a=90°.
B3aemonist napanenbHuX cTpymiB

491. Cua B3aemopii F' Mix IBOMa napaneibHumu TIPOBITHUKAMH 31 CTPyMaMH He 3djie-
JICUMb BINT:

A) Bincrani Mix NpoBiTHUKaMH. I') Orouyrouoro cepenoBuLIa.
b) Mosxuuu npoBigHuKiB 3i ctpymMamu. /1) Cunu cTpyMy y IpOBiJHUKAX.
B) Marepiany npoBi{HUKIB.
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485. A current as long as / with current intensity / is in a homogeneous magnetic field
parallel to the magnetic induction vector B. What force F influences the conductor in
this case ?

1-B-1

A)F = B)F=1-B-1-sinad C)F=0D)F=2-1-B-1E)F=1-B-1-cosa

486. The Ampere force which influences a straight conductor with current will increase
twice, if (I — the conductor length, B — the magnetic field induction, / — current
intensity):

A) [ and B increase twice. D) / decreases twice and B increases twice.
B) lincreases 4 times.  E) / decreases twice and / increases 4 times.
C) I decreases twice and [ increases twice.

487. What force F influences a conductor of /=10 cm in a homogeneous magnetic field
with induction B=2.6 T, if current intensity in the conductor is /=12 A and an angle
between the current direction and induction lines is a=30" ?

A)F=156N B) F=0.78 N C) F=3.12N D) F=7.8 N E) F=6.24 N

488. A conductor of /=50 cm with current intensity /=1 A is in a homogeneous
magnetic field with induction B=0.1 T and is in vacuum perpendicular to the direction
of magnetic force lines. What force F influences this conductor ?

A) F=100 mN B) F=125 mN C) F=25 mN D) F=250 mN E) F=50 mN

489. A conductor of /=20 cm with current intensity /=2 A is perpendicular to force li-
nes of a magnetic filed of induction B=50 mT. Find out this conductor impulse p in =
=10 sec after the filed energization.

A) p=0.2 kg'm/sec B) p=2 kg'm/sec C) p=0,1 kg'm/sec
D) p=1kg'm/sec E)p=0.5 kg-m/sec
490. A conductor of /=60 cm with current intensity /=2 A is influenced by force F=3
mN on the side of the magnetic field of induction B=5 mT. Find out the magnitude of

the angle a between the direction of the drift velocity ¥ of charged particles generating
current and the magnetic induction vector B.

A) a=45° B)a=30° C)a=60° D)a=0° E)a=90°
Cocurrent interaction
491. Force F of interaction between two parallel conductors with currents does not de-

pend on:

A) the distance between the conductors D) the environment
B) the length of the conductors with currents E) current intensity in the conductors
C) the material of the conductors
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492. V310BX IBOX napanenpHux APOTiB 3aBAOBXKKH /=3 M KOXEH Te€UyTb 0OHAKOSI CTPY-
mu cuioro /=500 A. Bingctanp Mix aporamu d=10 cm Busnauutu cuny F B3aeMoii
MK UMM IIPOBITHUKAMH y TIOBITPi.

A)F=1,5H. B)F=2,5H. B)F=0,5H. T) F=7,5 A. JI) F=4,5 H.

493. Y310BX JIBOX napaneibHux NpSIMHUX MPOBIJHUKIB 3aBIOBXKKH /=1 M KOXEH TCUyTbh
CTPYMHU 00HaK0goi cvid. BincTanp Mix mpoBigHuKaMu d=1 cM, a criia B3a€EMOJIi Mix
CcTpyMamu [ =10" H. BU3HAUNTH 3HAYEHHS CHITH cTpyMy I y IPOBiJJHUKAX.

A) I=707 MA. B) I=7 MA. B) I=0,077 MA. T') I=70 MA. [T) I=0,7 MA.
Cuaa Jlopenua
494. Slkomy i3 HaBeACHHX BU3HAYCHB BinNOBinae cuni Jlopenya ?

A) Cuna, niroua Ha 3apsPKeHY 4acTKy 3 00Ky MarHiTHOTO IOJISL.

b) Cuia, niroua Ha MPOBITHKK i3 CTPYMOM 3 OOKY MarHiTHOTO TTOJISI.
B) Cuita B3aeMoIii BOX MPOBITHKKIB i3 CTPYMaMH.

I') Cuna 3 60Ky MarHiTHOTO I0JISl HA PYXOMY 3aps/PKeHY 4acTKy.
J1) Cuna, niroua Ha MarHiTHy CTpiIKy 3 60Ky MarHiTHOIO HOJIS.

495. Slke i3 HaBeIeHUX TBEP/XKEHb BiTHOCHO cuik JlopeHua cnpasednuge ? s cuna nie
Ha:

A) ..eNeKTPOHH, SIKi BIITAIOTh Ha3yCTpid JIHIIM MarHiTHOT 1HAYKI].
B) ..3aps/KeHI YaCTHHKH, SIKi BIIITAKOTh Y MarHiTHE 1moJjie 3emiti.

B) ..HeliTpoHH, SKi pyXaloThCs MEPHEHAMKYIISAPHO JIHIAM 1HIYKIII.
I') ..mpoToHy, fKi BIITaIOTh HapaleIbHO JiHiIM MarHiTHOI IHAYKLiT.
1) ..10HH, AKi TOKOSATHCS MK IIOJFOCAMH IMTOCTIHHOTO MarHiTa.

496. Slke TBepMKEHHS BITHOCHO KiHemuuHol eHepeii 3aps/KEHOT YaCTKH, sIKa BIIETLIA y
OJIHOpiTHE MarHITHE TI0JIE GipHe:

A)EHepris He 3MiHI0eThes. B)Eneprist nopisHioe Hyito. B)EHepris 30inbIryeThes.
I') Enepris 3menmyetscest. J1) EHeprist 3SMiHIOETbCS TIEPi0IUYHO.

497. Paaiyc KpUBUHU TPA€eKTOPil 3apsIxKeHOl YaCTUHKU R, siKa BJIETiNA y OJJHOpilHE Ma-
THITHE [0JIE nepneHOuKyIApHo 10 JiHil iHAyKUii, He 3anexcums 6io:

A) Macwu yactunku. b) I[Ipuckopenns yactunku. B) IIIBUAKOCTI YaCTHHKH.
I') 3apsay wactunku. J) MarHiTHOT iHAYKIIT OIS,

498. PobGota 4 cunu JlopeHua F, 10 epeMiIleHHIO PyXOMOTO 13 MIBUIKICTIO V 3apsny ¢
Y OJIHOPiTHOMY MarHiTHOMY T0JIi IHAYKII€0 B 3a 00un nepiod NOPiBHIOE:

2

A)A=qVB 2. B)A=21-mV . B)A:%Qﬂr. NA4=0. ))A=F, -2
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492. Equal currents =500 A flow along two parallel wires of /=3 m each. The distan-ce
between the wires is d=10 cm. Find out force F of interaction between these con-ductors
in air.

A)F=1.5N B)F=25N C)F=0.5N D)F=75A E)F=45N

493. Equal currents flow along two parallel conductors of /=1 m each. The distance
between the conductors is d=1 cm and force of these currents interaction is F=10" N.
Find out the value of current intensity / in the conductors.

A) I=707 mA B) /=7 mA C) [=0.077 mA D) /=70 mA E) I=0.7 mA
The Lorentz force

494. What of the below definitions relates to the Lorentz force ?

A) The force influencing a charged particle on the side of the magnetic field

B) The force influencing a conductor with current on the side of the ma gnetic field
C) The force of interaction of two conductors with currents

D) The force on the side of the magnetic field on a moving charged particle

E) The force influencing the magnetic needle on the side of the magnetic field

495. What of the below statements relative to the Lorentz force is true ? This force
influences:

A) ...electrons outgoing towards the magnetic induction lines.

B) ...charged particles incoming the magnetic field of the Earth.
C) ...neutrons moving perpendicularly to the induction lines.

D) ...protons incoming in parallel to the magnetic induction lines.
E) ...ions resting between the pole of a permanent magnet.

496. What statement relative to the kinetic energy of a charged particle which came into
a homogeneous magnetic field is correct ?

A) Energy does not change B) Energy is equal to zero C) Energy increases
D) Energy decreases E) Energy changes periodically

497. The curvature radius of the path of a charged particle R, which came into the ho-
mogeneous magnetic field perpendicularly to the induction lines does not depend on:

A) Particle mass. B) Particle acceleration. C) Particle velocity.
D) Particle charge. E) Magnetic induction of the field.

498. Work A4 of the Lorentz force F; on the displacement of a charge ¢ moving at a
velocity ¥ in a homogeneous magnetic field of induction B for one period is equal to:

2

A)A=gVB-2m. B)A=27-mV. B)A=""" 23 T)4=0. M A=F -2
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499. TIpoToH BiiTae 31 WBUAKICTIO V' y OIHOpIJIHE MAarHiTHE M0JIE NEePHEHOUKYIAPHO JIO
BeKTOpa MarHiTHOI iHayKuii B. ITo skiii TpaekTopii BiH MOYHE NPH LILOMY PyXaTHCh?

A) Mo npsmiii ninii.  B) [To reunToii ninii. B) ITo xoumy.
I') o rinep6oui. M) ITo nmapadoui.

500. Sk TpebGa 3MIHMTH 3HA4YCHHS BEKTOpa MarHiTHOI iHAYyKLii B, o0 pajaiyc koia R,
MO SIKOMY PYXa€ThCs 3apsi/PKeHa YaCTHHKA y MAarHITHOMY TIOJI, 36i16uugcsi Y YOTHPU
pasu ?

A) 36inbuTy y 4 pazu. b) 3mentunTu y 2 pasu. B) 36inbmutu y 2 pazu.
I') 36inpmmTH y V2 paziB. /1) 3MeHmuTH y 4 pasu.

501. ENeKTpOH pyXaeThCs y OHOPIIHOMY MarHiTHOMYy Tioi immykuiero B=5-10" Tn 3i
mBHAKIcTIO V=107 KM/C, CIPSIMOBAHOIO nepneHOUKyIsApHO N0 NiHil iHayKuil. BusHaure
cuny F, sika 1ie npu oMy Ha enektpo. (e=1,6-10" K).

A)F=9-10"" H. B)F=2-10" H. B)F=6-10"" H. I)F=8-10"* H. J)F=4-10"° H.

502. BuzHaunTu pagiyc Kona R, IO SIKOMY PyXaTHMEThCS €JIEKTPOH B YMOBaX MOHEPEa-
HBOTO 3aBaaHHs (e=1,6 10" Ko, m,=9,1-10"! KT).

A)R=48-10"m. B)R=1,2-10"* m. B)R=6,1-10" m. T)R=2,4-10" m. J)R=3,6-10" m.

503. EnexTpoH y ogHOpinmHOMY MarHiTHOMY modji inaykuiero 8=0,001 Tn onwucye koo
pamiycom R=1,82-10" M. BusHauTe mBHAKICT ¥ pyXy eNeKTPOHA y KiOMETpax 3a ce-
kyray. (e=1,6:10"" K1, m,=9,1-10°" kr).

A)V=2-10" km/c. B)V=9-10% km/c. B)V=6-10" xm/c. 1) V=3-10% km/c. J1)V=8-10° km/c.

504. BusHauuTH pajiyc Koja R, sKe OMUCYE MPOTOH Y OJHOPIIHOMY MarHITHOMY TIOJI 3
iHayKiiero B=15 mMTun, K0 MBHAKICTH HOTO PyXy y=2-10° M/c, a Maca m=1,67-10'27
KT.

A)R=23M. B)R=14m. B)R=3,6M. T)R=0,9m. J)R=42m.

505. 3apsmxKeHa YaCTUHKA PYXA€ThCA 10 KOy paxiycoM R=4 c¢M y OJHOPiAHOMY MarHi-
THOMY Todi inaykuiero B=0,3 T 3i mBuakictio V=106 m/c. BusHauutu 3apsin 1iei ya-
CTHHKH ¢, KO ii KiHeTraHa enepris W=12 xeB. (1 keB=1,6-10"'¢ JIx).

A)¢=1,6:10" K. B) ¢=4,8-10" K. B) ¢=9,6-10*" K,
) ¢=32-10"Kn. ) ¢=7,2-10"" K.

506. Iepion T obepranHs 3aps/HKCHOI YACTHHKH, SIKA BJIETLNA y OJHOPIIHE MarHiTHE I10-
JIe nepnenouKyIsAPHO 10 NiHii MarHiTHOI IHAYKIIT, He 3anexcumsb 6i0:

A) Macwu yactunku. b) [lIBunkocti yactiuakd. B) 3apsiny 4acTHHKH.
I') Inpykuii maraitHoro nons. JI) BinactuBocTeii MOBKIJIIS.
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499. A proton comes into a homogeneous magnetic field at a velocity V perpendicu-
larly to te vector of magnetic induction B. In what path will it start moving thereat?

A) In a straight line  B) In a spiral line C) In a circle
D) In a hyperbole  E) In a parabola

500. How must the value of the vector of magnetic induction B be changed for the
radius R of the circle in which a charged particle is moving in the magnetic field wil/
increase four times ?

A) To increase 4 times. B) To decrease 2 times. C) To increase 2 times.
D) To increase V2 times. E) To decrease 4 times.

501. An electron is moving in a homogeneous magnetic field of induction B=5-10" T at a
velocity V=107 km/sec directed perpendicularly to induction lines. Find out the force F,
which influences the electron thereat. (e=1.6-10" coul).

A)F=9-10"" N B)F=2-10"" N C)F=6-10"" N D)F=8-10"* N E)F=4-10"° N

502. Find out the radius R of the circle in which an electron will move under the
conditions of the previous problem. (e=1.6 10" coul, m,=9.1-10>" kg).

A)R=4.8-10"m B)R=1.2-10"m C)R=6.1-10"m D)R=2.4-10"m E)R=3.6-10"m

503. An electron in a homogeneous magnetic field of induction B=0.001 T circumscri-
bes a circle of the radius R=1.82-107 m. Find out velocity of the electron in km/sec.
(e=1.6 10" coul, m,=9.1-10" kg).

A)V=2-10’km/sec B)V=9-10%km/sec C)=6-10* km/sec D)V=3-10*km/sec E)V=8-10°km/sec

504. Find out the radius R of the circle a proton circumscribes in a homogeneous
magnetic field of induction B=15 mT, if velocity of its motion is #=2.10° m/sec, and
mass is m=1.67-107 kg.

A)R=23m B)R=14m C)R=3.6m D)R=09m E)R=42m

505. A charge particle move in the circle of the radius R=4 cm in a homogeneous
magnetic field of induction B=0.3 T at a velocity ¥=10° m/sec. Find out this [particle
charge g if its kinetic energy is W=12 keV. (1 keV=1.6-10"J).

A)g=1.610" coul B)g=4.8-10"coul C)¢=9.6:10" coul
D) ¢=3.2-10" coul E) ¢=7.2-107" coul

506. The orbital period T of a charged particle which cane in a homogeneous magnetic
field perpendicularly to the magnetic induction lines does not depend on:

A) A particle mass B) A particle velocity C) A particle charge
D) Induction of the magnetic field E) Environment properties
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507. SIxi BenuuuHU Tpebda 3HATH, 1100 BU3HAYUTH Iiepion T oOepTaHHS 3apaaKeHOol dac-
TUHKH Y OJHOPiJJHOMY MartitHomy modi ? (g, m, V - BIANOBIAHO 3apsij, Maca 1 MIBU/-
KiCTb YaCTHHKH, B - IHIYKIis MarHITHOTO TI0JIs).

A)g,B, V. B)ym,V,q. Bym,q,B. I)m, V,B. \)m, B, q, V.

508. INpuckopenuii Harpyroto U=15 kB npoToH BiiTae y 0JHOpiJHE MarHiTHE HoJe iH-
nykuieto B=0,01 Tn nepnenouxynapuo 1o cuinoBux JiHid nons. BuzHauutu nepion 7
o0epTaHHs IPOTOHA Y MArHITHOMY IIOJI. (mp:1,67'10'27 KT, g[p:1,6'10'19 Kn).

A) T=3,3 mkc. b) T=12,2 mkc. B) 7=9,4 mkc. I') T=4,8 mkc. /) T=6,6 MKc.

509. BusHayuTH 4acTOTy v OOEpTaHHS ENEKTPOHA MO KPYyroBiii opOiTi y OXHOPIAHOMY
MarmiTHOMy Toii iHgykuiero B=1 Ti. (e=1,6:10"" K, m,=9,1-10™" xr).

AW=3-10"T'w. B)y=8-10" I'.. B)v=6-10" I'ry. I)v=4-10"" T'w. )v=2-10° I'ny.
MoTtik MarniTHOI iHAYKIii

510. BuzHaunti MarHiTHU{ MOTiK @, SKUH NPOHU3YE PaMKy Y GopMi KiJblisi, paaiycoM
R=10 cm, Km0 iHAYKIiS MardiTHOro nojs B=0,318 T, a KyT o MiXk niowuHo0 Kiibys
1 JIIHISIMH MarHITHOT IHIYKIIIT CTAHOBUTH 30°.

A)®=0,5 MB6. B)®=0,05 MB6. B)®=5,0 MB6. I')@=50 MB6. I)@=500 MB6.

511. Marmitauii oTik @ y KOHTYPI i3 IUIOWIEI0 TOMEPEeuHoro mepepisy S=60 cm® 10pis-
H1o€ 0,3 MBO. BusHaunty iHAyKIil0 B Mar"iTHOrO MOJISL YCEPEAUHI KOHTYpa, BBaXKalo-
YK HOTO OJTHOPIAHUM.

A)®=50 MB0. B)®@=25 mB06. B)®=125 MB6. I')@=100 mB6. )®=75 mMBO0.
SIBuLIe eJleKTPOMATrHITHOI iHAyKIii

512. VYkaxitb gipHe TBepIUKEHHA: enekrpopyumiiiHa cuna inaykuii (EPC) ¢;, 1xa BuHU-
Ka€ y 3aMKHYTOMY IIPOBITHOMY KOHTYPI 3aiexcums BiJl:

A) Opienrauii koHTYpa B MarHiTHOMY nojii. I') Marepiany KoHTypa.
b) BenuunHu MarHiTHOT iHAYKIII. 1) ITnowi koHTYypa.
B) IlIBuakocTi 3MiHM MarHiTHOTO IIOTOKY Yepe3 KOHTYP.

513. EnekrpopyliiiiHa cuia iHIYKIT &;, SKa BUHUKAE y KiJbLENOIIOHOMY MPOBIIHOMY
KOHTYpI, pO3TallIOBAHOMY y 3MiHHOMY MarHiTHOMY TIOJI, 30i1bumsbcsi 608iui, IKIIO:

A) BueTBepo 301IbIIMTH MIBUAKICTH 3MIHH 1HIYKIIii MArHITHOTO TIOJIS.

B) BaBivi 301IbIIKTH IUIONLY KOHTYpA.

B) Basiui 30imbmmTy MiaMeTp KiJTbIs.

I") BaBivi 301IbIIMTH IIBUAKICTH 3MiHH MarHiTHOTO ITOTOKY Yepe3 KOHTYP.
J1) BaBiui 301IBIIUTH IHAYKI[IFO MAarHITHOTO TOJISL.
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507. What values should one know to determine the orbital period T of a charged particle
in a homogeneous magnetic field? (g, m, V are charge, mass and velocity of the particle,
respectively, B is the magnetic field induction).

A)g,B,V Bym,V,q Cym,q,B Dym,V,B E)m,B,q,V

508. A proton accelerated with voltage U=15 kV comes in a homogeneous magnetic field
of induction B=0.01 T perpendicularly to the field force lines. Find out the orbital
period T of the proton in the magnetic field. (m,=1.67-10°" kg, ¢,~1.6-10"" coul).

A)T=3.3 mksec B)7T=12.2 mksec C)7=9.4 mksec D)7=4.8 mksec E)T=6.6 mksec

509. Find out the frequency v of an electron rotation in a circular orbit in a homogene-
ous magnetic field of induction B=1T. (e=1.6-10"" coul, m,=9.1-10™' kg).

Ap=3-10"" Hz B)v=8-10"> Hz C)v=6-10° Hz D)v=4-10"" Hz E)v=2-10° Hz
Magnetic induction flow

510. Determine magnetic flow @ which penetrates a framework in the form of a ring,
R=10 cm in radius if magnetic field induction is B=0.318 T, and angle o between the
ring plane and magnetic induction lines is 30°.

A)@=0.5 mWb B)®=0.05 mWb C)@=5.0 mWb D)®=50 mWb E)d=500 mWb

511. Magnetic flow @ inside a contour of the cross-sectional area S=60 cm” is equal to
0.3 mWb. Determine magnetic field induction B inside the contour considering it as
homogeneous.

A)D=50 mWb B)@=25 mWb C)®@=125 mWb D)®@=100 mWb E)@=75 mWb
The phenomenon of electromagnetic induction

512. Choose the true statement: the inductance electromotive force (IEmF) &, which
occurs in a closed conducting contour depends on:

A) The contour orientations in the magnetic field. D) The contour material.
B) The magnetic induction value. E) The contour area.
C) The rate of change of a magnetic flow through the contour.

513. The inductance electromotive force (IEmF) ¢;, arising in a ring-shaped conducting
contour located in a variable magnetic fiel will increase twice, if:

A) Rate of change of a magnetic field induction through the contour increases 4 times
B) The contour area increases twice.

C) The ring diameter increases twice.

D) The rate of change of magnetic flow through the contour increases twice.

E) Magnetic field induction increases twice.
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514. EPC innykuii &, sKa BUHUKAE y KiJbLENOAIOHOMY IIPOBITHOMY KOHTYPI, pO3TalIo-
BAaHOMY Y 3MiHHOMY MarHiTHOMY IIOJIi, 3MeHUUMbCA 806IHi, IKILO:

A) BBiui 3MEHIIMTH IIBUAKICTh 3MiHH MarHiTHOTO ITOTOKY Yepe3 KOHTYP.
b) BueTBepo 3MEHIIMTH MIBUAKICTH 3MIHH 1HIYKIIIT MATHITHOTO TTOJIS.

B) BaBiui 3MEHIINTH AiaMeTp KUIbIIS.

I') BaBiui 3MEHIINTH 1HIYKLIIO MAarHiTHOTO TOJIS.

J1) BaBiui 3MEHIIKUTH IUIONLY KOHTYpA.

515. 'V conenoini, sixkuid Mictuth N=180 BUTKIB, MarHiTHH{ IMOTIK 32 MPOMIXKOK 4acy
At=5 Mc piIBHOMIPHO 3MIHHBCSI BiJl 3HAYCHHS ®,=310" B6 510 (172:1,5-10'3 B6. BusHa-
yutd EPC iHAyKIii &;, AKa MPH [IbOMY BUHHUKAE.

A) =108 B. B) ¢=27 B. B) =6 B. I) ¢=13 B. JI) 5,=54 B.

516. Slkuii MarHiTHUN NOTIK @ NPOHU3YBAB KOJCEH GUMOK KOTYILIKH, SIKa MICTUTh N=
=1000 BUTKIB, SIKIIIO NPX PIBHOMIPHOMY 3MEHILEHH] O HyJISI MarHiTHOTO MOJIS 3a MPO-
Mixok 4yacy At=0,1 c, B Hiit Bunukae EPC inaykuii =10 B ?

A) ®@=2 MB6. B) ®=8 MB6. B) =1 MB6. ) =16 MB6. JI) &=4 MB6.

517. Korymika ingykTuBHOCTI AiamerpoM D=20 cm mictuTh N=50 BUTKIB i 3HaXOJUTh-
cs 'y 3MIHHOMY MarHiTHOMY ToJii. BU3HaYMTH MIBUAKICTH 3MIHM IHAYKIIi MarHiTHOTO
nosist AB/At B Toii MoMeHT 4acy, ko EPC inaykuii y kotymmi =100 B.

A) AB/A=96 T/c. B) AB/At=64 Ti/c. B) AB/At=48 Tu/c.
I') AB/At=72 Ta/c. J{) AB/At=32 Tr/c.

518. 'V ogHopigHOMy MarHiTHOMY moui inaykuieto B=0,1 Ta pyxaeTbcst NpsIMOTiHIHHIH
MPOBITHHK 3aBIOBXKKH /=10 cM 31 mBHAKICTIO V=15 M/C, CIPSIMOBAHOIO nepneHOUKyisi-
PHO HaNpAMKy MartitTHol inaykuii. Busnauntu EPC inaykuii ;, ika BUHUKAE y [IbOMY
MIPOBITHUKY.

A) &=1,14 B. B) £=2,28 B. B) £=0,04 B. ') £,=0,15 B. J) £=0,56 B.

519. TlpsmomniHIHHMI MPOBIAHMK pyXaeThCs 31 MIBUAKICTIO V=25 M/c y OIHOpPIAHOMY

MardiTHOMY moJii 3 iHaykuiero B=4 MTn nepnenouxynsipno 10 CUIOBUX NiHiA. YoMy
JIOPIBHIOE JTOBXXHHA IPOBIAHKKA /, SIKIIO MMPH [BOMY Ha HOTO KiHISMX BHHHUKAE Pi3HHIS
norteniianis Ap=30 mMB ?

A) 1=45 em. B) 1=60 cm. B) 1=30 em. T) =15 om. JT) =75 em.

520. TIpoBimHUK 3aBIOBXKKH /=1 M pyXaeThcs 31 MIBUAKICTIO V=5 M/C nepneHouxyispHo
JIHISM THIYKIT OHOPIHOTO MArHiTHOTO MOJis. BU3HAUNTH BEMMYMHY 1HAYKIIT HO-JIs
B, K110 Ha KIHIPIX TPOBIJHUKA TIPH HOTO pyCi BUHHMKAE PI3HUIS MOTEHIAMB Ag= =12
MB.
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514. The inductance electromotive force (IEmF) ¢, arising in a ring-shaped conducting
contour located in a variable magnetic field will decrease twice if:

A) Rate of change of a magnetic field induction through the contour decreases twice

B) The rate of change of a magnetic field induction decreases four times.
C) The ring diameter decreases twice.

D) Magnetic field induction decreases twice.
E) The contour area decreases twice.

515. In a solenoid of N=180 coils, the magnetic flow equally changed from ®,=3-107

Wb to @,=1,5-10" Wb during the period of time At=5 msec. Find out the IEmF ¢,
which occurs thereat.

A)e=108V B)e=27V C)e=6V D)e=13V E)e=54V

516. What magnetic flow penetrated each coil of a bobbin, which had N=1000 coils, if

at a uniform decrease of the magnetic field up to zero during A¢=0.1 sec there occurs the
IEmF equal to &=10V ?

A)®=2 mWb B)®=8 mWb C)@=1 mWb D)d=16 mWb E)d=4 mWb

517. An inductance coil of D=20 cm in diameter has N=50 coils and is in a variable

magnetic field. Find out changes of the magnetic field induction AB/At at that moment
of time, when the IEmF in the coil is =100 V.

A) AB/At=96 T/sec B) AB/At=64 T/sec C) AB/At=48 T/sec
D) AB/At=72 T/sec E) AB/At=32 T/sec

518. In a homogeneous magnetic field, induction B=0.1 T makes a straight-line
conductor of /=10 c¢cm in length move at a velocity V=15 m/sec, directed perpendicularly
to the direction of magnetic induction. Find out the IEmF ¢, which occurs in this
conductor.

A)&=1.14 V B) £=2.28 V C) £=0.04 V D) £=0.15 V E) £=0.56 V

519. A straight-line conductor moves at a velocity V=25 m/sec in a homogeneous
magnetic field of induction B=4 mT perpendicularly to force lines. What is the
conductor length / if on its ends there occurs a potential difference Ag=30 mV ?

A)I=45cm B)/=60cm C)/=30cm D)/=15cm E)I/=75cm

520. A conductor as long as /=1 m moves at a velocity V=5 m/sec perpendicularly to
the induction lines of a homogeneous magnetic field. Find out the value of the field

induction B, if on the ends of the conductor in its motion there occurs a potential diffe-
rence Ag=12 mV.
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A) B=2,4-10" Tr. ) B=5,8-102 Tx1. B) B=9,7-10° Tn.
') B=0,16 Tx. T) B=4,2-10" Tn.

521. Topu3oHTalbHA MIBHAKICTH JiTaka V=950 km/roj, a po3max ioro kpui L=12,5 m.
Busnaunte EPC inmykiii &, sika BUHMKAE Ha KiHIIX KPWII JIiTaka, KO BEPTHKAIbHA
CKJIafIoBa IHAYyKIii MarHiTHOTO ToJist 3emuti B=50 mMxTi.

A) =320 MB. B) £,=40 MB. B) £=160 MB. I') £,=240 MB. J) £=80 MB.

522. MarniTHui# OTIK @ yepe3 MPOBiJHE KiNbIIe 13 eNeKTpuuHUM ornopoM R=0,03 Om
piBHOMipHO 3MmiHuBcs Ha A@=0,012 B6 3a npomikok uacy Ar=2 c. BusHauuTi cuiy
CTPYMY Y IIbOMY KiJIbIli /.

A)I=0,8 A. B)I=0,2 A. B)I=1,6 A. I)I=0,1 A. 1) I=0,4 A.
InaykTuBHicTh. SIBUIIE camoiHTyKITiT

523. VYKkaxiTh BipHE TBEPKECHHS: 3MeHwiumu 1HIYKTHBHICTh KOTYIIKA L 32 YMOBH, 110
i1 nowxuHa / i nonepeyHuii nepepis S 3aIMIIAIOTHCSA HOCMIUHUMU, MOXKHA HITISIXOM:

A) 3meHmenHs MarHiTHoro notoky. I') 3menmenns EPC mxepena ctpymy.
b) 3menmenns crpymy y kotym. 1) BunaneHns cepaedHuKa i3 KOTYIIKH.
B) 30inblIeHHS ITBHOCTI HAMOTYBaHHS BUTKIB.

524. Tlpu nmepeMOTyBaHHI KOTYLIKH, KOHIEHTpauis 1i HamoTyBaHHS n=N// (KiIbKiCTh

BUTKIB Ha OJUHULIO JOBXUHU) 3pocia y 2 pasu. Sk mpu oMy 3MIiHUIACH IHAYKTHB-
HicTb KOTYIIKY L ?

A)306inpumnacs y 4 pasu. b)3menmmnacs y 2 pasu. B)36insumiacs y V2 pasis.
I') 3anmmmnacs veaminHow. J) 30inbiminace y 2 pasu.

525. BwusHauuTe HegipHy PO3MIPHICT IHAYKTUBHOCTI KOHTYpa L:
|21 B ond. B|EA] n|EE (4]
) YRk ) |Om-c]|. B) pat ) Rk ) |IH).

526. BwusHauTe KiNbKICTh BUTKIB N y KOTyIINi iHXYKTHBHICTIO L=1 MI'H, SKIIO OpH CH-
i cTpyMmy B Hiit /=1 A moTiK MarHiTHOI iHAyKIii Yepes koocen it umox d=210° BG.
A) N=1000. B) N=750. B) N=1500. I') N=1250. I) N=500.
527. YoMy AOpiBHIOE IHIYKTUBHICTb L KOTYIIKH i3 3aIi3HUM OCEPASM, SKILIO 33 MPOMi-
Kok yacy Ar=0,5 ¢ ctpyM y kodi 3MiHuBes Bix /,=10 A no L,=5 A, a BUHHKIJIA NIpH 1IO-
My EPC camoinaykiii Ha KiHISX KOTYIIKH £=25 B ?

A)L=7,5TH.B)L=12,5Tu. B) L=2,5Tu.T) L=1,25 Tn. 1) L=0,5 T'x.
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A)B=2.4-10"T B)B=5.810"T C)B=9.7-10° T
D)B=0.16T E)B=4.2.10"T

521. A horizontal velocity of a plane is =950 km/h, the plane spread is L=12.5 m. Find
out the IEmF &, which occurs on the ends of the plane wings, if the vertical component
of the induction of the Earth magnetic field is B=50 mkT.

A) £=320 mV B) £=40 mV C) ¢=160 mV D) £=240 mV E) £=80 mV

522. A magnetic flow @ through a conducting ring with electrical resistance R=0.03
Ohm has uniformly changed by A@=0.012 Wb during the period of time Ar=2 sec. Find
out current intensity / in this ring.

A)I=0.8 A B)/=02A C)I=1.6 A D)/=0.1A E)I=04 A
Inductance. The phenomenon of self-inductance

523. Show the true statement: a coil inductance L can be decreased, if its length [ and
cross section S remain permanent by:

A) Decreasing the magnetic flow D) Decreasing the IEmF of a current source
B) Decreasing current in the coil E) Removing a coil core
C) Increasing a winding density

524. In winding a coil the concentration of its winding n=N// (the number of winds per
a unit of length) increased twice. How did the inductance coil L change thereat ?

A) It increased four times B) It decreased 2 times C) It increased V2 times
D) It remained unchanged E) It increased 2 times

525. Find out an incorrect dimensionality the loop inductance L:

A) [ij} B) [Ohm-sec] C) {B'A} D) [37} E) [H]

¢
526. Find out how many winds N a coil of inductance L=1 mH has, if at current inten-
sity /=1 A in it a flow of magnetic induction over each wind is @=2-10° Wb.

A)N=1000 B)N=750 C)N=1500 D)N=1250 E)N=500

527. What is inductance L of a coil with an iron core equal to, if during the period of
time A7=0.5 sec current in the circuit changed from /;=10 A to /,=5 A and the self-in-
ductance electromotive force which occurred thereat on the coil ends was =25V ?

A)L=75H B)L=125H C)L=2.5H D)L=125H E)L=05H
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Emneprist MaruiTHoro moss

528. Ilo obmotui conenoina ingykTuBHicTIO L=0,2 I'H Teue ctpym cuioto /=10 A. Bu-
3HAYUTH CHEPTiI0 MAarHITHOTO MOJIS coyieHoina W,,..

AYW,0.=10 Ix. BYW,,,.=25 k. BYW,..=5 k. D)W,,,.=20 Jx. J)W,..=15 Ix.

529. Emnepris marsiTHoro moisi conenoina W,,,=10 x. Io ioro oOMOTII Teye cTpym
cuioro /=10 A. Bu3HaunTH IHIYKTHBHICTB L IOTO COJICHOIIA.

A)L=1,6 Th. B) L=0,2 Tw. B) L=0,8 ['. T') L=0,1 T'w. I) L=0,4 T'n.

530. ImmyxtuBHicTh conenoina L=0,1 I'n, a enepris iioro maruitaoro mons W,,..=5 JIx.
Busnauutu cuity cTpymy /, sIkuit Tede o oOMOTII CoJIeHOIna.

A)I=5,0A. B)I=12,5A. B)I=2,5A. T)I=10,0 A. 1) I=7,5 A.
MarniTHi MOMeHTH aTOMiB. MarHeTHKH

531. Mo miaMarHeTHKiB HajJeXaThb PEYOBHUHH, SIKI HAMATHIUYIOTHCS Y 30BHIIIHBOMY Ma-
THITHOMY TOJI 1 TIPH I[bOMY:

A) Im BacTuBa fomenna ctpykrypa. I') Ixus MaruitHa npoHukHicTs >1.
b) Bonu BTsryroThest y MardiTHe nose. J) IXmst MarHiTHa cipuidHSTINBICTE y>0.
B) BoHu BHIITOBXYIOTHCS 13 MATHITHOTO TIOJISI.

532. Ilpu BUBUCHHI TEeMIEPATypHOI 3aJISKHOCTI MarHITHOI IPOHUKHOCTI y IESTKOTO 3pa-
3Ka OyJlo BUSIBIICHO 11 pi3ke 3MeHuieHHa TIPU TIEBHIN Temmepatypi. I3 sikoro marepiany
BUT'OTOBJICHUH 1€l 3pa3oK ?

A) HMiamarautHoro. b) @epomarnitHoro. B) [TapamarnitHoro.
I') Hemarnitaoro. [I) Jlienekrpuynoro.

533. @epomacnemuxu XapaKTEpHi TUM, 110 Y HUX 8 Medcax OOMeHY CIIHH eNICKTPOHIB:

A) AuTHnapasienbHbl | KoMreHcyroThes. ') [TapanenbHi o/iMH OHOMY.
B) IpotunexHi mo maruitHoro monst.  J[) HeBperympoBani Mixk co0oro.
B) AnTunapaiensHsl i He KOMIIEHCYIOThCS.

534. Ilpu temneparypax 7, Oinvuwiux 3a Touky Kiopi, hepomMarHeTix nepeTBOPIOETHCS
Ha:

A) Hiamarneruk. b) [Tapamarnerux. B) ®eprmarserux.
T') Aatudepomarnerux. /) @epwur.

535. Ilpu BUMipax MarHiTHOI IPOHUKHOCTI 4 Y TPHOX 3pa3kax MarHETHKIB IPH JAESIKOMY
3HA4Y€HHI MarHiTHOTO IOJIs, IXHI 3Ha4eHHs BUABWIMCH piBHUMH 1285; 1,008 i 0,9994.
SIkoMy i3 HaBe/leHUX BUII4/IKiB MArHETHKIB BiAMOBIAIOTH 11i 3HAYECHHS?
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Magnetic field energy

528. In a coil of a solenoid with inductance L=0.2 H the current of intensity /=10 A
flows. Find out the solenoid magnetic field energy W,q.

A) VVmagzlo J B) Wmag:25 J C) Wmage:5 J D) VVmagZZO J E) VVmagzzls J

529. A solenoid magnetic field energy is W,,,,=10 J. In its coil the current of intensity
I=10 A flows. Find out this solenoid inductance L.

A)L=1.6H B)L=02H C)L=0.8H D)L=0.1H E)L=04H

530. A solenoid inductance is L=0.1 H, its magnetic field energy is W,,,,=5 J. Find out
intensity / of the current which flows in the solenoid coil.

A)I=5.0A B)I=125A C)I=25A D)I=10.0A E)I=75A
Atom magnetic moment. Magnetics

531. Diamagnetics are substances which are magnetized in the external magnetic field
and in doing so:

A) They have a special domain structure. D) Their magnetic permeability is z&>1.
B) They are drawn into the magnetic field. E) Their magnetic susceptibility is y>0.
C) They are pushed out of the magnetic field.

532. When studying temperature dependence of magnetic permeability x# of some
sample it was found out that magnetic permeability sharply decreased at a definite
temperature. What material is this sample made of ?

A) Diamagnetic B) Ferromagnetic C) Paramagnetic
D) Non-magnetic E) Dielectric

533. Ferromagnetics are characterized by the fact that within a domain electron spins
are
A) anti-parallel and compensated. D) parallel to each other.
B) opposite to the magnetic field. E) disordered among each other.
C) anti-parallel and uncompensated.

534. At temperatures 7T, higher than the Curie point (magnetic transition temperature), a
ferromagnetic turns into:

A) Diamagnetic. B) Paramagnetic. C) Ferrimagnetic.
D) Anti-ferromagnetic. E) Ferrite.

535. In measurements of magnetic permeability u in three samples of magnetic at some
value of the magnetic field, their values turned out to be 1285; 1,008 and 0.9994. What
case of magnetics do these values refer to?
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A) b) B) ) iy
JiaMarHeTWuK,  JiaMarHeTHK,  IapaMarHeTHK, (epoMarHeTHK (epoMarHeTuk
napamMarHeTuk, (EpoOMarHeTHUK JiaMarHeTHK,  MapaMarHeTHK, [iaMarHeTuK,
(depoMarHeTHK. MapaMarHeTUK. (EPOMArHETHK IMAaMarHeTHK. IlapaMarHeTHK.

TECTOBI 3ABAAHHA 10 PO3ALTY "KOJIMBAHHA 1 XBHIIT"
I'apmoHi4Hi KoJUBAHHSA

536. Slkwii i3 HaBeICHUX BUPA3iB € PIBHSIHHIM 2APMOHIYHO20 KOJMBAHHS ?

at’ gt’
A)x=x,tv-t. B)x:l)ot+7. B)y:uotiT.
2

&t
I x=A-cos(w,-t+¢,). ) (p=(p0+a)ot+7_

537. VkaxiTh piBHSAHHS KOCHHYCOINAILHOTO KOJUBAHHS, SKIIO 3a =1 XBHIHHY 3Iiiic-
HIoeThcst N=180 K0JIMBaHb 3 aMILTITY1010 A=7 CM, a MOYaTKoBa (a3a KOJUBaHb (o=7/2.

A) x=7 008(6721 + %) B) x=60 005(3711 + %j B) x=7 cos(%t + éj

r)yx=7 cos(%m + %J ) x=180 cos[Zﬂ't + %j

538. VYV sxoMy i3 HaBeleHUX NPHUKJIA/IIB KOJIUBAHHS He € 2apMoHiuHumu ?

A) BuMmylieHi eJeKTpOMarHiTHi KOJIMBaHHS y KOHTYPI.

b) 3aryxaroui KOJMBaHHS MasTHHUKA.

B) EnexrpoMartiTHi KOJIMBaHHS y i1€aJbHOMY KOJIHBAJIBLHOMY KOHTYPI.
I') Masi KoJMBaHHS MAaTEMaTHYHOTO MasiTHUKA.

J) Mai konuBaHHS IPYXUHHOTO MasiTHHKA.

539. VY sxoMy BUNAJKy aMIUTITYZla TAPMOHIYHUX KOJMBAHb MIHIMALbHA 32 a0COIIOTHOIO
BEJIMUYUHOIO ?

A) x=cos(4t). B) x=2-cos(5m+n). B) x=4-cos(6m+/3).
') x=3-sin(8). H)x=5-sin2mt-72).

540. V sxoMy BUNAJKy aMILITyJa TapMOHIYHHUX KOJIUBAHb MAKCUMANbHA 33 aDCOMIOT-
HOIO BEJIMYHMHOIO ?

A) x=cos(4m). Bb) x=2-cos(5m+n). B) x=4-cos(6m+7/3).
') x=3-sin(8 ). H)x=5-sin2at-72).

541. PiBHSHHS TapMOHIYHHMX KOJHMBaHb Ma€ BUIIISA: X=8-sin(2 ¢+ 7/3). BuzHaure mnepi-
on T uMx KOJNHBaHb.

212



A) B) 0) D) E)

diamagnetic, diamagnetic, paramagnetic, Ferromagnetic, ferromagnetic,
paramagnetic, ferromagnetic, diamagnetic, paramagnetic, diamagnetic,
ferromagnetic ~ paramagnetic  ferromagnetic ~ diamagnetic paramagnetic

TEST PROBLEMS TO THE SECTION “OSCILLATION AND WAVES”
Harmonic oscillations

536. What of the below expressions is the equation of @ harmonic oscillation ?

at’ gt’
A) x=x,tv-t. B)x:z)ot+7. C)y:uotiT.
2

&t
D) x=A4-cos(w, -t +¢,). E) ¢7=¢70+600t+7.

537. Show the equation of a cosine oscillation, if for /=1 min there take place N=180
oscillations of amplitude A=7 cm and the initial phase of oscillations is py=7/2.

A) x=7cos[6zzt+z . B) x=60cos 37n‘+z . C) x=7cos EH—1 .
2 2 2 3
D) x:7cos(§m+§). E) x:180005[27n+§}

538. In what of the below examples oscillations are not harmonic ?

A) Forced electromagnetic oscillations in a loop

B) Damped pendulum motion

C) Electromagnetic oscillations in the ideal oscillating loop
D) Minor oscillations of a mathematical pendulum

E) Minor oscillations of a spring pendulum

539. In what case is the amplitude of harmonic oscillations minimal in the absolute
magnitude ?

A) x=cos(4m) B)x=2-cos(S5mtn) C)x=4-cos(6m+/3)
D) x=3-sin(87) E)x=5-sin(27-7/2)

540. In what case is the amplitude of harmonic oscillations maximal in the absolute
magnitude ?

A) x=cos(4m) B)x=2-cos(Sm+n) C)x=4-cos(6m+3)
D) x=3-sin(87¢) E)x=5-sin(2-7/2)

541. The equation of harmonic oscillations looks like x=8-sin(2z#+7/3). Find out the
period (time) of these oscillations.
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A)T=2c. B)T=5¢c. B)T=lc. I)T=0,5¢c. J) T=4c.

542. PiBHAHHS TapMOHIYHUX KOJMBaHb Mae BUIIIA: X=4,8-cos(7#/2-7/6). BusHauntu
JacTOTY V IIUX KOJIMBAHb.

A) v=1,5Tu. B) v=0,75 T.. B) v=1,0 T'x. T') v=0,25 I'r. JT) v=0,5 I'1.

543. Kamepron 3ailicHioe N=12 KonuBaHb YIPOJOBXK MPOMiXKY dacy ¢=0,6 c. Busna-
YHUTH YaCTOTY V LIUX KOJIMBaHb ?

A) v=20Tu. Bb) v=5Tu. B) v=10Tu. I') v=15Tu. M) v=25Tn.
544. VxaxiTh piBHAHHS CHHYCOINAJbHOTO TapMOHIYHOTO KOJIMBAHHS i3 aMILTITYIOIO
A=1 cm, gxkmio 3a =1 XBWIHHY 37ilCcHIOETECS N=150 KoMBaHb, a MoyaTkoBa (asa Ko-

nHBaHb 0o=45".

A) x=sin(5m+m/4). B) x=sin(0,8+77/4). B) x=sin(0,4m+/4).
) x=sin(5m+150). ) x=sin(2,5m+7/4).

545. VkaxiTh piBHSHHS TapMOHIYHOTO KOJIMBaHHS 13 iepiogom 7=3,14 c.

A) x = A-sin(2t). B) x= A-sin(nf). B) x = A4-sin(2xt).
I') x=A4-sin(0,5¢). J{) x = A-sin(0,57¢).

546. Bu3HAYMTH YACTOTY KOJMBAHB V, PIBHSHHSA AKUX Mae BUrs: x =100 -sin(7z - ¢).

A) v=1,5Tu. B) v=2,0T'a. B) v=1,0 . I') v=0,5 T'u. 1) v=2,5 .

3 6
Bu3HauTe 3MillIeHHs TOYKH BiJI TIOJIOXKEHHSI PiBHOBArM X Y MOMEHT Jacy =12 c.

1007 V4
547. Touka 3miCHIOE TAPMOHIYHI KOJMBAHHS 3TiTHO 3aKOHY: x:8-sm( +— | cm.

A)x=lcm. B)x=4cm. B)x=3cm. DINx=2cm. ]I)x=6cm.

548. Touka KOJMBAETHCS KOCUHYCOIOANbHO 13 aMILTITY1010 A=4 cM SIka KoopauHATa TO-
YKH X BianoBinae $asi konuBanus p=mu/3 ?

A)x=2cm. B)x=3cm. B)x=lcm. D)x=4cm. ) x=0cm.

549. Bwusnaure nepion T KOJMBaHb MaTEpialbHOI TOUKH, sKa 37ilicHIOe N=50 MOBHUX
KOJIMBaHb 3a IPOMiKOK dacy =20 c.

A)T=1,6¢c. B)T=2,5¢. B)T=04c. I)T=32c. J) T=08c.

550. Bu3HAUMTH Y4acTOTy Vv MEXaHIUYHHMX KOJHBaHb TiJa, SKIIO TEepioa HOro KOJMBaHb
T7=0,5 c.
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A)T=2sec B)T=5sec C)T=1sec D)T7=0.5sec E) 7=4 sec

542. The equation of harmonic oscillations looks like x=4.8-cos(7z#/2-7/6). Find out
frequency v of these oscillations.

A) v=1.5 Hz B) v=0.75 Hz C) v=1.0 Hz D) v=0.25 Hz E) v=0.5 Hz

543. A tuning fork performs N=12 oscillations per the period of time equal to #=0.6 sec.
Find out frequency v of these oscillations.

A)v=20Hz B) v=5Hz C) v=10Hz D) v=15Hz E) v=25Hz
544. Show the equation of a sinusoidal harmonic oscillation of amplitude 4=1 cm, if
during =1 min there performed N=150 oscillations and the initial phase of oscillati-ons

is p,=45°.

A) x=sin(0,8 +7/4) B) x=sin(5m+/4) C)x=sin(0,47m+74)
D) x=sin(Sm+150) E) x=sin(2,5 z+7/4)

545. Show the equation of a harmonic oscillation of the period 7=3.14 sec.

A) x=A4-sin(2t). B) x= A-sin(nf). C) x = A-sin(27m).
D) x = 4-5in(0,5¢). E) x = A4-sin(0,57¢).
546. Find out frequency v of oscillations, the equation of which looks like x=100x
xsin(7zt).

A) v=1.5HzB) v=2.0 Hz C) v=1.0 Hz D) v=0.5 Hz E) v=2.5 Hz

1007

7
547. A point performs harmonic oscillations by the law x:8-sin( t+ g) cm. Find
out the point displacement from the equilibrium position x at =12 sec.
A)x=lcm B)x=4cm C)x=3cm D)x=2cm E)x=6cm

548. A point performs cosine oscillations of amplitude 4=4 cm. What coordinate of the
point x corresponds to the phase of oscillations p=7/73 ?

A)x=2cm B)x=3cm C)x=lcm r)x=4cm E)x=0cm

549. Find out the period (time) T of oscillations of a material point, which performs
N=50 full oscillations during the period =20 sec.

A) T=1.6 sec B) T=2.5 sec C) 7=0.4 sec D) 7=3.2 sec E) 7=0.8 sec

550. Find out frequency vof mechanical oscillation of a body, if the period of its
oscillation is 7=0.5 sec.
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A) v=1,5Tn. B) v=3,0T. B) v=2,5Tu. T') v=1,0 I'u. 1) v=2,0 T'm1.

551. CepenHst MIBUIKICTh pyXy HOpLIHS HapoBoi MamuHu V=4 m/c. Xing nopumHs S=
=500 mM. Bu3zHaunTH 9acTOTy v KOJMBAHb IIHOTO MOPIIHS.

A)v=16Tu. b) v=6Tu. B) v=12Tu. I') v=8Tm. H) v=10 .

552. 3a sKuii MPOMIXOK 4acy ¢ MasiTHHK, KU 311HCHIOE CUHYCOIOAIbHI KOTMBAaHHS, Bi-
IIXUIUTBCS BiJl TIOJIOXKEHHS PIBHOBATH Ha NOAOBUHY amniainyou (x=A/2), sxuio nepion
Horo xonuBaHb 7=3,6 ¢ ?

A)t=0,6¢c. B)r=02c. B)r=03c. I)t=09c. JI)t=04c.

553. 3a sky wactuny nepioay #(7) TOYKa MPU KOCUHYCOIOAIbHOMY TAPMOHIYHOMY KOJIH-
BaHHI IIPOXOAUTD NepuLy nON0BUHY AMNIImMyou ?

Ny t=2 Br=t mye=L =T =L
Vi=3. Bi=g. Byi=g. Di=o . D=

HIBuaKiCTh TOYKH IPU FAPMOHIYHUX KOJHUBAHHSAX

554. Touka 3/1iHCHIOE TapMOHIYHI KOJIMBAHHS 3TiIHO 3aKOHY: X=A -cos( @+ ). YKaKiTh
BUpAa3 JUIS MBUAKOCTI pyXy 1€l Touku Vy y nouamkosuti momenm uacy (1=0).

A) Vi=-Aw-cos(¢). Bb) Vi=-Awsin(ax). B) VOZ-Aa)Z-sin(@.
) Vo=-A4 o sin(axt). 1) Vi=-Awsin(p).

555. KonuBaHHs TOYKH BigOyBaeThest 3rimHo i3 3akoHOM x=0,5-c0s(0,577¢) M BusHaumntu
MAKCUMAbHY NIBUIKICTh KOJUBAHB II€T TOUKU V.

A) Vine=0,6 M/c. B) Vipere=0,2 M/c. B) Vpue=1,2 M/c. T) Vypeu=0,4 M/c. JT) Ve =0,8 M/c.

556. Touka KOJIMBAETHCS 3d 3AKOHOM KOCUHYCA 13 aMILTITY 1010 A=4 cM 1 yactoToro v=6 [
BusHaunTH wisuokicms TOYKU V, sika BiANoOBigae (asi KoNMBaHHS ¢=7/3.

A) V=36 cm/c. B) V=24-cm/c. B) V=42 cm/c. T') =30 m/c. T) V=18 cm/c.

557. PiBHSHHS rapMOHIYHUX KOJMBAHb TOYKH Ma€ BUTIAI: x=sin(@+¢y). [Ipu skomy
3HAYCHHI ()a3u KOJMBAHHSA ¢ NIBUAKICTH TOUkH V=0 ?

A)¢=0. B)ep=z B)eg=m4 T)ep=m2. ) ¢=73.

558. PiBHSHHS TapMOHIYHHX KOJIMBaHb TOYKH Mae BUNNIAL: x=sin(w+t). Yepe3 skwuii
IIPOMIXKOK 4acy ¢ (y goisx nepiony 7) MBUAKICTE V Todku OyAe MakcumanbHorw ?

et el pel L _r
)i=15- B=. By=¢. Di=3. D=

216



A) v=1.5HzB) v=3.0 Hz C) v=2.5 Hz D) v=1.0 Hz E) v=2.0 Hz

551. The average velocity of motion of a steam engine piston is V=4 m/sec. A piston
stroke is $=500 mm. Find out frequency v of oscillations of this piston.

A) v=16 Hz B) v=6 Hz C) v=12 Hz D) v=8 Hz E) v=10 Hz

552. For what period of time ¢ will a pendulum performing sinusoidal oscillations
deviate by a half-amplitude (x=A/2) from the equilibrium position if the period (time)
of its oscillations is 7=3.6 sec ?

A) t=0.6 sec B) t=0.2 sec C) t=0.3 sec D) r=0.9 sec E) t=0.4 sec

553. During what part of the period (time) #(7) does a point in a cosine harmonic
oscillation cover the first half of amplitude ?

T
E)t=

T T T
A)t=— B)i=_ O)t=— D)t= g

r
3 8 12 4

Point velocity in harmonic oscillations

554. A point performs harmonic oscillations by the law x=A4-cos(@t+¢). Show the
expression for the point velocity Vj at the initial moment of time (¢=0).

A) Vi=-Awcos(p) B) Vi=-Awsin(axt) C) V0=-Aa)2-sin(go)
D) Vy=-Aw'sin(ax) E) Vi=-Awsin(¢p)

555. A point oscillation goes from the law x=0,5-cos(0,57z¢) m. Find out the maximum
velocity of the point oscillations V.

AW,..=0.6 m/sec B)V,,.=0.2 m/sec C)V,,,.=1.2m/sec D)V,,..=0.4 m/sec E)V,,..=0.8 m/sec

556. A point oscillates from the cosine law with amplitude A=4 cm and frequencyv=6 Hz.
Find out the point velocity V which corresponds to the phase of oscillations ¢p=7/3.

A) V=36 cm/sec B) V=24-cm/sec C) V=42 cm/sec D) =30 m/sec E) V=18 cm/sec

557. The equation of harmonic oscillations of a point looks like x=sin(@*+¢). At what
value of the oscillation phase ¢ the point velocity is V=0 ?

A)p=0 B)g=n C)ep=m4 D)e=m2 E)¢=n3

558. The equation of harmonic oscillations of a point looks like x=sin(w+). In what
period of time ¢ (in fractions of period 7) will the point velocity V be maximum ?

A_l B_I C_Z D_Z E_Z
V=15 V=5 )t_6 )t_3 V=7
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559. PiBHSIHHS TapPMOHIYHOTO KOJMBAHHS TOYKH Ma€ BUTISA: x=A-sin(ay¢). Uepe3 sikwii
IPOMIXKOK dacy ¢ (y foiix mepiony 7) MBUIKICTb i€l TOUKH V' AOPIBHIOBATHME 1O10-
6uHi it MakcumanbHol BUIKOCTI Ve ?

yi=g3- By=ye By=g. D= =g

IIpuckopeHHst TOUKH MPU FAPMOHIYHUX KOJTMBAHHAX

560. YkaxiTh BipHUIl BUpa3 ISl MAKCUMATLHO2O0 NPUCKOPEHHS Qyygy TOUKH, SIKA 3IIIHCHIOE
rapMOHIYHI KOJMBaHHS.

A-T? 47 4
A)am[b\’: AZ : a)' B)amux: A2 : wz . B)am[LX: 472 : F)amax: A ° a) . I[)amux:?'
T

561. Jns sKOro i3 HaBeJCHUX TAPMOHIYHUX KOJIMBAHb AMNIIMY0a NPUcKopeHts MaTepi-
AJIbHOT TOYKH Oy/1e MaKcumanbHoo 3a abCOIIOTHOIO BETUYUHOIO 7

A) x=cos(f). B)x=5-cos(0,5¢+7). B)x=4-cos(0,61+73).
) x=3:sin(0,34). J{) x=2-sin(0,4 ).

562. V sikoMy i3 3alpONOHOBAHUX BUIMAJKIB aMALINYOd NPUCKOPEeHHs OYIIe HAUMEHULOW
3a a0COJIOTHOIO BETMYHHOIO ?

A) x=3-sin(0,3++773). B) x=cos(¢-72). B)x=5-cos(0,5¢+76).
I') x=4-cos(0,6t+7/4). ) x=2-sin(0,47).

563. AMIuIiTYIa rapMOHIYHUX KOMUBaHb A=3 cM, a miepiox 7=0,2 c. YoMy AOpiBHIOE MaK-
CUMATIbHE RPUCKOPEHHS! TTAX KOJIUBAHD gy ?

Aty =10 M/C%. B)n =15 M/, B)u=20 M/C”. Tty =25 M/C*. JD) o =30 M/C”.

564. Tlpu skomy 3Ha4YeHHi pa3u ¢ npuckopenHs TOUKHU a, sKa 3/IHCHIOE TApMOHIYHI KO-
JIMBAHHS 3T1THO 13 3aKOHOM X=A-cos( @t+ @), dopisHIoe Hyt0 ?

T T T v

Ao=3- Bo=y,. Blo=5. De=r. o=

565. Tlpu skomy 3Ha4eHHi pa3u ¢ npuckopenHs TOUKU a, SKa 3/AIHCHIOE TApMOHIYHI KO-
JIUBAHHSI 3T1THO 13 3aKOHOM X=A-cos( @t + ¢y), CTaHe MaAKCUMATbHUM ?

T T T T
A p=r¢. Bo=,. Be=¢. D=, me=z.

566. PiBHSHHS TapMOHIYHHX KOJHMBaHb TOUKH Mae BUTISL: x=2-cos(5¢+7/2) cm BusHa-
YUTH MAKCUMATIbHE NPUCKOPEHHS T1€1 TOUKHU gy
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559. The equation of harmonic oscillations of a point looks like x=4-sin(ay). In what
period of time ¢ (in fractions of period 7) will the point velocity V be equal to half of its
maximum velocity V.. ?

V=3 Bimy O Dimge Biemgy

Point acceleration in harmonic oscillations

560. Show the true expression for maximum acceleration a,,, of a point performing
harmonic oscillations.

, . A-T? 4z’ -4
A)amax: A Q. B)amax: A . C)ama,\': 4 2 D)amax: A Q. E)amax: T2 *
T

561. For what of the below harmonic oscillations will the amplitude of a material point
acceleration be maximum in its absolute value ?

A) x=cos(f) B)x=5-c0s(0,5¢+7) C)x=4-cos(0,6++7/3)
D) x=3-sin(0,3¢) E) x=2-sin(0,4 )

562. In what of the below cases will the amplitude of a material point acceleration be
minimal in its absolute value ?

A) x=3-sin(0.3++77/3) B)x=cos(t-72) C)x=5-cos(0.5¢+7/6)
D) x=4-cos(0.6t+7/4) E) x=2-sin(0.4¢)

563. The amplitude of harmonic oscillations is 4=3 c¢m and the period is 7=0.,2 sec.
What is the maximum acceleration a,,, of these oscillations equal to ?

A)a,=10 m/sec’ B)a,=15 m/sec’ C)a,=20 m/sec’ D)a,=25 m/sec? E)a,=30 m/sec’

564. At what value of the phase ¢ is acceleration of point a performing harmonic
oscillations from the law x=A4-cos(a@t+ @) equal to zero ?

T V4 T

T
A)(p—g- B)(/’_Z' C)so—g- D)w—g- E) =7

565. At what value of the phase ¢ will acceleration of point a performing harmonic
oscillations from the law x=A4-cos(a@t+¢y) be maximum ?

T T T T
A)¢=g B)(/’:Z C)¢=g D)«Fg E)p=7

566. The equation of harmonic oscillations of a point looks like x=2-cos(5¢+/2) cm.
Find out maximum acceleration a,,, of this point.
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A)mar=1 M/C%. B)ax=0,5 M/C%. B)tax=0,25 M/C%. D)tpax=0,1 M/C*. I)tmer=0,75 m/c?.

567. PiBHAHHS rapMOHIYHUX KOJMBaHb TOYKU Ma€ BUTIL: x=4-cos(2m+m/3) m. Bu-
3HAYUTH MPUCKOPEHHS ¢ €T TOUKU ) novamkosuil momenm yacy (t=0).

A) a=-60 M/c’. B) a=-20 w/c*. B) a=-100 m/c*. T') a=-80 m/c’. IT) a=-40 m/c>.
MaTteMaTHYHUII MasiTHUK

568. Tlo skiit Gopmyiti MOXKHA BU3HAYMTH MEPiojl KOJIUBaHb 1 MATEMAaTHYHOTO MasiTHUKA

?
g 1 [ m 2w
T=2rn,= B =27 |— B =27 |— DT =27,—. NHT =—.
AT =2m | BT =2m 0 BT =2m . DT =27 DT =25

. . . . g
569. Sxomy i3 nepeniueHnX MOHATH BIANOBIAAE BUpa3 7 ?

A) Ilepiony KonuBaHb MaTEMAaTUYHOTO MasTHUKA.
B) [{ukiuHii 4acTOTi MATEMATHYHOTO MAsITHUKA
B) YacToTi KOJMBaHb MATEMATUYHOTO MAsSTHHKA.
I') [epioay KOMMBaHb MPYKAUHHOTO MAsITHHKA.

) HuxuivHii 4acToTi NPY)KMHHOTO MasTHUKA.

570. SIx 3MiHWTBCS MEPio]] KOJIMBAaHb MATEMAaTUYHOTO MasiTHUKA T, SKIIO HOTO IOBXKHHY
noosoimu ?

A) 30utbimTECs Y 2 pas3u. b) 3MeHmmThes y 2 pasu. B) 3MeHmmThCS y 2 pasis.
') 36inbmuThCS B 2 pazis. J]) 30inbuimThCs y 4 pasu.

571. Sk 3MiHWIach JOBKHMHA MAaTEMATHYHOTO MasTHHKA /[, SIKIO 4acToTa v HOro Biac-
HUX KOJIUBaHb 3MEeHWULACL Y 2 pasu ?

A) 3menmmnace y 2 pasu. b) 36inpmmnace y 2 pasu. B) 3menmmnace y 4 pasu.
I') 36inpmmnace y V2 pasiB. /1) 36inpmmnacy y 4 pasu.

572. JloBxkHHAa MaTeMaTHYHOTO MasTHUKA /=98 M. Busznauntu nepiox 7 Horo BiIbHUX
. . . . 2
KOJIMBAHb IIiJT JI€F0 CUITH TSOKIHHA, BBAKAFOUH MPUCKOPEHHS CHIH TOKIHHS g=9,81 m/c”.

A)T=12¢c. B)T=20c. B)T=8c. I)T=24c¢. JI) T=16c.

573. MaremaTH4HUI1 MasTHUK 3aBIOBXKKH [=2,45 m 3aiicHuB N=100 konuBaHb 3a mpo-
MiKOK yacy t=314 c. BusHaunTu nepiox xonuBaHb 7 I[bOTO MasTHHKA.

A) T=4,71 ¢. B) T=6,28 c. B) T=3,14 ¢.T) T=7,85 c. JT) T=1,57 c.
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Aa,=1 m/sec? B)a,=0.5 m/sec? C)a,=0.25 m/sec? D)a,=0.1 m/sec? E) a,=0.75 m/sec’

567. The equation of harmonic oscillations of a point looks like x=4-cos(2+#/3) m.
Find out acceleration a of this point at the initial moment of time (¢=0).

A)a=-60 m/sec’ B)a=-20 m/sec’ C)a=-100 m/sec* D)a=-80 m/sec’ E)a=-40 m/sec’
Mathematical (simple) pendulum

568. From what formula can the period of oscillations T of a mathematical pendulum be
determined ?

g 1 / m 2
T=2r,= BT =27,|—.C)T=2 /—. T=2r|—. E)T="—.
A) s B) T mgd O T 2 D) % E) o,

569. What of the below concepts does the expression \/% correspond to ?

A) the period of oscillations of a mathematical pendulum
B) angular frequency of a mathematical pendulum

C) frequency of oscillations of a mathematical pendulum
D) the period of oscillations of a spring pendulum

E) a cyclic frequency of a spring pendulum

570. How will the period of oscillations of a mathematical pendulum 7T change, if its
length is doubled ?

A)It will increase 2 times. B)It will decrease 2 times. C)It will decrease 2 times.
D) It will increase 2 times. E) It will increase 4 times.

571. How did a mathematical pendulum length / change, if frequency v of its proper
oscillations had decreased 2 times ?

A) It decreased 2 times. B) It increased 2 times. C) It decreased 4 times.
D) It increased 2 times. E) It increased 4 times.

572. A mathematical pendulum length is /=98 m. Find out the period T of its free
oscillations under gravity considering gravity acceleration equal to g=9.81 m/sec’.

A) T=12sec B) T=20sec C) T=8sec D) 7=24 sec E) T=16 sec

573. A mathematical pendulum length is /=2.45 m; it performed N=100 oscillations
during the time /=314 sec. Find out the period T of this pendulum oscillations.

A)T=4.71 sec B)T=6.28 sec C)T=3.14 sec D)T=7.85 sec E)T=1.57 sec
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574. MasTHUK 3aBROBXKKU /=2 M 3po6uB N=1268 xonuBaHb 3a IPOMIXKOK 4acy t=1 ro-
IvHa. BU3HAYNTH MPUCKOPEHHS CUIIH TSHKIHHA g B 1iH MiCLIEBOCTI.

A) g=9,79 M/c*. B) g=9,81 m/c’. B) g=9,82 m/c’. ') g=9,78 m/c’. JT) g=9,80 m/c’.

575. Sl 3MiHUTBCS TIEPio] KOJIMBAaHb MaTEMAaTHIHOTO MasTHHKA T, SIKIIO HOTO MEpeHecTH i3
noBepxHi 3emuti Ha Micsiiib, SIKIIO TPUCKOPEHHS BUIBHOTO NaaiHHs Ha Micsi g, =1,6 m/c”™ ?

A) He 3minuthes. B) 3vennmreest y 6,1 pasu. B) 36uibimurhes y 2,5 pasu.
I') 3menmmthes y 2,5 pasu. 1) 36inbimThes y 6,1 pasu.

576. BwuzHauuTu NOBXHHY / CeKyHIHOTO MasTHHKA (7=1 C) Ha IUIaHeTi, Ha SIKii IPUCKO-
. 2
PEHHS CHJI TSDKIHHS CKianae g=3,7 m/c”.

A)I=21em. B)I=9cm. B)I=15cm. T)I=18cm. JI)I=27 cm.

577. Sl 3MIHHTBCS TIEPiOA KOJMBaHb MATEMATHYHOTO MAsTHUKA 7, SIKIIO HOTO MiJHATH HaL
3emIIero Ha BHCOTY, e IPUCKOPEHHS CHIIM TSOKIHHS g ckianae 8,12 m/c*?

A) 3mennmTbes y 1,1 pasu. b) 3mennmTees y 1,2 pasu. B) 36imbmmthest y 1,2 pasu.
I') 36inbmtses y 1,1 pasu. ) 3menmmrees y 1,3 pasu.

578. SIx 3MIHUTBCS TEPioJ KOJMBAHb MATEMATHYHOTO MasTHUKA T, SIKIO HOTro MepeHe-
CTH i3 HOBepxXHi 3eMJIi Ha MOBEPXHIO IJIAHETH, Ha SKil MPUCKOPEHHS BUILHOIO Ma/iHHA
cknamae g=4,9 m/c’ ?

A) 3MeHIIUTBCS Yy V2 pasiB. b) 3mMennmtees y 2 pazu. B) 36inbmmTecs y 2 pasu.
I') 36inbmmThea y 4 pasu. [I) 36insumrscs y 2 pasis.

579. 3a sKuit IPOMIKOK Yacy ¢ MasTHUK, SIKWI KOJIMBAETHCS 30 3AKOHOM CUHYCA, BITXUIATh-
Csl Bifl IOJIOXKEHHS PiBHOBArk Ha IOJOBUHY aMIULTYAU (X=A/2), KO NepioA Horo Koiu-
Baub 1=3,6 c?

A)r=18c. B)t=09c. B)t=03c. I)r=12c. JI)t=06c.

580. Ckigbku KoMBaHb N 3MIIMCHIOE MaTeMaTUYHUI MasTHHK 3aBIOBXKKH [=9 MeTpiB 3a
MPOMDKOK 4acy =5 XBIIUH ?

A)N=75. B)N=50. B)N=150. T)N=25. JI)N=100.

581. Bu3HAYMTH YaCTOTY KOJUBAHb V MATEMATUYHOTO MAsTHUKA, 3aBJOBKKHU [=4 M.

A) v=1,0Tu. B) v=0,25Tu. B) v=1,5T1. ') v=0,5 . 1) v=2,5 T

582. Bu3HAuuTH BiAHOIICHHS TOBXHH JBOX MAaTEMAaTHIHHX MAasTHHUKIB, SIKIIO 3d OOHA-
Ko8utl TIPOMIXKOK 4yacy At mepimii 3ailicHioe Ni=15 xonuBaHb, a apyruit - N,=10 xomnu-
BaHb.
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574. A pendulum as long as /=2 m N=1268 oscillations during the period of time =1 h.
Find out gravity acceleration g in this area.

A)g=9.79 m/sec’ B)g=9.81 m/sec’ C)g=9.82 m/sec’ D)g=9.78 m/sec’ E)g=9.80 m/sec’

575. How will the period T of oscillations of a mathematical pendulum change, if it is taken
from the Earth surface to the Moon surface, if free fall acceleration in the Moon is
2,=1.6 m/sec’ ?

A) It will not change B) It will decrease 6.1 times C) It will increase 25 times
D) It will decrease 2.5 times E) It will increase 6.1 times

576. Find out the length / of a seconds pendulum (7=1 sec) in the planet where gravity
acceleration is g=3.7 m/sec’.

A)IR2lem B)F9cm C)/=15cm D) /=18cm  E)I=27cm

577. How will the period (time) T of oscillations of a mathematical pendulum change, if it is
taken above the Earth at the height, where gravity acceleration is 8.12 m/sec’ ?

A) It will decrease 1.1 times B) It will decrease 1.2 times C) It will increase 1.2 times
D) It will increase 1.1 times E) It will decrease 1.3 times

578. How will the period 7 of oscillations of a mathematical pendulum change, if it from the
Earth surface to the surface of a planet, where free fall acceleration is g=4.9 m/sec’ ?

A) It will decrease V2 times B) It will decrease 2 times C) It will increase 2 times
D) It will increase 4 times E) It will increase V2 times

579. For what period of time ¢ will a pendulum, which oscillates from the sine law deviate
from the equilibrium position by a half of amplitude (x=A4/2), if the period of its oscillations
is T=3.6 sec ?

A)=1.8sec B)=09sec C)r=0.3sec D)r=1.2sec E)=0.6sec

580. How many oscillations N does a mathematical pendulum of /=9 m perform during the
period of time /=5 min ?

A)N=75 B)N=50 C)N=150 D)N=25 E)N=100

581. Find out the frequency v of oscillations of a mathematical pendulum of /=4 m in
length.

A) v=1.0 Hz B) v=0.25 Hz C) v=1.5Hz D) v=0.5 Hz E) v=2.5 Hz

582. Find out the relationship between the lengths of two mathematical pendulums, if irn
the equal period of time At the first one performs N;=15 oscillations and the second one
— N,=10 oscillations.
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/ / / / /
A) l—]=1,5. B) l—‘=0,67. B) 1—1:0,44. I) 1—‘:2,25. ) - =150.
2 2 2

2 2 l

583. 3a ogHaKOBHH MPOMDKOK yacy Af MepIInii MaTeMaTHYHHIA MasTHHUK 3iHCHIOE Ni=
=50 konmBaHb, a aApyruii - N,=30. BusHaunTH NOBXKHUHY NEPIIOTO MasTHHUKA /|, SKIIO
BiH Ha A/=32 cM kopomwuii 3a IpyTHi.

A) 1=42 em. B) /=18 em. B) ;=35 cm. T') [;=50 cm. M) ;=27 cm.

584. TIlepiox KoiMBaHB OJHOTO MaTeMaTHYHOTro MasTHHWKa 1,=3 c, a apyroro - 7>,=4 c.
Busnauntu nepion 7 KoJIMBaHb MasTHHKA, JOBKHHA SIKOTO L IOPIBHIOE CYyMi OO8XHCUH
000X MasgTHHKIB.

A)T=5c. B)T=8c. B)T=6¢. I)T=9c. ) T=7c.

585. MastHuk Macoro m=102 T BIIXWIWIM BiJl MOJOKEHHS piBHOBard Ha Kyt a=20°.
BusHauuTH crity f, sika HOBEPTAE MASTHUK Y [TOJIOXKEHHSI PiBHOBATH.

A)f=0,51 H. B) £=0,17 H. B) /=034 H. T') £=0,23 H. JI) /=0,42 H.

586. Sk 3MiHUTBCS TEpio KOJMMBaHb MATEMATHYHOTO MasiTHUKA 7, SIKIIO HOTO MiIBICKTH y
KaOiHi Ty, KU niOHIMamumenvbcst Bropy i3 IPUCKOPEHHIM a=g ?

A)3MeHImmTHCA Y 2 paziB. b)36u1bmuThCS Y V2 pasiB. B)36u1bmmthes y 2 pasy.
I') 3menmmThes y 2 pasu. J1) 3MeHmmThes y 4 pasu.

587. MareMaTHYHHUIT MasgTHUK 3aBIOBXKKH /=1 M BcTaHOBICHUH y midri. 3HaiTH nepiox

KONMBAHb MasTHHKA T, Ko JiT PyXaeTbCsl 8ePMUKANLHO 620pY 13 TPUCKOPEHHIM
a=4 m/c”.

A)T=2.6¢c. B) T=1,4¢c. B)T=2,0c. ) T=2,3¢c. JI) T=1,7 c.

588. I3 sIKMM NIPUCKOPEHHSM @ MYCHUTb PyXaTUCh 6Hu3 KaOiHa nidTy, W00 cexyHOnuil
MaTeMaTHYHHUN MasiTHUK B Hiif 3a mpomixkok dacy =140 i3 3xilicauB N=100 konuBaHb?

A) a=4,8 M/c*. B) a=5.4 M/c’. B) a=7,2 M/c%. T) a=3,6 m/c*. JT) a=6,3 m/c’.
IIpyKuHHUH MAATHHK

589. Bxkaxite Gpopmyiny s nepiony T BIaCHUX KOJHBaHb IPYKHHHOTO MasTHUKA.

A) T=27r\/E.B) T=27r\/E.B) T=L\/E. I) T=27r\/ﬂ.)?[) T=L\/E.
k m 2 \'m k 27\ k

590. Bxkaxith GpopMyIly JUIsS YaCTOTH V BIACHUX KOJUBAHb MPYKUHHOTO MasTHHKA.

)v= k')‘F m')‘FZﬁ m')F2ﬂV2m"H)‘F27r k-
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A) 1—1:1.5 B) 1—1:0.67 C)

I I I
4 =044 1L =2725 L =150
L L L b, B,

583. In the equal period of time At the first mathematical pendulum performs N,;=50
oscillations and the second one — N,=30. Find out the length of the first pendulum /,, if it
Al=32 cm shorter than the second one.

A) ;=42 cm B) /,=18 cm C) /,=35cm D) [,=50 cm E) /,=27 cm

584. The period of oscillations of one mathematical pendulum is 7;=3 sec and the
second pendulum — 7,=4 sec. Find out the period T of oscillations of the pendulum,
which length L is equal o the sum of lengths of the both pendulums.

A)T=5sec B)T=8sec C)T=6sec D)T=9sec E)T=7 sec
585. A pendulum of m=102 g in mass was deviated from the equilibrium position by an
angle @=20°. Find out the force f, which makes the pendulum back into the equilib-rium
position.

A)£0.51N B)f=0.17N C)f=034N D)f=023N E)f=0.42N

586. How will the period T of oscillations of a mathematical pendulum change, if it is hung
in a lift cabin that will go up with acceleration a=g ?

A)It will decrease V2 times B)It will increase V2 times O)lIt will increase 2 times
D) It will decrease 2 times E) It will decrease 4 times

587. A mathematical pendulum as long as /=1 m is installed in a lift. Find out the period T
of oscillations of the pendulum, if the lift goes straight up with acceleration a=4 m/sec’.

A) T=2.6 sec B) T=1.4sec C) 7=2.0 sec D) 7=2.3 sec E) 7=1.7 sec

588. With what accelerations @ must a lift cabin go down that a seconds mathematical
pendulum in it will perform N=100 oscillations in the period of time t=140 sec?

A)a=4.8 m/sec’ B)a=5.4 m/sec’ C)a=7.2 m/sec’ D)a=3.6 m/sec’ E)a=6.3 m/sec’
A spring pendulum

589. Show the formula for the period T of proper oscillations of a spring pendulum.

AT—ZH\/EB T—ZH\/EC T—L\/ED T=27 2—mET—L\/E
VI=2m e B T=2m, O T=5 5, D) T= \ & )= 0%

590. Show the formula for the frequency v of proper oscillations of a spring pendulum.

)v= k ) v= m )F27z m )‘F27r\l2m )F27r k
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591. BaHTax Macol m KOJMBA€THCS HAa HEBAroOMii NMpyskuHi xopcTkicTio k. Sk 3mi-
HUTHCS niepiof T KOJIMBaHb I[bOTO BAaHTAXY, AKIIO MPYXKUHY CKOpomumu 608iui ?

A) 36inbImuUTECS Y 2 pasiB. b) 30inbmmuThest y 2 pasu. B) 3menmmrbes y 2 pasu.
I') 3MeHmuTHCS y 2 pazis. []) 3meHImuTHCA y 4 pasu.

592. BaHTax Macol0 m KOJUBA€THCS Ha HEBAroOMiil NpyxkuHI xopcTkicTio k. Sk 3Mi-
HHTHCS YACTOTA V KOJIMBAaHb I[bOTO BAHTaXKYy, AKILO MPYKUHY 6UO06HCUMY 806U 7

A) 36inbmmThes Y 2 pasiB. b) 36inbmuThes y 2 paszu. B) 3meHmuTecs y 2 pasu.
I') 3menmmTsest y 4 pasu. [1) 3MeHIHTBCS y 2 pasis.

593. Slkmit nepiox konmuBaHb T’ BaHTaxy mMacorw m=0,1 Kr, MigBIIICHOTO 10 MpPYXHHH,
xopceTkictio k=10 H/m ?

A) T=0,45 ¢. B) T=0,72 ¢. B) T=0,63 c. I') T=0,38 c. JI) T=0,56 c.

594. BaHTax Macol m KOJUBA€THCS Ha HEBAroMiil mpyskuHi xopcTkicTio k. Sk 3Mi-
HHTHCS YaCTOTA V KOJIMBAHb I[bOTO BAHTAXY, AKIIO MPYKHHY CKOpomumu 606iyi ?

A) 36inbmUTECA Y 2 pasiB. b) 36inbmuThes y 2 pasu. B) 3menmmrbes y 2 pasu.
I') 3menmuThCA Y 2 pa3. 1) 36inbmuThes y 4 pasu.

595. Bu3HAYMTH Y4acTOTy KOJHMBaHb v BaHTaxy macoro m=100 r, miaBileHoro 1o npy-
JKHMHH, )KOPCTKICTb sikoi k=10 H/m ?

A) v=2,8 Ti. B) v=2,0 T, B) v=1,6 Tt T) v=2,4 T'w. JT) v=1,2 T'.

596. Sk 3MiHMIach BlacHA YacTOTa KOJNMBAHb MPY>KUHHOIO MAsTHUKA V, SKILO >KOPCTKICTh
HOTO IIPY)XUHH k 30inbwunu 'y 9,8 pasis ?

A)3menmmnacs y 3,1 pasu. b)30unsmunace y 3,1 paszu. B)36insmmnace y 9,8 pasu.
I') 3menmmnace y 9,8 pazu. /1) 30inbimnacs y 4,9 pasu.

597. Ilpu miABilIeHHI BaHTaXKy cTajeBa NPY>KHHA PO3TATYeThCs HA Ax=1 cM. I3 skum

nepionoM 7 BiH 3[iHCHIOBaTHME BEPTHKAIbHI KOJMBAHHS MiCJIs1 BUBEICHHS 31 CTaHy pi-
BHOBaru ?

A)T=0,6c. B) T=1,0¢c. B) T=04 ¢c. I') T=0,8 c. J[) T=0,2 c.

598. Tlix miero BaHTaXy Macoro m=1 Kr cTaieBa Ipy>KHHA po3TATyeThes Ha Ax=1 cM. [3
SIKOIO YaCTOTOIO V KOJMBATUMETHCS LIeH NPYKUHHUN MasSTHUK ?

A)v=6Tn. B)v=4Tu. B)v=2Tu. I)v=5Tn. ) =3Tm.

599. Jlo npyxuHu mifBimenuii Bantax saroro P=100 H. ITix miero cunu F=10 H us npy-
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591. A load of m in mass oscillates on a weightless spring of rigidity k. How will the
period T of oscillations of this load change, if the spring is shortened twice ?

A)It will increase /2 times B)It will increase 2 times C)It will decrease 2 times
D) It will decrease A2 times E) It will decrease 4 times

592. A load of m in mass oscillates on a weightless spring of rigidity k. How will the
frequency v of oscillations of this load change, if the spring is lengthened twice ?

A)It will increase A2 times B)It will increase 2 times C)It will decrease 2 times
D) It will decrease 4 times E) It will decrease 2 times

593. What is the period T of oscillations of a load of m=0.1 kg in mass hung to a spring
of rigidity £=10 N/m ?

A) T=0.45 sec B) 7=0.72 sec C) 7=0.63 sec D) 7=0.38 sec E) 7=0.56 sec

594. A load of m in mass oscillates on a weightless spring of rigidity k. How will the
period T of oscillations of this load change, if the spring is shortened twice ?

A)lt will increase /2 times. B)It will increase 2 times. C)It will decrease 2 times.
D) It will decrease /2 times. E) It will increase 4 times.

595. Find out the frequencyv of oscillations of a load of m=100 g in mass hung to a
spring of rigidity k=10 N/m.

A) v=2.8 Hz B) v=2.0 Hz C) v=1.6 Hz D) v=2.4 Hz E) v=1.2 Hz

596. How did a proper frequencyv of oscillations of a spring pendulum, if rigidity £ of
its spring was increased 9.8 times ?

A) It decreased 3.1 times B) It increased 3.1 times C) It increased 9.8 times
D) It decreased 9.8 times E) It increased 4.9 times

597. A load being hung, a steel spring extends by Ax=1 cm. With what period T will
this load perform vertical oscillations after overbalancing it ?

A) T=0.6 sec B) T=1.0sec C) 7=0.4 sec D) 7=0.8 sec E) 7=0.2 sec

598. Under the influence of a load of m=1 kg in mass a steel spring extends by Ax=1
cm. With what frequency v will this spring pendulum oscillate ?

A)v=6Hz B)v=4Hz C)v=2Hz D)v=5Hz E)v=3Hz

599. A load of P=100 N in weight is suspended on a spring. Under the influence of for-
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KHHA pO3TAryeThes Ha Ax=1,5 cM. BusHaute nepion koiuBaHb I IIbOTO HNPYKUHHOTO
MasTHHKA.

A)T=0,56c. B) T=1,6 c. B)T=0,78c. I') 7=0,94 c. 1) T=1,2c.
600. Mo muHamMoMeTpa MigBICHIM BaHTaX, 1 HOr0 IOKaXYHMK OIyCTUBCA Ha MO3HAUKY

x=25 cm. Tlicns 1bOTO BaHTaX BHBEJIM 31 CTaHy PiBHOBATd i BiAMyCTHH. Bu3HaunTH Ya-
CTOTY KOJIUBAHb V, SIKi IPH I[bOMY BUHHUKJIH.

A)v=4Tn. B)v=2Tu B)v=5Tu. I')v=3Tu HO)v=1Tn.

601. [lo mpyxxunu migBimeHuii Bantax Baroro P=100 H. ITix mieto cunu F=10 H us
MPYXKHHA PO3TATYEThCS Ha Ax=1,5 cM Bu3HaunTe 9acTOTy KOJMBaHb V I[OTO MPYKHUH-
HOI'O MasTHHKA.

A) v=42Tu. B) v=24Tu. B) v=3,2Tu. I') v=1,3 T'u. ) v=0,9 I'n1.

602. Jlo mpyxxunu miaBimeHuii Bantax Baroro P=100 H. ITix giero cunu F=10 H us
MpYy)KHHA PO3TATYEThCs HA Ax=1,5 cM BU3HAYUTH LUKIIYHY YaCTOTY KOJMBAHb IIbOTO
BaHTAXY @.

A) 0=8,1¢".B) 0=162¢".B) =23 ¢".T) =72 ¢". ) o=4,6 ¢’".

603. Tlpyxwunnuii MastHUK Macoro m=100 r 31ilicHIOE KOJMBaHHA i3 yactoTtoro v=2 .
BusHauMTH KOPCTKICTH HOTO TIPY>KHUHH K.

A) k=32 H/m. B) k=16 Him. B) k=40 H/m. T) k=24 H/m. J1k=8 H/m.

604. Baxok 37iiiCHIOE KOJMBAaHHS 13 4acToTo0 v=>5 [l mij1 Ai€l0 TPYKUHU KOPCTKICTIO A=
=196 H/m. BuzHaunT Macy m 1bOTO Ba)KKa.

A)ym=100r. B)m=150r. B)ym=200r. I')m=250r. IO)m=300r.

605. TIpyuHHHI MasTHUK Macoro m=>5 Kr 3fificHoe N=45 KonuBaHb 3a xgwiuny. BusHa-
YUTH XKOPCTKICTB k TIPY)KHHH [IHOTO MasITHUKA.

A) k=96 H/m. B) k=134 H/m. B) k=87 H/m. ') k=58 H/m. 1) k=111 H/m.

606. Jlo HeBaroMoi MpY>KHHY TiABICUIIM BaHTaX Macor m=25 r. BusHaunTu nepioa #oro
KomBaHb 7, sIKIo mix fieto crmn F=0,15 H s npyxuHa BHIOBKY€ETBCS Ha Ax=2 CM.

A)T=042¢. B)T=081c. B)T=1,04c. T)T=036¢. J) T=0,68c.

607. BusHauuTe 4aCTOTY KOJMBAHb V TOUKHM MAacol0 /m=4 KT, fKa 3A1HCHIOE FapMOHIYHI
KOJTMBAHHSA IMi/T T€F0 CHUTH, PIBHAHHS AKOT Mae BUTJIAN : F'=-7 .

A) v=0,25 T11. B) v=0,1 I'e. B) v=0,5 T'.. T) v=1,0 ['w. JT) v=0,75 ',
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ce F=10 N this spring extends by Ax=1.5 cm. Find out the period T of oscillations of
this spring pendulum.

A)T=0.56 sec B)T=1.6 sec C)T=0.78 sec D)7=0.94 sec E)T=1.2 sec

600. A load is suspended on a dynamometer and its indicator went down to the mark
x=25 cm. Then, this load was overbalanced and let go. Find out the frequency v of
oscillations which occurred thereat.

A)v=4Hz B)v=2Hz C)v=5Hz D)v=3Hz E)v=1Hz

601. A load of P=100 N in weight is suspended on a spring. Under the influence of
force F=10 N this spring extends by Ax=1.5 cm. Find out the frequency v of oscillations
of this spring pendulum.

A) v=42Hz B) v=2.4Hz C)v=3.2Hz D) v=1.3 Hz E) v=0.9 Hz

602. A load of P=100 N in weight is suspended on a spring. Under the influence of
force F=10 N this spring extends by Ax=1.5 cm. Find out a cyclic frequency @ of
oscillations of this load.

A)w=38.1 sec’ B)w=16.2 sec’ C)w=2.3 sec” D)w=7.2 sec’' E)w=4.6 sec’’

603. A spring pendulum of m=100 g in mass performs oscillations of frequency v=2 Hz.
Find out rigidity k of this spring.

A) k=32 N/m B) k=16 N/m C) k=40 N/m D) k=24 N/m E) k=8 N/m

604. A small load performs oscillations of frequency =5 Hz under the influence of a
spring of rigidity £=196 N/m. Find out this load mass .

A)m=100g B)m=150g C)m=200g D)m=250g E)m=300g

605. A spring pendulum of m=5 kg g in mass performs N=45 oscillations per minute. Find
out rigidity k of this pendulum spring.

A) k=96 N/m B) k=134 N/m C) k=87 N/m D) k=58 N/m E) k=111 N/m

606. A load of m=25 g in mass was suspended on a weightless spring. Find out the period T
of the load oscillations, if under the influence of force #=0.15 N this spring lengthens by Ax=2
cm.

A) T=0.42 sec B) 7=0.81 sec C) T=1.04 sec D) 7=0.36 sec E) 7=0.68 sec

607. Find out the frequency of oscillations v of a point of m=4 kg in mass, which per-
forms harmonic oscillations under the influence of force the equation of which looks
like F=-7"x.

A) v=0.25 Hz B) v=0.1 Hz C) v=0.5 Hz D) v=1.0 Hz E) v=0.75 Hz
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608. Sk 3miHuThCS nepion 7 BepTUKAIBHUX KOIUBAHb, SKIIO A0 HPYXKUHU 3aMIiCTh Mif-
HOT KYJIBKH NIPUKPINUTU KYJBKY i3 allFOMIHII0 maxoeo dc camozo paaiycy ? (I'yctuna
Mizi p;=8,9-10° kr/m’, a amominito p,=2,7-10° kr/w’).

A) 3menmThes y 2,7 pasu. b) 30umbmmtees y 1,8 pasu. B) 3mennmThest y 3,3 pasu.
I') 3menmmTees y 1,8 pasu. [I) 30imbumThes y 3,3 pasu.

609. BuzHauuTH, SIK 3MIHUTBCS 4ACHOMA KOUGAHb V TIPY>KUHHOTO MAsITHUKA B YMOBAX 70-
nepeoHbO20 3060AHHS.

A) 3menmTbes y 1,8 pasu. b) 30umbmmteest y 2,7 paszu. B) 3meHmmthes y 3,3 pasu.
T') 36inpiuthes y 3,3 pasu. ) 36itbmuthes y 1,8 pasu.

610. TlpyXMHHHH MasATHUK KonuBaeThcs i3 yactororo v=10 I'm. BusHauutn npucko-
PCHHS BaHTaXYy d, SIKE BINOBIJa€ KOOPAUHATI X=5 CM KOJIMBHOI TOYKH.

A) a=-154 M/c*. B) a=-49 M/c*. B) a=-197 m/c’. T') a=-98 m/c*. JT) a=-126 m/c’.
MexaniuHa eHeprisi rapMOHIYHUX KOJUBAHb

611. Sk 3MiHIOETbCS HO6HA MEXAHIUHA EHEPrisl IPU TapMOHIYHUX KOJIMBAHHIX MaTepia-
JIbHOI TOYKH ?

A) 3meHmyetbes y daci. b) 3pocrtae y gaci. B) 3anumiaerscs nocTiHozo.
I') 3nilicHioe kKoMBaHHA y vaci. /1) Binnosine HeoJHO3HAYHA.

612. YV skoMy BUIAJKY 3aJaHUX BEIHYMH HEOOCMAmHb0 JUIA MIPaXyHKy nOGHOI MeXa-
HIYHOI eHeprii Tina, ke 3AICHI0OE TApMOHIYHI KOJUBAHHS ?

A)ym, apee. BYm, Ve BYym, A, @. T) Fpuy A. ) k, A.

613. PiBHSHHS rapMOHIUYHUX KOJNUBAHb Tilla Ma€ BUITIAL: x=sin(ay 7). Yepes Ky yacTUHY
nepioay #(7) moBHa eHepris 1boro Tina E dopieHiosamume HOTO MOTEHIIATBHIN eHepril
E,?

T

T T T T
A)i=7. Byi=o. B)i= Di=g. )=

3 2 6

614. PiBHsIHHS TapMOHIHHUX KOJMBaHb TiNa Mae BUMIS: x=sin((ay¢). Uepes sKy yacTu-
Hy nepiony #(7) moBHa eHepris UbOro TiNa E dopisnioeamume HOro KiHETUUHIA eHeprii
E.?

T

T T r r
A)t=5. B)t=2. Byt=r. Dit=g. =

3 2 6

615. V sixomy i3 3alpornoHOBaHUX BUIAJKIB TIOBHA MEXaHIYHA eHeprisi E KOJMBaHb BaH-
TaXKy Macol m Ha NPYXKHUHI MIHIManbHa ?
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608. How will the period T of vertical oscillation change, if instead a copper ball an
aluminium ball of the same radius is suspended on a spring ? (Density of copper is p;=
=8.9-10° kg/n?’, density of aluminium is p,=2.7-10" kg/m’).

A)It will decrease 2.7 times B)It will increase 1.8 times C)It will decrease 3.3 times
D) It will decrease 1.8 times E) It will increase 3.3 times.

609. Find out how the frequency of oscillations v of a spring pendulum will change under
conditions of the previous problem.

A)It will decrease 1.8 times B)It will decrease 2.7 times C)It will decrease 3.3 times
D) It will decrease 3.3 times E) It will decrease 1.8 times

610. A spring pendulum oscillates with frequency =10 Hz. Find out a load accelera-tion
a, which corresponds to the coordinate x=5 cm of the oscillating point.

A)a=-154 m/sec’ B)a=-49 m/sec’ C)a=-197 m/sec’ D)a=-98 m/sec’ E) a=-126 m/sec’
Mechanical energy of harmonic oscillations

611. How does total mechanical energy change in harmonic oscillations of a material
point ?

A) It decreases in time. B) It increases in time. C) It remains constant.
D) It performs oscillations in time. E) The answer is diverse.

612. In what case are the given values not enough to calculate the fotal mechanical
energy of a body which performs harmonic oscillations ?

A) m,aye: B) m,Vyo  C) md, 0 D) Fped  E)k A

613. The equation of harmonic oscillations of a body looks like x=sin (). Over what
part of the period #T) the total energy E of this body will be to its potential energy E, ?

At=2. Byt=L ¢yi=L pyr=L =L
yi=3- B)i=o. Ot=g Dyt=g Bi=

614. The equation of harmonic oscillations of a body looks like x=sin(ay). Over what
part of the period #(7) the total energy E of this body will be to its kinetic energy Ej ?

ni=L =L =L py=L gL
yi=3 ByI=T. Ot=g Dyt=g Byi=7

615. In what of the below case is the total mechanic energy E of oscillations of a load of
m in mass on a spring minimum ?
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A) m=1r, x=3-sin(¢) cm. B) m=5 1, x=3-5in(0,4¢) cMm. B) m=2 r, x=2-sin(0,5¢) cm.
') m=3r, x=3-sin(0,5¢+7) cm. J]) m=4 r, x=4-sin(0,16¢+7/2) cm.

616. V sikoMy i3 3alpoONOHOBaHUX BUIAJIKIB TIOBHA MEXaHIYHA eHepris E KOJMBaHb BaH-
Ta)Xy MAcO0 m Ha IPYXUHI MaKcumanvHa ?

A) m=1r, x=3-sin(f) cm. B) m=5 1, x=3-sin(0,4¢) cm. B) m=2 r, x=2-sin(0,5¢) cm.
') m=3r, x=3-sin(0,5¢+ 7) cm. JT) m=4 r, x=4-sin(0,16¢+7/2) cm.

617. Touka 3aiHCHIOE TapMOHI4HI KOJIMBAaHHS 3TiIHO 3aKOHY: X=A4 cos(ayt+¢p). Ky uac-
TUHY 6i0 noeHoi MexaHi4HOI eHepril E cknanae 11 nomenyianrsra eneprist E, s MOMeH-
Ty 4acy, KOJI ii 3MIILIEHHS X BiJl MIOJIOKEHHS PIBHOBATH JIOPIBHIOE NOIOGUHI AMNIIMYOU.

Lo B3 B
E 4 )E 4'H)E 3

618. Touka 3a1liCHIOE TApMOHIYHI KOJIMBAHHA 3TiHO 32 3aKOHOM Xx=A4 cos(apt+¢p). SKy
YaCTHHY BiJl IOBHOT MeXaHIuHOI eHepril £ cknanae ii kinemuuna exepris E, 1yis Mome-
HTY 4acy, KOJH ii 3MILIIEHHS X BiJI TIOJIO)KEHHS PIBHOBAarH AOPIBHIOE NOIOGUHI aMNIimYy-
ou.

Aﬂ—l Bﬂ—l BE’C—E l—*ﬂ—é [
Ve DT B D=3 A '

619. Touka 31ifiCHIOE TAPMOHIYHI KOJMBAHHS 3TiTHO 32 3aKOHOM X=A -cos(apt+ ). SIky
YJacTUHY 6i0 no6HOI MEXaHIYHOI eHeprii £ cknanae ii nomenyianvua enepris E, 11 Mo-
MeHTY vacy t=7/8 ?

E 1 _E
A) —E=—. B)E:

gy B3
E 4 ')E 4

1
2
620. Touka 3ifiCHIOE TApMOHIYHI KOJIMBAHHS 3TIIHO 13 3aKOHOM: X=A oS apt+ ). SIKy

YaCTHHY 6i0 n06HOI MeXaHIYHOi eHeprii £ cknanae i kinemuuna eHepris E, aius MOMeH-
Ty 4acy =176 ?

E_1 SE_1 E_
VEe~y 9FT Y

2
4 2 3

E _3
DE Ty

621. Ipy>knHHNH MasTHUK 3AIHCHIOE KOJIMBAHHS, IOBHA MEXaHIYHA €HEePrisl SIKUX OPIBHIOE
E=72-107 Jix. Koedirient npyxuocri npyxunu k=40 H/m Bussaduti ammiitymy A mwix
KOJIBAHb.

A)A=6 cm. B) A=4 cm. B) A=10cm. B) 4=2 cm. 1) 4=8 cm.

622. Baxxok Ha IPYKHHI )KOPCTKIiCTIO k=2 kH/M 37iliCHIOE KONMUBAHHS 13 aMILTITY 1010
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A) m=1 g, x=3-sin(¢) cm B) m=5 g, x=3-sin(0,4¢) cm C) m=2 g, x=2-sin(0,5¢) cm
D) m=3 g, x=3-sin(0,5¢+7) cm E) m=4 g, x=4-sin(0,16¢+7/2) cm

616. In what of the below case is the total mechanic energy E of oscillations of a load of
m in mass on a spring maximum ?

A) m=1r, x=3-sin(¢f) cm B) m=5 r, x=3-sin(0,4¢) cm C) m=2 r, x=2-sin(0,5¢) cm
D) m=3 r, x=3-sin(0,5¢+7) cm E) m=4r, x=4-sin(0,16¢+77/2) cm

617. A point performs harmonic oscillations from the law x=A4 -cos(ayt+@,). What part of
the total mechanic energy E is the point potential energy E, for the moment of time,
when its displacement x away from the equilibrium position is equal fo half-amplitude ?

A En_g B no_ C no_ D no_ = E no_
) A= B e O fm D) e B A

618. A point performs harmonic oscillations from the law x=4 cos(ayt+¢). What part of
the total mechanic energy E is the point kinetic energy Ej for the moment of time, when
its displacement x away from the equilibrium position is equal to half-amplitude ?

o B 2 B
)E 3 )E

g Bl
)E 3

by |,

RN /i |
)E 4 ) 2

619. A point performs harmonic oscillations from the law x=A4 -cos(ant+¢@,). What part of
the total mechanic energy E is the point potential energy E, for the moment of time
t=7/8?

E}’I
A) =

1 E
E 4

|
B) =y

txy

L3
OF 7

620. A point performs harmonic oscillations from the law x=A4 cos(ayt+¢@y). What part of’
the total mechanic energy E is the point kinetic energy E; for the moment of time 1=7/6

2
>

o Ei g Bl
)E )E 3

621. A spring pendulum performs oscillations mechanical energy of the oscillations is £=

=7.2:107 J. Elastic coefficient of the spring is &=40 N/m. Find out amplitude 4 of these
oscillations.

A)A=6cm B)A=4cm C)A=10cm D)A=2cm E)A=8cm

622. A weight on a spring of rigidity k=2 kN/m performs oscillations with amplitude 4=
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A=5 cM. BusHauute nogny MexaHiuHy €Heprito E X KOJIMBaHb.
A) E=10 k. b) E=2,5 Jlx. B) E=5 JIx. I') E=7,5 Ix. ) E=12,5 [Ix.

623. SIx 3MIHUTBCS NOG6HA MEXaHIYHA €Hepris TiNa, siKe 3AIHCHIOE TapMOHIUHI KOJIMBaHHS,
SIKIIO TXHIO aMILTITYy 4 30inbwumu y 2 pasu, a 4acToTy vV 3MeHuumu 'y 4 pasu ?

A) 36inbmuThes y 2 pasu. b) 3mennmrbes y 2 pasu. B) 36inbumTses y 4 pasu.
I') 3meHmuThes y 4 pazu. 1) 3anumuThcs HE3MIHHOKO.

624. SIx 3MiHIOETBCS KIHETUYHA €Hepris Ej mpu rapMOHIYHUX KOJIMBAaHHIX MaTepialbHOL
TOYKH ?

A) 3menmnyetnest y yaci. b) 3pocrae y yaci. B) Bignosins HeoiHO3HAYHA.
I') 3anumaersest HeaminHOW0. J1) 3AiHCHIOE KOTMBAHHS y Yaci.

625. Maxcumanvha xinemuuna SHEpPris BaHTaXy Ha NpyxuHi E,,=1 Ik, a ammiityaa
#oro konuBaHb A=5 cM. BusHauuT KoeDillieHT )KOPCTKOCTI K i€l MPYKUHHU.

k=400 L 6y =200 L pyk =800 L 1yk =100 1k =600 L.
M M M M M

626. SIk 3MIHIOETBCSI nOMenyianbHa eHepris E, Ipu TapMOHIYHMX KOJIMBAHHIX Marepia-
JIBHOT TOUKH ?

A) 3menmnyetnes y vaci. b) 3poctae y gaci. B) 3anuiaerbcs He3MiHHOKO.
') 3niticHtoe konuBaHHs y yaci. J[) BifmoBias HeoqHO3HAYHA.

627. Y sKoMy i3 HaBeIeHUX BUINAJKIB 3a/laHUX BEIMUUH HeOOCMAmub0 IS MiPpaXyHKy
MAKCUMANbHOT NOMeHYianbHOT eHepril TiNla, sSKe 3IHCHIOE TApMOHIYHI KONUBaHHS ?

A) m, A, Q. B) m, Vma)n B) m, Apax- F) Fmaxn A. Z[) kr A.

628. V sxoMy i3 3ampoNOHOBAHUX BUIAIKIB MAKCUMATbHA NOMEHYIdIbHA SHEPTIs rap-
MOHIYHHUX KOJIMBaHb BaHTAXY Ha NPYXuHi E, Hatimenwia ?

A) m=1r1, x=3-sin(¢) cm. b) m=5 1, x=3-sin(0,4¢) cm. B) m=2 r, x=2-sin(0,5¢) cm.
I') m=3 r, x=3-sin(0,5¢+ 7) cm. JI) m=4 r, x=4-sin(0,16¢+77/2) cm.

629. V sxoMy i3 3alpONOHOBAHUX BUIAAKIB MAKCUMATbHA NOMEHYIANbHA SHEPTis rap-
MOHIYHUX KOJIMBaHb BaHTAXy Ha NpYXuHi E, naiibinewa ?

A) m=1r, x=sin(¢) cM. B) m=5 r, x=3-sin(0,47) cMm. B) m=3 r, x=2-c0s(0,5¢) cm.
I') m=2 r, x=3-sin(0,5¢) cm. JT) m=4 r, x=4-cos(0,1¢) cm.

630. [IBi py>KUHU 13 )KOPCTKOCTSIMU k| Ta ky pPO3TATYIOThCS 00HAK060w0 cuiow F. Bu-
3HAYUTH BiIHOIICHHS TXHIX nomenyianvuux eHepriii £ ? (x; 1 x, - BiMOBIAHI CTaTHYHI
BUJIOBKEHHS 000X MPYKHH).
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=5 cm. Find out the total mechanical energy E of these oscillations.
A)E=10] B)E=25] C)E=5] D)E=75] E)E=125]

623. How will the total mechanical energy of a body performing harmonic oscillations
change if their amplitude 4 increases twice and frequency v decreases 4 times ?

A) It will increase 2 times B) It will decrease 2 times C) It will increase 4 times
D) It will decrease 4 times E) It will remain unchanged

624. How will kinetic energy E; change in harmonic oscillations of a material point ?
A) It decreases in time B) It increases in time C) The answer is diverse
D) It remains unchanged E) It performs oscillations in time

625. Maximum kinetic energy of a load on a spring is E,,=1 J, and amplitude of its
oscillations is 4=5 cm. Find out coefficient of rigidity & of this spring.

A)k=4OOE B)k:ZOOE C)k:SOOE D)k:IOOE E)k=600ﬁ
m m m m m
626. How does potential energy E, change in harmonic oscillations of a material point ?

A) It decreases in time B) It increases in time C) It remains unchanged
D) It performs oscillations in time E) The answer is diverse

627. In what of the below cases are the given values not enough to calculate maximum
potential energy of a body performing harmonic oscillations ?

Aym,A, @ B)m, Viyex C)m, apar D) Fyaro A E)k, A

628. In what of the below cases is maximum potential energy E, of harmonic oscilla-tions
of a load on a spring the least ?

A) m=1 g, x=3-sin(¢) cm B) m=5 g, x=3-sin(0.4¢) cm C) m=2 g, x=2-sin(0.5¢) cm
D) m=3 g, x=3-sin(0.5¢+7) cm E) m=4 g, x=4-sin(0.16¢+ 72) cm

629. In what of the below cases is maximum potential energy E, of harmonic oscil-lations
of a load on a spring the largest ?

A) m=1 g, x=sin(t) cm B) m=5 g, x=3-sin(0.4¢) cm C) m=3 g, x=2-c0s(0.5¢) cm
D) m=2 g, x=3-sin(0.5¢) cm E) m=4 g, x=4-cos(0.1¢) cm

630. Two springs of rigidities k; and k, are extended with the equal force F. Find out the
relationship between their potential energies E ? (x; and x, are static extensions of the
both springs, respectively).
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Bk B (w) B w B kB x
)EZ k,’ ) E ' )Ez Xy )Ez kl'H)E

631. IBi npy>XHHH i3 KOPCTKOCTAMHU k| Ta k, 3MIHCHIOIOTh BEPTUKAIbHI KOJUBAHHS Mijl
IIE0 00HAK06020 BAaHTAXy Macor m. SIk BIIHOCATHCS iXHI MOTeHUianbHI eHeprii E, ?
(x1 Ta x, - 3MIIIECHHS BAHTAXY Ha 000X MPYKHHAX).

k

E_x B (n) Bk E x Bk
E, x )Ez X, ) )E2 k,’ ) E > k-

A)

632. Makcumanvha nomeHyianbHa €HEprisi FApMOHIYHUX KOJMBAHb MPYKMHHOTO MasiTHHKA

macorw m=40 r cknanae E,, =50 MxJlx. BusHauuti makcumanbHy MBUIKICTH KOJIMBaHb
LLOr0 MasATHUKA V0

A)WV,0=20 eM/c. B)V,,..=5 em/c. B)V,...:=30 em/c. T')V,,.,.=15 em/c. D)V,..=10 cm/c.

633. Baykok TrapMOHIYHO KOJMBA€ThCS HA NPYXKUHI, sika min giero cumm F=0,5 H BupoBxy-
€Thesl HA Ax=2 cM. AMILTITY1a KOJIBaHb A=4 cM BU3HAUMTH MakCHMalbHE 3HAYCHHS HOro
nomenyianbHoi eHeprii E, .

A)E ;020 MIDK. B)E,0=10 MIDK. B)E,0=30 MIDK. I')Ejx=40 MIDK. J1)E,0=50 MIDK.
EnexTpomaruiTHi KoJ1mBaHHS

634. Sk 3minuThCs nepio 7' eNeKTPOMATHITHUX KONHBAHb Y KOJIMBAIBHOMY KOHTYPI, SIKIIO
BIJICTaHb d MiX IIJIACTHHAMHU HOTO KOHJIeHCATOpa 30ibwumu y 1,44 pasu ?

A)306ubiuThes y 1,44 pa3u. b)3mennmthes y 1,44 paszu. B)30umbmmTees y 1,2 pasu.
I') 3menmmtees y 1,2 pasu. J]) 3menmmrecs y 0,72 pazu.

635. SIK 3MIHUTBCS YacTOTA V eJIEKTPOMArHITHUX KOJMBAHb Y KOJUBAIBHOMY KOHTYPI, SIKILIO
Tuiona S IIaCTHH HOro KOHIEHCaTopa 30ibiuumbcs 'y 2,25 pazu ?

A) 36umbummThea y 1,5 pasu. b) 3mennmtees y 1,5 pasu. B) 36unbmmtsest y 2,25 pasu.
I') 3menmmtbes y 2,25 pasu. 1) 3meHmmThes y 4,5 pasu.

636. SIk 3MIHUTBCS YACTOTA V EJIEKTPOMArHITHUX KOJMBaHb Y KOJIUBATBHOMY KOHTYPI, SIKIIIO
oJiHOYAacHO Horo emHicTh C 30inbuumu y 8 pasi, a iHIYKTUBHICTb KOTYIIKH L 3MeHuumu y
2 paszu ?

A) 30inbmThes y 4 pasu. b) 3menmmThes y 8 pasis. B) 30utbmmThCs y 2 pasu.
I') 3menmmtsest y 4 pasu. /1) 3MeHmmThes y 2 pasi.

637. Konnencarop B KOJIMBAIGHOMY KOHTYpi 3aIIOBHWIM AiENEKTPUKOM i3 Ji€TEeKTPHYHOIO
MPOHUKHICTIO £=4. Y CKIIBKH pa3iB 3MiHHJIACh YaCTOTA V BIIACHUX KOJIMBAHb TAKOTO KOHTY-
pa?
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631. Two springs of rigidities k; and &, perform vertical oscillations under the influence
of the equal load of m in mass. What is the relationship between their potential energies
E, ? (x; and x; are displacements of the load on the both springs).

E_x B (n) (E_k [ E_x Bk
E, x )E2 ' )Ez D ' )Ez k-

A
) 1 X, k, 2 %

632. Maximum potential energy of harmonic oscillations of a spring pendulum of m=40 g in
mass is E,,,=50 mkJ. Find out maximum velocity V,,, of oscillations of this pendulum.

A) V=20 cm/sec B) V=5 cm/sec C) V,,,=30 cm/sec
D) V=15 cm/sec  E) V,,,=10 cm/sec

633. A weight harmonically oscillates on a spring, which under the influence of force F'=
=0.5 N lengthens by Ax=2 cm. Amplitude of oscillations is A=4 cm. Find out the maximum
value of the weight potential energy E,,-

A) E,,=20 m] B) E,,,,~10 mJ C) E,,,,=30 m] D) E,,,=40 mJ E) E,,,=50 mJ
Electromagnetic oscillations

634. How will the period T of electromagnetic oscillations change in an oscillating loop, if the
distance d between its condenser disks increases 1.44 times ?

A)It will increase 1.44 times B)It will decrease 1.44 times C)It will increase 1.2 times
D) It will decrease 1.2 times E) It will decrease 0.72 times

635. How will the frequency v of electromagnetic oscillations change in an oscillating loop, if
the area S of its condenser disks increases 2.25 times ?

A)It will increase 1.5 times B)It will decrease 1.5 times C)It will increase 2.25 times
D) It will decrease 2.25 times E) It will decrease 4.5 times

636. How will the frequency v of electromagnetic oscillations change in an oscillating loop, if
its capacitance C simultaneously increases 8 times and a loop inductance L decreases twice
?

A) Tt will increase 4 times B) It will decrease 8 times C) It will increase 2 times
D) It will decrease 4 times E) It will decrease 2 times

637. A condenser in an oscillating loop was filled with dielectric of dielectric permeability
&=4. How many times did the frequency v of proper oscillations of this loop change ?
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A) 30inbmmnace y 4 pasu. b) 3meHummnacs y 4 pasu. B) 3meHumnace y 2 pasu.
I') 36inbmmnace y 2 pasu. [1) 3MeHImIacs y V2 pasis.

638. SIk 3MIHUTBCS YaCTOTa KOJIMBAHb V Y 3aKPUTOMY KOJIMBAIBHOMY KOHTYDI, SKILO po3-
CYHymu TUITACTUHM HOro KoHAeHcaTopa y 2 pas3u ?

A) 36inpumThCs Y N2 paziB. b) 3MeHmmThECS Y N2 pazis. B) 30i1pmmThCs y 2 pasu.
I') 3menmmThest y 2 pasu. ) 3MeHIIUThCS y 4 pasi.

639. Sk 3MiHUTBCS Tepiox KOMMBaHb Iy 3aKPUTOMY KOJHMBAJBHOMY KOHTYpPI Micis
30auUdCenHs TTACTHHIB HOTo KOHJIeHcaTopa y 2 pasu ?

A) 30inbmThes y 2 pasu. b) 3menmmthes y 2 pasu. B) 30inbumThes y 4 pasu.
I') 3menmmutees y V2 paziB. 1) 3MeHIHTECS Y V2 pasis.

640. Buznauutu nepiog T Hezaracarouux KOJIMBaHb y KOJIUBAIbHOMY KOHTYDI, SIKIIO iH-
JYKTUBHICTb #oro kotymmku L=2 MI'H, a eMHicTh koHAeHCcaTopa C=0,8 Mx®.

A)T=3,4-10"c. B)T=2,5-10"c. B)T=5,6-10"c. I')T=7,8-10%c. [))T=1,2-10"¢.

641. BuzHaunTH 4acTOTy Vv He3aracarouux KOJIMBAaHb Y KOJMBAJbHOMY KOHTYpI, SIKIIO
€MHICTb oro koHjeHcartopa C=2- 107 Mx®, a IHAYKTUBHICTH KOTYIIKH L=8 MI'H.

A) v=20 xI'u. ) v=80 kI'u. B) v=100 x['ut. I') v=40 xI'u. ) v=10 x['1.

642. YactoTa enekTpOMarHiTHIX KOJMBaHb Y KOMMBATLHOMY KOHTYpi vi=30 k[ 1. Skoto cTa-
HE YacTOTa KOJIMBAHb V,, IKIIO eMHICTh C KOHJeHcaTopa 30imbuumu 'y 9 pasis ?

A) v»=120 xI'i. B) v,=90 xI'. B) v,=60 k' I') 1»,=270 x['11. 1) »»=10 xI'1.

643. KonuBanbHUI KOHTYp Mae BIIAaCHY 4acToTy koimuBaHb vi=30 kI'. SIkoto craHe #oro
BJIaCHA YacTOTa KOJNUBAHb V,, SIKIIO BiACTaHb d MDK INIACTUHAMU HOTo KOHAEHCATopa
30invuwumu 'y 1,44 pazu ?

A) =18 k['u1. B) 1n=42 x['u. B) =24 x['u. I') v»=12 k[, 1) v»=36 x['11.

644. Y KonMBaJIbHOMY KOHTYpI i3 KoHAeHcaTopoM emHicTI0O Cj=1 Mx® pe3oHaHCHA YacToTa
=400 I'n. Axmo naparensro xoupencaropy C; npueaHati konaencatop C,, pe3oHaHCHa
yacrora crane v,=100 't BuzHauntu emHictsh koHznencaropa C,.

A) C=2 Mx®. B) C;=8 Mk®. B) C;=4 Mx®. T') C=1 mMx®. JT) C=6 MxD.

645. MakcumansHui 3apsi Ha KOHICHCATOPI KOTMBAIBHOTO KOHTYPA =10 Kin, a emmicTs
foro xoHaeHcartopa C=5 n®d. BU3HAYMTH KiIBKICTh BUALICHOT TEIUIOTH Q TIPU HOBHOMY 3a-
racaHHi eJIeKTPOMArHiTHUX KOJIMBAaHb.

A) 0=0,1 Jlx. B) 0=0,4 Jlx. B) 0=0,8 Jlxx. T') 0=1,0 Jlx. JT) 0=0.2 Jl:.
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A) It increased 4 times B) It decreased 4 times C) It decreased 2 times
D) It increased 2 times E) It decreased ~/2 times

638. How will the frequency v of oscillations in a closed oscillating loop change, if its
condenser disks move apart twice?

A)It will increase V2 times B)It will decrease V2 times O)lIt will increase 2 times
D) It will decrease 2 times E) It will decrease 4 times

639. How will the period T of oscillations in a closed oscillating loop change, when its
condenser disks draw closer twice ?

A) It will increase 2 times B) It will decrease 2 times C) It will increase 4 times
D) It will decrease 2 times E) It will decrease V2 times

640. Find out the period T of undamped oscillations in an oscillating loop, if its coil
inductance is L=2 mH and the condenser capacity is C=0.8 mkF.

A)T=3.4-10"sec B)T=2.5-10"*sec C)T=5.6-10"sec D)T=7.8-10sec E)T=1.2-10"sec

641. Find out the frequency v of undamped oscillations in an oscillating loop, if its
condenser capacity is C=2-10" mkF and its coil inductance is L=8 mH.

A) v=20 kHz B) v=80 kHz C) v=100 kHz D) v=40 kHz E) v=10 kHz

642. The frequency of electromagnetic oscillations in an oscillating loop is =30 kHz. What
will the frequency of oscillations 1, be, if the condenser capacity C increases 9 times?

A) 1»=120 kHz B) 15=90 kHz C) 1»=60 kHz D) 15=270 kHz E) 15=10 kHz

643. An oscillating loop has a proper frequency of oscillations 11=30 kHz. What will its
proper frequency of oscillations 15 be, if the distance d between its condenser disks incre-
ases 1.44 times ?

A) vn=18kHz B) vn=42kHz C) »=24kHz D) v=12kHz E) »»=36 kHz

644. In an oscillating loop with a condenser of capacity C;=1 mkF the resonance frequ-
ency is 11=400 Hz. If condenser C, is joined parallel to condenser C; the resonance frequ-
ency will be 1,=100 Hz. Find out condenser C, capacity.

A) C=2 mkF B) C;=8 mkF C) C;=4 mkF D) C=1 mkf E) C;=6 mkF

645. Maximum charge on a condenser of an oscillating 100p is ¢,u,=10"° coul and the loop
condenser capacity is C=5 pF. Find out the quantity of released heat Q at a fotal attenu-ation
of electromagnetic oscillations.

A)0=0.1T B)0=04] C)0=08] D)Q=10] E)0=021]
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3MiHHUMIi cTPpyM
646. AMIuTiTY1a 3MIHHOTO CTPYMY, SIKMH 3MIHIOETHCS 33 3aKOHOM CUHYCA, 1,,,,=20 MA, a
roro vacrora v=1 k['u. BU3HaunTH MUTTEBE 3HAYCHHS LILOTO CTPyMY [ Yyepe3 MPOMIXKOK
gacy =10 ¢ Big Horo HyILOBOrO 3HAYCHHSL.

A)I=8 MA. B)I=12MA. B)I=2MA. T)I=16 MA. JI)I=4 MA.

647. Yxaxits 3MileHHs 1o ¢da3i A@ npu pe3oHaHCI MDK HAaIpyror Ha KOTYILNI iHAYK-
THBHOCTI KOJIMBAIBEHOTO KOHTypa U 1 CTpPyMOM y KONHBAIBHOMY KOHTYPi /.

A) Ap=1. B) Ap=0. B) A(p=+%. I A(p=—%. ) Ap=-7.

648. Ykaxite 3MilieHHs 1o (a3i A¢ Tpu pe30oHAHCI MK HANPYrow Ha KOHACHCATOPI
KOJIMBAIIBHOTO KOHTYpa Uc 1 CTpPyMOM B KOJIMBAIEHOMY KOHTYPI 1.

A) Ap=7. B) Ap=0. B) A¢=+% I Aqo:—%. ) Ap=-x.

649. YxaxiTh 3MileHHs 1o (asi A@ npu pe30HaHCi MiXK HAITPYrol Ha aKTHBHOMY OTIOpi
KOJIMBAJILHOTO KOHTYpa Uy 1 CTPYMOM B KOJMBAJIbHOMY KOHTYpI /.

A) Ap=7. B) Ap=0. B) A¢=+§. I A(p=—%. ) Ap=-x.

650. Ykaxith 3MilIeHHs 110 a3l A@ IIpu pe30HaHCI MiX Halpyrolo Ha KOTYLIL 1HIYK-
THBHOCTI Uy 1 Halpyrolo Ha KOHAEHCATOP1 KOIUBaIbHOTO KOHTYpa U.

A) Ap=7. B)Ap=0. B) A(p=+§. ) A(p=—§. 1) Ap=—7.

651. InnykTuBHUH omip KOTymkd X;=35 OM. BuzHaunTtu iHAYKTHBHICT L 1i€i KOTymI-
KH, SIKIIO YaCTOTa 3MIHHOTO cTpyMy v=500 I'1.

A) L=11 MT'. B) L=22 MT's. B) L=33 MI'. T)) L=44 MTs. JT) L=55 T

652. Bu3Ha4UTH IHIYKTUBHUIN OMIp KOTYIIKK X, SKIIO 11 iHAyKTUBHICTS L=2 MI'H, a ua-
crora 3MiHHOro crpymy v=400 I'm.

A) X,=15 Om. B) X;=10 Om. B) X; =25 Om. ) X;=20 Om. JT) X, =5 Owm.

653. AMIUiTYZIa CUHYCoidanbHo20 3MIHHOTO CTPYMY 1,,,=20 MA, a ¥ioro vacrora v=1 k[
. 4 . o
BusnaunTty MuTTEBE 3HAUYEHHS CTpyMy / Uepe3 MpoMiKOK dacy ¢=2,5-10" ¢ micis Horo Hy-
JIBOBOTO 3HAYCHHSI.

A)I=20 MA. B)I=8 MA. B)I=12MA. T)I=4 MA. JI)I=16 MA.
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Alternating current
646. Amplitude of alternating current which changes from the sine laws is I,,,=20 mA
and frequency is v=1 kHz. Find out an instantaneous value of this current / in a period
of time =107 sec from its zero value.

A)I=8mA B)/=12mA C)I=2mA D)/=16mA E)/=4 mA

647. Show a phase displacement A@ at resonance between voltage U, on the inductan-ce
coil of the oscillating loop and current in the oscillating loop 7.

A) Ap=7. B)Ap=0. C) A(p=+§. D) A(p=—§. E) Ap= 7.

648. Show a phase displacement Ag at resonance between voltage Uc on the conden-ser
of the oscillating loop and current in the oscillating loop 1.

A) Ap=7. B)Ap=0. C) A¢=+§- D) A<p=—%. E) Ap=-7.

649. Show a phase displacement A@ at resonance between voltage U on the ohmic
resistance of the oscillating loop and current in the oscillating loop 1.

A) Ap=7. B) 49p=0. C) A¢:+%~ D) Ago:—%. E) Ap=-7.

650. Show a phase displacement Ag at resonance between voltage U, on the induc-tance
coil and voltage U¢ on the condenser of the oscillating loop.

A) Ap=r. B)A4¢=0. C) A(p:+%. D) Aq):—%. E) Ap=-x.

651. Inductive impedance of a coil is X;=35 Ohm. Find out this coil inductance L, if
frequency of alternating current is v=500 Hz.

A)L=11mH B)L=22 mH C) L=33 mH D) L=44 mH E) L=55 mH

652. Find out inductive impedance X; of a coil, if its inductance is L=2 mH and frequ-
ency of alternating current is v=400 Hz.

A)X;=15 Ohm B)X;=10 Ohm C)X;=25 Ohm D)X;=20 Ohm E)X;=5 Ohm

653. Amplitude of sinusoidal alternating current is /,,,=20 mA and its frequency is v=1 kHz.
Find out an instantaneous value of current at an interval of time =2.5-10 sec from its zero
value.

A)I=20mA B)/=8mA C)/=12mA D)/=4mA E)/=16mA
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654. Pamka momero S=200 cM’ PIBHOMIPHO 00EPTAETHCS Y MATHITHOMY TMOJI HITyKI€I0
B=80 Tn i3 wacrororo v=50 ['u. BuzHaunru amniimyone snauenns EPC inmykuil B pamii

Emax-

A) £0=251 B. B) £,,=50 B. B) £,,=502 B.T) £,,=812 B. JI) £,,=25 B.

655. Pamka momero S=40 cM” piBHOMipHO 0GepTaeThes i3 nepiofom 7=0,02 ¢ y MarHiTHOMy
noni. Ammiityaue 3HaueHHst EPC ingykuii B pami &,,~628 B. Busnauntu iHayknito mar-
HUTHOTO 110714 5.

A) B=500 Tn. b) B=300 Tnn. B) B=400 Tn. I') B=200 Tn. 1) B=100 T

. . -6
656. MakcrMalTbHUIA 3apsii Ha KOHJEHCATOpl KOMMBaNbHOTO KOHTYpa (=107 Ki, a em-
Hicth KoHIeHcaTopa C=0,5 Mx®. Bu3HaunTi MakcHMaibHE 3HAYCHHSI CTPYMY y KOHTYpi
Ly, IKIIO 1HIYKTUBHICTD Horo kotymku L=2 I'H.

A) Lw=8 MA. B) Iu=4 MA. B) I,; =1 MA. T) L, =10 MA. JT) ,1u=2 MA.

657. KonuBanbHuii KOHTYp CKIIaIa€Thesl 13 KoHAeHcaTopa eMHicTio C=0,04 MkD i KOTyIIKH
iHaykTHBHICTIO L=1,6 MI'H. AMnaimyone 3HaueHns Hanpyru U,,,,=200 B. Busnauntu mak-
CUMAUTbHY CHITY CTPYMY Y KOHTYPI Lyyqy.

A) 1,,=0,5 A. B) 1,,=2,0 A. B) 1,,=1,0 A. T) 1,x=2,5 A. [T) L, =1,5 A.
Bumymeni konuBaHHs

658. SIka rojoBHa 03HaKa SBUILA pe3oHaHCy 7

A) Ilepion BUMYIIIEHUX KOJNUBAHb 3MEHIIYETHCS.

b) AMmutityna rapMOHIHHUX KOJIMBaHb 3POCTAE.

B) AMmutiTya BUMYIIEHHX KOJIMBAHb 3pOCTAE.

I') Yacrora BUMyIIEHNX KOJIMBaHb 3POCTAE.

J) AMtiTyna BAMYIIEHHX KOJIMBAHb 3MEHITY€EThCS.

659. Iapamerpu omHoro xomuBasibHOro koHtypa C;=160 n®, L,;=5 mI'H, a inmoro C,=100
n®, L,=4 MI'H. Sk noTpiOHO 3MIHUTH MICTKICTh KOHAEHcaTopa C,, 100 00HABA KOHTYpPH
OyJIM HaNaro/keHi 6 pesoHauc ?

A) 3mennmty Ha 100 nd. B) 36inbmmty Ha 200 nd. B) 36inbmmty Ha 100 nd.
I') 3menmmu Ha 200 nd. [T) 36inpumty Ha 50 nd.

660. [pu skl WBUAKOCTI pyXy MOTATY V aMIutiTya A BEpTUKAIBHUX KOJIMBaHb Baro-Hy
Oyne Haubinbuioro, KO Hepio] Horo BIacHUX BepTUKAIbHUX KoJMBaHb 1=1.,5 c, a
JOBXKUHA peiku L=15 M ?

A) V=36 xw/r. B) V=72 kw/r. B) V=64 xw/r. T') V=48 xw/r. JT) V=55 kM.

661. Ipu sKiii MBUIKOCTI pyXy NMOTATY V, MiIBIICHNH Y BATOHI MaTEMATUYHHUIA MAasTHHK,
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654. A frame of $=200 cm” uniformly rotates in the magnetic field of induction B=80 T and
frequency v=50 Hz. Find out an amplitude value of inductance electromotive force in the
frame &,,4.

A) 60=251V B) =50V C) £u=502V D) =812V E) §,=25V

655. A frame of S=40 cm’® uniformly rotates with the period 7=0.02 sec in the magnetic fi-
eld. The amplitude value of inductance electromotive force in the frame is ¢,,=628 V. Find
out the magnetic field induction B.

A)B=500T B)B=300T C)B=400T D)B=200T E)B=100T

656. The maximum charge on the condenser of an oscillating loop is Q,,m=10'6 coul and
condenser capacity is C=0.5 mkF. Find out the maximum value of current in the loop 7, if
its coil inductance is L=2 H.

A) I,,=8 mA B) 1,,,=4 mA C) 1,,,=1 mA D) [,,,=10 mA E) 1,,,=2 mA

657. An oscillating loop consists of a condenser of capacity C=0.04 mkF and a coil of induc-
tance L=1.6 mH. The amplitude value of voltage is U,,,,=200 V. Find out the maximum
current intensity in the loop 7.

A)L,,=05A B)[,,=20A C)I,,=1.0A D)[,,=25A E),,=1.5A
Forced oscillations

658. What is the main characteristic of the resonance phenomenon ?

A) The period of forced oscillations decreases

B) The amplitude of harmonic oscillations increases
C) The amplitude of forced oscillations increases
D) The frequency of forced oscillations increases
E) The amplitude of forced oscillations decreases

659. The parameters of one oscillating loop are C;=160 pF, L;=5 mH and the other one —
C,=100 pF, L,=4 mH. How should the condenser C, capacity be changed that the both loops
would be resonant ?

A) Should decrease 100 pF B) Should increase 200 pF C) Should increase 100 pF
D) It should be decreased by 200 pF E) It should be increased by 50 pF

660. At what velocity ¥ of a train motion will amplitude A of vertical oscillations of a
carriage be the largest, if the period of its proper vertical oscillations is 7=1.5 sec and a
rail length is L=15m ?

A) V=36 km/h B) V=72 km/h C) =64 kmvh D) V=48 km/h E) V'=55 km/h
661. At what velocity V of a train motion will a mathematical pendulum of /=1 m in length
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3aBIOBXKKH /=1 M, HOUHE MAKCUMATLHO POTOMTYBATUCS, SKIIO JOBXKUHA peiiku L=25 m?
A) =9,6 m/c. B) V=18,3 m/c. B) V=212 m/c.T') V'=15,4 m/c. 1) V=12,5 m/c.
XBuJieBi npouecu
662. YKaxiTb, IKOMY i3 IepesliYeHUX MOHATh BiANOBinae BennyuHa noaarky (V-7)?

A) Yacrori konuBanb. b) JloBxuHi XxBuiai. B) AMIUTITY i KOJTMBaHb.
I') LHuknivsii yactoti konuBank. J[) @a3i konuBaHb.

663. Y okeani 1oBxuHa XBUII A Moxke nocsirat 270 M, a nepiofl KOJIMBaHb YaCTOK BOJH
T moxe cximanaty 13,5 ¢. Bu3HaunTH MWBUAKICTH V TOMIMPEHHS TAKMUX XBUIIb.

A) V=24 m/c. B) V=12 m/c. B) =20 m/c. T) V=16 m/c. JT) V=8 m/c.

664. BuzHauuTH JOBXKHHY XBUII A, SIKIO BOHA MMOLUIMPIOETHCS 31 WBHUIKICTIO V=5,5 M/c,
a mepion 1 konuBaHb 7=3 c.

A) =122 M. B) A=1,8 M. B) 4=9,6 m. ) 4=16,5 m. J) A=4,8 m.

665. BusHaunTy TOBXUHY XBUIII A, SIKIIO IIBUIKICTH MOMMPEHHS KonmBaHb V=500 m/c,
a yacToTa koymBaHb v ckiaagae 100 I'm.

A) =5 m. B) A=500 M. B) 4=5000 m. T') 4=0,2 m. [T) A=50 m.
666. IlkigmuBUME Ui 310pOB's JMOAWHK € iH(pa3Byku yactoToro v=8 I'. BusnaunTu

JIOBXHMHY XBWJII I[bOTO iH(PA3BYKy y MOBITPi A, SKIIO IIBHJKICTH HOro MOLIMPEHHS
V=340 m/c.

A) 2=126,2 m. B) 1=27,8 M. B) A=42,5 M. T') 41=2,7 xm. 1) 1=84,4 m.
667. Crosuu Ha Oepe3i Mops, JIOMHA BU3HAUWIIA, IO BiJCTaHb MiX JBOMa IpeOeHAMU
HACTYITHHUX OJIHA 33 OJHOIO XBWIIb CKiIanae 12 m. BoHa mimpaxyBaia, 10 3a MPOMiXKOK

yacy =75 ¢ nos3 Hei npoinuo N=15 rpebeHiB XxBuiIb. BU3HAUNTH IIBUIKICTD HOIIU-
PEHHS XBUIb V.

A) V=12 wm/c. B) V=2,4 m/c. B) '=4,8 M/c.T) '=1,2 m/c. I) V=3,6 m/c.
668. XBuJIs1, CTBOpEHa KaTepoM, SIKHi MMpoioB Bia Oepera Ha Bincrani S=200 M, g0Ko-
THJIACh 10 Oepera uepe3 npoMikok vyacy t=80 c. SIka moBxuHa i€l XBUII A, SKIIO 4acTO
Ta ii ynapis 06 Geper v=0,5 I'g ?

A)A=3m. B)A=llm. B)A=9m. T)A=5m. M) A=7Twm.

669. ITaporiaB 30yiMB XBUIIIO, sIKa JiHIIIa O Oepera yepe3 NpoMiKOK yacy =1 XBWIIHU-
Ha. Bizictanp Mixk ABOMa CyciHIMU rpeOeHsME XBUIi A=1,5 M, a mpomixxok yacy T'
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suspended in a carriage swing at the most if a rail length is L=25 m?

AV=9.6 m/sec B)V'=18.3 m/sec C)V'=21.2 m/secD)V'=15.4 m/sec E)V'=12.5 m/sec
Wave processes
662. Show what of the below concepts does the product (¥-T) value correspond to?

A) oscillation frequency B) a wave length C) amplitude of oscillations
D) a cyclic frequency of oscillations E) an oscillation phase

663. In an ocean a wave length A can be 270 m and the period T of oscillations of water
particles can be 13.5 sec. Find out the velocity of propagation of these waves.

A) =24 m/sec B) V=12 m/sec C) V=20 m/sec D) V=16 m/sec E) V'=8 m/sec

664. Find out ocean a wave length A if it propagates at a velocity V'=5.5 m/sec and the
period of its oscillations is 7=3 sec.

A)/=122m B)i=18m C)i=9.6m D)J=165m E)i=4.8m

665. Find out ocean a wave length 4, if the velocity of propagation of oscillations is
V=500 m/sec and the frequency of oscillations v is 100 Hz.

A)A=5m B)A=500m C)A=5000m D) A=02m E)A=50m
666. Infra-sounds of frequency v=8 Hz are considered to be harmful for a human being
health. Find out the length of this infra-sound A wave in air, if velocity of its pro-
pagation is V=340 m/sec.
A) 421262 m B) 4=27.8 m C) 1=42.5m D) A=2.7km E) /=844 m
667. Standing on a sea-shore a person determined that the distance between two wave

crests was 12 m. He calculated, that during the period of time =75 sec N=15 wave
crests passed by him. Find out velocity of wave propagation V.

A)V=7.2 m/sec B)V=2.4 m/sec C)V=4.8 m/sec D)V'=1.2 m/sec E)/'=3.6 m/sec

668. A wave behind a boat, which covered the distance $S=200 m from a sea shore
reached the shore in /=80 sec. What is this wave length 4, if the frequency of its dashes
against the shore is v=0.5 Hz ?

A)/=3m B)i=llm C)A=9m D)i=5m E)i=7m

669. A steamship made a wave, which reached a shore in /=1 min. The distance betwe-en
two adjacent wave crests is A=1.5 m, and the period of time between two successi-
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MIX JIBOMa n0Ci006HUMY yaapaMu 00 Oeper cTaHOBUTH 2 ¢. BuzHauuTu BincTab S Bif
Oepera 10 naporuiasa ?

A) S=36 M. B) S=63 M. B) S=45m. T') S=72 m. 1) $=54 m.
670. HIBuaxicts xBumi V=100 m/c. BusHauuTu nepiofi KojauBaHb 1 4aCTUHOK CepelOBHU-

11a, y SIKOMY BOHA MOLIMPIOETHCS, SKIIO MIHIMAIbHA BIACTAHb MK TOYKamu, (a3u Ko-
JIMBaHb SIKUX CHi6naoaioms, TOPiBHIOE 1 M

A) T=0,1 ¢. b) 7=0,02 ¢. B) 7=0,04 ¢. I') 7=0,01 c. 1) 7=0,08 c.
671. BuzHaunTH 4acTOTy KOJIMBAHb V YAaCTUHOK CEPEIOBHUINA, y SKOMY ITOIIHPIOETHCS

XBHJISL 31 IIBHIKICTIO V=50 M/C, SIKIO MiHIMAIbHA BIICTaHb MK TOYKaMH, (a3u KOJH-
BaHb SIKUX NpomuiedicHi, nopisHioe 0,5 M

A) v=50 Tww. B) v=25I'. B) v=100 T'w. T)) v=75 'y, JT) v=10 T'n1.

672. Bu3HaUNTH OBXUHY XBWII A, SKIIO Pi3HUNS (a3 KONMWBaHb A¢ TOYOK, SIKi 3HAXO-
ISIThCS Ha BijgcTaHi Ar=25 cMm, cknanae /6.

A)yi=4m. B)A1=2m. B)A=Ilm. D)A=3m. D) A=5m
673. NopxkuHa xBuwiti A=0,8 M. YKaxiTh pi3HHUIIO (a3 KOJIMBAHb A@ TOYOK CEPEIOBHUINA,

SIKI 3HAXOASTHCS Ha BimcTaHi Ar=20 cM olHA BiJl OJTHOI Y3[IOBXK HANPSMKY MOIITHPEHHS
XBHJII.

A) Ap=m2. B)Ap=1/6. B) Ap=n/3. T)Ap=r/4. JI) Ap=r.

674. JIBi ToukH, BiAaJCHI BiJ JpKepesia KOJMMUBaHb Ha BifcTaHsax r=12 M i =15 M, Ko-
JIUBAKOThCA 13 pisHuULE0 (a3 Ag=37/2. BU3HAYUTH MIBUAKICTH V MOMIMPEHHS XBHUJIb Y
OMY CEPEIOBHIII, SKIIO TEepio KoIuBaHb mkepena T=1 c.

A) V=4 m/c. B) V=2 wm/c. B) V=5w/c. T') =1 m/c. ) V=3 m/c.
3ByK i yJIbTpa3ByK

675. 3ByKOBI XBWJI, SIKi MalOTh 4actoty v=500 ['1|, mommproroThest y moBitpi. JoBxuHa
xBui A=0,7 M. BU3Ha4nTH MBUAKICTH ' IOMIMPEHHS XBUJIb.

A) V=400 m/c. B) V=250 m/c. B) =200 m/c. I') =350 m/c. ) V=300 m/c.
676. KonuBanHst MeMOpaHU 30yIKYIOTBCS €IEKTPHYHHM CTPyMOM i3 yactororo 3000 komu-

BaHb 32 | xBuiMHY. BU3HAYNTH NOBXKHHY 3BYKOBOI XBHJI Y MOBITpI A, SIKIIO HIBUIKICTH
TMOIIMPEHHSI 3BYKY Y TOBITpi V=340 m/c.

A)A=102 M. B)A=34m. B)A=13,6m. ) A=8,5m. JI) A=6.8 m.
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ve wave dashes against a shore is 7=2 sec. Find out the distance S between the shore
and the ship.

A)S=36m B)S=63m C)S=45m D)S=72m E)S=54m

670. A wave velocity is /=100 m/sec. Find out the period of oscillations T of particles of
the medium in which it propagates, if the minimum distance between the points, which
phases of oscillations coincide, is 1 m.

A) T=0.1 sec B) 7=0.02 sec C) 7=0.04 sec D) 7=0.01 sec E) 7=0.08 sec

671. Find out the frequency of oscillations v of particles of the medium, in which a wave
propagates at a velocity V=50 m/sec, if the minimum distance between the po-ints,
which phases of oscillations are opposite, is 0.5 m.

A) v=50 Hz B) v=25 Hz C) v=100 Hz D) v=75 Hz E) v=10 Hz

672. Find out a wave length 4, if the difference of phases of oscillations A¢ of the points,
which are at a distance Ar=25 cm, is 77/6.

A)l=4m B)A=2m C)A=Im D)A=3m E)A1=Sm

673. A wave length is 1=0.8 m. Show the difference of phases of oscillations Ag of the
points, with the distance Ar=20 cm between them and they are located along the
direction of a wave propagation.

A)Ap=72 B)Ap=716 C)Agp=m3 D)Ap=m4 E)Ap=r1

674. Two points, which are ;=12 m and »,=15 m, respectively, away from a source of
oscillations oscillate with the difference of phases Ap=37/2. Find out the velocity of
propagation ¥ of waves in this medium, if the period of the source oscillations is 7=1
sec.

A)V=4 m/sec B)V=2 m/sec C)V'=5 m/sec D)V'=1 m/sec E)V'=3 m/sec

Sound and ultrasound

675. Sound (acoustic) waves, which have frequency =500 Hz, propagate in air. A wave
length is A=0.7 m. Find out velocity V' of wave propagation.

A)V=400 m/sec B)=250 m/sec C)F=200 m/sec D)V/=350 m/sec E)/=300 m/sec

676. Membrane oscillations are excited by electric current of frequency 3000 oscillati-
ons per minute. Find out a sound wave A in the air, if velocity of sound propagation in
the air is V=340 m/sec.

A)A=102m B)A=34m C)1=136m D)A=85m E)i=68m
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677. YnbTpa3ByKOBHH €XOJIOT BHIIPOMIHIOE KOJIMBaHHS i3 yactororo v=40 k['u. fka nos-
JKUHA YJIBTPa3BYKOBOI XBHII A y BOAL, SIKILO if mBuakicTs F=1400 m/c ?

A) A=3,5m. B) 1=0,35mm. B) A=3,5cm. I') 1=3,5mm. M) /=35 cm.

678. Slka TiOuHa MOps /i, SIKIIO YIIBTPa3BYKOBHUI IMITYJIEC TiIPOJIOKATOpa MOBEPTAETHCS
yepe3 1=0,2 c micnst mocuanys ? LBuakicTs nmommpenHs 3ByKy y Bogi V=1400 m/c.

A)h=280m. B)h=140m. B)h=180 m. T)h=320m. JI) h=240 m.

679. T'eneparop, sxwuii npairoe Ha gactoti v=60 K 11, MOCKIIA€ yIBTPA3BYKOBI IMITYJIbCH TPH-
BayticTio 7=1/600 ¢. CKiJbKK KOJMBaHb N MICTHTBCS B OJTHOMY IMITYJIbC ?

A)N=300. B)N=250. B)N=150. TI')N=100. I)N=200.

680. I'eneparop mocunae yibTpa3ByKOBi iMITyiibcH 4acToToro v=50 K[, Y omHOMY iMITYJIbCI
mictutbest N=100 yibTpa3ByKOBHX XBUJIb. BU3HAYNTH TPUBAIICTH T KOXKHOTO IMITYIIECY.

A) =0,005-c. B) =0,02 c. B) 0,002 c. I') =0,01 c. ) =0,05 c.

681. Exonot yTBOpIO€ KonuBaHHA 9acToToro v=50 k['1. YoMy JOpPiBHIOE IOBXKHHA YIJIBT-
Pa3ByKOBOI XBWJI y BOAI A, KO ii mBUAKICTE V'=1400 m/c?

A) =28 mm. B) A=2,8 mm. B) A=28 cm. T) A=2,8 m. JT) 4=0,28 mm.

682. Ha sikiil yacToTi v cyaHa mepenatoTh curan Hebesneku SOS, gKIo 3a MiKHapoOa-
HOI0 YroJI0K0 JIOBXKMHA BiJIOBIIHOT pagioxBuili A Mycuts ckiaaatu 600 m? LIBuakicTs
TOIMPEHHS pagioxBuib ¢=310% m/c.

A) v=50 xI'u. B) v=500 xI'. B) v=500 I'ut. T') v=5 ' [I) v=50 I'm.

683. Busnauutu nepion 7' eNEKTPOMArHITHUX KOJMBaHb, SKUMH CYIHA TEPEIAIOTh CHT-
Han Gigm SOS, sAKIIO 32 MIXXHAPOIHOK Yrof0K JOBXHWHA BIAMOBIIHOI pamioXBHii A
8
mycutb cknanatu 600 M. (¢=3-10" m/c).

A) T=7-10"¢c. B) T=3-10"*c. B) T=2-10"%c. T") T'=5-10"c. JT) 7=9-10""c.

684. 3ByKOBa XBWJIS JIFOJCHKOIO TOJIOCY MiHIMAIBHOT YaCTOTH Mae JOBXHHY A=4 M Bu-
3HAUUTH L0 YaCTOTy KOJMBaHb V, SIKIIO IIBUAKICTH HMOIIMPEHHS 3BYKY y HOBITpi V=
=332 m/c.

A) v=42Tm. B) v=116Tu. B) v=83Tm. I') v=21Tm. M) =166 w.

685. Homy JOpIBHIOE BiICTaHb JIO JiTaKa S, SKIIO MOCTAHUN Ha3eMHHM paaionokatopom
CHTHAJl 7106€PHY6C. 0 HBOIO Mepes3 MIPOMDXKOK Hyacy Ar=2- 10 ¢ ? (IIBuakicTh mOMIH-
penns pamgioxmmb =310 m/c).

A) S=30 xm. B) S=15 km. B) §=60 km. I') S=45 xm. [I) S=90 xm.
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677. An ultrasonic depth finder generates oscillations of frequency v=40 kHz. What is an
ultrasonic wave length A in water, if its velocity is ¥=1400 m/sec ?

A)A=3.5m B)1=035mm C)A1=3.5cm D)A1=3.5mm E)A=35cm

678. What is a sea depth 4, if an ultrasonic impulse of an echo sounder (sonar) comes back in
t=0.2 sec after its pulsing ? Velocity of sound propagation in water is ¥=1400 m/sec.

A)h=280m B)A=140m C)/=180m D)4=320m E)#=240m

679. A generator, which operates at frequency v=60 kHz, generates ultrasonic pulses of
duration 7=1/600 sec. How many oscillations N are there in one pulse ?

A)N=300 B)N=250 C)N=150 D)N=100 E)N=200

680. A generator generates ultrasonic pulses of frequency v=50 kHz. There are N=100
ultrasonic waves in one pulse. Find out duration 7 of each pulse.

A) =0.005-sec B) =0.02 sec C) =0.002 sec D) =0.01 sec E) =0.05 sec

681. A sonic depth finder (sounder) generates oscillations of frequency v=50 kHz. What
is an ultrasonic wave length A in water, if its velocity is =1400 m/sec equal to?

A) A=28 mm B) 1=2.8 mm C) A=28 cm D) 1=2.8 m E) 4=0.28 mm

682. At what frequency v do ships send the danger signal "SOS”, if by the International
Agreement the length of the corresponding radio wave 4 must be 600 m? Velocity of
radio wave propagation is ¢=3-10% m/sec.

A) v=50kHz B)1=500kHz C)v=500Hz D) v=5kHz E) v=50Hz

683. Find out the period T of electromagnetic oscillation,s with the help of which ships
send the danger signal “SOS”, if by the International Agreement the length of the
corresponding radio wave A must be 600 m. (c=3-10° m/sec).

A)T=7-107sec B)T=3-10"sec C)T=2-10"sec D)T=5-10"sec E)7=9-10"sec

684. A sound wave of a human voice of the minimum frequency has length A=4 m. Find

out this frequency of oscillations v, if velocity of sound propagation in the air is V=332
m/sec.

A) v=42 Hz B) v=116 Hz C) v=83 Hz D) v=21 Hz E) v=166 Hz
685. What is the distance S to a plane, if a signal sent by a ground-based radio-locator
came back to it in At=2-10" sec ? (Velocity of radio wave propagation is c¢=3-10°

m/sec).

A)$=30 km B)S=15xm C)S=60xm D)S=45xm E)S=90 km
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686. Pamiocurnai, nmociaanuii Ha Micsiib 1 BiIOWTHI Bil HBOTO, OYB MPUAHATHIA Ha 3eMITi
yepe3 Ar=2,5 ¢ micns nocunanHs. BusHauutu Biactans S Big 3emii no Micsus mij yac
nokartii. (I1IBHAKIiCTS momupen s pagioxsmibs ¢=3-10° m/c).

A)S=9,6-10°m. B)S=1,2-10""m. B)S=5,4-10° . I)$=2,1-10° m. J1)S=3,8-10° m.

687. BHacnmiiok NpoBeJeHOTo reojoraMy BUOyXy, y 36MHiH KOp1 MOIIUPIOETHCS XBUIIA 31

mBHKICTIO V=5 km/c. Bigbura Bij rMOWHHUX IacTiB 3emuni XBuiis Oyna 3adikco-

BaHa uepe3 Ar=22 c micns BUOyxy. Ha skiii rimuOuHi A 3amsrae 115 nopojaa MmiBUIIEHOT
TYCTHHU ?

A) h=92 xm. B) h=55km. B) h=74 km. ') h=110 km. 1) 2=81 xm.

688. 3ByKOBa XBHJIS IEPEXOMUTH 3 MOBITPS Y BOLY. Y CKUIbKH pa3iB IOBXKHHA 3BYKOBOI
XBHJI y BoAi A, Oinbiie, Hixk y moBitpi 4, ? LIBunkicts 3ByKy y Boxi V,=1496 m/c, a'y
noBitpi V1=340 m/c.

A) VY 0,23 pazu. B) ¥V 2,6 pasu. B) V 3,2 pazu. I') ¥V 1,8 pazu. /) V 4,4 pazu.

689. SIk 3MIHUTBCS JOBXWHA 3BYKOBOI XBWIII A Mix 4ac mepexony ii i3 nogimpsa 'y 600y,
SIKIIO IBUIIKICTB TIOMIMPEHHS 3BYKY Yy moBiTpi V1=340 M/c, a'y Boxi - V,=1450 m/c.

A) 12/11:2,2. B) ﬂz/ﬂl=3,3. B) 12/21:0,23. F) 12/11:4,4. I[) /12/}4:0,45.

690. Ha Bincrani S=1068 M Bix crocTepiraya MOJOTKOM O'fOTh MO 3aJi3HWUYHIN pewI.
CnocTepiray, IpUKJIaBLIA ByXO IO PelKH, MTOYYyB 3BYK Ha Ar=3 ¢ pawniute, HIX BiH Ail-
IIOB JI0 HHOTO II0 MOBITPI0. BU3HAYNTH MIBUAKICTH 3BYKY V> Yy CTalli, SIKIIO IIBUAKICTD
3BYKY y moBiTpi V=340 m/c.

A)V,=6340m/c. B)V,=5820m/c. B)V,=7570 m/c. I')V,=8130m/c. 1) V,=6960 m/c.

691. YactoTa konuBaHb kamepTony v=440 ', SIka moBxkKHA 3BYKOBOT XBHJII Bijl KaMmep-
TOHA Y TIOBITPi A, KO MIBUAKICTH V HOIIKUPEHHS 3BYKY Y TOBITPI MpH TeMIieparypi 1=
=0°C cranoButs 332 M/c ?

A)A=60M. B)A=15m. B)A=30m. TI)A=75m. J)A=45m.

Crostui xBuIi

692. Ins intepdepeHLiifHoro mMaxcumymy pi3HULA X0y A IBOX XBUIIb BiJl KOT€PEHTHUX
JPKEepeN MyCUThb CKJIaaTu:

A) A=nl.B) A=(n+1)§. B) A=(2n+l)%. ) A=2nz. JI) A=(2n-1)§.

693. TIpu inTepdepeHIiii KOrepeHTHUX XBUIIb Ma€ MICLe MiHiMyM, SKIIO iXHS Pi3HUIIS
xXony A ckiajgae:
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686. A radio signal sent to the Moon and resounded from it, was received on the Earth in
At=2.5 sec after its sending. Find out the distance S between the Earth and the Moon in
location. (Velocity of radio wave propagation is ¢=3-10° m/sec).

A)$=9.6-10° m B)S=1.210"" m C)S=5.4-10° m D)$=2.1-10° m E)$=3.8-10° m

687. An explosion was set off by geologists and a wave propagated in the Earth's crust at
a velocity V=5 xm/sec. After reflecting from the underground strata of the Earth the
wave was fixed in Ar=22 sec after explosion. At what depth # is this rock of higher
density ?

A)h=92 xm B)Ah=55xm C)h=74xm D)h=110km E) /=81 xkm

688. A sound wave passes from the air into water. How many times is the length of a

sound wave in water A, more, than in the air A4; ? Sound velocity in water is V,=1496

m/sec and in the air — V;=340 m/sec.

A) 0.23 times B)2.6times C)3.2times D) 1.8times E) 4.4 times

689. How will a sound wave length A change, when passing from the air into water, if
velocity of sound propagation in air is ¥;=340 m/sec and in water — }/,=1450 m/sec ?

A)22/21:22 B)ﬂz/ﬂ,1:33 C)/l,z/11:023 D)lz/ﬂ|:44 E)b//111045
690. An observer is $=1068 m away from a person hammering a rail. Applying his ear to
the rail, the observer heard a sound Ar=3 sec before the sound reached him through the

air. Find out the sound velocity V; in steel, if sound velocity in the air is V1=340 m/sec.

A) V,=6340m/sec B) V,=5820m/sec C) V>=7570 m/sec
D) V,=8130m/sec E) V,=6960 m/sec

691. Frequency of oscillations of a tuning fork is v=440 Hz. What is the length of a
sound wave of the tuning fork A in the air, if velocity 7 of sound propagation in the air
at t=0°C is 332 m/sec ?

A)A=60m B)A=15m C)A=30m D) A=75m E)A=45m
Standing waves

692. For the interference maximum, the propagation difference A of two waves from
coherent sources must be:

A) A=n1 B) A:(n-‘rl)% C) A:(2n+1)§ D) A=2nz E) A:(Zn—l)%

693. In interference of coherent waves there is a minimum, if their propagation diffe-
rence A is:
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1 1
A)A=k-1,k=0,1,2,.. B)A=27T'(k+5j ,k=0,1,2,.. B)A =(k+5)~/1 ,k=0,1,2,..

1 2
DA=k-, 1ek=024... )A=2k7, ne k=0,1.2....

694. Tlpu HakIaIeHHI KOTEPSHTHUX XBWJIb KOJMBAHHS NOCUIIOIOMb OJHE OJTHOTO, SKIIO
pi3HuLA (a3 Mix HUMU A@ JTOPIBHIOE:

1
A)Ap = Zﬁ(n + 5} 1=0,1,2,. B)Ap = 7(2n+1),n=0,12,.B)Ap = 7(n+1),n=0,2,4..

') Ap=2/m, ne n=0,1,2,... 1) Ap=m, ne n=1,3.5,..

695. Tlpu inTepdepenwii Mae Miclie B3aEMHE nOCIAOIeHHs. KOTEPEHTHUX XBHIIb, SKIIO Pi-
3HUIA (a3 MK HUMH A TOPIiBHIOE:

1
A)Ag = (n+1),n-nenapue.B) Ap =27 - [n + Ej , n-noBinbHe.B) Ap = (21 + 1)% » N-TIApHE.
I') Ap =27m , n— nosineue, 1) A@ = 7m, n - napHe.

696. [Ipn HakiageHHI KOTEPEHTHUX XBWIIb KOJHMBAHHS NOCUIIOIOMb OHE OJHOTO, SKIIO
pizHuILs X0y Ar 000X XBWIIb CKIIAIAE:

A)Ar=n-1/2,n=13.5,.. B)Ar=2n-1)-12, n=1,2,3,.. B)Ar=(n+1)-1/2, n=0,2.4,..
) Ar=(2n+1)-12, ne n=0,1,2, 1) Ar=2n-12, ne n=0,1,2,.

EnexrpomaruitHi xBuii

697. YacToTa eIeKTPOMAarHiTHUX KOJMBaHb IepenaBayda paxiocranuii v=6 MI'n. Busna-
YUTH JIOBXKUHY PaJiOXBWIIb A, SIKi BHUIPOMIHIOE 1 pagioctaHuis. [IIBUIKICTh momiu-
pennst pagioxmb ¢=3-10% m/c.

A)A=50m. B)A=75m. B)A=100m. T)A=25m. JI) A=150 m.

698. T'eHepartop eleKTPOMArHITHUX XBWJIb mpairoe Ha vactoti v=>50 k[u. Moro nepenasau
nocunae immynbe TpuBatictio 7=1/500 c¢. Ckinbku KonMBaHb N MICTHTBCSI Y OJJHOMY iM-
myJibei ?

A) N=200. b) N=500. B)N=250. I') N=350. I)N=100.

699. I'eneparop YBU npatrtoe Ha yactoti v=150 Mru. BuzHaute nOBXKHHY XBHJIb HOTO €JIeK-
TPOMArHITHOTO BUIIPOMiHIOBaHHS A. (I1IBHAKICTh MOIMPEHHS eEKTPOMArHITHUX XBHIIb C=
=3-10° m/c).

A) A=45m. B)A=20m. B)A=2m. T') 4=200m. M) A=4,5 m.

700. 3miHa 3apsIy Ha KOHICHCATOPI KOJIMBAIBHOTO KOHTYPa ONHUCYETHCS PIBHAHHIM ¢ =
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1 1
A)A=k-1,k=0,1,2,.. B)A =27T'(k+5j ,k=0,1,2,.. C)A = [k‘f'gj‘l ,k=0,1,2,..
A A
D)A=k R where k=0,2,4,... E)A = 2k'5, where £=0,1,2....

694. In superposition of coherent waves, oscillations amplify each other, if the diffe-rence
of phases between them Ag is equal to:

1
A)Ap = 27z(n + E) 1=0,1,2, B)Ap = 7(2n +1),n=0,1,2,.C) Ap = z(n+1),n=0,2,4..

D) Ap=2/m, where n=0,1,2,... E) Ap=7m, where n=1,3,5,...

695. In interference there is a mutual attenuation of coherent waves, if the difference of
phases between them Ag is equal to:

1
A)Ag = 7(n+1),n—odd B)Ap =27 [n + 5], n-any C)Ap=(2n+ 1)%, n—dual

D) Ap=2m,n—any E) Ap=sm,n—dual

696. In superposition of coherent waves, oscillations amplify each other, if the propa-
gation difference Ar of both waves is:

A)Ar=n-12,n=13.5,.. b)Ar=2n-1)-12, n=1,2.3,.. c)Ar=(n+1)-1/2, n=0,2.4,..
d) Ar=(2n+1)-12, where n=0,1,2,...e) Ar=2n-4/2, where n=0,1,2,...

Electromagnetic waves

697. Frequency of electromagnetic oscillations of a radio station transmitter is v=6 MHz.
Find out the length of radio waves A, which are emitted by the radio station. Velocity of
radio wave propagation is ¢=3-10° m/sec.

A)A=50m B)A=75m C)A=100m D)Ai=25m E)A=150m

698. A generator of electromagnetic waves operates at frequency =50 kHz. Its transmitter
generates pulses of duration 7=1/500 sec. How many oscillations N are there in one pulse ?

A)N=200 B)N=500 C)N=250 D)N=350 E)N=100

699. An ultrahigh frequency generator operates at frequency v=150 MHz. Find out the wave
length of its electromagnetic radiationA. (Velocity of electromagnetic wave propagation is
c=3-10% m/sec).

A)A=45m B)1=20m C)i=2m D)A1=200m E)A1=4,5m

700. A change of charge on a condenser of an oscillating loop is described by the equati-
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=3-cos(160xf). Bu3HauUUTH NOBXHMHY €IEKTPOMArHITHOI XBWII A, SIKYy BUIPOMIHIOE Iel
koHTYp. (LLIBHAKICTS eneKTpoMarHiTHUX XBIb ¢=3-10° M/c).

A) 1=7,6:10* M. B) 1=3,8-10° M. B) 1=4,2-10" M. T) 1=1,5-10° m. T) 1=6,4-10° m.

701. SIx 3MIHUTBCS JOBXKHHA XBUJII A, HA SIKii MpaIlfoe pajionepeiaBay, KO EMHICTh HOTO
KOJTMBATBHOIO KOHTYpa 3MiHuThCs 13 C;=60 nd Ha C,=240 nd ? (c=3-10% m/c).

A) 30unbinThCs y 4 pasu. B) 3MeHmmThes y 2 pasu. B) 3meHmmThCs y 4 pasu.
I') 36inbimmThes y 2 pasu. J1) 301mbmmThest y V2 pasis.

702. KonuBaibHHUI KOHTYP YTBOPIOE Y TOBITpI €IEKTPOMArHITHI XBHJII 3aBIOBKKH =36 M.
Bmﬁaqm% IHIYKTUBHICTh KOTYIIKH IILOTO KOHTYpa L, AKIILO €MHICTh HOro KOHZIeHCaTopa
C=1,8-10"" @. (IlIBHAKICTH EIEKTPOMArHITHUX XBHIb ¢=3-10" M/C).

A) L=0,2 MxI'n. B) L=20 mxI's. B) L=2 MI'n. I') L=200 Mx['n. /1) L=2 Mx['H.

703. Sk 3MIHUTBCSI TOBXKKMHA XBHUII A €NEKTPOMATHITHUX KOJMBAHb Y 3aAMKHYTOMY KOJIH-
BaJIbHOMY KOHTYpI, fKIIO Horo emHicTh C 30invwumu y 4 pasu, a iHIyKTHBHICTH L
smenwumu 'y 4 pasu ?

A) 36inbinThes y 4 pasu. b) He 3minutbes. B) 3MeHmuThes y 2 pasu.
I') 30inpmmThes y 2 pasu. J]) 3MeHmmThes y 4 pasu.

704. Sk 3MIHUTBCSI TOBXKKMHA XBHUII A €NIEKTPOMATHITHUX KOJIMBaHb Y 3aMKHYTOMY KOJIH-
BaJIbHOMY KOHTYPI, SIKIIIO EMHICTb ioro koHaeHcaropa C smerwumu 'y 4 pazu ?

A) 36inbiuThes y 4 pasu. b) He sminuthbest. B) 3MeHmmThes y 4 pasu.
I') 30inpmmThes y 2 pasu. J]) 3MeHmmTHCS Y 2 pasu.

705. Sk 3MIHUTBCSI TOBXKKMHA XBHUII A €NEKTPOMATHITHUX KOJIMBaHb Y 3aMKHYTOMY KOJIH-
BaJIbHOMY KOHTYPI, SIKIIIO iIHAYKTUBHICTh HOTO KOTYIIKHU L 36inbwumu y 4 pasu ?

A) 36inbiuThes y 4 pasu. b) He 3minuThes. B) 3MeHmuThCs y 2 pasu.
I') 30inpmmThes y 2 pasu. J]) 3MeHmmThes y 4 pasu.

706. Sy enexkrpoeMHicTh C MOBUHEH MaTH KOHIEHCATOp, 1100 KOJIMBAJBHUKA KOHTYD,
SIKUH MICTUTH B €001 HOro i KOTymKy iHaykTHBHICTIO L=10 MI'H, OyB HanamrtoBaHuil
Ha JOBXUHY XBHIi A=1000 M ?

A) C=280 mx®. b) C=2,8 Mx®. B) C=0,28 Mx®. I') C=28 mx®. ) C=28 mD.

707. 3MiHHMIA CTPYM y KOJMBAJIHHOMY KOHTYpPi 3MIiHIOETHCS 3TiHO i3 3aKkoHOM: [=0,3%
xsin(15,7-zf). Bu3HauuTH NOBXHMHY €IEKTPOMArHiTHOI XBWII A, SIKY BUIIPOMIHIOE Ll
kOHTYp. (LLIBHKICTH NIOUTMPEHHS eIEKTPOMArHITHIX XBHIb ¢=3-10° M/c).

A)A=7,510°m. B)A=1,2-10*m. B)1=8,9-10°m. ) 1=3,6-10" m. JT)A=5,1-10" .
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on g=3-cos(160zxf). Find out the length of an electromagnetic wave radiated by this loop.
(Velocity of electromagnetic wave is ¢=3-10° m/sec).

A)A=7.6:10* m B)A1=3.8-10° m C)A=4.2:10’ m D)A=1.5-10° m E)1=6.4-10’ m

701. How will the length A of the wave a radio transmitter works at change, if its oscillating
loop capacity changes from C;=60 pF on C,=240 pF? (¢=3-10° m/sec).

A) It will increase 4 times B) It will decrease 2 times C) It will decrease 4 times
D) It will increase 2 times.  E) It will increase V2 times.

702. An oscillating loop generates electromagnetic waves in the air, the wave length being
A=36 m. Find out inductance of this loop L coil, if its condenser capacity is C=1.810"" F.
(Velocity of electromagnetic waves is ¢=3-10° m/sec).

A) =02 mkH B) L=20 mkH C) L=2 mH D) L=200 mkH E) L=2 mkH

703. How will the length A of the wave of electromagnetic oscillations change in the closed
oscillating loop, if its capacity C increases 4 times and inductance L decreases 4 times ?

A) It will increase 4 times B) It will not change C) It will decrease 2 times
D) It will increase 2 times E) It will decrease 4 times

704. How will the length A of the wave of electromagnetic oscillations change in the closed
oscillating loop, if its condenser capacity C decreases 4 times ?

A) It will increase 4 times B) It will not change C) It will decrease 4 times
D) It will increase 2 times E) It will decrease 2 times

705. How will the length A of the wave of electromagnetic oscillations change in the closed
oscillating loop, if inductance of its coil L increases 4 times ?

A) It will increase 4 times B) It will not change C) It will decrease 2 times
D) It will increase 2 times E) It will decrease 4 times

706. What electro-capacity C must a condenser have for an oscillating loop, which
contains a coil of inductance L=10 mH to be tuned to the wavelength A=1000 m ?

A) C=280 mkF B) C=2.8 mkF C) C=0.28 mkF D) C=28 mkF E) C=28 mF

707. Alternating current in an oscillating loop changes in the law /=0.3-sin(15,7-z¢). Find
out the length of an electromagnetic wave A, which is transmitted by this loop.
(Velocity of electromagnetic wave propagation is ¢=3-10% m/sec).

A)A=7.510° m B)A=1.2-10° m C)4=8.9-10° m D)A4=3.6-10° m E)A=5.1-10" m
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708. ITpuitmMay HaAIITOBAaHUM Ha AOBXUHY XBUI A=590 M Bu3HauTe iHAYKTUBHICTb KOTYII-
. 8
KH KOJIMBAJILHOTO KOHTYpa L, SIKIIO eMHICTb Horo konaeHcatopa C=1 nd. (¢=3-10" m/c).

A) L=98 mI'n. B) L=0,98 MI'n. B) L=98 mx['n. I') L=9,8 MI'n. /T) L=980 mI H.

709. KonuBaneHuil KOHTYp CKIIaZA€ThCA 13 KOTYIIKH iHAYKTUBHICTIO L=25 MKI'H i KOH-
neHcaropa emHicTio C. Bu3HauTe HOro eMHICTh, IPH SIKii KOHTYp NpUAMaTHME pagiox-
BHII 13 JOBXHHOIO XBHI A=300 M. (c=3~108 Mm/c).

A) C=30 Mx®. B) C=50 mx®. B) C=10 mx®. I') C=40 mx®. ]T) C=20 mMxD.
TECTOBI 3ABJIAHHA J10 PO3JILUTY "OIITHKA"
®otomeTpist

710. CaiTio Big enekTpudHoi Jamiu cuiioro /=200 K1 majae mig KyTom a=45" na pobo-
4e MicIe, ocBiTIIeHICTh sikoro =141 nk. Ha skiii BigcraHi 7 Bi po6040ro MicIst 3Ha-
XOJMUTHCS jamia ?

A)r=1,75m.B) r=1,0 m. B) r=1,25 M. ') r=2,0 m. 1) r=0,75 ™.

711. B ymoBax nonepegHbpOro 3aBIaHHs BU3HAUTE BUCOTY /1, Ha SKili BUCUTh OCBITJIIOBa-
JIbHA JIAaMIIa HaJl pOO0YHM MICIIEM.

A) h=0,86 M. B) h=0,48 M. B) h=1,12 . T) h=0,71 m. JT) h=0,64 m.

712. Tlix 9ac BECHSHOTO 1 OCIHHBOTO piBHOJCHHS COHIIE CTOITh HAa €KBATOPI 6 3eHimi. Y
CKIJIbKH pas3iB B 1€l 9ac OCBITJICHICTh MOBEPXHI 3eMITi Ha €KBATOPi OLNIbIIIE OCBITICHOC-
i moBepxui 3emmi y Caukt-Ilerep6ypsi, mupora sikoro p=60° ? (Comsuni mpomeni
BBQKATH MApaJeIbHUMH).

A) VY 1,33 pa3u. B) ¥V 0,86 pazu. B) ¥ 1,41 pa3u. I') V 2 pazu. ) ¥ 1,73 paszu.

713. Hag ueHTpoM KpYIJoro CToiy xiameTpoM d=2 M Ha BucoTi £#=0,9 M BUCHTS JiamIIa,
cuna cBiTia skoi /=100 kx. Beaxkarouu namity moukogum JKepesoM CBiTIIa, BAZHAYUTE
OCBITIICHICTD E Ha Kpaio CTONy.

A) E=37 nk. B) E=118 1k. B) E=74 nk. ') E=21 nk. 1) E=56 k.

714. Y neHTpi Kpyrioro cToiry aiamerpoM d=1,6 M BUCUTb JIFOCTPa i3 YOTHPHOX EJIEKT-
PUYHUX JaMI cuioro /=80 K1 KOXKHa Ha BUCOTi #=2 M BiJ noBepxHi cToiy. BuzHauntu
ocBiTiieHicTh E Ha kpaio cromy.

A) E=8 k. b) E=64 nx. B) E=16 nx. ') E=32 nk. J]) E=48 nk.

715. Ilpu dotorpadyBaHHi OpeMET OCBITIIOETHCS EIEKTPUYHOIO JIaMIIOI0, PO3TAIIOBa-
HOI0 Ha BiJICTaHi 71=2 M BiJl HOTO. Y CKUJIbKH pa3iB TpeOa 30UIbIINTH eKCIO3UIII0 Af,
SIKIIO L0 JIAMITY BIZICYHYTH Ha BiICTaHb 7,=3 M Bijl IpeaMeTy ?
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708. A receiver is adjusted to the wave length A=590 m. Find out inductance of an oscillating
loop coil L, if its condenser capacity is C=1 pF. (¢=3-10° m/sec).

A)L=98 mH B) L=0,98 mH C) L=98 mkH D) L=9,8 mH E)L=980 mH

709. An oscillating loop consists of a coil of inductance L=25 mkH and a condenser of
capacity C. Find out the capacity, at which the loop will receive radio waves of 1=300
m in length. (¢=3-10° m/sec).

A) C=30 mkF B) C=50 mkF C) C=10 mkF D) C=40 mkF E) C=20 mkF
TEST PROBLEMS TO THE SECTION “OPTICS”

Photometry

710. Light of an electric lamp of intensity /=200 cd falls at an angle a=45" onto a
working place, which illumination is £=141 lux. Find out the distance r between the
working place and the lamp.

A)r=175m B)r=1.0m C)r=125m D)»=2.0m E)»=0.75m

711. Under the conditions of the previous problem, find out the height / an illuminating
lamp is suspended above the working place.

A) h=0.86 m B) h=0.48 m C) #=1.12m D) #=0.71 m E) #=0.64 m

712. In the vernal equinox and the autumnal equinox the Sun is at the zenith on the
Earth's equator. How many times is the Earth surface illumination at this time on the
equator larger than the Earth surface illumination in St.Petersburg which latitude is ¢=
=60 ? (Sun rays are considered as parallel).

A) 1.33 times B) 0.86 times C) 1.41 times D) 2 times E) 1.73 times

713. Over a round table of =2 m in diameter at a height #=0.9 m there is suspended a
lamp, its light intensity is /=100 cd. Considering the lamp as a point light source, find
out illumination E on the edge of the table.

A) E=37lux B) E=118lux C) E=74 lux D) E=21lux E) E=56 lux

714. In the center of a round table of d=1.6 m in diameter at a height #/=0.9 m over the
table surface there is suspended a luster of four electric lamps, each being of /=80 cd in
intensity. Find out illumination E on the edge of the table.

A) E=8lux B) E=641lux C) E=16lux D) E=32lux E) E=48 lux

715. In photographing, a subject is illuminated with an electric lamp located =2 m away
from the subject. How many must exposure At be increased, if the lamped is »,=3 m
away from the subject ?
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A)Y 1,5pasu. B) ¥V 2,25 pazu. B) V 2 pazu. I') ¥ 1,75 pazu. ) ¥V 2,5 pazu.

716. Ha apkym 6inoro nanepy po3mipamu 20x30 cM HOpMaJbHO /10 HOTrO MOBEpPXHI Ma-
nae ciTioBui motik @=120 nmm. Bu3HauTte 0CBITIICHICTh E I[HOTO MAEepPOBOro JIUCTA.

A) E=8(103 nk. b) E=4(104 nk. B) E=3(105 nk. I') E=2(103 nx. /T) E=9(104 nxk.

717. Apkyw nanepy posmipom 10x30 cM OCBITIIOETBCS CBITJIOM BiJ| JIAMIIM CHJIOK [=
=100 xn, mpraoMy Ha Hboro magae 0,5% Bix ycbOro CBITIIOBOTO MOTOKY @, SIKHI HO-
cuiIae 11 stammia. BusHaure ocBiTieHicTs £ 1bOTO apKyIa narmepy.

A) E=108 nx. B) E=165 nk. B) E=210 nx. I') E=54 nx. [1) E=246 nk.

718. EnexTpudHa jamIia HOCHIA€E Ha Bei 00K koorcHy xeuauny 122 J[x cBITIOBOT eHeprii.
Busnaute koe(ilieHT KOpUCHOT Aii 7 CBITIOBOT Bijjiayi, SIKIIO JIAMIIA CIIOYKHBAE MOTYXK-
Hicts P=100 Br.

A) 1774,5%. b) 1=1,0%. B) 7=7,5%. T') 7=2,0%. 1) 7=1,5%.
T'EOMETPHYHA OIITHKA

IToxa3HuK 32JI0MJICHHSI

719. Bu3HaunuTH MBHIKICTH NOIMIMPEHHS CBITIA V'y cepemoBHIL, TOKa3HUK 3JIOMIICHHS
sikoro n=1,65. (LLIBHKICTH TIOMMPEHHs CBITIA y Bakyymi c=3-10% m/c).

A) 1,5:10% m/c. B) 2,410° m/c. B) 1,8:10° m/c. T) 2,1-10% m/c. JT) 2,7-10° m/c.

720. SIk 3MIHUTBCSI MIBUJIKICTh MTOLMIMPEHHS CBITIA PH HOTO MEPEXOi i3 8aKyymy Y npo-
30pe cepedosuuje 3 OKA3HUKOM 3anomieHHs n=2 ? (c=3-10% m/c).

A) 3meHmmThes y 4 pasu. b) He 3aminntbes. B) 30inbmutses y 2 pasu.
I') 3menmuthbes y 2 pazu.  J1) 3MEHIIUThCS Y V2 pasis..

721. SIk 3MIHUTBCS Yacmoma c8imia v IpU HOTo NMEPEXO/I 13 6aKyymy y nposope cepeoo-
sulye 3 TIOKa3HUKOM 3aJIOMJICHHS n=2 ?

A) 3anexurts BiJ Kyta naginas. b) 3menmmthes y 2 pasu. B) He 3minnTbes.
I') 3anexxuts Bix KyTa 3agoMieHHs. [I) 30inbuUThCA y 2 pasy.

722. Sk 3MIHUTBCS Q08ICUHA CEIML0BOI X6UIi A TIPU TIEPEXOi 13 nogimps 'y nposope ce-
peoosuiye, TOKA3HUK 3aJIOMJICHHS sikoro n=1,73 ?

A) He 3minutscs. b) 36inbmurees y 1,73 pasu. B) 3menmutses y 1,73 pasu.
') 3mennmrteest y V1.73 pasu. JT) 36inbutees y v1.73 pasu.
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A) 1.5times B)2.25times C)2times D) 1.75times E) 2.5 times

716. A luminous flux @=120 Im falls normally to the surface of a white paper sheet of
size 20x30 cm. Find out illumination E of this paper sheet.

A)E=8-10° lux B)E=4-10" lux C)E=3-10’ lux D)E=2:10’ lux E)E=9-10" lux

717. A paper sheet of size 10x30 cm is illuminated with a lamp light of intensity /=100
cd, 0.5% of this lamp luminous flux @, falling onto it. Find out illumination £ of this
paper sheet.

A) E=108 lux B) E=165 lux C) E=210 lux D) E=54 lux E) E=246 lux

718. Every minute an electric lamp emits 122 J of light energy all over the place. Find out
the coefficient of efficiency # of light efficiency, if the lamp power consumption is
P=100 Wt.

A) 774.5% B) 1=1.0% C) 7=7.5% D) 1=2.0% E) n=1.5%
GEOMETRICAL OPTICS
Refractive index

719. Find out light velocity V in the medium, the refractive index of which is #n=1.65.
(Light velocity in vacuum is ¢=3-10° m/sec).

A)1.5-10° m/sec B)2.4-10% m/sec C)1.8-10° m/sec D)2.1-10° m/sec E)2.7-10° m/sec

720. How will light velocity change on coming out of vacuum into a transparent medium
the refractory index of which is n=2 ? (¢=3- 10® m/sec).

A) It will decrease 4 times. B) It will not change. C) It will increase 2 times.
D) It will decrease 2 times. E) It will decrease V2 times.

721. How will light frequency v on coming out of vacuum into a transparent medium the
refractory index of which is n=2 ?

A)Depends on the angle of incidence. B)Will decrease 2 times. C)Will not change.
D) It depends on the angle of refraction. E) It will increase 2 times.

722. How will a light wave length A change on coming out of vacuum into a transparent
medium the refractory index of which is n=1.73 ?

A)It will not change. B)It will increase 1.73 times. C)It will decrease 1.73 times.

D) It will decrease +/1.73 times. E) It will increase +/1.73 times.
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723. Ilpu nepexoi CBiT/IA i3 cepeoBUILA 3 TOKA3HUKOM 3aJIOMIICHHS 71; Y CEPEIOBULIE 3
MOKa3HUKOM /1, BUSIBUJIOCH, IO KYT 3JIOMJICHHS f§ MeHwuil 3a KyT naainas o. [1lo mo-
JKHA CKa3aTH Mo MIBUJIKICTh MOMIMPEHHS CBiTIIA V), y ApyroMy cepenoBuiii ?

53
A) =V, B) <V B) V=V rT D) >V ) Va=ny V.

1

724. 3HaiiTn aOCONMIOTHUN MOKa3HUK 3aJIOMJIEHHS IPO30POTO CEpeloBUINA 71, Y SKOMY
cBiTIIO 3 eHeprieto porony E=4.4- 10" Jix mae JOBXKHHY XBHJI A=3" 107 M

A)n=1,51. B)n=1,72. B)n=2,16. T)n=1,94. JI) n=133.

725. CBiTIOBi XBHII y AesKiil pianHi MaroTh goBxkuHy A=600 HM i 9actory v=4-10"" I'w.
Bu3HauuTH a0COMIOTHHUI MOKA3HUK 3aJOMIICHHS L€l PITUHY 7.

A)n=1,54. B)n=1,41. B)n=1,73. T)n=1,94. JI)n=1,25.

. 14 .
726. HactoTa cBITIOBUX KOJMHBaHb v=4-10" I'1l. BU3HAUUTH JOBKUHY XBHII A IIbOTO BH-
MIPOMIHIOBAHHS Y aMA3E, SIKIO HOTro aOCOMIOTHHIN MTOKA3HUK 3aJIOMIICHHS n=2,4.

A)2=842,8 um. B)A=126,3 um. B)1=312,5 um. T)A=643 2 . J1).=489,7 tm.

727. JloBKMHA XBUJIi )KOBTOTO CBITIHA Y 8aKyymi =579 HM, a 'y piokomy 6enzoni A=386
HM. Bi3Ha4unTH aGCOMOTHHI MOKA3HUK 3aI0MJICHHS OCH30IY 71.

A)n=141. B)n=1,33. B)n=1,73. T)n=2,14. JI) n=1,50.

728. BU3HAUUTHU BIOHOCHUL NOKA3HUK 3ATIOMAEHHS N1y AIMa3y BIIHOCHO JIbOAY, SKIIO a0-
COJIFOTHI MTOKAa3HUKH 3JIOMJICHHS anmasy n,=2,42, a npony - n,=1,21.

A) }’112:1,41. B) n12=2,0. B) n12=1,73. F) I’l12:1,5. I[) }112:0,5.

729. AGcoOTHI NOKa3HUKU 3aJIOMIICHHS aimazy ni=2,42, a ckna - ny=1,5. SIxe BigHO-
LICHHS TOBLIMHY aJMa3y d) J0 TOBILIHMHH CKJIa d,, SKIIO Yac ¢ OIIMPEHHS CBITIa B HUX
oonaxosuii ?

A) d\/dy=1,61. B) di/d=2,14. B) d1/d,=1,96.T) d/d,=0,62. ) di/d»=1,38.
BigouBanug cBitiia
730. I'opusonmansiuii IPOMiHb CBIT/Ia TAZA€ HA gepMuKATbHe A3epKalo. Moro mosepra-

IOTHh HABKOJIO BEPTUKAIBHOI OCi Ha KyT a. Ha SKuif KyT ¢ OBEepHEThCS IPH LOMY 6i0-
oumuii npomins ?

a o
A)(/)=5~ b) p=4a. B)oe=ca. F)(/)=Z' ) p=2a.
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723. A light ray comes out of a medium which refractory index is »; into a medium,
which refractory index is n,, and it turns out that angle of refraction s less, than angle
of incidence o What can be said about the light velocity 7, in the second medium ?

n
A) =V, B) V<V, C) V=V, ;2 D) »>Vi E) Vy=ny V)

1

724. Find out an absolute refractive index of a transparent medium #, in which the light
with photon energy £=4.4-10" J has a wave length A=3-10" m.

A)n=1.51 B)n=1.72 C)n=2.16 D)n=1.94 E)n=1.33

725. Light waves in some liquid have length of A=600 nm and frequency 1=4-10"* Hz.
Find out an absolute refractive index of this liquid 7.

A)n=1.54 B) n=141 C)n=1.73 D) n=1.94 E)n=1.25

726. Frequency of optical vibrations is 1=4-10"* Hz. Find out a wave length A of this
emission in diamond, if its absolute refractive index is n=2.4.

A)/=842.8 nm B)2=126.3 nm C)A=312.5 nm D)1=643.2 nm E)1=489.7 nm

727. A yellow light wave length in vacuum is 1g=579 nm and in liquid benzole 1=386
nm. Find out an absolute refractive index of benzole .

A)n=141 B)n=133 C)n=173 D)n=2.14 E)n=1.50

728. Calculate a relative refractive index ni, of diamond relative to ice, if absolute ref-
ractive indices of diamond is 7,=2.42 and of ice — n,=1.21.

A) n12=1.41 B) n12=2.0 C) n12=1.73 D) I’l]2:1.5 E) n12=0.5
729. Absolute refractive indices of diamond is n1=2.42 and of glass — ny=1.5. What is the
relationship of diamond thickness d; and glass thickness >, if the time ¢ of light pro-
pagation in them is the same ?
A) dl/d2:1 .61 B) d]/d2:214 C) dl/d2:196 D) dl/d2:062 E) dl/d2:138

Light reflection

730. A horizontal ray of light falls on a mirror, located vertically. It is turned round the
vertical axis at an angle o. At what angle ¢ will a reflected ray turn thereat ?

a a
A) =7 B)p=4a. C)gp=a. D) =7 E) p=2c.
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731. Ilepen MIOCKUM BEPTUKAIBHUM J3€PKAJIOM CTOITh JIIOAWHA. SIK 3MIHUTBCS BiJICTaHb
MIX J100unoro 1 1i 306pasicennsam, KO JIOIUHA 6i00a1umbca BiJl INIOIMHY J3epKajia
Ha2wm?

A) 36inbimuThcs Ha 1 M. B) 30inbmmThes Ha 4 M. B) He 3minuTheS.
I') 30inpumthes Ha 0,5 M. J]) 361bIIHTECS HA 2 M.

732. Ilpu KoMy KyTi IaAiHHA o IIPOMIHb CBIiTJa, MIPOXOSUM Uepe3 IIOCKONapaseIbHy
TUIACTUHKY, He 3Milyyemubcsi BiJl IEPBUHHOTO HATIPAMKY ?

A)a=0".  B)a=10". B)a=30". TI)a=45". JI)a=60".

733. Buznauutu KyToBy BUcoTy COHILISL HAO 20pu3oHmMoMm @, KIIO JOBXKMHA TiHi Bif Ipe-
JIMETY B JaHUH MOMEHT O0pPi6HIOE€ BUCOTI CaMOTO NIPEAMETY.

A) 9=30°. B)p=60". B)p=0°. T)p=90". JI)p=45".

734. JlroguHa pyXaeThes y HAMPSMKY 00 TUIOCKOTO J3epKaiia 3i mBuakictio V=1 m/c. I3
SIKOYO TIBHJIKICTIO V, BOHA HAOIIIKAETHCS 00 8020 300padicertst ?

A) V=1,0 m/c. B) V3=1,5 w/c. B) ¥,=0,5 m/c. T') V3=2,0 m/c. JT) V3=0,25 wlc.

735. Tlepen MIOCKUM BEPTHKAIBHUM J3€PKAIOM CTOITh JIFOAWHA. SIK 3MIHUTHCS BiJICTaHb
S MiX 1100uH010 1 11 306pasicennsm, KO JTOIMHA HAOAU3UMbCSL 10 N3epKana Ha 1 M ?

A) 3menmmthest Ha 1 M. B) 3meHmmTees Ha 2 M. B) 3meHmmTeest Ha 0,5 M.
I') 3menmmuThes Ha 1,5 M. 1) He 3miHUTHCS.

736. KyroBa Bucora Conus Hag ropusontoM ¢=48". Ilix sKuM KyToM 0o 2opusonmy f3
Tpeba po3TalryBaTH IUIOCKE J3epKallo, MO0 8idOumum Bil HHOTO CBITJIIOM OCBITIIMTH
JTHO TJIHOOKOI0 KOJIOA3s ?

A) =56". B) p=17°. B) p=69°. T)=84". II) p=48".

737. Kyt maginns citnoBoro npomens a=20°. YoMy IOPIBHIOE KYT ¢ MiX nadamouum Ta
8i00UMuUM IPOMEHIMH ?

A) 9=10". B) p=20". B)¢=50". T)p=70". JI)p=40".

738. Sk 3MIHUTBCS KYT MiX naoaioyum Ta ¢iodumum MPOMEHSIMH CBITIA, SIKIIO KyT Ma-
niHAs o smenwumu va 10° 2

A) 3MeHImThECS HA 5. b) 3mMenmuThes HA 40°. B) 3menmmThes Ha 20°.
I') He sminntbes.  JI) 3menmmrses Ha 10°.

. . 0 .
739. Ilpominp nanae mig kyrom ¢=30" 0o nosepxwi MIOCKOTO J3epKaia. BusHaure KyT y
MiX nadarouum Ta 8i0oumum TPOMEHSIMH.

262



731. A person is standing in front of a vertically located mirror. How will a distance
between the person and his reflection change, if the man moves 2 m away from the mir-
ror surface ?

A) It will increase by 1 m B) It will increase by 4 m C) It will not change
D) It will increase by 0.5 m E) It will increase by 2 m

732. At what angle of incidence o does a light ray not shift from the initial direction
passing through an in-plane parallel plate ?

A)a=0"  B)a=10" C)a=30" D)a=45" E)a=60"

733. Find out an angle of altitude of the Sun above the horizon ¢, if a shadow of a sub-
ject at a given moment of time is equal to the height of the subject itself ?

A) 9=30° B)p=60" C)p=0" D)p=90" E)gp=45°

734. A person moves fowards a plane mirror at a velocity ¥;=1 m/sec. At what velocity
V, does he approach his reflection ?

A)V,=1.0 m/sec B)V,=1.5 m/sec C)V,=0,5 m/sec D)V,=2.0 m/sec E)V,=0.25 m/sec

735. A person is standing in front of a plane vertical mirror. How will a distance S bet-
ween the person and his reflection change, if the person moves 1 m closer to the mirror ?

A)It will decrease by 1 m B)It will decrease by 2 m C)It will decrease by 0.5 m
D) It will decrease by 1.5 m E) It will not change

736. An angle of altitude of the Sun above the horizon is p=48". At what angle fo the ho-
rizon [ should a plane mirror be located to light the bottom of a deep well with the light
reflected from the mirror ?

A) =56 B) 71" C)p=69" D)p=84" E)p=48°

737. An angle of incidence of a light ray is a=20". What is an angle ¢ between incident
and reflected rays equal to ?

A)p=10° B)@=20" C)¢=50" D)@=70" E)=40°

738. How will an angle between incident and reflected rays of light change, if an angle of
incidence decreases by 10° ?

A)It will decrease by 5° B)It will decrease by 40° C)It will decrease by 20°
D) It will not change E) It will decrease by 10°

739. A ray falls at an angle 9=30" to a plane mirror surface. Find out an angle y between
incident and reflected rays.
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A)y=120°. B)y=30". B)y=150°. T)y=60°. JI)y=90°.

740. SIkoro Haiimenuio2o po3Mipy i Mae OyTH IJIOCKE A3epKalio, 00 JroauHa 3poctoM H
Moruia 6auuTt cebe B HbOMY y nosHuti 3picm ?

A) h=H/3. B)h=H. B)h=2H/3. T)h=H/2. JI) h=3H/A.

741. Tinb Big ocBiTiieHoi CoHIleM TelneBi3iitHOT Bexki Mae nopxuny L=286 M, a Bij Jito-
IIMHU 3aBBMIIKK £=1,8 M moBxuHa TiHi /=2 M. SIka BucoTa i€l Bexi H ?

A) H=198 m. B) H=257 m. B) H=236 . ) H=184 . JT) H=272 m.

742. BepTUKaNbHHIA KiJIOYOK 3aBBUIIKH /=1 M, 1[0 CTOITh MOOJIU3Y BYJHYHOIO JIiXTaps,
BiZKMa€ TiHb 3aBIoBKKHU /;=0,8 M. SIkiio nepeHect Kinoyok Ha AS=1 M nami Bix Jix-
Taps, To Horo TiHb MatuMe oBxuHy ,,=1,25 M. Ha sikiit Bucoti H BUCHTS JixTap ?

A) H=2,8m. B) H=2,0 M. B) H=3,2 M. ') H=2,4 m. 1) H=3,6 m.
3ajoMiIeHHs CBiTJIA
743. CBITIO NepexoanTh i3 nosimps y 60dy. Ska i3 HaBeJeHUX (HOpPMYJ BU3HAYAE ILIBHI-

KicTh V mommpeHHs CBiTIa y 600i ? (o~ KyT MaiHHs, (/- KyT 3aJIOMJICHHS, C- IIBHIKICTh
MOLIUPEHHS CBITNA ) nOGIMPI).

sina
AV =c- .B)V=c .B)YV =c-
) sin S ) cos ) S

cosa sin
. oSnf

cosa

V=

B pyy =988
mao S

744. Bu3HauNTH NMOKa3HHK 3aJOMJICHHS MOPCHKOI BOJAM 1, SIKIO NPHU KYmi NAQiHHA o=
=n/4, kym 3anomnenna f cknanae 30°.

A)n=141. b)n=1,72. B)n=1,33. T')n=1,50. 1) n=1,84.

745. ToHKHH Iy4OK CBiTJIA IEPEXOAUTD 13 MOBITPS Y PIAMHY 3 NOKA3HUKOM 3aJOMIICHHS
n=1,3. YoMy JOpIiBHIOE KyT 3QJIOMJICHHS £, SIKIIO CHHYC KyTa MajiHHA o 1opiBHIOE 0,65
?

A)p=75". B)p=30". B)P=45". T)p=60°. JI)p=15".
746. Ilpu nesixoMy KyTi IaJliHHS IPOMEHS CBIiTJIa HAa MEXY PO3JLLY JBOX IIPO30PUX Cepe-

JIOBUIL, BITHOIIEHHSI CHHYCa KyTa MaJiHHA JI0 CHMHYCa KyTa 3aJOMJICHHS JIOpiBHIOE N.
YoMy IOpiBHIOBATUME i€ BiTHOIICHHS IIPU 30inblienHi KyTa HadiHHA y 2 pa3u ?

A) % b) % B)2:N. T)N. ) V2 N.

5

747. dioneToBe CBITIO i3 IOBKUHOIO XBUI A;=397 HM najiae Ha PO30pPY IUIACTHHKY Mij
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A)y=120° B)y=30" C)y=150° D)y=60" E)y=90"

740. What must the minimum size h of a plane mirror be, that a man as tall as H could see
himself standing up straight ?

A)h=H3 B)h=H C)h=2H/3 D)h=H2 E)h=3H/A

741. A shadow of a TV tower lighted by the Sun is as long as L=286 m, a shadow length
of a man as tall as #=1.8 m is /=2 m. What is the height of the tower H ?

A) H=198 m B) H=257 m C) H=236 m D) H=184 m E) H=272 m
742. A vertical peg as high as #7=1 m is near a street lamp and its shadow length is /;=0.8
m. If the peg is taken AS=1 m away from the lamp within the same plane, its shadow
length will be /,=1.25 m. How high H is the lamp suspended ?
A)H=28m B)H=20m C)H=32m D)H=24m E)H=3.6m
Light refraction
743. Light passes from the air into water. What of the below formulas determines veloci-
ty V of light propagation in water ? (« is an angle of incidence, £ is an angle of refrac-

tion, c is light velocity in the air).

sin o

sin f#

cosa

cos 3

sin

cosa

A =c B)V =c¢ O =SB pyp oo S8
smao cosa

744. Determine the refractive index of sea water n, if at an angle of incidence o=n/4, an
angle of refraction Bis 30°.

A)n=141 B)n=1.72 C)n=133 D)n=1.50 E)n=1.84

745. A thin beam of light passes from the air into a liquid with the refractive index n=
=1.3. What is an angle of refraction f equal to, if sine of an angle of incidence a is equal
t0 0.65 ?

A) p=75" B)p=30° C)p=45" D)p=60° E)p=15°

746. At some angle of incidence of a light beam onto the interface of two transparent
media, a relationship of sine of the angle of incidence and sine of the angle of refraction
is equal to N. What will this relationship be equal to, if the angle of incidence increases
twice ?

N N
A B 02N DN E)v2-N

747. Violet light of a wave length 4y=397 nm falls onto a transparent plate at an angle o=
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0 . . .
KyToM 0=45". BuzHauuTe NOBKHHY XBUII A ILOTO CBITNA ¥ cepedosutyi, IKIIO KyT 3a-
JIOMJICHHS JUTS 11bOTO CBiTHa £=22,90.

A) /=184 um. b) 4=321 um. B) A=218 um. I') =436 um. [1) 1=279 um.

748. Ha cxiisiHy IDIaCTMHKY 13 MOKa3HHKOM 3aJIOMIICHHs n=1,5 majgae mpoMiHb CBITIA.
Busnaunte KyT magiHAS POMEHS ¢, IKIIO KYT MK 8i00umum 1 3a10M1eHum MPOMEHsI-
M y=90°.

A) o=78". B) a=24°. B) a=43". T') a=56". II) a=35".

749. [okazuuk 3amomieHHs ckia n=1,73. YoMy DOPIBHIOE KYT y MiXK 8i00umum 1 3a10Mm-
JleHuM TIPOMEHSMH, SIKIIO KT MaiHHS £ TOPIBHIOE 60° 2

A)y=120°. B) y=30". B) y=90°. T') y=60". JT) y=45".

750. 3anomnenuii IpOMiHb YTBOPIOE 13 6i06umum KyT y=90°. BU3HAYUTH MMOKa3HHUK 3aJI0-
MJICHHSI pEYOBHHH 1, SIKIIO CUHYC Kyma nadints o. nopisHioe 0,8.

A) n=1,33. B) n=2,14. B) n=1,41.T) n=1,73. 1) n=1,24.

751. Tloka3Huk 3anomieHHs ckia n=1,52. BuzHaure epanuunuii kym NOBHOTO BHYTPiLI-
HBOTO BiIOMBAHHS ¢, 171 OBEPXHI PO3ALTY CKIIO-TIOBITPS.

A)a,,=354°. B)a,,=52,6". B)a,=28,3". D a,,=41,1°. M et,,~23,9°.

752. Komnu CcBITJIOBHI POMiHb NEPEXOIUTH 13 anMasy y MOBITPS, epaHuyHull Kyn MOBHO-
0 BHYTPILTHBOTO BifIOMBAHHSA ,,=24,5°. BU3HAYNTH NOKA3HUK 3aI0MJICHHS a/IMasy n.

A) n=1,73. B) n=2,02. B) n=1,46. ') n=2,41. J[) n=2.28.

753. Sxuit epanuynuii Kym MOBHOTO BHYTPILIHBOTO BiIOMBAHHSA (,, IPH MaJiHHI IpOMe-
Hs Ha MexXy ckJo-Boaa ? [lokasHuku 3anomnenss Boau n,=1,33; crexna n.=1,52.

A) a,=72°. B) a,=54°. B) a,=47°. T) a,=61°. 1) @, =39".
754. TIpoMiHb CBITJIa BUXOJMTH 31 CKHITUIAPY Y MOBITPS. I panuunuil Kym MOBHOTO BHYT-
PIIIHBOrO BiIOWBAHHA JJIs IbOTO NMPOMEHs a,,=42,4°. BUSHAYNTH IBUKICTH V MOIIH-

PEHHS CBITJIa y CKUIIUAAPI.

A) 7=2,3-10° m/c. B) V'=1,7-10° m/c. B) V'=2,0-10° m/c.
) V=2,7-10° w/c. JT) V=2,5-10% m/c.

755. Tlix siKUM KYTOM @ 00 nogepxHi 600ocxosuiya Bojonas i3 mig Hei 6auuts CoHle,
SKE 3aX00Ums 3a TOPU3OHT, SIKIIO TTOKA3HUK 3aJIOMIICHHS Boau n=1,33.
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=45°. Determine a wave length A of this light in the medium, if an angle of refraction
for this light is 5=22.9°.

A) /=184 nm B) 4=321 nm C) A=218 nm D) A=436 nm E) =279 nm

756. A light beam falls onto a glass plate with the refractive index n=1.5. Determine
angle of incidence of the beam « if an angle between reflected and refracted rays is
7=90°.

A) =78" B) a=24" C) a=43" D) a=56" E) a=35"

757. A refractive index of glass is n=1.73. What is an angle y between reflected and
refracted rays equal to, if an angle of incidence /3 is equal to 60° ?

A)y=120° B)y=30° C)y=90" D)y=60" E)y=45°

758. A refracted beam and a reflected beam form an angle y=90°. Fond out a refrac-tive
index of a substance #, if sine of an angle on incidence a is equal to 0.8.

A)n=133 B)n=2.14 C)n=1.41 D)n=1.73 E)n=1.24

759. A refractive index of glass is n=1.52. Find out a critical angle of total internal
reflection ¢, for the glass-air interface.

A)a,=35.4"B)a,=52.6° C)1,=28.3° D)ar,=41.1° E)2,=23.9°

760. When a light beam passes from diamond into the air, the critical angle of total
internal reflection is a,,=24.5°. Calculate the reflective index of diamond 7.

A)n=1.73 B)n=2.02 C) n=1.46 D)n=2.41 E)n=2.28

753. What is the critical angle of total internal reflection ¢, when a beam falls onto the
glass-water interface ? The refractive indices of water is n,~1.33 and of glass ny=1.52.

A) a,=72° B) a,=54" C) a,=47" D) a,,=61° E) a,=39"

761. A light beam goes out of turpentine into the air. The critical angle of total internal
reflection for this beam is «,=42.4°. Determine velocity V of light propagation in tur-
pentine.

A) V=2.3-10° m/sec B) ¥=1.7-10° m/sec C) V'=2.0-10° m/sec
D) V'=2.7-10° m/sec E) V=2.5-10° m/sec

755. At what angle ¢ to a water reservoir surface does a diver see the Sun going down
below the horizon, if water refractive index is n=1.33 ?
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A) 9=36,6". B) p=41,2°. B) ¢9=28.4".T) 9=47,1°. ) =31,8".

756. Ha 3amoBHEHY BOJIOIO CKIISIHKY MOKJIaJIeHa CKJIsIHA TUIacTHHKA. [1i SKUM KyToM o
MYCHTh MaJaTH Ha Hel CBITJIOBUHM MPOMiHb, 100 BiJl MOBEPXHI PO3Iiy BOJH 31 CKIOM
BiZIOYJI0Ch TOBHE BHYTpillHE BinOuBaHHs ? [oka3HUKM 3al0MIIeHHS cKia 1n,=1,5, a Bo-
M n,=1,33.

A) a=64". B) a=42°. B) a=71°.T) a=56". JI) Lle HeMOKIHBO.

757. Ha nHO MOCYIWHH, HATIOBHEHOT BOJIOO /10 BUCOTH /=10 cM, IPUMIIIEHE TOYKOBE
JoKepesio cBiTia. ToyHO Ha HUM Ha TOBEPXHI BOAM IUIaBA€ KPyriia HENpo30pa IUIacTH-
HKa. SIkuii HafiMEHIINH pamiyc 7, MyCHTb MaTH I IUIACTHHKA, OI00 JKOAEH MPOMiHb
CBITJIa Bifl JpKepena He 3mie 6utimu 4epe3 MOBepXHIO BOIH ?

A =114 em. B)ri;,=9,7 em. B)r,;,=5,6 em. D)r,=14,2 em. [N)#:,=7,8 cM.

758. By3bpKkuii Iy4OK CBITJIa MaJa€ Ha IJIOCKO MapajeibHy CKISHY IUIACTHHKY IiJ Ky-
TOM @, CHHYC sIKoro aopiBHIOE 0,8. TTy4oK, m10 BUHIIOB i3 INIACTUHKH, BHSBUBCS 3CYH)-
muM BITHOCHO IMPOJOBXKEHHS MaJaro4yoro Iy4ka Ha BifcTaHb r=2 cM. SIka TOBIIMHA
IUIACTUHKH d, SIKIIO MOKa3HUK 3aJIOMIJIeHHs ckia n=1,7 ?

A) d=3.4 cm. B) d=5,1 oM. B) d=2,6 om. T') d=4.2 em. JT) d=1,8 om.

759. Ha cknsny mwactuaky (n=1,73) 3aBToBuiku d=1 cM majsae mpoMiHb CBITJIA Mif| Ky-
tom =60°. Yactuna CBITY BiJIOMBA€ETHCS 8i0 6epXHLOI, @ YACTUHA, 3AJIOMHUBLINCH, Bill-
OGUBAETHCS 6i0 HUICHLOI TIOBEPXHI IUIaCTUHKU. Lleil mpoMiHb, 3aJIOMMBIIUCH IOBTOPHO
Ha BEpXHiH NOBEpXHi, BUXOJUTb Ha3al y IOBITPS napaneibo NEpUIOMY BigOUTOMY
npoMeHto. BuzHaure BigcTaHb S Mixk 000Ma IIUMH IPOMEHSIMH.

A) §=4,6 mm. b) $=7,2 mm. B) §=5,8 mm. I") $=6,7 mm. 1) $=8,3 mm.
760. MoHOXpOMaTU4HUI IPOMiHb NAJIa€ HOPMAIbHO Ha O1YHY OBEPXHIO MPU3MHU, 3aJ10-
MiTrolounit KyT sikoi (kyT mpu ii Bepmmui #=40"). TIoKa3HHK 3aJOMICHHS MaTepiay

HPU3MH JUTS [IOTO TpoMeHs 7=1,5. BU3HAUUTH KYT ¢ BiIXWUJIECHHS NPOMEHS BiJ MOYaT-
KOBOTO HaIpsAMY Iicis oro BUXOLy i3 IPU3MH.

A) 9=51,9°. B) 9p=34,6°. B) 9=42,8". T") 0=17,3". ) ¢=69,2°.
761. 3anommorounii KyT pisHoGeapenoi mpusmu A=10". MOHOXpOMAaTHUYHMII TPOMiHb

najae Ha ii 6iuny rpasb mig kyrom a=10". BusHaunTe KyT BiIXWICHHS MPOMEHS Bif
MOYaTKOBOTO HANPSIMKY ¢, SIKIIO TIOKA3HUK 3aJIOMJICHHS MaTepiany npusmu n=1,6.

A) 9=6". B) 9=22°. B) ¢=28°. T ¢=10". ) ¢=16".

762. IToka3HUK 3aJOMIICHHS MaTepialy MPU3MH A AESKOTO MOHOXPOMATHYHOTO NPO-
MeHs cBiTiIa n=1,6. Bu3HauTe MaKCUMaJIbHUI KyT MAIHHS o] [[LOTO MPOMEHS Ha TPH3-
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A) 90=36.6" B) p=41.2° C) 9p=28.4" D) p=47.1" E) p=31.8°

756. A glass plate is put on a water-filled glass. At what angle o must a light beam fall
on it for the total internal reflection from the water-glass interface takes place ? The
refractive indices of glass is n;=1.5 and of water n,=1.33.

A) a=64" B) a=42° C) a=71" D) a=56" E) It’s impossible

757. A point light source is put on the bottom of a vessel filled with water up to the
height 2=10 cm. Just above the source on the surface of water a round opaque plate is
floating. What minimum radius r,,;, must this plate have for not a single beam from the
light source could go out through the water surface ?

A)rpin=11.4 cm B)r,,;,=9.7 cm C)r,,;,,=5.6 cm D)r,,;,,=14.2 cm E)r,,;,,=7.8 cm

758. A narrow light beam falls onto a plane-parallel glass plate at an angle of « sine of
which is 0.8. A beam that went out of the plate turned out to be shifted for a distance of
r=2 cm away from the incident beam continuation. What is the plate thickness d, if the
refractive index of glass is n=1.7 ?

A)d=3.4cm B)d=5.1cm C)d=2.6 cm D)d=4.2cm E)d=1.8 cm

759. A light beam falls onto a glass plate (n=1.73) as thick as d=1 cm at an angle of a=
=60°. A part of the light is reflected from the upper surface of the plate, and a part from
the lower surface of the plate. Having repeatedly refracted on the lower surface of the
plate, this beam goes back into the air parallel to the first reflected beam. Determine the
distance S between these two beams.

A) S=4.6 mm B) §=7.2 mm C) §=5.8 mm D) §=6.7 mm E) $=8.3 mm

760. A monochromatic beam normally falls on a side face of a prism, the prism angle
(the angle at its top) is #=40°. The refractive index of the prism material for this beam is
n=1.5. Determine the beam deflection angle ¢ from the initial direction after its go-ing
out from the prism.

A) 9=51.9°B) 9=34.6" C) ¢p=42.8° D) p=17.3" E) p=69.2°
761. An isosceles prism angle is #=10". A monochromatic beam falls on its side face at

an angle of a=10°. Determine the beam deflection angle ¢ from the initial direction if
the refractive index of the prism material is #=1.6.

A) 9=6" B) p=22° C) ¢p=28" D) p=10° E) ¢=16"

762. The refractive index of the prism material for some monochromatic light beam is n=
=1.6. Determine the maximum angle of incidence ¢ of this beam onto the prism for the
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My, 00 TpM BUXOJl IPOMEHS i3 Hei CIOCTepiraaoch nosue GHympiuwHe 8i00UBAHHS
(2=90"). 3anommorounii KYT IPU3MHI 6=45".

A) =8,7°. B) =13,4". B) =10,1°. T) ,=21,8". ) o,=18,6°.
Jin3n

763. BusHauutu GOKycHY BiJCTaHb F' JBOOIYKJIOI JIH3H, pajlyCu KpUBUHHU KOi R=15
cM, Ry=-25 cm. [loka3zHuK 3a70MJICHHS Martepiaiy JiiH3u n=1,5.

A)F=32,5 cm. B)F=13,6 cm. B)F=24,7 cm. I')F=18,8 cm. [I)F=11,4 cm.

764. Buznauutu GOKycHY BifcTaHb F IIIOCKO-OIYKIIOI JIIH3H, pajliyCl KpUBUHH AKOI R|=
=15 cM, R,=c0. [Toka3HUK 3a710MJIEHHS MaTepiany JiH3u n=1,5.

A) F=25cm. B) F=30 cm. B) F=15cm. I') F=20 cm. [I) F=35 cm.

765. BuzHaunte GOKyCHY BiZcTaHb F, KBapueBoi JiH3H IS yabTpadioraeToBol JiHil cre-
KTpPY PTYTi (4,=259 HM), K110 (OKYCHA BiACTaHb AJIs KOBTOI JiHiI HaTpito (4,=589 HM)
Fi=16 cM, a mOKa3HMKM 3aJOMIICHHS KBaply Ui LUX JOBXHH XBHIIb BiJIOBIIHO
n,=1,504 1 n,=1,458.

A)Fy=17,6 cm. B)F)=14,5 cm. B)F,=23.4 cm. I')F,=11,2 cm. 1)F>=20,4 cm.

766. JIBl 0OHakosi NBOOITYKIIi JIIH3U BUTOTOBJIEHI 13 PI3HOTO CKJIa, HOKA3HUKH 3aJI0MJICH-
HS sIKOTO BianosigHo 7,=1,5 i n,=1,7. YoMy AOpIBHIOE BiIHOLIECHHS IXHIX (POKYCHHX Bi-
ncraneit F/F, ?

A)F\/F>,=2,2.B) F\/F,=1,1. B) F\/F,=1,8.T1) F\/F,=2,7. ) F\/F>,=1,4.

767. Paniycu KpUBH3HHU ITOBEPXOHb JBOOIYKIIOL JIiH3M R;=R,=50 cM, a moKa3HUK 3aJ10-
MIIeHHS 11 Matepiany #n=1,5. BusHaute ontuuHy cuiy uiei minzu D.

A)D=225 nntp. b)D=1,5 nutp. B)D=1,25 notp. I')'D=2,0 nutp. A)D=1,75 aotp.
768. Ha Bincrani d=15 cM Bi JBOOIYKIIOT JIiH3H, ONTHYHA cuiia sikoi D=10 gorp, moc-
TaBUIU IEPHEHAUKYJIIPHO ONTUYHINA oci IpeaMeT 3aBBULIKUA h=2 cM Busnaute Bizc-
TaHb f BiJl IiH3U [0 HOro 300pa)KeHHS.

A) =30 cm. B) £=15 oM. B) £=20 om. T) £=35 om. JT) f=25 om.

769. 3a yMOB MONEPEAHBOTO 3aBJaHHS BU3HAYMTH BUCOTY 300paKCHHS MpeIMeTa y JiH-
31 H.

A)H=3,0 oM. B)H=3,5 em. B)H=4,0 em. T)H=2,5 oM. [NH=5,0 cm.
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total internal refraction (c,=90") to be observed when a beam goes out of it. The prism
angle is 6=45".

A) 0=8.7" B) =13.4° C) ,=10.1° D) ¢:=21.8° E) &,=18.6°
Lenses

763. Find out the focal distance F of a biconvex lens, the curvature radii of which are
R=15 cm, R,=-25 cm. The refractive index of the lens material is n=1.5.

A)F=32.5 cm B)F=13.6 cm C)F=24.7 cm D)F=18.8 cm E)F=11.4 cm

764. Find out the focal distance F of a flat-convex lens, the curvature radii of which are
R=15 cm, R,=. The refractive index of the lens material is n=1.5.

A) F=25cm B) F=30cm C) F=15cm D) F=20 cm E) F=35cm

765. Find out the focal distance F, of a quartz lens for the ultraviolet line of the mercu-
ry spectrum (4,=259 nm), if the focal distance for the yellow line of sodium (4,=589
nm) is /=16 cm, and the refractive indices of quartz for these wave lengths are n,=
=1.504 and n,=1.458, respectively.

A)F,=17.6 cm B)F,=14.5 cm C)F,=23.4 cm D)F,=11.2 cm E)F,=20.4 cm
766. Two identical biconvex lenses are made of different kinds of glass, the refractive
indices of which are n,=1.5 and n,=1.7, respectively. What is the relationship of their
focal distances F'/F, equal to ?

A)F\/F,=2.2 B)F\/F=1.1 C)F\/F,=1.8 D)F\/F,=2.7 E)F\/F,=1.4

767. The curvature radii of the surfaces of a biconvex lens are R;=R,=50 c¢m and the ref-
ractive index of its material is n=1.5. Determine the power of this lens D (in dioptre).

A)D=2.25 dptr B)D=1.5 dptr C)D=1.25 dptr D)D=2.0 dptr E)D=1.75 dptr
768. At a distance of d=15 cm away from a biconvex lens, the power of which is D=
=10 dptr, a object as high as #=2 c¢cm was placed perpendicularly to the optical axis.
Determine the distance f'between the lens and its reflection.

A) =30 cm B) f=15cm C)f=20 cm D) f=35cm E)f=25cm

769. Under the conditions of the previous problem determine the height H of an object
reflection in lens.

A)H=3.0 cm B)H=3.5 cm C)H=4.0 cm D)H=2.5 cm E)H=5.0 cm
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770. Jlinza i3 poxycHoIO BigcTaHHIO F=16 cM fae€ pi3ke 300paxkeHHs NpeAMeTa y JBOX
MOJIOKEHHSX, BifIcTaHb MK skuMu A=60 cM Bu3HaunTH BiJCTaHb BiJ IpenMera J0 eK-

pany (d+f).
A)d+f=175 em. B)d+f=200 cMm. B)d+f=125 cm. I')d+f=100 cm. T)d+f=150 cm.

771. JBoomykia JiH3a, OOMexeHa 1BoMa c(HePUIHIMH MOBEPXHAMU 00HAKOB020 Pali-
ycy KpuBU3HH R=12 cM, 3aHypeHa y Boay. [Ioka3HUK 3a10MIICHHS MaTepiaiy JiH3U 7=
=1,5, a Boau ny=1,33. BusHauuTn OKYCHY BiJICTaHb IIi€] JIIH3H F.

A) F=31 cm. B) F=47 cm. B) F=24 cm. ') F=38 cm. ) F=56 cm.

772. BusHauutu (GHOKYCHY BiICTaHb JIH3U 3aHYPEHOI ¥ 600y F,, ko 11 poKycHa Bifc-
TaHb y nogimpi F1=20 cMm. IToka3HuK 3aI0MJICHHS Matepiaiy JiH3u 7;=1,6, a BOaH 1=
=1,33.

A) F>=33 cm. B) F;=51 em. B) F,=67 cm. I') F,=42 cm. []) F>=59 cm.
773. Slxa ontuuHa cuia yin3u D, pokycHa Bigcraup sikoi F=100 mm ?
A)D=1 aritp. B)D=10 gutp. B)D=100 grrp. I')D=0,1 norp. 1)D=0,01 amrp.
774. Onruuna cuia nin3u D=25 antp. Buznauute i1 dpokycHy Bincrans F.
A) F=2 cMm. B) F=16 cm. B) F'=8 cm. I') F=24 cm. ) F=4 cwm.

775. TonoBHa (okycHa BiCTaHb 00'€KTHBY MpOEKIiiiHOTO anapaty F=12 cm Jlianosu-
THB PO3TAlIOBaHUH Ha BiacTaHi d=12,5 cM Bin 00'ekTuBy. BU3HAuuTH NiHifiHE 30171b-
mieHHs [ 1boro anapary.

A)I=96. B)I'=24. B)I=72. T)I=36. [J)I=48.
776. TonoBHa QokycHa BijcTaHb poscitorouoi JiH3u F=50 cMm. 300pakeHHS HpenMery
oTpuManu Ha Bifcrtani f=40 cM Biz iiH3u. YoMy JOpIBHIOE BificTaHb d Bijl peAMETa J10
JH3M ?

A) d=240 cm. B) d=120 cm. B) d=200 oM. T) d=80 cm. JT) d=160 cwm.

777. CBiuka ropuTh Ha BiJICTaHi =2 M BiJ CTIHH. MiX CTIHOIO i CBIYKOIO Ha BiJICTaHi
d=0,4 M BiJ CBIYKH MOMICTHIIM 30Upar0dy JiH3y, TaK 10 HA CTiHI OTPHUMAIH 11 YiTKe
300paxeHHs. BusHaunTtu GoKycHY BiJcTaHb JiH3M F.

A) F=96 cm. B) F=32 cm. B) F=48 cm. I') F=64 cm. [T) F=24 cm.
778. 3a 1ONMOMOTrO0 ABOOMYKIIOL JIiH3H 13 (POKYCHOIO BIICTaHHIO F'=5 CM pO3IIIf-Iar0Th
MOHeTy aiameTrpoM D=1 cM i OTpHUMYIOTH ii ysiBHE 300paxkeHHs aiamer poM Dr=4 cM.

Ha sxiii Bigcrani d Big 1iH3M 3HaXOOUTHCS MOHETA?
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770. A lens has a focal distance F=16 cm; it gives a sharp image of an object in two
positions, with the distance between them being equal to A=60 cm. Determine the dis-
tance between the object and the screen (d+f).

A)d+f=175 cm B)d+f=200 cm C)d+f=125 cm D)d+f=100 cm E)d+f=150 cm

771. A biconvex lens, limited by two spherical surfaces of the same curvature radius R=
=12 cm, is drowned into water. The refractive index of the lens material is #n,=1.5 and
of water n,=1.33. Determine the focal distance of this lens F.

A) F=31cm B) F=47 cm C) F=24 cm D) F=38 cm E) F=56 cm

772. Determine the focal distance F, of a lens drowned into water if its focal distance in
the air is F1=20 cm. The refractive index of the lens material is 7,=1.6 and of water
n,=1.33.

A) F,=33 cm B) F)=51 cm C) F,=67 cm D) F,=42 cm E) F,=59 cm
773. What is power D of a lens, the focal distance of which is =100 mm?
A) D=1 dptr B) D=10 dptr C) D=100 dptr D) D=0.1 dptr E) D=0.01 dptr
774. The lens power is D=25 dptr. Find out its focal distance F.
A)F=2cm B) F=16cm C) F=8§ cm D) F=24cm E) F=4 cm

775. The principal focal distance of a projector objective is F=12 cm. A diapositive is
placed d=12.5 cm away from the objective. Determine a linear magnification I” of this
apparatus.

A) =96 B)I[=24 C)I=72 D)I'=36 E)I=48

776. The principal focal distance of a concave lens is F=50 cm. An object image was
obtained at a distance of /=40 cm away from the lens. What is the distance d between
the object and the lens equal to?

A) d=240 cm B) d=120 cm C) d=200 cm D) d=80 cm E) d=160 cm

777. A candle is burning at a distance of =2 m from a wall. Between the wall and the
candle at a distance of d=0.4 m away from the candle there was placed a collecting
lens; on the wall its sharp reflection was obtained. Determine the focal distance F of
the lens.

A) F=96 cm B) F'=32 cm C) F'=48 cm D) F'=64 cm E) F=24 cm

778. With the help of a biconvex lens with a focal distance F'=5 cm they observe a
co-in of D;=1 cm in diameter and get its mental image of D,=4 cm in diameter. What is
the distance d between the lens and the coin?
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A)d=5,75 cm. B)d=4,5 cm. B)d=5,25 cm. I')d=6,25 cm. [1)d=6,75 cm.
779. Yomy nopiBHIOE (JOKYCHA BIJICTaHb JH3H F, SKIIO JUIsl OTPUMAHHS JIHCHOTO 300paxe-
HHS TIPEZIMETA V HAMYPAIbHY 8eiuduHy TIPSAMET MIOMICTHIIM Ha BificTaHi d=30 cM Bij JiH-
3u ?

A)F=30 cm. B)F=7.5 cm. B)F=45 cm. T)F=60 com. [NF=15 cwm.

780. Homy nopiBHIO€E 30ibIleHHS 300pakeHHs [y 30uparouiit J1iH3i, SKIIO0 BiJICTaHb Bij
mpeaMeTa J1o i34 d=12 cMm, a poKycHa BificTaHb JIiH3u F=8 cM ?

A)I=4,0. B)I'=1,5. B)I=32. INI=2,0. IO)I=0,5.

781. Bincranb d Big mpeaMeTa 10 30Mparodoi JIiH3M y 5 pasiB Oiibiia, HixK GoKycHa Bijic-
TaHb JIiH3K F. Y CKUIbKH pa3iB 300paxkeHHs mpeamera i Oy/ie MEHIIMM CaMoro IMpej-
meta H ?

A) Y 4 pazu. B) Y 8 pazis. B) ¥ 5 pazis. I') V 10 pasis. []) ¥V 2 pazu.
XBHJ/IbOBA OIITHKA

782. SIkuit BUJ eIEKTPOMATHITHOTO BUIIPOMIHIOBAHHS M€ HAUOLIbULY TOBKUHY XBHITI?

A) Yabprpadionerosi npometi. b) Indpauepsoni npomeni. B) I'amma npomeHi.
I') PentreniBebki npomeni. /1) Buaume cBitio.

783. Slkuii BUJ NEKTPOMArHITHOTO BUIIPOMIHIOBAHHS MA€ HAUOLIbULY YACTOTY V?

A) I'amma npomeni. b) PentreniBebki mpomeni. B) Yibsrpadiosnerosi nmpomeHi.
I') Indpauepsoni npomeni. 1) Buaume cBitio.

784. Bu3HAUUTU 4YacCTOTy [IOMAapaHUEBOIO BHUIIPOMIHIOBAHHS V, SIKIIO JOBXHHA HOTO
XBWJIL y BakyyMi ckiagae A=600 HM.

A) v=7,5-10"T. B) v=1,25-10"Tu. B) 1=2,5-10" ',
) v=8,75-10"° T, JT) v=5-10" I'n.

785. SIka MOBKWHA XBHII A y Hanomempax BiamoBigae yactori caitiaa v=610"* 'y 2
A) 17920 um. B) /=380 um. B) 4=760 um. I') =500 am. JT) 1=240 um.

786. Bu3HAUHTH YAaCTOTY V YEPBOHOTO BUIIPOMIHIOBAHHS, TOBXKHHA XBIJIL SIKOTO y Ba-
KyyMi A=750 HM.

A)v=4-10" T't. B)»=8-10" I'. B)1»=2-10"* 't T)1=6-10"° ', [)v=1-10" I'n1.
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A) d=5.75 cm B) d=4.5 cm C) d=5.25 cm D) d=6.25 cm E) d=6.75 cm

779. What is the focal distance F of a lens, if to obtain a real image of a full-scale object,
the object was placed at a distance of =30 cm away from the lens ?

A) F=30cm B) F=7.5cm C) F=45cm D) F=60 cm E) F=15 cm

780. What is an image magnification /" in a convex lens equal to, if a distance between
an object and the lens is =12 cm and the focal distance of the lens is F=8 cm ?

A)I'=40 B)I=15 C)I=32 D)I=20 E)I=05
781. A distance d between an object and a collecting lens is 5 times larger, than the fo-
cal distance F of the lens. How many times will the object image & be smaller the
object H itself ?
A) 4 times B) 8 times C) 5 times D) 10 times E) 2 times
WAVE OPTICS

782. What kind of radiation has the maximum wave length A?

A) Ultraviolet rays B) Infra-red rays C) Gamma rays
D) X-rays  E) Visible light

783. What kind of radiation has the maximum frequency v?

A) Gammarays B) X-rays C) Ultraviolet rays
D) Infra-red rays  E) Visible light

784. Determine the frequency of the orange radiation v, if its wave length in vacuum is
A=600 nm.

A) v=7.5-10"Hz B)1=12510"Hz C)1=2.5-10" Hz
D) 1=8.75-10" Hz E) v=5-10"* Hz

785. What length of a wave A in nanometers corresponds to light frequency v=6-10"* Hz ?
A) 7=920 nm B) 4=380 nm C) A=760 nm D) A=500 nm E) =240 nm

786. Determine the frequency v of red radiation, which wave length in vacuum is 4=750
nm.

A)v=4-10" Hz B)»=8-10"* Hz C)»=2-10"* Hz D)1=6-10"" Hz E)»=1-10" Hz
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InTepdepenmuin cBiTia

787. Tlpu HakiagaHHI KOTEPEHTHUX XBWJIb KOJIMBAHHS NOCUTIOIONMb OJJHE OJJHOTO, SKIIO
ixHs pisHuLs pa3 Ap nopiBHIOE:

A) 2nt+1) 7, n - Oynp-sike. b) n' /2, n — napue. B) (2n+1)-/2, n - Oyap-ske.
I') n'z, ne n - nenapue. ) 2n-z, ne n - Oyap-ske.

788. Tlpu HakJIaJaHHI KOTEPEHTHUX XBWIIb KOJIMBAHHS NOCIAONA0Mb OJTHE OJHOTO, SIK-
o iXHs pisHuys ¢paz A@ NOPIBHIOE:

T

1
A)Ag = ﬁ(n +5j, n=0,12,..B)Ap=7(2n+1), n=0,1,2,.. B)Ap = > (2n+1), n=13,..

) Ap=2mn, ne n=0,1,2,... 1) Ap=rn,, ne n=0,2,4,..

789. Jlns inTepdepeHmiiHOTO MaKcumymy pizHuys Xxo0y A XBUIb Bil TBOX KOTE€PEHTHUX
JUKEpPEIT CBITJIa CKIIA/a€:

A)A=2k % B)A:(k+1)%. B)A=(2k +1)- 7. F)A:(2k+1)%. IDA=2 -k - 7.

790. Tlpu HakiagaHHI KOTEPEHTHUX CBITJIOBUX XBWJIb KOJMBAHHS NOCIAONAIOMb OIHE
OJTHOT 0, SIKILIO pi3HUYys X00y A Mi>K HUMH CKJIaJIa€:

A)A=2- (Zn + 1), n=0,1,2,.. B) A=2mwn,n=0,1,2,.. B) A=mn,n=1,3,5,...
A

I) A:%-(n +1), ne n=1,3,5,... JI) A:E-(2n+1), ne n=0,1,2,...

791. 'V ckinbku pasiB 30UIBIINTBCSA BiACTaHb A MK CyCimHIMU iHTepdepeHUiHHUME
cMyramu Ha ekpati y gociini FOnra, skmo serenuti cBitnopineTp (4,=500 HM) 3aMiHUTH
Ha uepsonuil (A,=650 HM) ?

A) Y 1,6 pasu. B) ¥V 0,8 pasu. B) V 1,3 pazu. I') V 2,1 pazu. 1) V 1,8 pasu.

792. Ha nuisxy CBITJIOBOTO Iy4YKa pO3TAIlyBall CKISHY IJIACTHHKY 3aBTOBIIKH d=1 MM
tak, mo kyT magias a=30". Ha CKiTbKH TIpH BOMY 3MIiHHTBCS ONMUUHA OOGHCUHA
wwisixy L uporo citioBoro mnyuka ? (L=n-).

A)AL=550 mxm. B)AL=480 mxm. B)AL=620 mxMm. [)AL=590 mxm. J1)AL=530 mxm.

793. Biacranb Bia miiiuH 10 ekpady y pocuigi FOura L=1 m Busnaure BificTanb d Mix
HITMHAMY, SKIIO Ha BiIPi3Ky 3aBIOBXKKU [=1 cM yknamaetbes N=10 TemMHux iHTepde-
peHiiitaux cMyr. JlopxkiHa XBIIi cBiTiIa A=600 HM.

A) d=8-10" m. B) d=2-10" M. B) d=4-10° m. T') d=6-10" m. JT) d=5-10" m.
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Interference of light

787. In the superposition of coherent waves, oscillations amplify each other if their phase
difference Ag 1is equal to:

A) 2ntl)mn—any B)n 2, n—even C)(2nt+l) w2, n—any
D) n-z, where n —uneven E) 2n- 7z, where n — any

788. In the superposition of coherent waves, oscillations attenuate each other, if their
phase difference Ap is equal to:

1
A)Ap = ﬂ(n +5),n:0,1,2,.. B)Ap=x(2n+1),n=0,1,2,.. C)Ap :%~(2n +1),n=13,..

D) Ap=2mn, where n=0,1,2,... E) Ap=mn, where n=0,2,4,...

789. For the interference maximum the propagation difference A of waves from two
coherent light sources is:

A)Azzk%. B) A:(k+1)%. C)A=(2k +1)- 7. D)A:(2k+1)%. E)A=2-k-x.

790. In the superposition of coherent waves, oscillations attenuate each other, if their
propagation difference A between them is:

A) A=2-(2n+1),n=0,12,.. B)A=27n, n=0,12,.. C)A=mwn,n=1,3.5,...
A A
D) A= (n+1), where n=13.5,... E) A= > (2n+1), where n=0,1,2....
791. How many times will the distance A between the adjacent interference bands on the

screen in the Young experiment, if a green filter (4,=500 nm) is replaced with a red
one (4,=650 nm) ?

A) 1.6 times B) 0.8 times C) 1.3 times D) 2.1 times E) 1.8 times

792. On the way of a light beam there was placed a glass plate as thick as d=1 mm in
such a way, that the angle of incidence was @=30°. How many microns will an optical
path length L of this light beam change ? (L=n"]).

A)AL=550 mkm B)AL=480 mkm C)AL=620 mkm D)AL=590 mkm E)AL=530 mkm
793. A distance between apertures and a screen in the Young experiment is L=1 m. Deter-
mine the distance d between the apertures if there are N=10 dark interference bands on
a segment of /=1 cm. A light wave length is 2=600 nm.
A) d=8-10" m B) d=2-10° m C) d=4-10° m D) d=6-10* m E) d=5-10" m
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794. Ha ToHKy IUTIBKY y HaIpsIMKY HOpMaJi 1o i TOBepXHi aJjac MOHOXPOMAaTUYHE CBi-
TJI0 13 JOBXKHHOIO XBUIl A=0,5 MKM. Biobume BiJl TUTIBKH CBITJIO MAKCUMALLHO NOCUTIE-
He BHACIIOK iHTepdepeHwuii. BusHauntu minimansny TOBIMHY IUTBKA d, SIKIIO TOKa3-
HUK 3aJIOMJICHHS] MaTepiany uiiBku n=1,4.

A)d=6,1.10°m. B)d=8,9.10" M. B)d=2,7.10" m. I')d=7,8-10" m. 1)d=4,3.10" m.
Judpakuis cBitia

795. Iepwwuii nudpakuiiiHuii MakCHMyM Ha €KpaHi OTpuMalii Ha Binctai /=11,6 cm
BiJl IIGHTPAJILHOTO. BU3HAUNTH TOBKUHY XBHUII A CBITJIA, SIKIIO BiJICTAHB MiXK TPATKOIO 1
ekpaHoM L=2 w, a ii nepiox d=0,01 mm. [Tpu mManomy KyTi nudpakiii ¢ BBaKaTH Sing=
~tgp=I/L.

A) 2=580 um. b) 1=420 um. B) 2=500 am. I') 1=750 um. [I) A=670 M.

796. udpakuiiina rpatka Mae N=80 mrpuxiB Ha /=1 mm. Ha rpatky nangae cBimio i3
JOBKHHOIO XBUi A=520 HM. BusHaure cunyc kyta qudpaxiii ¢, Mg SKHM yTBOPIOETHCS
MakcuMyM mpembozo nopsaaxy. (Ilepion rpatku d=I/N).

A) sing=0,18. b) sing=0,12. B) sinp=0,06. I') sinp=0,24. JT) sing=0,09.

797. BusHauUTH KyT AHGPaKLii ¢ Ul CIEKTPY Opyeoco MOPSAKY CBITIA i3 JOBXKHHOIO
xBuii A=0,589 MkM, sikio Ha /=1 MM qudpakuiiinoi rpatku npunanae N=>50 mrpuxis.

A) 9=42°. B) 9=5,8°. B) ¢=1,6". T) p=2,7". JI) p=34".

798. Cxinbku mtpuxiB N Ha /=1 MM JOBKXUHH Ma€e TudpakiiiiHa rpaTka, Ko 3eneHa
miHisA pTyTi (A=546,1 HM) B CHEKTpI nepuioeo nopsioKy CIOCTEPIracThCs MiJl KyTOM (=
=19,8" ? (Iepion rpatku d=I/N).

AN=840mm™". B)N=260 mm". B)N=480 mm™". T)N=390 mm™". JHN=620 mm™".

799. BwusHauMTe KYT BiAXHJICHHS HMPOMEHIB 3ejeHoro cBitia (1=0,55 Mkm) B crekTpi
nepuio2o nopsaoKy, OTpUMaHUK 3a JOTMOMOTror audpakuiiiHol rpaTku, nepiox sxoi d=
=0,02 MM.

A) 9=3,12°. B) 9p=0,96". B) p=4,07°. ') =2,54°. JT) ¢=1,58".

800. dudpakuiiina rpatka mae N=1000 mrpuxis Ha /=1 mm. JliHiro ynbrpadioneroBoro

BUIIPOMIHIOBAHHS Y MpemboMy NopsAOKy BUTHO Tix KyToM ¢=30°. BU3HAUUTH JOBKHHY

XBHJII I[LOTO BUTPOMIHIOBAHHS A.

A)1=4,02.10" M. B)A=3,89.10" m. B)A=0,74.10" m. T)A=1,67.10" m. J)A=2,36.10" m.
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794. Monochromatic light with a wave length 4=0.5 mkm falls on a thin film along the
direc-tion of the normal to its surface. The light reflected from the film is maximally
amplified as a result of interference. Determine the minimum thickness of the film d, if
the refractive index of the film material is n=1.4.

A)d=6.1-10°m B)d=8.9-10°m C)d=2.7-10° m D)d=7.8-10" m E)d=4.3-10" m
Light diffraction

795. The first diffraction maximum on a screen was obtained at a distance of /=11.6 cm
from the central one. Determine the light wave length 4, if the distance between the
lattice and the screen is L=2 m, and the its period is ¢=0.01 mm. (Think that singp=tgp=
=I/L at a small angle of diffraction ¢).

A) 2=580 nm B) 1=420 nm C) A=500 nm D) /=750 nm E) 1=670 nm

796. A diffraction lattice has N=80 grooves on /=1 mm. A light with a wave length 1=
=520 nm falls on the lattice. Calculate the sine of the diffraction angle ¢, under which
the third order maximum is formed. (The lattice spacing is d=I/N).

A) sing=0.18 B) sinp=0.12 C) sinp=0.06 D) sinp=0.24 E) sinp=0.09

797. Calculate the diffraction angle ¢ for the second order spectrum of light with a wave
length 1=0.589 mkm, if on /=1 mm of the diffraction lattice there N=50 grooves.

A) p=42" B) ¢p=5.8" C) ¢p=1.6" D) p=2.7" E) p=3.4°

798. How many grooves N on /=1 mm does a diffraction lattice have, if a green line of
mercury (A=546.1 nm) in the first order spectrum is observed at an angle of ¢=19.8° ?
(The lattice spacing is d=I/N).

A)N=840mm™ B)N=260mm™” C)N=480mm" D)N=390 mm" E)N=620 mm""

799. Determine a deflection angle of green light rays (1=0,55 mkm) in the first order
spectrum, obtained with the help of the diffraction lattice, the spacing of which is d=
=0.02 mm.

A) 9=3.12° B) ¢p=0.96" C) p=4.07" D) ¢p=2.54° E) ¢=1.58"

800. A diffraction lattice has N=1000 grooves on /=1 mm. The line of an ultraviolet

radiation in the third order is seen at an angle of ¢=30°. Determine a wave length 4 of

this radiation.

A)2=4.02-10"m B)A=3.89-10"m C)1=0.74-10"m D)A=1.67-10"m E) 1=2.36-10"m
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801. BusHauuth y HaHomempax NOBXHUHY XBWIII Ay JiHIi B qudpakuiiHOMY CIIEKTpi mpe-
mbo2o TIOPSNIKY, SIKA Chienadae i3 JIHIEK CIEKTPY uemeepmozo TOPSIKY, JOBKHHA
XBHII K0T A,=500 HM.

A)A4,=604 um. B)A4,=667 um. B)4,=726 um. I')1,=492 um. 1)1,=548 um.

802. Ha mudpakuiiiny rpaTky HOpMaJbHO Naja€e CBITIO i3 TOBXKHUHOK XBUIi 4=0,59 MKM.
3HaiTH nepioJ] rpaTky d, KO KYT 2¢ MiX 080Ma CHeKmMpamu nepuio2o nopsoKy A0piB-
noe 13,6".

A) d=5-10° m. B) d=7-10° m. B) d=2-10" m. T") d=9-10° m. JT) 3-10° m.

803. Ha mudpaxuiiiny rpartky, sika Mae N=430 mTpuxiB Ha /=1 MM, HOpMaJbHO Hagae
CBITJIO BiJI HATPi€BOI JTaMIH i3 JOBXHUHOIO XBUII 4=0,589 MxM. BusHaute maxcumaivro
cnocmepesicyéanuii IOPSIOK CIIEKTPY Kyay, KU BIITOBIAE KyTy THPPAKIT 00 =90".

A) kya=7. B) kyar=5. B) kyar=3. T) kypur=6. 1) kyur=4.

804. Ha mudpakuiiiniy rpaTky i3 nepiomoM d=3 MKM MajJae HOPMaJbHO CBITJIO i3 JOB-
xuHOW XBWJII A=600 HM. CKiJIBKH 6cb020 Makcumymie N CIOCTEpIraTUMEThCS Ha IIiH
rpartili, BpaxoBYIOUHU YEHMPArIbHULL?

A)N=9. B)N=5. B)N=13. T)N=7. ) N=11.

805. Ha nqudpakiiitHy rpatky i3 nepioiom d=2 MKM HOpPMAaJIbHO MaJIa€ MOHOXPOMATHYHE
YEepBOHE CBITJIO i3 HOBKHHOK XBWI A=0,7 MKkM. BusHauutu natbineuuii nopsdok nud-
PAKIIHHOTO MAKCUMYMY K., IKHI A€ 115 TPATKA.

A) kmax:4' B) kmax=2~ B) kmax:3' 1_‘) kmax:6~ H) kmaxzs'

806. Ha mudpaxuiiiny rpatky, mo Mictuth N=60 mTpuxiB Ha /[=MM, Majae HOPMAIBLHO
oine ceimao. CIEKTp MPOSKTYETHCS JIIH3010 Ha eKpaH. BU3HAUNTH MIMPHHY CHEKTpPalb-
HOI JIiHIT nepuio2o nopsoky Ha ekpaHi Al, SIKIO BiJICTaHb BiJ JiH3U 10 ekpany L=1 m.
Jliarna3oH BUIUMOTO CBiTJIa JISKUTh y Mexax BiJ 41=400 um 1o 4,=800 um. (IIpu mano-
My KyTi qudpakuii ¢ BBaxkatu sing=tgp=I/L).

A) AI=24 mm. B) Al=12 mu. B) AI=30 mu. ') AI=18 mu. T) AF=9 mm.
807. Ha mudpakuiiiny rpaTKy mnajae HOpMajbHO MapalICIbHUN MYy4YOK 6i1020 c8imid.
CrexTpu mpemvo2o 1 uemeepmozo NOPsAKY YaCTKOBO HAKIAJAIOTHCS OAWH HA OJHOTO.
Ha siky moBkuHYy XBHII A, B CHIEKTPl uemeepnozo MOPAAKY HAKIa0aemvcs Mexa (A=

=0,78 MKM) CIIEKTPY mpembo20 TOPIaKy?

A)A,=0,36 mxm. B)1,=0,68 mxm. B)1,=0,59 mxm. [')4,=0,82 mxm. [1)4,=0,45 MrMm.

280



801. Determine in nanometers the length A, of a wave of a line in the third order
diffraction spectrum, which coincides with a line of the forth order spectrum, a wave
length of which is 4,=500 nm.

A)4,=604 nm B)4,=667 nm C)1,=726 nm D)1,=492 nm E)1,=548 nm

802. Light with a wave length 4=0.59 mkm normally falls onto a diffraction lattice.
Determine the lattice spacing, d if angle 2¢ between two spectra of the first order is
13.60°.

A)d=5-10"m B)d=7-10"m C)d=2-10"m D)d=9-10°m E)3-10° m

803.A sodium vapor lamp light with a wave length 1=0.589 mkm normally falls onto a
diffraction lattice, which has N=430 grooves on /=1 mm. Determine a maximally obser-
ved order of the spectrum £,,,,, which corresponds to diffraction angle (pmaX=9O°.

A) kmax:7 B) kmax:5 C) kma}.:3 D) kmax:6 E) kmux:4

804. Light with a wave length A=600 nm normally falls onto a diffraction lattice with
the lattice spacing d=3 mkm. How many maximums N will be observed on this lattice, the
central one being taken into account?

A)N=9 B)N=5 C)N=13 D)N=7 E)N=I1

805. A monochromic red light with a wave length 4=0.7 mkm normally falls onto a
diffraction lattice with the lattice spacing d=2 mkm. Determine the largest order of the
diffraction maximum £, produced by this lattice.

A) kmax=4 B) kmaxzz C) kmax:3 D) kmax=6 E) kmaxzs

806. White light normally falls onto a diffraction lattice which has N=60 grooves on /=1
mm. The spectrum is projected by a lens onto a screen. Determine the width of the first
order spectral line on the screen A/ if the distance between the lens and the screen is L=
=1 m. A visible light range is within 4;=400 nm and 1,=800 nm. (At a small angle of
diffraction ¢, consider that sinpstgp=I/L).

A) Al=24 mm B) A/=12 mm C) A/=30 mm D) A/=18 mm E) A/=9 mm

807. A parallel beam of white light normally falls onto a diffraction lattice. The spectra
of the third and fourth order partially superimpose on each other. What length of a
wave 4, in the forth order spectrum is the boundary (4,=0.78 mkm) of the third order
spectrum superimposed on ?

A)4,=0.36 mkm B)4,~0.68 mkm C)4,=0.59 mkm D)4,=0.82 mkm E)4,=0.45 mkm
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808. Ha mnactuny i3 minuxoro, mupuHoo a=0,05 MM, HOpMaJIbHO Nala€ MOHOXPOMATHU-
YHE CBITJIO 13 HOBXMHOIO XBUII A=0,7 MKM. Bu3HauuTH KyT @ BiAXUIEHHS CBITJIA, SKUH
BiAIMOBIAA€ neputomy mudppakuitHoMy MaKCUMyMYy.

A) 0=32". B) p=24". B)p=28". I)o=12". J)o=18".
Hucnepcis cBitia

809. CBiTIO SIKOTO KOJILOPY 3 BUIUMOTO Jiana3oHy Ma€ HauOiibuiuli OKa3HUK 3aJI0M-
JICHHS 71 TIPU TIEPEXO/Ii 13 MOBITpPs Y Boay?

A) Xogre. b) ®ionerose. B) Uepsone. I') 3enene. /1) Cune.

810. CBiTIIO SIKOTO KOJILOPY MA€E HaliMeHuwiutl TOKA3HUK 3aJIOMJICHHS /1 TIPU HOro mepexo-
Il 13 TOBITPS Y CKIIO?

A) Xogre. b) ®ionerose. B) Cune. I') 3enene. /1) UepsoHe.

811. CBITJIO AKOTO KONBOPY i3 BUAMMOTO Jiana3oHy MiHIMAIbHO BIIXAIAETHCS TIPA3MOIO
crieKTpockomna?

A) ®@ionerose. b) 3enene. B) Uepsowne. I') Cune. J1) Kosre.

812. CBiTJIO SIKOTO KOJBOPY i3 BUIMMOTO ialla30Hy MAKCUMANLHO BIAXUISETHCS TIPU3-
MOIO CIIeKTpocKorma?

A) 3enene. b) Ueprone. B) Xogre. I') @ionerose. /1) Cune.

KBAHTOBA OIITHKA

®oToHn
813. SIke 3 mepepaxoBaHUX SBHII JOBOAUTH K6AHMOBY npupody CBiTIa?

A) Intepdepennis. b) Audpaxuis. B) Iomspuzaris.
I') ®oroenextpuunuii epexr. ) Jducnepcis.

814. Skwii i3 mepeniueHnX MpUIaIiB 3aCHOBAHUN Ha K6AHMOGUX 61ACHMUBOCHISAX CBITIIA?

A) qudpakuiiini rpatu.  b) Iomstpoin. B) Mikpockom.
I') Cnexrpockon.  J) DotoenemMeHT.

815. Ckinbku poToHiB N 3a =1 ¢ TOTpaIUISE Y OKO JIFOIUHH, SIKIO OKO CIIPUIIMAE CBIT-
: : . . -17
JI0 13 TOBXKHUHOI0 XBUII A=0,5 MKM MOTYXHICTIO BUIpoMiHoBanHsa P=1,98-10"" Bt ?

A)N=100. B)N=50. B)N=500. I') N=250. JI) N=750.

816. CepenHst JOBKUHA XBHJII BUIPOMIHIOBAHHS JIAMITH POKAPEHHS 13 METAJICBOIO CITi-
pamtio 4=1,2-10° m. 3uaiiTi KigbKicTh (OTOHIB NN, sIKi BUIPOMIHIOIOTECS JAMIIOI0 IO
TyxHictio P=200 Bt 3a r=1 c.
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808. A monochromatic light with a wave length A=0.7 mkm normally falls onto a plate
with an aperture as wide as a=0.05 mm. Determine angle ¢ of the light deflection, which
corresponds to the first diffraction maximum.

A) ¢p=32" B)p=24" C)¢=2.8" D)¢=12" E)¢=18"
Dispersion of light

809. The light of what color of the visible band has maximum refractive index n when
passing from the air into water?

A) yellow B)violet C)red D)green E)dark-blue

810. The light of what color of the visible band has the minimum refractive index n when
passing from the air into glass?

A) yellow B)violet C)dark-blue D)green E)red

811. The light of what color of the visible band is minimally deflected by a spectroscope
prism?

A)violet B)green C)red D)dark-blue E) yellow

812. The light of what color of the visible band is maximally deflected by a spectroscope
prism?

A)green B)red C)yellow D)violet E)dark-blue
QUANTUM OPTICS
Photons

813. What of the below listed phenomenon proves the quantum nature of light?

A) interference  B) diffraction  C) polarization
D) a photo-effect  E) dispersion

814. What of the below listed apparatuses is based on quantum properties of light?

A) diffraction lattice  B) polaroid C) microscope
D) spectroscope  E) photo-element

815. How many photons N reach a human eye over /=1 sec if an eye perceives the light
with a wave length 1=0.5 mkm with the help of light emission P=1.98-10""7 Wt?

A)N=100 B)N=50 C)N=500 D)N=250 E)N=750

816. An average wave length of emission of a filament lamp with a metallic spiral is A=
=1.2-10"° m. Find out the number of photons N emitted by a lamp of power P=200 Wt
over t=1 sec.
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A)N=1,2-10"". B)N=8,6-10". B)N=3,8-10%. T)N=6,3-10%. )N=5,4-10%.

817. Ckimeku Qoronis N magae 3a /=1 ¢ Ha MOBEpXHIO MIomeo S=1 cM’, SKIIO BOHA
ONPOMIHIOETECS  TOTYRHicTIO P=10 BT/M’ ramMa-mpoMEHSMH i3 JOBKHHOIO XBHII
=10 m?

A) N=3-10°. B) N=8-10°. B) N=7-10°. ') N=5-10". JT) N=2-10%.

818. Jlxepeno ciTna motysxkuictio P=100 Bt Bunpominioe N=5-10" dotowis 3a r=1 c.
3HaliTh CEPEeNHIO TOBXKUHY XBUIII BUIIPOMIHIOBaHHS A LIbOTO JXKepesia CBiTIa.

A)1=9,9-10" M. B)A4=4,2-10" m. B)A=3,6-10"m. ) A=1,4-107 m. J])1=5,8-10 m.
Enepris ¢ortonis

819. BusHauutH y enexmpon-onvmax eHeprito (HoToHIB E 13 10BXHHOIO XBuIi A=750
am. (1 eB=1,6:10" Jix).

A)E=1,66 ¢B. B)E=3,92 eB. B)E=6,12 eB. [E=9,41 ¢B. J[)E=524 ¢B.

820. Slxa nOBXUHA XBHJI KOBTOTO CBITJIA A Y HaHoMempax, €Hepris GPOTOHIB sikoro E=
=4-10" JTx.

A)A=236 um. B)A=716 um. B)A=884 um. I')1=112 um. 1)A=497 um.

821. BusHaute eHeprito £ (OTOHY yibTpadioneToBOro BUIPOMIHIOBAHHS (V e1eKmpoH-
60/1bMAX), AKIIO IMITYJIBC (1)0T0Hyp=2~10‘27 kr(m/c. (1 eB=1,6:10"° Ixx).

A)E=1,84 eB. B)E=3,75 ¢eB. B)E=1,84 ¢B.I')E=4,38 eB. J)E=9,14 eB.

822. Sk BigHOCATHCS eHeprii QOTOHIB @ioemo6020 BUNPOMIHIOBAHHA £y i3 TOBKHHOO

xBuii 4,;=380 HM i (OTOHIB uep6oHO20 BUNPOMIHIOBAHHS 13 TOBXKUHOIO XBIJII 1,=760 HM
0

E E
.B)lzi.r)lz
E. 1 E

823. I3 kOO MIBHKICTIO V' IOBUHEH PyXaTHCh ENEKTPOH, 100 HOro KiHeTHYHA CHEpTis
E dopisniosana eneprii poToHy i3 oBxuHO0 xBHI A=520 HM ? (m,=9,1:107" kT).

A)V=372 xm/c. B)V=738 xm/c. B)V'=917 xm/c. I')V'=564 xm/c. [)V=136 xm/c.
824. Bu3HauTe JOBXHMHY XBUJI BUIIPOMIHIOBAHHS A, KBaHTH SIKOTO MAlOTh MAKy Jic Ca-

My SHEPTilo, 5K 1 EJIEKTPOH, MPUCKOPEHHIA pi3Huieto norenuianie U=4,1 B. (Maca ene-
KTPOHY m,=9,1-10™" kr, a iforo 3apsia e=1,6:10"° Ku).
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A)N=1.2-10"' B)N=8.6-10"" C)N=3.8-10* D)N=6.3-10*" E)N=5.4-10"

817. How many photons N fall onto a surface of S=1 cm in are for r=1 sec, if it is radia-
ted by power P=10 Wt/m’ of gamma-rays with a wave length 1=10"* m?

A)N=3-10 B)N=8-10° C)N=7-10° D)N=5-10" E) N=2:10°

818. A light source of power P=100 Wt emits N=5-10% photons per =1 sec. Calculate
an average length of a radiation wave A of this light source.

A)A=9.9-10"m B)A=4.2-10"m C) 4=3.6-10*m D)A=1.4-10"m E)4=5.8-10°m
Energy of photons

819. Determine in electron-volts the energy of photons £ with a wave length 4=750 nm
(1eV=1.6-10""1).

A)E=1.66 eV B)E=3.92 ¢V C)E=6.12 ¢V D)E=9.,41 eV E)E=5.24 eV

820. What is the length of a yellow light wave A in nanometers, if the energy of yellow
light photons is E=4-10""J 2

A) /=236 nm B) 4=716 nm C) 4=884 nm D) A=112 nm E) /=497 m

821. Find out the energy of a photon of ultraviolet radiation (in electron-volts), if a pho-
ton pulse is p=2-10"" kg-m/sec. (1 eV=1.6-10"" J).

A)E=1.84 ¢V B)E=3.75 eV C)E=1.84 eV D)E=4.38 eV E)E=9.14 eV

822. What is the relationship of the energy of violet emission photons E, with a wave
length equal to 4;=380 nm and red emission photons E, with a wave length equal to
A,=760 nm ?

E E E E E
A) V:g B) V:l C) vzﬁ D) v:l E) v:L
E 1 "E 2 "E 1 E 4 "E 2

r r K r r

823. At what velocity ¥ must an electron move for its kinetic energy E; to be equal to the
energy of a photon with a wave length 1=520 nm ? (m,=9.1-10™" kg).

A)V=3T72xm/sec B)V'=738km/sec C)V=917xm/secD)V=564km/sec E)V'=136xm/sec
824. Determine a length of an emission wave A, quanta of which have the same energy, as

the electron accelerated by a potential difference U=4.1 V. (Electron mass is m,=9.1x
x10™" kg, its charge is e=1.6-10" coul).
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A) 47238 am. B) 4=714 um. B) 4=472 um. I') 4=545 am. J]]) /=303 am.

825. Sxy eneprito E nopuneH mMatu GoTOH, 06 HOTO Maca mg 0opieHioeana Maci cro-
Koto enextpony m,=9,1(10-31 kr ?

A)E=4,1.10"1)x B)E=1,6.10""Tx B)E=8,2.10"* [ I E=7,5-10"JIx J)E=2,3-10"* T

826. Jlns ioHi3awii MoJeKys MOBITPs NoTpiOHa eHepria £=33 eB. BuzHauuTu H0BXUHY
! . -1
XBHJIl BUTIPOMIHIOBaHHS A y HaHoMempax, sike Moxe 11 cipuunauTh. 1 eB=1,6-10 ? Jix.

A) 2=102,6 um. b) 1=37,7 um. B) 1=74,1 um. ') A1=21,8 um. JT) 1=94,2 um.
Imnynsce poTonin

827. BwusHaure imMmynbc p GOTOHY €IEKTPOMATHITHOTO BHIIPOMIHIOBAHHS, CHEPTis KO-
ro E=9 eB. (¢=3-10° m/c, 1 eB=1,6'10" J[x).

A) p=3,2-107 kr-m/c. B) p=9,4-107 kr-m/c. B) p=4,8-107" kr-m/c.
I p=6,3-10% kr-m/c. ) p=1,6-10"* kr-m/c.

828. BwusHauuTH iMIYyIbC p HOTOHY PEHTI€HIBCHKOTO BHIIPOMIHIOBAHHS i3 JOBXKHHOIO
xBumi A=3-10"" m.

A) p=4,8-10% kr-m/c. B) p=2,2-10% kr-m/c. B) p=6,4-10" kr-wm/c.
I p=1,5-107 kr-m/c. JT) p=9,7-107° kr-m/c.

829. Immysbc GoToHy iHppauyepsoHOTO BUNpoMinioBaHHs p=3-10"" kr-m/c. BusHauutn
JOBXKMHY XBHJIi A I[bOTO BUIIPOMIHIOBAHHS ) MIKPOMemMpax.

A)1=4,42 mxm. B)A=0,72 mxm. B)A=1,63 mxm. I')1=3,11 mxm. [[)A=2,21 MKM.
Maca ¢dotonin

830. Ik maca OTOHY My 3aIEKUTH BiJ JOBKHHU XBHII A CBITJIOBOTO BUIIPOMIiHIOBAHHS
?
A) Iponopiiieo A. B) He 3anexuts Bix A. B) IIponopiiiro A%,
I"O6epreHo npomnopiionansHo A. [J)O6eprero nponopiiiiao A%,

831. Tlo sikoMy CHiBBiJHOIIEHHIO MOYKHA BU3HAYUTH Macy QOTOHY m ?

Aym=h-L. B)m:h-%. Bym=""Y rym="
C

h
c 7 PmET

832. BusHaunTH Macy (OTOHY m PEHTICHIBCHKOTO BHUIIPOMIHIOBAHHS, JHOBKHHA XBHIII
“10
skoro A=2-10"" m.
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A) A1=238 nm B) =714 nm C) 4=472 nm D) A=545nm E) 4=303 nm

825. What energy E must a photon have for its mass m,;, to be equal to an electron rest
mass m,=9.1-10™! kg ?

A)E=4.1-10"2T B)E=1.6:10"°T C)E=8.2-10JD) E=7.5-10 * T E)E=2.3-10"]

826. For ionization of molecules the energy £=33 eV is needed. Determine in nanome-
ters a wave length of emission 4, which can cause this. 1 eV=1.6-10"J.

A) 2=102.6 nm B) /=37.7 nm C) /=74.1 nm D) 4=21.8 nm E) 1=94.2 nm
Photon pulse

827. Determine a pulse of a photon p of the electromagnetic emission the energy of
which is E=9 V. (¢=3-10° m/sec, 1 eB=1.6-10"7J).

A) p=3.2-10 kg-m/sec B) p=9.4-10>° kg-m/sec C) p=4.8-107" kg-m/sec
D) p=6.3-107 kg-m/sec E) p=1.6-10>* kg-m/sec

828. Determine a pulse of a photon p of the X-ray emission with a wave length 1=3-10"°
m.

A) p=4.8-10% kg-m/sec B) p=2.2-10>* kg-m/sec C) p=6.4-10 kg-m/sec
D) p=1.5-10" kg-m/sec E) p=9.7-10 kg-m/sec

829. A photon pulse of the infrared emission is p=3-10"" kg-m/sec. Determine a wave
length 1 of this emission in micrometers.

A)2=4.42 mkm B)1=0.72 mkm C)2=1.63 mkm D)A=3.11 mkm E)A=2.21 mkm
Photon mass
830. How is a photon mass m,,;, dependent on a wave length A of light emission ?

A)It is proportional to A. B)It does not depend on A. C)It is proportional to A*.
D) It is inversely proportional to A. E) It is inversely proportional to A*.

831. What relationship can a photon mass m,,;, be calculated from ?

Am=h-" Bym=n-S Om=""" Dym=" Bym=_"_
c A c A A-c

832. Determine a photon mass m,; of the X-ray emission which wave length is
2=2x10"" m.
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A) m=3.2-10"" xr. B) m=1,1-10" xr. B) m=5,4-10% kr.
) m=7,6-10"° kr. IT) m=9,3-10>* kr.

833. BusHaumt Mmacy m (OTOHY y-BUIPOMIHIOBAHHSA 13 JOBKHHOI  XBHII
2=1,24-10" m.

A)ym=1,810""kr. B)m=2,410"kr. B)m=1,2.10kr. T)m=9,6.10""kr. )m=5,410"r.
YepBona mexka poroedekty
834. SlkuM 3 mapameTpiB BU3HAYAETHCS uepsora medica potoedexty ?

A)ITnowero katony. b)Koncrpyxkuiero poroenementy. B)HacroToro cBitia.
I') Hanpyroto mix enekrpogamu. 1) IHTEHCHBHICTIO CBITJIA.

835. 3HalfTu MiHIMaNbHY YacTOTY CBITJA Vy;,, ONPOMIHCHHS SKHUM Kalil0 HMPU3BOIHUTH
10 TIosiBH (pOTOENECKTPOHIB. PoO0Ta BuxoMy enekTpony st kaimito 4A=2,2 eB. (1 eB=
=1,6:10" IIx).

A) Vpin=1,8-10" T'11. B) v,in=4,5-10"° 'y, B) v,,=5,3-10" I'n.
) Vpin=8,4-10"° T'rt. T) vin=9,1-10" T'm.

836. Bu3HauMTH HAMOINBIITY NOBKUHY XBUII CBITIA Ay, MPH SKIH MOXKE MaTH MicIie
(doroedekT I TUIATHHHM, SKIIO poOOTa BUXOMY €leKTpoHy i3 Hei 4=6,3 eB. (1 eB=
=1,6:10" Ix).

A pax=246 M. B)A,,,=624 uM. B)1,,,=389 uM. I')A,,,=5 18 M. 1)2,,,,=197 HM.
837. PoboTa BHXO/Yy €JICKTPOHIB sl IesiKoi peuoBHHU A=3,2 ¢B. BusHauutu MiHiMasb-
HY YaCTOTY CBITJIA V,,;,, OTIPOMIHCHHS SIKMM I[i€] PEYOBHHU HPHU3BOAUTH JIO MOsBU (Ho-

TOEJICKTPOHIB.

A) Vpin=1,8-10"T'1t. B) v,,=4,5-10"° T'r. B) v,,,=7,7-10" I'm1.
) Viuin=9,1-10" T'11. JT) v,;,=7,4-10"° T'm1.

PoGoTa BHXO1Y e/IeKTPOHIB

838. JloBroxaunboBa Mexa HOToeEKTY sl KO A, =620 HM. 3HaliTH poOOTY BUXO-
Iy A eNeKTPOHiB i3 KaJito.

A)4=5,6.10""ITx B)4=7,6.10""Jx B)4=3,3.10"" [k I)4=3,2.10"° I J1)4=9,4.10"

839. JloBroxsuiiboBa Mexa (GortoedexTy A 1esSKOi PEUHOBUHU A, =462 HM. 3HalTH po-
00Ty BUXO1y A eNeKTPOHIB i3 I1i€i peUOBUHH ) eekmpon-oavmax. 1 eB=1,6- 107" Jix.

A) 4=2,69 ¢B. B) A=4,28 ¢B. B) 4=1,76 ¢B.T) 4=3,54 ¢B. J) 4=5,17 B.

288



A)m=3.2-10"" kg B) m=1.1-10"> kg C) m=5.4-10" kg
D) m=7.6-10" kg E) m=9.3-10 kg

833. Determine a photon mass m,, of the j-emission which wave length is
A=124-10" m.

A)ym=1.8-10""kg B)m=2.4-10"’kg C)m=1.2-10%*kg D)m=9.6-10">"kg E)m=5.4-10"kg
A red limit of photo-effect
834. What of the below parameters is a red limit of photo-effect specified by?

A) a cathode area B) a photo-element structures C) light frequency
D) voltage between electrodes E) light intensity

835. Find out the minimum light frequency v,,,, which causes the occurrence of photo-
electrons during potassium emission. The work function of an electron for potassium is
A=22¢eV.(1eV=1,6-10"1J).

A) Vpin=1.8-10" Hz B) v,,»=4.5-10"° Hz C) v,,;,=5.3-10"* Hz
D) V,,=8.4-10" Hz E) v,,;,=9.1-10" Hz

836. Determine the maximum length of a light wave 4,,,, when a photo-effect for plati-
num can take place, if the work function of an electron out of it is 4=6.3 eV. (1 eV=
=1,6-10"17).

A)y=246 nm B)/,,,,=624 nm C)4,,,,=389 nm D)4,,,=518 nm E) 4,,,,=197 nm
837. The work function of electrons for some substance is 4=3.2 ¢V. Determine the

minimum frequency of light v,,;, which causes the occurrence of photo-electrons when
emitting this substance.

A) iy =1.810" Hz B) v,,,,=4.5-10"* Hz C) v,,,=7.7-10" Hz
D) vmin:9-1'1013 Hz E) Vmin:7.4'1016 Hz

Work function of electrons

838. A threshold frequency of photo-effect for potassium is 4,,,=620 nm. Find out the
work function A4 of electrons out of potassium.

A)4=5.6-10" T B)4=7.6-10"J C) 4=3.3-10%" I D)4=3.2-10"° T E)4=9.4-10""J

839. A threshold frequency of photo-effect for some substance is 4,,,=462 nm. Find out
the work function 4 of electrons out of this substance in electron-volts. 1 eV=1.6-10" 7.

A) 4=2.69 eV B) 4=4.28 ¢V C) A=1.76 eV D) A=3.54 ¢V E) 4=5.17 eV
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840. I3 sK010 MIBUAKICTIO V' MyCHUTb JIETITH €lEKTPOH, 100 HpH yaapi o0 BoabdpamMoBy
TUIACTUHKY BUOUTH i3 HEi HOBHUI enieKTpoH ? PoO0Ta BUXONy €IEeKTPOHY i3 BoIb(ppamy
A=4,53 ¢B ? (1 eB=1,6(10-19 [Ix).

A)V=T789km/c. B)V'=483 xm/c. B)'=2186 km/c. I')'=1262 km/c. 1) V=916 xm/c.
Eneprist poToesiexTponin

841. MaxkcumanbHa KiHETHYHA eHEprist E,,,, eNeKTPOHIB, BUOUTHX i3 MOBEPXHI MeTaly
CBITJIOM, iIHTEHCHBHICTIO / 1 9aCTOTOIO V:

A) Tpomnopiiiiina [ i He 3anexuTh Bix v. I') He 3anexuTs Hi Big v, Hi Big /.
B) Ipomopriitna sk v, Tak i /. ) Bignosigs HeoTHO3HAYHA.
B) Iponopiiina v i He 3aneXuTh Bix /.

842. HesapsmxeHa 130Jp0BaHa METANIEBA MJIACTHHA OCBITIICHA YIBTPadioseTOBUM CBIT-
JIOM. 3apsijy K020 3HaKy HaOyBae€ 1is MIACTHHA B pe3yJbTati poToedekty ?

A)3Hak 3apsaay3anexuts B yactoty cBiTia. b)[losutusHoro. B)HerarusHoro.
I') 3anumaeTses HelitpanbHOoO. [1) 3apsia 3a/1eKUTh Bil IHTEHCUBHOCTI CBiTJIA.

843. Sk 3MIHUTBCS KIHCTHYHA CHEPTisl eNEKTPOHIB MpU (GoToedeKTi, AKIIO 36LnbuuUumu
yacmomy CBITIA, He 3MIHIOIUU HOTO IHMEHCUBHICIb ?

A) He 3sminutbes. B) 3menmmtees. B) 3MeHIUTECS CTpHOKOM.
I') 36inbummthesa. I') 3anexxuts Bin Matepiany gorokarona.

844. Tlpu OCBITIICHHI KaToly BaKyyMHOTO ()OTOEIEMEHTa MOHOXPOMATHYHUM CBITIIOM
BiIOyBa€eThCsl BUOMBaHHS (DOTOCNEKTPOHIB. SIK 3MIHUTBCS MAKCUMANbHA KIHETHYHA
eHeprist GoToeNneKTpOHIB E,,,, IPH 30i1buienHi YaCTOTH CBITNA vy 2 pa3u ?

A) He 3minutscs. b) 3menmmTbes y 2 pasu. B) 30inbmmthes y 2 pasu.
I') 3pocte MmeHiie Hixk y 2 pasu. J1) 3pocte Oinbiie HIX y 2 pasu.

845. Tlpu ocBiTiIeHHI KaToga BaKyyMHOTo ()OTOENEMEHTa MOHOXPOMATHYHHM CBITIIOM
BigOyBaeThes sBuIle GoToedeKTy. SIK 3MIHUTBCS MAKCUMANbHA KIHETUYHA eHepris ¢o-

TOEJEKTPOHIB E,,,, IPH 3MeHueHHi JOBKUHU XBUJII CBiTIa Ay 2 pasu ?

A) 36inbmuThes y 2 pazu. b) He 3minutbes. B) 3vMenmmrses y 2 pasu.
I') 3pocrte Ginbiie HixX y 2 pasu. [I) 3pocte MeHIIe HiX y 2 pa3H.

846. JloBroxsuaboBa Mexa GoToedekty M BOIbhpamy L,.=2,75-107 M. Busnaure y
e1eKmMpPOH-601bMAX MaKCUMAaJIbHY €Heprito (oTOeneKTpoHiB £, 5Ki BHOMBAIOTHCS i3
BOJTb(PaMy CBITIOM i3 IOBKHHOIO XBuTi A=1,8107 M.

A)Epui=1,2€B. B)Eu=3,6B. B)E,yux=2,4¢B. T)E;i=4,8 eB. J))Eynui=7.2 €B.
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840. At what velocity 7 must an electron fly to liberate a new electron out of a wolfram
plate when striking it ? The work function of an electron out of wolfram is 4=4.53 eV.
(1eV=1.6-10""17).

A)V=789km/sec B)V'=483 km/sec C)V'=2186 km/secD)V'=1262 km/sec E)'=916 km/sec
Photo-electron energy

841. The maximum Kkinetic energy E,,. of electrons, liberated from a metal surface by
light of intensity / and frequency vis:

A) proportional to [ and does not depend on v. D) depends neither on v nor on /.
B) proportional to both vand I. E) The answer is diverse.
C) proportional to vand does not depend on /.

842. An uncharged isolated metallic plate is illuminated with ultraviolet light. A charge
of what sigh does this plate gain as a result of photo-effect ?

A) The sinn of charge depends on light frequency B) Positive C) Negative
D) It remains neutral E) The charge depends on light intensity

843. How will kinetic energy of electrons change under photo-effect, if light frequency
increases without changing its intensity ?

A) It will not change B) It will decrease C) It will decrease by a jump
D) It will increase D) It depends on a photo-cathode material

844. When illuminating a cathode of a vacuum photo-element with monochromatic
light photo-electron liberation takes place. How will the maximum kinetic energy of
photo-electrons E,,,, change if light frequency v increases twice ?

A) It will not change B) It will decrease 2 times C) It will increase 2 times
D) It will increase less than 2 times E) It will increase more than 2 times

845. When illuminating a cathode of a vacuum photo-element with monochromatic
light, the photo-effect phenomenon takes place. How will the maximum kinetic energy
of photo-electrons E,,, change, if a light wave length 4 decreases twice ?

A) It will increase 2 times B) It will not change C) It will decrease 2 times
D) It will increase more than 2 times E) It will increase less than 2 times

846. A threshold frequency of photo-effect for wolfram is A,q=2.75-107 m. Determine

in electron-volt the maximum energy E,,, of photoelectrons, which are liberated out of
wolfram by light with a wave length 2=1.8-107 m.

A)Epei=1.2 €V B)E,u=3.6 eV C)Eyi=2.4 €V D)E;pu=4.8 eV E)Eyu=7.2 eV
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847. Bu3HAuUMTH NOBXUHY XBWJIi Y-BUIIPOMiHIOBaHHS A, sIKE [IaJja€ HA IJIATUHOBY ILIaC-
THHKY, SKIIO MaKCHMaJbHa HIBUAKICTH BHOMTHX (POTOEIEKTPOHIB V,,,,H:3-106 M/c, a
po0oTa BUXOAY €NEKTPOHIB i3 miaTuHu 4=6,3 eB.

A) =28 um. B) 1=94 um. B) 1=39 um. I') =72 am. ) 1=126 uMm.

. . -19

848. Jlns BUOMBaHHS €NEKTPOHA 3 IOBEPXHi Le3it0 Tpeba BUKOHATH poboTy A=1,6 10
JIx. Slka MakcMMallbHa HIBUAKICTH POTOCTCKTPOHIB V4, SKIIO LIE3ii OCBITIIIOIOTH CBi-
TJIOM i3 JOBKHHOIO XBHIII A=0,589 MKM ?

A) V=357 xm/c. B) V,,,,=914 xm/c. B) V,,,=566 km/c.
) V=217 xm/c. ) V=629 kM/cC.

849. Ha mertan majgae peHTreHiBChbKE BUIPOMIHIOBAHHSA 13 JOBXKHHOIO XBHJII A=1 HM.
Hexmyrnouu poGOTOI0 BUXOJy €IEKTPOHIB, BU3HAUTE MAKCUMAIbHY TIBHIKICTE BUOUTHX
(boToeneKTpoHIB V.

A) Vipar=6,2-10* M/c. B) V}x=3,6-10° M/c. B) V,u=5,7-10° m/c.
D) Vir=2,1-10" M/c. 1) Vipar=2.9-10° m/c.

PiBusnnsg Elinmreiina

850. Po6ota BHXO/y €ICKTPOHIB i3 IIUHKY A=5,6-10"" Jlx. Yu BigOynerses siButie $o-
ToeeKkTy, SKIO HA aTOMH IUHKY MaJaTUMYTh CBITJIIOBI IPOMEHI i3 JJOBXHHOIO XBHJIL
2=4,5107 M ?

A) Tax, npu 3MeHIIeHHi iHTeHcuBHOCTI. [') Tak, mpu 3MeHIIeHH] YacTOTH.
B) Tax, npu 30inbienHi noxunu xsuii. J{) He BinOynerscs.
B) Taxk, npu 3011b11€HH] IHTEHCUBHOCTI.

851. Pobota Buxony enektpoHa i3 potokarony 4=2 eB. Uu crpuuuHATh sABHIIEC POTO-
edekTy 1Ba MPOMEHs CBiTia i3 moBxkuHamu XBUIb 1;=700 HM Ta 1,=600 M ? (1 eB=
=1,6:10" IIx).

A) Tak, tineku nepmmid. b) Tak, o6uasa npomeni. B) Tak, Tinbku npyrui.
I') 3anexutsk Bix iHTeHCHBHOCTI cBiTia. []) He cipuuiHUTB KOleH.

852. Jlmsi MOHOXPOMATHYHOTO TPOMEHs CBiTNa i3 wacrotoro v=1,3-10"° I'y BuGepiTh
Mmarepian i GOTOKaTOay, K0 POOOTH BUXOY €JIEKTPOHA i3 ye3itlo Ta naamutu Bij-
noBiaHO ckianaoTh 4,=1,9 eB i 4,=5,3 eB. (1 eB=1,6:10" JIx).

A) Tinbku nesiit. b) [Tigxonsats oouasa. B) [TotpibeH iHmmii Marepia.
I') Tinpku mnatuna. /1) 3aneXuTh Bifl iHTEHCUBHOCTI CBITIIA.

853. PoboTta BUXO/y €NEKTPOHIB i3 Hampiro A1=3,7-10'19 Ik, a i3 mumany - A,=6,4 10"
JUx. Yu BinOynetscs GpoToeeKT, SKIIO i peYOBUHU ONPOMIHIOIOTHCS CBITIOBUMHU IPO-
MEHSMH 13 JOBKHHOIO XBHII A=54- 107 m?
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847. Determine a wave length of yemission 4, falling onto a platinum plate, if the
maximum velocity of liberated photoelectrons is V,u=3-10° m/sec and the work func-
tion of electrons out of platinum is 4=6.3 eV.

A) =28 nm B) 1=94 nm C) 1=39 nm D) 1=72 nm E) 1=126 nm

848. For the induced emission of electrons from the surface of cesium it is necessary to
perform the work A=1.6 10" J. What is the maximum velocity V.. of photoelectrons,
if cesium is illuminated by light with a wave length 1=0.589 mkm ?

A) V=357 km/sec B) V,,,.=914 km/sec C) V,,,.=566 km/sec
D) V=217 km/sec E) V,,,,=629 km/sec

849. The X-ray emission with a wave length A=1 nm falls onto a metal. Neglecting the
work function of electrons, determine the maximum velocity V,,, of liberated photo-
electrons.

A) Vx=6.2-10* m/sec B) V,,x=3.6-10° m/sec C) Vye=5.7-10° m/sec
D) Vypx=2.1-10" m/sec E) V,,0x=2.9-10° m/sec

The Einstein equation

850. The work of electron liberation out of zinc is 4=5,6-10"° J. Will the phenomenon
of photo-effect take place if light beams with a wave length 1=4.5-10" m fall onto zinc
atoms ?

A) Yes, if intensity decreases D) Yes, if frequency decreases
B) Yes, if wave length increases E) No, it won’t
C) Yes, if intensity increases

851. The work of electron liberation out of a photo-cathode is A=2 eV. Will the pheno-
menon of photo-effect be caused by two light beams with wave length 4,=700 nm and
4=600 nm ? (1 eV=1.6-10"J).

A) Yes, it will be, by the first beam only D) It depends on the light intensity
B) Yes, it will be, by the both beams E) No, it won’t be
C) Yes, it will be, by the second beam only

852. Choose a material for a photo-cathode for a monochromatic beam of light with
frequency v=1.3-10" Hz, if the works of electron liberation out of cesium and platinum
are 4,=1.9 eV and 4,=5.3 eV, respectively. (1 eV=1.6-10" J).

A)Cesium only B)The both materials are suitable C)Another material is required
D) Platinum only E) It depends on light intensity

853. The work of electron liberation out of sodium is A,=3.7-10" I, and out of titanium
A4,=6.4 107" J. Will the photo-effect take place, if the both substances are emitted with
light beams with a wave length 2=5.4-107 m?
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A) Tak, y 060x peuoBuHax. b) Tinbku y Hatpil. B) Tinbku B TUTaHI.
I') Hi, ne BinOynerscst. J]) 3anexuTh BiJi iIHTEHCUBHOCTI CBITIIA.

854. Bu3HaUMTH JOBXKHUHY XBHJII CBITJIA A, IKUM OCBITJIFOETHCS TOBEPXHS METAITY, SIKIIO
(DOTOCTEKTPOHH MAKOTh MAKCHMAIIBHY KiHETHUHY eHeprito E,q=4,5-10""° JIx, a po6ora
BUXOIy eNeKTpoHa i3 Metany A=7,5-10"° .

A) 4=278 um. b) =729 um. B) =166 um. I') =442 um. J]) 1=634 um.

855. Tlpwu ocBiT/IeHHI IOBEpXHI METATy CBITJIOM 13 OBXHHOW XBuii A=0,589 MKkM Mak-
CHMaJlbHa KiHETHUYHA eHepris QoToenekTpoHiB E,,=1,1 eB. 3HaiiTn noBxuHy XBHII
Amax» BUITTOBIZTHY JJOBCOXBHJIBOBIit Mexki (poToeeKTy is IbOTO METATy.

A) Apax=1,23 MKM. B) 4,,,,=3,86 MkM. B) 4,,,,=5,48 MKxm.
) 2ax=9,19 Mmxm. 1) 2,02=7,35 MKM.

856. Slka jmoBKHMHA XBHJII BUIIPOMIHIOBaHHS A, SIKE MMAJIa€ HA IUIATHHOBY IUIACTHHKY, SK-
. : 6
[I0 MaKCHMaJlbHa MIBUAKICTH (POTOETEKTPOHIB V,,,,=3-10" M/c, a poboTa BHXOLY ee-
KTPOHIB 13 mnatunu 4=5,3 eB ?

A) 2=120 um. B) 1=20 um. B) 1=80 um. I') A=10 um. 1) 1=40 uMm.
3aTpumyroumii moTeHUiax

857. Ha doroeneMeHT 3 KaTOJOM i3 JITIIO, MMaJIa€ CBITIIO i3 JOBXKHUHOIO XBHIi A=200 HM.
3HaiiTu HaiiMeHIIe 3HaYEHHS 3aTpUMYI040i pi3HULI noTeHuianiB AUs, sky Tpeba mpu-
KJIACTH 70 (OTOENEMEHTY, 1100 npunurumu GotoctpyM. JJOBroXBUIILOBa Mexa (HOTO-
eeKTy TS JTIFO Ay =517 HM.

A)AU;=4,5 B. B)AUs=3,8 B. B)AUs=5,7 B. [)AU;=1,9 B. )AU:=7,6 B.

858. Ipu nazninHi Ha (HOTOETEMEHT CBIiTIA i3 HOBXHMHOIO XBUIL A=300 HM, 3aTpuUMyIOua
Hanpyra anst gotoenekrponiB Us=3 B. Busnaute y enexmpor-gonvmax poOOTy BUXOIY
A enexTpoHiB i3 katoxy. (Crana Imarka h=6,63-10>* Jix-c, 1 eB=1,6:10" JIx).

A)4=1,14 ¢B. B)4=326 ¢B. B)4=0,87 eB. 4=2,38 ¢B. J[)4=1,92 ¢B.

859. Ha cxinvku Tpeba 30UIBIIUTH 3aTpUMy0dy Hanpyry AUz, 1100 HOBHICTIO 3aTpUMAaTH
(boToeneKTpoHy, SKi BUOMBAIOTCSA 13 MOBEPXHI MeTally CBITJIOM, SIKIIO 4acTOTa CBITIa
30L1bMUIACH, HA Av:1,6-1015 T ?

A)AU=9,18 B. B)AU;=4,34 B. B)AU;=6,63 B. I')AU;=8,42 B. )AU;=5,26B.

860. ®DoToeneKTpoHU, SAKi BUPUBAIOTHCS 3 IOBEPXHI METaly CBITJIOM YacTOTOIO Vi=2,2X
x10" T, MOBHICTIO 3aTPUMYIOTECS 3BOPOTHMM ToTeHIianom U,=6,6 B, a Bupusai
CBITIIOM 13 yacToTor0 v,=4,6-10"° 'y - notenuianom U,=16,5 B. Busnaure 3a uMu aa-
HHUMH cTany [lnanka h.
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A) Yes, in both substances B) In sodium only C) In titanium only
D) No, it won’t E) It depends on light intensity

854. Determine a wave length A of the light a metal surface is illuminated with, if pho-
toelectrons have the maximum kinetic energy E,...=4.5-10" J and the work of electron
liberation out of the metal is 4=7.5-10"° J.

A) 2=278 nm B) 1=729 nm C) 1=166 nm D) /=442 nm E) 1=634 nm

855. When illuminating a metal surface by the light with a wave length A=0.589 mkm,
the maximum kinetic energy is E,,=1.1 eV. Find out the wave length 4,,,, correspon-
ding to a threshold frequency of the photo-effect for this metal.

A) Anox=123 mkm B) 4,,,=3.86 mkm C) 4,,,=5.48 mkm
D) 40x=9.19 mkm E) 4,,,=7.35 mkm

856. What is a wave length 4 of the emission falling onto a platinum plate, if the ma-
ximum velocity of photoelectrons is V,,,,=3- 10° m/sec and the work of electron libe-
ration out of platinum is 4=5.3 eV ?

A) 2=120 nm B) /=20 nm C) 4=80 nm D) /=10 nm E) =40 nm
A retarding potential

857. A photo-element with a cathode of lithium is illuminated by light with a wave
length 2=200 nm. Find out the minimum value of the retarding potential AUj;, which
must be applied to the photo-element o close the photocurrent. A threshold frequency
of the photo-effect for lithium is 4,,,,=517 nm.

A)AU;=4.5V B)AU;=3.8 V C)AU;=5.7 VD)AU;=1.9 V E)AU;=7.6 V

858. The light with a wave length 1=300 nm falling onto a photo-clement, a retarding
voltage for photoelectrons is U;=3 V. Determine in electron-volts work A of electron
liberation out of the cathode. (Plank’s constant /=6.63-10"* J-sec, 1 eV=1.6:10"7J).

A)4=1.14 eV B)4=3.26 eV C)4=0.87 eV D)4=2.38 eV E)4=1.92 eV

859. How many volts must a retarding voltage AUj; be increased to completely retard
photo-electrons liberated from a metal surface by light, if the light frequency increases
by Av=1.6:10" Hz ?

A)AU;=9.18 V B)AU;=4.34 V C)AU;=6.63 V D)AU;=8.42 V E)AU;=5.26 V

860. Photoelectrons extracted from a metal surface by light with frequency »=2,2%
x10" Hz are completely retarded by a reverse potential U;=6.6 V, and extracted by
light with frequency 1,=4.6-10"> Hz — by a potential U,=16.5 V. On these data deter-
mine Plank’s constant 4.
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A) h=6,58-10"* Ix-c. B) h=6,66-10"* IIx-c. B) h=6,64-10"* Iiix-c.
) h=6,60-10"* Jix-c. IT) h=6,62-10"* JIx-c.

TECTOBI 3ABJAHHS O PO3A1ITY "ATOMHA ®I3HKA"
Mopean aToma BoaHIo o bopy
861. SIxe i3 HaBeAEHUX TBEPIKEHb Hecnpaseonuge ?
A) Y OCHOBHOMY CTaHi aTOM MO 3HAXOJUTHCS CKIJIbKU 3aBTOJHO JOBTO.
B) Yci MOXKITHBI eHepreTHYHI CTAHU aToMa CTaI[lOHAPHI.
B) ATOM MOe TTOTJIMHATH €HEPTil0 TIIBKH TIEBHUMH ITOPLIsSMH.
I') ¥ 30ymxeHnx ctaHax aToM BUIIPOMIHIOE €HEPTiIO.

J1) Hac »xutTs atoma B 30y DKEHHX CTaHaxX JyXe Majo.

862. Slka mpupona cui, SKi BiIXWISIOTH alb(a-4yaCTUHKU BiJ NPSAMOJiHIMHOI TpaekTo-
piiy nocnigax Pesepdopnaa ?

A) Anepna. b) Marnitaa. B) Kynonisceka. ') I'paBitaniiina. [[) Mexaniuna.

863. UYomy nopiBHioe eHepris GoToHy AV, IKUH UNPOMIHIOEMbCS TIPU IEPEXOI 31 30)-
0oiceno2o CTaHy 3 eHepriero E| y ocHo6Hutl cTaH 3 eHeprieo Ey ?

A) hv=(E\+Ey). B) hv=(E\-Eo). B) hv=(E\/Ey). T) hv=(E, Eo) 1) hv=(Ey-E)).

864. BuxopucToBYyI0UM Teopito OynoBu BogHenoAiOHuXx atoMiB bopy, BuzHauTe paniyc
nepuioi opoimu eNeKTpoHa y aToMi BOAHIO 7.

A)r=2,8-10"m. B)r1=7,2-10"m. B)r=3,4-10""m. T)r=5,3-10"'m. [1)r1=8,6-10m.

865. BukopuCTOBYHOYH TEOpito OyJ0BH BOAHENOMIOHUX aToMiB bopy, BU3HauTe mIBH/I-
KIiCTb PyXy eNeKTpoHa V| no nepwiti op6imi'y aToMi BOAHIO.

A) V1=8,1-10° m/c. B) V,=6,8-10" m/c. B) V1=4,3-10° m/c.
) V,=7,5-10° m/c. TI) V1=2,2-10° m/c.

866. BuxopucToByr0UHM Teopito OyI0BH BOAHENOIIOHBIX aTOMIB bopy, Bu3HauTe mepio
pyxy enexrpoHa T no nepwiti op6imi y aToMi BOJHIO.

A)T1=7,2-10". B)T}=4,8-10"%¢c. B)T\=1,5-10"°c. T)T\=3,6-10"c. 1)T}=8,4-10"c.

867. BukopucToByHOUYH TEOpito OyIOBU BOAHENOMIOHMX aTOMiB bopy, BH3HaUTe 4acTo-
TY PYXY €IEKTPOHA V| no nepuiiii opoimi'y aToMi BOJHIO.

A) 1=5,1-10"Tu. B) »=1,2-10"Tu. B) 11=7,810" .
I) »=3,4-10"Tu. ) 11=6,6:10" I'y.
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A) h=6.58-10"" J.sec B) h=6.66-10""J.sec C) h=6.64-10"" J.sec
D) h=6.60-10"" J-sec E) h=6.62-10"* J-sec

TEST PROBLEMS TO THE SECTION “ATOMIC PHYSICS”
The Bohr model of hydrogen atom
861. What of the below given statement is true ?
A) In its fundamental state an atom can be as long as is wished
B) All possible energy states of an atom are stationary
C) Atom can absorb energy only in definite portions
D) In an excited state an atom emits energy

E) An atom lifetime in excited states is very short

862. What is the nature of forces, which deviate alpha-particles from a linear path in the
experiments of Rutherford ?

A) nuclear B) magnetic C) Coulomb D) force of gravity E) mechanical

863. What is the energy of a photon /v which emitted in going from an excited state
with energy E| to a fundamental state with energy E, ?

A) hv=(E\+Eo) B) hv=(E\-Ey) C) hv=(E\/Eo) D) hv=(E, E¢) E) hv=(Ey-E;)

864. Applying the Bohr theory of hydrogen-like atom structure, determine the radius of’
the first orbit of an electron in a hydrogen atom 7.

A)r=2.8-10"m B)r=7.2:10"?m C)r=3.4-10"° m D)r=5.3-10"'m E)»=8.6-10°m

865. Applying the Bohr theory of hydrogen-like atom structure, determine the velocity
of electron motion V; in the first orbit in a hydrogen atom.

A) 71=8.1-10° m/sec B) V,=6.8-10* m/sec C) V,=4.3-10° m/sec
D) 7,=7.5-10° m/sec E) 7;=2.2-10° m/sec

866. Applying the Bohr theory of hydrogen-like atom structure, determine the period of
electron motion 7} in the first orbit in a hydrogen atom.

A)T1=7.2-10"% sec B)T1=4.8-10"* sec C)T,=1.5-10" sec D)7=3.6-10"* sec E)T=8.4-10""* sec

867. Applying the Bohr theory of hydrogen-like atom structure, determine the frequen-
cy of electron motion v, in the first orbit in a hydrogen atom.

A) v=5.1-10"Hz B) v=12-10"Hz C) v=7.8-10" Hz
D) v=3.4-10"Hz E) »=6.6-10" Hz
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868. BuxopHcTOBYIOUM TEOpit0 OyJ0BH BOAHENONIOHUX aTOMiB Bopy, BU3HauTe KyTOBY
HMIBUAKICTh PYXY €NEKTPOHA | 10 neputiii opoimi 'y aroMi BOJHIO.

A) =1,4-10" pag/c. B) 0=2,1-10" pan/c. B) @=4,2-10" pa/c.
I') ©=8,6:10" pan/c. JI) @=5,8-10" pam/c.

869. BuxopucroByroun Teopito OymoBu BoAHenoaiOHux aroMiB bopy, Bu3HauTe npu-
CKOPEHHS PyXY €JIEKTPOHA a; 1o neputiii opoimi 'y aToMi BOIHIO.

A) a;=5,8-10" m/c>. B) a;=1,6-10" m/c>. B) a,;=3,5-10*' m/c’.
) a;=6,7-10° m/c*. JT) @;=9,1-10% m/c%

870. Ilpu nmepexoni eIeKTpOHA y aTOMi BOJHIO i3 OHOrO piBHA Ha iHIIWIL, eHepris aTo-

Ma 3MeHIIyeTbed Ha AE=1,89 eB. BusHauutu NOBXHHY XBWI A KBaHTY CBITJIa, SIKMH
IIPY [IbOMY BUIIPOMIHIOETHCSI AaTOMOM.

A) =658 um. B) 4=412 um. B) 4=927 um. I') =264 um. 1) A=571 um.

871. lns ionizamii aToma KUCHIO MOTpiOHA eHepris E=14 ¢B. Bu3HaunT 4acToTy BU-
MPOMIHIOBAHHS V, IKE MOX€E CIPUINHUTH TaKy 10HI3aIliIo.

A)v=52-10"Tw. B)»=7,6-10"Tx. B)v=3,4-10°Tu.T)v=2,1-10"T'rr. J1)»=9,8-10" T'ms.

872. lna ioHi3alii MOJIeKyJ MOBITps OTpiOHA eHeprist £=33 eB. Bu3HaunTi 1OBXKUHY
XBHJII BUTIPOMIHIOBaHHS A Y HaHOMempax, ke MOXe CIIPUYMHUTH TaKy 10HI3allito.

A)A=314,5 um. B)A=37,7 um. B)4=231,8 um. I')1=16,9 um. 1)1=94,2 um.

873. Tlpu mepexoni eneKTpOHa y aTOMi BOJHIO 3 OJHOTO PiBHS HA iHIIW, BUIIPOMIHIO-
. . 14 . .

€ThCS KBAaHT cBiTia 13 yactoToro v=4,57-10" I'n. Bu3Haure, Ha CKINbKHA 3MIHIOETHCS

eHeprist atoMa AE B pe3yibTaTi IbOTO BUMIPOMiHIOBAHHSI.

A)AE=4,62¢B. B)AE=6,35 ¢B. B)AE=3,78 ¢B. [)AE=1,89 ¢B. J)AE=0,94 ¢B.

874. Ilpu GombapayBaHHi eJIeKTpOHaMH 3 eHeprielo £=4,9 eB atomu pTyTi nepexoasrh
y 30y/KeHuit ctad. BuzHauTe JOBXWHY XBHUIII CBITIIA A, K€ BUIIPOMIHIOETHCS aTOMaMH
PTYTi ¥ IIEpexo1ax i3 mepiioro 36ymwKkeHoro crany y octoauit. (1 eB=1,610"7 JIx).

A) 1=196 um. b) 4=347 um. B) A=582 um. I') A=418 um. J]) /=254 um.

875. Tlpu nepexoi eneKTpoHa y aTOMi BOJIHIO 3 OJIHOTO PiBHS Ha iHILUM, CHEPTris aToMa
3MeHIyeThesl Ha AE=2,36 ¢B. Bu3zHaunTH 4acToTy v KBaHTY CBITJIA, SKUH MPU LBOMY
BUTIPOMIHIOETHCS.

A) v=5,7-10"Tu. B) v=1,6-10" T. B) v=7,8-10" I'.
) v=9,5-10"I'. JI) v=6,4-10" I'1s.
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868. Applying the Bohr theory of hydrogen-like atom structure, determine the angular
velocity of electron motion @, in the first orbit in a hydrogen atom.

A) @=1.4-10" rad/sec B) @=2.1-10" rad/sec C) w=4.2-10" rad/sec
D) @,=8.6-10" rad/sec E) @,=5.8-10" rad/sec

869. Applying the Bohr theory of hydrogen-like atom structure, determine the accele-
ration of electron motion a; in the first orbit in a hydrogen atom.

A) ,=5.8-10" m/sec’ B) a;=1.6-10% m/sec® C) a,;=3.5-10*' m/sec’
D) a,=6.7-10° m/sec’ E) ¢,=9.1-10% m/sec’

870. When an electron in a hydrogen atom goes from one level to another, the atom ener-
gy decreases by AE=1.89 eV. Determine a wave length A of a light quantum emitted by
the atom threrat.

A) A=658 nm B) =412 nm C) 4=927 nm D) /=264 nm E) =571 nm

871. To ionize an oxygen atom the energy £=14 eV is needed. Determine the emission
frequency v, which can give rise to such ionization.

A)v=5.2-10""Hz B)v=7.6-10"*Hz C)v=3.4-10" Hz D)v=2.1-10"* Hz E)1=9.8-10"° Hz

872. To ionize air molecules the energy £=33 eV is needed. Determine in nanometers a
wave length A of ionization, which can give rise to such ionization.

A) 4=314.5 nm B) 4=37.7 nm C) 4=231.8 nm D) 4=16.9 nm E) 4=94.2 nm

873. When an electron in a hydrogen atom goes from one level to another, there is
emitted a light quantum with frequency v=4.57-10'* Hz. Find out how much the atom
energy AE changed as a result of such emission ?

A)AE=4.62 eV B)AE=6.35 eV C)AE=3.78 eV D)AE=1.89 eV E)AE=0.94 eV

874. In the electron bombardment with energy £=4.9 eV the mercury atoms goes into an
excited state. Calculate a light wave length 4, which is emitted by the mercury atoms in
going from the first excited state into the fundamental state. (1 eV=1.6-10""J).

A) =196 nm B) 4=347 nm C) A=582 nm D) A=418 nm E) 4=254 nm

875. When an electron in a hydrogen atom goes from one level to another, the atom
energy decreases by AE=2.36 eV. Determine the frequency v of a light quantum, emit-
ted thereat.

A) v=5.710"Hz B) v=1.6-10"Hz C) v=7.8-10" Hz
D) v=9.5-10"Hz E) v=6.4-10" Hz
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876. Ilpu mepexoni enexTpoHa 3 OJHOTO €HEPreTUYHOrO PiBHS HA iHIIHMH, aTOM BOIHIO
BHUIIPOMiHIOE KBaHT CBITJIA 13 JOBKHHOIO XBUII A=540 HM. Bu3HaunTH, Ha CKIIbKU IpH
. N . 234
1bOMY 3MiHIOETBCS oo enepris AE ? (Crana [Tnanka h=6,63-107" Jix-c).

A)AE=42 eB. B)AE=1,8 eB. B)AE=5,6 eB.I'))AE=2,3 eB. I)AE=3,5 ¢B.

877. ATOM BOJIHIO BUIIPOMIHIOE KBAaHT CBITJA i3 JOBXUHOIO XBWI A=480 HM. Buznauu-
TH, Ha CKUIBKH IIPU [IbOMY 3MEHIIY€EThCs eHepris atoma AE ?

A)AE=3,4 eB. B)AE=2,6 eB. B)AE=4,2 eB.I'))AE=5,7 eB. I)AE=1,9 ¢B.

878. BusHauuTn eHepriio GoToHa Ey, AKMI BUIIPOMIHIOETECSA MPH MEPEXOI NEKTPOHA
y aTOMI BOJHIO i3 Yemeepmozo eHepreTHYHOTO PIiBHS Ha Opyauil.

A)E,=1,78 ¢B. B)E;=13,6 ¢B. B)E;=2,56 ¢B. T)E;=12,1 eB. J1)E,;=4,32 ¢B.

879. Busnauutu eneprito gortoHa E, KU BUPOMIHIOETHCS MPH HEPEXOi EMEKTPOHA
y aTOMI BOJHIO i3 Yemeepmozo eHepreTHYHOTO PIBHS Ha Nepuiuil.

A)E,=4,4 ¢B. B)E;=13,6 ¢B. B)E;=1,51 eB. IE,=12,8 ¢B. JI)E,;=8,24 ¢B.

880. 30ymkeHull aTOM BOJHIO IPU MEPEXOJl ¥ OCHOBHUI CTaH BULPOMIHUB HOCHIO0BHO
nBa GoToHu i3 noBxkuHamMu XBUIb 41=4056 HM Ta 1,=97,3 HM. Bu3HauTe rojoBHE KBaH-
TOBE YHCJIO /1 NOUAMKOB020 EHEPTETUYHOTO CTaHY.

A) n=5. B) n=3. B) n=6. I') n=4. ) n=7.
CrniekTpa/bHi 3aKOHOMIPHOCTi BOIHIO

881. SIxa cnekTpaibHa JiHIS y CIEKTPi aTOMa BOJHIO ONUCYETHCS (OPMYJIOIO:

A) Iepa cepii Jlaiimana. I') UerBepra cepii banemepa.
B) Jpyra cepii banemepa. ) dpyra cepii Jlaiimana.
B) Tpers cepii [amena.

882. Slka cnekTpaibHa JiHIS y CIEKTPi aTOMa BOJHIO OMUCYETHCS (HOPMYJIOLO:

l:R[l_i 9
A 4 16)°

A) Iepua cepii Jlaiimana. I') UerBepra cepii banbmepa.
b) [dpyra cepii banemepa. [I) pyra cepii Jlaiimana.
B) Tpers cepii [Tammena.

883. Slka cnekTpaibHa JiHIs y CIEKTPi aTOMa BOJHIO OMUCYETHCS (OPMYJIOHO:

A 9 16
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876. When an electron goes from one energy level to another, the hydrogen, atom emits
a light quantum with a wave length A=540 nm. Determine, how much its energy AE
changes thereat ? (Planck’s constant is /=6.63-10>* J-sec).

A) AE=4.2 eV B) AE=1.8 ¢V C) AE=5.6 eV D) AE=2.3 eV E) AE=3.5 eV

877. The hydrogen atom emits a light quantum with a wave length A=480 nm. Deter-
mine, how much the atom energy AE decrases thereat ?

A) AE=3.4 eV B) AE=2.6 ¢V C) AE=4.2 eV D) AE=5.7 ¢V E) AE=1.9 eV

878. Determine a photon energy E,;, emitted when an electron in the hydrogen atom
goes from the fourth energy level to the second one.

A)E,;=1.78 eV B)E,;=13.6 ¢V C)E,;=2.56 ¢V D)E,;,=12.1 eV E)E,;=4.32 ¢V

879. Determine a photon energy E,;, emitted when an electron in the hydrogen atom
goes from the fourth energy level to the first one.

A)E,=4.4 eV B)E,;=13.6 ¢V C)E,;=1.51 ¢V D)E,;=12.8 ¢V E)E,;=8.24 ¢V

880. In going into the fundamental state an excited hydrogen atom successively emit-ted
two photons with wave lengths 14,=4056 nm and 4,=97.3 nm. Determine the main
quantum number n of the initial energy state.

A) n=5 B) n=3 C) n=6 D) n=4 E) n=7
Spectral behavior of hydrogen

881. What spectral line in the spectrum of hydrogen atom is described by the formula:

A 1 9

A) The first line of the Lyman series D) The fourth line of the Balmer series
B) The second line of the Balmer series E) The second line of the Lyman series
C) The third line of the Paschen series

882. What spectral line in the spectrum of hydrogen atom is described by the formula:
1 1 1
— =R | ——=— 9
y) ( 4 1 6)

A) The first line of the Lyman series D) The fourth line of the Balmer series
B) The second line of the Balmer series E) The second line of the Lyman series
C) The third line of the Paschen series

883. What spectral line in the spectrum of hydrogen atom is described by the formula:

A 9 16
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A) Iepua cepii [Tamena. I') YerBepra cepii banbmepa.
b) Apyra cepii Jlaiimana. [I) dpyra cepii Jlaiimana.
B) Tperts cepii [Tamena

884. SIxa cnekTpanbHa JiHIS y CIEKTPi aTOMa BOJHIO OMUCYETHCS (OPMYJIOLO:
1o (L 1),
A 16 36

A) Ilepma cepii [lamena. I') YerBepra cepii bamsmepa.
b) [pyra cepii Jlaiimana. [l) [pyra cepii bpekera.
B) Tpers cepii [Tammena.

885. Ilepexig MK SIKUMHU €HEPreTHYHUMH PIBHSAMH 13 BiANOBIJHUMH 3HAYEHHSIMU TOJIO-
BHOT'O KBaHTOBOTI'O YMCJIa /1 BIANIOBINAE JiHii no2iunanua 6 cepii Jlatimana cuekTpy Bo-
JHIO ?

A)2Ta4. B)3Tal. B)3Tas5 TI)lTa5. J)6Ta2.

886. Ilepexig MK SIKUMHU €HEPreTUYHUMH PIBHSAMH 13 BiANOBIJHUMH 3HAYEHHSIMU rOJIO-
BHOT'O KBAaHTOBOTO YMCIIA 7 BIATIOBINA€ Opyeiil AiHii eunpominoeanus 6 cepii Jlavimana
CHEKTPY BOJHIO ?

A)4Tal. B)5T1a2. B)3Tal. IN4T1a3. JI)1Ta2.

887. Ilepexig MK SIKUMHU €HEPreTHYHUMH PIBHSAMH 13 BiANOBIJHUMH 3HAYEHHSIMHU TOJIO-
BHOT'O KBAaHTOBOT'O YHCJIA /1 BIINIOBIJAE AiHii noenunanHs 6 cepii barbmepa crieKTpy Bo-
JHIO ?

A)3Ta2. B)2Ta4. B)lTa3. I5Ta2. J)4rTal.

888. Ilepexig MK SIKUMH €HEPreTUYHUMH PIiBHSAMH 13 BIATIOBIJHUMH 3HaYEHHSIMHU TOJIO-
BHOI'0 KBaHTOBOI'O UMCIIA /1 BiANOBLIAE ninii unpominiosannsa é cepii banbmepa criext-
py BoAHIO ?

A)2Ta4. B)3Tal. B)3Tas5 TI)lTa5. JI)6Ta2.

889. Iepexim MiXK SKMMU €HEPTETUIHUMH PIBHSIMH 13 BiIMOBITHUMH 3HAYEHHSIMH TOJIO-
BHOT'O KBaHTOBOT'O YKCJIA 71 BINNOBINAE Ninii noenunanma 6 cepii llawena cniekTpy Boj-
HIO ?

A)2t1ad. B)3tal. B)31as5. I)lta5. J)6Ta3.

890. [epexim MiXK SIKHMH €HEPTETUIHUMH PIBHSIMH 13 BIIMOBITHUMH 3HAYEHHSIMH TOJIO-
BHOT'O KBaHTOBOT'O YHCJIA 1 BIOBLIAE 1iHii 6unpominoeanus 6 cepii Ilawena cuekrpy
BOJHIO ?

A)6t1a3. B)31al. B)31a5. I)Stal. M)4T1a2.
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A) The first line of the Paschen series D) The fourth line of the Balmer series
B) The second line of the Lyman series E) The second line of the Lyman series
C) The third line of the Paschen series

884. What spectral line in the spectrum of hydrogen atom is described by the formula:
1 1 1
— =R | ——=— ?
A (16 36)

A) The first line of the Paschen series D) The fourth line of the Balmer series
B) The second line of the Lyman series E) The second line of the Brackett series
C) The third line of the Paschen series

885. A transition between what energy levels with the appropriate values of the main
quantum number # corresponds fo the absorption line in the Lyman series of the hyd-
rogen spectrum ?

A)2and4 B)3and1l C)3and5 D)land5 E)6and?2

886. A transition between what energy levels with the appropriate values of the main
quantum number n corresponds fo the second emission line in the Lyman series of the
hydrogen spectrum ?

A)dand1 B)5and2 C)3and1 D)4and3 E)1and?2

887. A transition between what energy levels with the appropriate values of the main
quantum number n corresponds to the absorption line in the Balmer series of the hyd-
rogen spectrum ?

A)3and2 B)2and4 C)land3 D)5and2 E)4and|l

888. A transition between what energy levels with the appropriate values of the main
quantum number n corresponds fo the emission line in the Balmer series of the hydro-
gen spectrum ?

A)2and4 B)3andl C)3and5 D)land5 E)6and?2

889. A transition between what energy levels with the appropriate values of the main
quantum number z corresponds fo the absorption line in the Paschen series of the hyd-
rogen spectrum ?

A)2and4 B)3and1 C)3and5 D)land5 E)6and3

890. A transition between what energy levels with the appropriate values of the main
quantum number 7z corresponds fo the emission line in the Paschen series of the hydro-
gen spectrum ?

A)6and3 B)3and1 C)3and5 D)5and1 E)4and?2
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891. Iepexin Mix SKUMU €HEPreTHYHUMH PiBHAMM 13 BIIIOBIJHUMYU 3HAYEHHSAMHU OJIO-
BHOT'O KBaHTOBOT'O YHUCIIA 7 BINOBINAE JiHii nocnunanks 6 cepii bpekema CeKkTpy BOJI-
HIO ?

A)4t1a2. B)6Tad. B)51a3. IN4dras. O)3Tal.

892. Iepexin Mix SIKUMU €HEPreTHYHUMU PiBHAMM 13 BIIIOBIJHUMYU 3HAYEHHSAMHU rOJIO-
BHOT'O KBAaHTOBOT'O YHCJIA 1 BiJNOBINAE 1iHii 6unpomintoeants & cepii bpexema cnektpy
BOJIHIO ?

A)2T1a4. B)6ta4. B)3TtasS TI)4rtalS J[J)4ra2.

893. BusHAUUTH MiniManbHy NOBKHHY XBUII A, SKa BiANOBinae medci cepii Banvmepa
y criekTpi atoma Bogmio. (Crana Pin6epra R=1,097-10" m™).

A)A,,i=464 uMm. B)A,,,=687 um. B)A4,,,=365 um. I')4,,;,,=584 um. )A,,;,=712 am.

894. BusHaute HatbinbuLy NOBKUHY XBUI A, cepii barbmepa y BATUMIN YaCTHHI CIICK-
Tpy atomapaoro BoaHto. (Crana Pinbepra R=1,097-10" m™").

A)2=692 aMm. B)4,,,=429 um. B)4,,,=538 um. I")4,,,,=723 am. 1) 4,,,=656 HM.

895. BU3HAYUTH MIHIMANLHY TOBXKHUHY XBHII A, SKa BiOBiTA€ Mmeoici cepii [lawena 'y
in(ypauepBoHiit yacTumi crexTpy atroma Boauio. (Ctana Pindepra R=1,097-10" m™).

A)24,i=890 uM. B)4,,,,=1040 um. B)A4,,,,=960 um. I")1,,;,,=820 um. 1) 4,,;,,=780 HM.

896. BuzHaure HatibinvuLy NOBKUHY XBUI Ay cepii [lawena y iHppadepBoOHii yacTHHI
creKTpy aTomapHoro Bomio. (Crana Pinbepra R=1,097-10" m™).

A) 1,0=4,32 MkM.  B) 4,,,=1,88 Mmkm. B) 4,,,=3,67 MKM.
) 2nax=0,96 Mmxm.  J1) A,,,,=2,54 MKM.

897. BU3HAUUTH MiHIMAbHY TOBKUHY XBHII A, KA BIIIOBIAE Meoici cepii bpexema 'y
iH(padepBoHiit yacTrHi criekTpy atoma Boxrio. (Crana PinGepra R=1,097-10" m™).
A) 2,i=1,93 Mmxm. B) 4,,,=0,98 mxm. B) A,,;,,=1,24 MkM.

) 2in=2,82 MmkM. 1) A,,;,=1,46 MxM.

898. BusHauute Hatibinbuly TOBKUHY XBHI A, cepii Bpexema y iHppadepBOHiil yacTu-
Hi criekTpy atomaproro Bogmio. (Crama Pix6epra R=1,097-10" m™).

A) 21,0:=6,14 MkM. B) 4,,,=2,86 Mkm. B) 4,,,=1,32 HM.
) 2,=4,05 M. J1) 4,,0,=8,67 M.

304



891. A transition between what energy levels with the appropriate values of the main
quantum number n corresponds fo the absorption line in the Brackett series of the hyd-
rogen spectrum ?

A)d4and2 B)6and4 C)5and3 D)4and5 E)3andl

892. A transition between what energy levels with the appropriate values of the main
quantum number n corresponds to the emission line in the Brackett series of the hydro-
gen spectrum ?

A)2and4 B)6and4 C)3and5 D)4and5 E)4and?2

893. Find the minimum wave length A,,;,, which corresponds to the boundary of the Bal-
mer series in the hydrogen atom spectrum. (The Rydberg constant is R=1.097-10" m™).

A)Ain=464 nm B)4,,,,=687 nm C)A,,;,,=365 nm D)4,,,=584 nm E)4,,,,=712 nm

894. Determine the maximum wave length A, of the Balmer series in the visible part of
the atomic hydrogen spectrum. (The Rydberg constant is R=1.097-10" m™).

A)2=692 nm B)4,,,=429 nm C)4,,,,=538 nm D)A,,,,=723 nm E)4,,,=656 nm

895. Determine the minimum wave length A,,, which corresponds to the boundary of
the Paschen series in the infrared part of the hydrogen atom spectrum. R=1.097-10" m™.

A) =890 nm B)A,,;,=1040 nm C)4,,,=960 nm D)4,,;,=820 nm E)4,,,=780 nm

896. Determine the maximum wave length A, of the Paschen series in the infrared part
of the atomic hydrogen spectrum. (The Rydberg constant is R=1.097-10" m™).

A) Apo=4.32 mkm  B) A,o=1.88 mkm C) 4,,=3.67 mkm
D) 4x=0.96 mkm  E) 1,,,=2.54 mkm

897. Determine the minimum wave length A,,, which corresponds to the boundary of
the Brackett series in the infrared part of the hydrogen atom spectrum. (The Rydberg
constant is R=1.097-10" m™).

A) A=1.93 mkm  B) 4,,,=0.98 mkm C) A,,=1.24 mkm
D) 4,;=2.82 mkm  E) A,;,=1.46 mkm

898. Determine the maximum wave length A, of the Brackett series in the infrared part
of the atomic hydrogen spectrum. (The Rydberg constant is R=1.097-10" m™).

A) Ape=6.14 mkm B) 4,,,=2.86 mkm C) 4,,,=1.32 nm
D) 4e=4.05nm  E) 4,,,,=8.67 nm
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899.

900.

901.

902.

903.

904.

905.

906.

907.

908.

TECTOBI 3ABJAHHS 10 PO3AUTY "AJEPHA ®I3HKA"
Bynosa saapa
BU3HAYMTH KiTbKiCTh erekmponie N'y aToMi i30Tony KHCHIO O .
A)N=17. B)N=8. B)N=23. T)N=9. ) N=13.
Bu3HAYHTH KiNBKICTh npomonie 7'y sapi aToMa i30ToIy HeoHy 1y Ne .
A)Z=17. B)z=11. B)Z=21. TI)z=10. [)Z=31.
Bu3HAuUTH KINBKICTh Helimponie N'y sapi aToMa i30ToIy HEOHY ZNe.
A)N=16. B)N=10. B)N=22. T)N=32. [I)N=12.
3HaiiTn KinbKicTb erexmponie N'y atoMi i30Tory Marnito Mg .
A)N=12. B)N=38. B)N=26. T)N=22. [)N=14.
BusHauuTu KUIbKICTh npomonie Z'y AApi aToMa i30TOITy TOJIOHIIO Zglf Po.
A)Z=48. bB)Z=216. B)Z=84. T)Z=108. [)Z=132.
CKinbku Helimponie N MICTUTBCS Y SIPi aTOMa ypaHy U 2
A)N=92. B)N=235. B)N=143. T') N=184. N) N=178.
UuM BiIpi3HAETHCS CKIIAJ sIIEP 130TOIMIB HEOHY X Ne Ta 1201 Ne ?

A) Kinbkictio HeliTpoHiB. b) 3apsmopum unciom. B) KinbkicTio poToHiB.
') Kinekictio enektpowiB. J]) Hemae BipHOi BifmoBii.

Bu3HAYHTH KiNbKiCTb Hykronis N y spi i3otomy Byriemo ¢C.
A)N=14. B)N=12. B)N=6. T)N=20. J)N=8.
ATOMOM SIKOTO 130TOITy € mpumiti ?
A) Jlitito. B) Bognto. B) T'enmito. I') bopy. M) Bepuiiro.

Bu3HAUUTH KiJIBKICTh e1eKmpoHie, NPOMOHIE 1 HellmpoHie y aTOMI 130TOIYy KHCHEO

17
10.
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TEST PROBLEMS TO THE SECTION "NUCLEAR PHYSICS”

The nuclear structure

899. Find out the number of electrons in the oxygen isotope 'y O atom.
A)N=17 B)N=8 C)N=23 D)N=9 E) N=13

900. Find out the number of protons Z in the nucleus of the neon isotope ;, Ne atom.
A)Zz=17 B)zZ=11 C)Z=21 D)zZ=10 E)Z=31

901. Find out the number of neutrons N in the nucleus of the neon isotope 2Ne atom.
A)N=16 B)N=10 C)N=22 D)N=32 E)N=12

902. Find out the number of electrons N in the magnesium isotope 1sMg nucleus.
A)N=12 B)N=38 C)N=26 D)N=22 E)N=14

903. Find out the number of protons Z in the nucleus of the isotope Zglf Po atom.
A)Z=48 B)Z=216 C)Z=84 D)Z=108 E)Z=132

904. How many neutrons N are there in the nucleus of the atom 29325 U 2
A)N=92 B)N=235 C)N=143 D)N=184 E)N=178

905. How do the nuclear compositions of the neon isotopes 12(? Ne and 1201 Ne differ ?

A) in the number of neutrons B) in the charge number C) in the number of protons
D) in the number of electrons E) There is no correct answer

906. Find out the number of nucleons N in the nucleus of the carbon isotope ¢ C.
A)N=14 B)N=12 C)N=6 D)N=20 E)N=8
907. The atom of what isotope is tritium ?
A) lithium B) hydrogen C) helium D) boron E) beryllium

908. Find out the number of electrons, protons, and neutrons in the nucleus of the

oxygen isotope '3 O.
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A)8,171a9.5)9,8129.B)8,8129.1) 17,8 12 9. ]T) 8, 8§ Ta 17.

909. Ckinbku eIeKTpoHIB N MICTUTBCS Y €NEKTPOHHIH 000NOHII HEHTPaIbHOTO aToMa,
y aTOMHOMY SIIpi SIKOTO MICTHTBCSI 16 MpoTOHIB 1 15 HEHTpOHIB ?

A)N=15. B)N=16. B)N=3l. TD)N=1. J[)N=24.

910. Ckinbky NPOTOHIB Z MICTHThCS y aTOMHOMY 1Pl HEHTpPaIbHOTO aToMa, SIKIIO Y
HbOMY 19 HEHTpOHIB, a B HOTO eNeKTPOHHIH 000I0HII 22 eIeKTPOHH ?

A)Z=19. B)Z=3. B)z=22. T)Zz=26. JI)Z=4l.

911. 3HaiiTi KiUIBKICTh enrekmponie N'y 00'emi V'=0,5 1 MonekynspHoro kucuwo O, npu
temmeparypi t=100°C i ticky p=60 kIla ? Monspra Maca kicaio M=32+10" kr/mors.

A)N=2,32-10*'. B)N=1,87-10". B)N=9,36-10*'. I')\N=8,64-10°. )N=1,18-10*".

SIBuIe pagioaKTHBHOIO PO3MaLy

912. Ilo take a (anbdha)-BUNPOMIHIOBAHHS ?

A) Iorik enekrponis. b) [Torik HeliTpoHiB. B) IToTik npoToHiB.
I') Iorik simep aromis remito. J[) [ToTik simep aromiB BojaH!O.

913. Ilo Take y (ramMMa)-BHIIPOMiHIOBaHHS ?

A) Totik enexrponis. b) TTorik HeliTpoHie. B) IToTik poToHiIB.
I') Iotik npotowis. ) IToTik saep aTomiB remito.

914. o taxe f (6eTa)-BUIPOMiHIOBaHHS ?

A) Iorik enekrponis. b) [Torik HeliTponis. B) IToTik npoToHiB.
I') Iotik porownis. J]) IToTik siaep aToMiB refiro.

915. Slkwii BUTIIA Ma€ 3aKOH PaJioaKTHBHOTO po3nany ?
AN, =N-¢* B)N=N, ¢ B)N=N,-(I-¢*)T)N =N, -(1—e*)}JHN = N, -e”*.

916. SlkuM cHiBBiIHOLIEHHSIM IepioA miBpo3nany izoromy 7j, HOB'A3aHUil 31 cTayo0
HOro palioakTHBHOTO po3nany 4 ?

In2 «E

A 2
A)TI/Z =A-In2. B)TI/Z :7. B)TI/Z :7. F)T1/2 :E }I)TI/Z :Z .

917. Slxa yacTHHa MOYAaTKOBOI KiJIbKOCTI aTOMIB paJlioaKTHBHOTO 130TOIY po3nademuscs
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A)8,17and9B)9,8and 9 C)8,8and 9 D) 17,8 and 9E) 8, 8 and 17

909. How many electrons N are there in the electron envelope of the neutral atom, in the
atomic nucleus of which there are 16 protons and 15 neutrons?

A)N=15 B)N=16 C)N=31 D)N=1 E)N=24

910. How many protons Z are there in the atomic nucleus of a neutral atom, if it con-
tains 19 neutrons and in its electron envelope there are 22 electrons ?

A)Z=19 B)Z=3 (C)7Z=22 D)7Z=26 E)z=41

911. Find out the number of electrons N in the volume 7=0.5 1 of molecular oxygen O,
at +=100°C and pressure p=60 kPa ? Oxygen molar mass is M=32-10" kg/mole.

A)N=2.32-10*' B)N=1.87-10" C)N=9.36:10"' D)N=8.64-10" E)N=1.18-10*'

The phenomenon of radioactive decay

912. What is & (alpha)-radiation ?

A) an electron flow  B) a neutron flow  C) a proton flow
D) a flow of nuclei of helium atoms E) a flow of nuclei of hydrogen atoms

913. What is y (gamma)- radiation ?

A) an electron flow B) a neutron flow C) a photon flow
D) a proton flow E) a flow of nuclei of helium atoms

914. What is S (beta)-radiation ?

A) an electron flow B) a neutron flow C) a proton flow
D) a photon flow E) a flow of nuclei of helium atoms

915. What is the form of the radioactive decay law ?
AN, =N-e”B)N=N,-e" COON =N, -(l—*)DN =N, -(1—e ¥ )E)N = N, - "

916. What is the relationship between the half-decay period of an isotope T, and its
radioactive decay constant A ?

In2 V2 yl 2
A)TI/Z =21-In2 B)TI/Z :7 C)Tl/z :7 D)Tl/z :E E)Tl/z :Z

917. What part of the initial number of atoms of a radioactive isotope decays for the pe-
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3a MPOMIDKOK 4acy ¢, piBHUI nono6uni HOTo nepiofy HamiBposnany izoromy 7y, ?
A)29%. B)54%. B)I18%. TI)46%. )71 %.

918. 'V ckinbku pa3iB 3MEHIIUTHCS KUIBKICTh aTOMIB OJIHOTO i3 i30TOMIB pPaJoHy 3a =
=1,91 ni0, sxmio nepioj miBpo3mnaay 1usoro izotony 7,=3,82 noou.

A)Y 5,64 pazu. B)Y 1,41 pazu. B)Y 2,82 pa3u. I)Y 3,73 pazu. )Y 8,16 pazu.

919. CKinbKH BiZICOTKIB PaTi0aKTHBHIX siep KOGATTY ~ CO 3anuiuumbcs 9epe3 Micsiip,
SIKIO Tiepion #oro miBposnany 71,=71 moba ?

A)45%. B)65%. B)85%. T1)35%. JI)75%.

920. V cKiNbKH pa3iB 3MEHIIUTHCS KiJIBKICTh aTOMIB Pa/Ii0aKTHBHOTO KaJlbLIito 3a 1=96
10, skiio nepiof Woro miBpo3nany 71,=164 nobu ?

A)Y 2,25 pazu. B)Y 2,0 pazu. B)Y 1,75 pazu. I)Y 1,5 pasu. )Y 1,25 pa3u.

921. Slka yactiHa AN i3 MOYaTKOBOI KiIBKOCTI aToMiB Ny posnademuvcs 3a t=10 nid y
pagioakTiBHOMY i30T0Ii Homy 5/ ? Ilepiox miBposnay isotomy T',=8 i6.

A)AN/Ny=42%. B)AN/Ny=66%. B)YAN/Ny=58%. I')AN/Ny=84%. J)AN/N;=73%.

922. Ckinbki aToMiB AN pamioakTHBHOTO TOJOHiI0 posmazgetses i3 No=10° aTomis 3a
t=1 no0a, sikio nepio Horo miBpo3nany 71,=138 mio ?

A) AN=5010. B) AN=3816. B) AN=7234. I') AN=4672. ]T) AN =6725.

923. JlesKuii pamioakTHBHHMIT i30TON Mae cramy posmany A=3,46-107 xi6". Uepes sxuit
IIPOMIXKOK Hacy ¢ pos3nademucs 75% Bil MOYATKOBOI Horo Macu ?

A) t=64 no6u. B) t=16 1i6. B) t=40 n1i6. I') =52 no6u. 1) t=28 ni6.

924. PagioaktuBHuil izoton >*Na mae nepiox niBpo3nany 7,=14,8 roquau. Busnauntu
KUTbKICTh aTOMIB AN, sIKi posnadymscs 'y m=1 minirpami uporo izoromny 3a =10 roauH.
(N.=6,02-10" moms ™', 4=2410" kr/mous).

A)AN=6,2-10"". B)AN=2,5-10". B)AN=3,8-10*. )AN=9,3-10"%. J)AN=1,6-10"".

925. PagioaktuBHuii i3oton '/ Mae nepion niBposnany 71,=8 ni6. BusHaure KinbKicTh
aToMiB N, sika samuuwumoscs y m=40 T nporo izotomy uepe3 (=80 mi6. (N,=6,02:10

Mo ™).

A)N=6,5-10"%. B)N=3,9-10*". B)N=1,8-10%. )N=7,6-10"". )N=5,7-10"".
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riod ¢ equal to the half-decay period of the isotope T/, ?
A)29% B)54% C)18% D)46% E)71%

918. How many times will the number of atoms of one of the radon isotopes decrease
for =1.91 days, if the half-decay period of this isotope is 77,=3.82 days ?

A) 5.64 times B) 1.41 times C) 2.82 times D) 3.73 times E) 8.16 times

919. How many percent of the cobalt *’Co radioactive nuclei will remain in a month, if
its half-decay period is 7},=71 days ?

A)45% B)65% C)85% D)35% E)75%

920. How many times will the number of atoms of the radioactive calcium decrease for
t=96 days, if its half-decay period is T},=164 days ?

A) 2.25 times B) 2.0 times C) 1.75 times D) 1.5 times E) 1.25 times

921. What part AN of the initial number of atoms Ny decays in the radioactive isotope of
iodine 57 in =10 days ? The half-decay period of the isotope is 7},=8 days.

A)AN/Ny=42% B)AN/Ny=66% C)AN/Ny=58% D)AN/Ny=84% E)AN/Ny=73%

922. How many atoms AN of the radioactive polonium decay from Ny=10° atoms for t=
=1 day, if its half-decay period is T},=138 days ?

A) AN=5010 B) AN=3816 C) AN=7234 D) AN=4672 E) AN=6725

923. Some radioactive isotope has the decay constant 1=3.46-107 days. In what period
of time ¢ will 75% of its initial mass decay ?

A) t=64 days B) =16 days C) =40 days D) =52 days E) =28 days

924. A radioactive isotope 2*Na has its half-decay period 7},=14.8 hours. Find out the
number of atoms AN, which will decay in m=1 mg of this isotope in =10 hours. (N,=
=6.02-10% mole™, 4=24-10" kg/mole).

A)AN=6.2-10"' B)AN=2.5-10"" C)AN=3.8-10* D)AN=9.3-10'"® E)AN=1.6-10"

925. A radioactive isotope "*'I has its half-decay period T1,=8 days. Find out the num-
ber of atoms AN, which will remain in m=40 g of this isotope in =80 days. (N,=
=6.02-10% mole™).

A)N=6.5-10" B)N=3.9-10*' C)N=1.8-10* D)N=7.6-10" E)N=5.7-10"

311



926. PagioaktusHuii isoton "*'I Mae nepion miBposnany 7,=8 ai6. BusHauTe KimbkicTh
aToMiB AN, sika posnademuvcs 'y m=0,5 MKT LIbOTO 130TOIy 3a IPOMDKOK #=1 XBHJIMHA.

A)AN=7,9-10". B)AN=1,4-10"". B)AN=5,8-10'%. )AN=6,3-10"*. J)AN=3,2-10".

927. PanmioakTusHUi i30Ton ' Mae nepiof miBpo3nany 71,=8 ni6. BusHaure KilbKiCTh
aToMiB AN, sika posnademocs 'y m=0,5 MKT LIbOTO 130TOIy 32 IPOMDKOK =7 1i0.

A)AN=4,6-10"°. B)AN=7,4-10"%. B)AN=9,2-10"". I)AN=3,8-10". J)AN=1,0-10".

928. BusHaunTH Kinbkicts posmagis N'y m=1 r i3oromy pazito “**Ra 3a mpomixok =1
¢, mepiox miBposmaxny sikoro 7,=1600 pokis (~5,05-10" c).

A) N=4,8-10%. B) N=3,7-10"°. B) N=1,6:10". T') N=8,1-10°. JT) N=5,4-10"".

929. BwusHaure cTajy posnaly paloHy A, SKIIO BiIOMO, IIO 32 MPOMIXKOK /=1 moba Ki-
JBKICTh aTOMIB paJIOHy 3MeHIIyeThes Ha 18,2%.

A)A=1,2-10° ¢'. B)1=8,7-10° ¢'. B)A=6,4-10" ¢'. 1=9,4-107 ¢". 1)4=2,3-10° ¢’".
930. 3a npoMiXok Yacy #=8 TOAMH MOYATKOBA KiNbKICTh PaJi0aKTUBHOTO 130TOIY 3Me-
HIIWJIACh y 3 pasu. Y CKUIBKH pa3iB BOHA 3MEHIIUTLCS 3a MPOMIKOK =1 100a, paxy-
10YH 8i0 NOYAMK08020 MOMEHMY Hacy ?

A) B 6 pazis. b) B 12 pa3zis. B) B 27 pasis. I') B 9 pasis. /]) B 18 pasis.

931. CKimbKH BiZCOTKIB pafioakTHBHHX syiep kobanbTy “’Co 3aIuImHThCS Yepes mpoMi-
xoK 1=1 micsap N/Ny, Ko nepioa itoro miBposnany Ty, ckiaagae 71 no0y ?

A) N/Ny=66%. B) N/Ni=25%. B) N/Ny=75%. I') N/Ny=82%. 1) N/Ny=34%.
HedexT macu i eneprisi 3B's13Ky siapa
932. Slka 3 npuBeneHuX GopMyI NpaBUIbHO BU3HAYaE nedekT Macu siupa Am ?

A)Am=Zm, + Am, -m, B)Am=(4—Z)m, + Zm, —-m, B)YAm =Zm, + (4 - Z)m, -m
I) Am = Am, +(A—Z)mn -m, JI) Am = (A—Z)mp +Am, —m,

n

933. Slka i3 HaBeJeHUX (OPMYII IPAaBUIBHO BU3HAYAE SHEPTiIO 3B'A3KY sapa E;, ?

2

-V
A)E,=hv. B)E, =A+%. B) £, =

0 E,=[d-m +(4=2)-m -m |- 1) E, =m,-c.

& >l

934. Bwusnaure nedext Macu sapa Am atoma JeUTEpiro \*H, maca sixoro 2,01355 a.o.m.
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926. A radioactive isotope "*'I has its half-decay period T;,=8 days. Find out the
number of atoms AN, which will decay in m=0.5 mkg of this isotope in =1 min.

A)AN=7.9-10" B)AN=1.,4-10"" C)AN=5.8-10"? D)AN=6.3-10"* E)AN=3.2-10"

927. A radioactive isotope "*'I has its half-decay period T,,=8 days. Find out the
number of atoms AN which will decay in m=0.5 mkg of this isotope in =7 days.

A)AN=4.6-10"° B)AN=7.4-10"% C)AN=9.2:10"" D)AN=3.8-10"* E)AN=1.0-10"

928. Determine the number of decays N in m=1 g of the helium isotope **°Ra in r=1
sec, its half-decay period is T},=1600 years (=5.05-10" sec).

A) N=4.8-10° B) N=3.7-10" C) N=1.6:10" D) N=8.1-10° E) N=5.4-10"

929. Determine the decay constant of radon 4, if it is known, that in =1 days the num-
ber of radon atoms decreases by 18.2%.

A) A=1.2-10° sec’ B) 1=8.7-10°sec”’ C) 1=6.4-10" sec™
D) 4=9.4-10” sec’ E) 1=2.3-10° sec’!

930. In #=8 hours the initial quantity of a radioactive isotope decreased 3 times. How
many times will it decrease in ©,=1 day since the initial moment of time ?

A) 6 times B) 12 times C) 27 times D)9 times E) 18 times

93]1. How many percent of the radioactive nuclei of cobalt “Co will remain in t=1
month N/N, if its half-decay period T}, is 71 days ?

A) N/Ny=66% B) N/Ny=25% C) N/Ny=75% D) N/Ny=82% E) N/Ny=34%
Mass defect and nucleus binding energy
932. What of the below formulas specifies the mass defect of a nucleus Am ?
A)Am=Zm, + Am, —m, ByAm=(4~Z)m, + Zm, —m, C)Am=Zm, + (A~ Z)m, -m,
D) Am=Am,+(A=Z)m,-m_ E) Am=(4-Z)m, +Am, -m,

933. What of the below formulas correctly specifies the nucleus binding energy E,, ?

2

-V h
A)E,=h-v. B) E,=A+7we ) Ey =
D) Eh :[A.mp—i_(A_Z)'mn —m”]'CZ E) Eb :m{)‘cz

934. Determine the mass defect of the nucleus Am of the deuterium atom 12H, the mass
of which is 2.01355 a.m.u. (atomic mass unit). Free-proton mass is m,=1.00728 a.m.u.
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Maca BinpHOrO npotoHa m,=1,00728 a.0.m., a HelTpona m,=1,00866 a.o.m.
A)0,00478a.0.M. 5)0,00239a.0.M. B)0,00824a.0.m. 1)0,00617a.0.m. [1)0,00956a.0.M.

935. Bwusnaure aedekT mMacH sigpa Am aToma refiro »*He, maca sikoro ckmaznae 4,00151
a.0.M. Maca BinpHOT0 nipoToHy 11,=1,00728 a.0.M., a He#itpony m,=1,00866 a.0.m.

A) 0,03037 a.o.m. B)0,09214 a.o.m. B) 0,02923 a.0.m.
I') 0,07381 a.o.m. M) 0,05795 a.o.m.

936. BusHauuTu Aed)eKT MacH supa Am atoMa ypaHy U, Maca SIKOTO CTaHOBHThH
238,00032 a.0.M. Maca BineHOTO nIpoTony m,=1,00728 a.0.m., a Helitpory m,=1,00866
a.0.M.

A)1,2391a.0.M. B)0,8942a.0.m. B)1,0396a.0.M. I')1,9338a.0.m. [1)2,1477a.0.M.

937. BwusHauuTH eHepriro 3B'A3Ky sapa E,, atoma JiTito 37 Li | maca sxoro cknanae
7,01823 a.0.m. Maca BineHOTO nIpoTony m,=1,00728 a.0.m., a Helitpony m,=1,00866 a.
0.M.

A)E,=17,8 MeB. B)E,;=35,6 MeB. B)E,,=42,4 MeB. T')E,=21,7 MeB. J)E,.=12,2 MeB.

938. BwusHauuTH eHeprito 3B'S3KYy supa E,, aToMa HEOHY 1 Ne | Maca SKOTO CTAHOBHTB
19,9933 a.o0.M. Maca BinpHOTO npoToHY 11,=1,00728 a.0.m., a Helttpory m,=1,00866 a.
0.M.

A)E,=92 MeB. B)E,=184 MeB. B)E,=155 MeB. I')E, =121 MeB. J[)E,=78 MeB.

. .. 27
939. Bwu3sHaunTH eHEPTiio 3B'SI3KY sAapa E,, aToMa aaroMiHio |, A/, Maca sKOTO CKiamae

m4=26,99010 a.o.m. Maca BineHOTO TpoTOHY m,=1,00728 a.0.M., a HEHTpOHY m,=
=1,00866 a.0.m.

A)E,=90 MeB. B)E,=150 MeB. B)E,=120 MeB. I E,,=210 MeB. 1)E,=180 MeB.
940. BwusHayuTH NUTOMY €HEprito 3B's13Ky snupa E,,/A aToma remito 24He, Maca IKoro m=
=4,00151 a.o.m. Maca BineHOTO mpoTOHY ,=1,00728 a.0.M., a Heiftpory m,=1,00866

a.0.M.

A)E,/A=5,3 MeB/nyxn. B)E,,/A=6,4 MeB/uyxin. B)E,/A=7,1 MeB/nyxi.
NE,/A=8,7 MeB/nykan. N)E,/A=7,6 MeB/nyx.

941. BusHauTe MUTOMY eHepriio 3B's3Ky anpa E,/A aToMa ypaHy U , Maca sIKOTO m=
=238,00032 a.o.m. Maca BineHOTO mTpOTOHY m,=1,00728 a.0.M., a HEHTpOHY m,=

=1,00866 a.0.Mm.
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and free-neutron mass is m,=1.00866 a.m.u.
A)0.00478a.m.u. B)0.00239a.m.u. C)0.00824a.m.u. D)0.00617a.m.u. E)0.00956a.m.u.

935. Determine the mass defect of the nucleus Am of the helium atom ,*He the mass of
which is 4.00151 a.m.u. Free-proton mass is m,=1.00728 a.m.u. and free-neutron mass
is m,=1.00866 a.m.u.

A)0.03037 a.m.u. B)0.09214 a.m.u. C)0.02923a.m.u.D)0.07381a.m.u. E)0.05795a.m.u.

936. Determine the mass defect of the nucleus Am of the uranium atom U , the mass

of which is 238.00032 a.m.u. Free-proton mass is 7,=1.00728 a.m.u. and free-neutron
mass is m,=1.00866 a.m.u.

A)1.2391a.m.u. B)0.8942 a.m.u. C)1.0396 a.m.u. D)1.9338 a.m.u. E)2.1477 a.m.u.

937. Determine the nucleus binding energy E, of the lithium atom JLi | the mass of

which is 7.01823 a.m.u. Free-proton mass is m,=1.00728 a.m.u. and free-neutron mass
is m,=1.00866 a.m.u.

A)E;=17.8 MeV B)E;=35.6 MeV C)E;=42.4 MeV D)E;=21.7 MeV E)E;=12.2 MeV

938. Determine the nucleus binding energy E, of the neon atom ) Ne, the mass of

which is19.9933 a.m.u. Free-proton mass is m,=1.00728 a.m.u. and free-neutron mass
is m,=1.00866 a.m.u.

A)E,=92 MeV B)E;=184 MeV C)E,=155 MeV D)E,=121 MeV E)E,=78 MeV

939. Determine the nucleus binding energy E, of the aluminium atom, 4/, the mass of
which is m,4=26.99010 a.m.u. Free-proton mass is m,=1.00728 a.m.u. and free-neutron
mass is m,=1.00866 a.m.u.

A)E;=90 MeV B)E;=150 MeV C)E;=120 MeV D)E,=210 MeV E)E,=180 MeV

940. Determine the nucleus specific binding energy Ej/A of the helium atom ,*He, the
mass of which is m=4. 00151 a.m.u. Free-proton mass is 7,=1.00728 a.m.u. and free-
neutron mass is m,=1.00866 a.m.u.

A)E/A=5.3 MeV/nucl B)E/A=6.4 MeV/nucl C)E,/A=Tb.1 MeV/nucl
D)E,/A=8.7 MeV/nucl E)E,/A=7.6 MeV/nucl

941. Determine the nucleus specific binding energy Ej/4 of the uranium atom ;U , the
mass of which is m=238.00032 a.m.u. Free-proton mass is m,=1.00728 a.m.u. and free-

neutron mass is m,=1.00866 a.m.u.
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A)E,/A4=6,9 MeB/nyxkn. B)E,,/A=8,7 MeB/uyki. B)E,,/4=4,8 MeB/nyxki.
N)E,/A=5,4 MeB/nykan. N)E,/A=7,6 MeB/nyxk.

. 16
942. Bwu3HauTe MMTOMY €HEpTilo 3B'A3Ky siapa E,/A atoma xucHio (O, Maca KOro m=

=15,99491 a.o.M. Maca BineHOTO npoToHy 11,=1,00728 a.0.Mm., a HeliTpony m,~1,00866
a.0.M.

A)E,/A=7,7 MeB/uyxn. B)E,,/4=5,8 MeB/uyki. B)E,/A=4,6 MeB/nyk.
NE,/A=8,4 MeB/nykn. N)E,/A=6,3 MeB/nyxi.

SnepHi peakmii

943. Snpo atoma ypany 2;’28 U 1npu pamioakTUBHOMY pO3IaJi BUKHHYJIO (-YaCTHHKY.

CKiJIbKH npomonié Z 3aJMIIAIOCh B SAPI HOBOTO i30TOITY ?
A)Z=90. B)Z=238. B)Z=144. T)Z=92. [I)Z=14e.

. 30 .
944. Bwu3HauuTH, Ha SKE SAPO MEPETBOPIOETHCS AAPO 130TOMy (hocdopy ;s P micist Bu-

KHJIy TIO3HTPOHY e ?
A) yCl. B)ySi.  B)S. D) iEP. )4l

945. BwusHauuTH 3apsadoge yucio Z YaCTUHKH, MO3HAYEHIN JiTeporo X y saepHiil peak-
w14 4 17 A
nii: C+,He— ,O+X.

A) Z=1. B) Z=3. B)Z=1. T)ZzZ=2. 1) Z=0.
946. Bu3Ha4YMTH, SIKA YACTUHKA BUXOJUTH MPHU SIEPHIH peaxiii: l;‘ N +0] n—)lé C+ fX .
A) Ilporon. b) Heitrpon. B) Enexrpon. I') [lo3utpon. /) a-gactunka.

947. YoMy 0-4aCTHHKH, SIKi BUIPOMIHIOIOTHCS PaJi0aKTUBHUMHU IpenapaTtamy, He Mo-
Jicyme COPUYMHUTH SIIEPHI peakiii y BaXKKUX eleMeHTax Tabuuii ?

A) Uepes IxHIO €JIeKTpUUHY HeliTpanbHicTh. I') I3-3a iXHIO BenuKy Macy.
b) Uepes ixHiit HeraTUBHUH 3apsi. 1) Uepes ixHe mpuTIraHHs 10 sapa.
B) Uepes ixHill MO3UTHBHUIA 3aps.

948. Sk 3MIHUTBCSA 3apa0o6e yucno aapa aToMy Z Ipy BUKUIIAHHI 13 HBOTO npomony ?

A) 36inbiuThes Ha 2. B) 3MenmnmThes Ha 1. B) He 3MiHuTBCS.
I') 36inpumthes Ha 1. J1) 3MeHmuThCS Ha 2.

949. Sk 3MIHUTBCS Maco6e YuUcao ipa aTOMy A IPU BUKWAAHHI 13 HBOTO npomony ?
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A)E,/A=6.9 MeV/nucl B)E,/A=8.7 MeV/nucl C)E,/A=4.8 MeV/nucl
D)E/A=5.4 MeV/nucl E)E,/A=7.6 MeV/nucl

942. Determine the nucleus specific binding energy Ej/A of the oxygen atom 'O, the

mass of which is m=15.99491 a.m.u. Free-proton mass is m,=1.00728 a.m.u. and free-
neutron mass is m,=1.00866 a.m.u.

A)E,/A=7.7 MeV/nucl B)E,/A=5.8 MeV/nucl C)E,/A=4.6 MeV/nucl
D)E/A=8.4 MeV/nucl E)E;/A=6.3 MeV/nucl

Nuclear reactions

943. 1In the radioactive decay the nucleus of the uranium atom %0/ emitted an o-
particle. How many protons Z remained in the nucleus of a new isotope ?

A)Z=90 B)Z=238 C)Z=144 D)Z=92 E)Z=146

944. Determine what nucleus does the nucleus of the phosphorus isotope ;+P trans-

form into after a positron e emission ?
A)2Cl. B)JSi. C)2S. D)J2SP. E)jAl
945. Determine a charge number Z of a particle denoted with the letter X in the nuclear
reaction s C+,He—'{ O+/X .
A) Z=1 B) Z=3 C)Z=-1 D)ZzZ=2 E) Z=0
946. Determine, what particle is formed in the nuclear reaction 'y N+,n—'s C+7X .

A) proton B) neutron C) electron D) positron E) a-particle

947. Why can a-particles, emitted by radioactive preparations, not cause nuclear reac-
tions in heavy elements of the Table ?

A) because of their electrical neutrality D) because of their large mass
B) because of their negative charge ~ E) because of their attraction to the nucleus
C) because of their positive charge

948. How will the charge number of the nucleus of atom Z change, when a proton is
emitted out of it ?

A) It will increase by 2 B) It will decrease by 1 C) It will not change
D) It will increase by 1 E) It will decrease by 2

949. How will the mass number of the nucleus of atom change, when a proton is emit-
ted out of it ?
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A) 36inbmuthes Ha 1. B) 3Menmmthes Ha 2. B) He 3minuThbCS.
I') 36inpummThes Ha 2. 1) 3MeHmmThes Ha 1.

. 242 22 260 1 - .
950. B pesynbTati peakuii cuHTesy o Pu+gNe—>"_Ku+4,n 6ys yrBOpeHnii HOBUI
€JIEMEHT - Kyp4aToBiil. BusHaunTe KinbKicTh Hetimponie Ny Sapi Kyp4yaToBito.

A)N=104. B)N=260. B)N=246. T)N=56. JI) N=264.

. .9 .
951. Slapo izotomy Gepuniro 4 Be , 3axonupimm aeiitpon H [IePETBOPIOETHCA Ha SIIPO

10 . . . .

aToMy 60py 5 B . BusHauutH inwuil }’lpO()me 11€1 SA€PHO1 peaKiIil.
1 3 4 T 1
A)¢n. B)IH. B)iHe. T)IL. J).H.
. . 9 .
952. HZ[pO 130TOILY 6€pI/IJ'IIIO 4B€ , 3aXOIUBIIN JEUTPOH IZH , IEPECTBOPIOETHCA HA AP0

10 . . .

aToMy 60py SB . Busnauurtu macose wucno A iamoro MPOAYKTY LI€1 AACPHO1 pCaKIIll.

A)A4=3. B)A=5. B)d=l. TD)A=4. J)A=2.

. 10 . . .
953. Ilpu MPOHUKHEHHI B AP0 60py 5B MOBiNLHOTO BiMLHOTO HEHTPOHA, 3'ABIAETHCS
0-9aCTHHKA 1 HEBIJOMUI eleMeHT. BuzHaunTe qpyruii MpoayKT Wi€l SAepHOT peaKirii.

A)|H. B)yiLi. B),H. T),He. ]),Be.

. 10 . . .

954. Tlpu NPOHMKHEHHI B SAPO 5B TOBUIBHOrO BiNLHOrO HEMTpOHA, 3'SABIAETHCA G-
YaCTHHKA 1 HEBIJOMHH eJleMeHT. BusHaunte 3apsooge uucno Z 1HIIOTO MPOLYKTY Ii€l
SIIEPHOT peaKiril.

A) Z=3. b) Z=4. B) Z=2. T) Z=5. m Z=1.
955. V¥ sapo i3oTormy azoty l; N ynapsie a-4acTUHKA i 3aJIMIIAETECS Y HbOMY, BUOHBAKO-
Y 13 SIpa npomoH. SIIpo SKOTO eNIEMEHTY YTBOPIOETHCS B PE3YJIbTaTi 1€l saepHoi pe-
akmii ?

A YB.  B)YO. B) /Be. TI)%C. ) SF.

. 14 .
956. 'V anpo izotomy azoTy ;N ymapsi€ o-4acTUHKA i 3aIMIIACTHCSA y HhOMY, BHOUBAIO-
4H 13 sipa npomon. BUSHAYUTH KiNBKICTb Helimporie Ny spi HOBOTO €JIEMEHTY.

A)N=8. B)N=10. B)N=17. T)N=11. JI) N=9.
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A) It will increase by 1 B) It will decrease by 2 C) It will not change
D) It will increase by 2 E) It will decrease by 1

950. As a result of the fusion reaction 5 Pu+;Ne—>"Ku+4,n there was formed a
new element — kurchatovium (Ku). Determine the number of neutrons N in its nucleus.

A)N=104 B)N=260 C)N=246 D)N=56 E)N=264

951. Having trapped deuteron 12H , the nucleus of the beryllium isotope 2 Be turns into

the boron atom 12 B . Determine the second product of this nuclear reaction.
A) on B) |H C)jJHe D)y,Li  E)H

952. Having trapped deuteroan , the nucleus of the beryllium isotopef Be turns into

the boron atom 12 B . Determine the mass number A of second product of this nuclear

reaction.
A) A=3 B) 4=5 C) 4A=1 D) A=4 E) 4=2

. 0 .
953. A slow free neutron penetrating the boron B nucleus, there appears an a-particle
and an unknown element. Determine the second product of this nuclear reaction.

A) |H B) ILi C) H D) JHe  E) ;Be

. 10 .
954. A slow free neutron penetrating the boron s B nucleus, there appears an a-partic-le
and an unknown element. Determine the charge number Z of the second product of this
nuclear reaction.

A)Z=3 B) Z=4 C)z=2 D) Z=5 E) Z=1
955. The nucleus of the nitrogen isotope "N is hit with an a-particle, which stays in it,

liberating a proton out of the nucleus. The nucleus of what element is formed as a result
of this nuclear reaction ?

ANYB BLYO  0)/Be D) C  E)LF
956. The nucleus of the nitrogen isotope "N is hit with an a-particle, which stays in it,

liberating a proton out of the nucleus. Determine the number of neutrons N in the
nucleus of a new element.

A)N=8 B)N=10 C)N=17 D)N=11 E)N=9
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957. BwusHauTe, AApO SKOTO €IEMEHTY YTBOPIOETHCS B Pe3yJbTaTi Takoi siiepHoi peak-
wii: 3 Li+ H—He+!X 9

A) sHe B)H B) o I) ,Be ) 1H

958. BusHaunTi 3aps0ose uucio Z 'y MPOLyKTi saepHoi peakuii: 3 Li+/H—>;He+'X .
A)Z=4. B)Z=2. B)z-1. TD)z=3. J)z-0.

. 238 234 .
959. PanioaktuBHe sApo0 9 U HEpeTBOPIOETHCS HA SAPO 99T/ , BUIPOMIHIOIOYH Oi-4ac-
TUHKY. 3aIUIIITh PEaKIlito i BU3HAUTE KIIBKICTh Helimponie N'y TOYipHbOMY SPi.

A)N=88. B)N=234. B)N=90. TI)N=144. JI) N=230.

. . 9 .
960. VY sapo i3otomy Gepuiito 4Be ynapse a-4acTHHKA i 3aCTpsie Y HbOMY, BHOUBAIOYH
i3 si7ipa HEHTPOH. BU3HAYNTH Macose uucio A sapa iHIIoro 11 MpoayKTy ?

A)A=11. B)A=13. B)A=12. T)A=8. J)A=10.

. . . . 87 .
961. Snpo skoro i30TOIy YTBOPIOETHCS i3 PamiOaKTHBHOIO i30Tomy 3Li micis odnozo
[-po3nany ta 00H020 o-po3nany ?

A)IH. B)iHe. B)H. T)iHe. p)3H.

: “ : 24 . 24
962. Tlpu 3aXOIUICHHI HeimpoHy i30TONOM 12 Mg yTBOpIOEThCS spo i3oTomy 1) Na. Bu-
3HAYUTH 1HIIKH 11 IPOYKT.

A)IH. B)jJHe. B)/H. T),He. J).H.

963. V sapo Oepuiiro yaapsie o-4aCTHHKA 1 3aCTpsi€ Y HbOMY, BUOWBAIOUU HeEUMpPOH.
SIkuii BUDIISAA Mae BiTOBIIHA siIepHA peaKIis ?

A) 1Be+{H>'9B+{n. B) {Be+TH'1B+{n. B) ] Be+3He—'2C+{n.

T) {Be+iH—'4B+{n. 1) {Be+3He—'1B+n.

964. Slapo Gepuito , Be, 3axonuBum JeiTpoH 'H, MIEPETBOPIOETLCS HA SIPO aToMa

Gopy 's B . SIkuit BUIIIsT M€ BiATIOBIHA sepHA peaKitis 2
A) 1Be+3H—'9B+(n. B) {Be+IH 9B +{H . B) {Be+H—'9B+3He.
T) 1Be+TH—'98+9n. 1) {Be+1H 2B+ Je.
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957. Find out the nucleus of what element is formed as a result of this nuclear reaction
ILi+H—> He+'X 9
A) JHe B)H C) o1 D) ,Be  E)H

958. Determine the charge number Z in a product of next nuclear reaction:
ILi+H—>{He+!X .

A)Z=4 B)z=2 (C)Z=1 D)zZ=3 E)Z=0

959. The radioactive nucleus 29328 U turns into the nucleus Z%T h ,emitting an a-particle.
Write down the reaction and determine the number of neutrons N in a daughter nucleus.

A)N=88 B)N=234 C)N=90 D)N=144 E)N=230

960. The nucleus of the beryllium isotope 4 Be is hit with an a-particle and gets stuck in
it, liberating a neutron out of the nucleus. Determine the mass number A of the nucleus
of the second product.

A)A=11 B)A4=13 C)A=12 D)A4=8 E) 4=10

961. The nucleus of what isotope is formed out of the radioactive isotope SLi after one
[-decay and one a-decay ?

A) |H B) ,He C);H D) ;He E)H

962. A neuron of the isotope Mg being trapped, there is formed the nucleus of the

isotope f?Na. Determine the second product.
A)iH  B);He C)H D) He E),H

963. The nucleus of beryllium is hit with an o-particle and gets stuck in it, liberating a
neutron. What form does a corresponding nuclear reaction have ?

A) {Be+!H>'B+(n B) JBe+IH>B+{n ©) §Be+3He—'2C+(n

D) {Be+iH—'4B+(n E) {Be+2He—'1B+0n

964. Having trapped a deuteron ;H , the nucleus of beryllium , Be turns into the nuc-

leus of the boron atom 'y B. What form does a corresponding nuclear reaction have ?
A) $Be+IH-'9B+(n B) JBe+}H>'9B+]H C) {Be+TH 9B +3He
D) {Be+H—'98+0n. E) {Be+1H—'9B+ Je.
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. o 2
965. Snpo Oepuiito f Be, 3axonuBum neiitpon ;H , nepeTBOPIOETLCS HA AAPO aroma

6opy 'sB . SIka yacTka IpH LbOMY BHIIPOMIHIOETHCS ?
A) IMozutpoH. b) IIporon. B) a-uactunka. I') Heiirpown. /) EnextpoH.

. . 9 . 4 .
966. Y sapo i3oromy Gepuiito , Be ynapsie atom reinito , He i3actpse y HboMy, BUOH-
BalOYU HelimpoH. SIKuii BUIIISL Ma€ BiJNOBIIHA siiepHA peakiist ?

A) iBe+{H—'9B+{n.B) §Be+IH—>B+{n. B) {Be+IHe—'2C+{n.
T) iBe+iH—'1B+(n. 1) Be+3He—'1B+In.
967. Tlpu NpOHUKHEHHI y PO OOpy I? B nosinpHOro HEWTpOHY BimOyBacThCA sSAEpHA

7

) 10 A L -
PeaKilis 3a CXeMOIo: B+ 03 Lix ZX- BusHaunty iHmMi npoayKT Li€l peakii.

A)ViH. B)3He. B){H. T)iBe. )]Li

. 14
968. SIx pe3ynbTaT 3aXOIUICHHS O-JaCTHIIBI SAPOM i30TOIY a30Ty , NV, 3'IBIA€THCS He-
BIZIOMHUH €lIeMEHT I npomoH. SIKUi BUTIISI Ma€ BiAMOBIHA sIEpHA peaKxilis ?

A) WN+3He—>'80+0n . B) YN +3He—'{0+{H . B) IN+3He>'30+]H .
) YN+SHe— JF+in. M) N+ HS  C+3He.
969. Tlpu 3aXOTUIEHHI HEHTPOHA SAPOM MArHilo 1, Mg yTBOPIOETBCS DaliOaKTHBHHI
i3otom 7 Na. Ska 4aCTHHKA BUIPOMIHIOETHCS IPH IOMY SIEPHOMY IIEPETBOPEHH] ?
A) Heiitpon. b) a-yactunka. B) Heiirpon. I') Enexkrpon. /1) IIpoToH.

970. Slkoro moO3HAueHHs HE [ICTa€ y PIBHAHHI HACTYMHOI SJIEPHOI peakilii:
T Al+in—>"X+ He?

A) wNe. B)hMg. B){Na. T)5F. J){Na.
971. BusHauuTe APYTHil HPOIYKT SAEPHOI PEaKii: 37 Li+ IIH — ?X+ ; He.
A)3He. B)3He. B)}H. T)3He. [)3H.

972. Tlpu 3aXOMICHHI HEHTPOHY SAPOM MAarHiro - Mk B ThCS PaZiOaKTHBHHN
. Ip POHY PO 10 1, Mg yTBOPIOETBCS pajio

. . 24 1 A 1 3
izoTon Harpito: |, Mg+,n—>,Na+ H. Busnauutu macose uucio A sgpa izoromy Ha-
Tpito.
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965. Having trapped a deuteron; H , the nucleus of beryllium 4 Beturns into the nucle-us
of the boron atom s B . What particle is emitted thereat ?

A) positron B) proton C) a-particle D) neutron E) electron

966. The nucleus of the beryllium isotope ; Beis hit with the helium atom ; He and gets
stuck in it liberating a neutron. What form does a corresponding nuclear reaction have?

A) iBe+{H-'9B+{n B) {Be+3H—UB+(n C) JBe+3He—>2C+{n
D) i Be+iH—'B+{n E) 1 Be+3He—'1B+0n

967. A slow neutron penetrating the boron nucleus 'sB, there takes place a nuclear

17

. 10 . A . . .
reaction by the scheme: B +0n%3Ll+ X~ Determine the second product of this reaction.

AYiH  B)3He. C)IH D)iBe E)]Li.

. . . . 14
968. As a result of trapping an a-particle by the nucleus of the nitrogen isotope ; V,

there appears an unknown element and a proton. What form does a corresponding nuc-
lear reaction have ?

A) ¥N+3He—180+% B) YN+ He— {0+1H C) ¥N+IHe> R0+ H
D) 4N+3He—JF+in E) YN+ H>YC+3He

969. As a result of trapping a neutron by the magnesium 7, Mgnucleus there is formed a

radioactive isotope -} Na. What particle is emitted at this nuclear transformation?

A) deuteron B) a-particle C) neutron D) electron E) proton

970. What designation is lacking in the equation of the following nuclear reaction:
TAl+gon—"X+)He?

A)yNe B) ;Mg C){iNa D) F  E)Na
971. Find out the second product of the nuclear reaction: 37 Li+ 11 H— ?X+ ; He
A)3He B)3JHe C)iH D)3He E)IH

972. A neutron being trapped with the nucleus of magnesium 123 Mg there is formed a

radioactive isotope of sodium 12; Mg+01 n—)fNa+11H . Determine the mass number A of
the nucleus of the sodium isotope.
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A)A=11. B)A=24. B)A=12. T)A=25. J)A=13.

973. B pesynbTari peakuii cunTesy: o Pu+iaNe—""Ku +4,n , Gy yrBopeHuii HOBHil
€JIEMEHT - Kyp4aToBiil. BusHaunTu 3apsodose uucio Z sapa Kyp4aToBito.
A) Z=260. B)Z=104. B)Z=156. T)Z=94. JI)Z=148.
974. Jlns peakuii po3LICIUICHHS SIIpa ypaHy BU3HAYUTH KUTbKICT Hellmporie N, sKi BU-
IIPOMIHIOIOTECS B Pe3yIIbTaTi sAepHOT peakiiil: 35U +on—> 5 Ba+Kr + N - ((:n )

A)N=6. B)N=18. B)N=3. T)N=24. [)N=9.

975. Hnsa wuiei peakuii po3LICIUICHHS spa ypaHy BU3HAUUTU KiIbKICTb npomonie Z'y

A7pi 130TOIy KPHITOHY: 29325U+(}n—>15323a+9?1(r +3- (611)

A)Z=56. B)Z=94. B)Z=148. I')Z=36. J)Z=92.

976. Jlns ui€i peakuii po3UICIUICHHS sIpa YpaHy BH3HAYUTH KiNBKICTb HelimpoHie Ny

A7pi 130TOMY CTPOHIIIO: 29325U+(%n—>1g2)(e+925$r +2 (&n) .

A)N=95. B)N=38. B)N=54. T)N=57. JI)N=146.

226
977. Snpo aToMa paniro ‘g Ra BUKHHYJNO a-4acTHHKY. BU3HaunTH Macose uucno A Ho-
BOTO i30TOMY.

A)A=222. B)A=88. B)A=138. T)A=86. [I)A=132.
978. Busnaunty inmmii npoxykt X saepuoi peakuii: 13 A+, He— s P+ X.
2
AIH. B . BYSHe. Din. m3IH.

979. Tlpu NpOHUKHEHHI y AApo OOpy 'YB nosinbHOrO HEHWTPOHY BiI0YBa€eThCs sAEpHA

. 10 1 7. . A . . ..
peakKiiia 3a CXEMOIO: 5 B"'OH—)z Li+ ZX Busnauutu iHImmn MPOAYKT ILI1€1 peaKilll.

A)iH. B)4Be. B){H. T)3He. [)3Li.

980. TIpu MpOHUKHEHHI B A7Ap0 GOpPY MOBIIBHOIO HEHTPOHY BiIOYBAa€THCS si/iepHA pe-

7

R 10 1 A .
aKIlist 32 CXEMOIO: B+OH—> 3 Li+ ZX. BusHauuTH 3apsadoee yucio Z iHIIOTO MPOAYKTY

5
niei peakuii.
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A)A=11 B)A=24 C)A=12 D)4=25 E)4=13

973. As a result of the fusion reaction 5 Pu+i.Ne—""Ku +4,n there was formed a new
element — kurchatovium (Ku). Determine the charge number Z of the Ku-nucleus.

A)Z=260 B)Z=104 C)Z=156 D)Z=94 E)Z=148

974. For the reaction of the uranium nuclear fission, determine the number of neutrons
N, emitted as a result of the nuclear reaction 35U+ n—>5 Ba+yKr + N - (Oln)

A)N=6 B)N=18 C)N=3 D)N=24 E)N=9

975. For this reaction of the uranium nuclear fission, determine the number of protons Z

in the nucleus of the krypton isotope: 2325U+6n—>1§’28a+9§1(r +3- (671)

A)Z=56 B)Z=94 (C)Z=148 D)Z=36 E)Z=92

976. For the reaction of the uranium nuclear fission, determine the number of neutrons
N in the nucleus of the strontium isotope: 29?’25 U +(}n—>1§’49Xe+9szr +2 ((}n) .

A)N=95 B)N=38 C)N=54 D)N=57 E)N=146

977. The nucleus of the radium atom’s Ra emitted ana-particle. Determine the mass
number A of a new isotope.

A)A=222 B)A=88 C)A=138 D)A=86 E)A=132
978. Determine another product X of the nuclear reaction: T Al+ He—> ) P+X.
MNH B Se O3He D BIH
979. A slow neutron penetrating the boron "B nucleus, there takes place the nuclear
reaction by the scheme: 123+ (;H—>?7,LI'+ ﬁX Determine another product of this reaction.
AYiH B)iBe C)iH D)iHe E)iLi

980. A slow neutron penetrating the boron "B nucleus, there takes place the nuclear

. 10 1 7,. A .
reaction by the scheme . B+ 011%3L1+ ZX- Determine the charge number Z of the

5
second product of this reaction.
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A)Z=5. B)Z=2. B)z=4. T)z=1. J)Z=3.

981. BusHauWTH iHMHIT IPOAYKT siepHOi peakuii: ; Li+| H—> ) He+"X.

A) jHe. B),He. B),H. T)jHe. J)iH.
Enepreruunmii BuXif siiepuux peaxuiit

. . ‘o w9 2 10 1
982. Busnaure eHeprito O, sIKa 3611bHACHILCA TIPU sIEpHiN peakuii: 4, Be+1H — B+ n.

Macu i3otomnis Gepuinito, feiiTepito, 60py i HEUTPOHA BiNIOBIAHO cTaHOBIATL 9,01219;
2,01410; 10,01294 T2 1,00867 a.0.M.

A)0=6,12 MeB. B)0=4,36 MeB. B)0=2,84 MeB. I)0=5,73 MeB. J1)0=3,48 MeB.

983. Slka emepris Q 36inbnicmbes Upy suepHii peakuii: s Li+ H—> ) He+;He. Macu
130TOIIB JIiTiI0, BOAHIO 1 reflito BiAMOBiAHO nopiBHIOWTH 6,01703; 1,00814; 4,00388 Ta
3,01699 a.o.m.

A)0=5,0 MeB. B)0=2,5 MeB. B)0=4,0 MeB. I')0=4,5 MeB. J[)0=3,0 MeB.

984. Slka eepris Q, noznunacmovcs py suepHiii peakuii: 3 N+5He—'| O+'H. Macu

130TOMIB a30Ty, Tejii0, KUCHIO 1 BOJHIO BiAMOBIIHO NopiBHIOIOTE 14,00752; 4,00388;
17,00453 1a 1,00814 a.o.m.

A)0=2,54MeB. B)0=3,42 MeB. B)0=4,26 MeB. I')0=1,18 MeB. J)0=5,07 MeB.

. .o .4 0
985. Slka enepris Q noznunacmvcs Tpw sepHii peakuii: ,Li+,He—'{B+,n. Macu

130TOMIB JIiTiIO, Telnito, 0Opy Ta HEHTPOHY BiANOBiAHO NOpiBHIOWTL 7,01823; 4,00388;
10,01612 Ta 1,00867 a.0.m.

A)0=3,5MeB. B)0=5,0 MeB. B)0=4,5MeB. I')0=3,0 MeB. 1)0=2,5 MeB.

. . ‘u e, Ty, 2 8 1
986. Busnaure eneprito Q, siKa 36inbHAEMbCS NP SEpHIN peakuil: 3 Li+1H—> Be+n.

Macu i30TomiB JiTi10, AeiiTepito, Oepuiiio i HEUTPOHY BiANOBiAHO cTaHOBIATH 7,01823;
2,01474; 8,00785 Ta 1,00867 a.0.M.

A) 0=15 MeB. B) 0=9 MeB. B) 0=12 MeB. T') 0=18 MeB. JI) 0=6 MeB.

987. Slka enepris O 36i1bHsEMbCA IPU TePMOsIEpHiN peakuii: | H+,H—>He+ n. Ma-
CH 130TOIIIB JIeHTepito, TPHUTIIO, T'eJii0 Ta HEUTPOHY BiINOBIAHO JopiBHIOWTH 2,01474;
3,01700; 4,00388 ta 1,00867 a.0.M.

A)0=15 MeB. B)0=6 MeB. B)0=18 MeB. T)0=9 MeB. J1)0=12 MeB.
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A) Z=5 B) Z=2 C)Z=4 D) Z=1 E) Z=3
981. Determine another product of this nuclear reaction: ; Li+, H —> ) He+"X.
A);He B);He C).H D) ;He E)iH
Energy yield of nuclear reactions

982. Find energy O, which is released in the next nuclear reaction: , Be+ H—>'{B+ n.

Masses of the isotopes of beryllium, deuterium, boron and a neutron are 9.01219,
2.01410, 10.01294 and 1.00867 a.m.u. (atomic mass unit), respectively.

A)0=6.12 MeV B)0=4.36 MeV C)0=2.84 MeV D)0=5.73 MeV E)0=3.48 MeV

983. What energy Q is released in the nuclear reaction: s Li+ H—)He+;He. Masses of

the isotopes of lithium, hydrogen and helium are 6.01703, 1.00814, 4.00388 and
3.01699 a.m.u., respectively.

A) 0=5.0 MeV B) 0=2.5 MeV C) 0=4.0 MeV D) 0=4.5 MeV E) 0=3.0 MeV

984. What energy Q is absorbed in the nuclear reaction: 'y N+, He—'{ O+'H. Masses

of the isotopes of nitrogen, oxygen and hydrogen are 14.00752, 4.00388, 17.00453 and
1.00814 a.m.u., respectively.

A)0=2.54MeV B)0=3.42MeV C)0=4.26 MeV D)0=1.18 MeV E)0=5.07MeV

985. What energy O is absorbed in the nuclear reaction: , Li+,He—'{B+ n. Masses of
the isotopes of lithium, helium, boron and a neutron are 7.01823, 4.00388, 10.01612
and 1.00867 a.m.u., respectively.

A)0=3.5 MeV B)0=5.0 MeV C)0=4.5 MeV D)0=3.0 MeV E)0=2.5 MeV

986. Find out energy Q which is released in the nuclear reaction: ,Li+;H—>}Be+n.

Masses of the isotopes of lithium, deuterium, beryllium and a neutron are 7.01823,
2.01474, 8.00785 and 1.00867 a.m.u., respectively.

A) 0=15MeV B) 0=9 MeV C) 0=12 MeV D) 0=18 MeV E) 0=6 MeV

987. What energy Q is released in the thermonuclear reaction: ;H-+H—>;He+n.

Masses of the isotopes of deuterium, tritium, helium and a neutron are 2.01474,
3.01700, 4.00388 and 1.00867 a.m.u., respectively.

A) 0=15 MeV B) 0=6 MeV C) 0=18 MeV D) 0=9 MeV E) 0=12 MeV
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988. Slka emepris Q 36inbHAcmbes Y ANepHiN peakuii: ,Li+ H—>)He+)He. Macu
130TOIIB JIiTit0, BOJHIO Ta reflito BiANOBiIHO aopiBHIOWOTH 7,01703; 1,00814 Ta 4,00388
a.0.M.

A)0=12 MeB. B)0=20 MeB. B)0=8 MeB. Q=16 MeB. )0=4 MeB.

989. Slxa eneprisi Q 36inbHAEMbCA IPU TEPMOSIIEPHIN peaKiii: "H+IH—H+H. Macu
130TOMIB JelTepito, TPUTIIO Ta BOJHIO BiANOBIIHO JoOpiBHIOOTH 2,01474; 3,01700 Ta
1,00814 a.o.m.

A)0=20 MeB. B)0=8 MeB. B)0=12 MeB. Q=16 MeB. )0=4 MeB.

990. Slka enepris O 36i1bHACMbCA TIPH TEPMOSICPHIN peakuii: | H+ H—>;He+,n. Ma-

CH 130TOIIIB JCUTEPIIO, TEIiI0 Ta HEUTPOHY BiAMOBIIHO NOpPiBHIOWTH 2,01474; 3,01699 i
1,00867 a.0.Mm.

A)0=2.4 MeB. B)0=3,6 MeB. B)0=1,8 MeB. I'0=4,2 MeB. J[)0=3,0 MeB.

991. Slxy miHiMaibHY eHeprilo E NMOBHHHA MaTH (-4acTWHKA, 1100 Moria BigOyTHChH
sIIEpHA PEAKIIis: 37 Li+;He—>1§B+(fn. Macu i3oTomiB JniTito, reiito, 60py Ta HEHTPOHY
BiamoBinHO nopiBHIOOTE 7,01823; 4,00388; 10,01612 1 1,00867 a.0.m.

A)E=3,5 MeB. B)E=4,0 MeB. B)E=2,5 MeB. IE=3,0 MeB. J)E=1,5 MeB.

. Ty .
992. Snpo izoromy ;Li, 3aXOMMBIIM IPOTOH, PO3NAAAETLCSA HA [BI (-4yacTUHKH. Hex-

TYIOUHM €HEpri€lo MPOTOHA, BU3HAYUTE CyMy KIHeTHYHHX €HEpriid IUX YacTHHOK. Macu
130TOIIB JIiTiI0, BOJHIO Ta Telilo, BiANOBIAHO nopiBHIOWOTH 7,01823; 1,00814 1 4,00388
a.0.M.

A)E=17 MeB. B)E=26 MeB. B)E=12 MeB. I E=34 MeB. J[)E=21 McB.

993. BwusHauTe 4acTOTY V y-BUIPOMIHIOBAHHS, SIKE BUXOIAMUTH IIPU TEPMOSIEPHIN peak-
wii: |H+H—>;He+y, sxmo a-uactnnka Habysae eneprii £=19,7 MeB. Macu i30To-
IiB BOJIHIO, TPHUTIIO 1 refiito BiAmoBiaHo nopiBHIOOTE 1,00814; 3,0170 1 4,00388 a.0.m.,
BiIMIOBITHO.

A) v=8,7-10" Tu. B) v=1,6-10""Tu. B) v=4,8-10"" I'.
) v=9,4-10"I'm. 1) v=2,2-10" T'1.

994. BwusHauTe HAWMEHIILY CHEPIiI0 y-KBaHTY E, MOTPiOHY AJIsl 3AiHCHEHHS SICpHOT pe-
aKIi: 12H + ]/—>11H+011’l. Macu i30TOmiB JeHTepito, BOJHIO Ta HEWTPOHY BiMOBITHO J10-
piBHIOIOTH 2,01474; 1,00814 Ta 1,00867 a.0.M.

A)E=2,4 MeB. B)E=1,4 MeB. B)E=3,6 MeB. IE=1,9 MeB. J[)E=2,8 MeB.
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988. What energy Q is released in the nuclear reaction: ILi+|H—>}He+;He. Masses of

the isotopes of lithium, hydrogen and helium are 7.01703, 1.00814 and 4.00388 a.m. u.,
respectively.

A) 0=12 MeV B) 0=20 MeV C) 0=8 MeV D) 0=16 MeV E) 0=4 MeV

989. What energy Q is released in the thermonuclear reaction: fH +12H —)fH +1]H.
Masses of the isotopes of deuterium, tritium and hydrogen are 2.01474, 3.01700 and
1.00814 a.m.u., respectively.

A) 0=20 MeV B) 0=8 MeV C) 0=12 MeV D) 0=16 MeV E) 0=4 MeV

990. What energy O is released in the thermonuclear reaction: ;H+H—>;He+ n.

Masses of the isotopes of deuterium, helium and a neutron are 2.01474, 3.01699 and
1.00867 a.m.u., respectively.

A)0=2.4 MeV B)0=3.6 MeV C)0=1.8 MeV D)0=4.2 MeV E)0=3.0 MeV

991. What minimum energy E must an o-particle have for the following nuclear
reaction ,Li+;He—'{B+n to be possible. Masses of the isotopes of lithium, helium,
boron and a neutron are 7.01823, 4.00388, 10.01612 and 1.00867 a.m.u., respectively.

A)E=3.5 MeV B)E=4.0 MeV C)E=2.5 MeV D)E=3.0 MeV E)E=1.5 MeV

992. Having trapped a proton, the nucleus of the isotope ;Li decays into two a-partic-

les. Neglecting the proton energy, determine the sum of kinetic energies of these
particles. Masses of the isotopes of lithium, hydrogen and helium are 7.01823, 1.00814
and 4.00388 a.m.u., respectively.

A)E=17 MeV B)E=26 MeV C)E=12 MeV D)E=34 MeV E)E=21 MeV

993. Determine the frequency v of jradiation which is emitted in the thermonuclear
reaction: | H+;H—>,He+y, if an a-particle gets energy £=19.7 MeV. Masses of the

isotopes of hydrogen, tritium and helium are 1.00814, 3.01700 and 4.00388 a.m.u., res-
pectively.

A) v=8.710" Hz B) v=1.6-10"Hz C) v=4.8-10" Hz
D) v=9.4-10"Hz E)v=2.2-10" Hz

994. Determine the minimum energy of y-quantum E, which is required to perform this
nuclear reaction: ; H +y—>H+gn. Masses of the isotopes of deuterium, hydrogen and
a neutron are 2.01474, 1.00814 and 1.00867 a.m.u., respectively.

A)E=2.4 MeV B)E=1.4 MeV C)E=3.6 MeV D)E=1.9 MeV E)E=2.8 MeV
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995. TemnoBa NOTYXHICTh siiepHOro peakropa P=10 MBT. Busnaure, ckinbku saep N
izoromy SU  ninutbes sa 000y, AKIIO MPU HOALT 00H020 S0pa BUAIISETHCS SHEPris
AE=200 MeB. 1 MeB=1,6:10" Jix, N,=6,02:10% mons™", 4=23510" kr/moup.

A)N=43-10°. B)N=8,1-10". B)N=5,4-10°. I)N=72-10°. J)N=6.4-10".

996. SIka KimbKicTb m i30TOMy 5, U BUTpadyaeThes 3a 006y Ha aTOMHIil eeKTPOCTaHIIiT,
notyxHicTio P=5 MBT npu koedinienTi kopucHoi aii cranuii #=17%. BaxaTu, mo
IOpU HOAINI 00HO20 Adpa aToMa ypaHy 3BUIbHSE€ThCA eHeprili AE=200 MeB. (1
MeB=1,6 10" JIx, crana ABoraipo NA:6,02'1023 Monb‘l).

A)ym=84r. Bym=311. Bym=22r. ) m=1181. 1) m=67r.

997. BusHauTe KoedillieHT KOPUCHOI Ail ABUTYHA aTOMHOIO KpHUrojama 7], sIKIO HOro
notyxuicts P=3,2 10* kB, a peaxtop BuTpauae kimbkicts m=200 r isotony > U 3a
0o0y. BBaxkatu, 10 NpH MO 00HO20 s0pa aToMa ypaHy 3BibHAEThCS AE=200 MeB
eneprii. (1 MeB=1,6 10" [Ix).

A) n=45%. Bb) n=29%. B) n=17%. I') n=38%. 1) 7=11%.

998. BwusHauuTu eHepriio E, sika BUALIAEThCSA NPH aHITUALIT €IEKTPOHY Ta MO3UTPOHY.
(Me=m..=9,110°" kr, 1 MeB=1,6'10" JIx).

A)E=0,21 MeB. b)E=1,02 MeB. B)E=0,84 MeB. I')E=0,42 MeB. J1)E=1,68 MeB.

999. V peakTopi aTOMHOI eNeKTpocTaHuii 3a (=1,5 ronuHu ainuThes m=1,5 T i30Tomy
*>U. Bu3HauTe CIEKTPUUHY MOTYXKHICTb CTAHWii P, KO ii KoehillieHT KOpUCHOT i
n=10%, a npu monini oorozo adpa Bupinserbcs eHeprii AE=200 MeB. (1 MeB=

=1,6'10" Ik, N,=6,02:10% moms™).
A)P=5.,4 MBr. b)P=1,6 MBr. B)P=3,2 MBrT. I')P=4,5 MBr. JI)P=2,3 MBT.
1000. SIxy moTyxHIicTh P Mae aTOMHA €JIEKTPOCTAHILs, SKIIO HAa Hill BUTPAdaeThCs 3a
006y m=100 r ypany-235 i mae koeditieHT KopucHoi 1ii #=25%, a npu noxini 00Ho20

a0pa Buainserses eneprist AE=200 MeB. (1 MeB=1,6-10" JTx, N,=6,02-10* moms™).

A)P=18 MBr. )P=32 MBT. B)P=48 MBT. I')P=24 MBr. JI)P=36 MBr.
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995. The thermal power of a nuclear reactor is P=10 MWt. Find out the number of fis-
sile nuclei N of the isotope WU for one day, if in the fission of one nucleus there emit
AE=200 MeV of energy. 1 MeV =1.6-10"" J, N,=6.02:10* mole™', 4=235-10" kg/mole.

A)N=4.3-10° B)N=8.1-10" C)N=5.4-10° D)N=7.2-10° E)N=6.4-10°

996. What quantity m of the isotope %, U is consumed for one day at the atomic power
station, as powerful is P=5 MWt, the station efficiency being 7=17%. It is thought that
in the fission of one nucleus of the uranium atom there is released AE=200 MeV of
energy. (1 MeV=1.6 10" J, N,=6.02-10% mole™).

A)m=84 g Bym=31g C)m=22g D)m=118 g E)m=67 g

997. Determine the efficiency of an atomic icebreaker engine 7 if its capacity is P=3.2x
x10* kWt, and the reactor consumes m=200 g of the isotope U per one day. 1t is
thought that in the fission of one nucleus of the uranium atom there is released AE=200
MeV of energy. (1 MeV=1.6 10" J).

A) 7=45% B) 1=29 % C) n=17% D) n=38 % E) n=11%

998. Determine the energy E, which is released in the annihilation of electron and posi-
tron. (m..=m..=9.1-10>' kg, 1 MeV=1.6-10"J).

A)E=0.21 MeV B)E=1.02MeV C)E=0.84 MeV D)E=0.42 MeV E)E=1.68 MeV

999. In the reactor of an atomic power station, there split m=1.5 g of the isotope WU

for #=1.5 hour. Determine the station electric power P, if its efficiency is 7=10%, and in
the fission of one nucleus there release AE=200 MeV of energy. (1 MeV=1.6-10" J,
N,=6.02-10" mole™).

A)P=5.4 MWt B)P=1.6 MWt C)P=3.2 MWt D)P=4.5 MWt E)P=2.3 MWt

1000. What power P does the atomic power station possess if m=100 g of uranium-235 is
consumed at the station per one day, its efficiency is 7=25%, and in the fission of one
nucleus AE=200 MeV of energy release. (1 MeV=1.6-10""J, N,=6.02-10* mole™).

A)P=18 MWt B)P=32 MWt C)P=48 MWt D)P=24 MWt E)P=36 MWt
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BIAIIOBIAI HA TECTOBI 3ABJJAHHA

Mexanika MouJekyasipHa pizuka
NoNe NoNe NoNe NoNe NoNe NoNe NoNe NoNe

1 r| 43 |r | 8 | A |127 | B | 169 | B| 211 | I | 253 |T'|[295|T
2 |B| 4 |A| 8 | B | 128 | I"' | 170 | A | 212 | B | 254 | A | 296 | A
3 |A| 45 |B| 8 |A|129 | B | 171 |I"| 213 | A |25 |B|297 | B
4 |B| 46 |A| 8 |B | 130 | I' | 172 | B | 214 | A | 256 | A | 298 | I
5 | 47 |B| 8 |I' | 131 |B| 173 | A| 215 | I' | 257 | B|299 | T
6 |A| 48 |[IT'| 9 |I' | 132 | A| 174 | B | 216 | A | 258 | B | 300 |
7 |B| 4 |B| 91 |B|133 | 4| 175 || 217 | B |25 |[I'| 301 | B
8 B| 50 |A| 92 |A|134 | B|176 | B| 218 | I' | 260 | B|302 ]| A
O | A |51 | A 93 |B|135|T | 177 |A| 219 | A | 261 | A|303 | B
10 [ T"| 52 |B| 94 | A | 136 |A| 178 | B | 220 | A| 262 | b |304 | A
11 [B| 53 | '[9 || 137 | B[ 179 | A | 221 | A | 263 | B|305|B
12 |A| 54 | O] 9% |B| 138 | B | 180 | I'| 222 | B | 264 | I" | 306 | O
13| B|[5 |B|9 |B|139 || 181 | | 223 | A | 265 | A|307 B
14 [T | 56 | X[ 98 |A| 140 | A | 182 | B | 224 | T | 266 | b |308 | B
15 /B 57 |B| 9 |I'| 141 |B| 183 | A| 225 | B | 267 | A| 309 | b
16 || 58 |B|[100 | B | 142 |A| 184 | B | 226 | A | 268 | T |310 | B
17 |A | 59 A 101 | Q| 143 | | 185 | A | 227 | A | 269 | B | 311 | T
18 |[I'| 60 |T"[102 | B | 144 | Q|18 | T"| 228 | B | 270 | A |312 | B
19 |A|] 61 |B|103 | A | 145 | B| 187 | A | 229 |[B| 271 |B|313 | B
20 |T'| 62 | B|104 |B| 146 | B | 188 | B | 230 | B | 272 | A | 314 | T
21 | A | 63 | A | 105 | | 147 |I" | 189 | I''| 231 | B | 273 | B | 315 | B
22 |B| 64 |B|106 | A| 148 |B| 190 [ B | 232 | 0| 274 | A |316 | B
23 |B| 65 | T [ 107 | A | 149 | A | 191 | T | 233 | T | 275 | B |317 | A
24 |T'| 66 | A | 108 | B | 150 | 1| 192 | B | 234 | A | 276 | A |318 | A
25 |A| 67 |[B|109 | B | 151 |I" | 193 | B| 235 | B | 277 |A|319|T
26 | T'| 68 | I | 110 | | 152 | 0| 194 | 1| 236 | A | 278 | A | 320 | [
27 |B| 69 | B | 111 | A | 153 |A| 195 | A | 237 | A | 279 | I | 321 |T
28 |A| 70 | T | 112 | A | 154 | B | 196 | A | 238 | A | 280 | O |322 | B
20 || 71 |B|113 | B |15 | B | 197 | A | 239 |B| 281 | B|323 | B
30 |B| 72 [T [114 | B |15 | T" | 198 | B | 240 | " [ 282 | 0324 | [
31 | B| 73 | A | 115 A 157 |B| 199 | A| 241 | A| 283 | B|325 | B
32 |I' 74 |[B|116 | T | 158 | A | 200 | T | 242 | B| 284 | A|326 | T
B34 75 | B|117 B[ 159 B |201 | 4] 243 | b | 285 | 1|327| B
34 |B| 76 | A | 118 | B | 160 | A | 202 | B| 244 | I"' | 286 | I" | 328 | B
35 A 77 |B|119 | A |161 | A]|203 | b | 245 | B| 287 |B|329 | B
36 |B| 78 | B| 120 | B | 162 | T" | 204 | B | 246 | A | 288 | I' | 330 | [
37 | A1 79 A 121 | A ] 163 | B | 205 | 4| 247 | B[ 289 | O |331 | O
38 |I'| 80 | M| 122 |A | 164 | A | 206 | B| 248 | B |29 | 332 | T
39 |A| 81 |[T"'|123 | B| 165 | B | 207 | T | 249 | T | 291 |B|333 | B
40 | A | 82 |B | 124 | | 166 | I" | 208 | 1| 250 | A | 292 | B |334 | B
41 |B| 8 | I' | 125 | B | 167 | A | 209 | B | 251 | I" | 293 | A |335 | /1
42 |B| 8 |B | 126 | A|168 | B | 210 | B | 252 | A | 294 | B|336 ]| A

W
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NeNe NoNe NoNe NoNe NoNe NoNe NoNe NeNe
337 |B| 381 | I' | 424 | B | 467 | B | 510 |[B| 553 |B| 596 |B| 639 |
338 |I'| 382 | A | 425 | ' | 468 | A | 511 |A| 554 || 597 | A | 640 | b
339 |A| 383 | A | 426 | A | 469 | A | 512 |B| 555 || 598 |I'| 641 | T
340 | M| 384 | I'' | 427 | B | 470 | B | 513 |I'| 556 |A| 599 |B| 642 |
341 |B| 385 | B | 428 | I' | 471 | 514 |[A| 557 |[T'| 600 | | 643 | O
342 |I'| 386 | A | 429 | A | 472 | B | 515 |A| 558 |B| 601 |[I'| 644 | T
343 |A| 387 | I'| 430 | I"' | 473 | A | 516 |[B| 559 |B| 602 |A| 645 | A
344 |I'| 388 | B | 431 | B | 474 | B | 517 |B| 560 | 1| 603 |B| 646 | I
345 |B| 389 | A | 432 | B| 475 | B | 518 |[I'| 561 |[B| 604 |B| 647 |B
346 |B| 390 | I' | 433 | A | 476 | B | 519 |B| 562 |A| 605 || 648 | T
347 | T' | EnexTpoaunamika Ta MarHeTusm 520 |A| 563 || 606 |I'| 649 | B
348 | | 391 | A | 434 | A | 477 | A | 521 |B| 564 |B| 607 |A| 650 |A
349 |B| 392 | B| 435 | B | 478 | A | 252 |B| 565 |I"'| 608 |I"| 651 | A
350 |[T"| 393 | B | 436 | B | 479 | I' | 523 || 566 |B| 609 | | 652 | A
351 |A| 394 | T" | 437 | B | 480 | I' | 524 |A| 567 |I"'| 610 |B| 653 | A
352 |B| 395 | B| 438 | B | 481 | A | 525 |B| 568 |B| 611 |B| 654 |B
353 |B| 396 | A| 439 | B | 482 | A | 526 |[A| 569 |B| 612 |A]| 655 |A
354 |A| 397 | A| 440 | A| 483 | B | 527 |B| 570 |[I'| 613 || 656 | B
355 |I'| 398 | B | 441 | B| 484 | B | 528 |A| 571 |[A]| 614 |B| 657 |B
356 |A| 399 | B| 442 | B | 485 | B | 529 |B| 572 |B| 615 | ]| 658 | B
357 |I'| 400 | B | 443 | B | 486 | A | 530 |I"| 573 |[B| 616 |A| 659 |B
358 |A| 401 | A| 444 | B | 487 | A | 531 |[B| 574 |A| 617 |B| 660 | A
350 |B| 402 | T' | 445 | B | 488 | A | 532 |B| 575 |B| 618 |T'| 661 |
360 |[B| 403 | | 446 | B | 489 | A | 533 |[I'| 576 |B| 619 |B| 662 | B
361 |A| 404 | B | 447 | A | 490 | B | 534 |B| 577 |A| 620 | ]| 663 | B
362 |A| 405 | o | 448 | B | 491 B | 535 || 578 || 621 |A| 664 | T
363 |B| 406 | I' | 449 | T' | 492 | A KoauBanus Ta xBuJi
364 |A| 407 | T" | 450 | A | 493 | B | 536 |[I'| 579 |B| 622 |B| 665 | A
365 || 408 | B | 451 | B | 494 | I' | 537 |A| 580 |B| 623 |I'| 666 | B
366 |[I'| 409 | B | 452 | | 495 | B | 538 |B| 581 |B| 624 || 667 | B
367 |A| 410 | T" | 453 | I' | 496 | A | 539 |A| 582 |B| 625 |B| 668 | T
368 || 411 | B | 454 | B | 497 | B | 540 || 583 |B| 626 |I'| 669 | B
369 |B| 412 | A | 455 | I' | 498 | I' | 541 |B| 584 |A| 627 |B| 670 | T’
370 |[I"'| 413 | I' | 456 | B | 499 | B | 542 |[I'| 585 |B| 628 | | 671 | B
371 |B| 414 | B | 457 | " | 500 | A | 543 |A| 586 |[A| 629 |B| 672 | T
372 | 4| 415 | A | 458 | B | 501 | A | 544 |B| 587 | 1] 630 |[B| 673 | A
373 |A| 416 | A | 459 | A | 502 | B | 545 |A| 588 |A| 631 |[T'| 674 |A
374 |B| 417 | A | 460 | T | 503 | I' | 546 |I'| 589 |A| 632 |B| 675 |
375 | A | 418 | B | 461 | A | 504 | B | 547 |B| 590 |[B| 633 |A| 676 |
376 |I'| 419 | B | 462 | I' | 505 | I' | 548 |A| 591 |[I'| 634 |I'| 677 | B
377 |B| 420 | B | 463 | B | 506 | B | 549 |B| 592 || 635 |B| 678 | B
378 | | 421 | A | 464 | O | 507 | B | 550 || 593 |[B| 636 |A| 679 | T
379 |B| 422 | B | 465 | I' | 508 | 0 | 551 |[I"'| 594 |A| 637 |B| 680 | B
380 |A| 423 | A | 466 | B | 509 | A | 552 |[B| 595 |B| 638 |A| 681 | A
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NoNo NoeNo NoNo NoNo NoNo NoNo NoNo NoNo
682 | B | 724 |A | 766 | | 808 | T' | 850 | X | 892 |B|934 |B|976 | T
683 |B| 725 || 767 |I' | 809 | B | 81 | B | 893 | B|935 | A|977 | A
684 |B| 726 |B| 768 | A | 810 | A | 82 | b | 894 | |93 |I' | 978 | T
685 |A| 727 || 769 |B|811 | B| 83 |I' |85 |[I'| 937 |B|979 | T
686 | | 728 |B | 770 | A | 812 | T | 854 | B | 896 |A[938 |B| 980 | B
687 |B| 729 |A| 771 |B | 813 | T'| 85 | A | 897 | A|939 |I' | 981 | T
688 | M| 730 | A | 772 | A | 814 | A | 856 | A | 898 | I' | 940 | B | 982 | B
689 [T | 731 |B| 773 | B |815 | B | 87 |Bb |89 |B|9%1 | X]|93|B
690 | B| 732 |A| 774 | A | 816 | A| 858 | A | 900 |T"| 942 | A | 984 | T
691 |T | 733 | 4| 775 | B | 817 | T | 89 | B |901 | X|943 | A|985 | I
692 |A| 734 || 776 | B | 818 | A| 860 | T | 902 | A| 944 | B | 986 | A
693 |B| 735 | B| 777 |B| 819 | A AToMHA Ta siiepHa piznka
694 | T | 736 |B| 778 | T | 820 | o | 861 T 93 |B|945 | 0| 987 |B
695 |B | 737 | A | 779 | A | 821 | B | 82 | B |94 | B|9%46 | A|988 | T
696 | 1| 738 |B| 780 |T' | 822 | A| 83 | B | 905 | A| 947 |B| 989 | I
697 |A| 739 |A| 781 |T" | 823 | B | 84 | I [906 | A|948 | 1]199 | b
698 | M| 740 | T | 782 | b | 824 | M| 85 | A [ 907 |B[949 |B| 991 | B
699 |B| 741 |B| 783 | A | 825 | B | 86 | B | 908 |B| 950 | I'| 992 | A
700 | B | 742 |B | 784 | A | 826 | B | 87 | A | 909 | B|951 | A|993 | I
701 |T'| 743 |B| 785 | T | 827 | B| 88 | B | 910 |B| 952 | B| 994 | T
702 | | 744 |A | 786 |A | 828 | B | 89 | A | 911 |[B|953 | B | 995 | A
703 |B | 745 |B | 787 | A | 829 | M| 870 | A [ 912 |T [ 954 |A | 996 | B
704 | Q| 746 |I"' | 788 | B | 830 | I' | 871 | B [ 913 |B| 955 | B | 997 | B
705 | T | 747 |B | 789 | A | 831 | M| 872 | B [ 914 |A[956 | | 998 | B
706 |T' | 748 |I' | 790 | A | 832 | B | 873 | I' | 915 | M| 957 | A | 999 | O
707 |B| 749 |B| 791 |B | 833 |A| 874 | A |916 | B | 958 | B |1000 | I
708 | A| 750 | A | 792 | T | 834 | o | 875 | A | 917 |A|959 | T
709 |B| 751 |I'| 793 |I'| 835 |B| 876 | I' | 918 | B | 960 | B

OnTuka 877 | B | 919 | A ]| 961 | T
710 | B | 752 |I"' | 794 | B | 836 | A | 878 | B | 920 | I'| 962 | B
711 | T | 753 || 795 |A |87 |B| 879 | T | 921 |B| 963 | B
712 |B| 754 |B| 796 | b | 838 | ' | 880 | A | 922 | A| 964 | A
I3 |A|755 | B | 797 | X839 | A| 81 [ L [923 |B |95 | T
714 | T | 756 | | 798 | A | 840 | T" | 882 | b | 924 | T | 966 | B
715 | B | 757 |A | 799 | 1|81 | B| 83 | A[925|B |97 | B
716 |T' | 758 |T' | 800 |I' | 842 | B | 884 | 1 | 926 | B | 968 | B
717 |B| 759 |B | 801 | b | 843 | T' | 885 | I | 927 | A | 969 | O
718 |T' | 760 | B | 802 | A | 844 | T | 886 | B | 928 | B | 970 | B
719 |B| 761 | A | 803 |B | 845 | | 87 | B |929 | a|971 | A
720 [T | 762 |B | 804 | 1|86 | B | 88 | M |[930 |B|972 | B
721 |B| 763 |T" | 805 | b | 847 | B | 889 | B | 931 |B|973 | B
722 |B| 764 |B | 806 | A | 848 | I | 890 | A |[932 | B|974 | B
723 | B | 765 | B | 807 | B | 849 | T | 891 T 933 |1 |975|T
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ANSWERS ON THE TEST TASKS

Mechanics Molecular Physics
NoNe NoNe NoNe NoNe NoNe NoNe NoNe NoNe
1 D| 43 |D| 8 |E|127 |B|169 | C | 211 |D |25 |[D|295|D
2 |C| 4 |A| 8 |B| 128 | D| 170 | A| 212 | C | 254 | A |29 | A
3 JA| 45 |C| 8 |A|129 | C| 171 |[D| 213 | A | 255 | B |297 | C
4 |B| 46 |A| 8 |C | 130 |D| 172 | B | 214 | E | 256 | E | 298 | E
5 |D| 47 |C| 8 |D|131 | C|173 | A| 215 |[D|257 |[C|[299 |D
6 |[A| 48 |[D| 9 |D|132 | A|174 | B| 216 | E | 258 | B| 300 | E
7 |C| 49 |B| 91 |[C|133 | E|175|D| 217 |C| 25 |[D| 301 |C
8 |B| 50 |[A] 92 |A|134|B|176 | C | 218 |D| 260 | C|302]A
9 |[E| 51 |E| 93 B|135|D| 177 | A| 219 | E| 261 | A| 303 | B
10 | D| 52 |B| 94 |E | 136 |A| 178 | B| 220 | A| 262 | B|304 | A
11 |C| 53 [D| 9 |D|137 | B| 179 | E| 221 | E | 263 |C | 305 |B
12 |A| 54 |[E| 9% | C| 138 | C | 180 | D | 222 | B| 264 | D | 306 | E
13 B| 5 [C| 97 |B|139 | D | 181 | E| 223 | A | 265 | A | 307 |C
14 |D| 5 |[E| 98 |A|140 |E | 182 | C| 224 | D | 266 | B | 308 | B
15 | B| 57 |C| 9 |D|141 |B| 183 | A| 225 | B | 267 | A| 309 | B
16 |E| 58 [B|100 | B| 142 | A | 184 | B| 226 | A | 268 | D | 310 | C
17 |A] 59 |A]|101 |E | 143 |D |18 |E | 227 |E | 269 | C | 311 |D
18 | D| 60 ([ D|102 | C| 144 |E | 186 | D | 228 | B| 270 | E | 312 | B
19 |[A] 61 | B|103 | A | 145 | C | 187 |A| 229 |C| 271 |[B|313|B
20 (D] 62 |[C|104 | C| 146 | B | 188 | B| 230 | C | 272 | A|314|D
21 |[E| 63 |[E|105 | D| 147 |D | 189 | D | 231 | C | 273 |C | 315 |C
22 |C| 64 |C| 106 | A| 148 |C | 190 | C| 232 | E| 274 |E | 316 | B
23 |B| 65 |[D|107 |E| 149 |E | 191 |D| 233 |D| 275 |B | 317 | E
24 |D| 66 | E|108 | C| 150 | B| 192 | B| 234 | A| 276 | E |318 | A
25 |A ] 67 |C|109 |B| 151 |D| 193 |C| 235 | B | 277 |A|319|D
26 |[D| 68 |[D|110 | D| 152 |E | 194 | E| 236 | E | 278 | E| 320 | E
27 |B| 69 |[B| 111 |E | 153 |A| 195 | A | 237 |A| 279 |[D|321 | D
28 |A| 70 [D| 112 |A | 154 | C | 196 | A| 238 | E | 280 | E | 322 |C
29 |[E| 71 |C| 113 | B| 155 | B | 197 | E| 239 | C| 281 | B|323 | B
30 | B| 72 |D|114 | C |15 | D | 198 | C| 240 | D | 282 | E | 324 | E
31 |C| 73 |[E|1IS|A | 157 | C| 199 | A | 241 |A|283 |C|325|C
32 | D| 74 |[C|116 |[D| 158 | A | 200 | D| 242 | C | 284 | A|326 | D
33 |E| 75 [B|117|C |15 |C|201 | E| 243 |B| 285 |E|327|B
34 |C| 76 |E|118 | B| 160 | A | 202 | C| 244 | D | 286 | D | 328 | C
35 |A| 77 |[B|119 | E| 161 |E|203 | B| 245 |C | 287 |[B|329 | C
36 |[B| 78 |C|120 | C| 162 | D | 204 | C| 246 | A | 288 | D | 330 | E
37 |E| 79 |A| 121 |E| 163 | C | 205 | E| 247 | B| 289 | E | 331 | E
33 | D| 8 |[E|[122 | A | 164 | A|[206 | C | 248 |C |29 |E |332|D
39 |A| 81 |[D|123 | B| 165 | B | 207 | D| 249 | D | 291 |C| 333 |B
40 |E| 82 |C|124 | D| 166 |ID| 208 | E| 250 | E | 292 | B|334|C
41 |C| 83 |D|125|C | 167 |E | 209 | B| 251 | D | 293 | A|335 | E
42 |B| 84 |B|126 |E | 168 | B| 210 | C | 252 | A | 294 | C|336]| A
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NoNo NoNo NoNo NoNo NoNo NoNo NoNo NoNo
337 | C| 381 D | 424 | B | 467 | C | 510 |C| 553 |C| 596 |B| 639 | E
333 |D| 382 | E| 425 | D | 468 | A | 511 |A| 554 |E| 597 |E| 640 | B
339 |A| 383 | E| 426 | A| 469 | E | 512 |C| 555 |E| 598 |D| 641 |D
340 |E| 384 | D | 427 | C | 470 | B | 513 |D| 556 |A| 599 |C| 642 |E
341 |B| 385 | B| 428 | D | 471 D | 514 |A]| 557 |D| 600 |E| 643 | E
342 |D| 386 | A| 429 | E | 472 | C | 515 |[E| 558 |B| 601 |D| 644 |D
343 |A| 387 | D | 430 | D | 473 | A | 516 |C| 559 |[C| 602 |A| 645 | A
344 |D| 388 | B | 431 B| 474 | C | 517 |B| 560 |E| 603 |B| 646 | E
345 |C| 389 | E | 432 | C | 475 C | 518 |D| 561 |[C| 604 |C| 647 |C
346 |B| 390 | D | 433 | E | 476 | C | 519 |C| 562 |A| 605 |E| 648 |D
347 | D | Electrodynamics and Magnetism 520 |A| 563 |E| 606 |D| 649 | B
348 | E| 391 A| 434 | A| 477 | E | 521 |C| 564 |C| 607 |A| 650 | A
349 |B| 392 | C| 435 | C | 478 | A | 252 |B| 565 |[D| 608 |D| 651 |A
350 |D| 393 | C| 436 | C| 479 | D | 523 |[E| 566 |[B| 609 |E| 652 | E
351 |A| 394 | D | 437 | B | 480 | D | 524 |A| 567 |[D| 610 |C| 653 | A
352 |B| 395 | C| 438 | C | 481 A | 525 |C| 568 |C| 611 |[C| 654 |C
353 |C| 396 | A| 439 | B | 482 | A | 526 |E| 569 |[B| 612 |A| 655 | A
354 |A| 397 | A| 440 | A | 483 C | 527 |C| 570 |D| 613 |[E| 656 |C
355 |D| 398 | C | 441 C | 484 | B | 528 |A| 571 |E| 614 |B| 657 |C
356 |A| 399 | C| 442 | B | 485 C | 529 |B| 572 |B| 615 |[E| 658 |C
357 |D| 400 | B| 443 | C | 486 | E | 530 |D| 573 |C| 616 |A| 659 |C
358 |A| 401 | A| 444 | C | 487 | A | 531 |C| 574 |A]| 617 |C| 660 | A
359 |B| 402 | D | 445 | C | 488 E | 532 |B| 575 |C| 618 |D| 661 |E
360 |C| 403 | E| 446 | C | 489 | A | 533 |D| 576 |B| 619 |B| 662 | B
361 |A| 404 | B | 447 | E | 490 | B | 534 |B| 577 |A] 620 |E| 663 | C
362 |A| 405 | E | 448 | B | 491 C | 535 |D| 578 |E| 621 |A| 664 |D
363 |B| 406 | D | 449 | D | 492 | A Oscillation and Waves

364 |A| 407 | D | 450 | A | 493 B | 536 |D| 579 |C| 622 |B| 665 | A
365 |B| 408 | B | 451 C | 494 | D | 537 |A| 580 |B| 623 |D| 666 | C
366 |D| 409 | B | 452 | E | 495 B | 538 |B| 581 |[B| 624 |E| 667 |B
367 |A| 410 | D | 453 | D | 496 | A | 539 |A| 582 |C| 625 |C| 668 | D
368 | E| 411 B | 454 | C | 497 B | 540 |E| 583 |B| 626 |[D| 669 |C
369 |C| 412 | A| 455 | D | 498 | D | 541 |C| 584 |A| 627 |C| 670 |D
370 |D| 413 | D | 456 | B | 499 | C | 542 |D| 585 |C| 628 |E | 671 |C
371 |C| 414 | C | 457 | D | 500 | E | 543 |A| 586 |A| 629 |B| 672 | D
372 |E | 415 | E | 458 | C | 501 A | 544 |B| 587 |E| 630 |C| 673 | A
373 |A| 416 | A | 459 | E | 502 B | 545 |A| 588 |A| 631 |ID| 674 | A
374 |B| 417 | E| 460 | D | 503 | D | 546 |D| 589 |A| 632 |B| 675 |D
375 |E| 418 | B | 461 | A | 504 | B | 547 |B| 590 |C| 633 |A| 676 |E
376 |D| 419 | B | 462 | D | 505 | D | 548 |A| 591 |[D| 634 |D| 677 |C
377 |B| 420 | C | 463 | B | 506 | B | 549 |C| 592 |E| 635 |B| 678 |B
378 | E | 421 E| 464 | E| 507 | C | 550 |E| 593 |C| 636 |E| 679 |D
379 |C| 422 | C | 465 | D | 508 E | 551 |D| 594 |A| 637 |C| 680 |C
380 |A| 423 | A| 466 | C | 509 | A | 552 |C| 595 |C| 638 |A| 681 |A
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NoNe NeNe NeNe NeNe NeNe NeNe NeNe NeNe
682 |B| 724 |A | 766 |E | 808 | D| 80 | E |82 B|934 |B|976 |D
683 |C| 725 |E | 767 |D | 809 | B | 81 | C |83 |C|935|A|977 |A
684 |C| 726 |C| 768 |A | 810 | E| 82 | B |84 E |93 |D|978 |D
685 |A| 727 |E | 769 |C | 811 |C| 83 | D |85 | D|937 B[99 |D
686 |E| 728 |B | 770 |E | 812 | D | 854 | C | 8% |A|938 |C |90 |B
687 |B| 729 |A | 771 |B|813 | D| 85 | A |87 |E|939 |D|91 |D
688 |E| 730 |[E | 772 |E | 814 |E | 856 | E | 898 |D|940 |C | 982 | B
689 ID| 731 |[B| 773 | B | 815 | B | 87 | B |89 B|9%1 |E |93 |C
690 |C| 732 |A | 774 |E | 816 | A | 858 | A | 900 |D|942 |A|9%4|D
691 |ID| 733 |E | 775 | B | 817 |D| 89 | C |91 |E|943 | A|[98 |E
692 |A| 734 |D | 776 |C | 818 | A| 80 | D | 902 | A|944 B | 986 | A
693 |C|735|B | 777 |B| 819 | A Atomic and Nuclear physics
694 |ID| 736 |C | 778 |D |80 | E| 81 | D |[903 |C|945 |E|987 |C
695 |B| 737 |E | 779 |E | 821 | B| 862 | C |[904 | C|946 | A | 988 | D
696 |E | 738 |C | 780 |D | 822 | A| 83 | B |905 | A|947 | C|989 |E
697 |A| 739 |A | 781 |D |83 | C| 84 | D |96 | A|9%48 |E|90 |B
698 |E| 740 |D | 782 |B | 824 |E | 85 | E [907 |B|949 |B| 991 |C
699 |C| 741 |B | 783 |A | 825 | C | 86 | C |98 | C|950 |[D|992 | A
700 |B| 742 |[C | 784 |E | 826 | B | 87 | E | 909 |C|951 |A[993 |E
701 |ID| 743 |C | 785 | D | 827 | C| 88 | C 910 |C|952 | C |99 |D
702 |E | 744 | A | 786 | A | 828 | B | 89 | E | 911 IB|953 |B|995 | A
703 |B| 745 |B | 787 |E | 829 | E | 870 | A | 912 |ID | 954 |A | 9% |B
704 |[E| 746 |D | 788 | B | 830 |D| 871 | C [913 |C|955 |B|997 |C
705 | D| 747 |C| 789 |A |81 |E| 872 | B |[914 |A |95 |E |99 |B
706 |ID| 748 |D | 790 |E | 832 | B | 873 | D |915 |E | 957 |A[999 |E
707 |[B| 749 |[C | 791 |[C | 833 | A| 84 | E | 916 | B| 958 | B |1000| D
708 |A| 750 |A | 792 | D |84 | E| 85 | A[917 | A|959 |D
709 |[C| 751 | D793 | D |85 |C| 876 | D |918 | B|960 | C

Optics 877 | B | 919 |[E| %1 |D
710 | B| 752 |D | 794 |B | 836 | E| 878 | C 920 | D|92 |C
711 |ID| 753 |D | 795 |A |87 | C| 879 | D |92]1 |C|963 |C
712 |C | 754 |C | 796 | B | 838 | D| 80 | A [922 |A|9%4 A
713 |A| 755 |B | 797 |E |89  A| 81 | E [923 |/ C|9S5 |D
714 |D| 756 |E | 798 |E | 840 | D | 882 | B | 924 |D | 966 | C
715 |B | 757 |A | 799 |E 841 | C | 883 | A | 925 |C|967 | B
716 |D| 758 |D | 800 | D | 842 | B | 84 | E | 926 | B|98 | B
717 | C| 759 |C | 801 |[B|843 D | 85 | D |[927 |E| 99 | E
718 |D| 760 |B | 802 |A |84 | D| 86 | C 928  B|970 | C
719 |C| 761 |A | 803 |C |85  E | 87 | B[92 |E|971 [A
720 |[D| 762 |C | 804 |E | 846 | C| 88 | E 930 | C|972 | B
721 |C | 763 |D | 805 | B |87 | C| 89 | C |931 |C|973 | B
722 |C | 764 |B | 806 |A| 848 | E | 890 | A 932 | C|974 | C
723 |B| 765 |B | 807 |C |89 | D| 891 | D [933 | D|975|D
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	1.3 Uniform Gyration
	      Angular velocity ( characterizes the rate of rotation of a body expressed as the angle displacement of the body per a time unit.
	      Average angular velocity (av:

	1.4 Dynamics of a Material Particle
	      Reference systems, in which the first Newton's law runs, are called inertial.
	      Density of the material d is the mass per unit volume of a substance or material, that is:
	      There are four types of interactions (forces) in physics:

	1.5 Forces in Mechanics
	      Elastic forces have an electromagnetic nature.
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