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NMPEANCIIOBME

Hacroswee nocobue “Some Kinematic Properties of a rigid
body” umeeT cBoeli LeNblO pa3BUTb HaBblKM YTEHUS NUTEpaTypbl MO
TEOPETUYECKON MEXaHWKe W KMHEMaTMKe B YacTHOCTW, paccMaTpuvBa-
IOLLEN ABMXKEHME TEN C FEOMETPUYECKOW CTOPOHBI, He obpallast BHU-
MaHWUs Ha NPUYKHbLI, MPOU3BOASLUME ABWXKEHME, T.6. cuibl. CTyAEHTbI
Ha aHrIMACKOM £A3blKe MNO3HAKOMSATCS CO CBOWCTBaMWM abCoMOTHO
TBEPAOro Tesa, NMOHATMEM MaTepuasibHOM TOUKM, KaK Tene, MEKLWEM
6ECKOHEYHO Manylo Maccy, C ABWMDKEHWEM KaXAOW OTAENbHOW TOYKM
Tena, COBOKYMHOCTb KOTOPbLIX BMOJSIHE OMpeAensieT ABUXEHUE Tena,
CKOPOCTbIO U YCKOPEHWEM TBEPAOro Tena Mpu NocTynaTesbHOM ABW-
YKEHUW, NPV BPaLLEHUM OTHOCUTESIBHO HEMOABUXXHOM Oocu, U T.4... MNo-
cobue coctouT M3 8 ypokoB. Kaxkablii YpOK HauMHaeTcst C TekcTa U
MMEET CEMb YMPaXXHEHWI, HaMpaBfiEHHbIX Ha YCBOEHME NEKCUKU WU
aKTVBM3aUMM HaBbIKOB YCTHOW peun. B kaxxgoi rnaee mMeetcs py6-
pvka “3TO Haflo 3HaTb”, KOTopas ABNSAETCA CPENOTOUMEM BAKHEMLLIMX
MOHATUI U3 TEOPETNYECKON MEXAHUKM.

Mocobue npeaHasHa4YeHo Ans CTYAEHTOB CTapLIMX KYpCOB, YXe
UMeIoLLMX 6a30Bble 3HAHWSI AHTTIMIMCKOro A3biKa.

AGRICULTURAL MACHINERY

Agricultural machinery is machinery used in the operation of an agri-
cultural area or farm. The Industrial RevolutionWith the coming of the
Industrial Revolution and the development of more complicated ma-
chines, farming methods took a great leap forward. Instead of har-
vesting grain by hand with a sharp blade, wheeled machines cut a
continuous swath. Instead of threshing the grain by beating it with
sticks, threshing machines separated the seeds from the heads and
stalks. Steam powerPower for agricultural machinery was originally
supplied by horses or other domesticated animals. With the invention
of steam power came the portable engine, and later the traction en-
gine, a multipurpose, mobile energy source that was the ground-
crawling cousin to the steam locomotive. Agricultural steam engines
took over the heavy pulling work of horses, and were also equipped
with a pulley that could power stationary machines via the use of a
long belt. The steam-powered machines were low-powered by today's
standards but, because of their size and their low gear ratios, they
could provide a large drawbar pull. Their slow speed led farmers to
comment that tractors had two speeds: "slow, :mil darn slow." Inter-
4
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nal combustion enginesThe internal combustion engit , first the petrol
engine, and later diesel engines; became the main source of power
for the next generation of tractors. These engines also contributed to
the development of the self-propelled, combined harvester and
thresher, or combine harvester (also shortened to 'combine'). Instead
of cutting the grain stalks and transporting them to a stationary
threshing machine, these combines cut, threshed, and separated the
grain while moving continuously through the field. Types A 1963 Ford
600 farm truckCombines might have taken the harvesting job away
from tractors, but tractors still do the majority of work on a modem
farm. They are used to pull implements—machines that till the
ground, plant seed, and perform other tasks. Tillage implements pre-
pare the soil for planting by loosening the soil and killing weeds or
competing plants. The best-known is the plow, the ancient implement
that was upgraded in 1838 by John Deere. Plows are now used less
frequently in the U.S. than formerly, with offset disks used instead to
turn over the soil, and chisels used to gain the depth needed to retain
moisture. The most common type of seeder is called a planter, and
spaces seeds out equally in long rows, which are usually two to three
feet apart. Some crops are planted by drills, which put out much more
seed in rows less than a foot apart, blanketing the field with crops.
Transplanters automate the task of transplanting seedlings to the
field. With the widespread use of plastic mulch, plastic mulch layers,
transplanters, and seeders lay down long rows of plastic, and plant
through them automatically. After planting, other implements can be
used to cultivate weeds from between rows, or to spread fertilizer and
pesticides. Hay balers can be used to tightly package grass or alfalfa
into a storable form for the winter months. Modern irrigation relies on
machinery. Engines, pumps and other specialized gear provide water
quickly and in high volumes to large areas of land. Similar types of
equipment can be used to deliver fertilizers and pesticides. Besides
the tractor, other vehicles have been adapted for use in farming, in-
cluding trucks, airplanes, and helicopters, such as for transporting
crops and making equipment mobile, to aerial spraying and livestock
herd management. New technology and the future Though modern
harvesters and planters will do a better job than their predecessors,
the combine of today still cuts, threshes, and separates grain in es-
5
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sentially the same way it has always been done. However, technology
is changing the wily that humans operate the machines, as computer
monitoring systems, GPS locators, and self-steer programs allow the
iuiv advanced tractors and implements to be more precise and ley,
wasteful in the use of fuel, seed, or fertilizer. In the foreseeable fu-
ture, some agricultural machines will be capable of driving them-
selves, using GPS maps and electronic sensors to become agricultural
robots. Even more esoteric are the new areas of nanotechnology and
genetic engineering, where submicroscopic devices and biological pro-
cesses may be used as machines to perform agricultural tasks. Me-
chanics Mechanics (Greek) is the branch of physics concerned with
the behavior of physical bodies when subjected to forces or displace-
ments, and the subsequent effects of the bodies on their environ-
ment. The discipline has its roots in several ancient civilizations (see
History of classical mechanics and Timeline of classical mechanics).
During the early modern period, scientists such as Galileo, Kepler, and
especially Newton, laid the foundation for what is now known as clas-
sical mechanics. Kinematics (from Greek , kinein, to move) is the
branch of classical mechanics that describes the motion of bodies (ob-
jects) and systems (groups of objects) without consideration of the
forces that cause the motion. Kinematics is not to be confused with
another branch of classical mechanics: analytical dynamics (the study
of the relationship between the motion of objects and its causes),
sometimes subdivided into kinetics (the study of the relation between
external forces and motion) and statics (the study of the relations in a
system at equilibrium). Kinematics also differs from dynamics as used
in modern-day physics to describe time-evolution of a system. The
term kinematics is less common today than in the past, but still has a
role in physics.[5] (See analytical dynamics for more detail on usage).
The term kinematics also finds use in biomechanics and animal loco-
motion. The simplest application of kinematics is for particle motion,
translational or rotational. The next level of complexity comes from
the introduction of rigid bodies, which are collections of particles hav-
ing time invariant distances between themselves. Rigid bodies might
undergo translation and rotation or a combination of both. A more
complicated case is the kinematics of a system of rigid bodies, which
may be linked together by mechanical joints. Kinematics can be used
6
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to find the possible range of motion for a given mechanism, or, work-
ing in reverse, can be used to design a mechanism that has a desired
range of motion. The movement of a crane and the oscillations of a
piston in an engine are both simple kinematic systems. The crane is a
type of open kinematic chain, while the piston is part of a closed four-
bar linkage.

LESSON 1

Text
The Ways of Determining the Motion of a Rigid Body.

In order to determine the motion of a rigid body it is necessary to
know the number of degrees of its freedom, that is the minimum
number of independent scalar variables, in total unequivocally deter-
mining the position of a material body in space.

The position of a rigid body in space is considered to be determined, if
the position of its three points, not located on one straight line, is
known. (table 1)

Z

Tablel

(Xa —xp)2 + Va — Yb)* + (20 — 2)? = 1>
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(xg — xc)z + Va-¥Y)* + (Za - Z)*=12%

ac

(xc— Xp)* + Ve — Yb)? + (Zc — 2p)% = 1, 2

The position of the three points is determined by nine parameters
co-ordinates, which are not independent, however, because the co-
ordinates of the three points of a rigid body are bound as minimum by
three equations, determining the conditions of invariability of distanc-
es between the points in a rigid body. Here they are:

where Lab lac: lep are the distances between corresponding
points of a rigid body.

5

The number of independent co-ordinates “n” unequivocally determin-
ing the position of a rigid body in space with *m” holonomic (geomet-
rical) bonds is determined by the dependence of n = 3N — m, where
N is the number of points unequivocally determining the position of a
rigid body in space, and n = 3x3 -3 = 6.

Thus, it is possible to take any six independent co-ordinates points
A,B,C or other independent scalar variables determining unequivocal-
ly the position in space of a triangle ABC bound with a body, in the
capacity of independent co-ordinates unequivocally determining the
position of a rigid body in space.

Exercisel
HaiTu cooTBeTCTBUSA:
e homonymic paccTosHve
e in total HEM3MEHHOCTb
¢ in the capacity of ypaBHeHue
e invariability cTeneHb
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ycnosue

¢ a motion FO/TOHOMHBINA
e scalar nonoXxeHune
10

e freedom TO eCTb

e to bind CKansipHbIN

e unequivocally [ABWKEHNE

e 6

e position B KayecTse

e an equation CBS3bIBaTb

e a condition B COBOKYMHOCTU

e adegree OOHO3HA4YHO

e thatis cBoboaa
Exercise 2

AaiTe pycckue 3KBMBaJIEHTbl aHIJIMICKUM CZIOBOCOUYETAaHUAM:
In order to; a rigid body; the number of degrees; that is; unequivocal-
ly; of the free points; by nine parameters co-ordinates; as minimum;
determining the conditions; between the point; between correspond-
ing points; of independent co-ordinates; determining the position; in
space; holonomic (geometrical) bonds; by the dependence; unequivo-
cally determining the position; any six independent co-ordinates
points; unequivocally determining; in space; the position of a rigid
body; is determined; of its three points; a straight line.

Exercise 3
AaiiTe aHrnuiickne aKBUBaNI€HTbl PYCCKUM C/IOBOCOUYETAHUAM:
[na 3apaHust ABMXKEHMS; HE0bX0AMMO YCTaHOBUTL; ero cBoboapl; He-
3aBMCUMbIX CKansipHbIX MEPEMEHHbIX; OMNpeaensitolmxX MONOXKEHNE; B
9
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NMPOCTPaAHCTBE; MOJIOXXEHUE; €C/IM U3BECTHO; HE JNeXalumx; onpene-
NATCA; 0HaKO;

11

KOOpAuHaTaMu TpEX Toudek; 6yayuym CBsi3aHbl; TPEMSI ypaBHEHUSIMU;
HEU3MEHHOCTU pPacCTOSIHWA; B TBEPAOM TeNe, PaCcCTOSIHUS MEXAy;
4YMCN0; OOHO3HAYHO; TBEPAOro Tena; Npu m CBA3SIX; OonpeaensieTcs;
N-4MCno Toyek; B NPOCTPAHCTBE;

n = 3x3 — 3 = 6; B Ka4yeCTBE He3aBUCUMbIX KOOPAWHAT, MOXHO
B3ATb; WIN APYrUX HE3aBUCUMBIX CKaNSPHbIX NMepeMeHHbIX Tpeyrosb-
Huka ABC.

Exercise 4
[laiTe oTBeTbl Ha ciegylowWne BONPOChI:

1. What do you understand under the term “a degree of freedom”?

2. What must one do to give the motion to a rigid body?

3. What do independent scalar variables determine?

4. When is the position of a rigid body in space determined?

5. What can you determine if you know the position of three points of
a rigid body? What is the condition?

6. Why is the position of three points determined by nine parameters?
7. Why are co-ordinates independent?

9

8. What conditions do the equations bound with the co-ordinates of
the three points of a rigid body determine?

9. Do the distances between the points in a rigid body vary?

10. What does the formula of dependence n=3 and N-m determine?
11. What does “N” mean?

12

12. What does “n” mean?
13. What can one take in the capacity of independent co-ordinates
unequivocally determining the position of a rigid body in space?
14. What determines the position in space of a train-
gle ABC bound with the rigid body?
10
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Exercise 5
HaliguTe napbl CAHOHMMOB M COCTaBbTe CO CJIOBaMM M3 npa-
BOro cronbua npeano)xxeHms:

unequivocally constancy

in total to decide

a material body a body of matle
to be situated to start

10

to define

to execute a motion
invariability

thus

straight

a motion

to give

to consider

in the aggregate
to give a motion
unambiguously
a body of matter
a movement
direct
to be located
to determine
Exercise 6

MepeBeauTe Npeayio)KeHUs Ha aHIJIMACKUIA A3bIK:
. MpocTeiwmmmn burypamm B NPOCTPaHCTBE SBSIOTCS
TOUYKM, NPAMbIE U NJIOCKOCTU.

. leoMeTpUYECKoe Teno eCTb YacTb MPOCTPAHCTBA,

OTAEeNEHHas OT OCTasIbHON YacTu NPOCTpaHCTBa MOBEpPXHO-
CTbHO 3TOro TE€NAa.

) paHMua wapa ectb cpepa.

o MnockocTb — npocreiiwasn durypa. MNnockocTb Kak
reoMeTpuyeckyto durypy cneayet npeacraBnstb cebe npo-
LOMKEHHON 6ECKOHEYHO BO BCE CTOPOHDI.

. Yepes ntobble TpM TOUKM, HE NeXallile Ha OAHOM
NPAMO#A, NPOXOAUT NJIOCKOCTb, U NMPUTOM TOMbKO OAHa.

. M306pakeHneM NpoCTPaHCTBEHHOMN Urypbl CRYXUT
eé npoeKumsa Ha Ty WM UHYIO MJTIOCKOCTb.

. Ecnu npsiMast M NNOCKOCTb UMEIOT TOSbKO OAHY 06-

11
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LLYIO TOYKY, TO OHM NEepeceKaroTCcAa.

. [lBa BeKTOpa Ha3blBalOTCS NeprneHANKYSPHbIMMU,
€CNN Yron Mexay HuMK paseH 90°.

. CkansipHoe npou3BefeHNE HEHYNIEBLIX BEKTOPOB
paBHO HyJIO TOrAa, KOrZa 3TU BEKTOPbLI MepPNeHANKYSIPHbDI.

. NS BbIUMCIEHWS YIAIOB MEXY NPsSMbIMUA U NOCKO-
CTAMU HAA0 WCMO/b30BaTh CKaNAPHOE MPOM3BEAEHNE BEKTO-
poB.

3710 HApo 3HaTh

L PaBHOMeprIM ABUXXEHUEM TOYKUN Ha3blBAETCA TaKOE ABUXKe-
HWe, NpY KOTOPOM OTHOLLEHME NMPONAEHHOIO NYTU K COOTBET-
CTBYIOLLEMY MPOMEXYTKY BPEMEHW OCTAETCS NMOCTOSIHHLIM AN1st
Nob0oro NpoMeXxyTka BpEMEHW.

» CKOpPOCTb paBHOMEPHOTO ABWXXEHUSI YNCIEHHO PaBHA TaHIeH-
CY Yrna Mexzy OCblo BPEMEHW U NPSMONIMHENHBIM rpachUKoM
3TOro ABMXKEHMUS.

» KpnBonuHeiiHoe ABWXXEHME TOUKU MOXET BbITb onpeaeneHHo
cnegyowmmm asymsa cnocobamu: 1) U3BecTHa TpaekTopus Tou-
KW W 3aKOH ABWKEHUSI €€ NO3TON TPaeKTopuM; 2) N3BECTHbI
YPaBHEHNS ABWXXEHUS TOUKM AEKAPTOBbIX KOOpAMHATAX.

* CKOPOCTb ABMIXKYLLECS TOYKM paBHa (Mo MOAYIIO U Hanpas-
NEeHWI0) BEKTOPHOWM NMPOM3BOAHON OT paanyca-BeKTopa 3ToW
TOYKKU NO BPEMEHMN.

¢ YCKOpEHMWE TOYKU B KPUBOSIMHENHOM ABUXXEHUW BblpaXkaeTcs
BEKTOPHOM MPOU3BOAHOM OT CKOPOCTU BPEMEHM.

e [poEKLM CKOPOCTM Ha KOOPAMHATHBLIE OCU PaBHbI NEPBbLIM
NPOU3BO/IHLIM OT COOTBETCTBYIOLLMX KOOPAMHAT ABWXKYLLENCS
TOYKM MO BPEMEHMU.

12
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Exercise 7

3apaHve: a) CaenalTe NUCbMEHHBbIM MEpPEBOA TEKCTa «3TO Haao
3HATb» Ha QHTIMACKUIA 3bIK; B) 06CYaUTE €ro C NapTHEPOM.

LESSON 2

Text
Velocities and Acceleration of a Rigid Body

It is a common knowledge that this type of motion is considered to
be the simpliest one. In most textbooks on fundamental mechanics a
translational motion is formulated as the motion in which any straight
line, drawn in a body, remains parallel with its original position at all
the time of body’s motion. However it is a wrong definition.
According to previously considered ways of determining the motion a
rigid body, a translational motion is determined by the motion of three
points not lying on
14
the same straight line, that is by a triangle bound with a rigid body.
In this connection a translational motion of a rigid body is such a mo-
tion wherein the sides of a triangle bound fast with a rigid body re-
main parallel to its original position at all the time of the motion. Fig-
ure 1 shows the initial position of a rigid body and one of the intersti-
tial positions.

The initial position of a rigid body is determined by triangle while an

interstitial position is determined by triangle ABC. Table2

13
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<2y AL

X

In conformity with the definition of a translational motion of a rigid
body AOBO is parallel to AB, and BOCO is parallel to BC, and AOCO is
parallel to AC.

Let us form vector equations for three points showing the position of
a rigid body in space with a translational motion.

They are:

Fo=Tc+CB;Fy=7.+CB
In accordance with the definition of a translational motion u is a

constant and m is a constant. Differentiating the left and the right

dt

parts of these equations and considering that ,
dCB En dar, dr. dry _dr.
t— == L =

dt we shall have dt dt dt dt or.
Differentiating the obtained speeds we shall have

,‘”c_dﬁb_dﬁc S e R e T

dt dt dt
Thus for a rigid body to execute a translational motion it is necessary
and enough that both velocities and accelerations of its three points
not lying on the same straight line, should have

14




YnpaBsieHue uppoBbIX 06pa30BaTENbHBIX TEXHOJIOTUH

Ma]_Ul/IHOCTpOGHI/Ie

the same velocities and accelerations at any moment of time. As the
obtained results hold true for any three points, it is evident that all the
points of a rigid body executing a translational motion have the same
velocities and the same accelerations at any time moment.
If it is known a priori, that a rigid body is executing a translational
motion it is quite enough to determine the motion to only one (any)
point of the body and find its velocity and acceleration that will be the
same for all the points of this rigid body at this moment. In conformity
with the above statement the determining of a translational motion in
the form of a straight line passing through any two points of a body
and parallel to its own zero position is a necessary condition, but an
insufficient one, because this body can rotate about this line.

The peculiarity of this simpliest type of motion is
that rotary motions are ruled out to provide the paral-
lelism of the sides of a triangle. As a result any rigid
body in space has three degrees of freedom, that is
three translational motions along three coordinate axies.
If a translational motion takes place in Yone” coordinate plane, then
the number of the degrees of freedom as a rule equals to “two”, and
when one motion is limited, the number of degrees of freedom
equals to “one”.

Exercise 1
HaiTtn cooTBeTCTBUA:
* velocity MMEHHO
e acceleration onpeaeneHue
o with cnoco6
« fundamental B COOTBETCTBUM
e most TPeyrosibHUK
e according to nepBOHaYasbHbIM
e to consider yCKOpeHue
« a triangle paHee

15
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« interstitial CKOPOCTb
e translation motion 60MbLNHCTBO
e definition npwu
e previously MPOMEXYTOUHbIN
e way paccMaTpuBaTb
o that is nocrynartesibHoe ABUXeHune
e original TeopeTUYEeCKUi
e equation- TOT XKe CaMbll
e space coBepLiaTtb
e the left OYEBUAHBIN

e to execute
* to obtain

e the same

e to hold true
e evident

e enough

e through

e insufficient
e peculiarity
e to equal

e to lie

*19

e to find

CrnpaBeasmBbIN
NeBbIN
ypaBHeHUe
nonyvaTb
NpPOCTPaHCTBO
Heob6xoaMMO
BpallaTb
NpoUCXOAUTb
HaxoauTb
3apaHee

0COBEHHOCTb

AOCTaTO4yHO

16
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e necessary yepes
¢ to rotate nexatb
* to take peace HeA0CTaTO4YHO
Exercise 2
[aiTe pycckue 3KBUBAJIEHTbl aHI/IMICKUM
C/I0BOCOYETaHUSM:
20

Type of motion; the simpliest one; in most textbooks; a translational
motion; any straight line; remains parallel with its original position; a
wrong definition; according to; considered ways; is determined; not
lying on; that is; is such a motion; the sides of a triangle; with a rigid
body; Figure 1 shows; an interstital position; the definition; of a rigid
body; let us form; equations; in space; the definition of; the left and
the right; considering that; differentiating; for a rigid body; velocities
and accelerations; not lying on the same; the obtained results; any
three points; it is evident; the same accelerations; it is quite enough;
only one; that will be the same; at this moment; in conformity with;
passing through; own zero position; can rotate about this line; this
simpliest type; are ruled out; the sides of a triangle; has three de-
grees of freedom; three coordinate axises; takes place.

Exercise 3
[aliTe aHrMUICKne 3KBUBAJIEHTbl PYCCKMM C/1I0BOCOUYETaHUSAM:
3TOT BWA, SIBNSETCS; OAHAKO, MO TEOPETUYECKOW MexaHuke; dopMmy-
NMpyeTcs; nposeféHHas B Tefle; BO BCE BpeMsA ABWXKEHWS; paHee;
3a4aHnA ABWXXEHUSA, ABUXEHUNEM TpéX TO4eK; Ha OAHOVI I'IpFIMOl‘/JI; CBsA-
3aHHbIM C; B CBA3M C 3TUM; NPU KOTOPOM, HENOABMXXHO CBA3AHHbLIM;
napannenbHbl CBOEMY MEPBOHAYaNbHOMY MOMIOXEHUIO; HayasbHOE
NMOJIOXXEHNE; OMNpeaensieTcs; MNocTynaTeslbHOro ABWMXKEHUS; BEKTOP-
Hble YpaBHEHUS; ONpeaensiolmx nonoxeHus; avddepeHumpys; 4a-
CTW paBEHCTBA; NOMY4YUM; MOSYYEHHbIE CKOPOCTU; HEobXxoaAMMO M A0-
CTATO4YHO; TPEX €ro ToYek; B Nto6Oi MOMEHT BPEMEHW; CrpaBes MBI
ANS; OYEBMAHO, YTO; OAMHAKOBbLIE CKOPOCTU; U OAMHAKOBLIE YCKOpe-
HUSA; 3apaHee; COBEpLIAeM; 3afaTb [ABWXXEHWE OAHOW; e€ CKOpOCTb;

17
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[N BCEX TOYEK; YMHOXEHHbIM Bhllle; B BUAE MNPSAMON; napannenb-
HOM; HEODBXOAMMbIM HO HEAOCTATOYHbIM; TaK KakK; 0COBEHHOCTb; ANs
obecneyeHnst napannenbHOCTU; BpallaTeslbHblE [BWXEHUSA; TBEPAOE
TEeNo; BAO/b; €CNIN; B OIHOW KOOPAMHATHOW M/IOCKOCTU; YMCIO; OfIHO-
ro ABMXKEHMUSI.

Exercise 4
[aiiTe oTBeTbl Ha ceagyloLMe BONpPOChI:

1. What type of motion is known as the simplest one?

2. What science gives the definition of a translational motion?
3. What is a common definition of a translational motion?

4, Is it a postulate that any straight line, drawn in its body,

remains parallel with its original position at all the time of the motion?
5. How is a translational motion determined?

6. What is called a motion wherein the sides of a triangle remain
parallel to its original position at all the time of the motion?

7. What do you see in Figure 1?

8. How is the initial position determined?

9. What does triangle ABC determine?

10. Why is AoBo parallel to AB? Give more examples of this rule?
11. Give examples of a vector equation for free points locating the

position of a rigid body in space with a translational motion?

12, Analyze a vector equation: a) Why does Za equal to Zc + CA;
b) Why does Zp equal to Zc + CB?

13. What are CA and CB in accordance with the rule of
translational motion?

14. What will the result be after having differentiating the left and
the right parts of equations?

18
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15. Why is it important to take into consideration that dcA =0
andacB=07?

16. What shall we have on having differentiating the obtained
velocities?

17. Why is it necessary that a rigid body should execute a
translational motion?

18. Why do the obtained results hold true for any three points?

19. Why is it obvious that all the points of a rigid body executing
a translational motion have the same velocities and the same
accelerations at any moment of time?

20. In what case is the velocity and acceleration of one point of a
body the same for all the points of this body?

21. Why is the giving of a translational motion in the form of a
straight line passing through any two points of a body and being
parallel to its own initial position an insufficient condition?

22. What is the peculiarity of a translational motion?
23. What does a rigid body have in space?

24, What does the number of degrees of freedom equal to if
there is motion in one co-ordinate plane?

Exercise 5
HaiguTe napbl CMHOHMMOB U COCTaBbTe CO C/IOBaMM U3 npa-
BOro cronbua npeanoxeHus:

with location
fundamental description
position under
definition theoretical
consider discuss
interstitial according to
most majority
original initial

19
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previously formerly
to show present
in accordance with interjacent
to form to get
to obtain space
to produce to exclude
a priori leg to
in conformity with in accordance with
to rule out to execute
side initial
lie to locate
zero in advance
Exercise 6
MepeBeauTe NpenoXKeHns Ha aHINIMACKUNA A3bIK:
. Ecnv oTpe3ok nepecekaeTcsa C MI0CKOCTbIO B HEKOTOPOI

CBOEVi BHYTPEHHEN TOUKE, TO KOHLbl OTPe3Ka N1exaT No pasHble CTo-
POHbI NJIOCKOCTW.

® CKanﬂpHoe npounsBeaeHne AByX BEKTOPOB MOXHO BblYUC-
NNTb, 3Hasd KOOPAUHATbI BEKTOPOB.

. JTioboi OTpe30K, COeaMHSIIOWMNI LEHTP U KaKyt-TO TOUKY
cdhepbl, TakKe Ha3blBaeTC pagnycom coepbl.

. Wccneayem B3aMMHOe pacnosioxeHue chepbl U NI0CKOCTU B
3aBUCMMOCTM OT COOTHOLLIEHMSI MEXAY paanycoM cdepbl U paccTos-
HMEM OT €€ LIeHTpPa [I0 MI0CKOCTY.

. Ecnu paccTtosiHue oT LieHTpa 10 NIOCKOCTM MeHblUEe paanyca
cdepsbl, To ceueHre cgepbl MNOCKOCTbIO ECTb OKPYIKHOCTb.

. CeyeHue wapa naoCcKoCTbIO eCTb KPYT.

. Ecnv paauyc Kpyra paBeH paaunycy Wwapa, TO Takon Kpyr
Ha3blBaeTCs 60/1bLUMM KPYroM Luapa.

o Papuyc chepbl 4acTo o6o3HavaeTcs 6yksoit R.

® PaccrosiHue oT I'IpOVI3BOJ'IbHOI‘/II TOYKU I'IpFIMOl‘;I 40 NNOCKOCTU
20
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Ha3blBAETCA paCCTOAHMEM MeXAY I'IpﬂMOl‘;I n napanneanoﬁ e nnoc-
KOCTbIO.

o B KakoM criyuyae OTCYTCTBYET MOHATUE yria Mexay npsiMon v
MI0CKOCTbIO?

370 Hapo 3HaTh

. KacaTenbHOE YCKOpEHME XapaKTepU3YET U3MEHEHWNE CKOPOCTU
Mo MOZY/I0, @ HOPMaJIbHOE YCKOPEHWUE XapaKTepU3yeT U3MEHeHe
CKOPOCTU MO HanpaB/eHuIo.

. MpoeKumns NPOM3BOAHONM AAHHOIO BEKTOPA Ha HEMOABMXKHYHO
0Cb paBHa NPOW3BOAHOM OT MPOEKLMM 3TOr0 BEKTOPA Ha Ty Xe OCb.

° MNocTtynatensbHbIM ABMXXEHWEM TBEPAOro Tena Ha3biBaeTcs
TakKoe ABMXXeHne, Npn KOTOPOM BCAKas npamas, HEUM3MeHHOCBA3aHHas
C 3TUM TENOM, OCTaéTcs napanneanoﬁ CBOEMY Ha4a/lbHOMY MNOJ10XKe-
HUIO.

. Mpv nNocTynaTenbHOM ABWMXXEHWUWU TBEPAOrO Tena BCe ero Tou-
KW OMWCbIBAIOT OAMHAKOBbIE TPAEKTOPUM U B KaXXAbIN AAHHbIA MOMEHT
MMEIOT paBHbIE NO MOZY/I0 U HANPaBNEHWUIO CKOPOCTU U YCKOPEHUS.

. TeopeMa CnoXeHusi CKOpoCTeit: abcontoTHast CKOPOCTb TOYKM

paBHa reOMETPUYECKON CyMMe NePeHOCHON M OTHOCUTENbHOMN CKOpPO-

CTel, Un, ApyruMm cnoBamu, abcontoTHasi CKOPOCTb TOYKM paBHa Mo
MOZY/II0 M HamnpaBieHWIO ANaroHanu napasnnenorpaMmma, nocTpoeHHo-
ro Ha NepeHOCHOM U OTHOCUTENBHONM CKOPOCTSIX.

. TeopeMa CNOXEHWUs YCKOPEHUWIA NpY NocTynaTesbHOM nepe-
HOCHOM ABWXXEHUW: B TOM C/lyuae, Koraa NepeHoCcHoe ABUXKEHME, T. €.
ABVDKEHWE NOABUXHOMN CUCTEMbI OTCUETA, ABMAETCA MNOCTYNATENbHbIM,
abCoMOTHOE YCKOPEHNE TOUKN paBHO FEOMETPUYECKON CyMMeE Mnepe-
HOCHOIO M OTHOCUTENIbHOTO YCKOPEHWUI 3TOM TOYKM.

Exercise 7

3apaHue: a) Caenaiite NUCb- MEHHbII NepeBoA  TeKCTa
21
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«3TO HAAO 3HaTb>» Ha AHIJ/IMICKUIA A3bIK; B) 06cyauTe C napT-
HEpPOM.

LESSON 3

Text
Velocities and Accelerations of a Rigid Body in Rotating About
the Immobile Axis.
29
This type of motion is characteristic of the fact that in a body one can
isolate a straight line all the points of which are immobile at any mo-
ment of time. This straight line is called a rotation axis. Using the for-
merly assumed method of determining the motion of a rigid body, let
us put one of the sides of a triangle, for example, AB (table N23), on
the rotation axis and the rest sides on the mobile plane 1, passing
through rotation axis Z and having only rotation motion about this
axis. To determine the motion of a rigid body about an immobile axis
let us insert an immobile plane 2 passing through the rotation axis of
the body as well. Then the motion of a solid body can be given by the
angle of rotation x = 0x@(t) of the mobile plane 1 ( in which there is
a triangle ABC) about the immobile plane 2 and as a result of it any
rigid body with this motion has one degree of freedom.
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Table 3

As points A and B of a triangle lie on the axis of rotation motionless,
their velocities and accelerations equal to null, then if we use the
method of determining the motion where ¢ equals to ¢(t) (p=0(t))
we shall find the velocity and acceleration of point C of triangle ABC
through kinematic characteristics of a rigid body.

It should be noted that point C is moving in a circle with radius R =
CD. In this context let us use a previously regarded natural method of
determining the motion of the point for which speed is , where is
and S is RAQ (table 3), then =R; ==w — w is an algebraic angular
velocity of rotation of a body at a moment of time t, which can take
on both positive and negative values.

Angular velocity can be presented as vector, located on the rotation
axis and equal to=, where is a unique vector of axis Z that is giving
a positive direction to the rotation axis. Hence the velocity of point C

will take the form: | ORT

Algebraic value of point C velocity u=wR even at a time moment "t”
can assume both positive and negative values.
To find the acceleration of point C it is necessary to use Aler’s vector
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formular V=W XTr where r is a radius-vector of point C , the
beginning of which (force point) is on the rotation axis.
The acceleration of point C is the following:

L _d_d@xT) _d8, o, o df
BE s dr dt dt
ds - dar
Where @t equals to &€ angular acceleration; dt equals to v

A= EXTr+wWX v
Consequently
£ X T = @, is a tangential acceleration
@ X U= @, is a normal acceleration
|a,| = |€ X 7| =ersin(g,T) =eR

[a, =lox v|= amsln(”/z) = m’ﬁj

The full acceleration of any point of a body rotating about the immo-

a=a, +
bile axis is at a“ Vector . is located in the plane per-

pendicular to the axis of rotation, and its modulus is

- 2 i —_ , BT D 4

a=yaf +a} = /(eR)? + (w’R

where R is the shortest distance form point C to the axis of rotation,

which equals to a radius of the circle, being circumscribed by this
point.

Thus to find the velocities and accelerations of any point of a body

rotating about the immobile axis it is necessary to know the law of
rotation of a body @=(t) and to find its kinematic motions that is the

angular velocity @ and the angular acceleration S“w-(p.’
and then in connection with the formerly given dependences one can
find the velocity and the acceleration of any point.

A
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Exercise 1
HalTu cooTBeTCTBMUA:

. characteristic 0Cb BpalleHus

. a rotation axis BblAENATb

J immobile oceBast NI0CKOCTb
. axis XapaKTepPHbIN

. axes yron noBopoTa

. axial plane HEMNoABWXXHbIN

J isolate ocu

. angle of rotation oCb

J motionless paaunychl

J motion characteristics no Kpyry

. radius Yr/I0BOM

) algebraic HenoABWXHbIN

. angular KMHEMaTUUYECKME XapaKTEPUCTUKM
. in a circle anrebpanyeckumin

. formula HEMOABWKHbIN

) mobile OCb BpalLEeHus

) immobile dopmyna

axis of rotation
modulus

length of a vector
to circumscribe

kinematics

NOABMXKHbI
3aBUCMMOCTb
BENMUMHA

€VHUYHBIN

npuHMMaTb hopMy

25
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. dependence TOYKA NPUNOXKEHNS

. ortho axis abcontoTHas BennYMHa Yncna

o unique MoAy/b BEKTOpa

) angular speed ONUCbIBaTb Kpyr

. to present KMHeMaTuKa

. to take the form 0pTOOCH

J value yrnoBsasi CKOpoCTb

) force point npeacTaBnsiTb
Exercise 2

[aliTe pycckue 3KBMBaJIEHTbl aHITIMUCKUM C/I0BOCOUYETAHUAM:
is characteristic of; one can isolate; are immobile; is a straight line; a
rotation axis; an assumed method; to a rigid body; the sides of a tri-
angle; the rest sides; passing through; rotation motion; about immo-
bile axis; an immobile plane 2; the rotation axis; as well; of a mobile
plane; triangle ABC; the immobile plane; with this motion; one degree
of freedom; if a triangle; on the axis of rotation; their velocities and
accelerations; we shall find; of triangle ABC; kinematic; it should be
noted; is moving; in this context; previously regarded; angular speed;
can take; values; can be presented; located on the rotation axis; is
giving; will take the form; algebraic value; values; to find point C; the
acceleration; vector formular; consequently; is a tangential accelera-
tion; a normal acceleration; the full acceleration; rotating about; is
located in the plane; is the shortest distance; equals to a radius of the
circle; to find the speeds; rotating about; it is necessary; to find its
kinematic motions; in connection with; dependences; the acceleration
of any point.

Exercise 3
[aiTe aHrMUACKNeE 3KBMBaJIeHTbl PYCCKUM C/IOBOCOUYETaHUAM:
CNyyail ABMXKEHMS; B Tene; NpsiMyto; TOUYKU KOTOpOW; B /06OM Mo-
MEHT BpPEMEHW; Ha3blBalOT; 3afaHusl OBWXXEHWSI; OAHY W3; HanpuMep
AB; Ha ocu BpalleHusl; B NMOCKOCTM 1; O0Cb BpalleHns Z; ToNbKo; BO-
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KpYr 3TOW OCM; ANst 3aAaHns ABWXEHMWS; BBEAEM; MPOXOASLLYIO Yepes;
TOrZa; YrioM noBOpOTa; HaXOAWUTCS; OTHOCUTENbHO; TakuM 06pa3oMm;
MMeEeM; TaK Kak; NEeXMWT; HeMoaBWXXHbI; paBHbl 0; CKOPOCTb U YCKope-
Hve Toukun C; Yepes; XapakTepucTuku; Touka C; Mo OKPY>KHOCTU; WUC-
Mosib3yeM; eCTECTBEHHbIW CMocob; Toraa; anrebpavyeckasi; B MOMEHT
BPEMEHW t; MONMOXWTESIbHBIE U OTPULATENbHBIE; YITIOBYIO CKOPOCTb;
KakK BEKTOP W; W paBHbIi r ‘pxk:; €AMHUYHBIN BEKTOP; MOMOXM-
TeNIbHOE HanpaBJ/ieHUe; CKOPOCTb TOYkM C; CKOPOCTM; OTPULATENBHOE
3Ha4yeHue; ucrnonb3yeM; cdopMyny Sinepa; rae r ectb paanyc-BekTop
Toukn C; HaxoAMTCS Ha OCY BpaLLEHWUs]; C/IeA0BaTENIbHO; KacaTebHoe
YCKOpEHWE; HOpPMaJIbHOE YCKOPEHUE; Noboi TOUKM Tena; BOKpYr He-
MOABMXKHOM OCW; NEPNEeHANKYNSIPHON OCU BPALLEHUS; pacCTOsIHUE OCK
Toukn C 40 OCKM BpaLleHusi; ONUCbIBAEMON 3TOW TOUKOMN; TakuM obpa-
30M; No6oM TOUKM Tena; HEMOABMXKHOM OCK; 3aKOH BpalleHus Tesna;
YITIOBYHO CKOPOCTb; YI/IOBOE YCKOPEHWE; 3aTEM; HAWTU CKOPOCTb.
Exercise 4
[aiiTe oTBeTbl Ha cneayrowme BONpocChl:
J What is the rotating of a rigid body about the immobile axis
characteristic of?

. What is the straight line called?

. What will happen if you insert an immobile plane 2 passing
through the rotation axis of the body?

. When does a rigid body have one degree of freedom?

e Why do the velocities and accelerations of points AB equal to null?

) How can you find the velocity and acceleration of point C of
triangle ABC?

) What must one know the motion characteristics of a rigid body
for?

. What radius is point C moving in a circle with?

J What does the velocity equal to according to a natural method

of determining the motion of the point?
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. When can algebraic angular rotation velocity of a body take on
both positive and negative values?

. Where is vector W located?

) What does vector W equal to?

) What gives a positive direction to the rotation axis?

) Why can algebraic value of the velocity of point C take on both

positive and negative values at a time moment t?
. Where can Aler’s formula be used?

. What does the full acceleration of any point of a body rotating
about the immobile axis equal to?

J Where is vector Ya” located?
. What is the formular of modulus vector?
. What does the shortest distance from point C to the axis of

rotation equal to?

. What can you find if you know the angular velocity and the
angular acceleration?

. What is it necessary to know to find the velocity and the
acceleration of any point?

Exercise 5
HaiauTte napbl CHHOHMMOB M COCTaBbTe CO C/I0BaMU U3
npasoro cronéua npeanoXxeHus:

to rotate typical
rotation axis to single out
immobile for instance
any previously
characteristic of to revolve

to isolate every
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formerly motionless
For example spin axis
to assume also
method around
angle also
through to locate
about to accept
to place across
relative way
as well corner
under with
axial plane kinematic characteristics
to insert null
zero to put

motion characteristics axis plane
it should be remarked accordingly

to remark to note
features characteristics
circle circumference
move acceleration of translation
translatory acceleration to travel

in this connection it should be noted
to consider to regard

to present represent
hence immobile

form shape

to assume to take
motionless consequently
ortho axis force point

41

point of application ortho diagonal
unique only one

to circumscribe relation

plane = modulus length of a vector
to describe strike

to lable symbolize

value magnitude
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dependence to draw
modulus absolute value
Exercise 6

MepeBeauTe nNpepioXeHUsi Ha aHMIUMICKUNA A3blK, o6pallas
BHMMaHME Ha BbiAeJIeHHbIE CJ/I0Ba:
o CyLLecTBYIOT pUrypbl, UMetoLLne 6ECKOHEYHO MHOMO LIEHTPOB,
OoCeM Vv NJI0CKOCTEN CUMMETPUM.

* MocTynatenbHoe ABWXeHWE Tena 6yaeT BrosHe onpeaene-
HO, €C/TM U3BECTHO ABMKEHME TOJIbKO OAHOWM KaKOW-HW6YAb ero
TOYUKMU.

* /I3y4yeHne nocTynaTesibHOro ABMXXEHUS TBEPAOrO Tesa CBO-
ANTCS K U3YUYEHUIO ABMXKEHMS OZIHOW KaKOM-HWUBYOb €ro TOUKM,
T.€. K 33/1a4e KMHEMATUKN TOUKMU.

» Ecniv npu aBvkeHUn TBEPAOro Tena ABe Kakue-Hubyab TOUKM
OCTaloTCs HEMOABWMMXHbLIMM, TO TaKoe ABWMXEHUE Ha3blBaeTCs
BpalyaTesibHbIM.

¢ HenoagwxHas npsMas, npoxoAsilias 4epe3 HenoaBMXXHblE
TOYKU TeJla Ha3blBae€TCd OCbHO BpallleHUS.

e Ka)k/1aa Touka Tena, He Nexallas Ha 0Cv BpallleHUs], OMUChI-

BAeT Mpu TAakOM ABWXXEHUM OKPYMHOCTb, M/I0CKOCTb KOTOPOM

nepneHAUKYNsIPHa K OCY BPALLEHNS U LIEHTP KOTOPOMN NEXUT
Ha 3Tol ocum.

e Yron Mexay AByMS MIOCKOCTSIMU OTCYMTBLIBAETCS OT Hero-
ABWXKHOM MJTIOCKOCTY B HamnpaBfieHUn 06paTHOM ABUMKEHUIO
4acoBOW CTPesKH,

« [Npu BpalLeHnn Tena BOKPYr OCU 3TOT Yron sSIBNsSieTCs Henpe-
PbIBHOM ¥ OAHO3HAUYHOMN (PyHKLUMEN BPEMEHMW.

e Tak KaK NosioXeHne TBEPAOro Tena, BpallaloLerocs BOKpyr
HEMOABWXXHOM OCW, ONpPeAensieTcs OAHUM 3HaUYeHUEM (YoM
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P), TO Takoe TeNo NMEET OAHY CTeneHb cBo6oAabl.

* Mpov3BoAHas OT yrna ¢ Nno BPEMEHW Ha3bIBAETCS Yr/I0BOW
CKOpOCTbIO Tena.

3710 Hago 3HaThb

o MnockonapannensHbIM ABUXEHNEM TBEPAOro Tesa HasblBaeT-
CA TaKoe ABMXXEHUE, Npun

. KOTOPOM PacCTOSIHUE KaXXAoM TOUKM Tena OT AaHHOW Herno-
ABWXKHOW NJIOCKOCTU OCTAETCA NOCTOSIHHBIM, UM MHAYe TaKoe [BUXKe-
HWE, NP KOTOPOM BCE TOYKM TeMa ABUXYTCS B MIOCKOCTAX, Napan-
NENbHBIX AaHHOW HEMOMBMXXHOW NIIOCKOCTM.

. Bcsikoe ABMKEHME MIOCKOM DUIrypbl MOXHO PasfioXuTb Ha
ABa ABVXXEHUS: 1) nocTynaTesibHoe ABMXXEHME CO CKOPOCTbIO, paBHOM
CKOPOCTM NMPOW3BOJIbHO BbI6PaHHOW TOUYKK Uryphl, U 2) BpallaTe/lb-
HOe ABWDKEHWE BOKPYT 3TOMN TOYKMW.

. Mpwv ABMXKEHUM NNOCKOM Urypbl B €€ NNOCKOCTU B KaXXAbIN
AAHHbI MOMEHT UMEETCS1 MIHOBEHHbIN LIEHTP BpaLLeHust hurypbl, Tak
YTO CKOPOCTU BCEX €€ TOYEK B 3TOT MOMEHT ONpesensitoTcs, Kak Bpa-
LaTeNbHble CKOPOCTU BOKPYr 3TOMO LieHTpa.

. Moaynb MMHENHON CKOPOCTU TOYKM BpallialoLLerocst Tena pa-
BEH NPou3BeEHNI0 abCONOTHOrO 3HaUEHMs YITI0BOM CKOPOCTU Tena
Ha pacCTosiHUE 3TOW TOUYKMU OT OCU BpaLLEHMSI.

. Mono)eHne MrHOBEHHOMO LIEHTPa BPaLLEHUS HE OCTaHEeTCs
HEWU3MEHHbIM Ha HEMOABWXKHOW NJIOCKOCTK, MO KOTOPOW NepeMellaeT-
€S hUrypa, TakKe Kak 1 NoJIoKEHWE MTHOBEHHOMO LIEHTPA CKOPOCTEN
Ha MI0CKOCTW CaMoW ABVXKYLLENCS pUrypsbl.

. MpoeKunM CKOpOCTeit ABYX Touek hUrypbl Ha NpsiMyto coeau-
HSIIOLLYIO 3TW TOYKW, paBHbl MexAay coboM.
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Exercise 7

3apaHue: a) CoenaiiTe NUCbMEHHbI NepeBoA TeKCTa «3To
HaAo 3HaTb>» Ha aHIIMIACKUIA A3bIK; B) 06CcyanTe C NapTHEPOM.

LESSON 4

Text
Plane Motion of a Rigid Body.

A plane or plane-parallel motion of a rigid body is called such a motion
when all the points of a body move in immobile parallel planes (table
4). Let us intersect the body with coordinate plane OXY parallel to the
immobile plane. In the cross-section of the body let us take triangle
ABC, the vertexes of which determine the motion of the whole body.
As the velocities and accelerations of the points of the body located
on the straight lines perpendicular to the cross-section plane will be
equal, then the motion of the whole body will be determined by the
motion of a plane figure in coordinate plane OxY.

47

The position of the triangle on the plane can be determined by the
position of one of its sides to this end it is enough to note the coordi-
nates of one vertex, and a corner of the side slope of the triangle and

any coordinate axis (table4).
z

X,

=

Table4

This plane figure has three degrees of freedom and its position can be
determined by two coordinates of one vertex (pole) and the angle of
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rotation of a side around the pole. The way of the determining the
motion of a rigid body is expressed by such equations as
Xa=f1(t), Ya=f2(t)p=Ff3(t) (1)

48
X
@
B
%
Ya \\A
X X
Table5

The equations (1) are called the equatious of plane motion of a rigid
body.

Angular velocity and angular acceleration are determined the same
way as the rotation of a body around the immobile axis and they do
not depend on the choice of a pole.

Exercise 1
HaiiTn cooTBeTCTBUSA:
. a cross section nontoc
. a vertex nepeceyb
o to determine HAKJ10H
J slope ceveHune
. rotation ONg 3TON e
. purpose paBHbI
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o an equation BepLUMHa
. to this end HEMOABWXXHbIN
o intersect onpeaenuTb
) coordinate YpaBHEHME
J figure noBopoT
o immobile uenb
. equal pUCYHOK
) pole KOOpAWHATbI
Exercise 2

[aiiTe pycckue 3KBMBaJIEHTbl aHIJIMICKUM C/IOBOCOUYETaHUSAM:
Plane-parallel; is called; all the points; intersect; in the cross-section;
triangle ABC; determine; of the whole body; the velocities and accel-
erations; located on the straight lines; will be equal; the motion of the
whole body; motion of a plane figure; the position; it is enough; of
one vertex; any coordinate axis; has three degrees of freedom; can
be determined; around the pole; is expressed by; the equations; of a
rigid body.
Exercise 3

[AaiTe aHrMUACKNE 3KBMBaJIeHTbl PYCCKUM CJIOBOCOUYETaHUAM:
MnockuM; Takoe ero [ABWXXEHWe; B HEenoABWXKHbIX MapannenbHbIX
NIOCKOCTSX; KOOpAMHATHOM MnockocTbio OXY; napannenbHOM Hemo-
ABWXKHOM MTOCKOCTW; MEPNEHAMKYNSAPHBIX MIOCKOCTU ceyeHus; byaeT
onpeaenaTbCs; B KOOPAMHATHOM nnockoctu OXY; TpeyronbHWKa;
MOXHO OMpeaenuTb; OAHON ero CTOPOHbI; YKasaTb KOOPAMHATHI; Yr-
JIOM HaKJIOHa CTOPOHbI; Mnockas ¢urypa; €€ nosfioXXeHne; AByMS KO-
OpAvHaTaMu; YrfioM NoBOpOTA; CTOPOHbI; CNOCO6 3afaHusl ABMXEHWS;
Ha3blBAETCA YPaBHEHMSMU MSTIOCKOTO ABVXXEHUSI.

Exercise 4
AaiiTe oTBeTbI Ha cnegylowWMe BONPOChHI:
1. What is a plane-parallel motion of a rigid body?
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1. Look at table 4! What is OXY here?
2. What do the vertexes of triangle ABC determine?
3. What will determine the motion of the whole body?
4, How can one determine the position of the triangle on the
plane?
5. How many degrees of freedom does a plane figure have?
6. How can the position of a plane figure be determined?
7. What are the equations of the plane motion of a rigid body?
8. How can angular velocity and angular acceleration be
determined?
9. Why do angular velocity and acceleration not depend on the
choice of a pole?

Exercise 5

HaipuTte napbl CAHOHMMOB M COCTaBbTe CO CJ/iOBaMu U3
BTOpOro cron6ua npeanoXeHusa:

flat inclination

to cut across all

a vertex intersect

the whole apex

slope plane

intersect to this end

cross-section Cross

for this purpose profile
Exercise 6

MepeBeauTe Npeao)XXeHUst Ha aHrJIMACKUIA A3bIK:
* Yepes ocb BpaweHUs MOXXHO NPOBECTU MHOXECTBO M/I0CKO-
CTeW, CBA3aHHbIX C BPaLLAOLWMMCS TENIOM.

¢ YrnoBasi CKOpPOCTb Tefla He 3aBUCUT OT Bbl60pa noAaBvXXHOW
NNOCKOCTH.

35



YnpaBsieHue uppoBbIX 06pa30BaTENbHBIX TEXHOJIOTUH

Ma]_Ul/IHOCTpOGHI/Ie

* [poM3BOAHas OT YrIOBO CKOPOCTM MO BPEMEHM Ha3biBAETCA
YrnoBbIM YCKOPEHUEM TeNa.

* Ecnv Teno BpallaeTcs NPOTUB 4aCoBOW CTPEesIKKU, eC/n
CMOTPETb C MOJIOXKMUTENILHOrO KOHLA OCU BpalleHus, TO yryioBas
CKOPOCTb MOJOXUTESNbHA.

 EC/iv yrnoBasi CKOPOCTb Te/a MoCTOsiHHA, TO Takoe Bpalle-
HUS Ha3bIBAETCA PAaBHOMEPHbIM.

* [p1 paBHOMEPHOM BpallEeHWM Yros NoBOpoTa TeNa 3a AaH-
HOE BPeMsl PaBeH MpoM3BeAEHMIO CKOPOCTM Tefa Ha 3TO Bpe-
MS.

* YrnoBasi CKOpOCTb Te/la paBHa OTHOLLEHMIO Yria NoBopoTa
K COOTBETCTBYIOLLEMY MPOMEXYTKY BPEMEHW.

 Ecnn yrnoBoe yckopeHue Tenia NocTosiHHO, TO Takoe Bpa-
LLieHMe TeNa Ha3bIBaeTCs PaBHOMEPHO MEPEMEHHbIM.

« [laBaiiTe onpeaenM CKOPOCTU M YCKOPEHUe To4Yek Bpa-
LiatoLerocs Teépaoro Tena.

e Pagunyc OKpYy)>XHOCTM, KOTOPYIO OMNWCLIBAET 3Ta ToYKa, paBeH
PACCTOSIHMIO 3TOMN [0 TOUKM OT OCY BPALLEHMS Tena.

3710 Hapo 3HaTh

. B TOT MOMEHT, KOrla MrHOBEHHbIV LIEHTP BpaLLEeHUs hUrypbi
OKa3bIBAETCA 6ECKOHEYHO YAANEHHBIM, YrN0Basi CKOPOCTb Urypbl
paBHa HYJI0, @ CKOPOCTM BCEX €€ TOUEK paBHbI MO MOAY/O U UMEIOT
OHO ¥ TOXE HanpaB/IEHNE.

. Mpv paBHOMEPHOM BpaLLEHWUMN TENA YINI0BOE YCKOPEHUE COB-
NafaeT C HopMasbHbIM (LIEHTPOCTPEMUTENBHBIM) YCKOPEHWEM.

. Bcsikoe He nocTynaTenibHOe NepeMeLLeHne NIoCKon hurypbl
13 OAHOrO MOMOXEHWS B APYroe MOXHO OCYLLECTBUTL MPY NMOMOLLM
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O[IHOrO MOBOPOTa Ha HEKOTOPbIN Yron BOKPYr HEKOTOPOI onpeaenéH-
HOWM TOYKM.

. Mpun ABUXEHMM NIOCKOM DUrypbl B €€ NIOCKOCTU NOABMXKHAs
LieHTponaa KaTUTbCa 6€3 CKONbXXEHUS MO HEMOABWXXHON 1 06paTHO:
BCSIKOE ABWMXXEHME MNOCKON Urypbl B €€ NI0CKOCTU MOXHO OCyLLe-
CTBWTb, NOCTPOMB MOABMXKHYIO M HEMOABWKHYIO LIEHTPOMABI 1 3acTa-
BMB MNepBYI0 KaTuTbCs 6e3

. CKOJIbXXE€HUS MO BTOPOW C COOTBETCTBYIOLLIEN B KaXXAbliA AaH-
HbIA MOMEHT Yr/I0BON CKOPOCTbIO.

. YcKopeHue BCAKOM TOUKM ABWKYLLENCS MIOCKON uUrypsl B
AQHHbI MOMEHT OMNpeaenseTcs Tak Xe, Kak YCKOPeHUe 3Toi TOUKM
npv BpaLLaTe/TlbHOM ABUXEHWUN Urypbl BOKPYT MTHOBEHHOMO LIEHTpPa
YCKOPEHUI.

. YckopeHue Kaxkao TOUKKM ABUXKYLLEeecs NIoCKon durypsl

paBHO FEOMETPMYECKON CYMME ABYX YCKOPEHWIA: 1) yckopeHus B no-
CTynaTesnibHOM (MepeHOCHOM) ABMXXEHUW U 2) YCKOPEHUS BO Bpalua-
TeNbHOM ABMXEHUU BOKPYr Toukn O’ (B OTHOCUTENBHOM ABMXEHUM).

Exercise 7

3apaHue: a) Coenate NUCbMEHHbIA NepeBOA TEKCTa «3JTo
HaAo 3HaTb» Ha AHIJ/IMICKOM f3bike; B) o6cyanuTe C NapTHé-
pom.

37



YnpaBieHnue quppoBbIX 06pa30BaTEIbHBIX TEXHOJIOTUN

MawunHocTpoeHue

LESSON 5
Text

The Velocities of the Points
of a Body with a Plane Mo-
tion.
- = +
P is a radius of a pole vector
i 2 is a radius of a vector relative
A to the pole.
4 =t;= +,=,

X 45

As AB is a constant, then

Upa equals S(AB) equals Al

; where - is the
only one vector located in the plane of section perpendicular to AB
and is directed towards the increase of the angle of rotation ¢

rotation.

If we use Aler's formula ; where

. is the vector of angular velocity and is perpendicular to the sec-

tion plane -, where . is the only one vector of this axis,

then have the following:

_, that is the

velocity of a section point in a plane motion equals to the vector sum
of pole velocity and the velocity of this point in rotation of the cross
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section about the pole.
Here is the theorem on the projection of the velocities of two points of
rigid body on the straight line connecting these points.

a

_ B )
Ua Uia
/ o
A B
Table 6
cosf
a equals to Vp
Mind that | Va €05 q ., that is, the

projections of the velocities of two points of a rigid body on the
straight line connecting these points are equal to each other.

The point of the cross-section of a body the velocity of which equals
to zero at a given moment is called the momentary centre of veloci-
ties. Look at table 7:

Table 7

.equals to 0. If we assume that . doesn't equal to 0, then .
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is perpendicular to AP and . is normal to BP and this is impossible.
If take point p as a pole, then

is perpendicular to PA and the same is true to

In order to find the momentary centre of velocities (MCV) one must

know:
. Only directions of velocities of two points of the cross-section.
. To find the velocity of any point one must know the modulus

and direction of velocity of one point and the direction of speed of
another point.

. That w equalsto = = = 2

J Some particular cases of the defining of MCV (the momentary
centre of velocities) are given in table 8:
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Table 8
Exercise 1
HaiTtun cooTBeTCTBUA:
) regarding Nno HanpaB/IEHWNIO
. a constant €IMHCTBEHHbIN
) a formula yros noBopoTa
. angle of rotation OTHOCUTENbHO
. towards KOHCTaHTa
. the only one ¢opmyna
) a theorem paBHSATLCS
. to prove a theorem MIHOBEHHLIN
o projection AecatnyHas apobb
. a straight line Apobb
. to be equal to YaCTHbII
. to equal to npocrtas apobb
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. momentary TeopeMa
) fraction npoeKums
) vulgar fraction [A0Ka3aTb Teopemy
) moduli npsmas MHns
. decimal fraction cnyyvan
. modulus MOAay/
J particular 0603HavaTb
. case mMoaysb
) denote 6bITb paBHbIM
Exercise 2

AaiTe pycckue 3KBMBaJZIEHTbl aHIJIMIICKUM C/IOBOCOUYETAHUAM:
Angular acceleration; are determined; the immobile axis; they do not
depend on; a plane motion; is directed; the increase; the angle of the
speed of rotation; is perpendicular to; the only one vector; that is; in
a plane motion; the vector sum; rotation of the cross-section about
the pole; on the projection; the straight line connecting these points;
equals; of two points of a rigid body; the point of the cross-section of
a body; at a given moment; momentary; doesn't equal to 0; wpis
perpendicular To; is normal to ; wp this is impossible; if we take point
P as a pole; the same is true of; momentary centre of speeds; of two
points of the cross-section; to find the velocity; modulus and direc-
tion; of another point; same particular cases.

Exercise 3
[AaiTe aHrMUACKNE 3KBUBAJIEHTbl PYyCCKUM C/IOBOCOUYETAaHUAM:
YrnoBasi CKOpOCTb U YIIOBOE YCKOPEHWe; BpallleHue; oT Bblbopa rno-
ntoca; eavHUYHBIN BEKTOP; B CTOPOHY; yrna nosopoTa; dopmyny dii-
nepa; 3TOol OCU; TOUKU CEUEHUS; paBHa; CKOPOCTY MOoca U CKOPOCTH
3TOW TOYKM; TeopeMa; MNPOEKLUMU CKOPOCTEW; paBHbl Apyr Apyry;
Ha3blBAETCA; CKOPOCTb KOTOPOW; ecnu AOonyCTUTb, HEBO3MOXHO, A

HaXOXAEHWUS; HAAO 3HaTb; TONbKO  HamnpaBfieHUs  CKOPOCTEW;  CKO-
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pOCTb 060N TOYKM; HamnpaBfiEHWs CKOPOCTM APYrol TOUKM; MpuBe-
[EHBI.

Exercise 4
[akTe oTBeTbl Ha cneayroWwmMe BONMPOChHI:
1. What is the theorem on the projections of the speeds of two

points of a rigid body on the straight line connecting these points
about?

2. Look at table N26 Find points A and B on the straight line!
Explain the formula Vb=Va + Vba!

3. Why does Va cos equal to Vb cos B?

4, When are the projections of the velocities of two points of a

rigid body on the straight line connecting these points equal to each
other?

5. What is the velocity of the cross-section point of a body when
we deal with the momentary centre of velocities?

6. Is Vp perpendicular to AP and can Vp be perpendicular to BP?
Is it possible or impossible? Explain why!
7. What will Va and Vb equal to, if we take point P as a pole?
8. Explain why Va is perpendicular to PA and Vb is perpendicular
to PA!
va
9. What does algebraic fraction PB mean? Explain!
10. 65
11. What must one know to find the momentary centre of
velocities?
12. What can you have in the end if you know the module and

the direction of velocity of one point and direction of velocity of
another point?
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13. What rule can the knowledge of the directions of velocities of
two points of the cross-section lead to?

14. What does w equal to in this case?
15. Look at table 8! What can you see in it?

16. Explain each case (from the six ones) of defining the
momentary centre of speeds!

17. Formulate the theorem on the projections of the velocities of
two points of a rigid body on the straight line connecting these points!

Exercise 5
HaiianuTe napbl CHHOHMMOB U COCTaBbTe CO C/IOBaMM U3 BTO-
poro cron6ua npegnoXxeHus:

regarding to guide

the single to stand for

to direct relative to

increase with

in growth

turn to

to designate the sole

towards rotation

perpendicular normal to

to draw a straight line to denote

to define normal to

to formulate to state

formulation statement of

to be equal to let us admit

centre vulgar fraction

simple fraction centrum

section particular

to assume admit

let us say equal to

partial cross-section

a case an instance
Exercise 6
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MepeBeanTe NpeasoXXeHUsi Ha AHIIMIACKUMIA A3bIK, o6palas
BHMMaHME Ha BbieJIeHHbIe C/I0Ba:
. MpeanonoXxuM, YTo TeNO BPALLAETCS B NOMOXUTENb-
HOM HarnpaBsfieHUW, T.€. B HanpaB/ieHUN BO3pacTaHus yrna .

. YrnoBasi CKOpPOCTb HE 3aBUCUT OT Bbibopa NoABUK-
HOM NJIOCKOCTM.

. JInHeliHas CKOPOCTb HanpaB/ieHa Mo KacaTesbHOW K
OKPY>XHOCTW, 1, CieaoBaTeNbHO, NepreHANKYSpHA K NIOCKo-
CTW, NPOXOAALLEN Yepe3 OCb BpalleHUs Tena.

. UTo Takoe YCKOPEeHUE HEKOW TOUKN OKPYXHOCTHU?

. Ecnu Teno BpaluaeTcs ycKopeHHo, To abconoTHoe
3HaYeHue YrioBoi CKOPOCTM U MOAYAb JIMHENHON CKOPOCTM
BO3pacTaloT.

. HanpaBneHne HOpManbHOIO YCKOPEHUs Bceraa
HanpaB/ieHO N0 PaANYCY OKPYXXHOCTM K LIEHTPY 3TON OKpPYX-
HOCTW.

. 68

. [o cux nop Mbl paccMaTpuBasu yriioBytO CKOPOCTb

TeNna Kak BeIMUMHY CKaJISIPHYIO.

. Kakas 3aBMCHMOCTb MeXay YrnoBON CKOPOCTbIO U
MoAyJieM NIMHENHOM CKOPOCTM TOYKM BPaLLAKOLLErocs Tena?

. Tenepb 6yeM paccMaTpUBaTb YI/IOBYHO CKOPOCTb
Tena Kak BexkTop.

370 Hapo 3HaTh

. Bcsikoe nepeMelleHve TBEPAOro Tena, MMEIOLEro ofHy Heno-
ABWXKHYIO TOUKY, U3 OAHOIO MOJIOXKEHUS B APYrOe MOXHO OCyLe-
CTBMTb MOBOPOTOM Ha HEKOTOPLIV Yrosl HEKOTOPOW OCK, MPOXOASLLEN
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Yyepes 3Ty HENOABMXKHYIO TOYKY.

. Mpwv ABMXKEHUM TBEPAOrO TeMa, UMEIOLLErO OAHY HEMOABWMXK-
HYIO TOYKY, B Kbl A@HHbIA MOMEHT CYLLIECTBYET MIHOBEHHAS OCb
BPaLLEHUs, NPOXoAALLas Yepes3 3Ty HEMOABMKHYIO TOUKY.

. TeopeMa cnoXxeHns ckopocTel B obLieM cnyyae: abcontoTHas
CKOPOCTb TOYKW paBHa reOMETPUYUECKON CYMMe NEPEHOCHOM U OTHO-
CUTENbHOIN CKOPOCTEN 3TOMN TOUKM.

. Teopema Kopuonuca: B TOM C/lyyae, Koraa NepeHoCcHoe ABM-
XEHWe, T. €. ABUXXEHWNE NOABUKHON CUCTEMbI OTCUYETA, HE ABNAETCS
NOCTynaTesbHbIM, abCONOTHOE YCKOPEHME TOUYKM PAaBHO BEKTOPHOM
CyMMe TPEX YCKOPEHUIA: NePEHOCHOro, OTHOCUTENTIbHOMO 1 KOPUOJINCO-
Ba.

. B ToM cnyuae, korga OTHOCUTENIbHOE M NEPEHOCHOE ABUXKE-
HWS SIBNSIIOTCS NOCTYNaTesbHbIMKY, abCOMOTHOE ABUXKEHME TeNa eCTb
TaKXke nocTynaTenbHOE, NPUYEM CKOPOCTb 3TOr0 NOCTYNaTenbHOro
ABWXXEHUSI paBHa r€OMETPUYECKON CYMME CKOPOCTEN OTHOCUTENBHOMO
N NEPEHOCHOrO ABVKEHMIA.

. [BwxeHne cBO6OAHOrO TBEPAOro Tena B 0bLieM cryyae MOX-
HO pa3noXuTb Ha ABa ABWMXXEHMS: 1) nocTynaTenbHOEe ABUXEHUE,
CKOPOCTb KOTOPOro paBHa CKOPOCTY MPOU3BOJILHO BbIGPaHHON TOYKM
O’ Tena, 1 2) ABMXEHUE BOKpPYr 3Ton Toukm O,

Exercise 7

3apaHue: a) Cpenaiite NUCbMEHHbIW NepeBoA TeKkCcTa «3To
HaAo 3HaTb>» HA aHI/IMMUCKMIA A3bIK; B) 06cyauTe C NapTHEPOM.

LESSON 6

Text

Accelerations of the Points of a Rigid body with a Plane Mo-
tion.

46



tﬁ”d’ Yupassenue [udpPoBbIX 00pa30BaTENbHbIX TEXHOJIOTHN

@ MarmunHoCcTpoeHue

Here are some formulae:

A tangencial acceleration is directed perpendicular to AB (_LAB) to side
€, and normal acceleration is directed to the pole.

A point of a rigid body having the acceleration equal to zero is called
the momentary centre of acceleration (MCA).
Look at table 9. Table 9

A is a pole. - acceleration. Then w and € are angular
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velocities and accelerations. According to the definition point O is MCA
a

. . aa oa
(the momentary centre of acceleration), if plus equals to

@1+ aps =0ora, = —Qg,

aO“AO\/m — AO =

ﬂ-‘--_l‘

l

Then if simultaneously € and w are not equal to 0, there is the only

Qy

point MCA. If O(MCA) can be chosen as a pole, then equals
Aop: (A,~g
(@4=ao,).

L . .
Acceleration deviates to the opposite side of arc arrowed line €
to angle a.

Exercise 1
Haiitn cooTBeTCTBUS:
e plane motion onucaTb Aayry

« tangential acceleration OTK/IOHEHWe

e normal acceleratin ~ npoBoauTb Ayry Yepes Touku A u B

e arc onucaTb Ayry
e arrowed line NIocKoe ABMXeHne

e deviation OTKJTOHSITbCS

e deviate KacaTesIbHOe YCKOpeHue
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e to describe an arc HOpMaJibHOE YCKOpeHMe
e to swing an arc from Ato B cTpenka

Exercise 2
[aiTe pycckue 3KBMBaJIEHTbl aHIIMICKUM CZIOBOCOUYETAaHUAM:
a tangencial acceleration; is directed; normal acceleration; a point of a
rigid body having; according to the definition; are not equal; there is
only one point; can be chosen as; deviates to.

Exercise 3
[AaiTe aHrMUACKNE 3KBMBAJIeHTbl PYyCCKUM C/IOBOCOUYETAaHUAM
YCKOpEeHMs1 TOYEK; KacaTe/lbHOE YCKOPEHMWE; B CTOPOHY; HOPMasibHbI;
ycKopeHue paBHoe 0; yrioBoe YCKOpPeHWe; MMeeTcsl; BblbpaTb 3a Mo-
JtocC.

Exercise 4
[aiiTe oTBeThbl Ha cneayrowme BOMPOChHI:
1. What formulae of accelerations of the points of a rigid body

with a plane motion do you know?

2. What is a tangential acceleration?
3. What is a normal acceleration?
4, What is a point of a rigid body having the acceleration equal

to zero called?

5. Study table 9! When is point “0” MCA?
6. When is there the only point MCA?
a, .
7. What does equal to if “0” is chosen as a pole?

a
8. Why does acceleration A deviate to the opposite side of
arc arrowed lined €?
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Exercise 5
HaliguTe napbl CHHOHMMOB U COCTaBbTe CO C/IOBaMU U3
npaBoro cronbua npeaio)XXeHus:

o acceleration to swing an arc

. arrowed line simultaneously

. at the same time arrow-head

. to describe an arce speed up

) to deviate to diverge
Exercise 6

MepeBeanTe NpeansioXXeHUsi Ha AHINIMIACKMIA A3bIK, o6palias
BHUMaHME Ha BbiesIeHHbIE C/I0Ba.
. Mpou3BoaHas OT BEKTOpa Yr/I0BOW CKOPOCTU Mo Bpe-
MEHW Ha3blBaeTC BEKTOPOM Yr/IOBOro yCKOpeHmsl Tena.

. Ecnun 0603HaunM opTbl NOABUMXKHBIX Yepes
L] uk,

, TO nony4mm opMyny pasnoxeHns OTHOCU-
TeﬂbHOP’I CKOpPOCTK NO NoaABMXHbBIM OCAMU.

J Mpn nocTtynaTenbHOM ABWXEHWUM NOABUXHBIX OCEi
L] uk,

OpThbl ABIAETCA NOCTOAHHbIMW BEKTOPAMU, T.K. UX

MoAaynn n HanpasJieHNne He U3MEHAIOTCA.

. Mpy NocTynaTesibHOM [BVXEHUM TBEPAOrO TeNa
YCKOPEHUS BCEX €r0 TOYEK B KaXKbli aHHbIN MOMEHT paBHbl
mMexay coboM.

. ABCONIOTHOE YCKOPEHME TOUKM MOXKET BbITb HAaNAEHO
Mo TOMY e NpaBusy, Kak 1 a6CONIOTHas CKOPOCTb.

o YTtobbl HAalTM OTHOCUTENBHYIO CKOPOCTb TOYKU, HYXXHO
K €€ abCo/oTHOM CKOPOCTU reoMeTPUYECKM NpbaBUTb CKO-

POCTb, paBHYHIO MO MO- Ayno 1 NpoTuBONOI0X-
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HYIO MO HanpaBAEHWIO NEPEHOCHOW CKOPOCTMU.

. M3yueHre naockonapannenbHoro AB/MKEHNA Tena
NCMOSb3YETCA NPU U3YYEHUN ABUXKEHUS CEYEHUS Tena nnoc-
KOCTb}0, MapannenbHoi HENOABUXHON MNOCKOCTK, ABUXY-
LLiencs B CBOEW MIOCKOCTHU,

. OTHECEM 3TO ABWXKEHWE K HEMOABUXXHON CUCTEME KO-
opauHar 0XY.

370 Hapo 3HaTb

. MpoeKumns NPOM3BOAHONM AAHHOIO BEKTOPA Ha HEMOABMXKHYHO
OCb paBHa NPOM3BOAHOM OT MPOEKLMMN 3TOrO BEKTOPA Ha Ty Xe OCb.

. Mpu CNoXeHWW ABYX HanpaBfieHHbIX B OAHY CTOPOHY Bpalle-
HWI BOKPYT NapannenbHbiX oceil abconoTHOe ABWXKEHME TeNa TakoBo,
YTO B KaXKAbl A@HHbIA MOMEHT CyLLecTBYeT MrHOBEHHAs OCb BpaLle-
HUS Tena, napannesnbHas OCsM OTHOCUTENBHOIO U MEPEHOCHOrO Bpa-
LEeHUI 1 aensias paccTosiHue Mexay HUMKU BHYTPEHHUM 06pa3oM Ha
4acTn, 06paTHO NPONOPLUMOHANbHLIE OTHOCUTENBbHOW U NEPEHOCHO
YrNOBbIM CKOPOCTSIM. MrHOBEHHas abCcostoTHas yrioBasi CKOpoCTb Te-
na napannensHa OTHOCUTENIbHOM M NEPEHOCHOM Yr0BbIM CKOPOCTSM U
HanpaBsJieHa B Ty )Xe CTOPOHY, a €& MoAy/b paBeH CyMMe Moaynew
3TUX YINOBbIX CKOPOCTEN.

. Mpu cnoXeHWM ABYX HampaBfEHHbIX B MPOTUBOMOJIOXKHbIE
CTOPOHbI BpaLlleHM1 BOKpY napannenbHbiX oceir abContoTHoe ABMKE-
HWe Tena TakoBO, YTO B KaXAbl AaHHbIA MOMEHT CYLLECTBYET MIHO-
BEHHasl OCb BpalleHuWsl Tena, NapasnenbHas 0CsM AaHHbIX BpaLLeHui
Aensiasl paccTosiHAe MeXay HUMWU BHELWHMM 06pa3oM Ha 4acTu, 0b-
paTHO MPOMNOPLIMOHa/bHbIE OTHOCUTENBHOW M NEPEHOCHOW YT/I0BbLIM
CKOpOCTSM. MrHoBeHHasi abContoTHas yrioBasi CKOPOCTb Tena naparn-
NenbHa OTHOCUTESNBHOW M NMEPEHOCHON YT0BbIM CKOPOCTSIM U HarnpaBs-
NEHa B CTOPOHY 60/bLUel U3 HUX, @ e€ MoAY b paBeH pa3HOCTN MO-
Aynen 3TUX YrNoBbIX CKOPOCTEN.
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. Mpun cnoxeHWn ABYX BpaLLEHWUIA BOKPYT NepeceKatowmxcs
ocelt abCconoTHOE ABMXKEHWNE TeNa TaKOBO, YTO B KaXKAbliA AaHHbIN
MOMEHT CYLLECTBYET MIHOBEHHAsi OCb BpallleHUs], NpoxoasLlast Yepes
TOYKY NepeceyeHmnst AaHHbIX OCEN, NPUYEM MIHOBEHHasl abCcooTHas
yrnoBasi CKOPOCTb TeJfla paBHa Mo MOAY/IO M HanpaB/iEHMIO AuaroHanm
rapannenorpaMmma, NoCTPOEHHOrO Ha NEPEHOCHOM M OTHOCUTESTbHOW
YINOBbIX CKOPOCTSIX, WU/, YTO TO XK€, paBHa reOMeTPUYECKON CyMMe
NepeHOCHON U OTHOCUTENBHOM YrI0BbIX CKOPOCTEMN.

Exercise 7

3apaHue: a) CoenaliTe NUCbMEHHbI nNepeBoA TeKCTa «3TO
HaAo0 3HaTb>» Ha aHIIMIACKUIA A3bIK; B) 06CcyanTe C NapTHEPOM.

LESSON 7

Text
The Rotation of a Rigid Body about an Immobile Point.
The rotation of a rigid body about an immobile point is such a motion
when one point of the body remains immobile. (spherical motion).
Famous methods of studying the motion of a rigid body about an im-
mobile point are based on the giving angular orientation of a vector
basis, bound with the rigid body relatively to some immobile vector
basis, by means of the matrix of directing cosines.
The use of the matrix is connected with the necessity of operating
nine co-ordinates and six constraint equations, which is not always
convenient.

In this connection some different modification of generalized co-
ordinates for the angular orientation of a rigid body are used. They
are: angles (parameters) of Ailer, Brighnt, Cardano and others, that
are suitable for the description of the motion of gyroscope systems,
universal Cardan joint systems and others.

However, together with advantages these angles have a number of
drawbacks, connected with their critical values.

That is why more convenient (natural) generalized co-ordinates of a
rigid body with an immobile point are turning angles of a rigid body
relative to immobile axes of Cartesian co-ordinate system with the
beginning in the immobile point.

It should be noted that most software of the design automation sys-
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tem (DAS) of engeneering systems are based on Cartesian coordinate

system.
HaiiTtu cooTBeTCTBUA:
o cartesian
o to remain
) consistently
. spherical
J famous
. orientation
) some
. matrix
J cosine
. constraint equation
. generalized
. parameter
J description
. gyroscope
) advantages
J drawbacks
. value
o critical
J software
J engineering system

Exercise 1

mMaTpuua
KOCUHYC
napameTp
[leKapToB
ypaBHEHMWE CBA3M
npenmMyLLecTsa
0606LEHHbIN
He#oCTaTKu
HEKOTOPbIi
TexHWYeckasl cucrema
nporpaMmMHoe obecneyeHne
BCE BpeMms
cchepuyeckuin
3HayeHne
OpVeHTauust
W3BECTHbII
rMpocKon
onucaHue
0CTaBaTbCs

KPUTUYECKUI
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Exercise2

[aiiTe pycckue 3KBMBaJIEHTbl aHIJIMICKUM C/IOBOCOUYETaHUAM:
the rotation of; is such a motion; remains immobile; methods of stud-
ying; angular orientation; some immobile vector basis; the matrix of
directing cosines; is connected with; six constraint equations; different
modifications; the angular orientation; are used; that are suitable for
the description; together with advantages; with their critical values;
(natural) generalised coordinates; relative to immobile axes; with the
beginning in the immobile point; should be noted; Cartesian coordi-
nate system.

Exercise 3
[aiTe aHrMUACKNe 3KBUBaJIeHTbl PYyCCKUM C/IOBOCOUYETaHUAM:
U3BECTHble MeToabl; 6a3npyloTcs; BeKTOpHOro 6asmca; nocpeacTsoM;
HanpaBnsIlOWNX KOCUHYCOB; MCMO/Ib30BaHME OMepupoBaTb AEBSTHIO
KOOpAMHaTaMW; B CBSI3W C 3TWM; O6OOLUEHHbIX KOOpAMHAT; Yr-
nbl(NapaMeTpbl); ABMXXEHUS TMPOCKOMMYECKMX, KapAaHOBLIX CUCTEM U
APYruX; NO3TOMY; C HEMOABMXKHOM TOYKOM; Yr/fbl MOBOPOTOB; AeKap-
TOBOI CMCTEMbI KOOPAMHAT; TEXHUUYECKMX CUCTEM; OTHOCUTENBHO; OA-
Ha TouKa.

Exercise 4
[aiiTe oTBeThbl Ha cneayrowme BONPOChHI:
1. What is the motion called when one point of the body remains im-
mobile?
2. Do you know what the spherical motion is?
3. What is the motion called when a rigid body rotates about an im-
mobile point?
4. What are famous methods of studying the motion of a rigid body
about an immobile point based on?
5. What does the matrix of directing cosines bind?
6. What is a vector basis?
7. How many coordinates and constraint equations are necessary in
using the matrix?
8. What maodifications of generalized co-ordinates for the angular ori-
entation of a rigid body do you know?
9. Why are angles of Ailer, Brightnt and Cardan suitable for the de-
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scription of the motion of gyroscope systems, universal Cardan point

systems and some others?

10. What are advantages of Ailer and Brightnt's angles?

11. What are drawbacks of Ailer and Brightnt's angles?

12. What are more convenient generalized co-ordinates of a rigid

body with an immobile point called?

13. Where is the beginning of Cartesian’s co-ordinate system?

14. What is most software (of DAS) of engineering systems based on?
Exercise 5

HaiauTe napbl CHHOHMMOB U COCTaBbTe CO C/IOBaMM U3 BTOPO-

ro cron6ua npegsioXKeHus:

to remain at all times

all the time well known

famous continuously

study orient

some through

by means of certain

direct cos

cosine account

parameters examination

description account

cardan joint transport

along with together with

limitation magnitude

advantage together with

value frame of axis

coordinate system rectangular coordinate system

cartesian coordinate system Hooke's coupling

displacement movement
Exercise 6

MNMepeBenuTe Npeaio)XXeHUst Ha aHrNIMACKUA A3bIK:
e Ecnv noaBuikHblE OCK NepeMelLaloTcsl, 0CTaBasiCh Na-
pannenbHbiIMM CBOEMY Ha4daJ/IbHOMY MOJTOXXEHUIO, TO AaH-
HOe TeNo MMEET NOCTyNnaTesNbHOe [IB/XEHUE.

e [IBKEHWE NNOCKON Urypbl MOXHO NPEACTaBUTb Kak
HenpepbIBHbIN Psif NOCNEeA0BaTENbHbIX BPALLEHWUI BOKPYT
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MIrHOBEHHbIX LIEHTPOB.

e Ecin nonoxeHnme MrHOBEHHOrO LIEHTPa BpalleHus B
[aHHbIA MOMEHT HalZIEHO U YrNIoBasi CKOPOCTb bUrypbi
B 3TOT MOMEHT U3BECTHA, TO CKOPOCTb KaXAoMN TOUKM By-
JET paBHa Mo MOAYJI0 1 HanpaBNeHWIO BpallaTebHON
CKOPOCTU 3TOW TOYKM BOKPYr MFHOBEHHOIO LIEHTPA.

e [lonoXeHne MrHOBEHHOTO LI@HTPa YCKOPEeHUii npu
ABVKEHUU PUrypbl HE OCTAETCA HEMBMEHHBIM.

¢ Pas3nnyHbIM MOMEHTaM BPEMEHW COOTBETCTBYIOT pas-
NINYHbIE NOMOXEHUS LEHTPA YCKOPEHUIA Kak Ha Hero-
ABVDKHOW NJIOCKOCTM, B KOTOPOM ABWDKETCS AaHHas (ury-
pa, Tak 1 Ha MNOABWXXHOWM NIOCKOCTU 3TON Urypbl.

e MrHOBEHHbIN LEHTP YCKOPEHWI NEXMWT B TOYKE nepe-
CeyeHMUs NpsAMbIX, NPOBEAEHHDBIX U3 KaKUX-HUBYAb TOYEeK
urypbl No4 OAHUM U TEM XKe YoM,

o [IBmxeHune TBEPAOro Tena C OAHONM HEMOABMXKHOW 3a-
KPEMNNEHHOWN TOYKOM, BOKPYr KOTOPOro 3TO TE/I0 MOXET
Kak

yroAHO NOBOpayMBaTbCsl Ha3blBAETCH ABMXKEHNEM BOKPYI STOM
HEeNnoABWXXHOMN TOUKM,

e [IBXEHWe TBEPAOro Tea BOKPYr HEMOABUXXHOMN TOY-
KM MOXXHO MpeACTaBUTb Kak HEMpepbIBHbIA paa nocneao-
BaTe/bHbIX BpaLLEHU BOKPYr MFHOBEHHbIX OCeM, Npo-
XOAALIMX Yepe3 3Ty HEMOABWKHYIO MPSAMYIO.

3TO0 HaAo 3HaThb

° MarepuasibHasi To4ka — UMEET Maccy, HO He NMeeT pa3Mepos;

. AbconnoTHO TBEPAOE TEI0 — 06bEM KOHEYHbIX Pa3MepoB,
CM/OLWb 3aMOSHEHHLIN BELLECTBOM, MPUYEM PacCTOSIHUS MeXay fto-
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6bIMM ABYMSI TOUKaMU CPEAbI, 3anoHAOLEN 06bEM, HE U3MEHSIOTCS
BO BPEMS [IBUXKEHUS;

. Bce cucTeMbl OTCHYETA ABUXKYLLMECS OTHOCUMTENBHO UCXOAHOM
NPSAMONIMHENHO, PAaBHOMEPHO 6yAyT MHEPLMAbHBIMK. ITO NO3BOJISIET
BBECTU €AMHYI0 AEKAPTOBYO CUCTEMY KOOPAMHAT. Takoe NpoCcTpaH-
CTBO Ha3bIBAETCA EBK/IMAOBBIM.

o KnHemaTuka - 4aCTb MEeXaHWKu, B KOTOpOl‘;I Mn3y4yatloTCqa 3aBU-
CMMOCTU MeXAYy BEMMYNHAMUN, XapaKTEPU3YOLWNUMN COCTOAHNE ABUXKE-
HUA CUCTEM, HO HE paCCMaTpPUBatOTCA NMPUYKHbI, Bbi3biBaloLllne n3me-
HeHne COCToAHUA ABUXKEHUA.

. [VHaMuKa - YacTb MEXaHMKM, B KOTOPOM paccMaTpuBaETCs
BIMSIHUE CU/ HA COCTOSIHWE ABMXKEHMSI CUCTEM MaTepuasibHbIX 06beK-
TOB.

° Crarvka - Ta YacTb MEXaHWKHN, rae Mn3y4atoTcqa ycnoBus, KOTO-
PbIM AO/DKHbI YAOBNETBOPATL CUJbI, ﬂGVICTBytOLLlI/IE Ha CUCTEMY MaTe-
puanbHbIX TOYEK, ANd TOro 4yTOb6bI CMCTEMA Haxoamnach B paBHOBE-
Cnn, n ycnoeums aKBMBasIEHTHOCTU CUCTEM CUT.

Exercise 7

3apaHue: a) Cpenaiite NUCbMEHHbIW NepeBos TeKCTa «3To
Hafo 3HaTb» Ha aHrNMUA-
CKUA A3bIK; B) obcyauTe
C NapTHEPOM.

Tablel0
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LESSON 8
Text

Let us prove the theorem: arbitrary movement of a rigid body about

the immobile point can be performed by three successive rotations

aboutthree coordinate axes of immobile rectangular coordinate sys-
tem with the beginning in the immobile point.

To prove the theorem let us intersect the body by the sphere of the
only radius with the centre in the immobile point (table 10)

Let us introduce two systems of co-ordinate:
immobile OXYZ system (with unit vector) and the coordinate system
bound with the body 0 (with unit vector )

68

The position of a solid body can be determined with unit vector

- —

and this is equivalent to the determination of the position
of this body by three points 0, A, B not lying on one straight line.

Considering that point 0 is immobile, the position of a rigid body will
be determined by the position of points A and B (limiting AB intercept)
satistying the constraint equation

(xg—x2)% + (Y —Ya)2 + (2 — z4)2-2=0

In the other words the position of a rigid body performing a spherical
motion will be determined by the position of intercept AB of which A
and B points move on the sphere of only one radius.

The initial position of a rigid body corresponds to the position of AB
intercept, the end position of a rigid body corresponds to the position
of A3B3 intercept, and intermediate positions are A1B1 and A2B2.

92

In the order to find angles and sequences of turns (necessary to
prove the theorem) let us turn the initial position of AB intercept rela-
tive to any coordinate axis and the end position of A3B3 some inter-
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cept relative to some other co-ordinate axis in such manner that their
projections on the third co-ordinate axis should coincide with the like
points.

Taking into account the above statement, let us turn the end posi-
tion of A3B3 intercept, for example, relative to 0X axis to
the angle — ¢@x clockwise till the shifting of point B3 into coordinate
X0Z plane. In this case B3 point will take the position B2 and its pro-
jection on the 0Y axis will coincide with the projection of B point on
this axis. Point A3 after this turn will take the position A2 having de-
scribed A3A2 arc, bearing against @x angle.
As a result of a turn of the end position of A3B3 intercept relative to
0X axis, it will take the position of intercept A2B2. Now let us project
A2B2 intercept on 0Y axis. To do this through A2 point let us restore
secant plane perpendicular to 0Y axis, which will intersect this axis in
point C, and the circle of a great circle, lying in co-ordinate plane XQY,
will intersect this axis in Al point. Mind a very important property (ta-
ble 10): as axis B20 is perpendicular to axes 0A2 and 0Y, then axis
B20 is perpendicular to A2C (intercept B2K is perpendicular to A1C
intercept according to the construction).

In this connection BOB2 angle (angle ¢) equals to A2CAl angle (as
the angles with mutully perpendicular sides)
Now let us turn the initial position of AB intercept, relative to 0Z axis,
to angle, shifting point A to point Al belonging to secant plane
A1CA2.
As a result of this and the latter turns the projections of intercepts
A1B1, and A2B2 on the axis QY will coincide.
Now let us show the sequence of rotations of a rigid body in order to
shift it from its initial position into its end position : by rotating the
rigid body relative to 0Z axis to ¢z angle we shall shift it from the ini-
tial position into the intermediate position corresponding to the posi-
tion of the intercept A1B1; the next rotation is performed about 0Y
axis to the angle @, as the result of which a rigid body is shifted into
the second intermediate position corresponding to the position of
A2B2 intercept (owing to the equality of the angles BOB2 and A10A2);
and at last the third rotation is performed relativily to axis 0X to the

angle ‘px:,( the rotation being reverse to the rotation about 0X
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axis to the angle - .), shifting a rigid body into its end position
determined by the position of A3B3 intercept, and it is that what was
necessary to be proved.

On the basis of the proved theorem there is a matrix of cosines of
direction of the mobile system of co-ordinates relative to the immobile
system of co-ordinates:

With the allowance for this matrix the projections of a momentary
angle velocity on the axis of the mobile system of co-ordinates are of
the following type:

The projections of a momentary angle velocity on the axes of the im-
mobile systems of coordinates are naturally of the simpliest kind:
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)., = @' - .
. ¢x'wy_¢,}';wz=¢’z

Ratios of projections of a momentary angle speed on the axes of the
mobile and immobile systems of coordinates determine kinematic
equations of spherical rotation of a rigid body for the suggested
method of the determination of its rotation.

Exercise 1
Hahpgute cooTBeTCcTBUA:
) displacement nocnefoBaTeNbHOCTb
. intersect n3noxeHue
. unit vector OAHOVMMEHHbIN
. equivalent cchepuyeckmii
) considering npoekums
. intercept nepeMeLyeHme
. equation HadasibHOe MOoNOXEHWe
) satisfy nepecekarb
) spherical opT
. move yumnTbIBas
. initial position oTpe3ok Mexay ABYMS TOUYKaMu
. end position 3KBMBAJIEHTHBIN
) intermediate noBopoT
. sequence KOHEYHoe MonoXeHne
. turn ypaBHEHME
. projection YOOB/IETBOPSATb
. like MPOMEXYTOUHbIN
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o statement nepemMeLlaTb
Exercise 2
[aiiTe pycckue 3KBMBaJIEHTbl aHIJIMICKUM C/IOBOCOUYETaHUAM:

98

arbitrary movement; about three coordinate; to prove the theorem;
by the sphere of the only radius; let us introduce; with unit vector;
can be determined; this is equivalent to; not lying on one straight
line; point 0 is immobile; limiting AB intercept; the constraint equa-
tion; performing a spherical motion; by the position of intercept AB;
move on the sphere; correspond to; the end position; intermediate
position; in order to find angles; let us turn the initial position; any co-
ordinate position; in such manner; should coincide with the like
points; the above statement; A3B3 intercept; OX axis; into coordinate
XOZ plane; its projection; will coincide; on this axis; will take the posi-

tion A2 ; bearing against ‘px: angle; let us restore; will intersect; a
great circle; a very important property; according to the construction;
equals to; with mutully perpendicular sides; shifting point; this and
the latter; the sequence of; in order to shift; by rotating; relative to
0OZ axis; intermediate position; the next rotation; the second interme-
diate position; owing to the equality; the third rotation; the rotation
being reverse; determined by the position; the proved theorem; co-
sines of direction; with the allowance for; are of the following type;
are naturally of the simpliest kind; ratios of projections; determine
kinematic equations; for the suggested method of.

Exercise 3

[aiTe aHrMUACKNE 3KBUBaJIeHTbl PYCCKUM C/IOBOCOUYETaHUAM:
BOKPYI HEMOABWXXHOWN TOYKW; TpeMsi nocsiefoBaTeslbHbIMA BpalLEHUs-
MMW; HENoABWXXHON AEKApPTOBOWN CUCTEMbI KOOPAWHAT, Mepeceyém Te-
N0; C LUEHTPOM; HEMoOABWXHYIO; CBSI3aHHYHO C TBEpAbIM TEIOM; MOJO-
)KeHuWe TBepAoro Tena; opTamu; Tpems Toukamu O,A,B; yuuTbiBas;
nosioXxeHne TBEPAOro Tena; NonoXeHWeM Touek A 1 B; yaoosnetsops-
IOWMX YPaBHEHWIO CBS3M; HadaslbHOE MOJSIOKEHNE; COOTBETCTBYET;
nocreaoBaTeNlbHOCTU
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NOBOPOTOB; A1 I0Ka3aTeNnbCTBa TeopeMbl; oTpeska AB; oTHocuTenb-
HO; TakMM 06pasoM; MX NPOEKUMM Ha TPETbI0 KOOPAMHATHYHO OCb; C
YUYETOM U3NOXKEHHOI0; KOHEYHOE MOJIOXKEHWE; 3aMMET MONIOXKEHUNE; Ha
ocb OY; nocne atoro noBopoTa; onucas ayry A3A2; depes Touky A2;
CEKYLLYIO MJIOCKOCTb; MepeceyéT; OKPY>XHOCTb; OTMETUM ; MO MOCTPO-
€HUWIO; KaK YI/ibl; MpUHaanexallyto cekyulen nnockoctn A1CA2; npo-
ekunn otpeskos A1Bl1 n A2B2 ; cosnagyT; nocneaoBaTenbHOCTb Mo-
BOpPOTOB; A/19 NepeBofda; COOTBETCTBYIOLEE TMOJIOKEHNIO OTpe3ka
A1B1; ocywecTBnsieTcs; paBeHCTBa YI0OB; HaKoHel; Ha yron ¢; 06-
paTHbIV; MepeBoAsWMI TBEPAOE TeNo B; 4YTO U TpeboBanocb AoKa-
3aTb; HAa OCHOBE; MOABWXXHOW CMCTEMbl KOOPAMHAT; MIHOBEHHOMN yr-
JTIOBOW CKOPOCTM; €CTECTBEHHO; COOTHOLLUEHMS; ONpeaensioT; chepu-
4YeCKOro ABWXXEHWS; 3aaHns ero ABMXEHUS.

Exercise 4
[aiiTe oTBeThbl Ha cneayrowme BONpPOChHI:
1. How can arbitrary movement of a rigid body about the immobile
point be performed?
2. Prove the theorem: arbitrary movement of a rigid body about the
immobile point can be performed by three successive rotations about
three co-ordinate axes of immobile rectangular coordinate system
with the beginning in the immobile point.
3. What can the position of a rigid body be determined with?
4. What can be determined by the position of points A and B, limiting
AB intercept satisfying the constraint equation (Xp - Xa)2 = (Yb - Yp)2
+(Zb-2p)2-2=07?
5. How can you determine the position of a rigid body performing a
spherical motion?
6. What does the initial position of a rigid body correspond to?
7. What does the end position of a rigid body correspond to?
8. What are the intermediate positions?
9. What is it necessary to do to find angles and sequences of turns to
prove the theorem?
10. What position will point B3 take if we turn the end position of
A3B3 intercept relative axis OX to the angle - @x clockwise till the
shifting of point B3 into XOZ coordinate plane?
11. What will B3 point’s projection on the QY axis be?

63



YnpaBsieHue uppoBbIX 06pa30BaTENbHBIX TEXHOJIOTUH

Ma]_Ul/IHOCTpOGHI/Ie

12. In what case will point A3 take the position A2?
13. When will A3B3 intercept take the position of A2B2 intercept?
14. What will you have if you project A2B2 intercept on the axis OY?
15. Why is the intercept B2C perpendicular to the intercept A1C? Give
reasons!
16. Why does BOB2 angle equal to A2CA1 angle?
17. In what case will the projections of intercepts A1B1 and A2B2 on
the axis OY coincide?
18. What is the sequence of rotations of a rigid body to shift it from
its initial position into its end position?
19. How many rotations are necessary for a rigid body in order to shift
it from its initial position into its end position?
20. How many intermediate positions does the body go through be-
fore it reaches its end position?
21. What is the matrix of cosines of direction of the mobile system of
coordinates relative to the immobile system of coordinates?
22. What kind are the projections of a momentary angle velocity on
the axes of the mobile system of coordinates? Write them!
103
23. What type are the projections of a momentary angle velocity on
the axes of the immobile system of coordinates?
24. What ratios determine cinematic equations of spherical rotation of
a rigid body? Motivate your answer!

Exercise 5
HaiauTe napbl CHHOHMMOB U COCTaBbTe CO C/IOBAaMM U3 BTOPO-
ro cron6ua npegsioXKeHus:

arbitrary consecutive
perform Cross
successive random
intersect run

unit vector seeing

to establish a match length
considering cross-cut
intercept equivalent
equation fulfil
satisfy relation

on order
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unique rotation
initial similar
circle circumference
intermediate interstitial
sequence over
turn only one
to project on to image on
to coincide to resemble
like home
statement reston
with allowance r account
in this case reciprocally
describe (in arc) presentation
construction structure
mutually in so doing
to shift the last
the lather transfer
reverse contrary
cosine of direction class
ratio momentary
instant direction cosine
type cosine proportion

Exercise 6
MepeBeanTe NpenioXKeHNs Ha aHINIMACKUNA A3bIK:
. YacTb NpsIMOl IMHUK, OFPAHWUYEHHON C ABYX CTOPOH, Ha3blBa-
€TCSl OTPE3KOM.
. Yron n3MepsieTcst Be/IMYMHON NOBOPOTa OAHOMO JSlyda BOKpYr
BepLUMHbI [0 TeX NOp, NMoka OH He NepenaéT B NosIoXXeHUe ApYyroro
nyya.
. MOHSITME TOUKM 1 NPAMON JIMHWUM SBNSIIOTCS HaYaNbHbIMM
NOHSATUSIMU.
. Yron cumMTaeTcsl NONOXUTENbHbIM, €C/iM BpalleHNe BbIMOJHS-

€TCA NPpoTUB YyacoBo# CTpPEeNnKn n oTpuuaTenbHbiM, €C/1n BpalleHne

65



YnpaBsieHue uppoBbIX 06pa30BaTENbHBIX TEXHOJIOTUH

Ma]_Ul/IHOCTpOGHI/Ie

BbINOMHAETCS MO YaCOBOM CTpenke.

. TpeyrosibHUK — 3TO MHOIOYro/IbHMK C TPEMSI CTOPOHAMU
(wnu yrnamm)

. 106

. Tpu BbICOTbI TPEYrO/IbHMKA NEPECEKalOTCsl B OAHOM TOUKE,
Ha3blBaEMO OPTOLIEHTPOM TpeyroJibHuKa.

. TeopeMa ecTb YTBEPXKAEHWNE, YCTaHABNMBAIOLLEE HEKOTOPOE
CBOWCTBO M Tpebylollee 10Ka3aTeNbCTBa.

. MpsiMas NIMHUSA, OrpaHUYEHHAs C OAHOrO KOHLA M HEOrpaHu-
YeHHasi C Ipyroro, Ha3blBaeTCsl CTOPOHOM yrna.

. FeomeTpuueckas CyMMa YCKOPEHMWM, Bbi3bIBaEMbIX CUIIa-
MW B3aMMOJIENCTBUSA TOYKM M1 C OCTaNbHbIMM TOUYKAMK, NPOMopLUO-
HaslbHa FreOMETPUYECKON CYMME CUN B3aUMOAENCTBMSI.

370 HAAo 3HaTbL

. MomeHTOM cn/ibi F OTHOCUTE/IbHO Ocv X Ha3biBaeTcs anreb-
panyeckoe 3HayeHue NpoeKkUnn Ha 3Ty OCb BEKTOPA MOMEHTa CUslbl

F oTHOCUTENBbHO NPOM3BONBHOI TouKM O, B3STON Ha ocn X.

° MOMEHT OTHOCUTESIbHO OCU — 3TO MOMEHT COCTaBJ'IﬂIOLLI,EI\/JI cu-
bl B I'IepI'IEH,Cl,I/IKyrIﬂpHOI‘/JI NJTOCKOCTU K OCM OTHOCUTENIbHO TOYKMK Nne-
peceyeHnd nIoCKOCTn N OCuU.

. MaTepuanbHasa Touka npebbiBaeT B COCTOSIHMM MOKOS UK
pPaBHOMEPHOro NPSAIMONMHENHOMO [ABUXEHUSI OTHOCUTENBHO MHEPLIN-
aNbHOW CUCTEMbI OTCUYETA 10 TEX MOP, NOKa AEWCTBYIOLLME HA HEE cu-
Nbl HE U3MEHSAT 3TO COCTOSIHME.

® I'Ipom3BonHa9| Nno BPpEMEHU OT KOJIMYECTBa ABMXXEHUA MaTEPU-
anbHOMN TOYKM reoOMETPNYECKN paBHa CUNE, I'IpVIﬂO)KGHHOﬁ K TO4YKe.
Nnu, npu MOCTOSIHHOW Macce, nNponsBeaeHNE MaCCbl TOYKU Ha eé ab-
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CONMKOTHOE YCKOpPEHME TEOMETPUYHECKN paBHO I'IpVIJ'IO)KEHHOl\;I K MaTepu-
anbHOMN Touke cuse.

o [Be niobble MaTepuanbHbie TOYKU B3aUMOAENCTBYIOT APYr C
APYroM C CUiaMm, HanpaB/IEHHLIMMW MO MPSIMOM,

COEAMHSIIOLLEN 3TN TOUKM, PABHLIMU MO BEMYMHE U NMPOTUBOMOIOXHO
HanpaB/EHHbIMMU.
Exercise 7

3amaHue: a) Cpenante MUCbMEHHBLIM MEPEBOA TeKCTa «3TO Hamo
3HATb» Ha @HIIMIACKUIA A3bIK; B) 06CYAUTE C NAapTHEPOM

TEXT FOR DISCUSSION
MEXAHKA TBEPAOIO TEJIA

Moaenb abcontoTHO TBEPAOrO Tena. Buabl ABWXEHWst TBepAoro Tena
OnwncaHne ABMXXEHUSI MEXaHUYECKOM CUCTEMBI U3 N MaTepuasnbHbIX
TOYEK OBOJSIbHO C/I0XKHas 3aAada. B aTom cnyyae cucrema umeet 3n
cTeneHu ceoboabl, U TpebyeTcs pelwnTb 3n ypaBHEHUIN ANisl BbiSICHE-
HUS XapakTepa eé ABmkeHus. CUTyaums CyLeCTBEHHO YNpoLLaeTcs,
€CN B Npouecce ABMKEHUS PacCTOSIHUE MeXAy TOYKaMW CUCTEMbI He
MeHsieTcs. MOXXHO NpeacTaBuTh cebe, UTO Kaxaas U3 TOYEK CUCTEMbI
COeaMHEHa YKECTKMMU HEBECOMbIMU CTEPXKHSIMU C COCEAHMMU TOYKa-
Mu. Takylo cucTeMy Ha3oBeM abCcoNMOTHO TBEpAbIM TenoM. [ns 3aza-
HWSI NOMOXEHWS! TaKoro Tena HeobxoAMMO onpesenUTh NOTOXKEHUS
TPeX TOYeK, He NeXaLinx Ha OAHOMN NPSIMOM, PACCTOSIHUSI MEXAY KO-
TOpbIMM 3a4aHbl. CnesoBaTeNbHO, YMCIO HE3aBUCUMBIX KOOPAMHAT,
onpeaensioLmx NosoxeHne abcontoTHO TBEPAOro Tena, paBHo Le-
CTM, TaK KaK KaXkaasl U3 TOUYeK MMEeeT TPy cTeneHn ceoboabl, a noso-
YKEHUSI 3TUX TOYEK CBA3aHbI TPEMS! YpaBHEHUSIMU MPsSiMbIX. TakuM 06-
pasoM, Afis onvcaHus cBO60AHOIo ABWXKEHUSI abCONOTHO TBEPAOIO
Tena HY)XHO UMETb BCEro [1Ba BEKTOPHbIX YpaBHEHUS. [BUXKeHUE MHO-
rMX TBEPAbIX TEN B MEXaHUKE MOXHO paccMaTpvBaTb KakK ABMXKEHUE
abCconoTHO TBepAbIX Ten. Takoe MOAENMPOBaHME NPUMEHSIETCS ANs
onucaHusl ABWXKEHUS TeS, M3MeHeHneM ¢hopMbl U pasMepoB KOTOPbIX
MOXXHO NMpeHebpeyb B npoLecce ABWMKXEHNS. Pa3nuyaioT nsaTb BUAOB
ABWXKEHWSI TBEPAOro Tena: NocTynaTenbHOe, BpalaTenbHOE, M0CKOE,
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ABVDKEHWE BOKPYT HEMOABWXXHOW TOUKM, CBOBOAHOE.

Mpy NocTynaTenbHOM ABUXEHUM Niobasi Touka TBEpAOro Tena coBep-
LIAeT OAMHAKOBblE MEPEMELLEHNs, Npy 3TOM MpsiMasi, coeauHsoLas
[BE MpPOMW3BO/IbHbIE TOYKM TBEPAOro Tena, MNepeMellaeTcs napan-
nenbHo camolt cebe. MpUMepoM MOCTYNaTENbHOMO ABUXEHUS ABNSET-
C ABWXEHME KabuHbl koneca 0603peHus. Ha puc. 5.1 npuBeaeHsi
TPAEKTOPUM TPEX MENKOB, YKPEMEHHbIX Ha AEPEBAHHON MOACTABKE,
CoBepLUatolelt MOCTynaTeslbHoe [ABWXKEHWE OTHOCUMTENBbHO [OCKM.
BvAHO, UTO TPaAeKTOpUS ABMXXEHWUS MENIKOB OAMHAKOBbI N0 (hOpME.

(1)

OAMHAKOBbIMU B 3TOM Clyyae SIBASIOTCS TakKe CKOPOCTU U YCKOPEHMS
KaXxaon TOuku TBEpAOro Tena, NMO3TOMY OMUCaHWe ABWXEHWSI Tena
MOXXHO MPOBOAWTbL, M3y4asl ABMXKEHME NoBOIM TOYKM Tena, HanpuMep
ero ueHTtpa Macc. Ecnu TBEpaoe Teno BpallaeTcs BOKPYr HEroaBuX-
HOW OCKM, MpOXoAsLleil Yepe3 ABe MPOM3BOJIbHbIE TOYKM Tena, TO Ta-
KOe [ABWKEHWE Ha3blBAeTCs BpallaTesNibHbIM ABUXEHUEM BOKPYr OCH.
Kaxxgas Tauka Tena B 3TOM CJlyuae ABMXKETCS MO OKPYXXHOCTU C 0aM-
HaKOBOMN YrI0BOM CKOPOCTbIO M OAMHAKOBbLIM YI/IOBbIM YCKOPEHWEM.
MpyMepamMn BpaLLATENBLHOrO ABMXKEHMS SIBNSIOTCS ABMXKEHME POTOpPa,
nponennepa camonéra, fornactel BMHTa BEPTONETA OTHOCUTENBLHO
Tena 3akpensieHus.. Ecim Havano koopamHaT BbibpaTb Ha Ocu Bpalue-
HWSI, @ OCM KOOPAMHAT HanNpaBUTb

Tak, 4Tobbl OCb BpalleHus coBrnagana ¢ ocbto OZ u 6bia HanpasneHa
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BOOJIb HANpaB/IEHNS BEKTOPA YrNI0BOM CKOpoCcTM W (puc. 5.2), To cKo-
poCTb /060N TOUKM C paauyCc-BEKTOPOM R MOXHO OnpeaenuTb Mo
dopmyne diinepa u = [ w,R], a yckopeHue a , B3sB NPOM3BOHYIO MO
BPEMEHW OT V.

g ————r -

L dR
$nse [m 1 I

Tak kak dR/dt ectb ckopocTb Touku v u dw/dt - yrnoeoe yckopeHue E,
70 (5.1) MOXHO 3anucaTb B BUAE

a=[w,W\+ [e, R] = [w, [w, R]] + [e, R].

Mpeobpa3ys nepsoe cnaraemoe B BbipaxkeHun (5.2) No n3BeCcTHOMY
npasuny

[A, [B, C] =B(AC -C(A-B), nonyunm:

L™ L~y ~3 v ~ e -

i = [®, [®, R) + [E, R] = m(m R) - Re? + [&, R] = doR cos@,
~Ro* + [E, R]=m‘Rcos(w.R)j—Rm +[c,R]=-w’fl°+[E,R],b :

roe Ro - BEKTOp, COEAMHSAIOWMI OCb BpallaeHMsl C TOYKOM MO HOpMa-
M K ocn. U3 (3) BMAOHO, YTO YCKOpeHMe TOYKM TBEPAOro Tefa eCTb
CyMMa [ABYX YCKOPEHWI: HOPManbHOro, paBHoro - (W/~2)Ro 1 TaHreH-
umnanbHoro, pasHoro [g, R].
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(2)

B cnyyae nnockoro AsuxxeHus TBEPAOro Tesia BCE ero TOYKM nepeme-
LWATCA B NapasineHsIbHbIX MJIOCKOCTAX. anMepOM MAOCKOro ABuxe-
HUA ABNAeTCA ABUXEHUe KONéc BENOCUNEAA NMpU ABMXEHUWU NO Nps-
mMou popore. nockoe ABMXEHME MOXETb ObiTb MpPeACTaBNEHO Kak
Cynepno3vumnst AByX ABWXXEHWMM TBEPAOro Tena: MOCTynaTe/bHOro U
BpaLlaTensHoro. lMNpeacraBum cebe, UTo TBEPAOE TENO NPOM3BOSILHON
(opMbl COBEpLUMIO NepeMeLleHne B NIOCKOCTU PUCYHKA U3 MOsoxXe-
Hus 1 B nonoxeHune 2 (puc. 3)
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4 A A

3)

DTO nepeMelleHVe MOXHO MPeACTaBUTb Kak MOCTyrnaTenbHoe nepe-
MelleHne npsimoit AB M MOBOPOT Ha Yron BOKPYF OCM, MpOXOAsLiei
yepe3 TOUKy B nepneHavkynsipHO MAOCKOCTU puUCyHKa. [MonoxeHue
OCY BpaLleHuUs 3aBUCUT OT BblIBOpa 3HaYeHWst NOCTynaTeNbHOro nepe-
MeLLEeHUs, HO Yrosl NMoBOpoTa BO BCeEX Cryyasix OyaeT OAMHAKOBBIM.
Takvum 06pa3oM, pe3ynbTupytollee nepeMelleHne aenbta R = penbta
RnocT + [aenbta ¢, R], a ckopocTb 6yaeT onpeaensTbCs BblpaXeHu-
eM

V=V + [2,R].

Mpy onMcaHUM NIOCKOrO ABWMXXEHWUS! CKOPOCTb MOCTYNaTeNbHOro ABU-
XeHUs Tena MOXHO BblbMpaTb NPOW3BOJIBHO, B YAaCTHOCTWM PaBHOM
Hynto. B 3TOM cfiydae roBopsT, YTO BpaLleHWEe Tena NpoMCXOaUT BO-
KPYr MFHOBEHHOM OCW BpaLLEHWsl, MOTOMY YTO S CefyHOLMiA MOMEHT
BPEMEHW OCb BpaLLEeHWs MOXET U3MEHWUTbL CBOE MOJSIOXKEHWE OTHOCK-
TenbHO Tena. Ecnm MrHoBeHHas ocb MPOXOAMT Yepe3 Touku Tena, To
OHW B 3TOT MOMEHT BpPEMEHW MMEIOT HYNEBYIO CKOPOCTb ABWDKEHUS.
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Hanpumep, npu kadeHnn Koneca rna npsiMoi aopore 6e3 CKoNbXeHUs
MIHOBEHHAs! OCb BpaLLEHUS MPOXOAUT 4Yepe3 TO4YKY KacaHus obopa
Koneca C A0poroin.B kaxkablii MOMEHT BPEeMEHM MOXHO CUYUTATb, UTO
BCE TOYKM Koreca ob6pallaloTcsl BOKPYr MIHOBEHHOW OCKM C OAMHAKO-
BOW yrnoBoi ckopocTbio (4 )

ver
1171/////1/"////// e G
MrHaoscHIAR
ocCh lwmml

Puc. 4

Mpwn ABWXKEHUM TBEPAOrO TeNa BOKPYr 3aKPErnIEHHOM TOUKM MOCTYynMa-
TenbHOe ABW)XXeHWe Tena HeBO3MOXHO. MNpuMMepoM Takoro poga ABW-
XXEeHNA ABNdAeTcd ABUXXEeHUE BOIYUKa. Ha6moneHm| 3a €ro BpaleHnem
no3BONAKT CAENAaTb BbIBOA O TOM, YTO B 3TOM C/lly4dae TeENO BpallaeT-
CSl BOKPYI OCM, HEMOABMXXHOW OTHOCWUTENBHO TeNa, HO BpallatoLleincs
OTHOCUTENIbHO CUCTEMBbI KOOpPAMHAT, CBA3aHHOM C HabniogaTeneMm. Pe-
3ynbTUpYlOLWEe ABMXEHWE B AAaHHOM Cllydae MOXHO MpeacTaBuTb Kak
Cyneprno3nuuio AByX BpalLEeHUI.

Mpy cBO60AHOM ABWXXEHUWU TBEPAOE TENO MOXET Y4acTBOBaTb B MO-
CTYMNaTeNbHOM ABMXKEHWUM U BPALLEHUN OTHOCUTENIbHO TPEX HE3aBUCH-
MbIX OCel BpalleHus. MpUMepoM CBOBOAHOrO ABWXXEHUSI SIBNSIETCS
NoNET KOMbA UK ANCKA, BbIMYLLEHHBIX PYKOM cnopTcMeHa. CBoboaHoe
ABWXXEHWE ABNSAETCA Hanbosee CNOXHLIM BUAOM [BMXKEHWUS TBEPAOro
Tena.

[vHaMyKa nocTynaTenbHOro ABWXEHWs TBEpAoro Tena [peanono-
WM, YTO TBEpAOE TENO C MNOTHOCTbIO P( X,Y,z) ,06bEMOM V aBUXKE-
HWS MOCTynaTenbHo. [N BbiBOAQ YpPaBHEHWSI ABWXEHMS TBEPAOro

Tena B 3TOM C/lydae pa3abbéM TBEpAOe Tena Ha OTAesNbHble Ma-
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Nible 3f1IEMEHTbI, KOTOpblE MOXHO CYMTaTb MaTepuanbHbIMU TOYKaMU B
YC/IOBUSIX paccMaTpvBaeMOW 3afaun. Maccy KaXaoro afieMeHTa 060-
3HauMM uepe3 AT. B npepenax BbiaeneHHoro Manoro obbéma 1Y
NJOTHOCTb Tena 6yaeM cunTaTb NOCTosiHHOM, Toraa dm = p (x,y,z )dV
. 3anuweM ypaBHeHMe BTOPOro 3akoHa HbloTOHa Ans 3neMeHTa Mac-
coin dm:

dz{:'i'm = df, +dF,,
2

()

Foe paBHOZelcTBYylOLWAs BHYTPEHHUX CWI, @ paBHOAENCTBYOLLAs
BHELLHWX CWJ1, AENCTBYIOLMIAX HA BbIAENEHHbIN 3NEMEHTapHbIN 06BbEM
TBEpAoro Tena. Mocne uHterpmpoBaHus (5) No BCEM 3nEMEHTapHbIM
MaccaM TBEPAOro Tesa NnosyymMm:

]d*{::?ﬁ} — [ df; + [ dF..

(6)

B npaBoii YyacTu cyMMa BCeX BHYTPEHHUX CWS paBHa HyJIO MO TPETbe-
My 3aKOHYy HblOTOHA, @ CyMMa BCEX BHELIHWUX CWM NPeacTaBseT paBs-
HOZENCTBYIOLLYIO BHELWIHMX cun F, aeicTBylowmx Ha TBEpaoe Teno. B
neBol Yactu (6) noablHTeprpasbHOe BblpaXXEHUE YMHOXUM W pasge-
NUM Ha Maccy TBEpAOro Tena. locne 3Toro NpUMET BUA:

IM rf:[dlziﬁ) 4
dr___-F.
M
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(7)
M3MeHMB nocnenoBaTeNbHOCTb MHTErpupoBaHus U auddepeHumpo-

BaHUs B N1eBON YacTtu (7), Noayumm:

dmR
M _-F.

&M |
di*

(8)

0603HaumnM J (dmR)/M uepes Rc - pagnyc-BEKTOp LEHTpa Macc TBep-
pgoro Tena. Toraa (8) 3anuweTcs B Buge:

(MR _ 7
e e

9)

M3 (9) cnegyeT, 4TO NocTynaTenbHOE ABWMXXEHME TBEpAOoro Tena MoX-
HO paccMaTpvBaTb Kak ABWXKEHWE OAHOWM TOYKM C MaccoW, paBHOM
Macce TBEpAOro Tena, COCPEefOTOYEHHOM B LIEHTpe Macc TBEpAOro
Tena, NpouCXoasLlee noa AEMCTBUEM BHELWHUX CWUM, MPUIOXEHHBIX K
LieHTpYy Macc.

Tak Kak paanyc-BeKTOp LEHTpa Macc TBEPAOro Tena onpeaensiercs
Bblpa)KEHWEM

ﬁ = b
£ M

(10)
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anddepeHumpoBaHneM no BpemeHn (10) HeTpyaHO MonyyYuTb Bbipa-
XKEHWEe Anst CKOPOCTM LieHTpa Macc TBepaoro Tena Vc:

_ [odm

V =5,

B
(11)
KOOp,El,VIHaTbI LUEeHTPpa MacCC TBEpAOro Tena MOXHO onpeaenntb un3
(10):

pxdV v pydV % pzdV
X. = . = ’ e = ’
'3 pdV ’ < J'pdV J‘pdV

(12)

a KoopAMHaTbl CKOPOCTU LeHTpa Macc TBepaoro tena - u3 (11):

vV =IP”JV; szjM; Vx=Ipv=dV
=" Joav Joav Jodv

(13)

TakuM obpaszaM, nocTynaTeslbHOe ABWXKEHWE TBEPAOro TeNna OAHO-
3HAYHO OMMUCBLIBAETCA ABMXXEHMEM LIEHTPA MaccC, MPOMCXOAaWMM Mo
[ENCTBMEM BCEX BHELLHMX CWUJ, AEMCTBYIOWMX Ha TBEPAOE TENO.

[JnHaMuKa BpallaTenbHOro ABMXeHUa TBEpAOro Tena

BOKpyr HeNoABWMXHOW Ocu. MOMEHT MHEPUUN TBEPAOro T€Na OTHOCK-
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TeNbHO OcM BpalleHns OCO6EHHOCTW BpalleHWU TBEpAOro Tesa Bo-
Kpyr HEMOABWXHOM OCU BpalleHus yaobHO M3ydaTb, Habmoaas ABu-
>KEHWE KPECTOBMHbI, CNIOCOBHOW BpaLLIAThCA BOKPYr HEMOABUXHOW OCK
CMMMETPUM, NEepPNEeHANKYISAPHOW MIOCKOCTM YepTexa (puc. 5) Ha ocu
KpOMe KPECTOBWHbI YKPENJIEHbl XECTKO CBSI3aHHbIE C Heil ABa LWKWUBA
pasHbIX paanycoB. Ha CTEPXKHSIX KPeCTOBUHbI CMMMETPUYHO OCU Bpa-
LLIEHMWN 3aKPENNAIOTCA YeTbIpe rpy3a, OAMHAKOBbLIX MO GOpPME U UMe-
IOLLIMX paBHble Macchl M. PaccTosiHus rpy30B 10 OCY BPaLLEHUSI MOXKHO
M3MEHSTb B MPOLIECCE 3KCNEPMMEHTA. MOMEHT UMMNY/ibCa KPECTOBMHbI
C rpy3aMu B 3TOM C/lyyae OTHOCUTENIbHO LIEHTPA CMMMETPUM Hanpas-
NeH BAOMb OCK BpalLEHMs. HaMoTaeM Ha Manbli WKHW HUTb, MEPEKU-
HeM ee yepe3 6ok b 1 nogBecuM Ha Hel Teno Maccol m. Kpecrtosu-
Ha NPUAET BO BpalleHne noa AEVICTBMeM CUMbl HATSKEHUS HUTU. Me-
HAS Maccy m , MOXHO ybeauTbCsi, YTO YrNoBOE YCKOPEHWE YBen4un-

BaeTCd C POCTOM CUJ1bl HAaTSAXXEHUA.
B
v
‘ F

MeHsisi MoNoXeHMe rpy30B C MaccaMum M Mpuy 3aaaHHOM cune HaTshke-
HUS, MOXHO y6eaunTbCsl, YTO YrNoBOe YCKOpPEeHWe npu 3ToM

Puc. 5

W3MEHSIETCA: OHO YMEHbLLUAETCS, €CIM TPy3bl yAansTb OT OCK Bpalle-
HVs. ECM cvna HaTsXKEHMSt CO CTOPOHbI HATU BMECTO Manoro LUKWMBa
6yneT AencTBoBaTb Ha 60/bLIOW, TO YIr/IOBOE YCKOPEHME BO3pacTaeT
Nnpy HEU3MEHHOM PACTONOXEHUM TPy30B. TakuMm 06pasoM, YrioBoe
YCKOpeHWe TBEPAOro Tesa, COBEPLUAIOLIEro BpalleHWe BOKPYr Hemo-
ABWKHOW OCM, 3aBUCUT KaK OT PacrnpeaesieHnsl Macc BpallaloLerocs
Tea OTHOCUTENBHO OCK BPALLEHMS], TaK U OT 3HAYEHNUS MOMEHTA CUJIbl
HaTSXKEHUS] HUTU OTHOCMTENbHO OCU BpalleHusi. [ns onucaHus Bpa-
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LLEHNs TBEPAOro Tena BOKPYr HEMOABMXXHOM OCM B 3TOM TOM C/lyyae
BblbEepeM cMCTEMy KOOpPAMHAT TakK, YTOObl ee Hayano nexano Ha ocu
BpaLleHns, ocb OZ coBnagana C oCbto BpalleHus 1 bbina Hanpas/ieHa
BOOJSIb BEKTOPA YI/I0BOM CKOPOCTU. [1s1 ONMMCaHUS BpalLeHusl TBepAo-
ro Tena BOCMOMb3yeMCsl BblpaxkeHuneM (14) ans z -npoekunn ypasHe-
Hus MOMeHToB dLz/dt = Mz. MNMpuMeHNTENbHO K paccMaTpuBaeMoMy
cnyYato Lz - 3To npoekumsi MOMeHTa MMMy/bCca TBEpAOro Tena, a Mz -
3TO NPOEKLNSt MOMEHTA BHELLHEN cusibl Ha ock OZ.

3HaueHue Lz MoxHo onpegenuTtb no dopmyne (17), 3amMeHsss m, na AT
M CYMMMpOBaHME Ha WHTErpuMpoBaHuWe Mno BceMy 0bbeMy TBepAoro
Tena. B pesynbtate umeem:

L. zﬁJ:I(f + ,1‘2)::1'm=+:r.-:jl[.‘lv:I +y )pdV.

(14)

BbipaxkeHne Ha3biBaeTCs MOMEHTOM MHepuuMu TBEPAOro Tena OTHOCU-
TenbHo OZ.

YrnoBoe yckopeHve TBEpAOro Tena 6yAeT Bbi3blBAaTbCS TObKO TOM
COCTaBNSIOEN CUJIbl HATSDKEHMS, KOTOpasl CO3A4aeT MpoeKuuto Mo-
MEeHTa cunbl Ha ocb OZ OTAMYHYIO OT Hyns. [JecTBMe ApYrMX COCTaB-
NSIOLUMX BHELUHEN CUSbl KOMMEHCUMPYETCS CUiaMu YNpyrocTy, BO3HW-
KalowmMy B NoAlumnnHukax, obecneumsaromx KpenneHne ocu Bpalle-
HWs. Cunbl YNpyrocTu MpUBOAST K CO3AAHMI0O MOMEHTOB CWN, Aen-
CTBYIOLUMX Na TBepAoe Teno Tak, YTo MX npoekumn Ha ocn OX u OY
MOJTHOCTLIO KOMMEHCUPYIOT MPOEKUMU MOMEHTA BHELLUHUX CU1 Ha OCH
OX 1 QY. NpoeKkunto MOMeHTa BHELLUHEW CUIbl Ha OCb BpalleHus OZ
MOXHO onpeaenuTb, NpeacTaBuMB paanyc-Bektop n cuny B BUae Cym-
Mbl ABYX COCTaBMSIIOLWMX : MapanfiensHoW U nepreHanKynspHoi ocu
0OZ.

Torga BblpaxkeHue Ang MOMEHTa Cusbl 6y,D,ET UMETb BUA:
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+ .ﬁ:’ ).( "1

MNocneagHee cnaraemMoe B BblpaXkeHnu (15) paBHO Hy/O Kak BEKTOpHOE
npousBeaeHne ABYX KOSI/IMHeapHbIX BEKTOPOB. BTopoe u TpeTbe cna-
raeMble He MOryT JaBaTb BKaja B npoekumto Bektopa M Ha ocb OZ,
TaK KaK OHM COOTBETCTBYIOT BEKTOPAM, HamnpaB/ieHHbIM MeprneHanKy-
NSPHO 3TON ocw. MepBoe cnaraeMoe COOTBETCTBYET COCTaBASIOLLEN
BekTopa M, napannenbHo ocu OZ. [eNCTBUTENbHO, NpeacTaBnseT
coboii BEKTOP, HamnpaBieHHbI BAoNb ocu OZ; MoayNb 3TOr0 BeKTopa
3aBUCUT OT MpoeKumin BekTopoB R 1 F Ha ocn OX 1 OY © uncneHHo
paBEH MPOMU3BEAEHMIO NEPMNEHANKYIAPHON COCTaBNAIOWEN BHELLIHEN
CUNbl Ha Nneyo Ccunbl - KpaTqal‘/'lLuee paccTtodaHne Mexay oCbio U NNHU-
el AenCTBUS CUbI.

C y4eToOM CKa3aHHOrO ypaBHEHME MOMEHTOB, OMpeAensioLlee ABUKeE-
HWe TBEPAOro Tesa BOKPYr MPOM3BOJIbHOW HEMOABUXKHOM OCU, MOXKET
6bITb 3aNMcaHo B BUAE:

d(lw) =M.,
—— -

(16)

roe 1 - MOMEHT vHepuuu TBEpAOoro Tena OTHOCUTENBHO OCK Bpalle-
HWS, - yrioBasi CKOpOCTb BpalleHusi, Mz, - npoeKkuuss MOMeHTa BHeLl-
HUX CMN1 Ha OCb BpalleHus. YpaBHeHue (16) Ha3blBaeTCs OCHOBHbLIM
YpaBHEHVEM [AMHAMUKM BpallaTeNnbHOro ABWXXKEHWS TBEepAoro Tena
BOKPYF HENoABWXHbIA ocu. Mo ¢opMe OHO HamOMWHAET OCHOBHOE
ypaBHeHWe AVHAMUKK ANl MaTepuasibHOM TOUKM C TEM OT/IMUMEM, YTO
posib Maccbl UrpaeT MOMEHT MHEPLMN OTHOCUTENIbHO OCKM BpaLleHus,
pOJib CKOPOCTU -YrnoBasi CKOPOCTb, pOSib CUJIbl - MOMEHT CWJIbl OTHO-
CUTENbHO OCK BpalleHns.

Tak kak gnsa TBepaoro tena I He n3aMeHseTca B npouecce ABMXEHUS,
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TO (16) MOXHO 3anncaTb B BMAE:

;fi.‘.'}_..M:.

dt

(17)

ECn MOMEHT BHELWHMX CUJT OTHOCUTESIbHO OCW BpaLLUEHWUs paBeH Hy-
N0, TO NPOM3BEAEeHNe MOMEHTa UHEPLMN TBEPAOro Tesla OTHOCUTESb-
HO OCV BpaLLeHUs Ha YrNOBYIO CKOPOCTb, UM NPOEKLMS MOMEHTA UM-
nysibCa Ha OCb BPALLEHUS, HE U3MEHSIIOTCA CO BPEMEHEM:

Iw = const.
(18)

CDopMa 3alnCcn 3aKOHa COXpaHEHuA Npoekunn MOMEHTa MMNynbCa Ha
OCb BpallEHUA aHaJIOrMYHa 3aKOHY COXpaHEHWA NMPOEKUUU MMNynbCa
MaTepuanbHOM TOYKM Ha HEKOTOPOE HanpaBsieHWe MpW YCIIOBMM 3a-
MeHbl m Ha I, v Ha. DTy aHanornio MOXHO MPOAOIKUTb, PacCMOTPeEB
BbIpaXXeHWe M Ans KMHETUYECKOM 3Hepruv TBEpAOro Tena, Bpallato-
Lerocst BOKpyr ocu. Ecnmn ydecTtb, UTO CKOpPOCTb 3/1IEMEHTa TBEpAOro
Tena Maccoil dm paBHa rge r - paccTosiHue OT 3MeMeHTa A0 OCv Bpa-
LWEHNS, TO KMHETUYECKYIO SHEepruio TBEPAOro Tenla MOXHO npeacra-
BUTb FakK:

2 2
e Id,,,E’_L_Ir’de’Z-=£;-—,

raoe I- MOMEHT MHepUUK TBEPAOrO Tena OTHOCMTENIbHO OCK BpaLLeHus.
HetpyaHo yBuaetb cxoactBo (5.19) € BblpaXXeHWEM AN KUHETMYE-
CKOW 3HEpruyn MaTepuasnbHON TOYKK, UMEIOLLIEN CKOPOCTb

v: K= (mv/2)/2.

Ecnn TBepaoe Teno BpallaeTcs BOKPYr OCUM TaK, YTO €ro MOMEHT UM-
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nynbCa OTHOCMTESIbHA HEKOTOPOrO LEHTPa COCTaB/SIET HEKOTOPLIN
Yrofl C OCbl BpalLeHUst , TO AN COXPAHEHWUSI MOCTOSIHHOM Yr/i0BOM
CKOPOCTM BpalLeHUs1 Ha OCb CO CTOPOHbI MOALWMMHMKOB AOMKHA Aen-
CTBOBaTb CMJla , MOMEHT KOTOPOM OTHOCUTESbHA LIEHTpa obecrieuvBan
6bl MOBOPOT BEKTOPa MOMEHTa MMMy/bCa BOKPYr OCK, COXPaHSIHOLLMIA
€ro MpoeKuUMio Na oCb BpalLeHus. B KkauecTBe npvmepa TakoWn cuTya-
UMM pacCMOTPpUM BpalleHne OAHOPOAHOr0 CTEPXKHS, XKECTKO CKpen-
NIEHHOrO C OCblO BpalleHUs noA YrioM anbda Kak nokasaHo Ha puc.
5.6. MoMeHT umMnynbca L cTepxxHsi OTHOCuTenbHO Toukn O 6yaer
HanpaBsfieH MoA YrioM. BekTop yriioBol CKOPOCTV HaMpaBfieH BAOJb
OCW BpalleHuns BBepX. Torga B npouecce ABVMXXKEHWUSI CTEPXKHS BEKTOp
MOMeHTa umnynbca 6yaeT noBopayMBaTbCs OTHOCUTENBHO OCU Bpa-
LLEHNA TaK, YTOBbl €ro MpOEKUMs Ha OCb OCTaBasiacb MOCTOSHHOW.
Mpwn 3TOM Ha CTEPXKEHb CO CTOPOHbI MOALUMMHUKOB AOMKHbI AENCTBO-
BaTb CU/Ibl peakuum, MOMeHT M oTHocuTenbHO Toukn O paseH dL/dt.
M3 puc. 5.6 BUAHO, UTO OTClOA4a T. €. ANa Nnoaaep)KaHus BpalleHusl ¢
MOCTOSIHHOW YT/I0BOM CKOPOCTbIO B 3TOM C/ly4Yae Ha TENO CO CTOPOHbI
MOALUMMHMKOB AO/MKHbI AEMCTBOBATbL CWMbl, U3MEHSIIOLLME B MPOCTPaH-
CTBe Harnpas/ieHne BekTopa L TBépaoro tena.

Puc.6

Ecnu yron anbda 6yaeT paBeH TO ANs  NOAAEPXAHUS  BpaLLEHUS
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BOKPYr OCM HEobXOAMMOCTb B AEMCTBUM CWUMT PEaKLMU CO CTOPOHbI
NOALINMHUKOB OTMNadaeT. B 3ToM cnyyae ocb BpalleHus TBEpAOro Te-
Na Ha3bIBalOT cBOBOHOM OCbio Tena. B onbiTe ¢ MasATHUMKOM Obepbeka
BpaLlleHne NponcxXoamno BOKpYr CBO60AHOM OcCK.

OnpeneneHne MOMeHTa MHepLUWUK TBepaoro Tena.Teopema LLTeitHepa

Kak BMAHO 13 BbipaxxeHuit (17) n (19), MOMEHT uHepuun TBEPAOro
Tena OTHOCUTENbHO OCM BPaLLEHUS UrPaeT CyLUEeCTBEHHYIO pofib Npu
OMMCaHMM BPaLLEHUSI TeNla BOKPYr OCK W OMPeAeNIEHNN KMHETUYECKOW
3Heprum TBEPAOro Tena npv BpaweHun..MOMEeHT MHepLuuM TBEPAOro
Tena OTHOCWUTESIbHO HEKOTOPOM OCK BpaLLEHWUsSI MOXHO OMpeaenuTb
3KCMEepPEMEHTANbHO WU pacynTaTb TEOPUTUYECKM . PacyeT MoMeHTa
WHEpPUMN NMPOBOAUTCS C MCNOJb30BaHNeEM BbipaXkeHus (14) n metoaos
WHTErpasnbHOro ncuncieHns. MoOMeHT MHepuuu Tena, Tak Xe Kak u
€ro Macca, SIBNSieTCsl aaaAMTVMBHON BEIMYMHOMN. B onbiTe ¢ MasTHUKOM
Obepbeka MOMEHT MHepUUM TBEPAOrO Tena OnpeaensieTcss CyMMoW
MOMEHTOB MHEPLMU YETLIPEX METANNIMYECKUX CTEPXKHEN OTHOCUTENb-
HO OCM BpalleHusi , NpoXoAsiielt Yepe3 KOHEL, CTEpXHS, MOMEHTa
WMHEPUMM [BYX LWKWBOB, MPEACTABMSIOWMX COBOM UMAMHAPUYECKUE
Tena C OCbl0 BpaLLEHUS ,NMPOXOASLLEN Yepe3 UX LEHTP WHepUmM, U
MOMEHTa MHepuMn 4eTblpEX Ipy30B, YKPEMEHHbIX Ha CTepXHSX.
ornpeaenMm MOMEHT MHEPLMMN KaXA0ro U3 3TUX Te OTHOCUTENIbHO OCK
BpaLleHns. MOMEeHT uHepuMn OAHOPOAHOIrO METaNNIMYECKOro CTepXKHS
AJIMHOW 1 OTHOCWTENIbHO OCU BPALLEHWSl, MPOXOAsILEN Yepe3 KOoHeL
CTEPXKHS1, MOXXHO HalTW , pa3buB CTEPXXEHb MO ANMHE Ha 3NeMeHTap-
Hble y4aCTkyM Maccort dm, paBHOM MPOM3BEAEHMIO MAIOTHOCTU p MaTe-
pviana CTepXXHS Ha 3/1eEMeHTapHbIN 06beM Sdx, rae S - nnowaab no-
nepeyHoro ceveHuns ctepxHs, dx - AMHa BblAeNeHHOro afieMeHTapHo
ro yyacrka saosnib ocv OX (puc.7). MoMeHT mHepumm dl aneMeHT Mac-
coi dm oTHocuTenbHO ocu BpaleHus OY paBeH

-
di=pSx“dx.
NHTerpupys (Puc.21) no x B npegenax ot 0 go 1, nonyymm:
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‘ 3
I=ﬂS.[x3dx=P‘§i :
0

YuunTbiBasi, YTO Macca cTtepxxHss m = pSl!, BbipaxeHne (22) nepenu-
LIeM B Buge:

mi®

1=

Puc. 23

[
v

- 5
e —— A
de xX

Puc.7

[na onpeaeneHns MOMEHTa MHEpPUMW UMAWHAPA MIOTHOCTbIO p Mac-
coli m, paauMycoM R, BblcOTOM H OTHOCUTENBHO OCU LMNMHAPA pa3o-
6bEM €ro MbIC/IEHHO Ka 3/IEMEHTApTHbIE KOMbLA@ paauvyCcoM I TOMLLM-
Hol dr . MOMEHT MHEepLUMM KaXkaoro KojibLi@a OTHOCUTENbHO OCU Lu-
nvHAapa paseH dl= 2npH(r~3)dr

MOMEHT MHepuMu BCero uunmMHapa nonayymMm, UHTErpupys no r oT Hy-
nsa go R:
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R
1= 2rpHp’dr = ZHR. _ mR?
0 2 2

97

MOMEHT MHEPUMW TPY30B, MEPEMELLAEMbIX BAOb CTEPXHEMN, MOXHO
onpefennTb AOBOJIBHO NMPOCTO, €C/IM UX PACCTOSIHME T A0 OCK Bpalle-
HWS1 3HauUMTeNbHO 6oMblle MX pa3MepoB. Torda, NPUHMMAs KX 3a Ma-
TepuanbHble TOUKM, HAWAEM, YTO MOMEHT MHEpLMWU rpy3a OTHOCU-
TEbHO OCK

) -

6
1//?—‘_; < g
”&_—_——%

Puc. 8

BpalleHusa paseH (Mmr)r2, rae w,. - Macca rpy3a. CknagbiBas MOMeH-
Tbl MHepumu Bcex Ten, obpasyowmx MasTHUK Obepbeka, nonyuum
06LMIN MOMEHT MHEPLMM MexaHu4YecKkol cucteMbl. Kak Mbl yxe ybe-
AVNUCb NpU onpefeneHMn MOMeHTa MHepLMKN UMMHAPUYECKOro Tena,
pacyeT MOMeHTa WHEpLUMM CyLLeCTBEHHO YMpPOLLAETCs, eCnn Teno ob-
nagaetr CMMMETpUEd OTHOCWUTENbHO OCU BpalleHus. ITO MNpaBuiIo
CnpaBeaMBo M AN crydasl CMMMETPUM Tena OTHOCUTENbHO ero LieH-
Tpa Macc. B kayectBe npuMepa pacCMOTPUM CM/IOWHOW Wwap C MaoT-
HOCTbIO P, paanycoM R, Macco m. Hanmume LeHTpanbHON CUMMETPUK
y wapa no3BOMSET yTBEpXAaTb, UTO MOMEHT MHEpUMM Liapa OTHOCU-
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TeNbHO N06ONM OCK, MpOXoAsLuel Yepe3 ero LEHTp, UMEeEeT OAMHaKO-
BOe 3HayeHue. Bocnonb3oBaBIMCHL COOTHOWweHneM (20), nonyuum
CBA3b MeXay 3HayeHMeM MOMEHTa MHepumu lwapa Io oTHOoCMTeNbHO
LUeHTpa MacC M 3Ha4YyeHMeM MOMEHTa MHepumMn T OTHOCUTENIbHO OCK
npoxoasuien yepes ero ueHTp : 31=2I0, otkyaa I = 2/310. 3HaueHve
10 MOXHO

onpefennTb CpaBHUTENbHO MPOCTO, €CNn pa3dbuTb 06beM wWapa Ha
3/1EMEHTapHbIE LWAPOBbIE CMIOM PaauycoM I U TonlmMHoMn dr (puc 9)
Kaxxabll U3 Takux cnoeB 6yaeT MMeTb MOMEHT MHEPLMM OTHOCUTESb-
HO LEHTpa Wapa, paBHbIM. UHTErpupys 3Ta BblpaxeHue no r ot 0 go
R, nonyunm ans I0 cnepytowee 3HadeHme X

z

y g

-

Puc. 9

3Has MOMeHT MHepuun I0 Tena OTHOCMTENIbHO OCK, MPOXOAsLIEN Ye-
pe3 ero LEeHTP , MOXHO ONpeaenuTb MOMEHT MHepuun I Tena oTHOCK-
TenbHa ntobol napannenbHon ocu CBsizb Mexay 3HadeHusmu I mn 10
yCTaHaBnMBaeT TeopeMa LlTeilHepa , B KOTOPOM yTBEPXAAETCS, YTO
MOMEHT WMHEpUMW Tena Maccod M OTHOCMTENIbHO MPOU3BOJSILHOW OCK
paBeH cyMMe MoMeHTa uHepumu I0 Tena OTHOCMTENbHO Napannesb-
HOM OCK , MpoXoasiLlien Yepes LEHTP Macc , U BennuuHbl T42 , rae d -
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pacCTosiHME MeXaY OCAMMU:
I=10 + (d"2).

[na nokasaTenbcTBa TeopeMbl LUTeliHepa pa3obbeM MbICNIEHHO TENO
Maccbl M Ha 31eMeHTbl Maccot dm. O603HauYMM PacCTOSIHUA OT 3TUX
3/IEMEHTOB [10 MapannenbHbIX ocei Yepes r u r0. CMbICN BBEAEHHbIX
0603HauYeHUit IceH U3 pUCYHKa. Tak Kak

r =r0-d, To r*\2 = r0"2+d”~2+2d*r0. 3pecb r0- paguyc - BekTop
3/1EMEHTa

TEXT FOR TRANSLATION
TORUM 740

TORUM 740 — BbICOKOMPOU3BOAUTESbHBIN POTOPHbIN 3€pHOY60POY-
HbIi KOMb6aliH, KOTOpbI MO3BONSAET Y6UpaThb LENbl psa KynbTyp Ha
nonsix ¢ 60bLUION YPOXKAWHOCTBIO U CNOXHBLIM arpodoHoM. CeroaHsi
TORUM 740 ybupaeT niobble «cnoxHole» nons. bes notepb. bes npo-
ctoeB. Be3 npensiTcTBUiA. 3Ta MalMHa cpa3y 0603HauuT npeumylue-
CTBa MOLLHOM, YHMBEpPCANbHON TEXHWKM, KOTOpasi He MacyeT nepea
TpyaHocTtamMu. TORUM 740 nosBonsieT youpaTb Lenbid psia arpokysib-
TYp Ha nonax C OOMbLUOM YPOXANHOCTbIO M CNOXHBLIM arpogOHOM.
BO3MOXHOCTY Hallel pOTOPHOMN MaLLMHBI YXKE OLEHWUMN U ELLe OLEHAT
npodgeccmoHansl arpobusHeca. Bbicokasi pe3ynbTaTUBHOCTb, Henpu-
XOT/IMBOCTb, NPOCTOTa 0BCNYXMBaHMUS, HAAEXHOCTb U MHOMO 6onblue:
TOK.3M 740 He NpocTo AUTA NpOrpecca, a HOBbIM BUTOK 3BOSIOLNK
CeNbX03TeXHMKN. OH NpoLUen UCMbITaHUS B CaMblX TSHKESbIX YCIOBUSX
M aokasan cBoto addekTuBHOCTb. KombaliH TORUM 740 npegHasHa-
YyeH Ansi Y6OpKM TPaAMUMOHHBLIX 3€PHOBLIX WM KOMOCOBLIX KySbTyp
NPSMbIM U pa3aesibHbIM

KoMbalH1poBaHMeM. CnekTp yoMpaeMbIx Ky/bTyp LUMPOK - OT MLIEHW-
Ubl 40 pyca. BbicokonponssoanTenbHbIM KOMBalH r. POTOPHOWM CXEMOM
06MO/0Ta XOpOoLWO MOAOMAET X03AWCTBaM C 6OMbLUMMK MOCEBHBIMM
MoWaAsaMN U BbICOKOM YPOXaMHOCTbIO: YeM 6osiblue 3arpyeHa Ma-
LWKHA, TeM acdeKkTMBHEe CTaHOBUTCS eé paboTa.
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DON 680M

MpeactaensieM «[oH 680M». COBpEMEHHbIN BbICOKOMPOU3BOANTE b~
HbIA KOPMOYB6OPOYHBIN KOMbBaliH,

npeaHasHayeHHbIN NS peleHnst 3a4a4 HauBbICLLEN CNOXHOCTU. Bos-
MOXHOCTM 3TOr0 KoMmbaiHa MO3BOAAOT 3a Ce30H 3aroToBuTb A0 30
TbICSY4 TOHH BbICOKOKQYECTBEHHbIX KOPMOB: CWUIOC, CEHaX, 3epHoce-
Ha), 3eMeHblt KopM. MpK 3TOM MO YPOBHIO 3aTpaT Ha NpuobpeTeHne
W akcnnyataumio «[oH 680M» aBnsieTcs, noxasnayi, cambiM AOCTYM-
HbIM 1 3(pheKTUBHBIM. Yke Bonee ABYX ThICSY XO35MCTB B 7 CTpaHax
MUpa CMOriM No AOCTOUHCTBY OLUEHUTb BCE NpPEUMYLLECTBA <<£|,OH
680M>».

MNpsiMOTOYHAs cxema NpOBOAKN KOPMOB, M3MenbunUTeNb C 24 HOXaMu
V-06pa3Horo pacnonoxeHusi, 290-cunbHblit Typboam3enb, Hemnpepbis-
Hasi pe3ka C BbICOKOW MOCTOSIHHOM YacToTon — 20 112 pe3oB B MUHY-
TY, YCKOpUTENb BbIrpy3KW, BbICOKOMPOMU3BOAUTENbHbIE adanTepbl, LWK-
POKWUIA ANANa30H CKOPOCTE KOMB6alHMPOBaHUS.

Tpu pexuma mamenbyenuss 3,5/8/20 MM, camas MUHUManbHas pe3ka
3,5 MM, nepeKksoyeHne pexuMoB pesku MnpsMo ¢ pabodero MecTa,
perynnpoBKa A/IMHbI pe3kn 6e3 cMeHbl HOXEW, POTOPHbIA AOM3MENb-
yuTesNb 3epHa.

Habop apantepos anst ybopku BCEX TUMOB KOPMOBBIX KYNbTYp, YA/IU-
HWUTENb KO3blpbKa CUIOCOMPOBOAA U MPWXMMHbIE MPYXWHbI noabop-
Wwuka ana pabotel 6€3 NoTepb B BETPEHYO MOrody, cucrtema Komnmpo-
BaHWSI TPaBSIHOM »aTKoOM M noaboplnKoM penbeda nons B Npoaosb-
HO-MOMEPEYHOM HanpaB/iEHNM, NPUCIOCOBNEHHOCTL POTOPHON XKaTKU
K paboTe Ha BbICOKOYPOXaNHOW U HU3KOYPOXXAMHOMN KYKypy3e, MOLL-
Hasi ruapocTaTnyeckasl TpaHCMUCCKSA, MOSHBIA npuBog (no 3akasy),
capbl 1 noaceeTKa Ans paboTbl HOYbLIO.

LleHTpanbHoe pacnonoxeHne kabuHbl, 60nblias naowaab ocTekne-
HWS, TOHUPOBAHHbIE CTEKNA, LIYMOU30AUMS, KOHAMLMOHED, OTOMNN-
TeNb, AOMNONHUTENBHOE CUAEHME, SPrOHOMUYHOE PacrofioXXeHme op-
raHoB YNpaBfeHuUs, MAPOYCUUTENb pyns.

VECTOR 420
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Y «BekTopa» MoOLLHas, Bblpa3uTesnbHasl, MOXHO CKa3aTb, MyCKY/IMCTas
BHELWHOCTb. YeTKne UMCTble rpaHun, HanpsKeHHoe CouYsieHeHMe Moc-
KOCTel BblaensieT 3T0T KoMbaliH Ha (oHe MpUBLIYHOIO, pacnpocTpa-
HEHHOro B nocnegHee BpeMs 6uoamszaiHa. OTAnUUTENbHbIE YepTbl
HOBOI KabuHbl — 3TO 6onbluas Nowaab OcTekNeHns (MoYTh 5 kB. M)
n 6 mowHbix 70 BT ranoreHHbix ¢ap. B pesynbtate — 6ecnpenst-
CTBEHHbIN 0630p XaTKu Npu paboTe Kak AHEM, TaK U HOYbIO.

Mpn pa3paboTke «BekTopa» KOHCTPYKTOPbl OCTanuncCb BePHbl OT/IMYHO
3apekoMeHzoBaBLIel cebs Knaccuuyeckoi opHobapabaHHOM cxeMe.
Bonbluoi 6apabaH auameTpom 800 MM U NpoTskeHHoe noabapabaHbe
CO34al0T OrPOMHYl0 nowaab obMonaumsBaeMoil nosepxHocTu. Ha
3TOM 3Tane BbiMOMauMBaeTcs A0 95% 3epHa. Bbicokasi MHEpPUMOH-
HoCTb H6apabaHa No3BOMSET Nerko CNpaBAATbCA C TPYAHbIMU BbICOKO-
CO/TOMUCTbLIMU USIM 3aCOpeHHbIMK Xniebamu.

«BekTop» MOMy4Mn HOBbIN 6-TM UMIMHAPOBLIN ABUraTenb C Typbo-
HapayBoMm «AM3 236-HA2» MowHoCTbio 210 1.C. 1 3anacoM KpyTsLle-
ro MOMeHTa He MeHee 15%.

CuCTeMbl TMAPaBAMKM U 3MEKTPOCHAOXKEHMSI MpeTeprenn psig M3Me-
HEHWI, HamnpaB/ieHHbIX B NEPBYI ovepefb Ha MOBbILEHWE HAAEXKHO-
CTU ¥ yaobcTBa 0bcnykmnBaHus kKomMbaiiHa.

C okTa6pst 2006 roaa 3epHOYy60pOUHbI KOMbBalH BekTop ocHallaeTcs
HOBOW >aTkoW cepun Power Stream wwmnpuHoOW 3axBata 5, 6, 7 1 9 M.
MpakTnka MOATBEPXKAAET, UTO MPUMEHEHWE 3TMX XKATOK COKpalLaeT

noTePU 3epHa M3-3a OCbiNaHMs U 0becreYnBaeT paBHOMEPHYHO Mo-
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fayy BHE 3aBMCMMOCTM OT YC/IOBWUIA paboTbl. XaTku Power Stream
CO3[at0T OCHOBY A1 MaKCMMaJSIbHOM NPOM3BOAUTENILHOCTU KOMBaHOB
PocTcenbmalu.

PynoHHbi# Pelikan 1200

PynoHHbI npecc-noabopimk Pelikan npuMeHsieTcs B 30HaX paBHWH-
HOro 3eMJIenonb30BaHNA M arperaTMpyeTcs C TpakTopamMu TSroBOro
knacca 0,9 n 1,4 T.c. Jlerknii © KOMNakKTHbINA, OH 6epeXeT MoYBy U
YAMBNSIET BbICTPOTONM paboThl.

Mpecc-noabopuuk MMNP-120 Pelikan npegHa3HaueH ans noabopa Ban-
KOB CE€Ha eCTECTBEHHbIX U CESHbIX TPaB MM COMOMbI, MPECCOBaHMS MX
B PY/IOHbI C nocneaytowein 06MoTkoM LnaraToM. Mpecc-noabopLimk
MOXHO TaKXe MCMOoSb30BaTb ANs1 BCMYLUMBAHMS BasIkoOB, YTODObI YCKO-
pUTb CYLLKY CeHa.

B pabote Pelikan — 310 couyeTaHne HagexHocTn, komdopTa U Benu-
KOMEMnHoro pesysbTtara.

OTMeHHOEe Ka4yeCTBO NPECcCOBaHUS AOCTUraeTcs 3a CYET NPUMEHEHHOM
B npecc-noadopLiMke KOM6UHMPOBAHHOMN CXEMbI, LIEMOYHO-TIaHYaTbIN
TPaHCNOPTEP COMETaeTCs C UMIMHAPUYECKMMM BanbLUaMn. Macca
NpeccyeTcs paBHOMEPHO, 3TO rapaHTUpyeT ANnUTeNIbHOe XpaHeHue, a
3HaAuUMT, U BbICOKOE KayecTBO KOPMOB. POpMMPOBaHME PYSIOHOB U 06-
BSA3blBaHME NPOUCXOANT 33 MUHUMAsbHOE BPeMsl. YHUKaNbHbIN ABYX-
HUTEBOW 06BSI3bIBAIOLLMI MEXAHM3M UCK/IIOYAET 06pbIBbI LWiNaraTta, a
KepaMUYeCKMe MasKn U HaTSHXKHbIE MEXaHW3Mbl FapaHTUPYHOT OTCYyT-
CTBME NMOBPEXAEHUIA.
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C noMoLbo NynbTa yrnpasBfeHusl onepaTop MOJIHOCTbIO KOHTPONMpyeT
NpoLecc NpeccoBaHns: NIOTHOCTb M pacxod wnaraTa.
MpOYHbIV KapAaHHbIM Ban U NpeaoxpaHMTeny Ha MydTax 3alluiaioT
MallMHY OT neperpy3ok. ABTOMaTMYeckasi CMCTeMa CMas3Ku LIEMHbIX
nepegad Bo BpeMs paboTbl obecneunBaeT 6e30TkazHOE (YHKLMOHU-
poBaHue npecc-nogbopLimka.

ACROS 580

MpoV3BOACTBOM 3€pHA 3aHUMAETCS MHOXECTBO X03MCTB. Mpu BbI6O-
pe TEXHWKM, B TOM YMC/ie 3€pHOYOOPOUHbIX KOMBANHOB, PYKOBOAM-
TeNb KaXKAOro XO34WCTBa CneayeT CBOMM MpuHUMMaM. KTo-TO OpueH-
TUPYETCS Ha FPOMKWE MMeHa npoussoanTenei. Koro- To npuenekaloT
CBEPXCOBPEMEHHbIE, MOAHblE TexHonorun. Komy-To Kaxercs, 4To
BHYLUMTESIbHAs CTOMMOCTb M peKopaHas NPOM3BOAMTENbHOCTb MaLUMH
6yneT rapaHTMpoBaTb YCMeWwHyo paboTy. Takue X03aMcTBa ecTb, HO
KoMbaliHbl PocTcenbMall — He Ans HuX.
Kom6aliHbl PocTcenbMall BbIGUpalOT Te, KOMY Ba)KeH, Mpexzae BCero,
(b1HaAHCOBbLIN pe3ynbTaT, KTO ULIET U HAXOAMT ONTMMASIbHbIE PELLEHUS
BO BCEM, B TOM 4uCne B BOMpoce Bbibopa TexHukn. Te, Ans KOTOpbIX
NpPOV3BOACTBO 3epHa — MpUObLINbHBLIN BU3HEC, @ He «buTBa 3a ypo-
Xan» noboi UeHol. KombaiHbl Poctcenbmall — ansa MNpodeccnoHa-
nos ArpobusHeca.
MNpeacraBnsgem ACROS — HOBOE MOKOJIEHUE BbICOKOMNPOU3BOAUTESb-
HbIX 3epHOY60POYHbLIX KOMBalHOB PocTcesibMall.
KombaliHbl ACROS ocHaLlaloTcs xaTkamu cepumn Power Stream wmnpu-
HOM 3axBaTa 6, 7 U 9 M. lNpakTMKa NoATBEPXKAAET, YTO MPUMEHEHME
3TUX XKATOK COKpaLlaeT noTepu 3epHa M3-3a ocbinaHusl u obecneyn-
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BaeT pPaBHOMEpPHYIO Mojayy BHE 3aBMCMMOCTU OT YCNOBWUIA PaboThbl.
Power Stream co3gaeT OCHOBY A5 MAaKCMMallbHOM NPOU3BOAUTENbHO-
ctn ACROS.

RSM 1701

RSM 1401  — WHHOBALUMOHHbINM, CBEPXNPOU3BOANTENBHbIN
KOPMOY6OPOYHbIN KOMbBaiiH. OH MOMHOCTLIO YAOBNETBOPSIET TpeboBa-
HUAM KPYMHbIX arpoOXONAMHIOB U (epMepoB, HYXAQKLMXCA B BbICO-
Konpou3BoAUTENbHOM U 3ddekTUBHOM TexHMKe. RSM 1401 paccumTaH
Ha 3aroToBKy 140 TOHH CMNOCHBLIX KOPMOB B Yac Mpu pabouyeit cKkopo-
ctv go 18 kM/4y. OH cnocobeH obecneunTb XO3SIUCTBO BbICOKOKaYe-
CTBEHHbIMW KOpMaMu B 60/1bLLIOM 06beMe M B KpaTyailume CPOoKMU.
PelweHve o pa3paboTke elle OAHOM MoAenn KOPMOYBOPOYHBLIX KOM-
6aiiHoB PocTcenbMall MpWHSA NOA4 BAUSIHUEM aKTUBHOIMO pasBuUTUS
)XMBOTHOBOACTBA M POCTOM MNOTPebHOCTM B Hauboriee NpousBoau-
TENbHON TEXHMKE AN1S 3arOTOBKM KOPMOB. Pe3ynbTaToM CTana Mallu-
Ha, MNaBHbIMM XapaKTEPUCTMKaMM KOTOPOW CTanM MaKcuMasbHas
NPOV3BOAUTENBHOCTb, BbICOKAs 3(MHEKTUBHOCTb, OTIMYHOE KauyeCTBO
M3MenbYeHUsi Maccbl M MPOCTOTa B YynpaBneHuu. [MpsMonuHeiHasi
MpoBOZKa PacTUTENbHOW Macchl, V-06pa3Hoe pacrosiokeHUe HOXEN,
YCKOpUTENb BbIrPY3kW, MOLWHbIA 400 n.c. ABUraTenb, BbICOKAs TPaHC-
nopTHas ckopocTb (A0 30 kM/u).

Habop BblCOKONPON3BOAMTESNBHLIX aJanTepoB Ans ybopku BCeEX TUMOB
KOPMOBbIX KySbTyp, CUCTEMA KOMUPOBAHUSI TPaBSHOM XXaTKOM U Moa-
6oplmkom penbeda nons, HaAAEXHbIM MOCT, ruapocTaThyeckas
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TpPaHCMUCCKSI, MOSHLIN NPUMBOA BCEX konec. Bce 310 no3BonseT Kom-
6alliHy yBEepeHHO 4yBCTBOBaTb cebsi Ha Noboi nouse, B NOOLIX MO-
rofHbIX YCOBUSIX.

MpocTtopHas aByxmecTHas kabuHa Comfort Cab ¢ BenvkonenHbiM Kpy-
roBbiM 0630pOM, MOLLUHOE OCBELLEHME, MOHMXKEHHBIN YPOBEHb LUYMa,
3ProHOMMYHOE PACMOOXEHUE OPraHOB YMPaB/EHUS, KOHAMLMOHEP,
oTonuTeNb, pa3BuTas WHQPOPMaUMOHHAs CUCTEMA C YHWUKasbHOM
(byHKLMEN FrONOCOBOrO OMOBELLEHNS.

TrokoBoi Tukan 1600

TtokoBol npecc-noadopiumnk MMT-041 Tukan — yHWMBepcanbHOEe cpea-
CTBO noabopa BasIkOB CEHa €CTECTBEHHbIX M CEeSHbIX TPaB WM COMo-
Mbl, MPECCOBaHUS UX B THOKW NPSIMOYrofibHOM (DOpMbl C 06BS3KOW
wnaratoM. OH noaxoaunT Ans NpeccoBaHUA AaXe JIErKUX KyNbTyp,
6narogaps cucteme perynMpoBaHusi NAOTHOCTU. Tukan mncnonb3yercs
B 30HAX PaBHWMHHOrO 3eM/1eNO0sIb30BaHMS M arperaTmpyeTcs C TPakKTo-
pamu Taroeoro knacca 0,9 n 1,4 1.c. Moabupatowmin mexaHmsm obec-
neymMBaeT MakCMMyM COB6paHHOro KopMa, B TO XKe BpeMSi UCK/OYeH
non6op KaMHeW — HUYEro JINLLHEro He nonagaeT B THOKWU. ﬂﬂMHa THO-
Ka MoxeT 6blTb oTperynupoBaHa B npegenax ot 0.5 go 1.3 M, 310
NO3BONAET MaKCMMaAJIbHO 3C|J(beKTVIBHO MCNoJsib30BaTb nnowaab Xpa-
HeHus. Tukan To4HO KonupyeT penbed, 6narogaps noaBecke Ha ue-
ThipeX WHAMBUAYANbHO pErynnpyeMbiXx HE3aBUCUMMbIX MPY>XUHAX U
aMopTM3aTopy, KOTOpbIe NpeaoTBpaLLaloT packadMBaHue 1 yaapbl.

AWMk 3arpysku wWwnarata paccyM- TaH Ha 8 pynoHOB, 3TO rapaHTu-
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PYET NPOACHKUTENBHYIO PaboTy U HaaEXHYI0 06BSI3KY THOKOB.
MallMHa HaAeXHOo 3allMlleHa OT NeperpysoK, ABYCTOPOHHUE HOXMW B
BbICLLEN CTeneHW M3HOCOCTOMKK, Bnarogapsi creuranbHON TepMoo6-
paboTke.

Bbirpy3Hoe YCTPOMCTBO MO3BOJISIET MPOBOAWNTL MOC/IEAOBATENbHYHO
MorpysKy TIOKOB B npuLen

Niva Effect

M3HauyanbHO BbINMOMHEHHAs! B CMapTaHCKOM Ayxe, HOBasi KabuHa npwu-
ATHO YAMBUT CBOMM KOMOPTOM.

MapocoeanHEHMS! CTann repMETUYHEE M YMLLE NOC/E 3aMeHbl NasiHbIX
COEOVHEHMIA Ha COEAMHEHNS C MOMOLLbIO Bpe3atoLerocs Kosbua. 310
rapaHTUPYET HaAEXHYI0 repMeTMYHOCTb NPU MHOMOKPATHOM MOHTaXe
N AeMoHTaxke. Pe3nHoBble ynnoTHEHMS 3aMeHeHbl Ha (TopKay4dyKo-
Bble — OHM AalOT MEHbLLYIO YCaZIKy W ropasfo aonroBedHee. HoBbil
psuratens [1-442-54P (55P — c anekTpo3anyckoMm) ¢ TypboHaaayBom
W BCTPOEHHbIM TennoobMeHHuKoM, obnagaeT 6onbWKMM pecypcoM wu
MeHbLUMM pacxoaoM TOMnBa.

Beaywuii MOCT — nNaBHbIN MMAPOCTAaTUYECKMI NPUBOA BEAYLLUX KO-
Nec CylecTBeHHO obniervaeT ynpasneHue, AaeT NiaBHOe M3MeHeHue
CKOPOCTM, POBHbIA XO4 M XOpPOLLYH MAHEBPEHHOCTb. Ternepb MOXHO
ABUraTbCsa CO CKOpocTbio Aaxe 0,1 km/yac.

[ns ynob6cTBa 3amMepa AaB/fieHNst B OCHOBHOW M'MAPOCUCTEME U TMApPO-
cucTemMe pyneBoro ynpasfieHUs BBeAEHbl MecTa Ans NOoACoeAMHEHMS
MaHoMeTpa.
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B #OMNoOnHeHMM K yHMBEpCanbHOMY W3MenbuMTento-pasbpackiBaTento
MYH-5 BBeAeH HOBbI M3MeNbYMTENb-pa3bpackiBaTeslb, WUMEIOLMIA
MPOCTYIO U HAAEXHYIO KOHCTPYKLMIO, MEHbLUIMI BEC.

CMPABOYHbIA MATEPUAN
rPEYECKUW AJIOABUT

- - -

P.p—po
Y, ¢ —carMa

A, a—ansda I, 1— #ioTa

B, p — Oera
]"‘T-ral\ﬂbln

K, O - xanna

A, ). — aambaa T, ¥ 30y

Y, v — HNCHJIOH

A, & — peapTa M, p — M0

E, £ — 3NCHJI0H N, v — HIO D, ¢ —-Pn

Z, L — nsera E,E— KcH X, A —XH
H, n—37Ta 0, 0 — OMHUKPOH Y,y — ncH
0,0,00 —TeTa I, n —nA Q, @ — omera

OcHoBHble eanHuLbl CU B MexaHuKe
CekyHfa - 3TO MPOMEXYTOK BpeMEeHMW, B TEYEHUN KOTOPOro coBepLua-
etca 9 192 631 770 konebaHuit 3NEKTPOMAarHUTHOrO U3My4YeHusi, Co-
OTBETCTBYIOLLEro nepexoay Mexay AByMs onpeaenéHHbIMU CBEPXTOH-
KMMU YPOBHSIMW OCHOBHOIO COCTOSIHUSI aToMa uesnst - 133. DTanoH
BPEMEHM M YaCTOTbl COCTOMT M3 aTOMHO-/Ty4EBOW TPYOKM C My4KOM
aTOMOB LE3Ms U pagMOTEXHMYECKOrO YCTPOMCTBA, KOTOpoe AaeT
Habop 3NEKTPUYECKUX CUTHANoB (PUKCMPOBaHHOM 4acToTbl. CekyHaa
npnbnuantensHo pasHa 1/86400 cpeaHMX COMHEYHbIX CYyTOK. MeTp -
3TO ANMHA, paBHasi 1 650 763,73 ANVMH BOSH B BaKyyMe OpaH»eBOW
JIMHMM aToMa KpUNTOHA-86(IMHUKM COOTBETCTBYIOT Mepexody Mexay
ypoBHsiMmn 2p10 n 5d5 gaHHoro atoma). JTasioH Ans BOCMpou3Bene-
HUS MeTpa
npeacTaBnsier cobol KOMMEKC annapaTypbl, BkIlo4atowwem! WH-
TepdepoMeTpbl AN TOYHO U3MepeHns anvH. Metp npubnusntens-
Ho paseH 1/40 000 000 gone AAMHbLI 3eMHOr0 MepyanaHa.
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KunorpamM - 3T0 Macca NnaTUHO - MPUANEBOrO 3TasioHa, XpaHsLle-
roca B MexayHapoaHoM 6topo mep u Becos (B Cespe, 65113 Mapu-
a). Macca 3TanoHa 6nm3ka k Macce 1aAM~3 umucTol Boabl npu 4
rpagycax.

HexkoTopble cBeaeHUsi 0 BeKTopax
CkanspHoe npou3BeaeHne BEKTOPOB:
ab=ba=abcosa; a(b+c)=ab+ac
BekTopHOe npousseaeHne BEKTOPOB:
[ab]= -[ba]; I[ab]l=absina
[a,b+c]=[ab]+[ac]
CMeluaHHOe, Uy BEKTOPHO-CKANSpHOE, NpOU3BeaeHNe TPEX BEKTOPOB
SBNSETCS CKaNsipoOM M YUCIEHHO paBHO 06bEMY nNapannenenuneaa,
NMOCTPOEHHOr0 Ha 3TUX BEKTOpPax:
a[bc]=b[ca]=c[ab]; a[bc]= -b[ac]= -a[cb].
[1BOViHOE BEKTOPHOE MPOV3BEAEHME:
[a[bc]]=b(ac)= -c(ab).
lNpoun3seaeHne BeKTopos. Ecnu
a=alel+a2e2+a3e3;
b=blel+b2e2+b3e3,
roe el, e2, e3 - KoopavHaTHblE OpThbl (B3aMMHO MepneHAnKynsip-
Hble 1 0bpasyloLLue NpaByto TPOKKY), TO

113
ab=a,b +8;br+asbs;
3
[ b]'fli fé ::313 =(azhs-ﬁsbﬂﬂﬁ{aiht'Elbsklﬂﬂihl'alblkl'
abl=

b1 b2 b3

MpaBuna anddepeHUMpoBaHnsl BEKTOPOB, 3aBUCSALLMX OT HEKOTOPOIA
CKansapHou nepemMeHHoMn t:
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“'
—(l+h)=-'+;; ;}{ '—hﬂﬁ
...(M}=d£-a+uz:%l"h]_[ b]+[n'—|-

[ecAaTnyHbIe NPUCTAaBKU K HA3BaHUAM eAUHNL

W
I — rura (10) v - wnan (10°)
M — mera (10°) e — R :;:‘)
g—lﬂl—"lﬂ{ln’) = — wmmo P
r — rexro (107) i us)
xa — aexa(10") &~ penrro (107
_ 107
21— newn (10" T s —
[Tpamephl:

it — sasometp (107M),

kH — KHNIOHBIOTOH (10°H),

M5B — MerasneKTpoH-BONbT (10° aB),
\ixBT — Muxposart (107 B)
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