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INTRODUCTION

In order to be able to express the
values of physical quantities, a system of
units is required which serves as the
yardstick for every measurement. The value
of the physical quantity is taken as the
product of numerical value and unit. Such a
system of units is the SI system, which was
established in 1960 by the 11th General
Conference on Weights and Measures
(Conférence Générale des Poids et Mesures,
CGPM). It has since then been adopted by
over 50 countries. International
responsibility lies with the International
Bureau of Weights and Measures (BIPM,
Bureau International des Poids et Mesures)
in Sevres near Paris. Further units which are
to this day commonly used (e.g., liter,
metric ton, hour, degree Celsius) are in
many countries likewise permitted by law
and are mentioned here as such. Units
permitted in other countries (e.g., inch,
ounce, degree Fahrenheit) or obsolete units
are discussed in a separate section.

The Engineer’s Physical Handbook is
organized into three chapters:

Chapter 1: Quantities and Units

Chapter 2: Conversion of Units

Chapter 3: Symbols and Units

We recommend that readers first study
the information in the «Engineer’s Physical
Handbook» before taking moving to the
courses «Physics», «Physical Processes...»,
«Physical foundations...», «Fluid
Mechanics», «Strength of Materialsy,
«Electrical Engineering», «Actuatorsy, etc.,
or simultaneously with taking these courses.

In this book, each chapter is presented
in a clear and coherent fashion without
heavy reliance on the original literature.

BCTYII

Jlnst Toro, mo0 Matu 3MOry BHUpakaTH
3HaueHHA (I3UYHUX BEJIMYMH, OTPIOHA CH-
CTEMa OJUHUIlb, SIKA CIYXHUTb €TaJOHOM
JUIS. KOYKHOTO BUMIpIOBaHHS. 3Ha4yeHHs (]i-
3UYHOT BEJIMYMHU TPUHUMAETHCS K T00YTOK
YKCJIOBOTO 3HAYEHHS HAa OJMHUIIO0 BUMIPIO-
BaHHs. Takow0 CHUCTEMOIO OJAMHUIL € CHCTE-
ma CI, sika Oyna BcraHoBieHa B 1960 pori
11-10 'enepanbHOIO KOH(pEpeHIiE 3 Mip 1
Bar (Conférence Générale des Poids et
Mesures, CGPM). 3 Toro yacy ii npuiHsiu
TOHA 50 KpaiH. MiKHapoaHY
BI/IMOBIAAIBHICTE Hece MixHapoaHe Oropo
Mmip 1 Bar (BIPM, Bureau International des
Poids et Mesures) y Cespi nobnusy Ilapu-
ka. [HII oguHUII BUMIPIOBAaHHS, SIK1 U J0-
HUHI IIUPOKO BUKOPUCTOBYIOTHCS (HANIPUK-
Jaj, JITp, METpUYHA TOHHA, TOJMHA, TPATYC
[lenbcist), TakoXK TO3BOJIEHI 3aKOHOM y Oa-
raThbOX KpaiHax 1 3raayrThCs TaKOXK TYT.
OnuHMI BUMIPIOBaHHS, 103BOJICH] B 1HIIIMX
KpaiHax (HampuKJIal, IIOWM, YHIIS, Tpagyc
dapenreiita), abo 3acTapiuil  OZUHUII
00rOBOPIOIOTHCS B OKPEMOMY PO3IiII.

®Di3uyHUN TOBIIHUK 1H)XXEHEpa CKJiaia-
€TBCS 3 TPHOX PO3LIIB:

Poznin 1: Bennuunau 1 oquHALI

Po3znin 2: [lepeTBOpeHHs OJIMHUILL

Po3znain 3: CumBoOIH 1 OAUHUIT

PekoMeHlyeMO uuTayamM  CIOYaTKY
BUBUYUTH iH(popMalito «®DizuuHoOrO
NOBIJHUKA  1HXKEHepa»,  Mepum  HIK
omaHoByBaTH Kypcu «®Dizukay, «DizuuHi
MIPOLECH. .. ), «®Di3uuH1 OCHOBH...»,
«l'igpomexanika», «Omip  maTepialiBy,

«Enextporexnika», «I[IpuBogu» Ta iH., a0
OJTHOYACHO 3 OMTAaHYBAHHSM LIUX KYPCIiB.

VY miit KHU31, KOXKEH pO3JILI MpeCTaB-
JICHUH y 3pO3yMUIINA 1 TTOCTIIOBHIA MaHepi
0e3 3HayHOI BIAMIHHOCTI BiJl OPHUT1HAJIBHOT
JiTepaTypH.
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Chapter 1
Quantities and units

1.1 SI units

SI denotes «Systeme International
d'Unités» (International System of Units).
The system is laid down in ISO 31 and ISO
80000 (ISO: International Organization for
Standardization) and for Germany in DIN
1301 (DIN: Deutsches Institut fiir Normung
— German Institute for Standardization).

SI units comprise the seven base SI
units and coherent units derived from these
base Sl units using a numerical factor of 1.

Base SI units

Table 1.1 — Base SI units.

Po3aia 1
Beanuunu i oxuHuLIi

1.1 Oauuuni cucremu CI

Cl o3naugae «Systeme International
d'Unités» (MixxHapoJiHa cUCTE€Ma OJUHHUIIb).
Cucrema Bukiagena B ISO 31 1 ISO 80000
(ISO: Mixunapoana oprasizaiiis 31 cTanaap-
tuzauii), a st Himeuunnn — y DIN 1301
(DIN: Deutsches Institut fiir Normung —
Himeupkuit IHCTUTYT CTaHIapTH3AIIl1).

CI Bxurovae cim ocHOBHUX oauHuULb CI
1 KOTepeHTHI OJMHHMII, TMOXIJHI BiJ ILHX
ocHOBHMX oJuHHUIL Cl 3 BHUKOpPUCTaHHSIM
quCI0BOro Koedimienra 1.

OcuoBHi oqnanui CI

Base quantity and symbols

Base SI unit

Name Symbol
Length [ meter m
Mass m kilogram kg
Time t second s
Electric current I ampere A
Thermodynamic temperature T kelvin K
Amount of substance n mole mol
Luminous intensity ) candela cd

Tabmuus 1.1 — OcuoBHi ogunui CL.

OCHOBHA BeJIMYHUHA i CHMBOJIH OcnoBHa oguuunnsa CI

Ha3sga CumBoJ
JloBxuHa [ METP M
Maca m KUI0rpam KT
Yac t CEeKyH/J1a c
Enextpuunuii ctpym 1 amriep A
TepMmoauHamiuHa TemrepaTypa T KeJIbBIH K
KinbKiCTh peUOBUHH n MOJIb MOJIb
Cwia cBiTia I KaHjela KII

All other quantities and units are
derived from the base quantities and base
units. The international unit of force is thus
obtained by applying Newton's Law:

Yci iHII1 BETUYUHY 1 OAMHULIL BUMIPIO-
BaHHS MOXOIATh BiJl OCHOBHHMX BEJIMYHH 1
OCHOBHUX OJWHHIIb. MiXKHApOIHA OJUHUIISA
CUJIM, TAKUM YHHOM, OTPHUMYETHCS MUISIXOM
3aCTOCyBaHHs 3aKOHY HbrOTOHA:

10



force = mass x acceleration

F=m-

where m=1kg and a=1m/s?>, thus
F=1kg lm/s’=1kg-m/s>=1N

(newton).
Definitions of the base Sl units

In 2018 a fundamental change was
made to the SI at the 26th General
Conference, this change being adopted on
20 May 2019: Seven «defining constants»
now form the foundation of the SI and
therefore provide the basis for the definition
of the base units and all further SI units.

1 meter is defined as the distance
which light travels in a vacuum in
1/299,792,458 seconds (17" CGPM, 1983").
The meter is therefore defined using the
speed of light in a  vacuum,
c= 299,792,458 m/s, and no longer by the
wavelength of the radiation emitted by the
krypton nuclide *°Kr. The meter was
originally defined as the forty-millionth part
of a terrestrial meridian (standard meter,
Paris, 1875).

1 kilogram is linked with the action, a
quantity in theoretical physics with the unit
kg -m? - s7!. Together with the definitions
of the second and the meter this leads to a
definition of the kilogram as a function of
the Planck constant /4.

1 second 1s defined as the duration of
9,192,631,770 periods of the radiation
corresponding to the transition between the
two hyperfine levels of the ground state of
atoms of the '3Cs nuclide (13" CGPM,
1967").

1 ampere 1s the current corresponding
to the flow of 1/(1.602176634 -107')
elementary charges (electrons) per second.

1 kelvin 1s equal to the change of
thermodynamic temperature that results in a

11

CHJIa = Maca X NPUCKOPCHHA,

a

ne m=1kr i a=1M/c’>, TAKUM 4YHHOM
F=1xr-1Mc?=1xr-mc*=1H
(HBIOTOH).

Bu3znayennsi ocHoBHuX oquHUIL CI

Y 2018 poui nHa 26-ii I'eHepainbHiii
koHpepenuii 10 CI Oyno BHeceHO (yHAa-
MEHTAJIbHY 3MiHY, sIKy Oyno mpwuiiasarto 20
tpaBHa 2019 poky: CiM «BHU3HayYaJIbHUX
KOHCTaHT» Temnep ckianawTb ocHoBy CI 1,
0TKe, 3a0€31e4yI0Th OCHOBY JUIsl BU3HAYEH-
HS OCHOBHMX OJIMHHUIIb 1 BCIX MOJAJIBIINX
oaunuup CI.

| memp BU3HAYa€TBCA SK BIJACTaHb,

Ky CBITJIO TMPOXOJAMTh Yy BaKyyMi 3a
1/299 792 458 cekyumu (17-ra CGPM,
1983). Tomy Merp BH3HAYa€eThCS 32

JOTIOMOT'OI0 IIBUJKOCTI CBITJIA y BaKyyMi,
c= 299 792 458 M/c, a He 3a JOBXKXHHOIO
XBWJI1 BUIPOMIHIOBAHHS, IO BHUIIPOMIHIO-
€ThC  KPUIITOHOBMM  HyKmigom  S°Kr.
CrouaTky METp BU3HAUaBCA K COPOKAMILIIb-
HOHHA  YacTHHAa 3€MHOr0  MepHujiiaHa
(ctanmaptauit metp, [lapux, 1875).

| kinoepam  TOB’s3aHUNA 3 €I,
BEIMYMHA B  TEOpeTHuHid  (i3umi 3
OJIMHUIICIO Kr - Mm% - ¢ Pazom 3
BU3HAUEHHSIMH CEKyHIM 1 MeTpa Le
OpU3BOJUTH /IO BHU3HAYCHHS Kijdorpama
yepe3 crany [lnanka 4.

1 cexynoa BU3HA4YA€ETHCS SIK TPUBAIIICTH
9192 631 770 mepioAiB BUIPOMIHIOBAHHS,
10 BIAMNOBIZA€E TMEPEeXoAy MDK JBOMa
HAJITOHKUMHU PIBHSAMH OCHOBHOTO CTaHy
aromiB Hykiiga **Cs (13-ra CGPM, 1967").

1 amnep e cuwia CTpyMmy, IO
Binnosinae nmoroky 1/(1,602176634 - 1071%)
CJIEMEHTApHUX 3apsiiB (€JEKTPOHIB) 3a
CEKYHJY.

1 xenvsin MTOPIBHIOE 3MiHI TEPMOIMUHA-



change of thermal
1.380649 - 107 J.

1 mole is the amount of substance of a
system that contains 6.02214076 - 10%
specified  elementary  entities. An
elementary entity may be an atom, a
molecule, an ion, an electron, any other
particle or a group of such particles of
precisely specified composition.

1 candela is the luminous intensity in a
given direction of a source which emits
monochromatic radiation of frequency
540 - 10" hertz and of which the radiant
intensity in that direction is 1/683 watt per
steradian (16th CGPM, 1979").

energy (kT) by

" CGPM: Conférence Générale des Poids et
Mesures (General Conference on Weights and
Measures).

%) Fixed point on the international temperature
scale. The triple point is the only point at which all
three phases of water (solid, liquid and gaseous)
are in equilibrium (at a pressure of 1013.25 hPa).
This temperature of 273.16 K is 0.01 K above the
freezing point of water (273.15 K).

Decimal multiples and fractions of Sl
units

Decimal multiples and fractions of SI
units are denoted by prefixes before the
name of the unit or prefix symbols before
the unit symbol. The prefix symbol is
placed immediately in front of the unit
symbol to form a coherent unit, such as the
milligram (mg). Multiple prefixes, such as
microkilogram (pkg), may not be used.

Prefixes are not to be used before the
units angular degree, minute and second, the
time units minute, hour, day and year, and
the temperature unit degree Celsius.

MIYHOI TeMIEepaTypH, sika MPU3BOAMUTH 10

3MiHM  TerioBoi  eHeprii  (k7) Ha
1,380649 - 1073 JIx.
1 Mmons — 1e KUIBKICTb PEYOBUHU

cucTteMH, ska wmictuth 6,02214076 - 107
3aJaHUX eJIEMEHTapHUX OJIMHUIIb.
EnemeHTapHOl0O OMHUICIO MOXe OyTH
aTOM, MOJIEKyJia, 10H, €JIEKTPOH, OyIb-sKa
1HIIIa YacTHHKA a0o0 Tpymna TaKUX YaCTHHOK
TOYHO 33JIaHOTO CKJIAY.

1 kanoena — 1e cuna cBiTiIa B 3aJaHO-
My HampsIMKy BIJ JDKEpelsa, sIKke BUIIPOMi-
HIOE MOHOXPOMATHYHE BHUIIPOMIHIOBAHHS
gactotoro 540 - 102, i cuna BUnpomi-
HIOBaHHS SIKOTO B IIbOMY HAIPSMKY CTaHO-
BUTH 1/683 BaT Ha ctepaniad (16-ta CGPM,
1979).

" CGPM: Conférence Générale des Poids et
Mesures (I'enepanvra koHgpepenyis 3 mip i 8ae).
%) Dixcosana mouxa na MidicHapoOHiil
memnepamypuiu wikani. [lompiuna mouka — ye
€0uHa mouyka, 6 AKiu yci mpu gaszu 6oou (meepoa,
pioka ma eazonodibona) nepebysaroms y pi6HOBA3I
(npu mucky 1013,25 I'lla). I]s memnepamypa
273,16 K na 0,01 K euwa 3a mouxy 3amep3anHs
6oou (273,15 K).

JlecATKOBI KpaTHi Ta YaCTHHHI
oauHuub CI

JlecAaTKOBI KpaTHI 1 YaCTUHHI OAWHULb
CI no3nauaroThcsi mpedikcaMu mepea Haz-
BOIO OJMHUILII a00 mpedikcaMu mepes CUuM-
BosioM oauHull. [Ipedikc craButhes Oe3mno-
CEepPeIHbO TIEepPe] CHUMBOJIOM OJMHUII IS
YTBOPEHHSI 3B’SI3HOT OJMHUII, HANPHUKIAJ,
mutirpam (mr). Kigpka npedikciB, Takux siK
MIKpOKUIOrpaM (MKT), HE MOXYTb BHKOPH-
CTOBYBATHCSI.

[Ipedikcu HE MOBUHHI BUKOPUCTOBYBA-
TUCS TEepe]] OJMHULISIMH KyTOBOTO Tpajyca,
XBUWJIMHH 1 CEKYHIH, OAUHUISIMU 4acy XBHU-
JIMHY, TOJUHU, JTHA Ta POKY, a TAKOX OJIH-
HULEIO TeMIlepaTypu epadycom Llenvcis.

12



Table 1.2 — Decimal multiples and fractions
of Sl units.

Prefix Prefix symbol Power of ten Name
atto a 10718 trillionth
femto f TG+ thousand billionth
pico p 1G4 billionth
nano n 10°° thousand millionth
micro n 10°° millionth
milli m 1073 thousandth
centi ¢ 1072 hundredth
deci d 107" tenth
deca da 10! ten
hecto h 10° hundred
kilo k 103 thousand
mega M 10° million
giga G 10° milliard")
tera T 1012 billion")
peta P 103 thousand billion
exa E 108 trillion
Tabmuus 1.2 — JlecsTKOBI KpaTHi 1 YaCTHHHI
oaunuub CIL.
IIpedike CuMmBoJ1 npegikca JlecATKOBA CTeNiHb HasBa
aTo a 10718 TpUIBHOHHA
demto ¢ 1071 THCSAYA MLITbSp/HA
KO m [o'2 MUTbSIpAHA
HaHO H 10°° THUCAYA MIJTbHOHHA
MIKpPO MK 11 MiJTBHOHHA
Mii M 1073 THCAYHA
CaHTH c 1072 coTa
Jenu i 107" necsTa
neKa na 10! JeCATh
TeKTO r 102 cTO
K1JIO K 10° THUCSYA
Mera M 10° MiJIbIOH
rira r 10° Minbsap!
Tepa T 102 Minbapa’
nera I1 161 TUCSYA MUTBSPIIB
ekca E 10'® TPUIILHOH

Y In the USA: 10° = 1 billion, 10" = I trillion.

1.2 Legal units

The Law on Units in Metrology of
2 July 1969 and the related implementing
order of 26 June 1970 specify the use of
«Legal wunits» in business and official

YV CUIA: 10° = 1 6innion, 10" = 1 mpunviion.

1.2 Jlo3BoJIeHi OqMHMILI

3aKOH MPO OJAMHMII B METPOJIOTIT Bij
2 munag 1969 p. 1 BIANOBIAHMI Haka3 Mpo
fioro BmpoBajkeHHs Big 26 uepBHs 1970
POKY BH3HA4alOTh BUKOpUCTaHHA «Jl03BO-
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transactions in Germany?).

Legal units are

ethe SI units,

edecimal multiples and submultiples of
the SI units,

eother permitted units; see the tables
on the following pages.

Legal units are used in the Handbook.
In many sections, values are also given in
units of the technical system of units (e.g. in
parentheses) to the extent considered
necessary.

%) Also valid: «Gesetz zur Anderung des Gesetzes
iiber Einheiten im Mefswesen» dated 6 July 1973;
«Verordnung zur Anderung der
Ausfiihrungsverordnung» dated 27 November
1973, «Zweite Verordnung zur Anderung der
Ausfiihrungsverordnungy» dated 12 December 1977.

1.3 Systems of units not to be used

The physical system of units

Like the SI system of units, the
physical system of units used the base
quantities length, mass and time. However,
the base units used for these quantities were
the centimeter (cm), gram (g), and second
(s) (CGS System).

The technical system of units

The technical system of units used the
following base quantities and base units:

Table 1.3 — The technical system of units.

JICHUX OJUHHUILY» y IIIOBUX 1 OQIMIAHUX
onepanisx y Himeuuunni?).

J103BOJIEH] OJMHUILII — I1€:

eoaunmil CI,

® ICSITKOB1 KPaTHI 1 YaCTUHHI OJIMHUIb
CI,

®IHII  JO3BOJICHI  OJMHHMIIL;
Ta0JIUII HA HACTYITHUX CTOPIHKAaX.

J103BOJIEH] OJIMHUILII BUKOPUCTOBYIOTh-
Csl B JIOBIIHUKY. Y 0aratbox po3jaijiax 3Ha-
YEHHSI TAKO’K HABEICHO B OJIMHUILISAX TEXHIU-
HOT CHCTEMHU OAMHUIL (HANPUKIAL, Y JyXK-
Kax), SIKIIO 11€ BBAYKAETHCSI HEOOXITHUM.

JIUB.

%) Taxooic uunne: «Gesetz zur Anderung des
Gesetzes tiber Einheiten im MefSwesen» 6i0 6 aunmus
1973 p.; «Verordnung zur Anderung der
Ausfiihrungsverordnung» 6io 27 aucmonaoa

1973 p.; «Zweite Verordnung zur Anderung der
Ausfiihrungsverordnung» 6io 12 epyons 1977 p.

1.3 HeBUKOPHUCTOBYBAHi CHCTEMH
OJMHMIb

diznyHa cucremMa OAUHUIb

Sk 1 cucrema ommauie Cl, ¢izudna
cucTeMa OJIMHUIIL BUKOPHCTOBYBajaa 0a30Bi
BEJIMYMHM JIOBXKMHHM, Macu 1 vacy. OmHak
0a30BUMHU OJUHUIIMH, 110 BUKOPUCTOBYBA-
JUCS Uil [IMX BEJIWYUH, OyJIM CAHTHUMETP
(cm), rpam (1) 1 cekynna (c) (cucrema CI'C).

TexHiuHa cUCcTEeMA OAMHUIb
YV TexXHIuHIA CHUCTEMI OIHUHUIL BUKO-

PUCTOBYBAJIMCST Taki 0a30Bl BEJTUYMHHU 1
0a30B1 OJIMHULII:

Base quantity Base unit

Name Symbol
Length meter m
Force kilopond kp
Time second S

14



Taomuus 1.3 — Texuiu"a cucreMa OIUHUILb.

OCHOBHA BeJIMYHHA

OCHOBHA OIMHU LA

Ha3sga CuMBOJI
JloBxuHa METp M
Cuia KLJI0rpaM-cuia KIc
Yac CEeKyHJ1a ¢

Newton's Law,

3akoH HeroTrona

F=m-a

provides the link between the international
system of units and the technical system of
units, where force due to weight G 1is
substituted for F and acceleration of free
fall g is substituted for a.

In contrast to mass, acceleration of free
fall and therefore force due to weight
depend upon location. The standard value of
acceleration of free fall is defined as

g, = 9.80665m/s> (DIN 1305). The
approximate  value g=9.81m/s* is
generally acceptable in technical
calculations.

1 kp 1s the force with which a mass of
1 kg exerts pressure on the surface beneath
it at a place on the earth. With

3a0e3nedye 3B’430K MK MI>KHAPOJHOIO CH-
CTEMOIO OJMHHUIIL 1 TEXHIYHOI CHCTEMOIO
OJMHHIIb, I ciyia Bard G 3aMIHIOETHCS Ha
F, a mIpUCKOpEHHs BUILHOTO MaJiHHI g —

Ha a.

Ha BigMiHy Big Macu, NPUCKOPEHHS
BUIBHOTO TAJiHHS, a OTXE, 1 CHJia, 3yMOB-
JIeHa Baroro, 3ajeaThb BiJ MICLSI pO3Tally-
BaHHs. CTaHIapTHE 3HAYEHHS MPUCKOPEHHS
BIILHOTO  MaJiHHA  BHM3HAYA€ThCI  SK
g, = 9,80665 m/c? (DIN 1305). [Tpubnusue

sHaueHHsa g = 9,81 m/c? 3a3Buyaii MPUIHAT-

HE B TEXHIYHHUX PO3paXyHKaXx.

I krc — e cmia, 3 Ko Maca | kr
TUCHE B T[IEBHOMY MICIli Ha TIOBEPXHIO
3emul. I3

G=m-g

thus
1kp=1kg-9.81 m/s>=9.81 N.

1.4 Quantities and units
Overview (from DIN 1301)

The following table gives a survey of
the most important physical quantities and
their standardized symbols, and includes a
selection of the legal units specified for
these quantities. Additional legal units can
be formed by adding prefixes (see SI units)
For this reason, the column «other units»

TaKUM YHHOM,
1 krc =1 kr - 9,81 m/c>*=9,81 H.

1.4 BestuuuHM i O JMHUILT
Ornsin (3 DIN 1301)

Y HacTymnHii TabauIll HABEIEHO OTJISA
HaWBXUIMBIMUX (PI3UYHUX BETHMYHMH 1 IXHIX
CTaHAAPTU30BAaHUX CHMBOJIIB, a TaKOX Ha-
BEJICHO BUOIPKY JO03BOJICHMX OJWHHIH BU-
MIpIOBaHHS, 3a3HAYEHUX JUISl [IUX BEJTHYUH.
JlonaTKoB1 03BOJICHI OAMHMII BUMIPIOBaH-
HSl MOJKHa YTBOPHMTH, AOJAI0UU Ipedikcu
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only gives the decimal multiples and
submultiples of the Sl units which have
their own names. Units which are not to be
used are given in the last column together
with their conversion formulas.

Length, area, volume
(see Conversion of units of length)

(muB. omuuuui CI). 3 wmi€i NpuYMHU B KO-
JIOHIII «IHIII OJIMHUII» HaBEICHO JIMIIE Jie-
CSATKOB1 KpaTHi 1 yacTkoBi oaunuii Cl, ski
MaloTh BJIacH1 Ha3BH. OUHMII, SIKI HE CIIJ
BUKOPHCTOBYBaTH, HABEIEHO B OCTaHHIN
KOJIOHIII pa3oMm 3 (opMysiaMu iX MepeTBo-
pEHHSL.

JloB:kHHAa, IJ101A, 00’ €M
(muB. [lepeTBOPEHHS OAUHHUILL

AOBXKHHN)
Table 1.4 — Length, area, volume.
Quantity and Legal units Relationship Remarks and units not to
symbol SI Others Name be used, incl. their
conversion
Length [ m meter I p (micron) =1 um
nm inter- ] nm= 1852 m 1 A (4ngstrom) = 10"""m
national 1 XU (X-unit) =~ 10° m
nautical 1 p (typograph.
mile point) = 0.376 mm
Area A m’ square
meter
a are 1a=100m?
ha hectare 1 ha=100a=10* m?
Volume V m’ cubic
meter
I, L liter 11=1L=1 dn’

Tabnuusg 1.4 — JloxkuHa, mioma, 00’ em.

Beanunna i Jlo3BoJieHi oquHUII ChniBBinHOIIEHHSA I[IpumiTku Ta oaAMHMLI, AKI
CHMBOJI He ¢JIi/I BAKOPHCTOBYBATH,
CI Inmi Ha3sga BKJIIOYAKOYH IX
nepeTBOPEeHHs
JoBxuna /[ M MeTp 1 MK (MiKpoH) = | MKM
M.MHIS  MibKHa- 1 MM = 1852 m 1 A (anrcrpem) = 101" m
pojHa 1 XO (X-omuuung) = 1073 m
MOpCbKa | myHkT (TUnIOTpad.
MUJIS nyHkT) = 0,376 MM
ITnoma A M KBa/[paT-
HUH
MeTp
a ap 1a=100m>
ra rekTap 1 ra=100a=10*m>?
006'em voom Ky0iu-
HUM
MeTp
b JITP 1a=1am°
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Angle

(see Conversion of units of angle)

Table 1.5 — Angle

Kyt

(muB. IlepeTBOPEHHS OJAMHMII KYTa)

Quantity and Legal units Relationship Remarks and units not to
symbol SI Others Name be used, incl. their
conversion
(Plane) a, rad) radian lrad=1marc/l mra 1 L (right
angle Yij dius angle) = 90°= (n/2) rad =
etc. @ degree 1 rad = 180°/m =57.29 =100 gon
' minute 6° =~ 57.3° 1 g (centesimal
" second 1°=0.017453 rad degree) = 1 gon
gon gon 1° =60'=3600" 1 ¢ (centesimal
1 gon = (n/200) rad minute) = 1 cgon
1 ¢ ¢ (centesimal
second) = 0.1 mgon
Solid Q sr steradian 1 sr= 1 m? spherical
angle surface/1 m? sphere

radius?

Tabmuus 1.5 — Kyt

Beaunuuna i
CHMBOJI

Jlo3BoJIeHI oqMHHIII

CniBBigHOIIEHHA

I[IpumiTku Ta oguHMLI, SAKI
He ¢JIi1 BAKOPHCTOBYBATH,

CI Innmi Hassa BKJIIOYAKOYH iX
nepeTBOPEeHHs
(Mnomm- o, pan)) pamiaH lpan=1muayru/lm 1 L (upsmuit
Ha) KyT Yij paniyca KyT) = 90°= (n/2) pan =
etc. = rpaayc 1 pan = 180°/n = =100 ron
! xBwiMHa = 57,296° = 57.3° 1 g (coTeHHuit
" cekyuaa 1°=0.017453 pan rpaayc) = 1 ron
r'OH T'OH 1°=60"=3600" 1 ¢ (corenna
1 ron = (m/200) pan XBHJIMHA) = | CroH
I ¢ ¢ (corenna
cekynaa) = 0,1 Mron
Tinecuunii cp cTe- 1 cp =1 m? chepuunoi
KYT pamiaH MOBEPXHi/

/1 M? paniyca cepu’

Y The unit rad can be replaced by the numeral 1 in

calculations.

Y Oounuyio pao moscna saminumu yugporo 1 npu

0byuUCTIeHHsIX.
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Mass

(see Conversion of units of mass)

Table 1.6 — Mass.

Maca

(muB. IlepeTBOPEHHS OAMHMIIb MACH )

Quantity and Legal units Relationship Remarks and units not to
symbol SI Others Name be used, incl. their
conversion
Mass m kg kilogram 1 y(gamma) =1 pg
(weight)?) g gram 1 quintal = 100 kg
i ton 1t=1Mg=10%kg 1 Kt (karat)=0.2 g
Density P kg/m’ 1 kg/dm® =1 kg/l = Weight per unit volume y
kg/dm* =1 g/em’ = (kp/dm? or p/cm?).
kg/l = 1000 kg/m’ Conversion: The numerical
g/em’ value of the weight per unit
volume in kp/dm? is roughly
equal to the numerical value
of the density in kg/dm’
Moment J  kg-m’ J=m-i’ Flywheel effect G-D”.
of inertia i = radius of gyration = Conversion: Numerical value
(mass of G-D* in
moment, kp - m? =4 x numerical
2" order)

value of J in kg - m?

Tabmuns 1.6 — Maca.

BeanunHa i
CHMBOJI

Jlo3BoJsieHi oquHHAIII

CI I Ha3sBa

ChniBBigHOLIEHHSA

[Ipumitku Ta oaMHMULI, AKi
He CJIil BAKOPHCTOBYBATH,
BKJIIOUYAIOYH iX
nepeTBOPEeHHs

Maca m

(Bara)?)

KT KlIorpam
r rpam
T TOHHA

Ilt=1Mr=10%«kr

1 y (ramma) = 1 MKT
1 kBinTan = 100 xr
1 KT (kapar)=0,2r

['yctuna P

Kr/m>
Kr/om>
Kr/n
r/em®

1 kr/mm> = 1 xr/n =
=1r1/em’ =
= 1000 xr/m’

Bara na ogunuiiio 06’emy y

(xrc/nm® um re/em’).
[TeperBopenns: Yucnose
3HAYEHHS Baru Ha OJJUHUIIIO
06’eMy B Kre/mm° IpubIH3HO
JOPIBHIOE YHCIIOBOMY
3HAYEHHIO I'YCTUHH B KI/AM>

MowmeHT J
iHepuii
(MacoBuit
MOMEHT,

2-ro

HOPSIKY)

KI' - M

J=m-i’
i = pazuiyc iHepiii

Edekt maxoBuka G-D>.
[TeperBopenns: Yucnose
3HaueHHs G-D’ y

Krc - M? =4 X gucroBe
3HaueHHs J Y KT - M°

%) The term «weight» is ambiguous in everyday

usage, it is used to denote mass as well as weight

(DIN 1305).

%) Tepmin «6aza» HeoOHO3HAUHUIL Y NOBCAKOCHHOMY
BICUMKY, 6iH BUKOPUCIMOBYEMBCS O NOZHAYEHHS
sk macu, mak i éaeu (DIN 1305).
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Time quantities

(see Conversion of units of time)

Table 1.7 — Time quantities.

Beanuunu yacy
(muB. IlepeTBOPEHHS OJAMHMIIH Yacy)

Quantity and Legal units Relationship Remarks and units not to
symbol SI Others Name be used, incl. their
conversion

Time, t S second') In the energy industry, one
duration, min minute!) 1 min=60s year is calculated at
interval h hour') 1 h=60 min 8 760 hours

d day 1d=24h

a year
Frequency [f Hz hertz 1 Hz=1/s
Rotational n s 1st=1/s min! and r/min (revolutions
speed min!, 1 min! = 1/min = per minute) are still
(frequenc 1/min =(1/60) s7! permissible for expressing
y of rotational speed, but are
rotation) better replaced by min™!

(I min!=11/min=1min™")

Angular ® s
frequency
w=2r-f
Velocity v m/s km/h 1 km/h = (1/3.6) m/s

kn knot l kn=1sm/h=

= 1.852 km/h

Accelera- «a m/s

acceleration of free

tion fall g
Angular @ rad/s?)

velocity

Angular ¢, rad/s?)

accelera- &

tion

Tabnuus 1.7 — Benuuunu vacy.

Beanuunna i Jo3BosieHi oquHuLi CniBBigHOMIEHHS IIpumiTku Ta oguHMLI, SAKI
CHMBOJI He CJIi/I BAKOPHCTOBYBATH,
CI Inmmi Ha3sga BKJIIOYAKOYH iX
nepeTBOPeHHsI
Yac, t c CeKYH- B enepreruuHiii ranysi oauH
TpHBa- na') pik o6uncmoeTses K 8 760
JIICTB, XB XBHJIH- 1 xB=60c TOJIMH
1HTEepBal Ha')
roj roguaa') 1 rox =60 xB
bi JICHb 1 n=24ron
p piK
Yacrora f I repii 1 Tu=1/c
IBua- n ¢! 1cl=1/c xB~! 1 06/xB (06epTH 3a
KICTh XB !, 1xp!'=1/xB= XBUJIMHY) BCE IIE TOMYCTUMI
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obepTaH- 1/xB
HS

(uacTora

obepraH-

Hs1)

= (1/60) ¢!

IUTsE BAPAXKCHHS IBUIKOCTI
obepTaHHs, ajne ixX Kpamie
3aMiHUTH Ha XB ™|
(1xs'=106/xB=1x87")

KyroBa o C
4acToTa

w=2r-f

KM/TOJT
BY30J1

Bun- v Mm/c

KICTh BY30J1

1 xm/ron = (1/3,6) m/c
1 By3on = 1 cm/rox =

= 1,852 km/Tox

2

IMpucko- a  w™/c

peHHs

IPUCKOPEHHS
BUILHOTO MAaJIHHA g

KyToBa ®  pan/c?)
IIBHI-

KICTh

KyrtoBe & =
IIPUCKO- &

pEeHHSI

pan/c

Y Clock time: h, m, s written as superscripts;
example: 3" 25 6°.

%) The unit rad can be replaced by the numeral 1 in
calculations.

Force, energy, power
(see Conversion of units of force,
energy, power)

Table 1.8 — Force, energy, power.

Y Yac na 200unnuxy: 200, x6, ¢ sanucyromocs sx;
npuknao: 3 200 25 xe 6 c.
2) O0unuyIo BUMIPIOBAHHA PAO MOICHA 3AMIHUMU

yughporo 1 y pospaxynxax.

Cuia, eHeprisi, NOTYKHiCTh
(nuB. IlepeTBOpPEHHS OJIMHULID CUJIH,
€Heprii, HOTY>KHOCTI)

Quantity and Legal units Relationship Remarks and units not
symbol to be used, incl. their

SI Others Name conversion
Force F N newton 1 N=1kg - m/s? 1 p (pond) = 9.80665 mN
due to G N 1 kp (kilopond) =
weight =9.80665 N~ 10N

1 dyn (dyne)=10° N
Pressure, P Pa pascal 1 Pa=1 N/m? 1 at (techn. atmosphere) =
gen. =1 kp/em? =
Absolute  p bar bar 1 bar = 10° Pa= =0.980665 bar = 1 bar
pressure =10 N/cm? 1 atm (physical
Atmos-  p 1 ubar =0.1 Pa atmosphere) =
pheric 1 mbar = 1 hPa =1.01325 bar')
pressure 1 mm w.g. (water
Gauge p. = Gauge pressure etc. is no longer denoted by the unit ~gauge) = 1 kp/ m* =
pressure _  _,  symbol, but rather by a formula symbol. Negative ~ = 0.0980665 hPa =~
@ Tam pressure is given as negative gauge pressure. ~0.1 hPa
Examples: 1 torr =1 mm Hg
previously now (mercury
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3 ati

p, = 2.94 bar = 3 bar

column) = 1.33322 hPa
dyn/cm? = 1 pbar

10 ata P = 9.81 bar = 10 bar
0.4 atu p, = —0.39 bar = —0.4 bar
Mecha- o, 7 N/m? 1 N/m?=1Pa 1 kp/mm? = 9.81 N/mm? =
nical N/mm? 1 N/mm?=1MPa =10 N/mm?
stress 1 kp/cm? = 0.1 N/mm?
Hardness Brinell and Vickers hardness are no longer given in ~ Examples:
(see Materials) kp/mm?. Instead, an abbreviation of the relevant previously:
hardness scale is written as the unit after the HB = 350 kp/mm?
numerical value used previously (including an now: 350 HB
indication of the test force etc. where applicable). previously:

HV30 =720 kp/mm
now: 720 HV30
previously: HRC = 60

now: 60 HRC
Energy, E, W J joule I1J=1N-m=1 lkp-m
work W -s=1kgm?%s*> (kilopondmeter)=9.81J~
Heat, 0 W s watt- 10J
Quantity second 1 HP - h (horsepower-
of heat kW -h kilowatt- 1kW -h=3.6 MJ] hour)=0.7355kW - h=
(see hour ~0.74 kW - h
Conversi eV electron- 1eV = 1 erg (erg)=10"1J
on of volt =1.60219 - 10" J 1 kcal (kilocalorie) =
units of =4.1868 kJ =4.2kJ
heat) 1 cal (calorie) =
=4.1868)~4.2]
Torque M N-'m newtonm lkp -m
eter (kilopondmeter) =
=98I N -m=I0N -m
Power P A\ watt 1W=1J/s= lkp -m/s=981 W=
Heat o, d =1N-m/s ~10 W
flow 1 HP (horsepower) =
(see =0.7355 kW = 0.74 kW
Conversi 1 kcal/s =4.1868 kW =
on of ~4.2 kW
units of 1 kcallh=1.163 W
power)

Tabmuus 1.8 — Cuina, eHeprisi, MOTYKHICTb.

Beanuuna i cumBos  Jlo3BoJieni oquHui CuniBBignomennss  IlpumiTku Ta oxMHML,
Cl Ini HasBa SIKi He cJ1ia

BHKOPHCTOBYBATH,
BKJIIOYAKOYH iX
nepeTBOPeHHs

Cuna F H Hptoton 1 H=1 kr - m/c? 1 rc (rpam-cuna) =

mig giero G H =9,80665 mH

Baru | krc (kutorpam-cuia) =
=9,80665 H= 10 H
1 qun (quu) = 10° H

Tuck p [Ta nackams 1 ITa=1 H/m? 1 ar (TexHiyHa

3arajb- atMocdepa) =
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=1 kre/em? =

HUH.
A6co- P Oap oap 1 6ap =10’ Ma = TO’9806.6 2 bap &1.08p
. abs B 5 at™ (¢izuuna
JIOTHUH =10 H/em aTmoctepa) =
THCK 1 mx6ap = 0,1 I1a — 01322 Gap')
Atmoc-  p 1 mbap = 1 rlla ’ p .
B amb 1 MM BoA. CT. (BOAAHMIH
bepuit croBruuK) = 1 kre/m* =
L _ : =0,0980665 rlla =
Manome D= MaHOMETpUYHUIA TUCK TOLIO, OLIbIIE HE =1 Tk
TpHuHME  _ , _,  TO3HAYAEThCS CHMBOJNOM OJMHMILL BUMIpY, a 1 Topp = 1 MM pT. cT.
THUCK cumBoIioM Gopmynu. HeraTuBHui THCK (pryTHHii
MI03HAYAETHCS SIK HEraTUBHUN MAHOMETPHUYHUI crosmuuk) = 1,33322 rTla
THCK. nun/em? = 1 Mx6ap
[Ipuxiiagu:
paHiiie 3apa3
3 atm p, = 2,94 6ap = 3 Gap
10 atm P = 9,81 6ap = 10 6ap
0,4 arm p. = —0,39 Gap =~ 0,4 Gap
Mexa- o, 7T H/m? 1 H/m?=11la 1 kre/Mm? = 9,81 H/mm? =
Hiume H/mm? 1 HmM?=1MIla = 10 H/mm®
Hanpy- 1 kre/em? = 0,1 H/mm?
KEHHS
TBepaicthb Tsepaicte 3a bpinemiem 1 Bikkepcom Oiibiie He [Tpuxnagu:
(muB. Marepianu) BKa3aHa B Krc/MM>. HaToMiCTb, MiCiIs YHCIOBOTO paHime:

3HAYECHHSI, 1[0 BUKOPUCTOBYBAJIOCS PaHIIIe
(BKJIIOUAOYM 3a3HAYCHHS BUIIPOOYBAJILHOTO
3YCHJUIS TOLIO, JIE II€ MOKJIMBO) 3aIUCYETHCS K
OJIMHMIISI BUMIPIOBAHHS CKOPOUYEHHS BIATIOBITHOT
IIKAJIA TBEP/IOCTI.

HB = 350 krc/mm?
3apa3: 350 HB
paHime:

HV30 =720 krc/mm
3apa3: 720 HV30
panime: HRC = 60
3apa3: 60 HRC

Enepris, E, W Jx pxoyne 1 JIlxk=1H -m= 1 krc - M (kijorpam-cuia
PoGota =] Brig= MeTp) =

= 1 xr M%*/c? =9,81 JIx = 10 Ix
Temuno, 0 Bt - c BarT- 1 k.c. - rox (KiHChKa cuJia-
Kinb- CeKyHJa roJINHA) =
KICTB kBT - kitoBar- 1 kBt - rog = =0,7355 kBT ‘- rog =
Temnia * TOJ roJiuHa = 3,6 MJIx ~ 0,74 xBt - rox
(nuB. eB eJeK- 1eB= 1 epr (epr) = 1077 Ix
ITepeTBO TPOH- =1,60219 - 1 kKkan (KiToKaIopis) =
peHHs BOJIBT 107" JIx =4,1868 xJIx = 4,2 kJIx
OJMHHUIIb 1 xan (kayopis) =
Tera) =4,1868 IIx = 4,2 Ilx
Kpyr- M H-w™m HBIOTOH 1 krc - M (kiorpam-cuia
HUHU METp METp) =
MOMEHT =981 H -Mm~10H ™M
[Totyx- P Br BaT 1 Br=1 Jx/c = 1 krc - M/c=9,81 Br=
HICTh o, =1H"-wm/c ~ 10 Br
Temo- 1 x.c. (kKiHCBKA cuja) =
BHI =0,7355 xBr = 0,74 xBt
MOTIK 1 xkkan/c =4,1868 kBt =
(muB. ~ 4,2 kBt
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IleperBO
[ZeHHS{
OJIMHUIID

HOTYX-
HOCT1)

1 kxan/rog = 1,163 Bt

Y 1.01325 bar = 1013.25 hPa = 760 mm mercury

column is the standard value for atmospheric

pressure.

Viscosimetric quantities

(see Conversion of units of viscosity)

1Y 1,01325 6ap = 1013,25 2Ila = 760 mm
PMYMHO20 CMOBNA — ye CMaHoapmHue 3Ha4eHHs
ammocghepro2o mucky.

Bicko3umMeTpHuHi BeJIHYHHH
(muB. IlepeTBOPEHHS OAUHHUILL

B’A3KOCTI)
Table 1.9 — Viscosimetric quantities.
Quantity and Legal units Relationship Remarks and units not to
symbol SI Others Name be used, incl. their
conversion
Dynamic 7 Pa-s Pascal- 1Pa-s=1Ns/m?*= 1 P (poise) =0.1 Pa-s
viscosity second =1kg/(s - m) 1 cP (centipoise) =1 mPa - s
Kinematic v  m?%/s 1 m%/s = 1 St (stokes) = 107 m?%/s =
viscosity =1 Pa - s/(kg/m?) =1cm%s

1 ¢St (centistokes) = 1 mm?/s

Tabmuus 1.9 — Bicko3umeTpuyHi BETUIHHH.

Beaunuuna i
CHMBOJI

Jlo3BoJIeHi oqMHHIII

CniBBifHOIIEHHA

I[IpumiTkn Ta oguHMLI, SIKI
He ¢JIi1 BAKOPHCTOBYBATH,

CI Inui Ha3zga BKJIIOYAI0YH iX
nepeTBOPeHHs

Juuamiu- 77 [Ta-c Mackane 1Ta-c=1HceMm = 11I(nya3)=0,11Ia-c
Ha -cekyHaa =1 kr/(c - M) 1 cIT (canTunyas) =
B SI3KICTh =1wmlla-c
Kinema- v me 1 M%/c = 1 Ct (cTokc) = 107 m%/c =
TUYHA =11Ia - ¢/(xr/m%) =1cm%/c
B’S3KICTh 1 ¢cCt (caHTHCTOKC) =

=1 mm?/c

Temperature and heat

(see Conversion of units of

Temmnepartypa i Tenjora
(nuB. IlepeTBOpEeHHS OJIMHULID

temperature) TEMIIEPATYPHU)
Table 1.10 — Temperature and heat.
Quantity and Legal units Relationship Remarks and units not to
symbol SI Others Name be used, incl. their
conversion
Tempe- r K kelvin t=
rature t °C degree =(T -273.15) °C/K
Celsius
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Tempe- AT K kelvin 1K=1°C
rature
difference At e degree

Celsius

In the case of composite units, express temperature
differences in K, e.g. kJ/(m - h - K); tolerances for
temperatures in degree Celsius, e.g. are written as
follows: t = (40+2)°Cor t=40°C£2°Cor
t=40°C+2K.

Refer to Table 1.8. for Quantity of heat and heat flow.

Specific ¢ Jkg-

1 kcal/(kg - grd) =

heat K) =4.187 kl/(kg - K) =
capacity ~4.2 klJ/(kg - K)
(spec.
heat)
Thermal A W/(m 1 kcal/(m - h - grd) =
conducti- - K) =1.163 W/(m - K) =
vity ~ 1.2 W/(m - K)

1l cal/(cm - s - grd) =

=4.187 W/(cm - K)

1 W/(m - K)=

=3.6 kJ/(m - h - K)

Tabmung 1.10 — Temneparypa i Temiora.
Beauuuna i Jlo3BoJieHi oquHUILi CniBBiaHOIIEHHS IIpumiTku Ta o AMHMLI, AKI
CHMBOJI He CJIiI BUKOPHCTOBYBATH,
CI Ini Hasga BKJIIOYAIOYH iX

nepeTBOpPeHHs
Temre- 7 K KeIbBIH  f =
patypa t °C rpanyc =(T -273.15)°C/K

Lenncis
Pizans AT K KEJIbBIH 1K=1°C
TeMIiepa-
Typ At C rpamyc
enbcis

VY BUNAAKY CKJIaJ€HUX OJMHHUIb, BUPA3ITh PI3HULIIO
temneparyp y K, nanpuxnaz, kx/(m - rox - K);
JOIIYCKU JJIsl TeMIepatyp y rpanycax Llenbcis,
HaNpUKIIAL, 3anucyroThes Tak: ¢ = (40 £+ 2) °C un
t=40°C+£2°Cabor=40°C+2K.

Jus. Ta6mmns 1.8. mono KinbKOCTi TEIIOTH i TEMJIOBOTO IMOTOKY.

[Turoma c Jx/(kr- 1 xkan/(xr - rpan) =
TETUIOEMH - K) =4,187 xIx/(xr - K) =
ICTh ~ 4,2 xJ[x/(kr - K)
Temmonpo A Bt/(m 1 xkan/(m - rox - rpan) =
BIJIHICTh - K) =1,163 Bt/(m - K) =

~ 1,2 Br/(m - K)

1 xan/(cm - ¢ - rpan) =
=4,187 Bt/(cm - K)

1 Br/(m - K) =

= 3,6 kJlx/(M - rox - K)
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Electrical quantities

(see Electrical engineering)

Table 1.11 — Electrical quantities.

EjleKTpU4Hi BeTMYUHH
(muB. EnekTpoTexHiKa)

Quantity and
symbol

Legal units

SI

Others

Name

Relationship Remarks and units not to
be used, incl. their
conversion

Electric b
current

A

ampere

Electric 14
potential

volt

1V=1WA

Electric G
conduc-
tance

siemens

1S=1A/V=1/Q

Electric R
resistance

ohm

1Q=1/S=1V/A

Quantity 0.
of q
electricity,
Electric

charge

coulomb

ampere
hour

1C=1A"s

1A-h=3600C

Electric c
capaci-
tance

farad

1F=1C/V

Electric D
flux

density,
Displace-
ment

C/m?

Electric E
field
strength

V/m

Tabmung 1.11 — EnexTpuuHi BenUuuHU.

Beauuuna i
CHMBOJI

Jlo3BoJIeHI oguHMILI

Cl

I

Ha3sBa

CniBBiiHOIIEHHS I[IpumiTky Ta oguHMLI, SIKI
He CJ1il BHKOPHCTOBYBATH,
BKJIIOYAKOYH iX
nepeTBOPeHHs

Enex- 1
TPUYHHIA
CTpyM

A

amrep

Enex- V
TPUYHHH
MMOTEHIIAT

BOJIBT

1 B=1Br/A

Enexktpo- G
POBiJI-
HICTh

Cm

CIMEHC

1Cm=1A/B=1/Om

Enextpuuy R
HUH o1ip

oM

10Om=1/Cm=1B/A

Kinmpkicte Q)

Kn

KYJIOH

I1Kn=1A"-¢c
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eJIeK- q
TPUKH,
Enextpuu

HUM 3apsij

A - Ton

amrep-
roJIMHa

1 A -rox=23600 K

Enektpuu C
Ha
€MHICTD

o dbapan

1®=1Ku/B

['yctuna D
eNex-
TPUYHOTO
MIOTOKY,
3MilIeHHS

Ko/m?

Hanpy- E
JKEHICTh
EJIeKTPHUY

HOT'O IT0JIsI

B/Mm

Magnetic quantities
(see Electrical engineering)

Table 1.12 — Magnetic quantities

MarsiTHi BeJJHYHHHA
(muB. EnekTpoTexHika)

Quantity and
symbol

Legal units

SI Others Name

Relationship

Remarks and units not to
be used, incl. their
conversion

Magnetic @
flux

Wb weber

1Wb=1V-s

1 M (maxwell) = 10° Wb

Magnetic B
flux

density,
Induction

T tesla

1 T=1Wb/m?

1 G (gauss)=10*T

Induc- L
tance

H henry

1 H=1Wb/A

Magnetic H
field
strength

A/m

1 A/m=1N/Wb

1 Oe (oersted) =
=10°/(4 ®) A/m = 79.58 A/m

Tabmauus 1.12 — MardiTHi BEJIUYUHA

Beauuuna i Jlo3BoJIeHi OqMHHITI ChiBBigHOIIEHHSA I[Ipumitkn Ta oguHMLI, SAKI

CHMBOJI He ¢JIi1 BAKOPUCTOBYBATH,
CI Inumi HasBa BKJIIOYAKOYH iX

nepeTBOPeHHs

Marwsir- ® BO6 Bebep 1B6=1B-¢ 1 M (maxcBema) = 10°* B6

HUM MOTIK

['ycTuna B Tn Tecna 1 Tn =1 Bo/Mm? 1 I'c (rayc) = 10* Tn

MarHit-

HOT'O

MOTOKY,

[Hnykiis

InnyktuB- [ I'm reHpi 1 T'a=1B06/A

HICTh
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Hanpy- H A/m
JKEHICTh
MarHiT-

HOT'O ITOJIA

1 A/mM=1H/B6 1 E (epcten) =

= 10%/(4 1) A/M = 79,58 A/M

Photometric quantities and units
(see Technical optics)

®oTOMETPUYHI BeJIMYMHHM i OIMHUILL
(muB. TexHIYHA ONTHKA)

Table 1.13 — Photometric quantities and units.

Quantity and Legal units Relationship Remarks and units not to
symbol SI Others Name be used, incl. their
conversion
Luminous 7 cd candela')
intensity
Luminan- [  cd/m? 1 sb (stilb) = 10* cd/m?
ce 1 asb (apostilb) = 1/n cd/m?
Luminous @& Im lumen Ilm=1cd:sr
flux (sr = steradian)
[lluminan- £ Ix lux 1 1x =1 Im/m?
ce
Tabmuus 1.13 — doroMeTpuyHi BETUYUHH 1
OJMHMIII.
Beanyuna i Jlo3BoJieHi oquHuUIi CniBBiTHOIIEHHS I[IpumiTkn T2 oAUHKLI, AKI
CHUMBOJI He CJ1i/Il BAKOPHCTOBYBATH,
CI IH i Ha3zga BKJIIOYAKOYH IX
nepeTBOPEHHS
Cuita I K1 kanzena')
CBITJIA
Sckpa- L xu/m? 1 ¢6 (ctrasb) = 10% xu/m?
BICTh 1 ac6 (amoctuiib0) =
= 1/m x/m>
CaiTio- O M JIIOMEH lam=1xkxa-cp
BHI MOTIK (cp = crepamian)
Ocpitne- E  JK JTIOKC 1 1k = 1 am/m?
HICTB

1Y The stress is on the second syllable: the candela.

Quantities used in atom physics and

other fields

Table 1.14 — Quantities used in atom physics

and other fields.

Y Hazonoc nadae na opyeuii cknao: kandena

BeanuuHu aToMHOI Pi3UKH i IHIIKUX
rajayseu

Quantity and Legal units Relationship Remarks and units not to

symbol SI Others Name be used, incl. their
conversion

Energy w eV electron- 1eV =

27



volt

=1.60219 - 107
1 MeV =10°eV

Activity
of a radio-
active
substance

becquerel

1Bgq=1s"

1 Ci (curie) =3.7 - 10'°Bq

Absorbed
dose

gray

1 Gy=1J/kg

1 rd (rad) = 1072 Gy

Dose
equivalent

Dq

Sv sievert

1 Sv=11Jkg

1 rem (rem) =107 Sv

Absorbed
dose rate

D

1 Gy/s=1 W/kg

Ion dose

J

C/kg

1 R (rontgen) =
=258 - 10° C/kg

Ion dose
rate

A/kg

Amount
of
substance

mol mole

Tabmuus 1.14 —

Ta IHIIUX Tajay3ei.

Bennunnu atomHoi (izuku

Beanunna i

CHMBO.JI

Jlo3BoJieHi oquHUIi

CI I Ha3sBa

ChniBBigHOIIEHHSA

I[Ipumitku Ta oaAMHMLI, AKI
He CJIiJl BAKOPUCTOBYBATH,
BKJIIOYAIOYH TX
nepeTBOPEeHHs

Enepris

/4

eB CIIEKTPOH
-BOJIBT

1eB=
=1,60219 - 107" Ik
1 MeB=10°¢B

AKTHUB-
HICTh
pamio-
aKTUBHO1L
pPEUYOBHHHU

A

bk Oexke-
pelb

1 bk=1c¢"!

1 Ki (xropi) = 3,7 - 10'" bk

ITornu-
HEHa J03a

D

I'p rpeu

1 I'p=1 Ix/xr

1 pa(pan)=102Tp

ExBiBa-
JIEHT 1034

Dq

Sv 3iBEPT

1 38 =1 JIx/kr

1 pem (pem) =107 3B

IToTyx-
HICTh
MOTJINHE-
HO1 1031

D

1 I'p/c =1 Br/kr

Jlo3a
10HIB

Kn/kr

1 P (pentren) =
=258 - 107® Ka/kr

IToTyx-
HICTH
103U 10HIB

A/xr

Kinekicte
pPEUYOBUHU

MOJIb MOJIb
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2

Conversion of units

2.1 Units of length
Other British and American
units of length

Astronomical units
Do not use

2.2 Units of area
Paper sizes

2.3 Units of volume
Other units of volume
Great Britain (UK)
United States (US)
Volume of ships

2.4 Units of angle
2.5 Velocities
2.6 Fuel consumption
2.7 Units of mass
Avoirdupois system
Troy system and Apothecaries'

system
Mass per unit length

29

IleperBOpeHHs OTUHUID

2.1 OnuHuLi A0BKHHHA
[H111 OpUTAHCHKI 1
aMEpPUKAHChK1 OJTUHUII
JIOBXKUHU
ACTPOHOMIYHI OJIMHUIII
He BukopucroByite

2.2 OpuHuIi nuiouri
Po3mipu manepy

2.3 Oaunuui 00’emy
[H1I11 OTMHUII 00’ €My
Benuka bpuranis (OK)
Cnomnyueni [tatu (CLL)
O06’em cyneH

2.4 OquHuui KyTa

2.5 HIBuakocTi

2.6 BuTpara najuBa

2.7 OnuHuni Macu
CucreMa eBepapIOIONc
Tpoiickka cucrema i

arTeKapchbKa CucTeMa
Maca Ha OIMHUIIO JOBXWUHU



Density
2.8 Units of force

2.9 Units of pressure and stress

2.10 Units of energy
2.11 Units of power

2.12 Units of temperature
Temperature points
Temperature difference

2.13 Units of viscosity
Legal units of kinematic
viscosity v
British and American units

Do not use
Conventional units

2.14 Units of time
Clock times
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I'yctuna
2.8 OaquHuui cuam

2.9 OauHuui TUCKY |
HANPYKEeHHS

2.10 Oguuuui eneprii
2.11 OauHuni NOTYKHOCTI

2.12 OauHuLi TeMnepaTypu
TemmnepatypHi TOUKH
Pi3Huis remneparyp

2.13 OpuHuui B’A3KOCTI
JlonmycTuMi OJTMHUIT
KIHEMaTHU4YHOI B’ I3KOCTI V
BbputaHChKi 1 aMepUKaHCHKI
OJIMHUIII
He BukopucroByure
YMOBHI 0IMHUIII

2.14 OauHuui yacy
Yac 3a roJMHHUKOM



Chapter 2

Conversion of units

2.1 Units of length

Table 2.1 — Units of length.

Po3nia 2
IlepeTBOpeHHsI OAMHHU LB

2.1 OaguHuLi 10BKUHHA

Unit XU pm A nm pm mm cm dm m km
1XU = 1 107! 1073 104 107 10 1M 1602 18
lpm = 10 1 10 1073 10°¢ 10°° 10 1wt 102
1A 10° 10? 1 107! 104 1077 lig 107 10710
lnm = 10* 10° 10 1 1073 10°° 1077 108 107 10712
lum = 10’ 10° 10* 10° 1 1073 1G> 107 6= 107
lmm = 10 10° 107 106 103 1 107" 1072 103 10°¢
lem = 10" 10" 108 107 10 10 1 107! 1072 107
ldm = 102 10" 10° 108 10° 10? 10 1 107! 104
I m = 10" 10'° 10° 10° 10° 10? 10 1 1073
1 km - = = 10%2 10° 10° 10° 10* 10° 1
Tabmuns 2.1 — OquHUL JOBXKUHU.
Onu- X0 nMm A HM MKM MM cM M M KM
HHUIA
1XO0 = 1 10 1073 1074 1077 10 10" w02 108 -
lomm = 10 1 1072 10+ 10°° 1077 107  1p7M o+ =
1A 10° 10? 1 107! 104 1077 102 107 gt -
lam = 10* 10° 10 1 1073 10°° 1077 108 107 10712
ImMem = 107 10° 10* 10° 1 107 1074 107 10°° 10°
Imm = 10 10° 107 108 103 1 16 1072 1073 1076
lem = 10" 10" 108 107 10* 10 1 107! 10> 107
lom = 102 10" 10° 108 10° 10? 10 1 107! 104
I = 10" g 10° 10° 10° 10? 10 1 1073
1 kM - - - 10'2 10° 10° 10° 10* 10° 1

Do not use XU (X-unit) and A

He BuxopucroByiite XO (X-oauHHIL)

(Angstrom) i A (AurcTpem)

Table 2.2 — Units of length.
Unit in ft yd mile nmile mm m km
1 in = 1 0.08333 0.02778 - =~ 25.4 0.0254 -
1ft = 12 1 0.33333 - - 304.8 0.3048 -
1 yd = 36 3 1 - = 914.4 0.9144 -
1 mile = 63360 5280 1760 1 0.86898 — 1 609.34 1.609
1 n mile') = 72913 6 076.1 20254 1.1508 1 - 1 852 1.852
1 mm = 0.03937 3.281-10° 1.094-10° - - 1 0.001 10°¢
I'm = 39.3701 3.2808 1.0936 — — 1 000 1 0.001
1 km = 39370 3280.8 1093.6 0.62137 0.53996 10° 1 000 1
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Taoauus 2.2 — OauHULI JTOBXKUHH.

OauHuus aiM Gy ApA MMJISA M.MHJIT MM M KM

1 nroitm = 1 0,08333 0,02778 - - 254 0,0254  —

1 oyt = 12 1 0,33333 - - 304,8 0,3048  —

1 sipn = 36 3 1 — - 9144 09144  —

1 muns = 63360 5280 1 760 1 0,86898 — 1609,34 1,609
1 mvuna!) = 72913 6076,1 20254 1,1508 1 - 1852 1,852
1 MM = 0,03937 3,281-10° 1,094-10° - - 1 0,001 10°¢
Im = 39,3701 3,2808 1,0936 - - 1 000 1 0,001
1 km = 39370 3280,8 1 093,6 0,62137  0,53996  10° 1 000 1

Y I nmile = 1 nm = 1 international nautical
mile = 1 arc minute of the degree of longitude.
I knot = 1 n mile/h = 1.852 km/h.

in = inch, ft = foot, yd = yard,
mile = statute mile, n mile = nautical mile

Other British and American units of
length

1 pin (microinch) = 0.0254 um,

1 mil (milliinch) = 0.0254 mm,

I link =201.17 mm,

1 rod=1pole=1perch=5.5yd=35.0
292 m,

1 chain =22 yd =20.1168 m,

1 furlong =220 yd =201.168 m,

1 fathom =2 yd = 1.8288 m.

Astronomical units

1 Ly. (light year) = 9.46053 - 10> m
(distance traveled by electromagnetic waves
in 1 year),

1 AU (astronomical unit) =
=1.496 - 10" m (mean distance from earth
to sun),

1 pc (parsec, parallax second) =
=206 265 AU = 3.0857 - 10' m (distance
at which the AU subtends an angle of one
second of arc).

Y 1 mmunsa = 1 misicnapoona mopcoka
muns = 1 dyeosa xeununa 2padyca 00620mu.
1 8yzon = 1 m.muns/co00 = 1,852 km/200.

oM, GyT, sipa (HeMae CKOPOUYEHHS ),
MUJISL = CTaTyTHA MUJIS,, M.MUJISL = MOPChKa
MUJIS

I OpuTaHchKi | aMepuKaHCHKI
OTMHM I TOBKMUHU

1 MKIIO¥MM (MIKPOIIOIM) =
=0,0254 MxM,

1 mmroiim (Mutiaroim) = 0,0254 M,

I miuak = 201,17 MM,

1 pon=1nons =1 nepu = 35,5 sipaa =
=5,0292 M,

1 geitn = 22 apau = 20,1168 M,

1 pypnonr =220 spais = 201,168 m,

1 patom =2 sipau = 1,8288 m.

ACTPOHOMIYHI OMHHU LI

1 cB.p. (CBITJIOBHH PIK) =
=9,46053 - 10'° m (BizcTanb, Ky Mpoxo-
JSTh €IEKTPOMAarHiTHI XBUii 3a 1 pik),

1 a.0. (acTpoHOMIYHA OJIUHHUIIS) =
=1,496 - 10" M (cepenns Biacrans Bijx
3emui 10 CoHIrs),

| nx (mapcek, napanakc-ceKyHaa) =
=206 265 a.0. = 3,0857 - 10'® M (BincTans,
Ha SIKiil 2.0. YTBOPIOE KyT B OJIHY JYT'OBY
CEKYHJY).
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Do not use He BuxkopucroByiite

1 line (watch & clock 1 niHig (TOJMHHUKOBE BUPOOHUIITBO) =
making) = 2.256 mm, =2,256 MM,

1 p (typographical point) = 0.376 mm, 1 ot (TunorpadChbKUA MyHKT) =

1 German mile =7 500 m, =0,376 MM,

1 geographical mile =7 420.4 m 1 Himenpka musist = 7 500 M,
(= 4 arc minutes of equator). 1 reorpadiuna muisa = 7 420,4 m

(= 4 xyTOBI XBUJIMHH €KBATOPA).

2.2 Units of area 2.2 OaguHuni nuonxi

Table 2.3 — Units of area.

Unit in? ft? yd? acre  mile? cm? m? a ha km?
1 in? = 1 - — — - 6.4516 — - — —
1 ft? = 144 1 0.1111 - - 929 0.0929 - - —
1 yd? = 1296 9 1 — - 8361 0.8361 - - —
1 acre = - - 4840 1 0.16 - 4047 4047 0.40 -
1 mile? = - - — 6.40 1 - — - 259 2.59
1 cm? = 0.155 - - - - 1 0.01 - - -
1 m? = 1550 10.76 1.196 - — 10 000 1 0.01 — -
la = - 1076 119.6 - - - 100 1 0.01 —
1 ha = - - — 2.47 - — 10 000 100 1 0.01
1 km? = - — — 247 0.3861 — - 10 000 100 1

Tabmuus 2.3 — OquHALI IO,

Onu- moiim®*  gyr*  apa®  akp muas?  cm? m? a ra Km?
HHAIOA
I moitm? = 1 - — — - 6,4516 — - - —
1 pyr? = 144 1 0,1111 - - 929 0,0929 - - —
1 spn? = 1296 9 1 - - 8361 0,8361 - — -
1 akp = - - 4840 1 0,16 - 4047 40,47 0,40 —
1 Muns®> = - — - 6,40 1 - = - 259 2,59
1 cm? = 0,155 - - - - 1 0,01 - - —
1 M2 = 1550 10,76 1,196 - - 10 000 1 0,01 — —
la = - 1076 119,6 - - - 100 1 0,01 -
I ra = - - - 2,47 - - 10 000 100 1 0,01
1 km? = - - — 247 0,3861 — — 10 000 100 1
in? = square inch (sq in), JIOMM? = KBaJpaTHUM T0MM (KB.
ft> = square foot (sq ft), JIIOMM),
yd? = square yard (sq yd), ¢yr? = xkBagpartauii Gyt (kB. QyT),
mile? = square mile (sq mile). apa’ = KBagpaTHUi apa (KB. Apx),

MUJIA® = KBaJpaTHa MU (KB. MUJIS).
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Paper sizes
(DIN 476)

Dimensions in mm

A0
Al
A2
A3
A4
A5
A6
A7
A8
A9
A 10

Y Customary format in USA: 216 mm x 279 mm

2.3 Units of volume

Table 2.4 — Units of volume.

Po3mipu nanepy
(DIN 476)

Po3mipu B MM

841 x 1189
594 x 841
420 x 594
297 x 420
210 x 297"
148 x 210
105 x 148
74 x 105
52 x 74

37 x 52

26 x 37

Y Zeuuaiinuii popmam y CILA: 216 mm % 279 mm

2.3 Oaunuui 00’emy

Unit in3 ft? yd? gal gal (US) cm? dm’(l) m?
(UK)

1 in’ = 1 - - - - 16.3871 0.01639 -

1 ft? = 1728 1 0.03704 6.229 7.481 - 28.3168 0.02832

1 yd3 = 46 656 27 | 168.18 201.97 - 764.555 0.76456

1 gal (UK) = 27742 0.16054 - 1 1.20095 4546.09 4.54609 -

1 gal (US) = 231 0.13368 - 0.83267 1 378541 3.78541 -

1 cm? = 0.06102 - - - - 1 0.001 -

1 dm?® (1) = 61.0236 0.03531 0.00131 0.21997 0.26417 1000 1 0.001

1 m? = 61023.6 35.315 1.30795 219.969 264.172 10° 1 000 1

Tabmuus 2.4 — Opunuui 00’ emy.

OauHnus moiim®  yT? apa’ rajoH rajoH em? amd (1) ™3
(OK) ((8]11))

1 moitm in® = 1 - - - - 16,3871  0,01639 —

1 byt ft3 = 1728 1 0,03704 6,229 7,481 - 28,3168 0,02832

1 spn yd® = 46 656 27 1 168,18 201,97 - 764,555 0,76456

1 ranon = 27742 0,16054 - 1 1,20095 4 546,09 4,54609 -

(UK)

1 ranon = 231 0,13368 — 0,83267 1 378541 3,78541 -

(US)

1 cm® = 0,06102 - - - - 1 0,001 -

1 v (1) = 61,0236 0,03531 0,00131 0,21997 0,26417 1000 1 0,001

1BV = 61023,6 35,315 1,30795 219,969 264,172 10° 1 000 1
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in® = cubic inch (cu in),
ft* = cubic foot (cu ft),
yd?® = cubic yard (cu yd),
gal = gallon.

Other units of volume

Great Britain (UK)

1 f1 oz (fluid ounce) = 0.028413 1
1 pt (pint) = 0.56826 1,

1 gt (quart) =2 pt=1.136521,

1 gal (gallon) =4 qt = 4.5461 1,

1 bbl (barrel) = 36 gal = 163.6 1,
Units of dry measure:

1 bu (bushel) = 8 gal =36.369 1.

United States (US)

1 fl oz (fluid ounce) = 0.029574 1

1 liq pt (liquid pint) = 0.47318 1

1 lig quart = 2 liq pt = 0.94635 1

1 gal (gallon) =231 in®* =4 liq
quarts = 3.7854 1

1 liq bbl (liquid barrel) = 119.24 1

1 barrel petroleum') = 42 gal =

=158.991

Units of dry measure:

1 bushel = 35.239 dm®

Y For crude oil.
Volume of ships

1 RT (register ton) = 100 ft’ =
=2.832 m’

GRT (gross RT) = total shipping space
NRT (net RT) = cargo space of a ship

GTI (gross tonnage index) = total
volume of ship (shell) in m°.
1 ocean ton =40 ft* = 1.1327 m°.
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mroim® = KkyOiunuii mroim (kyo.
TIONM),

¢yt = Ky6iunmii Gyt (xy6. GyT),

apn’ = kyOiunmii spa (ky6. apn).

I oguuuLi 06’ emy

Beauka Bpuranis (OK)

1 piaka yHuis (pigka yHiis) =
=0,028413 n

1 miaTa = 0,56826 1,

1 kBapta = 2 mintu = 1,13652 1,

1 ranon = 4 kBaptu = 4,5461 1,

1 6apens = 36 ranoniB =163,6 11,

OnuHuLl BUMIPIOBAHHS CyXOT'O
Marepiany:

1 Oymens = 8 ranonis = 36,369 1.

Cnoayueni lTaTu (CI)

1 pinka yuuis = 0,029574 n

1 pinka nminta = 0,47318 n

| pinka kBapTa =

= 2 piaki ninty = 0,94635 n

1 ranmon = 231 moim® = 4 pizaki
kBaptu = 3,7854 n

1 pigkuii 6apens = 119,24 n

1 Gapens HapTH') = 42 ranonu =

= 158,99 n

OnuHuIl BUMIpIOBaHHS CyX0i HapTH:

1 6ymens = 35,239 am?

Y Ins cupoi nagpmu.
006’em cynen

1 PT (peectpoBa ToHHa) =
=100 ¢yris® = 2,832 m*

BPT (Banoga, opyrTo PT) = 3aransHuii

00’em cyaHa

HPT (uerro PT) = BanTaxHMi1 poCTip

CyJlHa.
BTI (innekc OpyTTo TOHHAXkA) =
= 3araibHUii 06°eM cyaHa (Kopmycy) B M
1 okeancbka ToHHA = 40 QyTIB =
=1,1327 »°.



2.4 Units of angle 2.4 OpuHuui KyTa

Table 2.5 — Units of angle.

Unit?) = g : " rad gon cgon mgon
1% = 1 60 3600 0.017453 1.1111 111.11 1111.11
I' = 0.016667 1 60 - 0.018518 1.85185  18.5185
1" = 0.0002778 0.016667 1 - 0.0003086  0.030864 0.30864
1 rad = 0572958 3437.75 206 265 1 63.662 6366.2 63662
1 gon = 09 54 3240 0.015708 1 100 1 000

1 cgon = 0.009 0.54 324 - 0.01 1 10

1 mgon = 0.0009 0.054 3.24 — 0.001 0.1 1

Tabmuus 2.5 — OauHui KyTa.

Onunuusn?) = ° ' " pan TOH CIrOH MI'OH
1° = 1 60 3600 0,017453 11,1111 111,11 1111,11
1' = 0,016667 1 60 - 0,018518 1,85185 18,5185
" = 0,0002778 0,016667 1 - 0,0003086 0,030864 0,30864
1 pan = 57,2958 3437,75 206 265 1 63,662 6366,2 63662
1 ron = 0,9 54 3240 0,015708 1 100 1 000
1 cron = 0,009 0,54 32,4 B 0,01 1 10
1 Mrou = 0,0009 0,054 3,24 - 0,001 0,1 1
%) It is better to indicate angles by using only one of %) Kpawe nosnauamu xymu, 6uKopucmosyioyu
the units given above, i.e. not o = 33°17'27.6" Juuie 0OHy 3 HABEOCHUX GULe OOUHUYD
but rather a = 33.291° or o = 1997.46' or sumiprogamnts, moomo ne o = 33°17'27.6", a
a = 119847.6". a= 33,291°vu o = 1997,46" abo a = 119847,6".

2.5 Velocities 2.5 lIBuakocTi

1 km/h =0.27778 m/s, 1 xm/ron = 0,27778 m/c,

1 mile/h = 1.60934 km/h, 1 mussi/ron = 1,60934 xm/ron,

1 kn (knot) = 1.852 km/h, 1 By30x = 1,852 km/rog,

1 ft/min = 0.3048 m/min, 1 pyr/xB = 0,3048 M/xB,

1 m/s = 3.6 km/h, 1 M/c = 3,6 xm/rog,

1 km/h = 0.62137 mile/h, 1 xm/rox = 0,62137 muni/ron,

1 km/h = 0.53996 kn, 1 km/ron = 0,53996 By3na,

1 m/min = 3.28084 ft/min, 1 m/xB = 3,28084 ¢yT1/XB,

60 . 3600 60 3600
x kmh = — mivkm = s/km X KM/TOJl = — XB/KM = c/km
X % X X
: 37.2824 . 37.2824
x mile/h = ——— minkm = X MHJIB/TO], = —— XB/KM =
% X
2236.9 2236.9
= s/km = c/kmM
X X
3600 3600
x s/km = knmv/h X c/kM = KM/TOJT
% X
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The Mach number Ma specifies how
much faster a body travels than sound

Yucno Maxa Ma Bkazye, HACKIJIbKH
HIBU/IIIE TLIO PYXA€ThCs, HIXK 3BYK

(approx. 333 m/s in air). Ma = 1.3 therefore (npu6auzno 333 m/c y nosiTpi). Ma = 1,3,

denotes 1.3 times the speed of sound.

2.6 Fuel consumption

I g/PS - h=13596 g/kW - h,

I To/hp - h = 608.277 g/kW - h,

1 lig pt/hp - h = 634.545 cm?/kW - h,
1 pt (UK)/hp - h=

=762.049 cm’/kW - h,

1 g/kW - h=0.7355 g/PS - h,

1 g/kW - h=0.001644 Ib/hp - h,

1 ecm®/kW - h=0.001576 liq pt/hp - h,
1 cm?kW - h=

= 0.001312 pt (UK)/hp - h,

x mile/gal (US) = 23521 /100 km

x /100 km = 021

mile/gal (US)
282.48

X

282.48 mile/eal (UK)

x mile/gal (UK) = /100 km

x /100 km =

PS = Pferdestirke,
hp = horsepower

2.7 Units of mass
(colloquially also called «units of
weighty»)

Avoirdupois system
(commercial weights in general use in
UK and US)

0TXKe, o3Havae 1,3 mBHUAKOCTI 3BYKY.

2.6 Burpara naiusa

I r/k.c. - roxg = 1,3596 r/kBTt - rox,
1 ynr/k.c. - TOO =

= 608,277 r/xBT - rox,

| pinka miHTa/K.C. * TOJ =

= 634,545 cM*/xBrT - rog,

1 miaTa (OK)/k.c. - Tog =
=762,049 cM*/xBT - rox,

1 r/kBt - roxg = 0,7355 r/k.c. - rox,
1 r/xBT - rog =

=0,001644 pyur/k.c. - TOA,

1 eM*/kBT - rog =

=0,001576 pinka nmiHTa/K.C. * TOJ,
1 eM*/kBT * Tom =

=0,001312 miaTa (OK)/k.c. - rox,
235,21

X

x muis/rasion (CII) = 1/100 kM

235,21

x /100 xm muts/rasion (CIIT )

X
282,48

x Muts/ranion (OK) = V100 xm

282,48

x /100 kM mits/rason (OK)

x
K.C. = KIHCbKa CHJIa
2.7 Onunuui macu
(pO3MOBHO TaKOK Ha3UBAIOTHCS
«OJIMHULISIMU Baru»)
Cucrema eBepabIONOiiC

(KoMepI1iifH1 Baru 3arajJbHOr0 BUKO-
pucrtanns y Benukiit bpuranii 1 CIIIA)
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Table 2.6 — Avoirdupois system.

Unit gr dram oz 1b cwt cwt ton ton g kg t
(UK) (US) UK) (US)
1 gr =1 0.03657  0.00229  1/7000 — - — - 0.064799 — —
l dram = 27.344 1 0.0625  0.00391 — - - - 1.77184  — -
1oz = 4375 16 1 0.0625 — - — - 28.3495 - -
11b = 7000 256 16 1 0.00893  0.01 — 0.0005  453.592 0.45359 —
1 cwt = — - - 112 1 1.12 0.05 . - 50.8023 —
(UK))
1 cwt = — - - 100 0.8929 1 0.04464  0.05 - 453592 —
(US))
1 ton = — - - 2 240 20 22.4 1 1.12 - 1016.05 1.01605
(UK)")
1 ton = - - - 2 000 17.857 20 0.8929 1 - 907.185  0.90718
(US)*)
lg = 15432 0.5644 0.03527 — — - - - 1 0.001 -
1 kg = _ - 35274 22046 0.01968 0.02205 — - 1 000 1 0.001
1t = — - — 2204.6  19.684 22.046 0.9842 1.1023  10° 1 000 1
Tabmuus 2.6 — Cuctema eBepabIOTOIiC.
Onu- rpad  japa- yHIisE  QyHT XaHjpe XaHjJpe TOHHA TOHHA T KI' T
HULs xMa ageiir  aBedT  (QK)  (CII)
(OK) (CHI)

Itpan = 1 0.03657  0.00229 1/7000 - = = = 0.064799 — -
1 npa- = 27.344 1 0.0625  0.00391 — - - - 1.77184 - -
XMa
1 yn- = 4375 16 1 0.0625 — - - - 28.3495 - -
1ist
1 gyt = 7000 256 16 | 0.00893  0.01 — 0.0005  453.592 0.45359 —
l xann = — = - 112 1 1.12 0.05 - - 50.8023 —
pen-
BEUT
OK")
1 xann = — - - 100 0.8929 1 0.04464  0.05 - 453592 —
pea-
BEUT
CIIP)
I Ton- = — - - 2240 20 22.4 1 1.12 - 1016.05 1.01605
Ha
0K?)
l ton- = — - - 2 000 17.857 20 0.8929 1 - 907.185  0.90718
Ha
CIIIY)
Ir = 15432 0.5644 0.03527 — - - - - 1 0.001 -
lkr = - - 35274 22046 001968 0.02205 — - 1 000 1 0.001
It = — - - 2204.6  19.684 22.046 09842 1.1023 106 1 000 1
Y Also «long cwt (cwt [)», 1Y Takoore «doezuii xanopeoseiim»,
%) Also «short cwt (cwt sh)», %) Taxoakc «kopomkuil xanopeoseiimy,
3) Also «long ton (tn 1)», 3) Taxoouc «dosza monnay,
) Also «short ton (tn sh)». Y Taxoorc «<kopomka monnay.

Troy system and Apothecaries' Tpoiicbka cucrema i anrekapcbka
system cucreMa

Troy system (used in UK and US for Tpoiicbka cucteMa (BUKOPUCTOBYETHCS

precious stones and metals) and y OK i CII myis g0oporomiHHOro KamiHHSA 1
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Apothecaries' system (used in UK and US wmeTaniB) Ta antekapcbka cucteMa (BUKOpPHU-
for drugs) croByerbest y OK 1 CHI st nmikiB)

Table 2.7 — Troy system and Apothecaries'

system.
Unit gr s ap dwt dr ap ozt= Ibt= Kt g
0Z ap 1b ap
1 gr = 1 0.05 0.04167 0.01667 — = 0.324  0.064799
1 sap = 20 1 0.8333 0.3333 = - - 1.296
1 dwt = 24 1.2 1 0.4 0.05 - - 1.5552
1 drap = 60 3 2.5 1 0.125 — — 3.8879
lozt= = 480 24 20 8 1 0.08333 - 31.1035
1 oz ap
llbt= = 5760 288 240 96 12 1 — 373.24
11bap
1 Kt = 3.086 — — - - — 1 0.2000
lg = 15.432 0.7716 0.643 0.2572 0.03215  0.002679 5 1
Tabmuus 2.7 — Tpoiickka cuctema i
afnTeKapcbKa cucTeMa.
Oaununs rpaH CKpynyJa meHiBeliT apaxma  yHuisT= (¢QynrT= Kap r
an an yHUisi an ¢yHT an
1 rpan = 1 0,05 0,04167 0,01667 - - 0,324 0,064799
l ckpynyn = 20 1 0,8333 0,3333 - - - 1,296
an
| meniBeiitr = 24 1,2 1 0,4 0,05 - — 1,5552
| ipaxma = 60 3 2.5 | 0,125 - — 3,8879
an
lyamist= = 480 24 20 8 1 0,08333 - 31,1035
1 yHIist an
1l pyarr= = 5760 288 240 96 12 1 - 373,24
1 ¢pyHT an
1 Kap = 3,086 - - - - - 1 0,2000
Ir = 15,432 0,7716 0,643 0.2572 0,03215  0,002679 5 1
UK = United Kingdom, US = USA. OK = O6’ennane KopomiBcTBo =

= Benuka bpuranis, CII = CILIA.
gr = grain, 0z = ounce, Ib = pound,

cwt = hundredweight, IpaH = IpaH, YHIIIS = yHITIS,

1 slug = 14.5939 kg = mass, byHT = QyHT, Il = LIEHTHEP,
accelerated at 1 ft/s? by a force of 1 Ibf, 1 coar = 14,5939 xr = maca, ska

1 st (stone) = 14 Ib=6.35 kg (UK NPUCKOPIOETHCS Ha 1 dyT/c? mia ai€ro cumm
only), 1 ¢pynT-cuna,

1 gr (quarter) =28 1b = 12.7006 kg 1 croyH (cTtoyn) = 14 ¢yHTIB = 6,35 KT
(UK only, seldom used), (yure y OK),

1 quintal =100 Ib =1 cwt 1 kBaprep = 28 ¢ynTiB = 12,7006 kr
(US) =45.3592 kg, (;mume y OK, piiko BUKOPUCTOBYETHCS),

1 tdw (ton dead weight) = 1 ton 1 xBi"Tan = 100 ¢pyHTIB = 1 11
(UK) =1.016t. (CI) = 45,3592 xr,
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The tonnage of dry cargo ships
(cargo + ballast + fuel + supplies) is given
in tdw.

s ap = apothecaries' scruple,
dwt = pennyweight, dr ap = apothecaries'
drachm (US: apothecaries' dram),

oz t (UK: oz tr) = troy ounce,

oz ap (UK: oz apoth) = apothecaries'
ounce,

Ib t = troy pound,

Ib ap = apothecaries' pound,

Kt = metric karat, used only for
precious stones®).

%) The term «karaty was formerly used with a
different meaning in connection with gold alloys to
denote the gold content: pure gold (fine

gold) = 24 karat,; 14-karat gold has

14/24 = 585/1000 parts by weight of fine gold.

Mass per unit length

S1 unit kg/m

1 Ib/ft = 1.48816 kg/m,

1 Ib/yd = 0.49605 kg/m

Units in textile industry (DIN 60905
und 60910):

1 tex =1 g/km,

I mtex = 1 mg/km,

1 dtex = 1 dg/km,

1 ktex = 1 kg/km

Former unit (do not use):

1 den (denier) =1 g/9 km=0.1111 tex,

1 tex =9 den

Density

SI unit kg/m?

1 kg/dm®=1kg/l=1 g/cm’ =
= 1000 kg/m’

1 Ib/ft* = 16.018 kg/m* =

1 T neaBelTy (TOHHA AEABEUTY) =
=1 tonna (OK) = 1,016 T.

ToHHaX CyXOBaHTaXHUX CYJI€H
(BaHTaX + OaymacT + MajauBoO + IMPHITACH )
BKa3aHO B T JICABEUTY.

CKpYIIYJI all = alTeKapChKUIl CKPyMyJl,
NEHIBEUT = MEeHIBEUT, Apaxma an = anTe-
kapcbka apaxma (CIL: antekapchkuit
Apam),

yuisa T (OK) = Tpoiickka yHI1i,

yuuis an (OK) = antekapcbka yHIis,

GyHT T = TpoiiChKUIl PyYHT,

(GyHT an = anTekapcbkuid QyHT,

Kap = MeTpuuHuii kapat, BAKOPUCTO-
BYETHCS JIMILIE JUTSl IOPOTOLIIHHOTO
KaMiHHS).

5) Tepmin «xapamy» pauiuie UKOPUCTNOEYEABCA 3
IHWMUM 3HAYEHHM Y 36 SI3KY 13 30I0MUMU CRAAGAMU
0J151 NO3HAYEHHs BMICIMY 30]I0Ma: Yucme 3010mo
(uucme 3010mo) = 24 kapamu; 14-kapamme
3010mo mae 14/24 = 585/1000 sazosux yacmun
YuUCmoz2o 3010ma.

Maca Ha OJHHHUIIO T0OBKUHH

SI oguHULA KT/M

1 pynt/dpyr = 1,48816 Kr/m™,

1 ynat/spa = 0,49605 kr/m

OpnuHuIl B TEKCTHIBHIA POMUCIIO-
Bocti (DIN 60905 1 60910):

I Texc = 1 /KM,

I MTekc = 1 MI/Kkm,

1 nrexc = 1 ar/km,

I xTekc = 1 Kr/km

[Toniepenus oguHUIIA (HE BUKOPHCTO-
BYBaTH):

1 nen (nenbe) =1 1/9 km =
=0,1111 tekc,

I Texc =9 nen

I'ycTruna

Oauuuus BuMmiproBanus Sl kr/m?
1 kr/pv® = 1 kr/n= 1 r/em® =

= 1000 xr/m?
1 pynr/dpyr® = 16,018 kr/m® =
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=0.016018 kg/l1

1 Ib/gal (UK) = 0.099776 kg/l,

1 Ib/gal (US) =0.11983 kg/l

°Bé (degrees Baumé) is a measure of
the density of liquids which are heavier
(+°B¢) or lighter (—°B¢) than water (at
15 °C). Do not use the unit °Bé.

p=1443/(1443 £ n)

p Density in kg/l, n hydrometer
degrees in °Bé¢.

°API (American Petroleum Institute) is
used in the USA to indicate the density of

fuels and oils.

p=141.5/(131.5+ n)

p Density in kg/l, n hydrometer
degrees in °API.

Examples:

—12 °Bé=144.3/(144.3 + 12) kg/l =
=0.923 kg/l

+34 °Bé = 144.3/(144.3 — 34) kg/l =
=1.308 kg/l

28 °API = 141.5/(131.5 + 28) kg/l =
=0.887 kg/l

2.8 Units of force

Table 2.8 — Units of force.

=0,016018 kr/n

1 pynt/ranon (OK) = 0,099776 xr/n,

1 dynt/ranon (CIL) = 0,11983 kr/n

°Bé (rpanycu bome) — 1ie Mipa ryctu-
HU piauH, ki Baxul (+°Bé) abo nermi (—
°B¢) 3a Boay (npu 15 °C). He Bukopucro-
ByHTE OJMHULIIO BUMIptOBaHHs °Bé.

p=1443/(1443 £+ n)

p I'yctuna B kr/n, n apeometp —
rpaaycu B °Bé.

°API (AMepuKkaHChKHI ITHCTUTYT
Ha(tn) BukopuctoByerbest B CLLIA nmst
MO3HAYEHHS TYCTUHU NaJIKBa 1 Mace.

p=141,5/(131,5+ n)

p I'yctuna B Kr/11, n apeoMeTpuIHUX
rpanyciB y °APL

[Ipuknanu:

—12 °Bé=144,3/(144,3 + 12) xr/n =
=0,923 kr/n

+34 °Bé¢ = 144,3/(144,3 — 34) xr/n =
= 1,308 kr/n

28 °API =141,5/(131,5 + 28) kr/n =
= (0,887 kr/n

2.8 OaquHuni cuJIn

Unit N Kp Ibf

1 N (newton) = 1 0.101972 0.224809

Do not use

1 kp (kilopond) = 9.80665 1 2.204615

1 Ibf (pound-force) = 444822 0.453594 1
Tabnuns 2.8 — OaUHULI CUITH.

Oaunuus H KI'C pyHnr-¢

1 H (abtoToHn) = 1 0,101972 0,224809

He BukopucroByiite

1 kxrc (kimorpam-cuia) = 9,80665 1 2,204615

1 pynTt-c (dpynr-cuna) = 4,44822 0,453594 1

1 pdl (poundal) = 0.138255 N = force which
accelerates a mass of 1 Ib by 1 fi/s’.
1 sn (sthéne)* = 10° N

1 naynoanv = 0,138255 H = cuna, sixa oitouu Ha

macy 6 1 ¢pynm, naoae iii npuckopenns 1 ¢hym/c’.

1 cmen*=10° H



2.9 Units of pressure and stress 2.9 OpuHuui THCKY i HANIPYKEHHHA

Table 2.9 — Units of pressure and stress.

Unit") Pa ubar hPa bar N/mm? Kkp/mm at kp/m*>  torr atm

2
lPa=1 =1 10 0.01 107 107 - - 0.1019 0.0075 -
N/m? 7
1 pbar = 0.1 1 0.001 10°¢ 1077 - - 0.0102 - -
lhPa=1 = 100 1 000 1 0.001 0.0001 - - 10.197 0.7501 -
mbar
1 bar = 10° 10° 1 000 1 0.1 0.0102 1.0197 10197 750.06 0.9869
| N'mm?> = 10° 107 10000 10 | 0.10197 10.197 101972 7 501 9.8692
Do not use
1 kp/mm?> = — - 980665 98.0665 9.80665 1 100 10° 73556 96.784
] at= = 980665 _ 980.665 0.98066 (.0981 0.01 1 10 000 735.56 0.96784
1 kp/cm?
1 kp/m?>= = 9.80665 98.0665 0.0981 — — 10 104 1 — -
I mmWS
1 torr = = 133.322 133322 1.33322 — — = 0.00136 13.5951 1 0.00132
I mmHg
1 atm = 101325 -— 101325 1.01325 — = 1.03323 103323 760 1
British and American units
1 Ibf/in? = 689476 68948 68.948 0.0689 0.00689 — 0.07031 703.07 51.715 0.06
1 Ibf/ft? = 47.8803 478.8 04788 — - - - 48824 0.3591 -

3

1 tonf/in? = — - == 154.443 154443 1.57488 157.488 — - 152.4

Tabmuns 2.9 — OnuHULI TUCKY 1

HaIpY>XECHHS.
Onuuu- Ia mkoap rlla 6ap H/mm?>  kre/ ar Kkre/m*  Topp aT™M
usa') mMm?
IIMla=1 =1 10 0,01 10 10°¢ - - 0,1019 0,0075 -
H/m? 7
1 mxbap = 0,1 1 0,001 10°° 15" - - 0,0102 - -
Irfla=1 = 100 1 000 1 0,001 0,0001 - - 10,197  0,7501 —
MmOap
1 6ap = 10° 10° 1 000 1 0,1 0,0102 1,0197 10197 750,06 0,9869
1 Hmm?> = 10° 107 10000 10 1 0,10197 10,197 101972 7501 9,8692
He BuxkopucrtoByiiTe
1 kre/mm? = — = 98066,5 98,0665 9,80665 1 100 10° 73556 96,784
1 ar = = 98066,5 — 980,665 0,98066 0,0981 0,01 1 10000 735,56 096784
1 kre/em?
1 kre/M®> = 9,80665 98,0665 0,0981 — - 10° 10 1 - -
=1 MM
BOJ. CT.
lTopp= = 133,322 133322 133322 - = - 0,00136 13,5951 1 0,00132
1 MM pT.
CT.
1 at™m = 101325 — 101325  1,01325 — - 1,03323 103323 760 1
BpuTtanchbKi Ta aMepuKaHCbKi OHHUL
1 ¢pyHT- = 689476 68948 68,948 0,0689 0,00689 — 0,07031 703,07 51,715 0,06
¢/ moiim?
1 ¢pyHT- = 47,8803 478.,8 0,4788 — - - - 4,8824 0,3591 -
c/pyr? 3
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1 TonHa- = — — - 154,443

c/moiim?

15

4443 1,57488 157,488 — — 152,4

Ibf/in? = pound-force per square inch
(psi),

Ibf/ft*> = pound-force per square foot
(psh),

tonf/in? = ton-force (UK) per square
inch

1 pdl/ft? (poundal per square
foot) = 1.48816 Pa;

1 Ba (barye)* = 1 pbar;

1 pz (piéce)* = 1 sn/m? (sthéne/m?)* =
=103 Pa

Standards:

DIN 66034 Conversion tables,
kilopond — newton, newton — kilopond,

DIN 66037 Conversion tables,
kilopond/cm? — bar, bar — kilopond/cm?,

DIN 66038 Conversion tables, torr —
millibar, millibar — torr

1 for names of units see time qunatities, force,
energy, power.
* French units.

2.10 Units of energy
(units of work)

Table 2.10 — Units of energy.

ynT-c/moiiM? = QyHT-CcHIa Ha KBaJ-
paTHUN JIONM,

ynT-c/Ppyr> = PyHT-CUIA HA KBAIPAT-
Hul QyT,

TOHHa-c/M1o0kM> = TonHa-cuna (OK) na
KBaJIpaTHUH JIONUM

1 maynnans/dyr? (mayHganb Ha KBajl-
patHuii gpyt) = 1,48816 Ila;

1 b (Gapiit)* = 1 mxOap;

1 II (m’e3a)* = 1 cren/m? * =
=103 I1a

CranpapT:

DIN 66034 Tabnu1ii nepeTBOpEeHHsI,
K1JIOTpaM-CUJjia — HbIOTOH, HBIOTOH —

KUIOIpaM-CHUJa,

DIN 66037 Tabnu1i nepepaxyHKy
Kijorpam-cuia/cm? — 6ap, 6ap — Kiorpam-
cuia/cm?,

DIN 66038 Tabnu1i nepeTBOpeHHs,
TOpp — Mii0ap, Mutibap — Topp

Y y nassax oounuys ousimocs eenuvunu uacy,
cunu, enepeii, NOMYACHOCMI.
* dpanyy3zvki 0OuHUYyi.

2.10 Oaunuui eneprii
(onuHHUII pOOOTH)

Unit') J KW - h kp-m PS-h kcal ft - Ibf Btu

1] =1 277.8 - 107° 0.10197 377.67-10° 23885-10° 0.73756 947.8 - 10°
kW = 3.6-10° 1 367 098 1.35962 859.85 2.6552 - 10° 3412.13

h

Do not use

1 kp . = 9.80665 2.7243 - 10° 1 3.704 - 10° 2.342 - 1073 7.2330 9.295 - 1073
m

1 PS- = 2.6478 - 10° 0.735499 270000 1 632.369 1.9529 - 10° 2 509.6

h

1 kcalz) = 4186.8 1.163 - 102  426.935 1.581-107 1 3088 3.9683
British and American units

1ft-Ib = 1.35582 376.6 - 107° 0.13826 512.1-10° 323.8-10° 1 1.285- 107
f

1 Btu3) = 1055.06 293.1-10° 107.59 398.5-10° 0.2520 778.17 1
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Tabmuns 2.10 — OxquHuni exeprii.

Onn- ok KBT - roa KIC M K.C.  IOJ KKaJl dyr - bro
Huus') - pynT-c

1 JIx = 1 277,8-10°  0,10197 377,67 -10° 238,85-10° 0,73756 947,8 - 10°
1xkBr- = 3,6-10° 1 367098 1,35962 859,85 2,6552 - 10° 3412,13
roj

He Bukopucrosyiite

1l krc - = 9,80665 2,7243 - 10° 1 3,704 - 10°®  2,342-10°  7,2330 9,295 - 107
M

1 k.c.© = 2,6478-10° 0,735499 270000 1 632,369 1,9529 - 10° 2 509,6
roj

1 kkan’) = 4186,8 1,163 -10° 426,935 1,581-10° 1 3 088 3,9683
Bpurancbki Ta aMepUKAHCHKI 0AMHM LI

1 yr- = 1,35582 376,6 - 10°  0,13826 512,1 -10°  323,8-10° 1 1,285 - 107
byHT-C

1 Bro’) = 1055,06 293,1-10° 107,59  398,5-10°  0,2520 778,17 1

ft Ibf = foot pound-force;

Btu = British thermal unit

1 in ozf (inch ounce-force) =
=0.007062 J,

1 in Ibf (inch pound-force) =
=0.112985 J,

1 ft pdl (foot poundal) = 0.04214 J,

1 hph (horsepower hour) =
=2.685 - 10°J=0.7457 kW - h,

1 thermie (France) = 1000 frigories
(France) = 1000 kcal =4.1868 MJ,

1 kg C.E. (coal equivalent
kilogram)*) = 29.3076 MJ = 8.141 kW - h,

1 t C.E. (coal equivalent ton)*) =
= 1000 kg SKE =29.3076 GJ =
=8.141 MW - h.

2.11 Units of power

Table 2.11 — Units of power.

¢yt PpyHT-CcHna;

bro = OpuTaHChKa TEIJI0BA OAUHULIS
1 mroiim yHuis-cuna = 0,007062 Jx,
1 mroiim pynT-cuna = 0,112985 [k,
1 ¢yt maynnans-cuna = 0,04214 Jx,
1 k.c.-rox (KIHChKA CHJIa-TOIMHA) =

=2,685 - 10® I = 0,7457 xBT - rog,

1 repmist (Ppaniis) = 1000 ppuropiit
(®panuisg) = 1000 kkan = 4,1868 Mk,

1 xr B.E. (xiorpaM ByTriJIbHOTO
exsiBasenra)*) = 29,3076 MIx =

= 38,141 kBt - rox,

1 T B.E. (TOHHa BYrUIbHOTO

exsiBanenra)*) = 1000 kr B.E. =

=29,3076 I'/I)x = 8,141 MBT - rog.

2.11 OauHuULi MOTYKHOCTI

Unit') W kW kpm/s PS* kcal/s hp Btu/s

1W = 1 0.001 0.10197  1.3596 - 107 238.8-10°% 1.341-103 947.8-10°
1 kW = 1000 1 101.97 1.35962 238.8-107 1.34102 947.8 - 1073
Do not use

lkp -m/s = 9.80665 9.807 - 102 1 13.33 - 10°° 2342 -107 13.15-103 9.295-1073
1 PS = 735499 0.735499 75 1 0.17567 0.98632 0.69712

1 kcal/s = 4186.8 4.1868 426.935 5.6925 1 5.6146 3.9683
British and American units

1 hp = 745.70 0.74570 76.402 1.0139 0.17811 1 0.70678
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1 Btu/s = 1055.06 1.05506 107.586 1.4345 0.2520 1.4149 1
Tabmuis 2.11 — OaquHUII TOTYKHOCTI.

Onm- Br kBT krc m/c  KC* KKaJj/¢ K.C. Bro/c

Hus')

1 Bt = 1 0,001 0,10197 1,3596 - 1073 2388-10°% 1,341-103 947,8-10°°

1 kBt = 1000 1 101,97 1,35962 238,8-10° 1,34102 947,8 - 1073

He Bukopucrosyiire

1 kre - M/c = 9,80665 9,807 -10° 1 13,33 - 1073 2,342 -10° 13,15-10° 9,295-10°

1 PS = 735,499 0,735499 75 0,17567 0,98632 0,69712

1 xkan/c = 4186,8 4,1868 426,935  5,6925 1 5,6146 3,9683

British and American units

1 k.c. = 745,70  0,74570 76,402 1,0139 0,17811 1 0,70678

1 Bro/c = 105506 1,05506 107,586  1,4345 0,2520 1,4149 1

hp = horsepower,

1 ft - Ibf/s =1.35582 W,

1 ch (cheval vapeur) (France) =
=1PS=0.7355 kW,

1 poncelet (France) =
=100 kp - m/s =0.981 kW,

Continuous human power generation
~ 0.1 kW.

Standards:

DIN 66 035 Conversion tables,
calorie — joule, joule — calorie,

DIN 66 036 Conversion tables, metric
horsepower — kilowatt, kilowatt — metric
horsepower,

DIN 66 039 Conversion tables,
kilocalorie — watt-hour, watt-hour —
kilocalorie.

1Y Names of units, see force, energy power.

%) 1 keal = quantity of heat required to increase
temperature of 1 kg water at 15 °C by 1 °C.

3) 1 Btu = quantity of heat required to raise
temperature of 1 b water by 1 °F.

1 therm = 10° Btu.

*) The units of energy kg C.E. and t C.E. were
based on a specific calorific value H, of

7000 kcal/kg of coal.

* Metric horsepower.

K.C. = KIHCBbKa CHJIa,

1 dyr - pynr-cuna/c = 1,35582 Br,

1 4 (ueBasb Bemne) (PpaHiris) =
=1 KC =0,7355 xBrT,

|1 noncene (Ppanuis) =
=100 xrc - m/c = 0,981 kBT,

besnepepBHe BUpoOIEeHHS eHeprii
mroauHo =~ 0,1 kBT.

CranpapTu:

DIN 66 035 Tabnuri nepeTBOpEHHs,
KaJIOPisl — JDKOYIIb, JDKOYJIb — Kajiopis,

DIN 66 036 Tabnu1i nepeTBOpEHHS,
METpPHUYHA KIHChKa CHUJIa — K1JIOBaT,
KUJIOBaT — METPUYHA KIHChKa CHJIA,

DIN 66 039 Tabuuii nepeTBOpeHHS,
KUJIOKAJIOpisi — BaT-TOJMHA, BaT-TOANHA —
KJIOKaI0pis.

Y Hazsu oounuyw, oue. cuna, enepeis
NOMYMAUCHICMb.

%) 1 kkan = Kinbkicme meniomu, HeobXiOHa Ons
niosuwjenns memnepamypu I ke 6oou npu 15 °C na
J 2C.,

3) 1 Bmo = kinbkicms mennomu, Heobxiona o
niosuwenns memnepamypu 1 pynma 6oou na 1 °F.
1 mepm = 10° Bmo.

Y Oounuyi enepeii ke K.E. ma m K.E. 6azytomvcs
Ha numomii meniomeopHiu 30amuocmi H,, wo
oopisnioe 7000 kkan/ke gyeinis.

* Mempuuna Kincoka cua.
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2.12 Units of temperature 2.12 OauHuui TeMneparypu
°C =rpanyc Lenscis, K = KenbBin,
°F = rpanyc ®@apenreiita, °R = rpanyc
Penkina.

°C = degree Celsius, K = Kelvin,
°F = degree Fahrenheit, °R = degree
Rankine.

Temperature points TemmnepaTypHi TOUKH

K 5
T, =\273.15°C +t,)—=-T,
K ( C)OC 9 R

[e]

T, =(459.67 °F+tF)$=l.8 T,

5 © &
tce=—tp —32°F)—=(Tx —273.15K)—
e=2 - 2F) =1 )

°F

te=(to +32 °c)% = (T, —459.67 °R)

te, tp, Ty und T, denote the temperature
points in °C, °F, K and °R.

Temperature difference

1K=1°C=1.8°F=1.8°R

Zero points:

0°C 2 32°F,0°F 2-17.78 °C.

Absolute zero:

0K =2-273.15°C &
2 (0 °R £ —459.67 °F.

International practical temperature
scale:

Boiling point of oxygen —182.97 °C,

triple point of water 0.01 °C"),

boiling point of water 100 °C,

boiling point of sulfur (sulfur point)
444.6 °C,

setting point of silver (silver point)
960.8 °C,

setting point of gold 1 063 °C.

'Y That temperature of pure water at which ice,
water and water vapor occur together in
equilibrium (at 1013.25 hPa). See also SI Units

(Footnote).

R

te, tp, Ty 1 T, MO3HAYAIOTH TEMIIEPATYPHI
touku B °C, °F, K 1 °R.

Pizunus remneparyp

1K=1°C=1,8°F=1,8 °R

HyaboBi Toukn:

0°C & 32°F,0°F 2-17,78 °C.

AOCOJIIOTHUH HYJIb:

0K 2 -273,15°C &
2 (0 °R £ 459,67 °F.

MixxHapoaHa npakTH4YHA
TeMIepaTypHa MIKaJja:

TeMneparypa KUMiHHS KUCHIO
—-182,97 °C,

noTpiiina Touka Boau 0,01 °Ch),

temrnepatypa kuninas Boau 100 °C,

TeMIepaTypa KUIiHHS CIpKHU (CipyaHa
Touka) 444.,6 °C,

TEeMIIepaTypa 3aTBEpIIHHS (KpUcTai-
3ariii) cpidsa (cpibHa Touka) 960,8 °C,

TeMIiepaTypa 3aTBEepAiHHS (KpUCTaTi-
3arii) 3omota 1 063 °C.

Y IJe memnepamypa uucmoi 6oou, 3a sxoi 1io,
6004 i 600sHa napa nepebysaoms pazom y
pienosasi (npu 1013,25 I'lla). [{us. makoorc

Qounuyi CI (sunocka).
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2.13 Units of viscosity

Legal units of kinematic viscosity v

1 m%*s =1 Pa - s/(kg/m*) = 10* cm?/s =
= 10° mm?/s.

British and American units:

1 ft*/s = 0.092903 m?/s,

RI seconds = efflux time from
Redwood-I viscometer (UK),

SU seconds = efflux time from
Saybolt-Universal viscometer (US).

F v A v =
L W
5 — 5
@ M
an—F 17 A
i ﬁ 1:‘.
154k
2L 15 H
By
ap o ; | [E13
2w B 24 ai
Fi Hif
{7 Tik
[ W F G
i B ¥
: L
& Ty &
5 5
4 4 dik
3 X
a5
“ . =
B % 2

! 1

Figure 2.2 — Comparable viscosity unit scales

Do not use:

St (stokes) = cm?/s, ¢St = mm?/s.
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2.13 Oauuuui B’A3K0CTiI

JomycTumi oaMHM LI KIHEMATHYHOI
B’A3KOCTi v

1 M*c=1Ta - c/(xr/m*) = 10* cm¥/c =
=10° mm%/c.

Bpurancbki i aMepukaHcbKi
OMHUILII:

1 pyr?/c = 0,092903 m%/c,

RI cexyHnu = yac BUTIKaHHS 3 BICKO-
sumetpa Redwood-I (OK),

SU cexkyHauM = yac BUTIKAHHS 3 BICKO-
sumeTpa Saybolt-Universal (CIII).
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a '\3 I"_I
T
(= Fin

Pucynok 2.2 — [lopiBHIOBaHI IMIKaJIM OJMHULb
B’SI3KOCTI

He BuxkopucroByiite:

Ct (cTroke) = cm?/c, cCt = Mm%/c.



Conventional units

E (Engler degree)=relative -efflux
time from Engler apparatus DIN 51 560.

For v > 60 mm?/s, | mm?/s=0.132 E.

At values below 3 E, Engler degrees
do not give a true indication of the variation
of viscosity; for example, a fluid with 2 E
does not have twice the kinematic viscosity
of a fluid with 1 E, but rather 12 times that
value.

A seconds = efflux time from flow cup
DIN 53 211.

2.14 Units of time

Table 2.12 — Units of time.

YMoBHI oquHuI

E (rpanyc Enrnepa)= BigiHOCHUI 4Yac
BUTIKaHHA 3 anapary Exriepa DIN 51 560.

Hns v >60 mm?/c, 1 mm*/c = 0,132 E.

[Ipu 3Hauennsix Huwxkue 3 E rpamycu
Enrnepa He Aar0Th TOYHOTO YSIBJIEHHS PO
3MiHY B’A3KOCTI; Hanpukiaz, piauHa 3 2 E
Ma€ He BIBIYI OUIbIIYy KiHEMAaTHYHY B’f3-
KicTh, HUK pinuHa 3 1 E, a panme B 12 pa3is
OutbIIy.

A CeKyHJ = 4Yac BUTIKaHHS 3 BUTICHOI
gamku DIN 53 211.

2.14 OauHuui yacy

Unit') . min h d
1 s?) (second) = 1 0.01667 0.2778 - 107 11.574 - 107
1 min (minute) = 60 1 0.01667 0.6944 - 1073
1 h (hour) = 3600 60 1 0.041667
1 d (day) = 86400 1 440 24 1

Tabmuus 2.12 — OguHuni vacy.
Opununs’) c XB roj JIeHb
1c?) (cekynna) = 1 0,01667 0,2778 - 1073 11,574 - 107°
1 XxB (XBHJIMHA) = 60 1 0,01667 0,6944 - 103
1 rox (roguna) = 3600 60 1 0,041667
1 neHb 86 400 1 440 24 1

1 civil year = 365 (or 366) days =
=8 760 (8 784) hours (for calculation of
interest in banking, 1 year = 360 days),

1 solar year®) = 365.2422 mean solar
days =365 d 5 h 48 min 46 s,

1 sidereal year*) = 365.2564 mean
solar days.

1 See also Time quantities.

%) Base SI unit, see SI Units for definition.

3) Time between two successive passages of the
earth through the vernal equinox.

*) True time of revolution of the earth about the
sun.

1 uuBiIBEHMIM pik = 365 (yu 366) AHIB =
=8 760 (8 784) ronuH (111 po3paxyHKy
BIJICOTKIB Y OaHKIBCBKIi cripaBi, 1 pik =
=360 nHiB),

1 constunmii pix’) = 365,2422 cepennix
COHS'YHMX IHIB = 365 nHiB 5 rox 48 xB 46 c,

1 30psuumit pix*) = 365,2564 cepennix
COHSIYHMX JHIB.

Y Jlus. maxooc Beauuunu uacy.

) Ocnosna oounuys CI, Ous. susnavenns 6
Qounuysax CI.

3) Yac misic 06oma nocrioo6HUMU NPOXOOACCHHAMU
3emni uepez mouxy 6ecHAH020 PIGHOOEHHS.

Y Iemunnuii vac obepmanns 3emni nasxonro Conys.
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Clock times Yac 32 roOIMHHUKOM

The clock times listed for the Yac roaMHHUKA, 3a3HAYSCHUM JIA
following time zones are based on HacTymHHMX 4YacOBHX IMOsCIB, 0a3yeThCcsi Ha
12.00 CET (Central European Time)?): 12:00 L€YY (LlenTpanbHOEBPONIEUCHKUI

yac)®):

Table 2.13 — Clock times.

Clock time Time-zone Countries (examples)
meridian
West longitude
1.00 150° Alaska.
3.00 120° West coast of Canada and USA.
4.00 105° Western central zone of Canada and USA.
5.00 90° Central zone of Canada and USA, Mexico, Central America.
6.00 75° Canada between 68° and 90°, Eastern USA, Ecuador, Colombia, Panama,
Peru.
7.00 60° Canada east of 68°, Bolivia, Chile, Venezuela.
8.00 45° Argentina, Brazil, Greenland, Paraguay, Uruguay.
11.00 e Greenwich Mean Time (GMT)®%): Canary Islands, Great Britain,
Ireland, Portugal, West Africa.
East longitude
12.00 15° Central European Time (CET): Austria, Belgium, Denmark, France,
Germany, Hungary, Italy, Luxembourg, Netherlands, Norway, Poland,
Sweden, Switzerland, Spain;
Algeria, Israel, Libya, Nigeria, Tunisia, Zaire.
13.00 30° Eastern European Time (EET): Bulgaria, Finland, Greece, Romania;
Egypt, Lebanon, Jordan, Sudan, South Africa, Syria.
14.00 45° Western Russia, Turkey, Iraq, Saudi Arabia, Eastern Africa.
14.30 52.5° Iran.
16.30 82.5° India, Sri Lanka.
18.00 105° Cambodia, Indonesia, Laos, Thailand, Vietnam.
19.00 120° Chinese coast, Philippines, Western Australia.
20.00 135° Japan, Korea.
20.30 142.5° North and South Australia.
21.00 150° Eastern Australia.
Tabmung 2.13 — Yac 3a roOAMHHUKOM.
Yac 3a Mepuaian Kpainu (mpukaaamn)
FOIMHHHUKOM 4YacOBOI0
nosicy
3axigHa q1oBrora
1.00 150° Anscka
3.00 120° 3axinne y36epexcks Kananu i CIIA
4.00 105° 3axijHa neHrpaisbHa 30Ha Kanaau 1 CIIIA
5.00 90° [lentpansna 30ona Kananu 1 CLIA, Mekcuka, Llentpanbna Amepuka
6.00 75° Kanana mixx 68° 1 90° mmpotu, cxing CILIA, ExBanop, Konym6is, [Tanama,
ITepy
7.00 60° Kanana na cxin Big 68°, bomisis, Yuni, Benecyena.
8.00 45° Aprentuna, bpasunis, I'pennanais, [laparsaii, Ypyrsaii.
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11.00 0° Cepenniii yac 3a Fpunsiuem (I'CY)%): Kanapcoki octposu, Benvka
bpuranis, Ipnannis, [lopryranis, 3axiqna Adpuka

Cxiana noBrora
12.00 15° LenTpansHoeBponeiicekuii uac (LIE€Y): Ascrpis, benbris, [lanis,
@panuisa, Himeuunna, Yropmuna, Itamnis, JlrokcemOypr, Hinepnanau,
Hopgeris, [Tonpma, IBemnis, [Beiinapis, Icnanis;
Amxup, I3pains, JliBis, Hirepis, Tynic, 3aip

13.00 30° CxinnoeBponeiicbknii yac (CE€Y): bonrapis, @innsuais, ['peris,
Pymynis;
€runer, Jlisan, Mopnauis, Cynan, ITiBenna Adpuka, Cupis
14.00 45° 3axigna Pocis, Typeuunna, Ipak, Cayzaiceka Apasis, CxigHa A¢dpuka
14.30 52.5° Ipan
16.30 82.5° Innis, Hlpi-Jlanka
18.00 105° Kamb6omxa, Ingonesis, Jlaoc, Tainana, B’ernam
19.00 120° Kuraiiceke y30epesxoks, Ouninmiam, 3axigHa ABCTpatis
20.00 [35* Snownis, Kopes
20.30 142.5° [TiBuiyna ta [TiBnenHna ABcrpanis
21.00 150° Cxigna ABcTpanis
5) During the summer months in countries in which ) Ilpomszom nimuix micayis y kpainax, oe
daylight saving time is observed, clocks are set 00MPUMYEMbCAL TIMHI 4ac, 200UHHUKU
ahead by 1 hour (from approximately April to nepesoodsimocsi Ha 1 200uny eneped (npudIU3HO 3
September north of the equator and October to K6IMHs O 6epecenb Ha NIGHIY 6I0 eKeamopa i 3
March south of the equator). 2HCOBMHSL NO bepe3zenb HA NIBOEHb 8i0 eKeamopa,).
%) = UT (Universal Time), mean solar time at the %) = UT (Bcecsimnuiii uac), cepeoniii consunuii uac
0° meridian of Greenwich, or UTC (Coordinated na 0° mepuoiani I’ punsiua, abo UTC (Bceceimniti

Universal Time), defined by the invariable second — koopounoeanuil uac), wjo usHavacmvcs
of the International System of Units (see SI Units).  ne3minHOW0 cekyHOOw MixchapooHnoi cucmemu
Because the period of rotation of the earth about oounuydb (Ous. Qounuyi CI). Ockinbku nepioo

the sun is gradually becoming longer, UTC is ooepmanns 3emni Haekono CoHYs NOCMYNoBo
adjusted to UT from time to time by the addition of  36invuwyemoca, UTC uac 6i0 uacy xopucyemscs Ha
a leap second. UT winsaxom 0ooasanHs 6UCOKOCHOI CEKYHOU.
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Chapter 3
Symbols and units

3.1 Mechanics

Mechanics (from Ancient Greek.
Mpuyaviki, mékhaniké — tool, structure, art
of building machines) — in the general
sense, the science of mechanical motion and
equilibrium of bodies and the interaction
that occurs between bodies. It belongs to the
natural sciences. It is also a branch of
physics that studies the law of mechanical
motion and mechanical interaction. The
term «mechanicsy» was introduced into
science by Aristotle. Voltaire believed that
«the history of mechanical arts is probably
the most useful of all».

Mechanics is divided into general
mechanics, continuum mechanics and
applied mechanics. In each of these
sections, statics, kinematics and dynamics
are distinguished.

General mechanics includes analytical
mechanics, celestial mechanics, ballistics,
gyroscope theory, the theory of stability of
motion, as well as the theory of oscillations,
biomechanics, theoretical mechanics, etc.

The basis of continuum mechanics is
hydro-aeromechanical, gas dynamics, and
mechanics of deformed solids.

Applied mechanics includes the
mechanics of soils and loose bodies,
structural  mechanics, resistance  of

materials, etc.
The spectrum of mechanics

The general study of the relationships
between motion, forces, and energy is called
mechanics. It 1s a large field and its study is
essential to the understanding of physics,
which is why these chapters appear first.
Mechanics can be divided into sub-
disciplines by combining and recombining

Po3aia 3
CHuMBOJIM | OIMHUILT

3.1 MexaHika

Mexanika (Bin naBuborpeu. Mnyyaviki,
mechane — 3HapsAls, CIIOPYAa, MUCTELTBO
noOyZ0BM MammuH) — Yy 3arajibHOMY
pPO3yMiHHI HayKa MNpO MEXaHIYHMH pyxX 1
pIBHOBary Tul Ta B3a€EMOJII0, L0 BUHUKAE
npu 1bOMYy MDK Tutamu. Hanexwuts 10
OPUPOJHUYMUX HayK. Takox 1e po3ail
G13UKM SIKUA BUBYAE 3aKOHU MEXaHIYHOIO
pyxXy 1 wMmexaHiuyHOl B3aemomii. TepmiH
«MeXaHika» BBIB Yy HayKy ApiCTOTEIb.
Bonbrep BBaaB, 110 «ICTOPisi MEXaHIYHUX
MHUCTEUTB €, IMOBIPHO, HAaWKOPHUCHIIIOI 3
yCIX».

MexaHiky TOAUISIOTE Ha 3A2A/IbHY
MEXAHIKY, MEXAHIKY CYYIIbHUX cepedosuly 1
NPUKNAOHy mexauiky. B KOXKHOMY 3 LHX
PO3AUTIB PO3PI3HAOTH CTATUKY, KIHEMATUKY
1 AMHAMIKY.

Jlo 3aragpHOI MEXaHIKH BIJTHOCSTH
aQHATITUYHY MEXaHiKy, HEOECHy MeEeXaHIKY,
0aNiCTUKYy, TEOPil0 TIPOCKOMIB, TEOPIIO
CTIMKOCTI PYXy, a TaKOX TEOPII0 KOJIUBAHbD,
010MeXaHIKy, TEOPETUYHY MEXaHIKy TOIIO.

OcHoBy MEXaHIKU CYLIUTbHUX
CEpEeIOBHINl CTAaHOBHUTH TiJpoaepoMexaHika,
razoBa IMHAMIKa, MeXaHiKa

nedopMOBaHOTO TBEPAOTO Tija.

Jlo mpukiaagHOi MEXaHIKM BIIHOCSTH
MEXaHIKy I'PYHTIB 1 CUIIKUX T1J1, Oy/IBEJIbHY
MEXaHIKy, OIlip MaTepiaiiB Ta iH.

CrnexTp MexaHiKkH

3aranpHe BHUBYCHHS B3a€MO3B’SI3KiB
MDK  pyXOM, CHJAMH Ta  E€HEpri€ro
HA3UBAETHCS MexaHikoro. 1le Benuka ranyssp,
1 11 BUBUEHHSI € BAXIMBUM I PO3YMIHHS
Gb13uKM, TOMY Il PO3AUIM PO3TJISAIAI0THCS
nepmuMu. MexaHiky MOXHa pO3IUIUTH Ha
HIIUCIUIUTIHA (PO3/iIH), KOMOIHYIOUH Ta
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its different aspects. Some of these are
given special names.

pekoMOiHyrouH i pi3HiI acnekTu. Jleskum 3
HUX JIal0Th CHEIiaIbH1 Ha3BH.

Motion 1s the action of changing
location or position. The study of motion
without regard to the forces or energies that
may be involved is called kinematics. 1t is
the simplest branch of mechanics. The
branch of mechanics that deals with both
motion and forces together is called
dynamics and the study of forces in the
absence of changes in motion or energy is
called statics.

The term energy refers an abstract
physical quantity that is not easily perceived
by humans. It can exist in many forms
simultaneously and only acquires meaning
through calculation. Informally, a system
possesses energy if it has the ability to do
work. The energy of motion is called kinetic
energy.

Whenever a system is affected by an
outside agent, its total energy changes. In
general, a force is anything that causes a
change (like a change in energy or motion
or shape). When a force causes a change in
the energy of a system, physicists say that
work has been done. The mathematical
statement that relates forces to changes in
energy is called the work-energy theorem.

When the total of all the different
forms of energy is determined, we find that

Pyx — ue aig 3MiHM Micisg abo 1oso-
keHHs. BuBYeHHs pyxy 0e3 ypaxyBaHHS
cui abo eHeprii, SIKI MOXKYTh OyTH 3aisiHi,
HA3UBAETHCS KiHemamukoro. 1le nannpocri-
mIa rajy3b MexaHiku. ['any3p MexaHiku, sika
3aiMa€THCS K PyXOM, TaK 1 CUJIaMHU pa3oM,
HA3UBAETHCS OUHAMIKOIO, @ BUBYEHHS CHII
3a BIJICYTHOCTI 3MIH pyxy abo eHeprii —
CMamuKxoio.

Tepmin «eHepris» no3Hadae abCTpakT-
HY (I3UYHY BEJIMYUHY, Ky HEJIETKO CIpPUIA-
MaTu JIIOJAMHOW. BOHa Moke icHyBaTu B
Oaratbox (opmax omgHOYacHO 1 HalyBae
3HaueHHs Jumie uyepe3 oOuucieHHs. Dop-
MaJIbHO CUCTEMa Ma€ eHepeilo, SIKIIO0 BOHA
Mae€ 3/1aTHICTh BUKOHYBATH poOoTy. EHepris
PyXy Ha3UBAETBCS KIHEMUYHOIO eHeP2IEio.

[Ilopa3y, KojiuM Ha CHCTEMY BILIUBAE
30BHIIIHIA (akTop, ii 3arajbHa EHepris
3MIHIOETBCS. 3arajioM, cuia — L€ BCE, 10
BUKJIMKA€E 3MiHY (HAIPUKJIad, 3MiHY €Heprii,
pyxy uu ¢opmu). Konu cuna BUKIUKAE
3MIHY €Heprii CUCTeMH, (PI13UKH KaXyTh, 1110

BUKOHAHO pobomy. MaremaTuune
TBEPJDKEHHSI, SIKE TIOB’3y€ CHIIM 31 3MIHAMHU
€Heprii, Ha3UBAETbCS  MeopemMolo  npo

pobomy-eHepeiio.
Konu BU3HayaeThCcsi cymMa BCIX PI3HUX
dbopm eHeprii, MU BHABISIEMO, IO BOHA
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it remains constant in systems that are
isolated from their surroundings. This
statement 1s known as the law of
conservation of energy and is one of the
really big concepts in all of physics, not just
mechanics. The study of how energy
changes forms and location during physical
processes is called energetics, but the word
is used more by scientists in fields outside
of physics than inside.

Mechanics symbols and units
(see Quantities and units for names of
units)

Table 3.1 — Mechanics symbols and units.

3aJIMIIAETHCS  TOCTIMHOIO B CHCTEMax,
130JIbOBAaHMX BiJT HABKOJHUIIHBOTO CEPEIo-
Buma. lle TBep/KeHHS BIIOME SK 3aKOH
30epedcenHs eHepeli Ta € OJHUM 3
HAaWBAXJIUBIIINX TOHATH Y BCiM (i3uill, a He
JUIIe B MexaHilnl. BuBYeHHsS TOro, sk
eHeprisi  3MiHe QopMmy Ta  Micue
po3TalryBaHHs MiJ yac (i3MYHUX MPOLECIB,
HA3UBAETBCS €HepeemuKolo, ajie e CIOBO
YacTille BUKOPUCTOBYETHCS BUYEHUMU B
rajry3sax no3a (pi3uKor0, HiK ycepeuH1 Hel.

CuMBOJIH | OAMHHM LI MEXaHIKH
(n1vB. BenuyuHu 1 OMMHMIN 111 Ha3B
OJITMHUIIb )

Symbol Quantity SI unit

A Area m?

a Acceleration m/s?

a, Centrifugal acceleration m/s?

d Diameter m

E Energy J

E, Kinetic energy J

E, Potential energy J

F Force N

F Centrifugal force N

G Weight N

g Acceleration of free fall (g = 9.81 m/s?, m/s?
see Quantities)

h Height m

i Radius of gyration m

J Moment of inertia (second-order kg - m?
moment of mass)

L Angular momentum N-s-m

[ Length m

M Torque N m

m Mass (weight) kg

n Rotational frequency g1

¥ o Power W

P Linear momentum N-s

r Radius m

s Length of path m

T Period, time of one revolution S

t Time S

Vv Volume m’

v Velocity m/s

v, Initial velocity
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v, Final velocity
v,, Mean velocity

w Work, energy J

a Angular acceleration rad/s’ 1)

& Wrap angle rad')

H Coefficient of friction -

P Density kg/m’

@ Angle of rotation rad")

® Angular velocity rad/s")

Tabmuus 3.1 — CuMBOIM 1 OAMHUII MEXAHIKU

CuMBoOJI Beaununna Omunnug CI

A ITnoma M?

a [Ipuckopenns m/c?

» BigneHTpoBe mpucKoOpeHHs m/c?

d Jliametp M

E Enepris Jx

E, Kinernuna enepris Jx

E, [Torenuiiina enepris Jx

F Cuna H

F, ¢ Binentposa cuiia H

G Bara H

g [TpuckopeHHs BUTBHOTO MAIIHHS m/c?
(g = 9.81 m/c*, nuB. Benuuunu)

h Bucora M

i Paniyc oGepranns M

o MoOMeHT iHep1Iii (MOMEHT Macu JAPYroro  Kr - M°
HOPSJIKY)

L MoOMEHT IMITyJIbCYy, KyTOBHII MOMEHT, H-c'Mm
MOMEHT KUJIBKOCT1 pyXy

/ JloBxuHa M

M MowmeHT cuiu, 00epTaabHU MOMEHT, H-™m
KPYTHUA MOMEHT

m Maca (Bara) KT

n Yacrora obepTaHHs g

P [ToryxHicTh Br

p IMnynbe, THIAHUHA IMITyTIbC, H=g
MOCTYMAJILHUN IMITYJIBC

r Paniyc M

s JloBxkuHa 1UIAXY M

T [Tepion, yac ogHOTO 00EPTY c

t Yac v

4 06’em M3

v HIBuakicTh m/c
v, IlouaTkoBa MIBUKICTH
v, Kinnesa mBHAKICTH
v, CepenHs MIBUIKICTD

w PoGora, enepris Jhx

a KyToBe npucKopeHHst pan/s® ')
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Kyt o6xBary
KoediuieHT teprs
['ycTuHa, NIIBHICTH
Kyt obepranus
KyToBa mBHAKICTH

@S/ "™

pan')

Kr/M>
pan')
pan/ch)

Y The unit rad (= m/m) can be replaced by the
number 1.

Relationships between quantities,
numbers
If not otherwise specified, the

following relationships are relationships
between quantities, i.e. the quantities can be
inserted using any units (e.g. the SI units
given above). The unit of the quantity to be
calculated 1s obtained from the units chosen
for the terms of the equation. In some cases,
additional numerical relationships are given
for customary units (e.g. time in s, but speed
in km/h). These relationships are identified
by the term «numerical relationship», and
are only valid if the units given for the
relationship are used.

3.2 Vibration and oscillation

Oscillation is specific movements or
changes in the state of systems of various
physical nature (mechanics, physics,
biology, chemistry, economics, etc.) for
which a certain repetition in time 1is
observed. In many cases, similar concepts
are used to describe oscillatory processes -
vibration, oscillation.

In mechanics, vibration (from Latin
vibrare «to shake») is oscillatory motion
about an equilibrium point. Vibration may
be deterministic if the oscillations can be
characterised precisely (e.g. the periodic
motion of a pendulum), or random if the
oscillations can only be analysed
statistically (e.g. the movement of a tire on a

Y Oounuyio eumipiosanna pao (= m/m) moocua
3aminumu yuciom 1.

3B 3K MiK BeJTUMYHHAMHU, YHUCJIAMHU
9

SIKI0 He 3a3Ha4veHO I1HIINE, HaBEACHI
HM)KYE CHIBBIJHOIIEHHS € CIIIBBIJHOIIEH-
HSIMA MDK BEJIMYMHAMH, TOOTO BEJIMYHUHHU
MO’KHA BCTaBJISITH 3 BUKOPUCTAHHSAM OYIb-
SKUX OIWHUIb BUMIPIOBAHHS (HANPHUKJIA,
omunup Cl, HaBenenux Buie). OauHULSA
BUMIPIOBaHHS BEJMYMHM, [0 MiIJIsrae
OOYHUCIICHHIO, OTPUMYETHCA 3 OJUHUIIb,
0o0OpaHMX ISl YJIEHIB PIBHSHHS. Y JESKHUX
BHUITAJKaX HABOIATHCA J0JAaTKOBI YHCJIOBI
CHIBBIIHOIIEHHS I 3BHYAaWHUX OJUHHIIL
(HampuKJIaa, 4yac y C, ajie HIBUIKICTh Y
km/roj). L{i criBBiHOIIEHHS TO3HAYAIOTHCS
TEPMIHOM «YHCIIOBE CITIBBIIHOIICHHS» Ta €
JMIACHUMU JIMIIE 32 YMOBH BUKOPHUCTAHHS
OJIMHUILb, HABEIEHNUX IS CIIIBBIIHOIIEHHSI.

3.2 BiOpauisi i KoJIUBaHHA

Konusanns — cneuudiuni pyxu abo
3MIHU CTaHY CHUCTEM pi3HO1 (P13UYHOT MpH-
poau (MexaHika, (i3zuka, O10JOTIs, XiMid,
€KOHOMIKa Ta 1H.) JUIS SIKHMX CIIOCTEPIraeTh-
Csl TIEBHA MOBTOPIOBAHICTh y yaci. Y Oara-
ThOX BHUIAJKAX ISl OMHUCY KOJIMBAJIbHHUX
MIPOIIECIB BUKOPHUCTOBYIOTHCS OJM3bKI 3a
3MICTOM TIOHATTS — 8IOpayis, OCYUIAYIsL.

VY MexaHiui giopayis (BiJ JaTHHCHKOTO
vibrdare «TpsSCTH») — 1€ KOJUBAJbHUN PyX
HABKOJIO TOYKHM piBHOBaru. BiOparis moxe
OyTH JETEepMIHOBAHOIO, SKIIO KOJIMBAHHS
MOYXHa TOYHO OXapaKTepu3yBaTH (HaIpUK-
Jaja, TEepIOAMYHMNA pyX MasTHHKA), abo
BUIIAJIKOBOIO, SKIIO KOJUBAaHHS MOJKHA
pOaHaIi3yBaTH JIMIIE CTATUCTUYHO (HAI-
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gravel road).

Vibration can be desirable: for
example, the motion of a tuning fork, the
reed in a woodwind instrument or

harmonica, a mobile phone, or the cone of a
loudspeaker. The desired vibration is
excited by vibrators and used in vibration
technology, for example, in vibration
conveying, vibrodrilling, etc.

In many cases, however, vibration is
undesirable, wasting energy and creating
unwanted sound. For example, the
vibrational motions of engines, electric
motors, or any mechanical device in
operation are typically unwanted. Such
vibrations could be caused by imbalances in
the rotating parts, uneven friction, or the
meshing of gear teeth. Careful designs
usually minimize unwanted vibrations. The
undesired vibration can lead to disruption of
the operation of machines and to
destruction, and has a detrimental effect on
human health. To combat harmful vibration,
vibration isolation is used.

Vibration protection is a set of means
and methods for reducing vibration
parameters.

Vibration resistance is the ability of a
product to perform its functions and
maintain its parameters within the values
that are set for this product, under
conditions of vibration exposure in
specified modes.

Types

Free vibration or natural vibration
occurs when a mechanical system is set in
motion with an initial input and allowed to
vibrate freely. Examples of this type of
vibration are pulling a child back on a swing
and letting it go, or hitting a tuning fork and
letting it ring. The mechanical system
vibrates at one or more of its natural
frequencies and damps down to

pUKJIa, pyX IIWHHU 10 I'PaBIdHIN 10p031).
BiOparmiss Moke OyTH KOPHCHOIO:
HAMpUKIad, pyX KaMepToHa, s3UYKa B
JEpeB’STHOMY JyXOBOMY IHCTPYMEHTI YU
ryOHii rapmormiii, MOOUIbHOrO Tenedony
abo naudyszopa ryuHoMmoBuUsA. Daowcana
gibpayiss  30yIKyeThCsl BiOpaTopamMu i
BUKOPUCTOBYEThCS Y BI1OpawliiiHIi TEXHILl,
HaIPpUKJIAT, npu BiOpauiiHOMy
TpaHCIOPTYBaHH1, BIOPOOYpiHHI TOLIO.
Opnak y OaraThoX BUIAJKax BiOparis
HeOa)kaHa, BOHA BUTPAYa€e CHEPTii0 Ta CTBO-
proe HebaxxaHuii 3ByK. Hanpukian, konuBa-
JIbHI PYXU JBUTYHIB, €JIEKTPOIABUTYHIB a00
OyIb-IKOTO MEXaHIYHOrO MPHUCTPOIO TIiJI
gyac poOoTu 3a3Buuaii Hebaxani. Taxi
BiOpawii  MOXyTh  OyTH  CIPUYUHEHI
nucOamaHcomM 00epToBHX YaCcTHH,
HEPIBHOMIPHUM TEpTAM a00 3a4eruieHHSIM
3yOI1iB IIECTEPEHb. PeTenbHe MPOeKTyBaHHS
3a3BUYail  MiHIMI3ye HeOaxaHl BiOpauii.
Hebaxcana e6ibpayis MOXe TPU3BECTH [0
MOPYIICHHS PEXUMY pOOOTH MalluH 1 /10
pyiHyBaHHs, 3ryOHO BIUIMBA€ Ha 30pPOB'A
monuau. s OopoTeOM 13 IMIKIJJIUBOIO
BiOpalli€r0 3aCTOCOBYIOTH BiOPO130JIALIiIO.

Biopayitinuti  3axucm — CYKYIHICTh
3acO0IB 1 METOJIIB 3MEHIIEHHS MapameTpiB
BiOpariii.

Bibpocmiiikicme — 31aTHICTb BUPOOY
BUKOHYBaTHU cBOi (pyHKIIi 1 306epiratu cBoi
nmapamMeTpu B MeXax 3HA4yeHb, 110
BHCYBAIOTHCS 70 IIBOTO BUPOOY, B YMOBAax
BIUIMBY B1Opallii B 3a/1aHUX pPEKUMaAX.

Tunu

Binvna abo npupoomus siopayis (konu-
6aMHs1) ~ BUHHMKAIOTh, KOJIM  MEXaHIYHY
CUCTEMY MPHUBOJATH y PyX 3a JOIOMOTOI0
MOYAaTKOBOI'0 BXIJIHOTO CHUTHAJIy 1 J103BO-
JA0TH 1M BUIbHO BiOpyBaTu. Ilpukiiamamu
TAKOr0 THUIy KOJUBAaHb € BIATITYBAaHHS
JUTUHYU Ha3aJ Ha roijaiii Ta BiAMyCKaHHS
ii, abo ymap mo KamMepTOHYy 1 HOro I3BiH.
MexaHiuHa cucrtema BiOpye Ha OfHINA abo
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motionlessness.

Forced vibration 1s when a time-
varying disturbance (load, displacement,
velocity, or acceleration) is applied to a
mechanical system. The disturbance can be
a periodic and steady-state input, a transient
input, or a random input. The periodic input
can be a harmonic or a non-harmonic
disturbance. Examples of these types of
vibration include a washing machine
shaking due to an imbalance, transportation
vibration caused by an engine or uneven
road, or the vibration of a building during
an earthquake. For linear systems, the
frequency of the steady-state vibration
response resulting from the application of a
periodic, harmonic input is equal to the
frequency of the applied force or motion,
with the response magnitude being
dependent on the actual mechanical system.

Damped vibration: When the energy of
a vibrating system is gradually dissipated by
friction and other resistances, the vibrations
are said to be damped. The vibrations
gradually reduce or change in frequency or
intensity or cease and the system rests in its
equilibrium position. An example of this
type of vibration is the vehicular suspension
dampened by the shock absorber.

KUJIBKOX CBOiX BJIACHMX YAacCTOTax 1 3aTyXae
710 HEPYXOMOCTI.

Bumywena eiopayis (koausanus) — ne
KOJIH 10 MEXaHIYHO1 CUCTEMU
3aCTOCOBYETHCSI 3MIHHE B 4Yaci 30ypeHHs
(HaBaHTAXEHHS, TMEPEeMIIICHHS, IIBUJKICTh
ab0 mpuckopeHHs). 30ypeHHs Moxke OyTu
NEepIOANYHUM Ta CTAllOHAPHUM BXIJHUM
CUTHAJIOM, TEPEXiTHUM BXIJIHUM CUTHAJIOM
ab0 BUIIAJKOBUM BX1JHUM curHaiom. [lepi-
OJIMYHHUI BXITHUN CUTHAI MOXE OyTH rap-
MOHIWHUM 200 HErapMOHIHHUM 30ypEHHSIM.
[TpuknagamMu TakuX TUIIIB KOJIUBAHb € TPSC-
Ka TMpajbHOI MAIIMHM 4Yepe3 aucOaliaHc,
BiOpallisi TpaHCIOPTYBaHHS, CHPUYMHEHA
JBUTYHOM a00 HEpPIBHOIO JI0POroro, abo BiO-
pauist OyaiBii mija yac 3emiuerpycy. s -
HIHHUX CHCTEM YacToTa CTalllOHApHOi KO-
JMBAJIBHOI peakKilii, 0 BUHUKAE B PE3YJib-
TaTl 3aCTOCYBaHHS MEPIOJIUYHOTO TapMOHI-
WHOTO BX1IHOTO CUTHAITY, JOPIBHIOE YAaCTOTI
NpUKIANEeHOoI cuiu abo pyxy, HPUIOMY
BEJIMYMHA PEaKIIil 3aJeKUTh BiJ (PaKTHUHOT
MEXaHI4YHOI CUCTEMHU.

3amyxawoua 6ibpayisi: KOIU EHEPris
BIOpYIOUOi CHUCTEMHU MOCTYIOBO PO3CIIOEThH-
Cs BHACIIJOK TEPTs Ta IHIIUX OIOPIiB,
Ka)XyTb, 110 BiOparii 3aTyxawTh. Bibparrii
MIOCTYIIOBO 3MEHILYIOTHCS, 3MIHIOIOTHCS 3a
YaCTOTOIO UM IHTEHCUBHICTIO a00 MPUIUHS-
I0ThCS, 1 cUCTeMa nepedyBae B PIBHOBaX-
HOMY TosiokeHHi. [Ipukiiamom Takoro Tuiry

BiOpamii € miABICKa aBTOMOOLNS, IO
racUTHCs aMOPTU3aTOPOM.
Vibrations and oscillations symbols CumBosin 1 oauHuMui BiOpaumii i
and units KOJIMBAaHb
Table 3.2 — Vibrations and oscillations
symbols and units.
Symbol Quantity Unit
a Storage coefficient
b Damping coefficient
c Storage coefficient
c Spring constant N/m
¢ Torsional rigidity N - m/rad
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c Capacity F
f Frequency Hz
fe Resonant frequency Hz
Af Half-value width Hz
F Force N
i Excitation function
I Current A
J Moment of inertia kg - m?
ks Self-inductance H
m Mass kg
M Torque N-m
n Rotational speed 1/min
0,q Charge C
0 Resonance sharpness
r Damping factor N - s/m
r, Rotational damping coefficient N-s-m
R Ohmic resistance Q
t Time S
/A Period S
U Voltage A"
1% Particle velocity m/s
. Travel/displacement
y Instantaneous value
% Amplitude
v(3) Single (double) derivative with respect
to time
Vo Rectified value
P Effective value
a Angle rad
1) Decay coefficient 1/s
A Logarithmic decrement
1) Angular velocity rad/s
10} Angular frequency 1/s
Q Exciter-circuit frequency 1/s
9 Damping ratio
S Optimum damping ratio
Tabmuns 3.2 — CuMBOIM 1 OauHMII BiOparii
1 KOJIUBaHb.
CumBoJ Beanunna OnnHnus
a KoedimienT HakonmnyeHHs
b KoediuienT nemmndysanus
¢ KoeoimienT HakonuyeHHs
c [Tpy>xuHHA KOPCTKICTH H/™m
c, KpyTuinbHa )OpCTKICTb H - m/pan
C €MHICTh )
f Yacrora I
f, Pe3onancna yacrora I'm
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Af [TiB3HAUEHHS IHUPUHHU, MIBIIUPUHA I'u

F Cuna H

F; DyHKIIs 30yHKSHHS

I Crpym A

of MowmeHT inepuii KT - M?

I CaMOIHAYKTUBHICTb I'u

m Maca KT

M MomeHT cuiu, 00epTaabHUIl MOMEHT, H-w™m

KPYTHUN MOMEHT

n [IBukicTh 0OepTaHHS 1/xB

0, 3apsin Kn

0 YiTKicTh pe30HaHCYy

r Koeoiuient nemndysanus H:-c/™m

r, Koedinient nemndyBanus odepraHHs H-c'M

R OMivHMit omip OmMm

t Yac c

T Ilepion c

U Hamnpyra B

1% [IBUAKICTh YACTUHOK Mm/c

X [TepeminieHHs/3MIMIEHHS

y MurtreBe 3HaUCHHS

y Amrutityna

v(y) [Tepmra (npyra) moxijHa 3a 4yacom

Y ree Bunpsimiene 3HaueHHS

Veg EdextuBHe 3HaueHHS

o Kyt pan

o Koediuient crnany /¢

A Jlorapudmiunmii 1eKpeMeHT

1) KyroBa mBuakicts pan/c

10} KyroBa uacrora 1/c

Q YacroTa 30y15KyBaJIbHOIO KOHTYPY l/c

9 Koedinient nemndysanHs

19@, OntumanbHUN Koe]ilieHT

JnemMnQyBaHHs

Subscripts: [TinpsaKoBi 1HAEKCH:
0: Undamped 0: Hezaryxaroumii
d: Damped d: 3aryxaroumii
T: Absorber T: IlornuHau
U: Base support U: ba3zosa onopa
G: Machine G: Mamuna

3.3 Fluid mechanics 3.3 Mexanika pigun

Fluid mechanics 1s the branch of Mexanika pioun — 1e po3ain (i3ukw,
physics concerned with the mechanics of mio 3aliMaeTbcsi MexaHiKOWO piavH (PiIUH,
fluids (liquids, gases, and plasmas) and the rasis, mnasmu) i cuiaamu, 1O AIFOTh HA HUX
forces on them [1]. Originally applied to [1]. Cnoyarky BUKOpPHCTOBYBaHa 10 BOIH
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water  (hydromechanics), it found
applications in a wide range of disciplines,
including mechanical, aerospace, civil,
chemical, and biomedical engineering, as
well as  geophysics, oceanography,
meteorology, astrophysics, and biology.

It can be divided into fluid statics, the
study of various fluids at rest; and fluid
dynamics, the study of the effect of forces
on fluid motion [1]. It is a branch of
continuum mechanics, a subject which
models  matter without using the
information that it is made out of atoms;
that is, it models matter from a macroscopic
viewpoint rather than from microscopic.

Fluid mechanics, especially fluid
dynamics, is an active field of research,
typically mathematically complex. Many
problems are partly or wholly unsolved and
are best addressed by numerical methods,

typically using computers. A modern
discipline, called computational fluid
dynamics (CFD), is devoted to this

approach [2]. Particle image velocimetry, an
experimental method for visualizing and
analyzing fluid flow, also takes advantage
of the highly visual nature of fluid flow.

Main branches

Fluid statics or hydrostatics 1s the
branch of fluid mechanics that studies fluids
at rest. It embraces the study of the
conditions under which fluids are at rest in
stable equilibrium; and is contrasted with
fluild dynamics, the study of fluids in
motion.  Hydrostatics offers  physical
explanations for many phenomena of
everyday life, such as why atmospheric
pressure changes with altitude, why wood
and oil float on water, and why the surface
of water is always level whatever the shape
of its container. Hydrostatics is fundamental
to hydraulics, the engineering of equipment

(eiopomexanika), BOHA 3HAWIILJIA 3aCTOCY-
BaHHS B IIMPOKOMY CHEKTpl JAMCIMILIIH,
BKJIIOYAIOYM  MEXaHIuHy, aepOKOCMIYHY,
IUBUIBHY, XIMIYHY 1 OlOMEIMYHY IH)KCHE-
pito, a Takoxk reodi3uKy, okeaHorpadito,
METEOpOJIOrito, acTpo(i3uky Ta 610JI0TIIO.

[i MoxxHa posinuTy Ha 2iopocmamuxy,
110 BHMBYAE PI3HI PIAUHU y CTaHI CTIIOKOIO; 1
2i0poOuHamiky, MO BHUBYAE BIUIMB CUJ Ha
pyx piaunu [1]. Lle po3ain mexaniku cyyine-
HO20 cepedosuua, NPEIMET, IKUH MOJIEITIOE
MaTepilo 0e3 BHUKOpHCTaHHA iH(oOpMaril
opo Te, IO BOHA CKJIAJA€ThCS 3 aTOMIB;
TOOTO MOJICIIIOE MATEPiI0 3 MAKPOCKOMIYHOT
TOYKH 30pY, @ HE 3 MIKPOCKOIIYHOT.

Mexanika piguH, OCOOJIMBO TIAPOAM-
HaMiKa, € aKTUBHOIO Taly33i0 JOCIHIKEHb,
3a3BUYall MaTeMaTU4YHO CKJIaJHOK0. barato
npo0semM 4acTKOBO a00 MOBHICTIO HE BHPI-
IICHI 1 HalKpamie po3B’sA3yIOThCS YUCIOBU-
MH METOJaMHM, 3a3BHUail 3a JOIMOMOT0I0 KO-
mi’rotepiB. CyyacHa AMCHMIUIIHA, SIKa Ha-
3UBAETHCSI OOUMCIIIOBAILHOIO T1APOIUHAMI-
KO0, MPUCBSYEHA oMy miaxoxay [2]. Be-
JOCUMETPis 300paKeHb YaCTHHOK, EKCTIEPH-
MEHTAJbHUN METOJ Bi3yauizamii i aHamizy
NOTOKY PIIMHU, TAKOXK BUKOPUCTOBYE Tepe-
Baru BHCOKOBI3yaJIbHOI MPUPOAU TOTOKY
pIIUHH.

OcHoBHI raumys3i

Cmamuka pioun abo ciopocmamuka —
e pPO3AUT MEXaHIKU PIIWH, KU BUBYAE
pIOUHY y CTaH1 CroKo0. BoHa oxomtoe BU-
BUYCHHS YMOB, 32 SIKHX P1AMHU NepeOyBaroTh
y CTaHl CIOKOK B CTaOlIbHIA piBHOBA3I; 1
IPOTUCTABIIAETHCS T1APOJUHAMILI, BUBYEH-
HIO pinuH y pyci. ['iapocTtatuka mpornoHye
¢13u4HI MOsICHEHHSI 0araTh0X SIBUIIL MOBCSIK-
JIEHHOTO JKUTTS, TAKUX SIK 3MiHa aTMocdep-
HOTO THCKY 3 BHCOTOIO, TJIABaHHS JepeBa 1
Ha(TU HA BOJI, a TAKOX MOBEPXHS BOJIM 3a-
BXK/JM IUUIOCKA, HE3aIeXHO Biag Qopmu ii
KoHTelHepa. ['iapocraTuka € dpyHmaameHTa-
JBHOIO JUISL 2i0pasniku, npoekmyeaHus 0o-
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for storing, transporting and using fluids. It
is also relevant to some aspects of
geophysics and astrophysics (for example,
in understanding plate tectonics and
anomalies in the Earth's gravitational field),
to meteorology, to medicine (in the context
of blood pressure), and many other fields.

Fluid dynamics is a subdiscipline of
fluid mechanics that deals with fluid flow —
the science of liquids and gases in motion
[3]. Fluid dynamics offers a systematic
structure — which underlies these practical
disciplines — that embraces empirical and
semi-empirical laws derived from flow
measurement and used to solve practical
problems. The solution to a fluid dynamics
problem typically involves calculating
various properties of the fluid, such as
velocity, pressure, density, and temperature,
as functions of space and time. It has
several subdisciplines itself, including
aerodynamics [4-7] (the study of air and
other gases in motion) and Aydrodynamics
[8, 9] (the study of liquids in motion). Fluid
dynamics has a wide range of applications,
including calculating forces and movements
on aircraft, determining the mass flow rate
of petroleum through pipelines, predicting
evolving weather patterns, understanding
nebulae in interstellar space and modeling
explosions. Some fluid-dynamical
principles are used in traffic engineering
and crowd dynamics.

Fluid mechanics symbols and units

Table 3.3 — Fluid mechanics symbols and

JIAOHaHHs 051 30epieanus, MpPAHCHOPMY-
8aHHA | euKopucmanusa pioun. BoHa Takox
Ma€ BIJHOILUEHHS 10 JEIKUX aCIEKTIB 2eo-
Gizuxu 1 acmpogizuxu (HaNpUKIAd, IS
PO3YyMIHHSI TEKTOHIKH IUTUT 1 aHOMAaiil y
rpaBiTaliiHoMy moyii 3eMii), Mmemeopoo-
2ii, melduyunu (B KOHTEKCTI KpOB’SIHOTO
TUCKY) 1 0aratbOX 1HIINX TaTy3ei.
Hunamixa pioun — 1e TITUCITUTUTIHA
TiAPOMEXaHIKU, SIKa 3alMMa€eThCd MOTOKAMHU
PIAMHYU — HAYKOIO MPO PIIMHU 1 ra3u B pyci
[3]. JluHamika piIUH TPOIOHYE CHCTEMa-
TUYHY CTPYKTYPY, SIKA JIEXKUTh B OCHOBI ITUX
NPAKTUYHUX JUCHUIUTIH — OXOIUIIOE EMITi-
pUYHI 1 HaIIBEMIIPUYHI 3aKOHU, OTPUMaHI 3
BUMIPIOBAHHS MOTOKY 1 BUKOPUCTOBYIOTHCS
JUTSL BUPILIEHHS MPAaKTHYHUX 3a71a4. Po3B’s-
3aHHS 3a7a4l JUHAMIKA PIAWH 3a3BUYAM
BKJIIOYA€ OOYMCIIEHHS PI3HUX MapaMeTpiB
PIAVHY, TAKUX SIK IIBUAKICTh, TUCK, TYCTUHA
1 Temmeparypa, SK (yHKIIH mpocTtopy 1
yacy. Bona cama Mae KijbKa TiIMCIMILIIH,
BKJIIOYAIOUU aepoodunamixy [4-7] (BUBUEHHS
MOBITPA Ta HIIMX ra3iB y pyci) 1 2iopoduna-
miky [8, 9] (BuBUeHHs piauH y pyci). Jdu-
HaMiKa pIAMH Ma€ MUPOKHUI CHEKTpP 3acTO-
CyBaHb, BKIIIOUYAIOYH OOYMCIIEHHS CHII 1 py-
X1B Ha JlITaKaX, BU3HAYEHHs MacoBOi BUTpa-
TH HaQTH Yepe3 TpyOOmpoOBOAM, IPOTHO3Y-
BaHHS 3MIH TIIOTOJHUX YMOB, PO3yMIHHS
TYMaHHOCTEH y MIK30PSHOMY TPOCTOPI 1
MOJIETIOBaHHsI BUOYXiB. Jleski mpuHIUTIN
TiIPOMHAMIKA BUKOPUCTOBYIOTHCS B JIOPO-
KHbOMY OYy/IIBHHUIITBI Ta AUHAMILIl HATOBITY.

CuMBOJIM | OIMHM LI MEXaHIKH PiAMH

units.

Symbol Quantity SI unit
A Cross-sectional area m’

A, Area of base m?

A, Area of side m?

F Force N

F Buoyancy force N
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E Force acting on bottom N

F, Force acting on sides N

G, F; Weight N

g Acceleration of free fall g = 9.81 m/s> m/s?

h Depth of fluid m

m Mass kg

p Fluid pressure Pa?)
p, — p, differential pressure Pa

P, Gauge pressure compared with Pa
atmospheric pressure

0 Flow rate m3/s

V Volume m?

v Flow velocity m/s

P Density kg/m?
Density of water)
p, = 1kg/dm?® = 1000 kg/m?

Tabmums 3.3 — CuMBOIM 1 OTUHUII MEXaHIKU
pinuH.

CumBoJ1 Beiuuuna Opunnns CI

A [Tiomia monepevHoro nepepizy Ve

A, I11011a OCHOBH M’

A, IInoma 60K0Boi OBEPXHi m?

F Cuna H')

F, BumrosxyBaibHa cuiia H

F, Cuia, o Ji€ Ha JHO H

F, Cuna, 1mo i€ Ha OOKOBI MOBEPXHI H

G s Fy Bara H

g [TprckopeHHs BIIBHOTO NAAIHHS m/c?
g = 9,81 m/c?

h ['nmubuna piauHu M

m Maca KT

P Tuck pinunHu I1a%)
p, — p, AadepeHianbHui THCK [la

P. MaHomMeTprYHUIl TUCK TIOPIBHSIHO 3 [Ta
aTMoc(hepHUM THCKOM

0 Butpara m>/c

V 006’em M’

v HIBUAKICTH TOTOKY m/c

P I'yctuna Kr/m°

I'ycruna Bou®)
p, =1 xr/mm® = 1000 kr/m*

"Y1 N =1kgm/s’ (see SI units).

2) 1 Pa =1N/m?; 1 bar = 10° Pa;
1 at (= 1 kp/cm?) = 0.981 bar = I bar (see units for 1 am
pressure).
3) See Properties of liquids for densities of other °)/lus.

Y1 H=1xem/c (ous. Qounuyi CI).

21 Ila =1 H/M; 1 6ap = 10° Ia;

(= 1 kec/em?) = 0,981 6ap = 1 6ap
OOUHUYT MUCKY).
Bracmueocmi

(Ous.

pIOUH O BUSHAYEHHS
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fluids.

3.4 Strength of materials

Strength of materials is the science of
engineering methods for calculating the
strength, stiffness and stability of structural
elements, machines and structures. Strength
of materials belongs to the fundamental
disciplines of general engineering training

of specialists with higher technical
education.

This is the first discipline that
establishes a  connection  between

fundamental scientific disciplines (physics,
higher = mathematics and  theoretical
mechanics) and applied problems and
methods for solving them that arise when
designing machines and mechanisms, civil
and industrial structures, bridges, power
lines, aircraft and jet technology. Almost all
special disciplines for training engineers in
various specialties contain sections of the
course on the strength of materials, since the
creation of workable new technology is
impossible without analysis and assessment
of its strength, stiffness and stability.

Definition

The strength of materials is determined
using various methods of calculating the
stresses and strains in structural members,
such as beams, columns, and shafts. The
methods employed to predict the response
of a structure under loading and its
susceptibility to various failure modes takes
into account the properties of the materials,
such as yield strength, ultimate strength,
Young's modulus, and Poisson’s ratio. In
addition, the mechanical element's
macroscopic (geometric) properties, such as
its length, width, thickness, boundary
constraints, and abrupt changes in
geometry, such as holes, are considered.

2YCMUHU THUWUX PIOUH.

3.4 Onip marepiaJis

Onip mamepianie — HayKa TpO 1HXKE-
HEpPHI METOJIM PO3PAXyHKYy Ha MILHICTb,
OPCTKICTh 1 CTIHKICTh €JIEMEHTIB KOHCTPY-
K, mMamuH 1 cnopya. Omip marepiaii
HAJICXKUTh A0 (yHIAMEHTAIbHUX JHUCILIMII-
JIH  3arajJibHOIHXEHEPHOI  MiATOTOBKU
(haxiBILiB 3 BULIOK TEXHIYHOIO OCBITOIO.

Ile mepma nucUMILIIHA, IO BCTAHOB-
JI0€  3B’SI30K  MDK  (PyHIaMEHTaJIbHUMHU
HAyYKOBUMHM JUCIHUIUTIHaMU (i3uka, BHILIA
MaTeMaTuKa 1 TEOpETUYHA MEXaHIKa) 1 IpH-
KJIQIHUMHU 3aJadaMd 1 METOJIaMH IXHBOTO
pO3B’s3Ky, SKI BHUHUKAIOTh TPH TPOEKTY-
BaHHI MallMH 1 MEXaHi3MiB, LMBUIBHUX 1
POMHCIIOBUX  CIOPYA, MOCTIB, JIHIN
eJIEKTpoIiepeaay, JITAJIbHUX amapaTiB 1
peakTuBHOi  TexHikd. [IpakTuyHo  Bci
creniaiabHi JUCUUTIIIHU MirOTOBKU
IHKEHEpPIB 32 PIZHUMH CIEHIaJIbHOCTIMU
MICTATh PO3JLIM KypCy OIOpY MarepialiB,
OCKIJIbKM CTBOPEHHSI Mpane3aTHOI HOBO1
TEeXHIKM HEMOJKJIUBE 0€3 aHami3y 1 OIIHKH ii
MIIIHOCTI, J)KOPCTKOCTI 1 CTIHKOCTI.

BusHauenus

Omnip wmatepiaiiB BU3HAYAEThCA 32
JOTIOMOTOI0  PI3HUX METO/IB PO3pPaxyHKY
Hanpyxcenv 1 0egpopmayiti y KOHCTPYKTUB-
HUX €JIEMEHTaX, TaKuX SK OajKku, KOJIOHH 1
Bajgu. MeTo/u, 110 BUKOPUCTOBYIOTHCS IS
IIPOTHO3YBAHHS peakIlii KOHCTPYKIII i
HaBaHTAXEHHSM Ta i1 CXHUJIBHOCTI JI0 PI3HUX
pPEXHUMIB PyHHYBaHHS, BPaXOBYIOTh BJIACTHU-
BOCTI MaTepialiB, TakKi SIK medca meKyyoc-
mi, epaumuyna MiyHicms, mMooyab IOnea 1
koeghiyienm Ilyaccona. Kpim TOro, po3ris-
JNAIOThCA  MAKPOCKOIMIYHI  (T€OMETPHUYHI)
BJIACTMUBOCTI MEXaHIYHOI'O €JEeMEHTa, TaKl
K WOro [OBXWHA, IWIMPUHA, TOBIIMHA,
rpaHUYHI OOMEXKEHHS Ta PI3KI 3MIHHU
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The  theory began  with  the
consideration of the behavior of one and
two dimensional members of structures,
whose states of stress can be approximated
as two dimensional, and was then
generalized to three dimensions to develop a
more complete theory of the elastic and
plastic behavior of materials.

Strength of materials symbols and
units

(see Quantities and units for names of
units)

Table 3.4 — Strength of materials symbols and
units.

reoMeTpii, Taki sIK OTBOPH.

Teopis moyanacst 3 po3risiy MOBEIIH-
KM OJIHO- 1 JIBOBUMIPDHUX €JIEMEHTIB KOHCT-
PYKLIHA, HANpYy>KeHI CTaHW SKUX MOXKHA
anmpOKCUMYBAaTH $K JIBOBUMIpPHI, a TMOTIM
Oyna y3arajlibHeHa JI0 TPbOX BHUMIPIB s
po3po0OKK OUIBII MOBHOI TEOPii MPYXKHOI 1
MJJACTUYHO1 OBEIIHKU MaTepiaiB.

CuMmBoOIH i OMHHUIII
MarepiaJiB

(muB. y BenuuuHu 1 OAWHWIN Ha3BU
OJIMHULIb )

ornopy

Symbol Quantity Unit
A Cross-sectional area mm?
E Modulus of elasticity N/mm?
F Force, load N
G Modulus of elasticity in shear N/mm?
I, Axial planar moment of inertia mm*
(see Section moduli and geometrical
moments of inertia)
I Polar planar moment of inertia mm*
(see Section moduli and geometrical
moments of inertia)
[ Length mm
M, Bending moment N - mm
M, Torque; turning moment N - mm
q Knife-edge load N/mm
R Radius of curvature at neutral axis mm
R, Compression strength N/mm?
R, Yield point N/mm?
R, Tensile strength N/mm?
B 0.2 % yield strength') N/mm?
S Safety factor -
s Maximum deflection mm
w, Section modulus under bending mm?
(see Section moduli and geometrical
moments of inertia)
W, Section modulus under torsion mm?
(see Section moduli and geometrical
moments of inertia)
a, Stress concentration factor (notch -
factor)
B Fatigue-strength reduction factor —
/4 Elastic shear rad
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o, A Elongation at fracture %
£ Elastic elongation or compression, strain %
10} Poisson's ratio
o Stress N/mm?
O e Reversed-bending fatigue strength N/mm?
o Limit stress N/mm?
ar
(o Endurance limit = fatigue limit N/mm?
o Endurance limit at complete stress N/mm?
reversal
o, Stress amplitude N/mm?
Oy Bending strength N/mm?
iz Elastic limit under bending N/mm?
Chy Fatigue limit under reversed bending N/mm?
stresses
Shear stress N/mm?
i Torsional stress N/mm?
T, Torsional stress limit N/mm?
T, Torsional strength N/mm?
T Elastic limit under torsion N/mm?
T Fatigue limit under reversed torsional N/mm?
stress
Y Angle of rotation rad
Tabmuus 3.4 — CumBoiu 1 OAMHHIIL OINOPY
(MiHOCTI) MaTepiaiB.
CumBoJ Beanunna Onunuus
A [Tnomia monepeyHoro nepepisy MM
E Moaynb Ipy»)HOCT1 H/mm 2
F Cujia, HaBaHTAKCHHS H
G Moy npy>KHOCTI P 3CyB1 H/Mm?
I, OcbOBUIl IJIOIMHHUN MOMEHT 1HEepLii mm*

(1uB. MOMEHT OMOpY i reOMEeTPUYHI
MOMEHTH 1HepLii)

L, [TonstpHui MJIOIIMHHUI MOMEHT iHepLii  mm
(muB. MOMEHT OIOpY 1 T€OMETPUYHI
MOMEHTH 1HepIii)
[ JloBxxuHa MM
M, 3ruHaJIbHUM MOMEHT H - Mmm
M, MowmeHT cuiu, 00epTabHUN MOMEHT, H - mMm
KPYTHUM MOMEHT; IIOBOPOTHUI MOMEHT
q HaBanTakxeHHs Ha €30 HOXKa H/mm
R Paziyc KpuBU3HU Ha HEUTpaIbHIH OCi MM
R, MIilHICTh Ha CTHCK H/mm?
R, Mesxa TeKkydocTi H/mm?
R, MIiLHICTh Ha PO3TSAT H/Mm?
0 o] 2
R 5z 0,2 % mexka Teky4ocTi') H/mMm
S KoediuienT 3anacy MitHOCTI -
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MaxkcumanbHUM POTUH MM
w, MoMmeHT onopy npu 3ruHaHH1 MM
(m1B. MOMEHT OTIOpY 1 T€OMETPUYHI
MOMEHTH 1HEpIIii)
w MoMeHT onopy npu KpyueHH1 MM
(muB. MOMEHT OIOpY 1 TeOMETPUYHI
MOMEHTH 1HEPILT)

)

a, Koe(blll_ll.GHT KOHLIEHTpallii HANpYKeHb -
(xoediieHT HAIPI3Y)
B, KoedimieHT 3HMKEHHS MIITHOCTI Ha -
BTOMY
3 [IpyxHuii 3cyB pan
o, A [TogoBskeHHS TP PO3PUBI %
£ [Ipy>xHe BUOBKEHHS a00 CTUCHEHHS, %
nedopmartis
10} Koeoiuient ITyaccona
o Hanpysxenns H/mm?
. . 2
Lo MIHHICTF Ha BTOMY IIPHA 3BOPOTHOMY H/mMm
3TUHAHHI
o, ['paHnyHE HANIPYy>KEHHS H/mm?
o, ['panus BUTpUBANIOCTI = M€Xka BTOMU H/mm?
. 2
oy I“pam;ux BUTPUBAJIOCTI IIPU TOBHOMY H/mMm
3HATT1 HANIPYXKEHHS
. 2
o, AmIuiTyia Hanpys>KeHHs H/Mm
i MinHicTh Ha 3TUH H/Mm?
O ['panuns npyXHOCTI P 3rUHAHHI H/mm?
2
o - ['panuist BToMu npu 3BOPOTHUX H/mMm
HAIpPY>KEHHSX 3TUHY
T Hanpyxenuns 3cyBy H/mm?
2
. HanpyxeHHs kpy4eHHs H/mMm
T, ['panuist HanpyXeHHSI KPyUEHHS H/mm?
. . 2
T MiLHICTh HA KPYYEHHS H/mm
. . 2
;3 ['panuug npy>XKHOCTI IPU KPYUYEHHI H/mm
T ['panu1ist BTOMU IpU 3BOPOTHUX H/mm?
HaIpyKEHHSIX KPY4CHHS
Y Kyt nosopory pan

1Y0.2 % yield strength: that stress which causes ) Ipanuys mexywocmi 0,2 %: nanpysiceuus, sxe

permanent deformation of 0.2 %. BUKIUKAE 3aauukosy degpopmayiro 0,2 %.

The equations in this section are general equations PigHAHHA 6 YbOMY PO30ili € 3a2ATbHUMU DIGHAHHS-

of quantities, i.e. they are also applicable if other mu eearuyun, Mmob6mo B0HU MAKONC 3ACMOCOBHI,

units are chosen, except equations for buckling. AKWO BUOPAHO THWT OOUHUYI BUMIDIOBAHHS, KPIM
PIBHAHb OJ151 GUSUHY .

3.5 Acoustics 3.5 AkycTukKa

Acoustic is  derived from  the Axycmuyuna TMOXOIUTH BIJ OKOVOTIKOG
akovotikog (akoustikos), meaning «of or (akoustikos), mo o3HaYae «mIs CIyxy» i

69



for hearing» and «ready to hear» [10], and
from dkovotdg (akoustos), «heard, audible»
[11], which in turn derives from the verb
axovo (akoud), «to hear» [12].

Acoustics 1s a branch of continuum
mechanics that deals with the study of
mechanical waves in gases, liquids, and
solids including topics such as vibration,
sound, ultrasound and infrasound. The
application of acoustics is present in almost
all aspects of modern society with the most
obvious being the audio and noise control
industries.

Hearing is one of the most crucial
means of survival in the animal world and
speech is one of the most distinctive
characteristics of human development and

culture. Accordingly, the science of
acoustics spreads across many facets of
human society — music, medicine,

architecture, industrial production, warfare
and more. Art, craft, science and technology
have provoked one another to advance the
whole, as in many other fields of
knowledge. Robert Bruce Lindsay's «Wheel
of Acoustics» is a well-accepted overview
of the various fields in acoustics [13].

«rotoBui 10 uytTs» [10], Ta Big GkovoTOC
(akoustds), «aytmit, uytHu» [11], ske, y
CBOIO Yepry, NOXOAMUTh BiJ JI€CIOBA AKOV®
(akoud), «aytm» [12].

Axycmuxa — 1€ PpO3AUT MEXaHIKU
CYLIJIBHUX CEPEIOBHI, SKUUA 3alMa€eThCs
BUBYCHHSIM MEXaHIYHUX XBWIb Yy Trasax,
pIAMHAX 1 TBEPAUX TiJIaX, BKIOYAIOYM TaKl
TEMH, K BiOparis, 3ByK, yibTpa- Ta iH(pa-
3BYK. 3aCTOCYBAHHSI aKyCTHUKH IPHUCYTHE
Maif’)ke y BCIX acleKTax Cy4acHOTO CYCIJIb-
CTBa, HAUOLIBII OYEBHIHHUM 3 SIKUX € ay/io-
1 IlyMO130JIsIiiHA TaTy3b.

Cnyx € ogHuM 3 HaWBa)XJIMBIIIUX
3ac00iB BMKMBAHHS Y TBapMHHOMY CBITI, a
MOBa — OJHIEIO 3 OCHOBHUX XapaKTEPUCTUK

JIOJACBKOTO  PO3BUTKY Ta  KYJBTYpH.
BianmoBinHo, Hayka  Npo  aKyCTHKY
MONIMPIOETHCS  HAa ~ 0araTo  acIeKTiB
JTIOACBKOTO  CYCHUIBCTBA  —  MY3HKY,
MEIMIMHY,  apXiTeKTypy, I[POMHCIIOBE
BUPOOHUIITBO, BIHY TOImIO. MHUCTEITBO,

pemeciio, HayKa Ta TEXHOJIOT1T IPOBOKYBaJIU
OJIHE OJIHOTO Ha PO3BUTOK LIJIOro, sIK 1 B
OaraThOX IHIIKX Tamy3sx 3HaHb. «Komeco
akyctuku» Pobepra bproca Jlinnces — ue
3arajJbHONPUUHITHI OTJIAJ PI3HUX Taly3eu
akyctuku [13].

Infrasiound AudiblelSound
I \ 1
2 Hz 20 Hz 200 Hz 2 kHz 20 kHz 200 kHz
I\
h 170 m 1.7m 17 cm 17 mm 1.7 mm
(K
Bl i} e %
i -
Definition Busznauenns

There are many kinds of transduction
processes that convert energy from some

IcHye GaraTo BUIIB MPOIECIB EPETBO-
pEHHS, SIKi IEPETBOPIOIOTH CHEPTiIO 3 AKOICh
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other form into sonic energy, producing a
sound wave. There is one fundamental
equation that describes sound wave
propagation, the acoustic wave equation,
but the phenomena that emerge from it are
varied and often complex. The wave carries
energy throughout the propagating medium.
Eventually this energy is transduced again
into other forms, in ways that again may be
natural and/or volitionally contrived. The
final effect may be purely physical or it may
reach far into the biological or volitional
domains. The five basic steps are found
equally well whether we are talking about
an earthquake, a submarine using sonar to
locate its foe, or a band playing in a rock
concert.

The central stage in the acoustical
process is wave propagation. This falls
within the domain of physical acoustics. In
fluids, sound propagates primarily as a
pressure wave. In solids, mechanical waves
can take many forms including longitudinal
waves, transverse waves and surface waves.

Acoustics looks first at the pressure
levels and frequencies in the sound wave
and how the wave interacts with the
environment. This interaction can be
described as either a diffraction,
interference or a reflection or a mix of the
three. If several media are present, a
refraction can also occur. Transduction
processes are also of special importance to
acoustics.

Acoustics symbols and units

Quantities and units also

DIN 1332)

(see

71

11101 ()OPMU HaA 3BYKOBY €HEPrii0, CTBOPIO-
104U 3BYKOBY XBWIIO. IcHY€E oniHe QyHIame-
HTaJbHE PIBHSHHS, SIKE OMHCYE MOLIUPEHHS
3BYKOBOI XBWJII, pi6HSAHHA AKYCMUYHOI X6U-
2, ane SBMINA, [0 BUHUKAIOTh 3 HBOTO, Pi3-
HOMAaHITHI 1 4acTO CKJIaJiHl. XBUJISl MIEPEHO-
CUTh €HEPril0 MO BCbOMY CEPEIOBHUILY, 1110
NOIIUPIOETHCA. 3PEUITOIO, ISl EHEPTisl 3HOBY
NEPETBOPIOETHCS B 1HIIT (PopmH, criocoba-
MU, SIKI 3HOBY MOXYTb OyTH NPUPOAHUMHU
Ta/abo0 BOJBOBO-HAaBMUCHUMH. KiHueBui
edext Moxe Oyt cyTo (i3M4HUM abo MO-
e CAraTH JAJIeKO B 010JIOTIUHY Y BOJIbOBY
chepu. [I’9Tb OCHOBHHMX KpPOKIB OJHAKOBO
no0pe MpOosIBIISIOTHCS, HE3AIEKHO BiJl TOTO,
Y TOBOPUMO MU TMPO 3€MIIETPYC, MiABOJ-
HUU YOBEH, 110 BUKOPUCTOBYE T1JIpOJIOKA-
TOp JJIs BHU3HAYEHHS MICII€3HAXOKEHHS
CBOTO BOpOra, 4d TypT, L0 I'pa€ Ha POK-
KOHIIEPTI.

[leHTpaJIbHUM €TaroM AaKyCTHYHOIO
npolecy € MOmMpeHHs XBuUib. lle Hane-
KUTh 10 o0nacTi @izuunoi axycmuku. Y
piauHaX 3BYK MOIIMPIOETHCS MEPEBAKHO 5K
x6uns mucky. Y TBEpAMX TUIaX MEXaHIYHI
XBUJII MOXYTh NpHAMaTH pi3Hi dopmH,
BKJIIOYAIOUH  HO3008M4CHI X8UJlL, NONEpeuHi
X6Ui 1 no8epxHesi X8Uli.

AKycTHKa CIOYaTKy pO3TJIsIaEe pPiBHI
TUCKY 1 YaCTOTH B 3BYKOBIM XBHJII Ta T€, 5K
XBUJISL B3AEMOJIIE€ 3 HABKOJIMIIHIM CE€pPeI0BU-
memM. Lo B3aemMOJil0 MOKHaA OITMCATH SK
oughpaxyiro, inmepghepenyio abo 6i0Oum-
msi, 200 K SIK MOETHAHHS IUX TPHOX. 3a Ha-
SIBHOCTI KIJIBKOX CEpPEIOBHUI, MOXKE TAKOXK
BinOyBatucs 3anromnenns. [lpouecu TpaHc-
OYKIli TaKoX MarTh OCOOJIMBE 3HAYCHHS
JUISL AKYCTHKH.

CuMBOJIM | OIMHUII AKYCTUKH

Beauuuan 1 OJMHUII

DIN 1332)

(IuB. TaKOX



Table 3.5 — Acoustics symbols and units.

Symbol Quantity SI unit

c Velocity of sound m/s

f Frequency Hz

I Sound intensity W/m?

Ly Sound intensity level dB

L, Equivalent continuous sound level, A- dB (A)
weighted

Ly Sound pressure level, A-weighted dB (A)

L Rating sound level dB (A)

L Sound power level, A-weighted dB (A)

P Sound power W

4 Sound pressure Pa

S Surface area m?

T Reverberation time S

v Particle velocity m/s

Z Specific acoustic impedance Pa - s/m

a Sound absorption coefficient 1

A Wavelength m

P Density kg/m?

® Angular frequency (=27- f) 1/s

Tabmuus 3.5 — CuMBOJIH 1 OAMHUIT
AKyCTHKH.

CumBoJ Beaununna OauHuus

c HIBUIKICTE 3BYKY m/c

i Yacrora 'y

I [HTEHCUBHICTD 3BYKY Br/m?

L, PiBeHb IHTEHCHUBHOCTI 3BYKY nb

L, ExBiBasieHTHUI Oe3nepepBHUN piBEHb b (A)
3BYKY, A-3BaKCHHI

- PiBeHB 3ByKOBOTO THCKY, A-3Ba)KEHUM b (A)

' PiBeHb mymy b (A)

Ty PiBeHb 3ByKOBOI MOTYKHOCTI, A- b (A)
3BaKCHUM

P 3BYyKOBa MOTYXHICTh Br

p 3BYKOBMI TUCK [1a

S [Tnoma nosepxHi m?

T Yac pesepOeparrii ¢

v HIBUIKICTE YACTUHOK m/c

7z [TuTomMuit akyCTUHYHUH IMIIEJaHC [Ta - ¢/m

o KoeoiwieHT 3ByKONOTIMHAHHSA |

A JloB)xMHA XBUJI M

P I'yctuna Kr/m’

0] KyroBa wacrora (=27 f) l/c
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3.6 Heat

The amount of heat or simply heat is a
physical quantity corresponding to energy,
the transfer of which between two bodies
(different parts of the body) is carried out
due to the temperature difference without
performing mechanical work and is not
associated with the transfer of matter from
one body to another. It is a characteristic of
the processes of energy transfer between
bodies during heat exchange.

The amount of heat is one of the main
thermodynamic quantities. It is determined
by the kinetic energy of microparticles
(electrons, atoms, molecules, etc.) that make
up the body, and the potential energy of
their interaction. The heat acquired by the
body is used to increase the internal energy
of the body and to perform external work.

Heat symbols and units

See Quantities and units for names of
units, see Conversion of units of
temperature for conversion of heat units and

Properties of materials for thermal
expansion, heat of fusion, heat of
evaporation.

Table 3.6 — Heat symbols and units.

3.6 TemioTa

Kinvxicmo meniomu (kinvxicmo
menna) abo MpPOCTo menioma — 1e PpizuuHa
BEJIMUMHA, 110 BIJMOBIIa€ €HEeprii, MmepeHe-
CeHHsl SKOi MDK JABOMa TuUlaMu (pi3HUMU
TUISIHKAMU Ti1a) 3[1HCHIOETHCS 3a PaXyHOK
pi3HMII Temreparyp 0e3 BUKOHaHHS MeXxa-
HIYHOI poOOTH 1 HE 3B’si3aHa 3 MEPEHECEH-
HSM PEYOBHUHM BI1Jl OJHOTO Tija /0 IHILIOTO.
Bucrtynmae  xapakTepUCTHKOIO  IPOIIECIB
nepeJaBaHHs €Heprii MDK TiTamMH Tpu
TEIJI000MiHI.

KinpkicTh TEIUIOTH € OJHIEI0 3 OCHOB-
HUX TEPMOJIMHAMIYHUX BeIWYHH. Bu3Hauva-
€THCS KIHETUYHOIO EHEPri€l0 MIKpOYacTH-
HOK (€JIeKTPOHIB, aTOMIB, MOJIEKYJI TOIIO), 3
SKUX CKJIQJAa€ThCS TUIO, 1 MOTEHLIAIBHOIO
eHepriero ixHboi B3aemonii. Habyra Tiiom
TEIUIoTa e Ha 30LIbIIEHHS BHYTPIIIHBOT
eHeprii Tula 1 Ha BUKOHAHHS 30BHILIHBOI
poo6OTH.

CuMBOJIM i OAMHHUII TEIJIOTH

JluB. BenuuuHu 1 OAMHUIN IS HAa3B
OIUHUI, 1uB. IlepeTBOpEHHS OMAMHUIIL
TEMIIEPATYpPU Uil TEPETBOPEHHS OIUHUILIb
TEIJIOTH Ta BiacTHBOCTI MaTepiajiB IS
TEILJIOBOI'O PO3IIMPEHHS, TEIJIOTU
TJIABJICHHS, TETUIOTH BUIIAPOBYBaHHS.

Symbol Quantity SI unit
A Area, cross-section m?
¢ Specific heat capacity J/(kg - K)
¢, Isobaric (constant pressure)
¢, Isochoric (constant volume)
H Enthalpy (heat content) J
k Heat transmission coefficient W/(m? - K)
m Mass kg
P Pressure Pa = N/m’
0 Heat J
0 Heat flow = Q/Z %
R Molar gas constant = 8.3145 J/(mol - K) J/(mol - K)

3

(same for all gases)
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R, Special gas constant R, =R, /M J/(kg - K)
(M = molecular weight)

S Entropy J/K

s Distance m

T Thermodynamic temperature K
T=t+273.15

AT Temperature difference K
=1,-T, =t —t,
T, t, higher temperature
T,, t, lower temperature

t Celsius temperature .t

14 Volume m?

v Specific volume m’/kg

/4 Work J

z Time S

a Heat transfer coefficient W/(m? - K)
a, external, ¢, internal

£ Emissivity

A Thermal conductivity W/(m - K)
(see Quantities and Units for values)

P Density kg/m’

Tab6muns 3.6 — CUMBOIH 1 OJUHULI TEIUIOTH.

CumBOJI Besnunna Opunanus CI

A [Tnoma, monepeunuii nepepis M?

¢ [TuTOoMa TEIIOEMHICTD Jhx/(xr - K)
¢, 13006apuuii (mocTiiiHuii THCK)
¢, 130xopHuii (mocriitHuit 06’em)

H EnTanbnis (TEmioeMHICTD) Jx

k KoedimienT Teruionepemayi Br/(m? - K)

m Maca KT

p Tuck ITa = H/m?

0 Termora Jx

0 TemoBuii notik = Q/Z Br

R, MomnsipHa razoBa crana JIx/(momb - K)
= 8,3145 JIx/(monsb - K) (ogHakoBa st
BCiX ra3siB)

R, Creuianbha rasosa crana R, =R, /M~ JUx/(kr - K)
(M = monekynspHa Maca)

S Entpomnis Jhx/K

s Bincranb M

T TepmouHaMiuHa TeMIieparypa K
T=t+273.15

AT Pisuuus remneparyp =7, -7, =t, —t, K
1, , t, BUIIA TeMIIepaTrypa
T,, t, HIDKYa TeMIleparypa

t Temnepartypa 3a L{enbciem °C

V 006’em M3

v [Tutomuii 06’ em M>/Kr
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/4 PoGora Jx

z Yac G

a KoediuieHT reronepeaayi Br/(m* - K)
o, 30BHILIHIA, ¢, BHYTPINIHIN

£ BunpomiHioBanbHa 31aTHICTh

A TeronpoBigHICTh Bt/(Mm - K)
(1uB. 3HaYeHHS Y BenMuMHU 1 OJTUHUIL)

p I'yctuna Kr/m°

Conversion from outdated units (see
also Quantities and units)

1 kcal (kilocalorie) =4186.8 J =
~4200J~=4.2Kk]

1 kcal/(m - h - grd) = 1.163 W/(m - K)

3.7 Electrical engineering

Electrical engineering is an
engineering discipline concerned with the
study, design, and application of equipment,
devices, and systems that use electricity,
electronics, and electromagnetism. It
emerged as an identifiable occupation in the
latter half of the 19th century after the
commercialization of the electric telegraph,
the telephone, and electrical power
generation, distribution, and use.

Electrical engineering is divided into a
wide range of different fields, including
computer engineering, systems engineering,

power engineering, telecommunications,
radio-frequency engineering, signal
processing, instrumentation, control

engineering, photovoltaic cells, electronics,
and optics and photonics. Many of these
disciplines overlap with other engineering

branches, spanning a huge number of
specializations including hardware
engineering, power electronics,
electromagnetics and waves, microwave
engineering, nanotechnology,
electrochemistry,  renewable  energies,
mechatronics/control, and electrical

materials science. Electrical engineers also

[TepeTBOpeHHs 13 3acTapiiuX OJMHUIIb
(muB. TakoX BeIWYuHM 1 OJTMHUILI)

1 xkain (kinokanopiin) = 4186,8 JIx =
~ 4200 Ix =~ 4,2 xJx

1 xkan/(m - rox - rpa) =
=1,163 Bt/(Mm - K)

3.7 EjlekTpu4Ha iH/KeHepis

(EnexTpoTtexHika)

Enexmpomexnika — 1€ 1HXEHEpHa
JUCHUIUTIHA, 1[0 3aMa€TbCs BUBUYEHHSM,
MPOCKTYBAHHSAM Ta 3aCTOCYBaHHSIM OOai-
HaHHs, IPUCTPOIB Ta CUCTEM, III0 BUKOPUC-
TOBYIOTb €1eKMPUKy, eleKmpOoHIKY 1 eleK-
mpomacHemuzm. BoHa BUHHMKIIA K OKpeMa
npodecis y apyriii nmosoBuHi 19 cr. micns
KoMepIrianizaiii eJIeKTpU4IHOro Tenerpady,
TeneoHy, a TaKoX BUPOOHHULITBA, PO3IO-
JIUTY 1 BUKOPUCTAHHS €JIEKTPOCHEPrii.

EnextpoTexHika  MOAUISETHCS  HA
IMIMPOKHUI CIIEKTP PI3HUX raiays3ei, BKIIoua-
I0UU KOMN 1OMeEpPHY [HIHCEeHepilo, CUCTEeMHY
IHOICEHepIl0, eHepeemuKy, meaeKkoMyHiKayii,

paodioyacmomuy  iHdCeHepilo,  00poOKY
cueHanie, Npuradooyoysanus, IHICEHEPIIO
KepysauHs, (homoereKmpuyni enemeHmu,

eneKmpoHiKy, onmuxy 1 ¢pomowniky. bararo 3
IUX JUCUHUIUIIH MEPETUHAIOTHCS 3 1HIIUMU
IHKEHEpHUMH  Tally3sIMH,  OXOIUIIOIOUYHU
BEJIMYE3HY KITBKICTh CIeIiaii3alii, BKIO-
YalOuu anapammy  IHJCEHEpIl,  CUNLOBY
€/IeKMPOHIKY, €NeKMPOMACHIMUKY 1 X6Ull,
MIKPOXBUNILOBY  IHICEHepIilo, HAHOMEXHO-
J102i1, eneKmpoximilo, 6IOHOBII08AHI Odcepe-
na  eHepeii, MexampoHiKy/KepyeanHs 1
enekmpomamepianoznascmeo.  IHxeHepu-
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study machine learning and computer

science techniques due to significant
overlap.

Subfields

Electrical engineering has many

subdisciplines, the most common of which
are listed below. Although there are
electrical engineers who focus exclusively
on one of these subdisciplines, many deal
with a combination of them. Sometimes,
certain  fields, such as electronic
engineering and computer engineering, are
considered disciplines in their own right.

Power & Energy engineering deals
with the generation, transmission, and
distribution of electricity as well as the
design of a range of related devices [14].
These include transformers, electric
generators, electric motors, high voltage
engineering, and power electronics.

Telecommunications engineering
focuses on the transmission of information
across a communication channel such as a
coax cable, optical fiber or free space [15].
Transmissions across free space require
information to be encoded in a carrier
signal to shift the information to a carrier
frequency suitable for transmission; this is
known as modulation. Popular analog
modulation techniques include amplitude
modulation and frequency modulation [16].
The choice of modulation affects the cost
and performance of a system and these two
factors must be balanced carefully by the
engineer.

Control engineering focuses on the
modeling of a diverse range of dynamic
systems and the design of controllers that
will cause these systems to behave in the
desired manner [17]. To implement such
controllers, electronics control engineers
may use electronic circuits, digital signal
processors, microcontrollers, and
programmable logic controllers (PLCs).

CIICKTPUKH TaKOX
MAaIIMHHOTO HaBYaHHA Ta
4ycpe3 3HAYHC ICPCKPUTTH.

BUBYAIOTh  METOJHU
1H(OpMaTHKH

IMiaramysi

EnexrporexHika mae Oarato miaauc-
LUIUTIH, HAUMOIMPEHIIII 3 AKUX HepeiyeH]
HIK4e. Xo4a € 1HXKCHEpHU-CIEeKTPUKH, SKI
30CEpPEIKYIOTHCSI BUKJIIOUHO Ha OJHIA 13
WX NUIAACIHUIUIIH, 0arato XTo 3aliMaeThCs
ix moegHaHHsAM. [HOI MEeBHI ramysi, Taki sK
eleKmMpPOHHA  [HJceHepis 1 KOMN lomepHa
iHJlceHepis, BBaXalOTbCAd CaMOCTIHHUMHU
JTUCIUTUTIHAMM.

Enepecemuxa i enepcemuuna indicene-
pis 3aiiMaeTbCsi BUPOOHUIITBOM, NIEpe/iayueio
1 PO3IOIIIIOM €JIEKTPOEHEPTii, a TAKOX PO-
€KTYBAHHSIM HMU3KHU IOB’SI3aHUX MPUCTPOIB
[14]. 1o HuX HanmexaTh mparchopmamopu,
eleKmpozenepamopi, eneKmpoosuUyHU,
BUCOKOBOILIMHA  [HJiCeHepis 1 Ccunosda
e/leKMpOHIKA.

Tenexomynikayiuna iHdcenepis 30ce-
pemkeHa Ha mnepenadl iHdopmarii uepes
KaHan 38 ’s3Ky, TAKUU SIK KOAKCIANbHUU Ka-
benvb, onmuuHe B0JOKHO YW GLIbHUL NPOC-
mip [15]. Tlepenaui y BUIBHOMY HpPOCTOPI
BHUMAralmTh KOJQyBaHHs 1HoOpMallii B Hecy-
yomy cueHani 1Jis 3MilleHHs iHpopMmanii Ha
HECydy 4acToTy, NpHAATHY JJIi Nepeaaui;
e Ha3MBAEThCs Mmoodynayicro. llomynspHi
METO/IM aHAJOroBOI MOZYJIALI BKIHOYAIOTh
amnaimyoHy MOOYIAYIl0 1 YaCmomHy Mooy-
asayito [16]. Bubip mopynsuii BIJIMBaE Ha
BapTICTh 1 MPOJYKTUBHICTH CHUCTEMH, 1 IIi
nBa (akTopu TMOBHHHI OYTH pPETEIBHO
30aaHCOBaH1 1H)KEHEPOM.

Inocenepis  ynpaeninms 30cepeiKeHa
Ha MOOeN06aHHi PI3SHOMAHITHUX OUHAMIY-
HUX cucmem 1 TIPOEKTYBAHHI KOHMpO.epis,
SIK1 3MYIIYBaTUMYTh 111 CHCTEMH MOBOJAUTH-
csa OaxxanuMm umHoMm [17]. [ns peamizarmii
TaKuX KOHTPOJIEPIB 1HXKEHEPH 3 YIPaBJIIHHS
CJIEKTPOHIKOIO MOXYTh BHUKOPHUCTOBYBATHU
eNeKmMpPOHHI cxeMu, YUu@Pposi CUcHAIbHI Npo-
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Control engineering has a wide range of
applications from the flight and propulsion
systems of commercial airliners to the
cruise control present in many modern
automobiles [18]. It also plays an important
role in industrial automation.

Electronic engineering involves the
design and testing of electronic circuits that
use the properties of components such as
resistors, capacitors, inductors, diodes, and
transistors  to achieve a  particular
functionality [19]. The tuned circuit, which
allows the user of a radio to filter out all but
a single station, is just one example of such
a circuit. Another example to research is a
pneumatic signal conditioner.

Microelectronics engineering deals
with the design and microfabrication of
very small electronic circuit components for
use in an integrated circuit or sometimes for
use on their own as a general electronic
component [20]. The most common
microelectronic components are
semiconductor transistors, although all
main electronic components (resistors,
capacitors etc.) can be created at a
microscopic level.

Nanoelectronics is the further scaling
of devices down to nanometer levels.
Modern devices are already in the
nanometer regime, with below 100 nm
processing having been standard since
around 2002 [21].

Microelectronic ~ components  are
created by chemically fabricating wafers of
semiconductors such as silicon (at higher
frequencies, compound semiconductors like
gallium arsenide and indium phosphide can
be used) to obtain the desired transport of
electric charge and current. The field of
microelectronics involves a significant
amount of chemistry and material science
and requires the electronic engineer to have
a working knowledge of the effects of
quantum mechanics [22].

Signal processing deals

with the

yecopu, MIKpOKOHMpPOJepU 1 npocpamosani
noeiuni  kowmpoaepu (IUVIK). ITmxenepis
YIOPABIIHHS Ma€ MUPOKUN CHEKTP 3aCTOCY-
BaHb: BiJI CUCTEM IOJLOTY 1 PYXYy KOMepyiti-
HUX asianatnepis N0 Kpyi3-KOHmMpo.io, pu-
CYyTHBOTO B 0ararbOX Cy4aCHHUX aBTOMOOI-
asx [18]. BoHa Takox BIOIrpa€e BaKJIUBY
POJIb Y NPOMUCTIOBIU A8MOMAMU3AYIL.

Enexmponuna  inoicenepisi  BKIIOYAE
NPOCKTYBAHHS 1 TECTYBAHHS eleKMPOHHUX
cxem, $IKI BHUKOPHUCTOBYIOTH BIIACTUBOCTI
TaKMX KOMIIOHEHTIB, SIK pe3ucmopu, KOH-
OoeHcamopu, IHOYKmopu, 0ioou 1 mMpaH3u-
cmopu, s JOCSATHEHHS IEeBHOT (DYHKIIIO-
HanbHOCTI [19]. Peszonancuna cxema, sika
JI03BOJISIE KOPUCTYBAYEBl pajiio girempysa-
mu BCl CTaHLIi, KpIM OIHIET, € JUIIE OJHUM
NPUKJIAJAOM Takoi cxeMu. [HmmMM mnpukia-
JOM Uil JIOCHIPKEHHS € THEBMAaTHYHUN
cTab1T3aTOp CUTHAITY.

Mikpoenekmponna inoicenepis 3aiima-
€TBCSI TIPOCKTYBAHHAM 1 MIKPOBUSOMOBIEH-
HAM Jy’)K€ MalluX KOMIIOHEHTIB €JEKTPOH-
HUX CXEM I BUKOPUCTAHHS B iHmMepaib-
HUX cxemax 9¥ 1HOJ1 /i1 BUKOPUCTAHHS ca-
MOCTINHO SIK 3arajbHUN €JIEKTPOHHUNU KOM-
noHeHt [20]. HalimomwupeHimuMu Mikpo-
€JICKTPOHHUMU KOMIIOHEHTAMU € Hanignpo-
BIOHUKOBI MPAH3UCMOPU, X04a BCl OCHOBHI
€JICKTPOHHI KOMIIOHEHTH (pe3ucmopu, KOH-
Odencamopu TOII0) MOXYTh OyTH CTBOpEHI
Ha MIKPOCKOIIIYHOMY PiBHI.

Hanoenexmponika — 1€ TOAATbLIE
3MEHIIEHHS PO3MIpIB MPUCTPOIB 10 HAHO-
memposozo piBHA. CydacHl NMPUCTPOI BXKE
3HAXOMSTHCS B HAHOMETPOBOMY PEKHMI,
npuyomy oOpobOka Hmwkue 100HM €
cranaaproM npubausHo 3 2002 poky [21].

MikpoeneKkTpoHHI KOMIIOHEHTH CTBO-
PIOIOTHCSl LUISIXOM XIMIYHOTO BHUTOTOBJICH-
HSl TUIACTHH HAMiBIPOBIAHUKIB, TAKUX SIK
KpeMHIH (Ha BUIIUMX YaCTOTaX, CKAAOHI
HanienpogioHuKy, Taki SIK apCeHi] Tl 1
dbocdin 1HAI0), I8 OTPUMAHHS 0a)KaHOTO
NIEPEHOCY E€JEKTPOHHOr0 3apsiy 1 CTpyMmy.
["asy3b MIKpOEIEKTPOHIKH BKJIIOUAE 3HAYHY
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analysis and manipulation of signals [23]
Signals can be either analog, in which case
the signal varies continuously according to
the information, or digital, in which case the
signal varies according to a series of
discrete values representing the information.
For analog signals, signal processing may
involve the amplification and filtering of
audio signals for audio equipment or the
modulation and demodulation of signals for

telecommunications. For digital signals,
signal processing may involve the
compression, error detection and error

correction of digitally sampled signals [24].

Signal processing is a mathematically
oriented area forming the core of digital
signal processing and is rapidly expanding
with new applications in multiple fields of
electrical engineering such as
communications, control, radar, audio
engineering, broadcast engineering, power
electronics, and biomedical engineering as
many already existing analog systems are
replaced with their digital counterparts.
Analog signal processing 1is still important
in the design of many control systems.

Instrumentation engineering deals with
the design of devices to measure physical
quantities such as pressure, flow, and
temperature [25]. The design of such
instruments requires a good understanding
of physics that often extends beyond
electromagnetic theory. For example, flight
instruments measure variables such as wind
speed and altitude to enable pilots the
control of aircraft analytically. Similarly,
thermocouples use the Peltier-Seebeck
effect to measure the temperature difference
between two points [26].

Often instrumentation is not used by
itself, but instead as the sensors of larger
electrical systems. For example, a
thermocouple might be used to help ensure
a furnace's temperature remains constant
[27]. For this reason, instrumentation
engineering is often viewed as the

KUIBKICTB XiMii 1 MaTepiaJio3HaBCTBA 1 BUMa-
ra€ BiJ] IH)KEHepa-eJIeKTPOHIKA MPAKTUIHUX
3HaHb e(DEeKTIB K8aHmoeoi mexanixku [22].
Obpobka cuenanie 3aliMa€eTbCS aHalli-
30M 1 MaHIMyJIOBaHHAM cueHaramu [23].
Curnanu MoxyTh OyTH aHnanozoeumu, 1 B
IIbOMY BHUMAJKy CHUTHAJ 3MIHIOEThCS Oe3re-
pEepBHO BIANOBIIHO 10 iH(doOpManii, ado
yugposumu, 1 B 1bOMY BUNAIKY CHUTHAI
3MIHIOETBCSL BIAMOBIIHO 1O Cepii JUCKpET-
HUX 3HAY€Hb, 110 MPEICTABISAIOTH IHPOpMa-
miro. [l anamoroBux curHaiiB o0OpoOka
CUTHAJIIB MOX€E BKJIIOYATH NOCUNEHH: 1 Di-
Abmpayilo ayaloCUTHANIB I ayaioo0ia-

HaHHS a0 Mmooynayito 1  0emooyaayiio
CUTHAQJIIB Uil  TeleKOMyHikamii.  Jls
nupoBUX CUTHAIIB 00poOKa CHUTrHaJIB

MOXX€ BKJIIOYATH CMUCHEHHS, BUSABIEHHS
NOMUNOK 1 KOpeKkyito nomuniok udpoBoi
JTUCKpeTHU3aIlii curuamis [24].

O6poOka curHaiiB — 1€ MaTEeMaTHYHO
opieHTOBaHa 00JaCTh, 0 (OPMY€E OCHOBY
yugposoi 06pooOKU cueHanieé 1 MBUAKO PO3-
HIMPIOETHCS 3aBIASIKM HOBUM 3aCTOCYBAHHSIM
y 0araThoX rajy3sx eJIeKTPOTEXHIKH, TaKHX
SIK 3B’S30K, YIpaBJiHHS, pajaap, ayoiomex-
HiKa, padiomMoieHHsl, CUIOBA €JIEKTPOHIKA 1
OiomeOouuna indceHepis, OCKUIbKH Oarato
B)KE€ ICHYIOUHX aHAJIOTOBHX CHCTEM 3aMiHIO-
I0TbCS  IXHIMH HIH(PPOBUMU aHAJOTAMH.
Ananozcosa o06pobra cueumanie BcCe 1IE
BOKJIMBA TMPHU MPOEKTyBaHHI OaraThox
cucmem Kepy8amHsi.

Ilpunaoobyoyeanns 3aliMaeTbes Mpoe-
KTYBaHHSIM TIPUCTPOIB JJII BUMIipPIOBaHHS
(G13MYHUX BEJIMYMH, TAKUX SIK MUCK, BUMPA-
ma 1 memnepamypa [25]. IlpoekTyBaHHS
TaKMX MPHUJIAIIB BUMArae rapHOTO PO3yMiH-
Hs (i3UKH, K€ YaCTO BUXOJWUTH 32 PAMKHU
erekmpomacnimuoi  meopii. Hanpuxkmnan,
aBlaliiHl IPWJIaJ¥ BUMIPIOIOTH TaKi 3MiHHI,
SK MBHUAKICTH BITPY 1 BUCOTA, MO0 MiJIOTH
MOTJIM aHAJITUYHO KEepPyBaTH JITaKOM. AHa-
JOTIYHO, mepmonapu  BUKOPUCTOBYIOTbH
egpexm [lenvmue-3ecboexa s BUMIPIOBaH-
HS PpI3HUII TeMIeparyp MDK JIBOMa
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counterpart of control.

Computer engineering deals with the
design of computers and computer systems.
This may involve the design of new
hardware. Computer engineers may also
work on a system's software. However, the
design of complex software systems is often
the domain of software engineering, which
is usually considered a separate discipline
[28]. Desktop computers represent a tiny
fraction of the devices a computer engineer
might work on, as computer-like
architectures are now found in a range of
embedded devices including video game
consoles and DVD players. Computer
engineers are involved in many hardware
and software aspects of computing [29].
Robots are one of the applications of
computer engineering.

Photonics and optics deals with the
generation, transmission, amplification,
modulation, detection, and analysis of
electromagnetic radiation. The application
of optics deals with design of optical
instruments such as lenses, microscopes,
telescopes, and other equipment that uses
the properties of electromagnetic radiation.
Other prominent applications of optics
include  electro-optical ~ sensors  and
measurement systems, lasers, fiber-optic
communication systems, and optical disc
systems (e.g. CD and DVD). Photonics
builds heavily on optical technology,
supplemented with modern developments
such as optoelectronics (mostly involving

semiconductors), laser systems, optical
amplifiers and novel materials (e.g.
metamaterials).

TOuKamu [26].

Yacto npunaan BUKOPUCTOBYIOTHCS HE
cami 1o co01, a 9K oamyuxy OIIBIINX E€ICK-
TpUYHUX cucTeM. Hampukian, tepmonapa
MO>K€ BUKOPUCTOBYBATHUCA Il 3a0€31eUeH-
Hs1 OCTIHHOT TeMrepaTypu neui [27]. 3 uiei
PUYUHU npuIago0yyBaHHS 4acTo
PO3MIISAAAETHCA K aHAJIOT KEPYBaHHS.

Komn tomepna inswcenepia 3aiMaeTbCst
MPOCKTYBAHHSIM KOMIT' FOTEPIB 1 KOMHA 10-
mepHux cucmem. lle Moxke BKIIIOUaTH Mpoe-
KTyBaHHS HOBOTO 00.1a0nanHs. KoM toTep-
HI 1HXEHEPU TAKOXK MOXYTh IMpalIOBaTU
HAJl NPOCPAMHUM 3a0e3NneyeHHIM CUCTEMH.
OpnHak MPOEKTYBaHHS CKJIAJHHUX TPOrpaM-
HUX CHUCTEM 4YacTo € c(heporo MporpaMHOi
1HKEeHepii, sIka 3a3BUYail BBAXKAETHCS OKpe-
MO0 aucHuIuIiHow [28]. Hacminvhi xom-
n’tomepu CTAaHOBJISITH HE3HAUHY YACTHHY
NPUCTPOIB, HAJ SKUMU MOXKE TNPAIFOBATU
KOMIT FOTEPHUN 1HXKEHEpP, OCKUIBKH KOM-
I’ FOTEPONOIIOH] apXiTeKTypH 3apa3 3ycTpi-
YJalOThCSI B HU3LIL 60Y008AHUX NPUCMPOIB,
BKJIKOUAIOUH i2posi koncoai 1 DVD-npoepa-
saui. KoMm’1oTepHi 1HXXEHEpH 3allydeHi J0
0araTtb0X amapaTHUX 1 MPOTPAMHUX aCIEK-
TiB obuucnenb [29]. Pobomu € onHum 13
3aCTOCYBaHb KOMIT FOTEPHOT 1HXKEHEPIi.

@omonika i onmuxa 3aUMarOTbCs Te-
HEpalli€ro, nepenadyero, NOCHICHHIM, MOMIY-
JSUIEI0, BUSIBJICHHSAM 1 aHAJI30M eleKmpo-
MACHIMHO20 BUNPOMIHIOBAHHA. 3aCTOCYBaH-
HS ONTUKH TIOB'SA3aHE 3 MPOEKTYBaHHSIM
ONTHUYHUX MPWIAJIB, TAKUX SIK JIH3U, MIKDO-
cKonu, mejeckonu 1 1HIIIE 00JaTHAHHS, SKE
BUKOPHCTOBYE BIACTHUBOCTI €JIEKTPOMArHiT-
HOTO BUIIPOMIHIOBaHHA. [HII Ba)kiuBi 3a-
CTOCYBaHHSI ONTUKH BKJIIOYAIOTh €leKmpo-
onmuyHi oamyuky 1 BUMIPIOBAJIbHI CHCTE-
MU, Ja3epu, 60JNOKOHHO-ONMUYHI CUCTEMHU
3B'I3Ky 1 CHCTEMU ONTUYHHUX JUCKIB (Ham-
pukiaa, CD ta DVD). ®oToHika 3HAYHOIO
MIPOIO CIIMPAETHCSA HA OMTHYHI TEXHOJOTII,
JIOTIOBHEH1 CY4YaCHHUMH pO3pOOKaMH, TaKH-
MU SIK onmoenekmponika (3Ae01TbIIOro
NOB'sI3aHA 3 HANIBNPOBIOHUKAMU), JA3EPHI
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CHUCTCMHU,

Electrical engineering symbols and CuMBOJIM i OXUMHHUII eJEeKTPHYHOI

units iHKeHepil

Table 3.7 — Electrical engineering symbols
and units.

ONMUYHI

Symbol Quantity SI unit
A Area m?
a Distance m
B Magnetic flux density, induction T=Wb/m?=V - s/m?
Cc Capacitance F=C/V
D Electrical flux density, displacement C/m?
E Electric field strength V/m
F Force N
f Frequency Hz
G Conductance S=1/Q
H Magnetic field strength A/m
I Current A
J Magnetic polarization T
k Electrochemical equivalent') kg/C
L Inductance H=Wb/A=V -s/A
[ Length m
M Electric polarization C/m?
P Power W=V A
P Apparent power?) V-A
P, Reactive power?) var
0,q Quantity of electricity, electric charge C=A"s
q Cross-sectional area m?
R Electrical resistance Q=V/A
t Time S
r Radius m
U Voltage \Y
V Magnetic potential A
w Work, energy J=W-s
w Number of turns in winding -
X Reactance Q
Z Impedance Q
£ Dielectric constant F/m=C/(V - m)
£, Electric field constant
=8.854 - 1072 F/m
g, Relative permittivity -
0 Current linkage A
H Permeability Hm=V -s/(A - m)
Uy Magnetic field constant
=1.257 - 10°° H/m
4, Relative permeability -
P Resistivity*) Q- m
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o Specific conductance (=1/p) 1/(Q - m)
d Magnetic flux Wb=V-s
@ Phase displacement angle ° (degrees)
®» (P) Potential at point P Y
1) Angular frequency (=27z- f') Hz
Tabmuus 3.7 - CumBonu 1
€JIEKTPUYHOI 1HKEHepii.

CumBoJ1 Beauyuna Opuuunns CI
A [Tnomma m?
a Bincranb M
B ['ycTMHA MAardiTHOTO MOTOKY, iHAykiis  Tin=B6/M> =B - ¢/m?
C €MHICTD ® = Kn/B
D ['ycTuHa eneKTpu4HOro noToKy, Kn/m?

3MILEHHS
E HamnpyxeHicTb e1eKTPUYHOIO MOJIs B/m
F Cuina H
i Yacrora I'n
G [TpoBigHIiCTH Cm=1/0Om
H Hanpy»xeHicTh MarHiTHOro mosist A/m
A Crpym A
J MarsiTHa noJspusanis Tn
k EnexkTpoxiMiunuii eKBiBaneHT') kr/Kn
E [HAYKTUBHICTH 'n=B6/A=B " s/A
/ JloBxxuHa M
M EnexTpuuna nomsipusatis Kn/m?
P [ToryxHicTH Br=B- A
P, T[ToBHa MOTYKHICTB?) B-A
2 PeakTHBHA MOTYXHICTh) Bap
0,q KuTbKiCTh €eKTPUKH, eEKTPUIHUN Kn=A"-c

3apsi
q [Inoma monepeyHoro nepepizy M
R Enexrpuunuii onip Om=B/A
t Yac c
” Paniyc M
U Hamnpyra B
V MaruitHu# noreHmian A
w PoGota, enepris JIx=Bt-c
w KinbkicTh BUTKIB B 0OMOTIII —
X PeaxkTuBHuM# orip Om
VA ImMmenanc OMm
£ JlienekTpuyHa NPOHUKHICTh ®/m = Ki/(B - m)
£, [TocriiiHa eJeKTPUIHOTO MOJIs

=8,854 - 10> ®/m
g, BigHocHa JienekTpuyHa NpOHUKHICTb —
0 CTpyMO3B 30K A
H [TpoHUKHICTB 'a/m=B - c/(A - M)
o [TocriliHa MarHiTHOTO MOJS

=1,257 - 10°Tu/™m
4, BinHOCHA IPOHUKHICTH -
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[Turomuii omip*)

MarsiTHUH MOTIK
Kyt da3oBoro 3cyBy

SERSIRSNC IS IR

[TuToMa mpoBiHICTE (=

(P) [Morenuian y Touni P
KyroBa vacrora (=27- )

OMm - M
1/(Om - m)
B6=B-c¢
° (rpanycwu)
B

I'n

I/p)

Additional symbols and units are given in the text.
Y The unit in common use is g/C.

%) Apparent power is usually given in V - A rather
than in W.

3) Reactive power is usually given in var (volt-
ampere reactive) rather than in W.

4) The unit in common use is Q mm’/m, with the
wire cross-section in mm’ and wire length in m;
conversion: 1 Q mm?/m = 1075 Qm = 1 uQm.

Conversion of obsolete units (see
Quantities and units)

Magnetic field strength H :

1 Oe (oersted) = 79.577 A/m

Magnetic flux density B:

1 G (gauss)=10*T

Magnetic flux @ :

1 M (maxwell) = 10® Wb

3.8 Actuators

Actuator — in automatic control
systems — a device that directly performs
mechanical movement (or rotation) of the
control body of the control object and
changes its state.

They constitute one of the last links of
the automatic control system. They are used
to control control bodies. The actuator, as a
rule, consists of three main devices: a
servomotor (servomotor), a power source
and a load.

By the type of energy consumed,
actuators are divided into electric,
pneumatic and hydraulic. Electric VMs are
the most widespread. Pneumatic and
hydraulic actuators are used when it is
necessary to obtain high power when

Jlooamkosi cumeonu i 0OuHUYi HABEOeHO 8 MeKCMi.
Y 3acanvnonpuiinama oounuys — 2/Kn.

%) IMosna nomysucricms 3a36uuaii nooaemvcs y
B A, aney Bm.

%) Peaxmuena nomyacnicme 3a36uuaii no0acmucs y
sapax (onrem-amnep peakmusHa), a e y Bm.

Y Bacanvnonpuiinama oounuys — Om mm’/m, 3
nonepeynum nepepizom Opomy 6 Mm> i 006IUCUHOIO
opomy 6 M; nepemeopeHHs.:

1 Om mm®/m = 107° Om - m = 1 mxOm - m.

[lepeTBOpeHHST 3acTapiiMX OIMHHIIb
(muB. BeIWYMHM 1 OJIMHUIII)

HamnpyxeHicTh MarHiTHOTO 1ojst H :

1 E (epcren) = 79,577 A/m

['ycTuHa MarHiTHOro MOTOKY B :

1 Tc (rayc) =10 Tn

Maruitauit otk @ :

1 M (makcsemn) = 10 B6

3.8 IlpuBoau
(BukonaBui MexaHi3Mu)

Ilpusoo, suxonaguuii mMexaHizm, GUKO-
Haguuti enemenm (aHTI. actuator) — 'y
cucmemax asmomMamuyHo20 pecynt08anHHs —
NpUCTPIH, 1m0 Oe3mocepeHbO 3AIMCHIOE
MEXaHIYHE TepeMilleHHss (Yu TOBOPOT)
OpraHy peryJyroBaHHs 00’€KTa yIpaBJIiHHS 1
3MIHIOE HOTO CTaH.

CknagaroTh OAHY 3 OCTAHHIX JIAHOK
CUCTEMH AaBTOMATHYHOTO PETYJIOBAHHS.
BUKOpUCTOBYIOTBCS [IJIsl YNPAaBIIHHS Opra-
Hamu peryioBaHHs. [IpuBoay, sk MpaBuIIo,
CKJIAJIA€EThCS 3 TPbOX OCHOBHUX MPUCTPOIB:
cepsomomopa (cepsoosucyna), Odxcepend
HCUBNIEHHSL 1 HABAHMAIICEHHSL.

3a BHJIOM CIIO)KMBAHOI €HEpTii MpUBO-
JU TIOJIJISIIOTh HA eleKmpuydti, NHeeMamuy-
Hi 1 ciopaeniuni. HalO1Ib110TO MOMIKMPEHHS
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moving the working body and in explosive
environments.

The designs of actuators are diverse.
First of all, they differ in the nature of the
movement of the output link (direct and
rotary) and in the type of sensitive element
that converts the energy of the command
signal into the movement of the output link.
The type of energy used also affects the
design of the actuator.

Types of actuators

Mechanical. An actuator can be just a
mechanism that is directly driven by the
motions or forces of other parts of the
system. An example is the camshafts that
drive the intake and exhaust valves in
internal combustion engines, driven by the
engine itself. Another example is the
mechanism that strikes the hours in a
traditional grandfather clock or cuckoo
clock.

A hydraulic actuator typically uses the
pressure of a liquid (usually oil) to cause a
piston to slide inside a hollow cylindrical
tube into linear, rotary, or oscillatory
motion.

Since liquids are nearly impossible to
compress, a hydraulic actuator can exert a
large force. The drawback of this approach
1s its limited acceleration. They respond
quickly to input changes, have little inertia,
can operate continuously over a relatively
large working range, and can hold their
position without any significant energy
input.

A hydraulic actuator can be used to
displace the rack of a rack and pinion
mechanism, causing the pinion to turn. This
arrangement is used, for example, to operate

HaOyJIM eJIeKTpUuYHi puBoIu. [THEBMaTHUHI
1 TiApaBIiYHI TPHUBOJIU 3aCTOCOBYIOTHCS Y
pa3i HEOOXIHOCTI OTPUMaHHS BEJIUKOI
MOTY)KHOCTI TP TEpeMIIIeHHI poOoYoro
Oprany 1 y BUOYXOHEOE3MEeUHNX
Cepe/I0BHIIAX.

KoHcTpykiii npuBo/iB pPi3HOMAHITHI.
VY mepury uyepry BOHH pO3PI3HSIOTBHCS 3a
XapaKTepoM pyXy BHUXIIHOI JIaHKU (npsamo-
XiOHI 1 nogopomHi) 1 32 BUJOM UYTJIMBOTO
€JIEMEHTA, KM IMEepEeTBOPIOE EHEPril0 KO-
MaH/JHOTO CHTHAJy B HMEPEMIIECHHS BUXIJI-
HOI JaHKU. Buj BUKOpHUCTOBYBaHOI €Heprii
TAKOX MO3HAYA€THCS HA KOHCTPYKTHUBHOMY
ohopMIIEHH] TIPUBO/TY.

Tunu npuBoaiB

Mexaniunui. TlpuBing moxe OyTH mpoc-
TO MexaHizmMoM, SIKUi 0e3nocepeaHbO MpHU-
BOJUTHCS B /110 pyXxaMu ab0 CHUJIaMU 1HIIHX
qacTHH cucTemMu. [IpukinagoMm € po3momisib-
HI BaJI, 110 IPUBOIATH B JIIF0 BIIYCKHI 1 BH-
NyCKHI KJIallaHU B JIBUT'YHaxX BHYTPILIHBOTO
3TOPSIHHS, IO TMPUBOIATHCS B PyX CaMUM
JBUTYHOM. [HIIUM MPUKIAIOM € MEXaHI3M,
KWW BIIOMBAa€ TOAMHU B TPATUILIAHOMY
200UHHUKY-010yci 800 200UHHUKY 3 303)71€10.

l'iopaeniynuii npueio 3a3BU4all BHUKO-
PUCTOBY€E TUCK piIMHU (3a3BUYail Macna),
1100 3MYCHUTH MOPILIEHb KOB3aTHU BCEPEAUHI
HOPOKHUCTOL HUATIHIPUIHOT TpyOKH
3MIMCHIOIOYM JTIHIWHUKM, o0epTanbHUl abo
KOJIUBAJIbHUM PyX.

OCKUIbKM pIIMHU MaiKe HEMOXJIMBO
CTHUCHYTH, TIAPaBIIYHUNA TPUBIL MOXKE
CTBOPIOBATU BeJuKy cuity. Hemomikom 11po-
ro MAXOAY € HOro oOMeXeHe MPUCKOPEHHS.
BoHu mBuaKO pearyroTh Ha 3MIHH BX1JTHHX
JTAHUX, MAIOTh HEBEJUKY IHEPI0, MOXYTh
npairoBaTu 0e3MepepBHO Y BIIHOCHO BEJIH-
KOMY poO0O4YOMYy J1iara3oHi Ta MOXKYTb YTpH-
MyBaTH CBO€ TIOJOXKEHHS 03 3Ha4YHHUX
BUTPAT €HEprii.

[igpaBiiuHUil  MPUBIT MOXKeE
BUKOPUCTAHUW I 3MIIICHHS

Oyt
perKu
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valves in pipelines and other industrial fluid
transport installations [30].

A pneumatic actuator is similar to a
hydraulic one but uses a gas (usually air)
instead of a liquid [31]. Compared to
hydraulic actuators, pneumatic ones are less
complicated because they do not need pipes
for the return and recycling of the working
fluid. On the other hand, they still need
external infrastructure such as compressors,
reservoirs, filters, and air treatment
subsystems, which often makes them less
convenient than electrical or
electromechanical actuators.

An electric actuator typically uses an
electric motor to generate torque, which is
then converted into linear or rotary motion
to drive a mechanical system [32]. Electric
actuators can be classified in the following
groups:

an electromechanical actuator (EMA)
uses mechanical means to convert the
rotational force of an ordinary (rotary)
electric motor into a linear movement. The
mechanism may be a toothed belt or a screw
(either a ball or a lead screw or planetary
roller screw).

another approach is an
electrohydraulic  actuator, where the
electric motor remains the prime mover but
provides torque to operate a hydraulic
accumulator that is then used to transmit
actuation force in much the same way that
diesel engine/hydraulics are typically used
in heavy equipment.

electric rotary actuators use a rotary
motor to turn the target part over a certain
angle [33]. Rotary actuators can have up to
a rotation of 360 degrees. This allows it to
differ from a linear motor as the linear is
bound to a set distance compared to the
rotary motor. Rotary motors have the ability
to be set at any given degree in a field
making the device easier to set up still with
durability and a set torque.

a linear electric actuator uses a linear

pPEHKOBOro MexaHi3My, IO MPU3BOIUTH IO
obepranHsi miectepHi. Taka KOHCTPYKIIis
BUKOPHUCTOBYETHCH, HaIMPUKJIAJI, TSI
KEepyBaHHs KJaraHamMHu B TPyOOIpoBoOIax Ta
IHIIMX TPOMHUCIOBUX  YCTAaHOBKAX IS
TpaHcropTyBaHHs piauH [30].
IInesmamuynuii npugio MOAIOHUUA 10
TiIpaBIIgYHOTO, aje BUKOPHUCTOBYE ra3 (3a3-
BUYail moBiTps) 3amicTh piguau [31]. [Topi-
BHSIHO 3 TiJpaBJIIYHUMH TMPUBOJIAMH, MTHEB-
MaTHYHI MEHIN CKJIaJgHI, OCKUIBKH iM HE
noTpiOHI TpyOuM IJisi MOBEPHEHHS 1 perup-
KyJsiii po6o4oi piiuHu. 3 IHIIOTO OOKY, IM
BCE III€ MOTPIOHA 30BHIMIHS 1HPPACTPYKTY-
pa, Taka sIk KOMIIPECOpH, pe3epByapu, Piib-
TPU 1 MIJCUCTEMH OYMIICHHS MOBITPS, IO
4acTO pOOMTH iX MEHII 3pYYHUMH, HIXK eJie-
KTpUYHI 200 eJeKTpOMEXaHIuHI MPUBOJIH.
Enexmpuunuii npusio 3a3Buyail BUKO-
PUCTOBYE €IEKTPOABUTYH JJIi CTBOPEHHS
KPYTHOTO MOMEHTY, SKHH IOTIM THEPEeTBO-
PIOETHCS HA JIIHIMHUNA a00 00epTaIbHUM pyX
JUISL KEepyBaHHS MEXaHIYHOK CHUCTEMOIO
[32]. EnexTpuuHi IPUBOAY MOKHA Ki1acuPi-
KyBaTH 32 TAKUMU TPyTIaMHu:
enexkmpomexaniunutt  npusio (EMII)
BUKOPUCTOBYE MEXaHIYHI 3ac00M ISl mepe-
TBOPEHHSI 00EPTaJbHOI CHJIM 3BHUYAMHOIO
(pOTOpPHOTO) €JNEKTPOABUTYHA HA JIHIMHUN
pyx. MexaHi3m moxe OyTu 3yOuacTtum pe-
MEHEM a00 IBUHTOM (KYJIBKOBUM, XOJOBUM
a00 TIaHETapHUM POJIMKOBUM TBHHTOM);
IHIMUHT TOX1T — e e1ekmpo2iopasniu-
HUll npusio, 1€ eNEeKTPOJIBUTYH 3aJIUIIAETh-
Cs OCHOBHMM JIBUTYHOM, ayie 3abe3nedye
KPYTHUH MOMEHT JUIsi poOOTH TipaBiIidHO-
ro aKyMyJIITOpa, SIKHid IOTIM BUKOPUCTOBY-
€TBCS IS TIepeavi CHIIM CIIparbOBYBaHHS,
TaK camo, sIK TU3EJIbHUI JBUTYH/T1IpaBiiKa
3a3BUYail  BUKOPUCTOBYIOTHCSI Yy BaXKKIN
TEXHIIII;
eNeKmpu4Hi no8OPOmMHI NpUBOOU BU-
KOPUCTOBYIOTh TOBOPOTHHM JIBUTYH JUJIS
MOBOPOTY IIOBOI JI€Tajll Ha MEBHUU KyT
[33]. [ToBOpOTHI NPUBOIA MOXKYTh MATH I10-
BopoT 10 360 rpaaycis. Lle mo3BoJisie im Bi-
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motor, which can be thought as a rotary
electric motor which has been cut and
unrolled. Thus, instead of producing a
rotational movement, it produces a linear
force along their length. Because it
generally has lower friction losses than the
alternatives, a linear electric actuator can
last over a hundred million cycles.

Thermal. An actuator may be driven by
heat through the expansion that most solid
material exhibit when the temperature
increases. This principle is commonly used,
for example, to operate electric switches in
thermostats. Typically, a (non-electronic)
thermostat contains a strip with two layers
of different metals, that will bend when
heated.

Thermal actuators may also exploit the
properties of shape-memory alloys [34].

Magnetic actuators are driven by
externally applied magnetic fields. They
typically  contain  parts made  of
ferromagnetic materials that are strongly
attracted to each other when they are
magnetized by the external field. An
example are the reed switches that may be
used as door opening sensors in a building
security system.

Alternatively, magnetic actuators can
use magnetic shape-memory alloys.

A soft actuator i1s made of a flexible
material that changes its shape in response
to stimuli including mechanical, thermal,
magnetic, and electrical. Soft actuators
mainly deal with the robotics of humans
rather than industry which is what most of
the actuators are used for. For most
actuators they are mechanically durable yet
do not have an ability to adapt compared to
soft actuators. The soft actuators apply to
mainly safety and healthcare for humans
which is why they are able to adapt to
environments by disassembling their parts
[35].

JPI3HATUCS BiJ JIHIHMHOTO JBUTYHA, OCKIJIb-
KU JIHIWHUA JBUTYH OOMEXKEHUH 3a1aHOI0
BIJICTAHHIO MOPIBHSHO 3 MOBOPOTHUM JIBU-
ryHoM. [ToBOpOTHI IBUTYHU MarOTh MOXJIU-
BICTb BCTAHOBJICHHS Ha Oy/Ab-sIKUN 3aJlaHui
rpaayc y moJii, o MOJIETHIY€E HalallTyBaH-
H TPUCTPOIO, 30epirarouv IMpu IOMY
JOBrOBIYHICTb ~ Ta  3aJlaHUM  KPYTHHUU
MOMEHT;

JUHIUHUL  eleKMpUYHULL Npueio BUKO-
pPUCTOBYE JIIHIMHMI ABUTYH, SIKUH MOXKHA
pPO3TISAaTH SIK TOpPI3aHUM 1 PO3TOPHYTHUH
00epToBHil €NeKTPOABUTYH. Takum 4HUHOM,
3aMICTh TOTO, 100 CTBOPIOBATH OOEpTalib-
HUW pyX, BIH CTBOPIOE JIHIHHY CHIIY
B3JI0OBX CBO€T JOBXHHHM. OCKIUIBKH BIH
3a3BUYall Mae MEHIII BTpaTH Ha TEPTs, HIK
aNbTEPHATUBH, JIHIWHUA  €JIEKTPUYHUN
OpUBI MOXXE BUTPUMATH TIOHAA CTO
MI1JIBMOHIB [[UKJIIB.

Tepmiynuni. TlpuBin MOKe NPHUBOIHU-
THUCSI B PyX TEIUIOM 4epe3 PO3IIUPEHHS, SIKEe
NPOSIBJISIE OUTBIIICTh TBEPAUX MaTepiaiiB
IpH MIABUILEHHI Temneparypu. Lleil npuH-
T 3a3BUYail BUKOPUCTOBYETHCS, HAIPHUK-
Jaja, JUisi KEPYBAHHS €JEKTPUYHUMU BUMHU-
KauaMu B TepMmocTtarax. Sk mpaBuiio, (He-
eJIEKTpOHHUI) TepMocTaT MICTUTh CMYKKY
3 JBOMa IIapaMH pI3HUX MeETaliB, SKi
3TUHAIOTHCS TP HarpiBaHHI.

TepmonpuBoau TaKOX MOXKYTh
BUKOPUCTOBYBAaTH BJIACTHUBOCTI CIUIaBIB 3
nam’atTio hopmu [34].

Maenimui npuoou KepyrTbCsS 30B-
HIIIHIMA MAarHiTHUMHM TOJISAMH. 3a3BUYaid
BOHU MICTSTh J€Tasli, BATOTOBJEHI 3 (hepo-
MarHiTHUX MaTepiaiB, SIKI CHUJIBHO MPUTS-
I'YIOTbCSI OJHA JI0 OJHOi, KOJM iX HamarHi-
qye 30BHINIHE nosie. [Ipukinanom € repkonu,
K1 MOXYTb BUKOPUCTOBYBATHCS K JaT4H-
KM BIJIKPUTTS JIBEpEeH y cucTeMi Oe3neKku
Oy/iBeb.

AnbTEpHAaTUBHO, MArHITHI TPUBOAU
MOXXYTh BUKOPUCTOBYBATH MAarHiTHI CILJIaBU
3 Mam'aTTio hopmu.

M ’saixuii npueo0 BUTOTOBIICHUH 3 THYY-
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Actuators symbols and units

Table 3.8 — Actuators symbols and units.

KOro MaTepiaily, SKUi 3MiHIOE CBOIO (opMy
y BIJIMOBIAb HA TMOJPA3HUKH, BKIIOYAIOUU
MEXaHi4Hi, TEIJIOBI, MarHITHI 1 €JIEKTPUYHI.
M'siki pUBOAM B OCHOBHOMY CTOCYIOTBCS
pPOOOTOTEXHIKH JIIOACH, a HE MPOMUCIOBO-
CT1, JIJIs1 SIKOi BUKOPUCTOBYETHCS OLIBIIICTD
NPUBO/IB. BUIBIIICTh MPUBOJIIB MEXAHIYHO
MIIIHI, ajJleé HE MaloTh 3JaTHOCTI aJlanTyBa-
TUCS TIOPIBHSHO 3 M’ SKUMH TPHUBOJIAMH.
M’siki IpUBOJM 3aCTOCOBYIOTHCSI B OCHOB-
HOMY i O€3MeKH 1 OXOpOHU 3I0pOB'S
JFOJIeH, TOMY BOHU 3/1aTHI aIalTyBaTUCS 10
HABKOJIMIITHBOTO ~ CEPEJOBUINA  IUISIXOM
po30upaHHs CBOIX yacTuH [35].

CuMBOJIM | OAMHUILI MPUBOAIB

Symbol Quantity Unit
A Pole face; piston surface area mm?
B Magnetic induction or magnetic flux T
density
F Force N
I Electric current A
[ Length of conductor in field mm
M Torque N-m
p Pressure Pa
0 Volume rate of flow 1/min
0. Heat flow W
8 Distance, piston travel mm
V Volume mm?
v, Displaced volume per rotation mm?
a Angle between current flow direction -
and magnetic lines of force
1) Air-gap length mm
o Permeability constant
% Rotation angle ©
Tabmuis 3.8 — CUMBOIH 1 OAUHUIL TTPUBO/IIB.
CumBoJ BenunHa OauHuIS
A [ToBepxHs 1morOCa; MIIOIIA TOBEPXHI MM
HOPIIHS
B MarnitHa iHAYKLiS a00 TycTHHA Tn
(IIUTBHICTH) MarHiTHA MOTOKY
F Cuna H
I Enexrpuunuii ctpym A
[ JloBWHA IPOBIIHUKA B TIOJTI MM
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M MoMmeHT cuiii, KpyTHUI MOMEHT H-wm
p Tuck [Ta
0 O0’emMHa MBUAKICTH MIOTOKY 1/XB
0. TennoBuii MOTIK Bt
s Bincranb, Xia mopurHs MM
V 06’em MM
v, 06’eM, 1110 MepeMillyeThest 3a 00epT MM
a Kyt Mi’k HanpsIMKOM MOTOKY CTpymy Ta  °
MarHiTHUMHU CUJIOBUMHU JIHISIMH
o JloBXKMHA TOBITPSHOTO 3a30py MM
Uy KoHcTanTa npOHUKHOCTI
% Kyt noBopoty °

3.9 Technical optics

Optics i1s the branch of physics that
studies the behaviour, manipulation, and
detection of electromagnetic radiation,
including 1its interactions with matter and
instruments that use or detect it [36]. Optics
usually describes the behaviour of visible,
ultraviolet, and infrared light [37, 38]. The
study of optics extends to other forms of
electromagnetic radiation [36], including
radio waves [39], microwaves [40], and X-
rays [41]. The term optics is also applied to
technology for manipulating beams of
elementary charged particles [42].

Optical science

Most optical phenomena can be
accounted for by using the classical
electromagnetic ~ description of light,
however, complete electromagnetic

descriptions of light are often difficult to
apply in practice. Practical optics is usually
done using simplified models. The most
common of these, geometric optics, treats
light as a collection of rays that travel in
straight lines and bend when they pass
through or reflect from surfaces. Physical
optics i1s a more comprehensive model of

3.9 TexHiuHA ONITHUKA

Onmuka — 1e po3ain (Hi3uku, 1Mo BUB-
Yae MOBEAIHKY, MaHIMyJIOBaHHS 1 BUSBJICH-
Hs €JICKTPOMAarHiTHOTO BHUIIPOMIHIOBAHHS,
BKJIIOYAIOUM HOTO B3a€EMOJII0 3 PEYOBUHOIO
1 IpUJIaiaMu, sIKi HOr0 BUKOPUCTOBYIOTh YU
BUSBISIIOTH [36]. OnTrka 3a3BUyail onmucye
NOBENIIHKY 8UOUMO20, VIbMPAPIoNemoso2o
1 ingppauepesonoco cBitna [37, 38]. BuBueH-
HSl ONTUKHM MOIIUPIOETHCA Ha 1HUI (popmu
€JICKTPOMAarHiTHOro0 BUIIPOMiHIOBaHHs [36],
BKIIOYaKOuu paodioxsuni [39], mikpoxeuni
[40], 1 X-npomeni [41]. Tepmin «onTuka»
TAKOX  3aCTOCOBYETBCS JI0  TEXHOJIOTIi
MaHIMyJTIOBaHHS Ty4YKaMH eJEeMEHTapHHUX
3apsSKEHUX YaCTUHOK [42].

OnruyHa Hayka

binbmiicT ONTUYHUX SIBUIL MOJKHA
MOSICHUTH 3a JIOTIOMOT'0K0 KJIAaCUYHOTO €JIeK-
TPOMAar”iTHOTO OIKUCY CBITJIA, MPOTE MOBHI
€JICKTPOMArHiTHI OMUCHU CBITJIA YaCTO BaX-
KO 3acTocyBaTtd Ha mpaktuui. [Ipaktuyna
ONTHKA 3a3BHUYail BUKOHYETHCS 32 JIOMIOMO-
IOl CIpoIeHux mojeneit. Hailnommpeni-
nia 3 HUX, 2eoMempuyHa ONnmuKa, po3ris-
Jla€ CBITJIO K CYKYIHICTh IPOMEHIB, IO
PYXalOThCsl MO MPSAMUX JIHISX 1 3rUHAIOTh-
Cs, KOJM MPOXOISATh 4Yepe3 IMOBEpXxHi abo
B110UBAIOTHCS BiJ HUX. Di3uyHa onmuka €
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light, which includes wave effects such as
diffraction and interference that cannot be
accounted for in geometric  optics.
Historically, the ray-based model of light
was developed first, followed by the wave
model of light.

Some phenomena depend on light
having both wave-like and particle-like
properties. Explanation of these effects
requires  quantum  mechanics.  When
considering light's particle-like properties,
the light is modelled as a collection of
particles called «photons». Quantum optics
deals with the application of quantum
mechanics to optical systems.

Optical science is relevant to and
studied in many related disciplines
including astronomy, various engineering
fields,  photography, and  medicine,
especially in radiographic methods such as
beam radiation therapy and CT scans [43],
and in the physiological optical fields of
ophthalmology and optometry. Practical
applications of optics are found in a variety
of technologies and everyday objects,
including  mirrors, lenses, telescopes,
microscopes, lasers, and fibre optics.

Optical engineering

Technical optics (optical engineering)
is the field of engineering encompassing the
physical phenomena and technologies
associated with the generation,
transmission, manipulation, detection, and
utilization of light [44]. Optical engineers
use the science of optics to solve problems
and to design and build devices that make
light do something useful [45]. They design
and operate optical equipment that uses the
properties of light using physics and
chemistry [46], such as lenses, microscopes,
telescopes, lasers, sensors, fiber-optic
communication systems and optical disc
systems (e.g. CD, DVD).

OLTBII TOBHOK MOJIEIUIIO CBITJIA, SIKa BKJIO-
4yae XBWIbOB1 €(eKTH, Takl K Ougppakyis i
inmepgepenyis, K1 HEMOXKJIUBO BPaxXyBaTU
B '€OMETPUYHIN onTuili. [cTopuyHO crioyar-
Ky Oymna po3poOiieHa NpoMeHEeBa MOJIEIb
CBITJIa, a MOTIM XBHJIbOBA MOJIEJIb CBITJIA.
Jlesikl siBHIIA 3aJI€XKATh BiJ CBITIIA, SIKE
Mae€ K X6UbOGI, MAK I KOPNYCKVIAPHI 61a-
cmueocmi. TlosicHeHHS X e(EeKTIB BUMa-
rae keanmoegoi mexauiku. Po3rnsgarouu
KOPIYCKYJISIpHI BJIACTMBOCTI CBITJIA, CBITJIO
MOJICITIOETHCS SIK CYKYMHICTh YaCTHHOK, SIKI
HA3MBAIOTbC  «pomonamuy. Keanmosa
onmuxa 3aMaeTbCsl 3aCTOCYBaHHSIM KBaH-
TOBOI MEXaHIKH JI0 ONITUYHUX CUCTEM.
OntuyHa Hayka Mae€ BIJHOIICHHS J10
0araTbOX CyMIXHHUX JHUCIUIUIIH 1 BUBYAETh-
Csd B HUX, 30Kpe€Ma B acmpoHOMii, PI3HUX
rany3six iHowceHepii, opomoepaghii 1 meouyu-
Hi, 0COOJIIMBO B paodiocpagiunux MeToaax,
TaKuxX SK npomeHesa mepanis 1 KOMN 10-
mepra momozpagisa [43], a Takox y ¢izio-
JIOTIYHHMX ONTHYHHUX TATYy35X 0@manrbmono-
2ii 1 onmomempii. ITpakTHUHE 3aCTOCYBAHHS
ONTUKU 3HAXOJIUTHCS B PI3HOMAHITHHUX
TEXHOJIOTIAX 1 MOBCSAKIACHHUX IIpEAMETaXx,
BKJIIOYAKOUM  03epKand, JNiH3U, meaecKonu,
MIKpOCKONu, 1azepu 1 60N0KOHHY ONMUKY.

OnTuyHa iHKeHepin

Texniuna onmuka (onmuuHa iHdCEHe-
pis) — L€ Taly3b IHXXEHEPIii, 10 OXOILIIE
¢13uyH1 SIBUIA 1 TEXHOJIOTIi, MOB’si3aHl 3
reHepali€ero, nepe1adero, MaHImyJII0BaHHSIM,
BUSIBJICHHSIM 1 BUKOPUCTaHHSAM CBiTiIa [44].
[HKeHepu-oNTUKH BUKOPUCTOBYIOTh HAYKY
ONTHUKYU ISl BUPIIIEHHS Ipo0sieM, a TaKoXK
JUISl TIPOEKTYBAHHSI Ta CTBOPEHHS MPUCTPO-
iB, sIK1 pOOJIATH CBITIO KopucHuM [45]. Bo-
HU TPOEKTYIOTh 1 €KCIUTYyaTyIOTh ONTHYHE
oOnmagHaHHs, SKE€ BHKOPHCTOBYE BIIACTHU-
BOCTI CBITJIa 32 JIONOMOTOI0 (P13UKHU 1 XiMii
[46], Take sK JIIH3U, MIKPOCKOITH, TEJIECKO-
U, JIa3epH, NATYUKH, BOJOKOHHO-ONTHYHI
CUCTEMHU 3B’SI3Ky 1 CHCTEMHM ONTHYHHMX
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Optical engineering metrology uses
optical methods to measure either micro-
vibrations with instruments like the laser
speckle interferometer, or properties of
masses with instruments that measure
refraction [46].

Nano-measuring and nano-positioning
machines are devices designed by optical
engineers. These machines, for example
microphotolithographic  steppers,  have
nanometer precision, and consequently are
used in the fabrication of goods at this scale
[47].

Technical optics symbols and units

Photometric quantities and units (see
Photometric quantities and units for names
of units).

Table 3.9 — Technical optics symbols and

nuckiB (Hanpukiaa, CD, DVD).

MeTposoris ONTHYHOI 1HKEeHEepii BUKO-
PUCTOBYE ONTUYHI METOJU JIJIsi BUMIPIOBaH-
Hs MIKpoBiOpaliii 3a JIONMOMOIOK TaKuX
IHCTPYMEHTIB, SIK JIa3epHUI criekiI-iHTepde-
pomeTp, a00 BJIIACTUBOCTEW Mac 3a JI0MOMO-
rol0  IHCTPYMEHTIB, 110  BHUMIPIOIOTh
3aioMJIeHHS [46].

HanoBuMiproBasibHI 1 HAHOTIO3HIIIOHY-
104l MAllIMHU — 1€ IPUCTPOi, po3poOJIeHi 1H-
KeHepaMu-onTukaMu. L{i MammHmu, HanpuK-
nan, mikpodoronitorpadidHi KpOKOBI IIPHC-
TpPOi, MalTh HAHOMETPOBY TOYHICTh 1,
OT)K€, BUKOPUCTOBYIOTHCS y BHUPOOHHUIITBI
TOBapiB Takoro Macmraoy [47].
TeXHIYHOIL

CuMBOJIM 1 OoauHMII

OIITUKH

doToOMETpUYHI BEJIUYMHU 1 OJUHUIIL
(muB. POTOMETPUYHI BEIUYUHU 1 OJIMHUIIL
JUUTSI HAa3B OJIMHUIID ).

units.
Symbol Quantity Unit
A Area m?

A, Radiating area (surface)

A, Irradiated area (surface)
E Illuminance Ix = Im/m?
I Luminous intensity cd
I Luminance cd/m?
M Luminous emittance Im/m?
P Power W
0 Luminous energy Im - s
r Distance m
t Time S
g, Incident angle of radiation (with respect  °

to surface normal)
£, Angle of refraction °
&, Angle of reflection °
n Luminous efficiency Im/W
® Luminous flux Im
Q Solid angle ST
A Wavelength nm
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Tabmuis 3.1 — CUMBOJIH 1 OAUHALI TEXHIYHOT

OIITHKH.
CumBoJI Beanunna OauHnns
A IImoma M
A, BunpomiHioBasibHa 1j01a
(moBepxHs)
A, OnpoMiHIOBaHa IIoLIa (TIOBEPXH:)
E OcBiTieHicTh K = IM/M?
va Cuna cBiTia KJT
L SckpaBicThb Ki1/m>
M CBITHICTb, CBITJIOBHH KOE(ILIEHT m/m?
BUIIPOMIHIOBAHHS
P [ToTyxHiCcTb Bt
0 CBiti0Ba eHepris M - C
r Bincranp M
t Yac G
£, Kyt naginus BUpoMiHIOBaHHS °
(BiTHOCHO HOpMAJIi JI0 TIOBEPXHI)
&, Kyt 3anomnenuns <
£ Kyt BinOuBanus Q
n CBiTIIOBa €()EKTUBHICTD am/Bt
() CBIiTIIOBUI MOTIK M
Q TinecHuit Kyt cp
A JloB>KHMHA XBHITII HM
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