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Abstract

The translation project examines the features of popular science discourse and the
translation of astronomical terminology based on two selected excerpts from the book Visual
Astronomy with a Small Telescope by Sean G. Ryan. Furthermore, particular attention is given to
popular science discourse and its influence on the stylistic features of the text. Furthermore, the
study addresses the key features of the term and terminology, while astronomical terms are
categorised according to the classification proposed by D. Furt and L. Dmytruk. Finally, the
study includes an analysis of the translation techniques applied in the rendering process. The
translation was carried out in accordance with the classification proposed by Lucia Molina and
Amparo Hurtado Albir.

Keywords: astronomical terms, non-fiction astronomical discourse, stylistic features of
popular science text, terminology classification, translation techniques.

AHoOTAaIIA

Y mnepeknagallbKOMy TPOEKTI JOCHIIKYIOTbCS OCOOJMBOCTI HAyKOBO-TIOMYJISPHOTO
JTUCKYpCy Ta TEepeKIaay acTPOHOMIYHOI TEPMIHOJIOTIT HAa MPHKIAII JABOX PO3AUIB i3 KHUTH
[llona I'. Pailana «Bi3yanpHa acTpoHOMis 3 MaluM Teleckonom». Jlpyruii posain
MEePEKIIAIAILKOTO TIPOEKTY MPHUCBIYCHUN HAYKOBO-TIOMYJIIPHOMY JAMCKYPCY Ta HOro BILTUBY Ha
CTHJIICTUYHI OCOOJMBOCTI TEKCTYy. Y JOCHIJDKEHHI PO3TJISAAIOTHCS TaKi MOHATTS, K «TEPMIiHY,
«TEPMIHOJIOTISD» Ta IXHI KIIOYOBI OCOOIHMBOCTI. ACTPOHOMIYHI TEpMiHM KaTEropu3OBaHO
BIMOBIAHO 10 Kiacudikauii, 3anpononoBanoi JI. dyprom Tta JI. JImutpykom. Kpim Toro,
0co0NIMBa yBara NPHIUIETBCS aHAIZY MEPEKIAJAbKUX MPUIAOMIB, 3aCTOCOBAHHMX Y MPOIEC]
nepeknany. [lepeknaa BUKOHAHO BIAMOBIAHO A0 Kiacudikaiii, 3anpornoHoBanoi JI. Momnina ta
A.Y. Ann0ip.

KurouoBi ciaoBa: acmponomiuni mepminu, Kiacugixayis acmpoHOMIYHUX MEPMIHIs,
HAYKOBO-NONYJISIPHUL ACMPOHOMIYHUN OUCKYDC, NPULIOMU NEPeKady, CIULICMUYHI 0COOIUBOCMI
HAYKO0B0-NONYIAAPHO20 MEKCM).
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Introduction

Popular science literature occupies a significant place among a wide range of
contemporary readers. This can be explained by the distinctive nature of the genre, which
presents complex scientific ideas and phenomena in a clear and accessible manner. As a result, it
serves as an important and approachable source of information for a broad audience, making
scientific knowledge widely available.

The relevance of the topic lies in the increasing role of popular science literature as a key
instrument for communicating scientific ideas beyond the boundaries of the academic
community. In this context, the translation of Visual Astronomy with a Small Telescope by Sean
G. Ryan is significant, as the book integrates astronomical theory with practical observation
guidelines. Its translation requires not only terminological accuracy but also the preservation of
instructional clarity and accessibility for non-specialist readers.

The translation project is based on the various scholars’ works of terminology. Bowker
contributed to the theoretical understanding of terminology by formulating definitions of both
the term and terminology as structured elements of specialised communication. Dyakov, Kyiak,
and Kudelko outlined the essential properties of terms that make it possible to recognise them in
a text and distinguish them from general vocabulary. For the classification of astronomical
terminology, the research applies the typology developed by Furt and Dmytruk, who categorise
terms according to their level of specialisation and functional role within the scientific field. This
classification supports a more consistent analysis of terminology in the source text and provides
a basis for selecting appropriate translation techniques.

The object of the research is astronomical terminology in the non-fiction astronomical
discourse.

The subject is the translation methods employed to render the meaning of astronomical
terminology in Visual Astronomy with a Small Telescope by Sean G. Ryan.

The aim of the research is to determine the distinctive features of astronomical
terminology and to define translation techniques for conveying its meaning in a Ukrainian
science-fiction text.

The aim determines the following objectives:

e to translate two selected excerpts of Visual Astronomy with a Small Telescope;

e to characterise the genre and style of the book;

e to define and classify terms in the original text;

e to reveal and justify the use of translation techniques.

The structure and the body of the research. The translation project consists of an
introduction, two chapters (22 pages of the actual translation and 6 pages of the translator’s
analysis), conclusions, references, and appendices. The source text contains 7,174 words and
43,585 characters with spaces, and the target language translation contains 6,179 words and
43,829 characters with spaces. The total volume of the translation project is 35 pages.



Chapter 1. Translation of Visual astronomy with a small telescope by Sean G. Ryan

Source text

Visual astronomy with a small telescope

Chapter 1

Introduction

1.1 VISUAL ASTRONOMY

The invention of the telescope in the early 1600s
revolutionised astron-omy. It provided a magnified view of objects
whose features were other-wise indiscernible and raised faint objects
above the sensitivity threshold of the eye. This led to the discovery
of new planets and stars, allowed astronomers to make more accurate
measurements of their positions and movements, and led to a greater,
but still incomplete, understanding of the forces at play in the
Universe. The modern theory of gravity, Einstein's Theory of
General Relativity, has triumphed over the old approximation that is
Newton's "law" of gravity, but telescopes also brought challenges:
the discovery of dark matter a material of currently unknown type
that exerts a gravitational attraction on ordinary matter and dark
energy, which seems to be an expansion force evident on the largest
scales in the Universe, a sort of antigravity but not as science fiction
writers imagined it. The Universe reserves many mysteries for those
inclined to observe it.

The 1900s saw many revolutions that affected the way
telescopes were used and the information that could be gleaned from
them. The develop-ment of quantum physics was perhaps the most
important. Its revelations about the wave properties of matter gave
rise ultimately to an understand-ing not just of the forging of atoms
and liberation of nuclear energy by stars, and how these processes

Target text
BisyajibHa aCTPOHOMIsI 3 MAJIMM TeJ1eCKONOM
Pozmin 1
Beryn

1.1 BI3YAJIbBHA ACTPOHOMIA

Bunaiinenns Takoro npuiamy, sik TeJIeckor, Ha moyatky 1600-x pokis
3MIMCHWIIO BEJTUKHUI MPOPUB B acTpoHoMii. Leit mpunan 3abe3neuns
MOJKJIMBICTh 301JIBIIYBATH 1 pO3TIIAAATH paHille HEBHIUMI 00'€KTH Ta 3p00UB
THMSIHI KOCMIYHI TiJIa JOCTYITHUMU IS JIOACHKOTO OKa, 10 3yMOBHIIO
BIJTKPHUTTSI HOBUX TUTAHET Ta 3iPOK, JO3BOJIMIO aCTPOHOMAaM 3pOOHTH O1IbII
TOYHI BUMIPIOBAHHS iX MO3UIIIH Ta pyXiB, a TAKOXK MPU3BEIO IO KPAIIOro, aje
BCE III€ HETTOBHOTO, PO3YMIHHS CHJI, IO Nit0Th Y BeecBiTi. 3aranpHa Teopis
BilHOCHOCTI EifHIITElHA MepeMoriia 3acTapiyiuii «3akoHy» rpasiTarii HeroToHa
Ta CTaja MepeoBOI0 TEOPIEI0, IO MOSACHIOE CUITY TSDKIHHS. AJie pa3oM 3
TEJIECKOIIOM 3'SBHJIMCH 1 HOB1 BUKJIMKH, 30KpeMa BIIKPUTTS TEMHOI MaTepii —
MaTepiary HeBiJOMOTO JJOTENep THITy, SKUH YNHUTH PaBITAlIHHAN BIUIMB HA
3BUYaliHy MaTepito i TeMHy eHepriro. OcTaHHs, y CBOIO Yepry, € KMOBIPHOIO
CWJIOIO PO3IIMPEHHS, IO POSBISETHCS Y HAHOUThIIMX MaciTabax Beecsiry;
CBOEPIAHOIO0 aHTUTPABITALIIEIO, ONUCHU KO TUCbMEHHUKaMU-(PaHTacTaMu
BUSIBIJIMCS JTaJIEKi BiJl peanbHOCTI. BeecBit 30epirae 6arato TaEMHHIB JUTSI THX,
XTO 32 HUM CIIOCTEPIrae.

VY 1900-x pokax BigOysocs 6araTo peBOJIIOLIM, K1 BILIMHYJIU Ha CIIOCIO
BUKOPHUCTAHHS TEJIECKOIIB Ta iH(QOpMallito, IKy MOKHA OYyJI0 OTpUMATH 3 1X
nonoMororo. Po3BuTok kBaHTOBOI (hi3uku OyB, MaOyTh, HABAXKIIUBILIIAM.
BinkpuTTs XBUJIbOBUX BIACTHUBOCTEN MaTepii B KIHIIEBOMY MiJICYMKY HE TiJIbKU
CTIPUSUTA PO3yMIHHIO IIPOIIECIB YTBOPEHHS aTOMIB, BUBUIbHEHHS SACPHOT
EHeprii 3ipKaMH 1 iX 3B'I30K 3 )KUTTEBUMU ITUKIIAMHA HEOSCHHUX TiJI, ajie TAaKOX



relate to the life cycles of stars, but also changed the way we observe
and interpret them. The development of semi-conductors and solid-
state electronics, in which the wave properties of the electrons are
key, led to vastly better detectors and high-speed computers that help
astronomers interpret the past, present and future evolution of the
Universe. However, separate from all the technological
developments, there remains an intensely human experience, both
visual and emotional, in observing planets, stars and galaxies by eye
through a telescope; no photograph replaces the wow factor of
observing, by eye, Saturn's rings, Jupiter's moons and cloud belts, or
a distant galaxy. Visual astronomy with a small telescope is the
subject of this book.

The designation "small telescope" has no natural definition.
This book has been written principally for people having access to a
telescope in the size range from around 75 mm (3 inches) to 150 mm
(6 inches) in diameter, though owners of telescopes outside this size
range should still find the content useful. This diameter describes the
limiting lens or mirror of the telescope; it determines how much light
can be redirected into the eye, and how much detail can be seen.
Instruments of this size are often acquired as the first telescope by
someone keen to observe the skies but who is still building
experience. Such telescopes are usually portable, but whereas larger
telescopes are frequently equipped with computer-controlled point-
ing and tracking, small telescopes may have few or no computer aids
and require more skill to be exercised by the observer. Instruments in
this size range designed solely for astrophotography are also now
available; they can be capable of producing excellent digital images,
though this is quite a different undertaking to observing by eye.
Much of the content of this book, including the selection of targets,
information on the resolution of small telescopes and factors
affecting the visibility of objects, is equally applicable to those
instruments, but this book also includes information relating to
human vision, eyepiece selection and observing technique. The

3MIHWJIM CIIOCIO CITOCTEPEIKEHHS Ta iIHTepIpeTarllii. Po3BuTOK
HaIIBIPOBITHUKIB Ta TBEPIOTUIFHOI IIEKTPOHIKH, B K1l KIIFOYOBY POIIh
BIJIIrparOTh XBUJILOBI BIACTUBOCTI €JICKTPOHIB, IIPHU3BIB JI0 CTBOPCHHS 3HAYHO
KpalIyX JaTYNKIB T4 BUCOKOIIBUIKICHUX KOMITIOTEPIB, SKi JOTIOMAararmTh
acTpOHOMaM po3Mu(pPyBATU MUHYITY, TENEPILIHIO 1 MAHOYTHIO €BOIIOLIII0
Bceecgity. OnHak, He3aJeKHO BiJl YCiX TEXHOJOTIYHUX PO3POOOK, iICHYE i
YHIKQJIbHUH JTFOICBKHIA JIOCBII CIPUMAHSATTS TUTAHET, 31pOK Ta TalaKTHK Yepe3
TEJIECKOTI, 10 MOKe OyTH BizyanbHUM abo0 emomiitHuM. XKonHa ortorpadis He
MOJKE BHKJIMKATH TAKE XK 3aXOIUICHHS, SIKE JIFOJHA TIEPEKHUBAE TTiJ1 4ac
criocTepekeHHs Kinens CatypHa, cynmyTHHKIB FOmiTepa Ta XMapHHX MOSCIB a00
JaJIeKol raJIaKTUKU HAKUBO. TOX MPEIMETOM I1i€i KHUTHU € Bi3yaibHa
aCTPOHOMISI 3 MAJIUM TEJIECKOTIOM.

HacnipaBi, Takoro TepMiHy, sSIK «MaJHid TEIECKOM» He icHye. L[ kHura
OyInla HamKMcaHa B OCHOBHOMY JUIS BJIACHUKIB TEJIECKOTA JiaMeTPOM MPUOIH3HO
Bix 75 mm (3 mroiimu) 10 150 MM (6 mroiimiB), X04a i JIFOIIM, YU TIPHIIA]] HE
BIJITIOBIJIa€ ITUM po3Mipam, rmojaHa indopMarlis Tex Moxxe Oyt kopucHa. Llei
JiaMeTp OIKCY€e TPaHUYHY JIiH3Y a00 3epKaJIo TEJIECKOIa, 10 BILTUBAE HA
KUTBKICTB CBITJIa, SIKE TIEPEHANPABIIIETHCS IO CIIOCTEepiraya Ta AeTai, sSKi
MOJKHA PO3JIMBUTHUCH. [HCTPYMEHTH TaKOT'O pO3MIpy YacTO KYMYIOTh BIIEPIIE Ti,
XTO X04€e CIIocTepiraTu 3a HeboMm, ane JIuieHp HabyBae nocBiny. Taki
TEJIECKOIIH, K IPABUJIO, TOPTATHBHI, aJie TIOPIBHIHO 3 BEJIMKUMU MPUIIATAMHU,
K1 4acTO OCHAIIeH] (PYHKIIIMI KOMI'TOTEPHOTO YIIPaBIIiHHS HABEJCHHS Ta
BIJICTE)KEHHS 00'€KTiB, MOXKYTh MaTH HeOaratro abo B3araji HE MaTH
JOTIOMIKHHX 3aC00iB 1 BUMAraroTh BiJl CIIOCTepiraya OiIbIII01 BIPABHOCTI.
Hapasi Takosx AOCTYIHI IHCTPYMEHTH TOT'O CaMOro po3Mipy, MpU3HAYeH1
BUKITIOYHO JUTsI acTpodoTorpadyBaHHs, sIKi MOXKYTh CTBOPIOBATH BUCOKOSKICHI
ndpoBi 300pakeHHS, aJie 11e BXKE 30BCIM 1HIIHMHI BU isUIBHOCTI. 3HAYHA
YacTUHA 3MICTY Li€1 KHUTH, 30KpeMa BUOIp IIiJIel, YacTHHA PO PO3IUIbHY
3/IaTHICTh MaJIUX TEJIECKOIMIB Ta (haKTOPH, IO BIUIMBAIOTH HA BUAUMICTD
00'€KTIB, OTHAKOBO MiAXOIUTH IJIsi 000X MPHUIIAIIB, A€ TYT TAKOXK MiCTHUTHCS
iH(pOpMaLlis, IO CTOCYEThCA JIOACHKOTO 30py, BUOOPY TEIECKOMIUHOTO
OKyJIsipa Ta TeXHIKU criocTepekeHHs. OCHOBHA ME€Ta KHUTH — JOTTIOMOITH
BJIACHUKAM TEJICCKOITIB PO3BHHYTH HABHYKH Bi3yaJIbHOTO CIIOCTEPEKCHHS Ta



principal purpose of the book is to help visual observers develop the
skills of observing by eye and to acquire the knowledge and
experience that will enable them to fully exploit their telescope and
maximise their enjoyment of it, at the same time as getting to know
the sky well and enjoying the treats the Universe offers those who
observe it. Developing this knowledge may also assist if the purchase
of a larger telescope is contemplated in the future.

Almost 400 objects suitable for visual observation with a
small tele-scope have been selected. Charts and tips have been
assembled to help find them without a computerised telescope, along
with technical guidance on the telescope's properties and the way the
eye functions as an astronomical detector. Insights into the
astrophysics of the targets are also provided to enrich the observing
experience.

1.2 DIVIDING UP THE SKY

The heart of this book is a series of star charts for identifying
objects suit-able for visual observation with a small telescope. To
make good use of the charts, it is necessary to understand the ways
astronomers have divided up the sky.

Astronomers use angles measured in degrees to describe the
locations of points in the sky. It is common for 1° to be subdivided
into 60 intervals called minutes of arc (or arcminutes, abbreviated
arcmin), and for each minute of arc to be subdivided into 60 intervals
called seconds of arc (or arcseconds, abbreviated arcsec). The
angular diameter of the Sun and the Moon as viewed from the Earth
are both around 0.5°, i.e. 30 arcmin, and the angular diameter of the
image of a star viewed through a small tele-scope is typically around
2 arcsec, for reasons that will be explained later.

Astronomers imagine the Earth surrounded by a sphere at a
great dis-tance, called the celestial sphere, whose north and south
poles and equator are formed by projecting the Earth's poles and
equator outward to it. The positions of all astronomical bodies are
likewise projected onto the sphere. Two coordinates are required to

HaOyTH 3HaHb 1 IOCBIY, K1 TO3BOJIATH TOBHOIO MipOI0 BUKOPUCTOBYBATH
TEJICCKOII Ta OTPUMYBATH 33JI0OBOJICHHS BiJl poOOOTH 3 HAM, I3HAI0OUN HEOO Ta
HACOJIOKYIOUUCH 3HAXIKaMH, siKi BCECBIT MpUroTyBas Juisi HOTO CHOTJISIAYiB.
Po3BHUTOK 1TUX 3HAHB TAKOX CTaHE B HArOJi TUM, XTO MaiOyTHHOMY IIJIAaHYE
npuaOaTH OLIBIITUI TEIECKOII.

st kauru O6yno oopano maiike 400 00'€KTiB, IPUAATHUX IS
Bi3yaJILHOT'O CIIOCTEPEKECHHS 3a JIOTIOMOTOK0 MAJIOTO Tejeckomny. TyT Takox
310paHo KapTH U MiKa3KH, SKi JOMTOMOXYTh 3HAWTH iX 03
KOMIT'FOTEPH30BAHOI0 TEJIECKOIIA, @ TAKOXK TEXHIYHI BKa31BKH IIO0
BIIACTHBOCTEH Telleckona Ta (PyHKIIOHYBaHHS JIIOJICHKOTO OKa SIK
ACTPOHOMIYHOTO JCTEKTOpa. Y KHHM31 TaKOX MOIAI0THCS BIIOMOCTI PO
acTpodizuuHi 0COOIUBOCTI 00OpaHUX HEOSCHUX T, IO MiACHIIOITh [IIHHAN
JIOCB1JT CIIOCTEPEIKCHHS.

1.2 TIOJUT HEBA

B nenTpanbHiil YacTHHI KHATH PO3MIIIIEHA Cepisi 30pSHUX KapT IS
igenTudikaii o0'eKTiB, MPUIATHUX IJIA Bi3yaJbHOTO CIIOCTEPEKECHHS 32
JOMIOMOT 00 Majioro Teneckomna. OqHak, st epeKTHBHOTO BUKOPUCTAHHS
MaTepiany, HeoOXiHO 3pO3yMITH, SIK BYCHI MOIUISIOTH HEDO.

ACTPOHOMH BHKOPHCTOBYIOTH BUMIpSIHi B Ipaaycax KYTH, 1100 OIHMCATH
po3TalryBaHHs TOYOK Ha HeO1. 3a3Buyail 1° ainutbest Ha 60 iHTepBamiB, SKi
HA3WBAIOTHCS XBUJIMHAMH KyTa a00 apKXBWJIMHAMH (CKOp. arcmin), a KOXHa
XBWJIMHA KyTa MOAUIAETHCS 1€ Ha 60 iHTepBaiiB, sIKi HA3UBAIOTHCS CEKYHIaMU
KyTa abo apkcekyHIamu (CKop. arcsec). SKmo cnocrepiraty i3 3emiti, KyTOBHIA
niametp Conrg Ta Micsius cranoBuTh 01u3bK0 0,5°, ToOTO 30 arcmin, a
KYTOBHH JlilaMeTp 300payKeHHS 31pKH, [0 BUIHO B MU TEIECKOT, —
3a3BHYal 0M3bKO 2 arcsec. [IpuunHM Takoi pi3HUIN MU po30epeMo Mi3HiIIe.

ACTPOHOMM YSIBIISIOTH, 110 3eMJIsl Ha JesIKii BiJICTaHI yMOBHO OTOYEHA
cdepoto, Ky I111e Ha3UBalOTh HeOecHa cepa. Ha Hel mogymMKu epeHocsaTh
MiBHIYHUH 1 MIBIICHHUNA TIOJTIOCH Ta eKBaTop. [1010KeHHs BCIX aCTPOHOMIUHUX
T1J1 TAKOXK MPOEKTYIOTH HA 1110 cepy. s onucy moiaoxkeHHs KOKHOTO 00'eKTa
MOTPIOHI IBI KOOPIWHATH, aHAIOTTYHI 36MHI JOBTOTI Ta IIIUPOTI, K1
HA3MBAIOTHCS MPAMUM cXopkeHHsAM (RA) Ta cxunnennsaMm (dec). CxuneHHs



describe the position of each object, analogous to longitude and
latitude on the Earth, called right ascension ("RA") and declination
("dec"). Declination is measured in degrees from the celestial
equator, positive being north and negative being south. Just as
longitude on the Earth is measured east and west from an agreed
reference line (strictly this line should be called a meridian) passing
north-south through the Royal Observatory at Greenwich, right
ascension is measured from an agreed north-south reference meridian
on the celestial sphere. The reference meridian for right ascension
passes through a point called "The first point of Aries", which is
where the ecliptic - the apparent path of the Sun on the celestial
sphere - crosses the celestial equator from south to north. (The first
point of Aries is actually in the constellation Pisces, but that's a story
for later.) Right ascension can be measured around the celestial
equator in degrees, eastward from the reference meridian, but as the
sky appears to rotate from east to west in just under 24 hours (due to
the Earth rotating from west to east underneath it), it is more com-
mon to divide the celestial equator into 24 intervals called "hours of
right ascension", each of which is therefore 15° wide. Each hour of
right ascen-sion is then subdivided into 60 intervals called minutes of
right ascension, and each minute of right ascension is further
subdivided into 60 intervals called seconds of right ascension. Right
ascension is therefore commonly stated in an hours:minutes:seconds
format, while declination is given in a degrees:arcmin:arcsec format.
Note the one minute of right ascension (1/60th of 15° at the celestial
equator) is not the same as one arcminute (1/60th of 1°). Moreover,
one minute of right ascension corresponds to a smaller angle on the
sky away from the celestial equator, just as one min-ute of longitude
becomes a smaller distance on the Earth's surface as you move
towards the poles; the factor by which it changes is the cosine of the
declination, cos(dec).

During the 20th century, the International Astronomical
Union divided the sky into 88 constellations, which are patterns of

BHUMIPIOETHCS B Tpajycax Bijl HebecHOro ekBaropa. [lo3utuBHe — Ha miBHOUI, a
HeraTuBHE — Ha miBAHI. JloBrora Ha 3eMJyIi BUMIPIOETHCS HA CX1J1 Ta 3aXiJ Bijl
y3TOPKEHOT TOYaTKOBOT JIiHIT — MepuJiaHy, 110 IPOXOAUTh 3 MBHOYI Ha
MiBJCHb Yepe3 | puHBILbKY KOPOIIBCHKY 00CepBaTOPi0. AHAIOTIYHO
BUMIPIOETHCS 1 IPAME CXOPKEHHS — BiJl Y3TO/I)KEHOT0 MOYaTKOBOTO
Mepuiana, Mo MPOXOAUTh Ha HeOecHiH cdepi 3 MBHOUI HA MiBJICHb.
[TouaTkoBUi MepUiaH A IPSIMOTO CXOPKEHHS TPOXOIUTH Yepe3 TOUKY, L0
HasuBaeTbes «llepmmii rpagyc OBHay, ne ekiminTiKa — BUAMMUN nULsix CoHIs
Ha HeOecHil cepl — nepeTuHae HeOSCHUIM €KBAaTOP 3 IIBJIHS HA MMBHIY
(mepmmii rpagyc OBHa HacTIpaBAi 3HAXOIUTHCA B Cy3ip'i Puo, ane 3anummmo
110 iCTOpito Ha MOTIM). [IpsiMe cXOKEHHS MOKHA BUMIPATH HABKOJIO
HEOECHOTO €KBAaTOpa B Ipajycax Ha CXiJ BiJl TOYATKOBOTO MEpHIiaHa, aje
OCKLIbKU HE0O 00epTaeThCs 31 CXO/Y Ha 3aXiJ TPOXU MEHIIE HiX 3a 24 roauHu
(uepes obepranHs 3emili i3 3aX0Ay HA CXiJT), TO 3pYUHIINIE PO3AUTUTH HEOSCHHIHA
eKBaTOp Ha 24 YaCTHHH, SKi Ha3UBAIOTHCS "TOJMHAMH MPSIMOTO CXOKCHHS ",
ne kokHa Bifnosinae 15°. KojkHa roguHa MpsiMoro CXODKEHHS BiATaK
IinuTbes Ha 60 YacTUH, AKi HA3WBAIOTHCA XBUJIMHAMU MPSIMOTO CXOKEHHS, a
KOXXHa MOT0 XBHJIMHA JIOAATKOBO JUIATHCS I1ie Ha 60 9acTHH, SIKi HAa3UBAIOTHCS
CEKyHJIaMHU MPSIMOTO CXOkeHHs. OTKe, psiMe CXOJKEHHS 3a3BHUail
BKa3ylOTh Y ()OpMaTi TOIMHI:XBHIIMHU:CEKYH/IN, TOJI SIK CXHJICHHS 330a€ThCS Y
dbopmari rpagycu®: arcmin’: arcsec’ . 3BepHITh yBary: 0JiHa XBHJIMHA IIPSIMOTO
cxomxkenns (1/60 Bix 15° na HeGecHOMY €KBaTOpi) HE TOPIBHIOE OIHIN KyTOBIl
xBuuH1 (1/60 Bix 1°). ba Oinbiie, olHa XBUJIMHA IPSAMOTO CXOIKEHHS
BiJITIOBiJJTa€ MEHIIOMY KyTy Ha HeOl BiJi HEOECHOTO €KBaTOpa; 3a aHAJIOTIEI0
OJlHA XBUJIMHA JIOBIOTU Ma€ MEHIITY BiJICTaHb Ha MOBEPXHI 3eMJIi, 110 OJIrmKue
710 TIOJTFOCIB BU pyxaeTech. KoedilieHT, Ha KUl 3SMEHIITYEThCS BETUIHHA,
HA3MBAETHCS KOCUHYCOM cXuiieHHs (cos(dec)).

[potsirom XX cromitTss Mi>KHApOIHUI aCTPOHOMIYHUH COI03 OB
He6o Ha 88 cy3ip'iB — 31pKOBUX (iryp, K1 MOXKHA PO3TIEAITH HEO30POEHUM



stars visible to the naked eye. Most constellations are based on
figures from ancient mythology, to which several of more recent
construction, named after scientific instruments, have been added.
Throughout human history, differ-ent peoples have established their
own sky cultures and divided the sky differently. Many alternative
divisions are still in common use, such as "The Plough" or "The Big
Dipper" (the brightest stars in Ursa Major) in the northern
hemisphere and "The False Cross" in the south. While pat-terns such
as these are not constellations, they are readily recognisable and
hence valuable to you for wayfinding in the sky, particularly when
operat-ing a telescope without computer control. Learn as many
patterns in the sky as you can, and where helpful you can invent a
few unofficial patterns and names of your own.

The brightness of astronomical objects is usually quoted on a
numerical scale called "magnitudes". Of most relevance to us is the
apparent visual magnitude, denoted mV, where the brightest stars
are around magnitude zero, and the faintest stars visible to the naked
eye from a dark rural site are around magnitude 6, depending on
conditions. Larger numbers indi-cate fainter stars, and each
increasing step of one magnitude, e.g. from mV=5to mV=06,
corresponds to a factor of approximately 2.5 decrease in brightness'.
A brightness difference of four magnitudes therefore corre-sponds to
2.5x2.5x2.5x2.5=39, i.e. a factor of roughly 40 in brightness.

What a given magnitude means to an observer in terms of
visual sen-sation, i.e. whether you regard a star as "bright" or "faint",
depends on the size of the telescope, the magnification, the sky
clarity, and your eye-sight. You will become accustomed to the
visual sensation arising from your own telescope and eyepieces. A
small telescope at a dark site ought to reveal stars down to around
magnitude 11 or fainter, but a finder tele-scope (a small telescope
mounted to the side of the main instrument to aid pointing; see
Section 2.3.5) will have a brighter magnitude limit (typically around
7-8). Moonlight, twilight, urban light pollution, or thin cloud will

okoM. binmpmricTs cy3ip'iB 3acHOBaHi Ha 00pa3ax 13 gaBHboOi Midosorii. [Ti3Hime
710 HUX JIOJIAJIH II€ KiJTbKa KOH(]Irypaiiid, Ha3BaHUX Ha YeCTh HAYKOBHX
npuianiB. [IpoTsarom icTopii pi3HI HAPOAM CTBOPIOBAIIM BJIACHI CHCTEMH Ta
po3auIsIM HeOO 1Mo-cBoeMy. baraTo anbTepHATUBHUX Kiacu(iKalliid Bce 11e
HIMPOKO BUKOPUCTOBYIOThCA, K-0T "Benukuii Kipm" abo "Benukuii Biz"
(maiisickpaimi 3ipku cy3ip's "Benuka Benqmenuis'"), po3ramnioBani y miBHIYHIN
miBkyni, Ta "[liBgenHuii xpect" y miBAeHHii. Xoua Taki KOH}Iryparlii He
BBAXAIOTHCA Cy3ip'sIMU, BOHH JIETKO BITi3HABaHi, a OT)KE€ MOXKYTh OyTH IIIHHUMHA
OplEHTHpPaMU MOIIYKY NUIAXY Ha HeO1, 0cOOIMBO IpU POOOTI 3 Teneckonom 6e3
¢yHKuii komn'roTepHoro ynpasninasa. Hamaraiitech BUBYHTH sIKOMOTa OiJTbIIIE
30psHUX KOHIrypariil. SKio € motpeda, MOXKeTe MPUAYMAaTH KilbKa
Heo(IIIHHNX Ta 1aTH 1M BJIACHI HA3BH.

SIckpaBicTh aCTPOHOMIYHUX 00'€KTIB 3a3BHYail BUMIPIOIOTH 3a
YHCIIOBOIO IIKAJIOK0, SIKAa HA3UBAETHCS "30psiHa BenuunHa'". HaiGinbm
BaYKJIMBOIO ISl HAC € BUAMMA 30psiHa BeIMYKMHA, TO3HAYEHA, K mV, Jie
HaHsCKpaBIlIi 3ipKU JTOPIBHIOIOTH MPHUOIN3HO HYIIIO, 8 HAalCIIa0KiI — sIKi
MO>KHa PO3JIMBUTHUCS HEO30POEHUM OKOM Y CLIbCHKill MiCIIEBOCTI, — 3aliMalOTh
npuOJIM3HO 6-T€ MicIle Ha MKl 30PSTHAX BEJIMYUH, IO BapIIOETHCS 3aJIEKHO
BiJ1 30BHIIIHIX (pakTOpiB. BibIi ynca BiMOBIIAIOTH CIAOIIMM 3ipKaM, 1
KO)KHE 301JIBIIICHHS Ha OJTHY 30pSIHY BEJMUMHY, HAPUKIAL, Bix mV =
5 nmo mV =6, 03Ha4yae 3HIKEHHS KOeQIII€HTY ACKPABOCTI HAa MPUOIU3HO 2,5
omuauLi'. ToMy pi3HHUI ACKPABOCTI YOTUPHOX 30PSIHUX BEITHYNH
obuuncoeTbes K 2,5 X 2,5 x 2,5 x 2,5 = 39, T006TO KOe]iIlieHT ACKpaBOCTI
JOpiBHIOE TPHOIN3HO 40-Ka OTMHHULISIM.

Bare BizyanbHe CIpUIHSATTS 30pSHOI BETUYHHH, TOOTO BBAXKAETE BU
31PKY «SICKPABOIOY» YU «CIA0KOI0», 3aJISKHUTh BiJl PO3MIpPY TEICCKOIA, CTYIICHS
301IBIICHHS, ICHOCTI He0a Ta TOCTPOTH BaIIOro 30py. Bu 3BUKHETE po3riisiaaTu
00'€KTH 3a JOMOMOTOIO BJIACHOTO TEJIECKOIIa Ta JONOMDKHHX OKYJISIpiB. Manuii
TEJIECKOI Y TEMHOMY MicClli TOBUHEH (PIKCYBATH 31pKH pO3MipOM MPHUOIU3HO 110
11-01 30psiHOT BenmmumaM 260 cnaduri, mpoTe TeNeCKON-IIyKad (Maiui
TEJIECKOII, PO3TalIOBaHM 300Ky Bl OCHOBHOTO IIPUJIaAy AJIsi KPaIloro
HaBeneHHs (nuB. Po3min 2.3.5) maTuMe OibII SICKPaBY MEXY 30pSHOI
BEJIMYMHU (3a3BHUail OJU3bKO 7-8-MH OMHMUIIB). 32 YMOB HAasBHOCTI MICSIYHOTO



result in a brighter magnitude limit for all instruments including the
naked eye.

1.3 USING THIS BOOK

It is easy to look through a telescope and see the most
obvious features of a bright target, but to see more subtle features
and pick up fainter objects, it helps to understand what the telescope
is doing to the light and how the eye is responding to it. This book
covers all aspects and thus caters for a wide range in observer
experience.

Chapter 2 may be regarded as the technical chapter. It
discusses the properties of light that affect telescope performance,
the way the eye func-tions when observing, and how the optical
parameters of small telescopes affect the appearance of astronomical

objects. A relatively shallow read through this chapter will expose an

absolute beginner to some of the key concepts of telescope optics
and the eye, but as your skills as an observer develop you may wish
to re-read the sections of Chapter 2 more deeply, as the significance
of some topics will become more apparent when you have
encountered them yourself.

Chapters 3 is a brief chapter dealing with planning
observations, the competition between interfering sources of light,
and how the position of an object in the sky affects its appearance.
The topics are less technical than those in Chapter 2 but will
similarly lead to a better observing experience.

Chapters 4 and 5 are the heart of the book, presenting a
selection of targets suitable for visual observation with a small
telescope. Chapter 4 provides a brief introduction to the classes of
object, how to observe them, and their astrophysical significance.
Chapter 5 provides the charts and accompanying tables, organised
according to the 88 constellations, and divided into 43 numbered
chart groups to show the positions of the targets and sufficient
nearby stars to locate them. Each chart group may comprise more

CBITJIa, CYTIHOK, MICBKOT'O CBITJIOBOTO 3a0py/IHEHHS a00 JIETKOI XMapHu
CTIPUHHSTTS SICKPABOCTI cTa€ 0OMEKEHUM ISl BCIX MPHIIAIIB Ta IS
JIIOJICBKOTO OKa.

1.3 IK KOPUCTYBATUCS KHUT'OIO

[MoauBUTHCS B TENECKOII 1 BUSBUTH HAHOYEBUAHIIII OCOOIMBOCTI
SICKpaBOro 00'€KTa He BaKKO. BTiM, 100 pO3AMBHUTHCH iX MAJIOTIOMITHI JeTalli 1
3HAWTH ciabir 00'eKTH, MOTPIOHO PO3YMITH, SIK TEJIECKOI MPOMYCKA€E CBITIO Ta
SK Ha IIe pearye JIoJChKe 0KO. L[ KHura OXOIUTIOE BCl 3a3HAaYEHI aCTeKTH,
TOMY CTaHe B Haro/ii SIK MOYaTKiBISIM, TaK 1 TOCBIAYEHUM CIIOCTEpirayam.

Po3zin 2 MmokHa BBayKaTH TEXHIYHUM. Y HbOMY ONHCAaHI BIaCTUBOCTI
CBITJIa, SIK1 BIUIMBAIOTh HAa POOOTY TEJIECKOIa, MEXaHi3M (PYHKIIIOHYBaHHS O4eil
MIPU CIIOCTEPEKEHH] Ta BIUIMB ONITUYHUX HAJIAIITYBAaHb MaJOr0O TEJIECKOIa Ha
BUIJISIT aCTPOHOMIYHUX 00'e€KTiB. [IporisiHyBIIN 1€ pO3/aii HaBiTh
[IIKOBUTHI HOBAYOK 3PO3yMi€ JEsKi KIIFOUOBI MOHATTS ONTHYHOI CUCTEMHU
TeJIeCcKoIa Ta 0COOIUBOCTI JIFOJCHKOT0 30py. BTiM, 3 pO3BUTKOM HAaBUYOK
CTIOCTEPEKEHHS BH, MOYKJIMBO, 3aX04YETE NIePEUUTATH HOTO OLIBII BIlyMIIHBO,
OCKIJIBKH 3 BJIIACHOTO JIOCBIy YCBIAOMHUTE BAXKIIUBICTD JESKUX TEM.

Po3min 3 — 1e KOpOTKHi pO3IiT MPUCBIYCHHI TUTAHYBAHHIO
CIOCTEPEKEHb, KOHKYPEHIIIT M1k MEePEIIKOKAIOYUMH JKepeIaMu CBITa Ta
BIUIMBY TTOJIOKEHHS 00’ €KkTa Ha HeO1 Ha 1oro BUMIIAA. TyT onvcaHi MEHII
TEXHIYHI TEMU, HIXK y PO3/LIIi 2, TPOTE BOHU TaK CaMO JIOTIOMOXKYTh BaM
MOKPAIIUTH METOJTUKY CIIOCTEPEKCHHSI.

["'010BHY YaCTUHY KHUTU CTAHOBJIATH pO3Aiin 4 Ta 5, B IKHX
npecTaBiIeHa J00ipKa KOCMIYHUX 00'€KTIB, IPUIATHUX IS Bi3yaJIbHOTO
CIOCTEPEKEHHS 3a JOMIOMOTOI0 MaJIoro Tejeckomna. Y po3/iii 4 HaBeIeHo
KOPOTKHH OTJIs1/1 KIaciB HEOECHUX TiJl, CIIOCO0IB 1X CIIOCTEPEKEHHS Ta
acTpodizuuHe 3HaueHHS. P31t 5 MICTUTB 30psiHI KapTH Ta CYIpOBiIHI
TabIuII, OpraHizoBaHi BiAmoBiaHO 10 Kinacudikamii 88-mu cy3ip'iB. Born
posaineHi Ha 43 MPOHYMEPOBaHi IPYMH KapT, 110 IEMOHCTPYIOTh MOJIO0XKEHHS
KOCMIYHHMX 00'€KTIB Ta JOCTATHIO KIJIbKICTh HAOJMKCHHX JI0 HUX 31pOK, 1100
MOJIETIIMTH BU3HAYCHHs 1X monioskeHHs. KoxkHa rpyma KapT CKIaiaeThes 3
KUTBKOX OKPEMHX, JI€ IETATbHO 300paykeHO 30PsHI MOl HABKOJIO 3MIHHHX 3ip.

SIK110 BU MTOMITHIIM YKCTE HiYHE HEOO 1 BaM HE TEPIUTHCS PO3MOYaTH



than one individual chart, especially to show the star fields around
variable stars in more detail.

If you are anxious to start observing and make good use of a
clear, dark night, don't be afraid to skip ahead to Chapter 5 and start
to observe your favourite objects, beginning with the brightest ones.
However, to make the most of your telescope, it helps greatly to
understand what the optics of the telescope are designed to do, what
they can do and how light interacts with your eye. Chapters 2-4 were
written to enhance your ability to observe more challenging targets,
so if you do skip ahead to Chapter 5, remember to return to Chapters
2-4 during daylight hours or on cloudy nights to fill in the missing
pieces. Most of all, enjoy your experience of visual astron-omy with
a small telescope.

NOTE

1 For the mathematically minded, five magnitudes is defined
as a factor of 1001/5,, in brightness, so each magnitude corresponds
to a brightness factor given by 1005, which is 2.51. A magnitude
difference Am therefore corresponds to a brightness difference of a
factor of=2,51Am.

CHAPTER 4

Observing and Locating Targets Visually with a Small
Telescope

This chapter introduces the types of targets selected for visual
observation with a small telescope. The first section introduces the
main types of objects, followed in the second section by advice on
star hopping, i.e. tips on how to locate faint targets using a manually
operated, small telescope.

4.1 TYPES OF ASTRONOMICAL OBJECTS

4.1.1 The Solar System

The solar system provides some impressive targets for a small
telescope that are easy to acquire, especially for inexperienced
observers. Most are sufficiently obvious that they need only a brief
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CIIOCTEPEKEHHSI, IEPEXO0/IbTE BiIpasy 10 PO3ALTY 5 1 HACOIOKYHTECH
HEHMOBIPHUM BUTJISIZIOM CBOIX YIIO0JIEHUX HEOCCHHX TiJI, TOYNHAIOYH 3
HailsickpaBimux. OJHaK, U1l MAaKCUMaJIbHO €(PEKTUBHOI'O BUKOPUCTAHHS
BaIlIOr0 TEJIECKOIIa BAPTO CHEPITy Po3iOpaTUCs, UIsl 4OTo MOTpiOHA ONTHKA, SKi
Ti MOKJIMBOCTI Ta SIK CBITJIO B3a€EMOJIIE 3 BaluMu oynma. Po3aum 2-4
MOKJIMKaHI HABUYUTH BaC CIIOCTEPIraTH 3a OLIbII CKIIQJHUMHU 00'€KTaMH, TOMY,
SIKIIO BH BiZ[pa3y MepexoIuTe 10 PO3/iTy 5, He 3a0yapTe BIPOIOBK KIIBKOX
HACTYITHUX JIHIB 200 XMapHUX HOYEH MOBEPHYTHCS JI0 TIOMIEPEIHIX Ta
3anOBHUTH NporajinHu. Hacammnepen, HacOIOKyHTECS MOMEHTaMU ITi3HSHHS
Bi3yaJIbHOT aCTPOHOMIT 3 MaJIIM TEJIECKOTIOM.

ITPUMITKU

1 Jlnst THX, XTO Mae MaTeMaTHYHUI CKIIaJl PO3yMY, IT'ITh 30PSHUX
BEJIMYMH BU3HAYAIOTHCSA K KoedimieHT 1001/5,, sckpaBocTi, TOMy KOXHA
BEJIMYMHA BiNOBIAa€ KOeIIEHTY ICKPaBOCTi, 110 AopiBHIOE 1005, T06TO
2,51. Tomy pi3HuLs BeWYrH Am BiATIOBIAA€ Pi3HMUII SICKPABOCTI
koedimienta=2,51Am.

PO3A1T 4

Crnocrepe:keHH Ta BiyajibHe BU3HAYEHHS M0JI02KEHHS 00'€KTIB 3a
AOTOMOI0I0 MAJIOT0 TeJIeCKOIa

Y 11boMy pO3/IiiIi MpeACTaBIeHI THITH KOCMIYHUX 00'€KTiB, BiMiOpaHi
JUIS Bi3yaJIbHOTO CIIOCTEPEKEHHSI 32 IOTIOMOTOI0 MaJIOTO TellecKomna. Y mepirin
YaCTUHI MPEICTaBICHI OCHOBHI THUITH aCTPOHOMIUHUX 00'€KTIB, a B APYTii —
MOPaJIx 1010 «30PSHHUX CTPUOKIB», TOOTO SIK 3HANTH cJIa0Ki 30pi 3a
JIOTIOMOTOF0 MaJIOTO TEJIECKOTa 3 PyYHUM KEPYBAHHSIM.

4.1 TUIIM ACTPOHOMIYHUX OB'€EKTIB

4.1.1 ConsauHa cucrema

ConsiuHa cucTema Hajliyye 0araTo BpaskatouMx 00'€KTiB, 5Ki 3a
JOTTOMOTOI0 MaJIOTO TEJIECKOIa MOXKYTh PO3IMBUTHUCS HABITh HEJJOCBITUYEH]
croctepiradi. BiabIIicTh 13 HUX BiJIOMi BCIM, TOX JIOCTATHBO JIMIIE TTOO1KHO



mention.

The Moon is impressive both at low magnification
mMin,when much of the surface may be visible in the eyepiece at
one time, and at high magnification mMax when individual craters,
mountains and mare may be studied. Vertical relief is more evident
close to the terminator - the boundary between sunlit and dark
hemispheres where the shadows cast by tall features or crater rims
reveal the texture more clearly. The terminator marches across the
lunar landscape as each lunation progresses, revealing new features
each night. The Moon is a great place to start observing with a small
telescope and is worth returning to regularly.

Venus is easily recognisable as one of the brightest early-
evening west-ern or late-morning eastern objects. To a small
telescope, it is enshrouded in featureless cloud, but displays a cycle
of phases like those of the Moon, which change size as the phase
progresses. This observation, first made by Galileo in 1610, played a
significant role historically by indicating that Venus is in orbit
around the Sun rather than Earth. This observation is easily
replicated with a small telescope by revisiting Venus regularly over
several months.

Jupiter and Saturn are peerless targets for both inexperienced
and expe-rienced observers. They are bright and easy to locate and
have relatively large apparent sizes: 30-50 arcsec for Jupiter and 15-
20 arcsec for Saturn's disk (i.e. excluding its rings). Jupiter's two
main equatorial cloud belts and four Galilean satellites are easily
recognised in a small telescope, and Saturn's rings leave a lasting
impression. Jupiter's great red spot is not as dark red and distinctive
as it once was, but if it is near the centre of the visible disk, which it
is about 1/6th of the time, and observing conditions are stable, then it
may be visible as an orange oval on the southern edge of the
southern equatorial cloud belt. (If you're not sure which way is south
in the eyepiece, gently push the telescope slightly towards the
celestial pole with just one finger. If you are in the northern
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PO HUX 3TajlaTH.

Mics1p Bpakae sk IpU HU3BKOMY CTyIIEH1 301IbIIeHHss mMin, Koiu B
OKYJISIp MO’KHA 10OAYUTH O1IbIILY YaCTUHY MOBEPXHI, TaK 1 IPU BEIIUKOMY —
mMax, 110 103BOJIsSiE BUBYATH MICSYHI KpaTepH, Topu Ta Mopsi. BepTukanbHuit
penbed moBepxHi OUTBII MOMITHUH MOOJIN3Y TEPMiHATOPA — MEXKI MIXK
OCBITJICHOIO COHIIEM 1 TEMHOO IMiBKYJISIMH MICSIIs, /i€ TiHi BiJl BUCOKHX 00'€KTIB
abo0 KpatepiB YITKIIIE OKPECIIOIThH GakTypy Micsis. TepMiHaTop
MIPOCYBAETHCA MO MICSYHOMY JIaHAMA(TY 31 3MiHOIO MiCSYHUX (a3 1 mOHOYI
BiJIKpHBAa€ HOB1 OCOOIMBOCTI MOBEpXHi. MicAllb 9yJJ0BO MiTXOAUTh JUIS
MOYATKY CIIOCTEPEKEHB 32 TOTIOMOTOI0 MAJIOTO TEJIECKOTa Ta BApTHI HE OAHI€T
HOYI Ha JOCIIHKEHH.

OpnHUM 13 HAMSICKPABIIIUX HEOSCHUX TiJI, IKE MOKHA ITOOAYUTH
pPaHHBOTO Beuopa Ha 3axoi ado Mi3HKOTO PaHKy Ha CXOJIi, € Iu1aHneta Benepa.
HagiBmm Ha Hei Manuii TejxecKkomn, MOJKHA MO0aYUTH OE3ITMKY XMapy, BTIM
Benepa, sik 1 Micsip, Mae 1iuki a3, BiJ 3MiHH SKUX 3aJICKHUTh 11 pO3MIp.
Briepme ne nomitus ["anineii B 1610 pori, 1 H0T0 BIIKPUTTS 3irpajio BaXIUBY
poIib, BKa3yl0uu Ha Te, 1110 Benepa obepTaerbes HaBkoso CoHI, a He 3eMIi.
Horo criocTepexeHHs JIerko IIOBTOPUTH 33 J0IIOMOT0I0 MAJIOr0 TeJIeCKOna,
MOTPIOHO JIHIIIE PETYIISIPHO CHOCTepiraTu 3a BeHeporo BIPoI0BK KITbKOX
MICSIIIIB.

Taxi mutanety, sk FOmitep 1 CaTypH, € He3aMiHHUMU 00'eKTaMu
JIOCITIiKEHH S SK 71 HOBAUKiB, TaK i JUIsl IOCBiTUEHMX crocTepirauis. Ix nerko
3HANTH, BOHM SCKPaBi, 1 MAIOTh BITHOCHO BeluKi BuauMi po3mipu: 30-50 arcsec
y FOmitepa i 15-20 arcsec y nucka CarypHa (6€3 ypaxyBaHHS HOTO KiJICIb).
BukopucToByroun Manuii TeIeCKON MOYKHA JIETKO PO3Mi3HATH JIBa OCHOBHHUX
eKBaTOpiaIbHUX XMapHUX nosicu KOmiTepa Ta YOTUPY TaNiIeeEB] CyITyTHHKH.
HezaOyTHe BpaskeHHs cripaBIsAOThH 1 Kinblig CatypHa. Bennka yepBoHa misima
IOmitepa Hapa3si He Taka TEMHO-YEPBOHA 1 BUPA3HA, SIK KOJIKCh, aJIe SKIIO BOHA
MOTpaIuIsie OJIMKYE IO LEHTPY BUAMUMOIO JAKCKA, 10 TPAIUIAETHCS MPUOIU3HO B
1/6 BUMaaKiB, i yMOBH CIIOCTEPEKEHHS CTa0UIbHI, TO 11 MO’KHA TTOOAYUTH SIK
MOMapaH4YeBHI OBaJ 3 Kparo MiBACHHOTO €KBaTOPiaIbHOTO XMAPHOTO MOACY .
(Skmo B He BIIEBHEHI, 3 SIKOI CTOPOHU 3HAXOIUTKLCS MIBACHD B OKYJISPI,
00epe’KHO MOCYHbTE TEJIECKOI OJTHUM TallblieM y 01K HeOECHOTo MoJTtoca.



hemisphere pushing the telescope north, you should see the planet
move slightly towards the south, or vice versa if you are in the
southern hemisphere pushing the telescope south. Pushing the
telescope slightly to the west will cause the planet to move slightly to
the east.) The satellites of Jupiter have a particular appeal, as they
illustrate vividly how dynamic the solar system is. Motion of the
inner satellites relative to the disk of Jupiter and one another is
apparent on timescales as short as 20 minutes, or even less near the
edge of Jupiter's disk. Making simple sketches of their relative
positions at intervals of 15 minutes, each successive sketch placed
below the preceding one, will generate a time-lapse sequence of their
motions. Following a satellite into the edge of the planetary disk or
shadow likewise highlights motion in the solar system. The expected
positions of the satellites and red spot for any date and time can be
found online (see Bibliography).

The vista of Saturn's rings as seen from the Earth varies as
Saturn progresses in its 29.4 year orbit around the Sun. They are
edge-on twice during that period, maximally "open" twice, and at
intermediate stages the rest of the time. The shadow of the planet can
sometimes be seen cast across a small portion of the rings, and vice
versa, depending on the location of Saturn in its orbit and the relative
positions of the Sun, Earth and Saturn.

Its largest satellite Titan is usually also visible, at distances up
to nine times the outer radius of the rings, while Rhea, Tethys and
Dione, orbiting closer to the planet, are also frequently visible.
Saturn doesn't disappoint!

Mars is distinctly red. It is smaller than Jupiter, with a very
large range in apparent size (4-25 arcsec) depending on how far apart
Mars and the Earth are in their orbits. When Mars is in "opposition",
meaning it is on the opposite side of the Earth to the Sun, its close
proximity and hence large apparent diameter afford the best
opportunity to discern polar caps and lower-latitude surface
markings. Mars comes into opposition every 26 months. When Mars
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Sxuio Bu nepeOyBaeTe B MiBHIYHIN MiBKYI 1 HAallpaBJIsieTe TEIECKOM Ha MiBHIY,
TO MOBHHHI TOOAYUTH, SIK TUTAHETa TPOXU 3CYyBAETHCS HA MiBACHB. | HaBMaKH,
SKIIO BU nepedyBaeTe B MiBACHHIH MiBKYJ1 1 HANPaBIs€eTe TEIECKOI Ha
MiBJeHb. 3JIeTKa IOCYHYBIIN TEJIECKOIl Ha 3axXij, TUIaHeTa ACNI0 3MICTUThCS Ha
cxin.) Cynyrauku FOmiTepa cTaHOBIATH 0COOIMBUIA 1HTEPEC, OCKLUIBKH SICKPABO
JIEeMOHCTPYIOTh, HACKUTbKY nuHamiuHa CoHsgHA cucteMa. PyX BHyTpimHixX
CYIIyTHHKIB BITHOCHO Aucka FOmiTepa Ta 0JJuH OJHOTO CTa€ MOMITHUI JUIIIE 3a
20 XBUJIMH CIIOCTEPEKECHHS, a IHKOJIM HAaBITh MIBH/IIIE, SIKIIO CYITyTHHUKH
3HAXOJATHCA ONMXKYEe 70 Kpato Aucka. [Ipu 3amanboByBaHH1 BITHOCHOTO
MIOJIOKEHHS CYITyTHUKIB 3 IHTEPBAJIOM Yy 15 XBUIIMH, KOKHUI HACTYITHHUH €CKi3,
PO3MILICHHI HUXKYE OTIEPEAHBOT0, BIOOpaKaTUME MPUCKOPEHY
MOCIIIOBHICTD iXHIX pyxiB. CIIOCTEpEKEHHS 3a TUM, K CYITyTHHK 3aXOJUTh Ha
Kpall 1ucKa riaaHeT ado B ii TiHb, TAK CaMO HA0YHO JEMOHCTPYE PyX
Constunoi cuctemu. Po3paxoBaHe MOI0KEHHS CYIYTHHKIB Ta YEPBOHOT TUISIMHU
Ha Oy/ab-AKy JaTy Ta yac MOXKHa 3HaiTH B [nTepHeti (nuB. bibmiorpadis).

Burmnsaa kiens CatypHa, SKAW BITKPUBAETHCS 13 3eMIT1, 3MIHIOETBHCS B
MIpy pyXY IUJIaHETU CBOEIO 0pOiTOor0 HaBKoI0 CoHI 3 epioaoM y 29,4 poku.
[TpoTsromM 1bOTO MEPioay BOHH JBIUi 3aMAIOTh KpaitHE MOJIOKCHHS, ABIi
MaKCHUMAaJIbHO «BIAKPHUTI», a PEIITY Yacy nepedyBatoTh y MPOMIKHUX CTaHaX.
TiHb Bij IJIaHETH 1HOAI MOYKHA TOOAYUTH HA HEBEIUKIN YaCTHUHI KiJIENb 1
HaBIIaKH, 3aJIEKHO BiJ] po3TairyBaHHsi CaTypHy Ha HOro op0iTi Ta BiTHOCHOTO
fioro po3ramryBanHs BiqHocHO CoHIIA Ta 3emiti.

Moro HaitGinbmmii CynyTHUK — TuTan — 3a3BU4ail BUJHO Ha BIJCTaHI,
110 B JICB'ATH pa3iB MEPEBUIILY€E 30BHIMIHINA pajiyc Kijeub, TOAL K iHII
cynyTHUKU — Pes, Tertic 1 Jliona — oGepraroTbes 65nxK4e 10 caMoi IIIaHEeTH 1
€ TaKOXX JI0BOJIi BUAUMUMH. bynbre neBHi, CaTypH Bac TOCTEMEHHO BPa3HTh!

[TnaneTa Mapc BUPi3HSAETHCS CBOIM YEPBOHUM KOJILOpOM. BoHa meHIIa
3a FOmiTep, ane Mae MUPOKU iana3oH BUAUMOTO po3mipy (Bix 4 mo 25
arcsec) 3aJie)XHO BiJ BificTaHi Mik Mapcom i 3emuiero Ha op6Gitax. Haiikpaia
MOJKJIMBICTH PO3PI3HUTH MOJISIPHI IIANKH 1 JeTaji moBepxHi Mapca Ha HIKYMX
HIMPOTaX — KOJIM BiH 3HAXOJIUTHCS B «OTMO3HIIID», TOOTO HA MPOTHIICKHOMY Bij
3emuti 6omi Conrst. Came B el epio]1 BiH po3TalioBaHUi HaHOIKYE 10
HAIIIO] TUTAHETH 1 BIATOBIIHO Ma€ BEJIMKUN BUANMHUIMA TiameTp. Mapc BcTymae B



(and the more distant planets) are in opposition, they will cross your
meridian at midnight, meaning they will be rising in the east around
sunset; this is the clue to these planets being in very favourable
positions for observation.

When observing Jupiter, Saturn and Mars, do not be in too
much haste to move on to your next target. Some of the cloud and
surface markings are subtle, and the eye benefits from spending
several minutes becoming accustomed to what is there, especially as
seeing (Section 3.3) causes finer features to wash in and out of sharp
focus. Astrophotographers sometimes use "lucky imaging"
techniques to pick out a few frames having particu-larly sharp
images from a series of exposures. The eye-brain pairing has a
similar capacity to spot and remember subtle features of the image
which briefly come into good focus, but ignore the views where
everything is a bit more blurry. Allowed sufficient time, the eye-
brain combination will permit you to confirm more fleeting details of
features on these planets.!

Observers with small telescopes should seek out Uranus and
Neptune.Neither is visible to the naked eye, so you will need the
assistance of online star charts to find out where they are on a
particular date and to identify suitable stars to enable you to star hop
to them. Their disks are just a few arcsec across, but are large enough
to be distinctly non-stellar to a small telescope and to offer a slightly
blue/green colour not often seen in other objects. Locating and
observing the planets beyond Saturn with a small telescope is an
observational milestone to savour.

Mercury, the Sun and Pluto are off the list. Mercury is too
difficult a target unless you have a very clear western or eastern
horizon, and a lot of patience since Mercury is never more than 19°
away from the Sun, so rarely visible. It should never be sought when
the Sun is above the hori-zon, due to the danger of even a brief
exposure of the eye to concentrated telescopic light from the Sun
causing permanent vision loss or damage; it's not worth the very real
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OTIO3HITIF0 KOKHI 26 MicsiiB. Komu Mapc (Ta iH111, BiJaieHil MmIaHeTH)
3HAXOJIATHCS B OIO3HIII{, BOHU OIIBHOYI IEPETHHAIOTH BAIll MiCIICBUI
Mmepuiad. Lle o3nauae, 110 BoHU Oy1yTh BUAMMI micis 3axoqy coHis. Came B
1ei mepios yMOBH JIJIs CIIOCTEPEKESHHST HAHO1IbII CIIPUSITIIUBI.

Hocnimxyroun FOmitep, Catypn 1 Mapc, He nocmimaite nepexoauTi
70 HacTyMHUX 00'eKTiB. Jlesiki 0cOOIMBOCTI XMap Ta MOBEPXHI JOBOJII
HEIMOMITHI, TOK 0YaM MOTPIOHO KiJIbKa XBHIIMH, 11100 3BUKHYTH JI0 iXHBOTO
BUTJISIIY, TTO3asK Yepe3 BUAUMICTh (uB. Po3min 3.3) npiOHimmi gerani To
3 ABISAIOTHCA Y UITKOMY (POKYC1, TO 3HUKaIOTh. AcTpodoTorpadu iHOI1
KOPHUCTYIOTHCS METOJIOM 0aratokaapoBoi 3HOMKH a00, SIK BOHH 11¢ HA3UBaIOTh,
METOJIOM «IIACTUBOTO KaAPy», 100 3JI0BUTH KiJIbKa 0COOIUBO UITKUX
300paxkeHb. HepBOBi KaHaHM Mi>k OYMMa Ta MO3KOM TaK CaMoO JJO3BOJISIOTh
pO3Mi3HaBaTU Ta 3amam'siITOBYBaTH ApIOHI IeTali, [0 HEHAaJI0BIO MOTPAIUISIIOTh
y GOKycC, BITKAIAIOYHN HEUITKI 300paxeHHs. SIKI0 crocTepiraTtu JOCUTh JIOBTO,
cUCTeMa 30Dy, OE€JHAHA 3 MO3KOM, JOIIOMOYKE TTOMITUTH OLIBII
IIBUAKOTUTMHHI OCOOJMBOCTEH IIUX IUIAHET. '

Koxnwuii crioctepirad 3 MajauM TEJIECKOIIOM 3000B'13aHUI pO3IIyKaTh
Taxi nuasery, sk Ypan i Hentyn. Ix HeMoxmBo no6aunTi He030pOEHNM
OKOM, TOMY BaM 3HaJ00UTHCS IONIOMOTa OHJIaliH KapT 30psiHOro Heba, 1100
JI3HATHUCS X MICIIE PO3TATYBaHHS B TOM UM 1HIIMN JCHbB, 1| BU3SHAYUTH 3IpKH, 32
SKUMH 1X MOKHA 3HaWTH. [[iameTp iX IHUCKIB CTAHOBUTH JIUIIE KiJTbKa KyTOBUX
CEKYyH/I, aJIe I[LOTO JIOCTATHBO, 00 33 JOIMTOMOTOK) MaJIOTO TEJIECKOIa
PO3MI3HATH IX SBHO HE 30psHY NMPUPOAY Ta YHIKAIbHUN CUHBO-3EJICHHUM KOJIIp.
BapTto HacomomuTHCS 1 TOUTYKOM Ta CIIOCTEPEKEHHSIM 00'€KTiB, 1110
3HAXOJAThCA 32 Mexamu CaTypHa.

[Ipore, 1o mporo crnucky He BXxoaiaTh Mepkypiii, Conme ta [LiryToH.
Mepxkypiit 3aHaATO CKJIaIHA I[iJIb, OCOOJIMBO SKIIO Mepe]l BAMU HEMAE
BITKPUTOTO 3aXiJHOTO YU CXiJHOTO TOPU3OHTY 1 BU HE MPOSBIISIETE TOCTATHHO
tepriHHs. Ockinbku MepKypiii HIKOIH He BigaanseThes Bl CoHls Oiblle Hik
Ha 19°, moGaunTy ioro Benmuka piakicTs. Hikonm He nrykaiite Horo, Koy
CoHIle 3HaXOAUTHCA HAJl TOPU3OHTOM, a/IK€ HaBiTh KOPOTKOUYACHUH BIUIMB
KOHIICHTPOBAHOT'O TEJIECKOIIYHOTO CBiTia Bil COHIIS MOXKE MPU3BECTH 10
BTpaTH 30py abo Horo nomkoxeHHs. Lle Touno He BapTe pusuky. Came



risk. The Sun itself is likewise a specialist and high-risk target and
should be avoided in the absence of reliable experience and
knowledge. If you must take up solar observing, then do so with a
full-aperture professionally made solar filter and check its integrity
visu-ally each time before you put it on the telescope; shortcuts are
not worth the risk. Pluto, at the other extreme, is just too faint for
small telescopes.

In contrast to Pluto, the dwarf planet Ceres is much closer and
brighter, as are the asteroids Vesta, Juno and Pallas, for example.
Position details for these minor bodies, which will be visible but
unresolved (star-like), can be found online, as for Uranus and
Neptune.

4.1.2 Double Stars

Stars are some of the easiest targets to observe. In good
seeing, their images will be similar in size to the Airy disk. Many are
bright enough to observe in twilight and moonlight, and to stimulate
the colour-distinguishing cone cells in the eye. However, despite the
ease with which stars can be observed, from a visual satisfaction
perspective there is not a lot to distin-guish one bright, yellowish
Airy disk from another. This is where double stars and star clusters
come to the fore.

Many stars that appear single to the naked eye or at low
magnifica-tion turn out, with higher magnification, to be multiple
systems. Some are physical binaries, i.e. stars gravitationally bound
to one another in elliptical orbits, while others are chance alignments
of stars at very different distances from the Earth. The appeal of
observing double stars can come from the surprise of finding two or
more stars in close proximity, the magnitude or colour contrast
between the two, or the optical challenge of separating stars close to
the resolution limit of the telescope, which is also a good way to get
to know your telescope's capabilities. For the targets in this book, I
have focused primarily on the last of these criteria, mostly selecting
pairs with separations between 1.5 and 10 arcsec. Below 1.5 arcsec,
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Conrie Takox HeOe3meyHa IiJib, TOMY, 32 BIICYTHOCTI HAJIGXKHOTO JOCBiY Ta
3HaHb, HOTO CJiJl YHUKATH. SIKII0 BaM NOTPiOHO 3alHATHCS CIIOCTEPEKESHHIMHU
3a CoHLleM, BUKOPUCTOBYHTE TIpodheciiiHuil COHIYHUI (PIIbTP 3 TOBHOIO
arepTypor0 Ta KOKHOTO pa3y MepeBipsUTe MO0 IMUTICHICTD. Y IIbOMY BHIIAJIKY
He BapTo eKOHOMUTH. [1myToH, 3 iHIIOTO O0KY, 3aHAATO HETOCSKHUN IS
MaJIMX TEJIECKOIIIB.

Ha Bigminy Bin [lnyTona, kapnukoBa minaHera Llepepa 3HaxoauThCs
Habararo OmK4e i € ICKPaBilIoro, SIK HAPUKIIa, actepoinu Becra, FOHoHa 1
[Nannaga. eransHa iHdopMalis mpo nojoxkeHHs: Ypany, Hentyna ta
3a3HaYCHUX 31PKOMOMIOHNX MAIMX TiJ TOCTYyIMHA B [HTEpHETI.

4.1.2 IlonsiitHi 30pi

3ipku — O/HI 3 HAlMpoCTIMHX 00'€KTiB JIs1 criocTepeskeHHs. [Ipu
XOpOIIIi BUAMMOCTI BOHH MOJII0H1 32 po3Mipom o aucka Efipi. baraTo 3ipok
JOCUTH ICKpaBi. BOHM CTUMYITIOIOTH KOJIOOUKH OKa — PELENnTOPH CiTKIBKH,
BIJIMOBiAANIbHI 32 COPUMHATTS KOJIBOPIB, TOMY 1X MOKHA JIETKO JIOCIII)KYBaTH
HaBiTh B CYTIHKAaX 1 IpH MicsiaHOMY CBiTJi. OTHAK, HE3BAXKAIOYHM Ha iX
JTOCTYIHICTb, 3 IEPCIICKTHBH Bi3yaJIbHOTO CIIPUUAHSATTS OJIHA SICKpaBa
’KOBTYBara IusiMa nucka Elpi Mano unM BiapizHsaeThes Bif iHmoi. Came B
bOMY BHUIIAJIKy OCOOJIMBOI yBaru 3aciyroBylOTh MOABIHHI 30pi Ta 30psHI
CKYITYCHHSI.

BaraTto 3ipok, siki Ha HmepuIii morisg ado Mpu HEBEJIIMKOMY CTYIEHI
30UIBIICHHS 31AI0THCS TOOAMHOKUMH, TIPY TIOJATTBIIOMY TPUOIMKEHH]
BUSIBJISIOTHCS OaraTo3ipkoBUMH cucTeMamu. YacThHa 3 HUX € Pi3uuHuMH
OiHapHUMHU CHCTEMaMH — 30PSIMH, [TOB’I3aHUMH T'PABITAIIEI0 HA ENINTHYHUX
op6iTax, TOi SIK 1HIIII — MPOCTO BUIAIKOBUN MPOEKIIHHE CKYITUYEHHS 31pOK,
PO3TaIIOBAaHUX HA Pi3HUX BijcTaHsaX. JlOCTiKyBaTH MOABIHHI 31pKH I[IKaBO
Yyepe3 MOXKIIUBICTh HECTIOIBAaHKH: 3aBXK/IM ICHY€ IIIaHC BUSBUTH JBi 00 KiJIbKa
31pOK, 110 MepedyBarTh y Oe3mocepeiHii OJIM3bKOCTI, PO3IUBUTHUCS 30PSHY
BEJIMYKHY, KOHTPACT KOJIBOPIB MiK HUMH 200 K 3ITKHYTHCS 3 ONTUYHUM
BHUKJIMKOM PO3MOALTY 31pOK, OJIM3BKUX IO MEXi PO3ILIHHOI 3[aTHOCTI
Teneckorna. Tox e XOpouuii crocio TOCTIAUTH HE JIUIIE KOCMOC, ajle i



small telescopes will struggle to separate the components though a
well-collimated 150 mm tele-scope should be able to split stars as
close as 1.0 arcsec. I have also excluded stars where the fainter
companion is likely to be overwhelmed by the Airy pattern of the
brighter one. You can seek out many additional examples, such as
wider doubles or doubles spanning a greater magnitude range, when
you have some experience observing the targets listed here. In a few
cases, | have relaxed the selection criteria to include additional
favourites.

Use a wide-field eyepiece to locate the double stars, and then
switch to a high-magnification eyepiece (see Section 2.3.4) to
examine them more closely. The magnitudes and separations of the
companions are noted in the tables accompanying the charts in
Chapter 5, but the separations are not necessarily constant; stars in a
binary may show perceptible orbital motion after just a few years,
notably the systems of a Cen, which is the closest to the Sun and has
a period of 80 years, and a CMa (Sirius) which has a period of just
50 years. To obtain definitive separations for the specific year in
which you observe them, see online resources that may provide full
orbital details (see Bibliography).

Many star catalogues have been produced over the centuries,
and individual stars often acquire multiple designations. I have
tended to use designations from early (though not necessarily the
first) identifications of double stars. I also provide designations from
the Smithsonian Astrophysical Observatory (SAO) catalogue;
alternative designations can be found online (see Bibliography).

4.1.3 Variable Stars
Even prior to the development of the telescope, astronomers
noticed that some stars vary in brightness. Huge numbers of variable
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MOJKJIMBOCTI BalllOro TeJecKomna. Y 1iif KHU31 s 30CepeIBCs HacaMIiepe]] Ha
OCTaHHBOMY KPHTEPii, EpeBaKHO 0OMpar0O4X apu 3ip, 0 pO3TAIOBaHI Ha
Bijgcrani Big 1,5 mo 10 arcsec omna Big ogHoi. [Ipu Bixcrani, MeHmii 3a 1,5
arcsec, MaJji TeJIeCKONN MaTUMYTh TPYAHOII 3 PO3JIIJICHHSAM 00'€KTiB, X04a
no0pe xomiMoBaHui 150-MM TEIECKON MOXKE PO3PI3HATH 31pKH Ha BiJICTaHI J10
1,0 arcsec. S Takok BHKJTFOUHMB 00'€KTH, y SIKUX cialIa 3ipka, IIBUIIIE 32 BCE,
3HHMKHE Ha (DOHI CBITJIA 1HIIOI, ICKpaBilIoi yepes BizepyHok Eiipi. Konu Bu
HaOyJeTe TPOXU JIOCBIAY y CIIOCTEPEIKCHHI HaBEJICHUX 00'€KTIB, TO 3MOKETE
3HANTH O6araTo 1HIIMX IIJICH, SIK-OT MOJABIMHI 31pKH, K1 3HaXOITHCS Ha
OUIBIIINA BigcTaHl 200 K OXOIUTIOIOTH OUIBIINI [iama3oH BENMUUNH. Y JEIKUX
BUIIAJKAX s MOCIa0UB KpUTepii BiIOOPY 00'€KTIB JIJIs TOCIIKEHHSI Ta J0JIaB
IICBHI BUHSATKH.

BuxopucToByiiTe IUPOKOKYTHUHN OKYIISIp, 100 3HANTH MOABIIHI 31pKH,
a MOTIM MEPEKITIOYITHCS Ha OKYJISIP 3 BUCOKUM CTyIIEHEeM 301IbIIeHHS (JIMB.
Poznain 2.3.4), 106 po3rasiHyTH iX JeTanbHinle. Bennuunu Ta BijicTaHi Mix
3ipKaMU-CyIyTHUKaMH 3a3Ha4eHi B TAOIHIISAX, IO CYIPOBODKYIOTH JllarpamMy B
po31ii 5, ane iX BiJICTaHl HE 3aBXKIU MOCTiiHI. 3IpKH B MOJIBIMHUX CHCTEMax
MOKYTbh IOMITHO PyXaTHCh IO OpOITi 3 IHTEPBAJIOM Y KiJibKa pokiB. [lo Takux
HaJICKHUTh HaiOmmk4da 10 CoHl 30opsiHa cuctema Aiibda LlenraBpa (siat. a
Cen), mo mae niepion obepranns 80 pokis Ta 30pst Benmukoro Ica, abo Cipiye
(mat. a CMa), sixa mae nepion suiie 50 pokis. [I[o6 oTpumMaT TO4HI 1aHi Ipo
BiJICTaHb 00'EKTIB Y TOU piK, KOJH BH iX JIOCIIDKYETE, 3BEPHITHCS IO OHJIAKH-
pecypciB, sKi HAAAIOTh MOBHY 1H(POPMAIIIIO PO TPAEKTOPIIO PyXY (IUB.
bibmiorpadis).

[TpoTsiroM cTomiTh OyJI0 CTBOPEHO OaraTo KapTt, A€ MeBHI 31pKH MalOTh
JeKiIbKa MO3HAYeHb. SIK MPaBUIIO, s BAKOPHCTOBYB HAMOLIBII paHHi, X04a HE
000B'SI3KOBO TEpIIl, HAMEHYBaHHS MOABIMHUX 3ip. Takox s 3a103u4nB
MOo3HAYCHHS 3 Katanory CMITCOHIBChKOI acTpodizuanoi oocepBaropii (CAO).
AJbTepHATUBHI HAWMEHYBaHHS MOYKHA 3HAiTH B [HTEpHETI (IUB.
bibmiorpadis).

4.1.3 3minHi 30pi

[Ile m0 BUHAHACHHS TEJIECKOIAa aCTPOHOMH MOMITHIIH, IO 31PKU MAIOTh
pi3HUI CTYIIHB sicKpaBocTi. Hapasi BitoMo npo Benn4ye3Hy KiTbKICTh 3MIHHUX



stars have now been catalogued. They fall into two broad categories:
intrinsic variables, the light output of which genuinely changes with
time, and extrinsic variables, the light output of which is steady but
which some external factor modu-lates, determining how much
reaches the Earth. Dominating the intrinsic class are pulsating stars,
whose envelopes (outer regions) change size and temperature, giving
rise to variations in luminous output. Most extrinsic variables, on the
other hand, are very close (unresolved) binary systems where one
component eclipses the other as they orbit their common cen-tre of
mass, or where rotational changes in the aspect of a non-spherical
star cause the light we receive to fall and rise periodically. Both
categories of variables have contributed significantly to our
understanding of stellar evolution. Additionally, the discovery of a
connection between the periods and luminosities of pulsating stars
gave these objects a vital role in reveal-ing distance scales within and
beyond the Milky Way, as we shall see later.

Several dozen variable stars have been selected for this book
that have a magnitude range large enough for the eye to discern by
comparison with neighbouring non-variable stars, and where the
complete light curve, i.e. the graph of brightness versus time, can be
observed over about 10 days, thus without requiring months of effort.
This period limitation inevitably eliminated many long-period
variables, most notably the Mira variables, a class of very luminous
red giant star that has a huge magnitude range, up to eight or more
magnitudes, but with periods from 200 to 500 days. Only the
prototype of that group, Mira, also known as o Cet (omicron Ceti),
has been included. You can find the details of other variable stars,
including with longer periods, online, the American Association of
Variable Star Observers (AAVSO), an international organisation that
has encouraged observers to study variable stars for over a century,
would be a good start-ing point.

Identification charts with a 5° x 5° field of view have been
produced for each included variable star in Chapter 5 using the
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3ip. BoHM MoAiNstOTHCS Ha AB1 BEJIMKI KaTeropii: BHYTPIIIHBO 3MiHHI,
CBITJIOBHI ITOTIK SIKMX JIMCHO 3MIHIOETHCS 3 4aCOM, Ta 30BHIIIHLO 3MIHHI,
CBITJIOBUH TOTIK SKUX CTaOIILHUMN, IIPOTE 3AJICXKUTH BiJl 30BHINIHIX (DAKTOPIB,
110 BU3HAYAIOTh, CKUTBKHU CBITIIA tocarae 3emii. Y KaTeropii 3MiHHHX 3ip
MepPEeBaKaIOTh MYJbCYIOYl 31pKU, 00OJIOHKH (30BHIIIHI 001aCT1) IKUX
3MIHIOIOTH PO3MIp 1 TeMIIepaTypy, IO MPU3BOIUTH 10 KOJIMBAHB CBITIIOBOTO
MOTOKY. BinbIIicTh 30BHIIIHBO 3MIHHUX 31POK, 3 IHIIOTO OOKY, — AYyXKe
OJM3bKi (HepO3AUTbHI) TIOBIWHI CUCTEMH, J¢ OAMH 00'€KT 3aThMapIO€ 1HIIIHIA,
KOJIM BOHU 00EPTAOThCSI HABKOJIO CIIJIBHOTO IIEHTPY Mac, a00 KOJIU 3MiHU
oOepTaHHs acepUIHOT 3iPKH CIPUUNHSIOTH NIEPIOANIHE 3MEHIIICHHS Ta
301JIbIIIEHHS KITBKOCTI CBITJIA, 1110 0 HAc J0X0auTh. OOU/IBI KaTeropii 3SMiHHUX
31pOK 3HAYHO BIUIMHYJIM Ha Halle po3yMiHHS 30psHOI eBodrolii. Kpim Toro,
BIJIKpUTTS 3B'A3KY MIXK IIEpi0JaMH Ta CBITHICTIO MyJIBCYIOUUX 31p 3pOOHIIO 11i
00'€KTH KPUTHYHO BOKJIMBUMH Y BU3HAUCHHI IIKAJIN BiJICTAaHEH BCEPEAMHI Ta
3a Mexxamu ranaktuku Yymanekuid [1isx, sk Mu mo6auyumo aai.

st i€l kHuTH 51 00paB KUTbKa JAECATKIB 3MIHHUX 3ip, 10 MAIOTh
JOCUTh BEJIMKUI Jialma30H 30psSHOI BEIMYMHH, 11100 1X MOYKHA OYyJI0 pO3Mi3HATH
Bi3yaJIbHO Cepe]] CYCi/IHIX CTalllOHApHUX, 1 B IKUX Tpadik KpUBOI CBiTIA, TOOTO
rpadik sICKpaBOCTI B 3aJIS)KHOCTI BiJ] 4acCy, MOKHA CIIOCTEpIraTu mpuOIH3HO
npotsirom 10 aHIB, He BUTpayar0uu Ha 1€ Micsili. 3p03yMisio, 0 0OMEKEHHS
nepioy 3MIHHOCTI IPU3BEIIO 10 BUKITIOYCHHS 0ararboxX JOBrONEPiOAUYHUX
3MIHHHX 3ip, 30KpeMa Kiacy Mipua — sICKpaBUX YEpBOHHX TiTaHTIB, SIKi
MaloTh BEJTMYE3HHM iana30H /10 BOCbMU 1 OUIbIIIE 30PSHUX BETUYHH, ajie
niepiof 3minHOCTI Bix 200 1o 500 muiB. [{o 100ipKy BKIIFOUEHO JIUIIIE OJTUH
MIPOTOTHUII ILOTO Ki1acy — Mipy, Takox Biomy sk oMikpoH Kuta (;1ar. o Ceti).
Bu moxere 3HaiiTH AeTanbHy iHPOpMALIiI0 PO 1HIII 3MiHHI 31pKH, 30KpemMa 3
OLUIBII TPUBAIUMH TepioaMu O61ucKy, B [aTepreri. CallT AMepruKaHChKO1
acomiarii coctepirauiB 3MiHHEX 3ipoK (the American Association of Variable
Star Observers, ckop. AAVSO) — MixkHapogHOT opraHizallii, ika BXKe OHa]]
CTOJIITTS 320X0YY€ CIIOCTEpiraviB BUBUATH 3MiHHI 3ipKH, CTAaHE XOPOIIOD
BiJIIIPABHOIO TOYKOIO.

JIyist KOXHOT 3MIHHOI 31pKH, OIIMCAHOT B PO3/IiTL 5, 32 JIOTIOMOTOIO
oHnaitH-pecypciB opranizanii AAVSO Oynu cTBOpeHi ineHTUdiKaliliHI KapTH 3



AAVSO online resources, adopting a magnitude limit appropriate to
the minimum brightness of the variable star. You can make visual
estimates of the brightness of a variable star by comparing it to
adjacent comparison stars of known brightness. The AAVSO
convention is to report the visual magnitudes of comparison stars on
their charts to one decimal place but excluding the decimal point, so
a label stating "78" would mean a magnitude mV =7.8. In two cases
of rare variables, RS CVn and SX Phe, there were no visual
comparison stars in a suitable magnitude range indicated on the
AAVSO charts so unof-ficial magnitude labels have been added to
give you the opportunity to follow the light curves of these two stars,
albeit with unofficial comparison magnitudes.

An eyepiece with a wide field of view should be used, to help
you locate the field in the first instance and then to shift your
attention swiftly between the variable and comparison stars. Ideally,
you would identify one com-parison star slightly brighter than the
variable and another slightly fainter than it, and estimate the number
of steps in magnitude between them all to find the value for the
variable. This is an inexact process, especially for a beginner, and
often the comparison stars are not a good match to the vari-able, but
if you revisit the stars within a short period of time and repeat your
measurement before the stars have varied further, you can assess the
repeatability of your estimates. Once you have developed experience,
you might expect to achieve an internal consistency of around 0.2-
0.3 magni-tudes; very experienced observers can achieve better. If
measuring variable stars this way develops into a more enduring
interest, you could explore the AAVSO resources to link with that
like-minded community, through which you may contribute
measurements.

4.1.3.1 Cepheids

The main pulsating variables included in this book are
Cepheids. The prototype is 6 Cep, and the class is sometimes referred
to as delta Cephei variables or classical Cepheids. They are yellow
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MOJIEM OTJISITY 5° X 5°, BpaXOBYIOUH MEXKY 30PSIHOT BEJTMUMHH, 1110 BiAMOBIIa€E
MiHIMaJIbHIH SICKpaBOCTI 3MiHHOI 3ipku. Bu MoskeTe Bi3yalbHO OIL[iHUTH
CTYIIIHb SICKPABOCT1 3MIHHO{ 31pKH, MMOPIBHSBIIH ii 3 CyCiIHIMU 30PSIMH,
SCKPaBICTh AKHUX BXKE Bijoma. 3riHO 3 KOHBEHILI€l0 opraHizamii AAVSO,
Bi3yaJibHi pO3MipH JIBOX 31pOK Ha KapTax BKAa3yIOThCS 3 TOUHICTIO 1O OAHOTO
JIECSITKOBOTO 3HaKa, aje 0e3 KoMU, ToMy no3Hauka "78" o3Havae 30psHy
BennuuHy mV =7,8. Y IBOX piAKICHUX 3MIHHUX 30pSX, HAIPUKIIAL Y Cy3ip'l
I'onuwx IciB (;mat. RS CVn) Ta cy3ip'i @enikca (s1at. SX Phe), Ha kaprax
opranizanii AAVSO He Oyno mo3HaueHo 31pOK AJis Bi3yaJbHOTO MOPIBHIHHS B
noTpiOHOMY Jiana3oHi 30pSHUX BEIMYUH, TOMY Y KHH31 10/1aH1 Heo]iiiHi
Mo3HayKu. TakuM YMHOM, B MOXKETE CJIiIyBaTH 3a rpadikaMu KpUBUX OJIUCKY
JBOX 31pOK, X04a BOHH i He € OiliHHUMH BeTMYMHAMYU TIOPIBHSIHHS.

Crnig BUKOPUCTOBYBATH IIMPOKOKYTHUI OKYJIISIP, SIKUH IOTIOMOKE BaM
CTIOYaTKy 3HAWTH TOJIE 3iPKH, a TIOTIM IBUIKO MEPEKIIOYUTH (POKYC MikK
3MIHHOIO Ta 30peto nopiBHsAHHS. Halikpare BuOpatu oaHy 31pKy Ui
MOPIBHSTHHS, TPOXH SICKPAaBIlly 3a 3MiHHY, Ta iHIIIY, €TI0 ThMSHIIIY, a ITOTIM
OLIIHUTH PI3HUIIIO 30PSHOT BEIMYMHU MK HUMH, 1100 BU3HAYNTHU 3HAYCHHS
3MiHHOI. Lle TocuTh HEOTHO3HAUHUIT MTPOIIEC, OCOOIMBO AJISt TOYATKIBIIIB.
Yacto mopiBHIOBaHI 31pKH HE AyXKe MacylOTh A0 3MiHHOI, BTIM SIKIIIO BU
MOBEPHETECS /10 WX 00'€KTIB 4epe3 KOPOTKUN MPOMIXKOK Yacy 1 TOBTOPHUTE
BUMIPIOBAaHHS, JI0 TOTO, SIK 3MiHHA 30psl HAOy/1e 1HIIOT ICKPABOCTi, TO 3MOXKETE
OLIIHUTH MTOBTOPIOBAHICTh CBOIX BUMiproBaHb. Ko HaOyneTe q0cBidy, Bamri
OLIIHKH SICKPaBOCTI 3MIHHHUX 31p CTaHyTh CTA0UIbHI Ta Y3TO/KEH1 Ha PiBHI
npubimsno 0,2—0,3 30pssHux BenuyuH. J[OCBiTYeH]I aCTPOHOMH MOXKYTh
BUKOHYBATH 1€ TOYHIII 3aMipu. SIKII0 BUMIpIOBaHHS 3MIHHUX 31pOK
nepepocTe B OUIBII CTiiKE 3aXOIJICHHS, BU MOYKETE CKOPHCTATHCS PECypCaMu
opranizanii AAVSO, mo6 npueagHaTUCs 10 CUTBHOTH OAHOAYMIIIB 1 Yyepe3 Hel
HAJICUJIATH CBOI BJIACHI BUMIPIOBAHHSI.

4.1.3.1 legheiou

OCHOBHHMMH MyJIbCYIOYUMH 3MIHHUMU 30pSIMH, 1110 ONHCAaHI B il KHU3,
e nedeinu. Ixuiit mporotun — JensTa Lledes (ma1.8 Cep), Tomy neit kimac
1HO/I1 HA3WBAKOTH JACNbTa-1Ie(PEITHUMHU 3MIHHUMH 30PSIMHU 200 KIIACHYHUMH



giant and supergiant stars, broadly comparable to the Sun in surface
temperature but 4-20 times more massive and around 100000 times
brighter on account of their huge surface areas. Their pulsations are
very regular, characterised by a steeper increase and more gradual
decrease in brightness (Figure 4.1) over a period of typically 1-50
days, though only examples with a period shorter than about 10 days
are included in this book. Henrietta Swan's discov-ery of the period-
luminosity law for Cepheid variables in the Magellanic Clouds in the
years leading up to 19122 resulted in Cepheids becoming a crucial
means for determining distances both within and beyond the Milky
Way. On the basis of measurements of Cepheid variables, Edwin
Hubble declared in 1925 that NGC 6822, a dwarf irregular galaxy
simi-lar to the Magellanic Clouds, was "the first object definitely
assigned to a region outside the galactic system".

4.1.3.2 Population II Cepheids and W Virginis Stars

The naming of the delta Cephei variables above as classical
Cepheids sug-gests there might be another class. Stars now called
Type II Cepheids or Population II Cepheids also pulsate with periods
in a 1-50 day range and obey a period-luminosity relation akin to that
for the classical Cepheids, but at systematically lower luminosities.
These Population II Cepheids are fundamentally very different stars;
they are amongst the oldest stars known, having condensed out of
gas that was only slightly enriched in heavy elements at the time of
their formation. As most massive stars of their generation have now
burnt out, only the lowest mass, slowest evolving examples remain.
Those which have now evolved to become giants include what we
call Population II Cepheids, but with each having a mass only half
that of the Sun and possessing a more primitive composition, they
are a very different entity to the classical Cepheids, which also
accounts for why their period-luminosity relations differ. Population
II Cepheids serve as distance indicators to older populations of stars,

18

uedeinamu. e KOBTi TraHTChKi Ta HAATITAHTCHKI 30pi, K1 32 TEMIIEPATYPOIO
MOBEPXHI 3arajoM MoXxHa npupiBHATH 10 COHIIA, ajie yepe3 CBOIO BEITNYE3HY
Iouly BOoHM B 4, a To i 20 pa3iB MacuBHimIi Ta npudauzno B 100000 pazis
sckpapinti 3a Conne. IxHi mymbcanii 10CHTE peryispHi, BOH
XapaKTEepPU3YIOTHCS PI3KUM 3POCTAHHSAM SICKPABOCTI 1 11 O11bIII TOCTYOBUM
3MEHIIeHHM (MalL. 4.1) mpoTaroM nepiony, 1o, K MPaBHIIO0, CTAHOBUTH Bif 1
10 50 muiB. OHAK, 10 1€l KHUTH BXOIATH JIUIIE TPUKIIAIH 31p 3 Iepio oM
3MIHHOCTI, KOPOTIIHMM 32 pubau3Ho 10 nHiB. Bigkputts ['enpierroro CBoH
3aJIe)KHOCTI MepP10Ay-CBITHOCTI Ui 3MIHHUX 3ipok tumy Lledeinu y
KapJIMKOBUX TalaKTHKax MareyuranoBi XMapu y pokH, 1o nepeaysainu 1912-
My?, IPU3BEIO 110 TOTro, 1o Lledeinu cTanu BaxxnuBuM 3aco000M BU3HAUCHHS
BiJICTaHEH BCepenHI Ta 32 Mexamu raiakTiuky Yymanpkuit [1sax. V 1925
potii, Ha ocHOBI BUMiproBaHb 3MiHHUX [ledein, Easin Xa66u 3assuB, mo NGC
6822 — 11e KapJIMKOBa HEMPAaBWJIbHA TaJJaKTUKA, CX0Xka Ha TaJaKTUKU
MaremnanoBi XmMapu, «mepiiuii 00'eKT, 10 6e3nepeyHo 3HaX0IUTHCS 11032
MEKaMH rajakTuyHoi cucremu Yymanpkuil HInsax».

4.1.3.2 Ilonynayia Llegpeio Il muny ma 3opi muny W /liu

[To3HaueHHst 3MiHHUX 3ipoK TUITY AenbTa Lledes sk kracuaHnx
CBIJJUUTH MIPO ICHYBAHHS 1€ OJHOTO KJacy. 31pKH, K1 Hapa3i Ha3UBAIOTh
nedeinamu Il Tumy ab6o nomyssmiero nedein Il Tumy, Takox MyabCYIOTh 3
nepiogom Bix 1-ro 10 50-TH IHIB 1 TIAKOPSAIOTHCS 3aJIEKHOCTI IEPIOAY-
CBITHOCTI, IOJIOHIM 0 Ti€l, 10 HAsBHA Yy KJIACHYHUX Ledein, ane npu
cucreMatuyHo MeH1Iii cBitHOCTI. Lledeinu Il Tuny € mpuHIKIIOBO piI3HUMU —
1€ O/IHI 3 HaliCTapiluX BiJOMUX 31pOK, IO YTBOPWIINCS BHACIIIOK KOHIEHCALii
ras3y, KMl Ha MOMEHT iXHbOTr0 (hopMyBaHHs OyB 30araueHU HE3HAYHOIO
KUIBKICTIO BOXKKHUX €1eMeHTiB. OCKUTBKH OLIBIIICTh MACUBHUX 31POK TOTO
MIOKOJIIHHS BXKE 3rOPUIH, 3aIUIIUINCS JIUIIe HAWMEHIII, 10 PO3BUBAIOTHCS
HalnoBUIbHIIIE. [[0 31pOK, SKi €BOFOI[IOHYBAIH JI0 TITaHTIB, HAJICKATH 1 Ti, K1
MU Ha3zuBaemo nedeinamu Il Tumy. Ane koxHa Taka 3ipka Mae Macy JIHIle
B/IBi4i MEHIITY 32 COHAYHY Ta MPOCTIIINI CKIIa/1, OT)KE BOHH 3HAYHO
BIJIPI3HAIOTHCA BiJl KIIACUYHUX He]ei, 110 TaKOXK MOSICHIOE PI3HHULIIO Y
CHiBBiAHOIIEHH] nepioA-cBiTHICTh. Lledeinu Il Trmy momomaratoTs BUSHAUYUTH
BiJICTaHb JI0 CTAPIIUX 3ip, K HAPUKJIIA] O TUX, II0 3HAXOJATHCS B KYJIACTUX



such as are found in globular clusters. Two examples are included in
the target list of this book, belonging to a subclassification called W
Vir stars.

4.1.3.3 RR Lyrae Stars

A related and similarly important class of pulsating variable
stars is the RR Lyrae class. Like the Population II Cepheids, RR
Lyrae stars are old stars formed from gas deficient in heavy
elements, and as surviving members of that early generation of stars,
they too have masses only half that of the Sun. Unlike the Population
II Cepheids which are bright giants, the RR Lyraes have ignited
helium in their cores to enter a stable phase of evolu-tion as
"horizontal branch" stars. This "horizontal branch" terminology, like
"main sequence" and "giant branch", refers to a particular location in
the Hertzsprung-Russell diagram, a key diagram for understanding
the evolution of stars according to their luminosity and temperature
(or equivalently, magnitude and colour). RR Lyrae variables have
light curves which look somewhat like the other pulsating variables,
but with much shorter periods of only 0.5 days. They serve as
excellent distance indica-tors because of their well-established
luminosity but offer the additional practical benefit that their light
curves can be measured in a single night of observations. Three
examples are listed, including the prototype RR Lyrae itself.

4.1.3.4 SX Phe

A further class of short-period, Population II pulsating
variable stars is the SX Phe class, with pulsation periods of just an
hour or so, even shorter than the RR Lyr stars. The period-luminosity
relation of pulsating vari-ables indicates that the SX Phe variables
must therefore be below the lumi-nosity of the horizontal branch, and
indeed the stars of this class exist as an extension of the main
sequence. The star SX Phe, the prototype of the class, is included on
Chart 38, and has a period of just 79 minutes!

4.1.3.5 Algol Variables
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CKymueHHsX. Takoxk B Iiif KHHU31 OMKCAHO J1Ba IPEICTABHUKH IMIAKIACY 3iPOK
tunry W JliBu (stat. W Vir).

4.1.3.3 3opi muny RR Jlipu

[Ile ofHUM CXOXKHM 1 He MEHIII BYKIIMBUM BHJIOM MYJIbCYIOUUX 3MIHHUX
3ipok € xinac Tumy RR Jlipu. Sk i momymnsiist nedein 11 tumy, 3ipku tumy RR
Jlipu — 1e ctapi 3ipKu, 1110 YTBOPUIIUCS 3 Ta3y, O1IHOTO Ha BaXKKi €JIEMEHTH.
Sk mpeICTaBHUKYA PAHHBOTO TIOKOJIIHHS 31POK, 10 30€perivcs 10 HAITUX JHIB,
BOHU TEX MarOTh Macy, 1110 BiAmnoBinae nojoBuHi Macu Conis. Ha BigMminy Bij
nomyssiii nedein Il Tumy, siki € sckpaBuMHu rirantamu, 30pi Tamy RR Jlipu
OyKBaJIbHO 3alAJIUIIH Telii y CBOIX siApax, o0 nepeiTu Ha cTabiibHy (a3y
€BOJIIOLIi1, SIK 31pKH "TOPU30HTANBHOI Triku". TepMiH «rOpPH30HTANIbHA T1IKAY,
K 1 «TOJIOBHA MOCIIJOBHICTHY Ta «TUIKA TiraHTiBY», I03HAYAE TIEBHE
po3raimryBaHHs Ha fgiarpami ['eprmmpynra—Paccena, sika € KIF090BOO s
PO3YMIHHSI €BOJIOIIIT 31POK 3aJIEKHO BiJl IXHBOI CBITHOCTI Ta TEMIIEpaTypH,
1HaKIIe Ka)Ky49d — BiJI 30pSHOT BEJTMUMHH Ta KOJIBOPY. Y 3MiHHUX 3ip Tty RR
Jlipu rpadix kpuBoi OIHMCKY JEII0 CXO0XKUN Ha Tpadiky IHIINX MyIbCYIOUHX
3MIHHHUX 31pOK, aJie TIepioJl B HUX Ha0araTo KOpOTIIHiA, i cTaHoBUTH Jmmie 0,5
aus. Li 30pi cnyryroTh BiIMIHHUMH IMOKa3HUKAMH BiJCTaHi 4Yepe3 CBOIO TOUHO
BU3HAYEHY CBITHICTh. BTIM BOHM MarOTh 1€ OJIHY MTPAKTUYHY TepeBary —
ixHi#i rpadik KpUBOI CBITJIa MOKHA CKIIACTH 32 OJHY HiY CIIOCTepeXeHb. B
KHU31 TOJITAHO TPH MPUKIAIH, cepel akux i 30ps RR Jlipa — nporoTum mporo
KJIacy.

4.1.3.4 3opi muny SX @enixca

[Ile oqHUM KJIaCOM KOPOTKONEPIOANMYHUX MYJIbCYIOUMX 3MIHHHX 31p
nomyssinii I Tumy € kmac SX ®enikea (mar. SX Phe). [lepion ix mynbcamii
CTaHOBUTH OJIN3bKO FOJIMHHU, 110 HABITh KOPOTIIE, HIX Yy 3ipok Ty RR Jlipu.
3aneXHICTh MEePiOA-CBITHICTD MyIbCYIOYHX 3MIHHHX 31pOK BKa3ye Ha T€, 110
3MiHHI TUITY SX DeHiKca MaloTh CBITHICTh, HU)KUY 32 CBITHICTb
ropu3oHTanbHOI TiTky. I CripaBi, 3ipKu HBOTO KIIACy € MPOAOBKECHHIM
rOJIOBHOI OCTiAOBHOCTI. 300pakeHa Ha kapTi 38 3ipka SX deHikca —
MPOTOTHI LBOTO KIIACY — MA€ MePioJ] CBITHOCTI BCHOTO 79 XBUIHH!

4.1.3.5 3minni 30pi muny Aneons



The most common class of extrinsic variables is the eclipsing
variables of the Algol type, named after the prototype. These are
binary stars whose orbital planes lie in the line of sight from Earth,
so that as the two stars orbit their common centre of mass, one
periodically passes in front of the other, blocking some or all of its
light so that a dip in the light curve is seen. The depth of the dip
depends on the temperatures (and hence surface brightness) of the
two stars and whether the eclipse is partial or complete. A secondary
dip in the light curve is commonly observed when the two stars shift
to opposite sides of their orbits and another eclipse occurs in the
reverse orientation. The repetition period depends on the orbital
charac-teristics, governed by the masses and separations of the
components. Their importance to astronomy is that modelling of
eclipsing binary systems provides a rare method by which reliable
stellar masses may be obtained.

4.1.3.6 Beta Lyrae Binaries

Some binary stars are sufficiently close that when one
member evolves into the giant phase and expands, some of its
outermost material may flow across the orbital system to its
companion. Such binaries are called interacting binaries. The giant
star in such systems is no longer spherical, so as it rotates it presents
continuously varying aspects, and hence varying amounts of light, to
a distant observer. If the system is also eclipsing, then the light curve
will resemble an Algol type to some degree but with a continuous,
more smoothly varying form due to the non-spherical giant com-
panion. Beta Lyrae variables are of this type and, though less
common, are included in the charts that follow.

4.1.3.7RS CVn

RS Canem Venaticorum is an eclipsing binary star broadly
similar to the Algol type, except that one member of the system is a
giant star sport-ing very large star spots. These are cool regions
associated with unusually strong magnetic fields, which suppress
convection and result in radiative cooling of zones of the surface.
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HaiinmompeHimmm KjacoM 30BHIMIHIX 3MIHHHMX 31p € 3aTeMHIOBaHi 30pi
Uy AJTOJst, Ha3BaH1 Ha 4eCTh iX npoToTuiry. Lle moaBiitHi 3ipku, opOiTanbHi
IJIOIIMHHM SIKUX PO3TallOBaHI Tak, 110 3 3eMJli MU 0a4rMo, K JBi 31pKH
00epTarOTHCSI HABKOJIO CIIIBHOTO IIEHTPY Mac 1 0O1Ha TIEPiOTUIHO MPOXOIAUTH
nepe;l iHII0k, YaCTKOBO a00 MOBHICTIO 3aKPUBAIOYH 11 CBITIIO, 1110 IPU3BOIUTH
1o cniaay Ha rpadiky kpuBoi oyicky. CTyIiHb 3MEHIIICHHS SICKPaBOCTI Ha
rpadiky KpuBOi OJUCKY 3aJI€KUTH BiJ TeMIIepaTypH (a, OT>Ke, BiJl ICKPaBOCTI
MOBEPXHI) IBOX 3IpPOK 1 BiJ] CTYIIEHS 3aTeMHEHHS — YaCTKOBOTO YH ITOBHOTO.
Bropunne naainss Ha rpadiky KpuBOi OJUCKY 3a3BHUall CIIOCTEPIra€ThCs,
KOJIM 30pi IEPEXOAATh Ha MPOTHIICKHI CTOPOHH CBOIX OpOIT 1 BiIOYBa€eThCs
3aTeMHEHHs 1HI01 30pi. [lepioa MOBTOPEHHS 3aTEMHEHHS 3aJIC)KUTH BiJl
XapaKTePUCTHK OpOITH — MacH 3ip Ta BiJCTaHI Mi>k HUMU. 3aTEMHIOBaH1
MO/IBiiHI 30pi BIAIrparoTh BAXIMBY POJIb B aCTPOHOMII, aJKe X MOJIeTIOBaHHS
JI03BOJISIE TOYHO BH3HAYATH Macy 3ip, a TaKa MOKJIMBICTD TPAIUISIETHCS IOCUTh
piaKo.

4.1.3.6 lloosiuni 6ema Jlipu

Jlesiki moBiiHI 30pi po3TanioBaHi HACKUIBKH OJIM3BKO, 110 KOJIU OJIHA 3
HUX €BOJIIOI[IOHYE J0 TIFAaHTCHKOI Ta PO3MIMPIOETHCS, YACTHHA 11 30BHIITHHOTO
1Iapy Moxe MepeTikaTu uepe3 opoiTalbHy CUCTEMY JI0 30pi-cynmyTHHKA. Taki
MOJIBIHI CHCTEeMH Ha3WBAIOTh B3aEMOAIFOUMMHU. [ iraHTChKa 3ipKa B TAKHX
cUCTeMax Bxke He cepruHa, TOMY MiJl 4ac 00epTaHHs MOCTIIHO 3MiHIOE CBiif
BUTJISIJT, @ OTKE, 1 KUTBKICTh CBITJIa, IO JOXOIUTH JIO CriocTepirada. Ko
MOJIBiiHA CUCTEMa TaKOXK 3aTEMHIOBaHa, TO Tpadik KpUBOi OJIMCKY Oye
MIEBHOIO MipOIO CXOKHUH Ha Tpadik Anross, ajie yepe3 Hec(hepuIHy TiraHTChKY
CYIIyTHUKOBY 31pKy MaTHMe Oe3NepepBHY JIiHiI0 3 OUIbII INIABHUMHU 3MiHAMU
dopmu. bera Jlipu Tex Halexkath 10 HOTO THITY 3MIHHHUX 3ip, 1 X04a
3yCTPIYaKOThCS Pijllie, TeX M03HAUCHI Ha HACTYITHUX KapTax.

4.1.3.7 3opa RS I'onuux Ilcie

RS T'onuux IlciB (1at. RS Canem Venaticorum, RS CVn) — ne
MOJIBifHA 3aTEeMHIOBaHa 3ipKa, [0 B IILJIOMY TIOII0HA JI0 31pOK TUITYy AJITOJIS, 32
BUHSTKOM TOTO, III0 OJIHA 3 31POK ii CHCTEMH — TiraHT 3 BEJIMKUMH IUISIMAMHU Ha
noBepxHi. O3HaYeHI MJISIMU — 1€ XOJIOIHI AUISHKH, III0 YTBOPHIIUCH Yepe3
HA/I3BUYAHHO CHJIbHHI BIJIMB MAarHiTHUX MOJIiB. BOHU ralbMyrOTh KOHBEKIIIFO



Unlike sunspots which account for only a tiny fraction of the Sun's
surface and barely affect its visible brightness, the star spots on the
RS CVn giant are huge; they cover from 1/6th to 1/3rd of its surface,
and as the star rotates, their passage across the disk produces further
dimming of the light curve. As a visual observer, you are more likely
to see the usual eclipsing binary behaviour than the modulation by
the star spots, but it's worth trying to observe it, just in case.

4.1.4 Open Clusters

Stars form when a large, cold cloud of gas collapses and
fragments into many smaller parcels. These form individual stars,
spanning a wide range in mass, temperature and brightness, which
we observe as a star cluster. You are possibly aware already that the
Sun is slowly converting hydrogen into helium via nuclear fusion
reactions in its core. The least massive stars are 1/12th the mass of
the Sun, which is the lower threshold for the onset of nuclear fusion
reactions, but the most massive extend to tens of times the mass of
the Sun. Although the most massive stars contain more hydrogen
fuel, they are also very much brighter, so they burn their fuel much
faster, with the result that they complete their hydrogen-burning
phase, as well a later phases of evolution, sooner.

You may have noticed a subtle but important phrasing in the
preced-ing paragraph: massive stars are "brighter, so they burn their
fuel much faster". In other words, the rate of nuclear burning is
dictated by the lumi-nosity of the star, not the other way around. This
happens because "nor-mal" stars are spheres of gas that adjust their
structure in response to their internal pressures, and this adjustment
sets the temperature in the core. If the core temperature and density
are high enough, then nuclear reactions will start. When the nuclear
reactions achieve a rate that liberates the same amount of energy as is
being radiated from the surface, the star achieves a phase of stability
that can be sustained for a very long time. On the other hand, if the
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i IpU3BOIATH A0 PaalalifHOTO OXOJIO0HKEHHS JUISTHOK moBepxHi. Ha BiaMiHy
BiJl COHSIYHUX TUISAM, SIKI TIOKPUBAIOTH JIMIIE KPUXITHY YaCTUHY MTOBEPXHI
CoHIis 1 Maike He BIUIMBAIOTh Ha HOTO BUAMMY SICKPaBICTh, TUISIMU HA
riranTcbkiit 30pi RS CVn Benuuesni. Bonn nokpusarots Bin 1/6 mo 1/3
YaCTUHH MTOBEPXHI, 1 KOJIU 3ipKa 00epTaEThCs, X MPOXOJKECHHS Yepe3 IUCK
MIPU3BOIUTH J0 TIOIATBIIIOTO MAIIHHS ICKPABOCTI Ha TpadiKy KpUBOI OJIUCKY.
[Tix gac cocrepekeHHs BU, HalIMOBIpHIIIIe, TTOMITUTE THUIIOBI O3HAKH
3aTEeMHIOBAHOI MOBIIHOI 30pi, HIXK 3MiHY 30psSHUX IUISM, aJie BCE K BapTO
cpoOyBatu iX ymiiimarTH.

4.1.4 Po3cisiHi 30psiHI CKYITYSHHS

3ipKH yTBOPIOIOTHCS, KOJIM BEJIMKA XOJIO/IHA Ta30Ba XMapa CTUCKAETHCS
Ta pO3MANAETHCS Ha 031114 APIOHIIINX YaCTHHOK. BOHU yTBOPIOIOTH OKpeMi
31pKH HIMPOKOTO Jialla30Hy MacH, TEMIEPaTypH Ta sICKPaBOCTI, sIKi MU 6a4rMO
SIK 30psIHE CKYITYCHHS. MOXIIMBO, BaM BK€ BiIoMO, 110 B COHSYHOMY sIIpi
BiJI0YBaIOTHCS peakiii a1epHOro CUHTE3y, BHACIIIOK SKOT'O BOJECHb MOBLJIBHO
NEepeTBOPIOEThCA Ha reniid. Haiinermi 3ipku cranoBnsTh 1/12 macu CoHis - e
MiHIMaJbHa MEXa JJIsl TOYaTKy siIepHUX peakiliii cunresy. Haromicth
HalMacWBHIII 31pKH B JIECATKH Pa3iB ii mepeBUIIYI0Th. BoHU MicTATH Oisbime
BOJIHEBOTO TMAJIMBA, aJie TAKOXK € SICKPABIIIIMMHU, TOMY 1 CIIATIOIOTh HOTO
IIBH/IIIE, 3aBEPUIYIOYH B PE3YIIbTATI CBOIO (ha3y CIIATIOBAHHS BOJHIO Ta
HACTYIIHI (ha3u eBOJIOIII.

MOoXITUBO, BH 3BEPHYJIH yBary Ha HENPHUMITHE, aJie BaXJINBE
dbopMyIntoBaHHS BUpa3y B MOMEPEAHbOMY a03alli: MaCHUBHI 30p1 "MICTATh
OlTbIIIe BOJHEBOTO NAJIMBA, aJIe TAKOXK € ICKPABIIIMMHU, TOMY 1 CIIAIIOIOTH HOTO
mBuaIe". [HIMMME cJI0BaMU, IBUKICTB SIGPHOTO TOPIHHS 3aJIC)KHUTH Bijl
CBITHOCTI 3ipKH, a He HaBMakH. Lle BinOyBa€eThcs TOMY, IO «HOPMAJIBHI» 31pKU
— 11€ Ta30Bi cdepu, SKi 3MIHIOIOTh CBOIO CTPYKTYPY BIANOBITHO 70
BHYTPIIIHBOTO THCKY, a II€ B CBOIO YePry BH3HAYAE TEMIIEPATypy spa. Ko
TeMIIepaTypa Ta MUIBHICTh SJIpa JOCTATHHO BUCOKI, TO MOYNHAKOTHCS SICPHI
peaxuii. Ko snepHi peakiii J0CATar0Th MBHUIKOCTI, PH SIKil BUBUTLHSIETHCS
TaKa X KiJIbKICTh €HEprii, 110 i BUIIPOMIHIOETHCS 3 TTIOBEPXHI, 31pKa
nepexoauTh y (hasy cTabiIbHOCTI, IKa MOYKE TPUBATH JyXKe JOBro. 3 iHIIOTO
00Ky, SIKIIO TeMIIepaTypa sijipa HeAOCTaTHLO BUCOKA, 100 3aIyCTUTH PEAKIII0



temperature in the core is not high enough to initiate reactions of the
available nuclear fuel, then the core will contract and heat up further.
The contraction stops when one of two things happens: either a
hotter phase of nuclear fusion reactions eventually is established and
that releases energy that stops the core contracting, thus attaining a
stable phase of evolution after all, or else some other structural
change intervenes. So, the truth of the matter is that hot stars make
nuclear reactions happen; nuclear reactions don't make stars hot. In
fact, nuclear reactions stop stars from getting hotter, because they
delay the gravitational contraction of the gas.

Clusters of stars that have formed from a fragmented gas
cloud will dis-perse over time due to the different motions of the
stars, exacerbated by gravitational interactions with other large
concentrations of mass in the Milky Way. However, if they are
observed while still young enough, a wide variety of stellar masses,
magnitudes and colours may still be observed together, and this is
what we see telescopically as an open cluster. They may even be
seen still in the vicinity of gas left over from the cloud from which
they formed, and which has since been ionised (stripped of its
electrons) by ultraviolet light emitted from the hottest, most
luminous stars of the cluster. Thus, diffuse emission nebulae, whose
gas is predominantly ionised, are found only in the vicinity of young
open clusters. Open clusters are consequently a diverse category of
object, some being dense, others loose, and the ranges of colours and
luminosities present depend on how far the evolutionary process has
advanced, i.e. how long ago they formed. The open cluster M67, in
Cancer (Chart 16), is one of the oldest open clusters, and therefore
provides important observational constraints on stellar evolution.

As the majority of intact open clusters are young
astronomically speaking, still containing fast-evolving, hot massive
stars that have yet to com-plete their evolution, they tend to be found
in regions of the Galaxy where star-forming gas clouds are abundant
and dense, i.e. close to the plane of the Milky Way. This can also
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3 HassBHUM SIJICPHUM TaJIHUBOM, TO PO Oy/e CTUCKATUCS Ta HArpiBaTHUCS I
oinbmie. CTHCKaHHS MPUTTUHSAETHCS Y JIBOX BUMAAKAX: SKIIO PO3MOYNHAETHCS
iHTeHCHUBHIIIA (ha3a SIePHOTO CUHTE3Y, IPH K1l BUBLIBHIETHCS SHEPTIs, 110
3YNUHSE CTUCKAHHS SJIpa 1 K HACTIIO0K 3ipKa MepexoauTh Ha CTabimbHY (azy
€BOJTIOII1, 200 XK SIKIIO BiAOYBA€THCS SKACh 1HIIA CTPYKTYpHA 3MiHa. OTxe,
BHCHOBOK TaKWi: BUCOKA TEMIIepaTypa CIIPUYUHSE SACPHUN CHHTE3, ajie sIepHi
peaxiii He BIUIMBAIOTh Ha TeMIeparypy 3ipku. HacnipaBai Taki peakiiii
3armo0iraroTh HarpiBaHHIO 31pPOK, OCKUIBKH BOHH YITOBUIBHIOIOTH IIPOIIEC
rpaBiTalliiHOTO CTHCKaHHS rasy.

CKyITaeHHs 3ip, 0 YTBOPWIHCS 3 YACTHH ra30BO1 XMapH, 3 4aCOM
PO3CIIOTHCS Uepe3 pi3Hi pyXu caMuX 31pOK, 10 TOCUITIOIOTHCS TPaBiTalliiHOO
B3aEMOJIIEIO 3 THIIMMH BEITUKAMU CKYITYEHHSMHU Mac B TaTakTUIll YyManbKui
HInsx. OpHak, SKII0 CIOCTEPIraTH 3a JO0CUTh MOJIOAUMHE CKYITYEHHSIMU, MOKHA
M00AYNTH MIUPOKE PO3MAITTS 30PSHUX Mac Pi3HUX BEIMYMH Ta KOIbOpiB. Came
TaK BUIJIAAIOTH Yepe3 TeNeCKOI PO3CisHi 30psHi CKymueHHs. IX MoxHa
MIOMITHTH HaBiTh CEpe/l 3aJTHUIIKIB Ta30BOT XMapH, 3 SIKOT BOHU YTBOPHIIHCS.
Cam ra3 mia giero yiabTpadioraeToBOro BUIPOMIHIOBAHHS, SIKE HAIXOIHIIO 3
HalrapsA4ilmx Ta HAWACKPaBIIINX CKYITUYEHb, 3T0JIOM 10HI3yBaBcs (TOOTO
BTpaTHB €NeKTPOHU). Takum yuHOM, AUQY3HI eMiCiiiHI TYMaHHOCTI, ra3 SKUX
MEPEBKHO 10HI30BAHUMN, 3yCTPIYAIOTHCS JIUIIE HETTOAATIK MOJIOJANX PO3CISTHIX
ckymyeHb. OTKe, 30psHi CKyITUeHHs — J0BOJI1 Pi3HOMaHITHI. BOHU MOXYTh
OyTH 1miIBHI 200 PO3CisHI, 3 PI3HUM JT1aITa30HOM KOJIbOPIB Ta ICKPABOCTI
3aJIeXHO BiJ] TOTO, Ha SKOMY €Tarli eBOJIOLiT BOHH Iepe0yBaroTh, TOOTO K
naBHO BOoHU cpopmyBanmcs. Poscisine ckymuenns M67 (Meccwe 67), mo
3HaxoauThes B cy3ip'l Paka (Kapra 16) — oxane 3 HalicTapilliuX CKyIm4eHb
IILOTO BUJIY, & OTXKE € 3pa3KOM, SIKUH JI03BOJISIE ACTPOHOMAM IIEPEBIPSITH TEOPIi
€BOJTFOITIT 31p.

OCKUTBKY OUTBIITICTD IUTICHUX PO3CITHUX CKYITYEHB 32 ACTPOHOMIYHUMHU
MipKaMH € MOJIOJIUMH, BOHU TaK CaMO MICTATh raps4i MaCUBHI 31pKH, SKi I HE
3aBEPIIMIIN CBIl €BOJIOIIMHMNA [TUKJI, aJie IIBHIKO PO3BHBAIOTHCS. Ix, sx
MIPaBHUIIO, 3HAXOASTH B 00JACTSIX TaJIAKTUKH 3 BEIMKOIO KUIBKICTIO IIITBHUX
CKYITYEHb Ta30BUX XMap, TOOTO HEMOJATIK TaTaKTUIHOT TUIOMHHNA YyMarbKoro
HInsxy. Takox 11e 03HAYae, 10 Ha 30PSHOMY TJIi 200 B OKOJIUISAX CKYITYEHb



mean that the background or vicinity of some open clusters is already
quite rich in stars, so you may find many rich star fields on your way
to locating a target open cluster. Located close to the plane of the
Milky Way, they can also be near dark dust clouds, which give rise
to some quite contrasting vistas.

The star-hopping journey to an open cluster should be
undertaken with a low-magnification, wide-field eyepiece. Once
located, a higher magnification approaching mMax may help raise
the contrast of unresolved stars against the background, but this may
only be worthwhile if the cluster fits within the field of view. The
Pleiades is a good example of an open cluster that is so large that it
may exceed the field of view even of a small telescope if its focal
length is high enough or if the eyepiece has too small a field of view
and focal length (see Section 2.3.4).

The open clusters included in the charts below (Chapter 5) are
mostly from the Messier (M) catalogue, New General Catalogue
(NGC) and Index Catalogue (IC). The angular size of each open
cluster is given in the accompanying tables, along with its integrated
(total) magnitude, but neither figure should be regarded as precise.
Open clusters have very loosely defined edges, so the criteria used to
specify the size won't neces-sarily be the same in all studies, and
studies that reach down to the faint-est stars may also estimate larger
sizes. For that reason, I have sometimes erred on the side of stating
smaller sizes, which can be more representative of what visual
observers will see through small telescopes. The integrated
magnitude is similarly affected by assessments about how large the
cluster is, and in any case says nothing about the distribution of
brightness within the cluster. So, these figures should be treated as
broadly indicative of over-all cluster properties, but far from
definitive.

4.1.5 Globular Clusters

Like the Population II Cepheids and RR Lyrae stars, globular
clusters belong to the old stellar population of the Galaxy, having
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y’Ke € JIOCTaTHA KUIBKICTB 31p. TOXK MOKM BH LIyKAa€Te T€ YU 1HIIE 30PSHE
CKYITYCHHS, MOXKETE TIOMITUTH 0arato mUTbHAX 30PSIHUX IMOJIiB. BOHM Takox
MOXYTb 3HAXOJUTHUCS HEMOJAIIK rajlakTHYHOT tuiommHu Yymarpkoro HInsxy,
no0JIM3y TEMHUX MIJIOBHX XMap, SIKi CTBOPIOIOTH TOCUTh KOHTPACTHI KOCMi4HI
KpPaeBH/IH.

30psHI CTPUOKH CITiJT HOYMHATH 3 ITUPOKOKYTHOTO OKYJISIpa HU3BKOTO
crynens 30inbmeHHs. [Ticis BU3HAYEHHS Miclis PO3TalllyBaHHS, MOAJIbIIIe
MpUOIVKEHHS 10 mMax JOIOMOKe TiIBUIIIUTHA KOHTPACT HEBUPA3ZHUX 31POK
Ha KOCMIYHOMY (DOHi, ajie 11e JOIIIBHO JIUIIIEe B TOMY BUIAKY, SKIIO IIiJie
CKYITYCHHS 3HaXOAUTHCS B TOJI 30py. XOPOIINM IPHKJIAZIOM PO3CIsTHOTO
30psSIHOTO cKymueHHs € [lnesu. BoHO HACTIIBKY BEJIHKE, 110 MOXKE HE
MOMICTUTHCS B TIOJ1 30py MaJIOr0 TEJIECKOIa, SIKIIO HOTo (POKyCHA BiCTaHb
3aBHCOKa 200 SKIIO OKYJISIP Ma€ 3aHAJITO MaJie MoJie 30py Ta (JOKYCHY BiJICTaHb
(muB. Po3min 2.3.4).

Binkputi ckymueHHs, 300paxkeHi Ha KapTax HUxKue (po3zin ),
nepeBakHo B34ATI 3 Katajory Meccee (anrd. the Messier catalogue a6o M),
HoBoro 3aransHoro karasnory (anri. New General Catalogue abo NGC) Ta
Innekcuoro karanory (anri. Index Catalogue a6o IC). Kyrosuii po3mip
BIJIKPUTUX CKYITYECHb HABEJICHO B CYIPOBIIHUX TAOIUIISIX pa30M 3 IXHBOIO
IHTETPOBAHOIO (3araAJIbHOI0) 30PSHOI0 BEIIMYUHOKO, aJIe JKOJHY MUY HE CIi
BBaKaTH TOYHOI0. BiIKpUTI CKyMMueHHs MalOTh AyKe HEUITKI MeXi, TOMY
KpUTEpii, 32 SIKMMU BU3HAYAIOTH 1X PO3MIp MPH JOCITIKEHH], MOXYTh
pizautucs. Kpim Toro, sKIo BpaxoByBaTH HaBiTh Jy»Ke€ ThMsHI 30Di,
CKYITYCHHS 3[1a€ThCS OLIbIINM. 3 1i€i MPUYHHY s 1HO/II HABMHCHO ITOMHJISIBCS
Ta BKa3yBaB MEHIII PO3MIpH, sIKi OyAyTh KOPUCHUMH I CIIOCTEPIrayis, 10
BUKOPUCTOBYIOTh MaJIMI TEJIECKOIL. [HTEerpoBaHa 30psiHa BETMYMHA TAaKOXK
3aJIe)KHUTh BiJl OLIIHKU PO3MIPY CKYMUEHHS 1 B Oyb-KOMY pa3i HE HaJla€
iH(popMaii mpo po3MOIi ICKPaBOCTI BCepequHi camoro cKkymyeHHs. OTxke, Bci
uGpy JIMIIe TpUOIM3HO OMKUCYIOTh BIACTUBOCTI 30PSIHOTO CKYITYEHHS 1 HE €
OCTaTOYHHMH.

4.1.5 Kynscti 30psiHi CKyMTYeHHS

Kynscri ckymyaenns, sk 1 momyssnis nedein 11 tumy ta 30pi RR Jlipw,
MPEJCTABISAIOTH KATETOPIK0 CTApOT0 HACEJICHHS [ allakTHKH, 10 yTBOPUIIOCH 3



formed from primitive gas. The surviving stars of this generation are
all lower in mass than the Sun and are either red giants or yellow/red
dwarfs. Globular clusters therefore lack the luminous, hot, blue stars
that are often found in younger open clusters, and they are devoid of
gas. They formed long before the oldest stars in the plane of the
Milky Way, and in more remote environments where they were less
likely to be dissolved by regular gravi-tational encounters with other
large concentrations of mass. Their appear-ance is therefore
completely different, as the name suggests.

The distribution of globular clusters is also very different to
the open clusters found in the Milky Way's disk. Globular clusters
occupy a more spherical volume of space, still centred on the Galaxy
but with the den-sity of the system diminishing at a greater distance
from the centre. As the centre of the Milky Way as seen from the
Sun is in the direction of the constellation Sagittarius, so too is the
centre of the globular cluster distribution. Of the globular clusters
included on the charts in this book, 40% are located within just three
neighbouring constellations: Sagittarius, Ophiuchus and Scorpius. As
with the thickening of the Milky Way star fields in that direction, the
concentration of the globular cluster system seems to be saying,
"This is where the Galaxy is centred." Measurements of the distance
from the Sun to the centre of the globular cluster distribu-tion
provided one of the first reliable measurements of the distance to the
centre of the Galaxy, which is close to 26000 light years.

Because of their great distance and the sheer number of stars
they con-tain, typically 10000 to 100000 each, globular clusters are
mostly unre-solved in small telescopes, appearing as diffuse balls of
light. In such cases, they are usually best observed at relatively low
magnification, as higher magnification will not reveal more detail, it
will just spread the diffuse light out more and make them appear
fainter. However, in a very small number of cases, you might be able
to discern a few of the brightest giants and this can justify a higher
magnification to increase their contrast. You can always experiment
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MPUMITHBHOTO Tra3y. 3ipKH IIbOT0 MOKOJIHHS, 1110 30eperaucs A0 HaIllUX JIHIB,
MalOTh MEHIIY B opiBHAHHI 3 COHIIEM Macy i € YepBOHUMH TiraHTamu abo
YKOBTHMHU Y YEPBOHUMU KapiuKamu. ToMy KyJIbOBi 30psiHI CKYITYEHHS He
MICTSITP Ta3y Ta ACKpaBUX, rapsaunXx, OJAKUTHHUX 31POK, SKi 4aCTO
3yCTPiYalOThCSA B MOJIOJIINX PO3CITHUX CKYMYEHHSIX. BoHu yTBOpHncs
3aJJ0Bro J0 HalicTapilyX 3ipoK B TalakTH4Hii riomumHi Yymanskoro Lmsxy i
B OUIBII BiJIaJIeHUX paiioHax, Je pi/lie PO3UHNHSINCS Yepe3 peryisapHi
rpaBiTalliifHi 3ITKHEHHS 3 1HIIUMHU BETMKUMHU MacaMu. TOX, sSIK MOKHA
3pO3yMITH 3 Ha3BH, BUTJISAAI0TH BOHU 30BCIM IO 1HIIIOMY.

Knacudikarist KyIsicTUX CKyITY€Hb TaK0X BiIPi3HIAETHCS Bl PO3CITHUX
CKYyITUeHb, 3HAHJCHHUX B TajJakTHYHOMY nucky Uymanpkoro Lnsaxy. Kynbosi
CKYITYCHHS 3aiMaroTh OLTbII chepruHuil 00'eM MPOCTOPY B MEKaX Ti€T K
[ManakTukw, ane o Aaii BiJl HEHTPY, TO IIUIBHICTh CUCTEMH 3MEHIIYETHCS.
Lentp Yymanskoro Lnsaxy, Sk i HEHTp PO3MOALTY KyJIbOBUX CKYITYSHb, MOXKHA
3HalTH y HanpsaMmKy Big Conus A0 cy3ip’s Crpuibist. 40% Bcix KyJlIbOBUX
CKYITYeHb, TIOJJAHUX Y KHU31, PO3TAIIIOBaHI JIUIIE Y TPhOX CYCIIHIX Cy3ip'sax:
Crpinbus, 3mienocns Ta CkopmioHa. [ToToBuieHHs 30pstHUX MOIiB YyManbKoro
Xy Ta KOHIEHTpAIisl KYJIbOBUX CKYITYEHb B IbOMY HAIPSIMKY HiOH
kpudathb: "Och TyT 3HaX0AUThCs LeHTp ["anakTuku". BuMipioBaHHS BiJiCTaHi
BiJ COHIIS 10 LIEHTPY PO3MOALTY KYJIbOBHX 30PSHUX CKYITYECHB JO3BOIHIIO
OTpUMATH OJHE 3 MEPIIUX HAIIWHUX MOKA3HUKIB BIJICTaH1 10 LIEHTPY
lanaxtukw, skt cTaHOBUTH 0113bK0 26000 CBITIIOBUX POKIB.

Yepes BeNMKY BiICTaHb Ta KUIBKICTh 31POK Y KYJISACTUX CKYIMYEHHSX (a
1e, sk npasuio, Big 10000 1o 100000 06'ekTiB) iX B OCHOBHOMY HEMOXKIIHBO
PO3TIIEAITH B MaJIHH TEJIECKOII, /)K€ BUTIIAIAIOTh BOHU K AU(Y3HI Kyl
CBiTNIA. Y TaKMX BUMAJKaX iX, K MIPaBHJIO, HAMKpAIE PO3IUBIISATUCH ITPH
BiJIHOCHO HU3bKOMY CTYTIEHI 301JIbIIICHHS, OCKIJIbKYA 3aBUCOKUI CTYIIHb HE
J03BOJIUTH TTOOAYUTH JETali, a IIPOCTO PO3Ci€ CBITIIO 1 3pOOHTH iX
po3muTimumMu. OHAK, Y AyK€ PIAKICHUX BUIMAIKaX BH MOXKETE PO3PI3HUTH
KUJTbKa HaWsACKPaBIMIKX 31p-TiraHTiB, 1 TO/1 BUCOKHHA CTYIiHb 30UIbIICHHS
JIOTIOMO>KE 3pOOUTH TX KOHTPACTHIIMMHU. TaKo BU 3aBKIU MOXKETE
EKCIIEPUMEHTYBATH 3 OKYJISIPOM BUCOKOTO CTYTCHsI 30UTbIIeHHS (10 mMax),
BTIM HE CIOJiBalTECs PO3TUBUTUCH BEIUKY KUTBKICTh OKPEMHX 31pPOK.



with a higher magnification eyepiece (up to mMax), but don't expect
to resolve significant numbers of individual stars. The south-ern
globular clusters @ Cen and 47 Tuc are probably the finest examples.

Because the fainter globular clusters can appear very
indistinct and diffuse, they can be difficult to observe, which is also
true of most galaxies (Section 4.1.8). Consequently, it is important to
develop the visual observ-ing technique called "averted vision"
(Section 2.2), i.e. directing your vision 15° to 20° away from the
target so the peripheral but responsive rod cells are illuminated. It
can also be helpful to make small, slow motions of the telescope, by
about one-quarter of the field of view, to see whether the eye detects
the movement of a diffuse source across the field of view. If you
can't see your object move when you move the telescope a small
amount, you're probably not seeing it at all. Recall also that dark
adaption of the eye takes up to 30 minutes, but can be reversed,
unhelpfully, in just a few seconds. For this reason, avoid using or
being near bright lights when observing, and if you do need
illumination, use red light since the rod cells are least sensitive to
longer wavelengths (Section 2.2).
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[Tinenni kynscti ckynueHHs o Cen (Owmera LlenTaBpa) Ta 47 Tuc (47
Tykana), iMOBIpHO, € HAMKPAIIMMHU TPUKIIATAMH.

Ock1bKH ¢1a01111 KyJIbOBI CKYITYEHHSI MOXKYTh OyTH HEUITKUMH Ta
TUQy3HUMH, iX, SIK 1 OUTBIIICTH TAJIAKTHK, 1HOI BaXKKO BUBUYATH (IUB. Po3min
4.1.8). ToMmy Ba)JIMBO OMIAHYBAaTH TEXHIKY Bi3yaJbHOTO CIIOCTEPEIKECHHS, 1110
Ha3uBaeTbes "BinBeneHe 6adennsa" (auB. Po3ain 2.2), ToOTO cpsiMyBaTH Balll
3ip Ha 15-20° B Oik Bij i, 100 CBITIIO MOTPAIUILIO HA iepudepilini, ane
BOJIHOYAC Y€ YyTIHBI MaTMIKOBI (OTOPEIENITOPHI KIITHHH OKa. Takox
crpoOyiTe MOBLIBHO 3MICTUTH TEJIECKON MPUOIU3HO HA YBEPTH MOJIS 30Dy,
100 TIePEBIPUTH, YU BIIOBJIIOIOTH 04l PyX CJIaOKOT0 pO3CiSTHOTO 00’ €KTa B IO
30py Teneckona. SIKIo BU HE MOMITHIIH, SIK 00'€KT pyXa€eThesi, TO, HMOBIPHO,
B3araiii iioro He 6auute. He 3a0yBaiite, 1o mporec aganTarii oka 10 TeMpPSBH
3aiimae 10 30 XBUIJIMH, ajie CBITJIO, HA )KaJlb, MOKE 3yIIUHUTH HOTO JIUIIE 32
KiJTbKa cekyHa. Tomy mij yac crnocTepekeHb YHUKANUTE SICKPAaBOTO OCBITICHHS,
BTIM SIKIIIO BOHO BaM BCE K IMOTPiOHE, 3aMiHITh HOTO Ha YEPBOHE, OCKUIBKH
MAJIMYKOBI (DOTOPELENTOPHI KIITHHU OKa HATMEHII YyTJIMBI J10
JIOBrOXBHUJILOBOTO BUIIPpOMiHIOBaHHS (1uB. Po3min 2.2).
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Chapter 2. Translation features of non-fiction astronomical discourse
into Ukrainian: a case study of Visual astronomy with a small telescope by
Sean G. Ryan

2.1 Information about the author’s biography and the characteristics of the text

Before embarking on a detailed analysis of the book, it is important to consider the
author’s personality as a factor shaping the work’s content and form. This section is therefore
devoted to an overview of the author’s biography and a description of his book.

Sean G. Ryan is an astronomer who has spent many years working as an amateur
observer and later became a professional scientist. According to the information provided in his
book, his interest in astronomy was sparked during his teenage years, when he learnt to observe
the night sky at the Canterbury Astronomical Society. Whilst studying astronomy, physics and
mathematics at the University of Canterbury in New Zealand, he gained practical experience
during public observation sessions. Later, he pursued his doctoral studies and earned a PhD in
observational astronomy at the Mount Stromlo and Siding Spring Observatories, conducting
extensive observations using telescopes with apertures ranging from one to 3.9 metres (Ryan,
2025, xiv).

During his career, he worked at several well-known institutions, including the University
of Victoria in Canada and the University of Texas, where in 1991 he was awarded a prestigious
Hubble Fellowship. He also held positions at major observatories such as the Anglo-Australian
Observatory and the Royal Greenwich Observatory, and spent time at the National Astronomical
Observatory of Japan. In 1999, he joined the Open University in the UK, and in 2006 he became
a Professor of Astrophysics at the University of Hertfordshire.

In addition to his academic and research work, Sean G. Ryan has authored more than 100
scientific papers and co-authored several textbooks. In 2024, he published another book, Visual
Astronomy with a Small Telescope, which was selected for the study.

Visual Astronomy with a Small Telescope is thematically devoted to astronomy and
tailored to beginners who have just purchased a telescope or plan to do so. According to one of
the editorial reviews on Routledge website, it is “just the book to help get you started in your
new observing journey” (2026). This statement is confirmed by its highly coherent and
sequential manner of the book that gradually build the reader’s skills. As it stated at the
beginning of the book, the volume is divided into several distinct chapters, each addressing
specific aspects of the subject in a systematic way (Ryan, 2025, p. 5). The first chapter serves as
an introduction and functions as a guide for using the book. It explains the structure of the text
and introduces key concepts, such as visual astronomy and small telescope with its
characteristics. The second chapter is primarily technical, addressing the properties of light, the
specifications and functions of telescopes, and the principles of human vision during
astronomical observation. Chapters four and five are the most significant as they provide detailed
lists of celestial objects suitable for visual observation with a small telescope, their description,
astrophysical significance, precise coordinates, and practical advice for locating them in the
night sky, as well as tips for the effective use of the telescope. Such organization helps the reader
gradually develop skills and master the subject.

A notable feature of the book is its rich astronomical terminology. It is consistently used
throughout the text to ensure precision in describing celestial objects, observational tools, and
physical processes. At the same time, many terms are accompanied by contextual explanations,
which contributes to their accessibility for non-specialist readers. This balance between
terminological accuracy and clarity is a key characteristic of the author’s writing style.

Overall, the organisation of the material and the use of specialised terminology
demonstrate the author’s intention to guide readers step by step from theoretical understanding to
practical application in observational astronomy, making the book both scientifically reliable and
educationally effective.
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2.2 Semantic and stylistic features of the non-fiction astronomical discourse
This subchapter examines the concept of discourse, focusing on its meaning and significance in
the context of the study. Attention is paid to defining discourse in the selected book, as well as
identifying its distinctive stylistic features.

The focus on the notion of discourse in this chapter arises from the need to consider its
characteristics in translation, which contributes to the adequate rendering of the text’s content
and pragmatics, as it involves identifying not only the content of the message, but also its
communicative function, intended audience, and pragmatic orientation, which is particularly
significant in translation since different types of discourse require different translation strategies.

According to Goddard and Carey, the term discourse originates from the Latin word
discursus, meaning “to run to and from”, which reflects the dynamic nature of language (2017, p.
1). However, during the process of reviewing relevant literature, it becomes evident that the term
itself does not have a single fixed definition. O. Gryshchenko (2024) states that discourse has a
multidisciplinary nature and can by defined, on the one hand, as “a communicative process and
an interaction between communicators” and on the other hand, it is also understood as “a distinct
way of representing and perceiving the world.” (p. 4) This variation in meanings can be
explained by its use across different academic disciplines and spheres of communication.

It is worth noting that discourse is considered “dynamic”. Carlotta S. Smith states that
“representation is continuously updated as discourse develops”, which implies that discourse is
not static but evolves throughout the process of communication (2003, p. 12). From this
perspective, it can be concluded that a single text may incorporate and shift between different
discourse types, as communicative purposes and contextual meanings are gradually constructed
and modified.

During the translation process, it became clear that the Visual Astronomy with a Small
Telescope written by Sean G. Ryan is realised in the genre of popular science literature and
consequently belongs to the popular science discourse. The Cambridge Dictionary defines
popular science as “science presented in a way that is interesting and understandable to people
who are not experts”. Thus, the main aim of such texts is to convey information to people who
lack expertise in a particular field or as S. Radetska notes, namely “to form a scientific outlook in
the reader” as well as “popularize scientific knowledge” (2019, p. 124).

Considering this, one can conclude that such texts have certain stylistic features. The
most important of them are accessibility, simplicity, concreteness, and clarity of presentation
(Radetska, 2019, p. 124). This implies explaining all complex concepts and terms in language
that is understandable to the reader. For example, the concept of the “celestial sphere” is
introduced in the book by the phrase “Astronomers imagine the Earth surrounded by a
sphere...” (Ryan, 2025, p. 3). To simplify the information, the author also makes frequent use of
comparisons. Thus, in the lines “Mars is distinctly red. It is smaller than Jupiter...” the size of
unfamiliar phenomena (Mars) is explained in terms of familiar ones (Jupiter), which helps the
reader better visualize the object (Ryan, 2025, p. 4).

Another important feature of such texsts noted by S. Radetska is the use of dialogue’s
means. In the case of Visual Astronomy with a Small Telescope, the author addresses the reader
directly using “you” and refers to himself as “I”’. For example, in the sentences “If vou can't see
your object move when you move the telescope a small amount, you're probably not seeing it at
all” (Ryan, 2025, p. 57) or “I have also excluded stars where the fainter companion is likely to
be overwhelmed by the Airy pattern of the brighter one” (Ryan, 2025, p. 48). That creates an
impression of interaction between the author and the reader.

Moreover, as Radetska notes the typical instructional voise is usually interspersed with
emotionally coloured vocabulary like “wow factor” in the sentence “No photograph replaces the
wow factor of observing... Saturn's rings” (Ryan, 2025, p. 2). Furthermore, in some cases, the
author explicitly expresses his emotions, like in the sentence “Saturn doesn't disappoint!” (Ryan,
2025, p. 47). These techniques aim to capture the reader’s attention and keep them engaged.
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To conclude, discourse is a multidimensional and dynamic phenomenon that has no
single definition and varies depending on the context and sphere of use. In the translation process,
it is important to take into account its pragmatic and content-related characteristics, as they
influence the adequacy of the text’s reproduction. The analysed work, Visual Astronomy with a
Small Telescope, belongs to the popular science discourse, the main aim of which is to present
scientific information in an accessible manner to a non-specialist audience and to foster an
interest in science, particularly in astronomy. This type of text is characterised by simplicity of
presentation, clarity, the use of explanations and comparisons, as well as elements of dialogue
and emotional tone, which contribute to a better understanding of the material and engage the
reader.

2.3. Translation techniques and challenges of rendering the meaning of terminology
in Visual astronomy with a small telescope by Sean G. Ryan

Given the book’s specific nature, it uses a wide range of specialised terminology to cover
key concepts in astronomy. This subchapter therefore examines the notions of terminology and
term, their features and significance in shaping the reader’s scientific understanding; it presents a
classification of the terms used in the book Visual Astronomy with a Small Telescope and
analyses the translation techniques employed to render them into Ukrainian.

Before analysing terminology, it is necessary to distinguish what the notions
“terminology ” and “term” mean. L. Bowker states that ferminology is ‘the discipline concerned
with the collection, description, processing and presentation of terms” and the term itself is “an
item belonging to specialised areas of usage of one or more languages”(2019, p. 5).

Accordingly, it is reasonable to assume that the term differs from a commonly used word
and possesses a specific set of distinctive characteristics. Dyakov, Kyiak and Kudelko (2000),
identify the following:

1. A term must conform to the rules and norms of a given language.

2. A term must be systematic.

3. A term is characterised by definability.

4. A term possesses relative independence from context.

5. A term must be precise.

6. A term should be concise, although this requirement often conflicts with the need for
completeness.

7. A term must be unambiguous.

8. Terminology does not permit synonymy, as it hinders mutual understanding.
9. Terms are stylistically neutral and lack expressiveness.

10. A term should be euphonic (i.e., it should meet the requirement of euphony).

Following these requirements, terminology ensures clarity and prevents misinterpretation
that may arise while using general vocabulary. Therefore, strictly defined terminology plays an
important role in the field of science, as it serves as a basis for knowledge transfer and effective
communication as well as mutual understanding both within individual disciplines and across
different areas of knowledge.

During the translation of Chapters 1 and 4 of the book Visual Astronomy with a Small
Telescope , more than 200 terms were identified. To simplify further analysis and enhance clarity,
it was decided to categorize them. For this purpose, it is reasonable to apply the typology
proposed by D. Furt and L. Dmytruk, which divides them into the following three categories:

1. General scientific terms. These are lexical units that are used in most branches of
science and have a broad, universal meaning (Furt & Dmytruk, 2020, p. 22). They denote
fundamental scientific concepts that are common to various disciplines. In the analysed text this
category accounts for 19,4%. For example, such terms as “evolution” (Ryan, 2025, p. 66),
“motion” (Ryan, p. 46) or “force” (Ryan, 2025, p. 1) are not limited to a single specific field of
knowledge. However, within a particular discipline, they may take on a more precise, specialised
meaning (Ryan, 2025, p. 22). Thus, the term “/ens” is used in a general scientific sense across
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various disciplines, whereas “limiting lens” (Ryan, 2025, p. 3) represents a more specific,
specialised use of the term within a particular observational context. Similarly, “system” is a
broad scientific concept applicable across many fields, whereas “solar system” (Ryan, 2025, p.
45) is a specific instance of its use in astronomy.

2. Interdisciplinary terms. They are used in several related or even distant fields of
knowledge (Furt & Dmytruk, 2020, p. 22). This category of terms retains a similar meaning,
thereby facilitating cooperation between disciplines, and constitutes 20,4% of the total. For
instance, the terms “arcminute” and “arcsecond” (Ryan, 2025, p. 3) are applied in astronomy to
measure angular distances between celestial objects, while in mathematics they denote units of
angular measurement.

3. Narrowly specialised terms are unique to a particular field and not commonly used
outside it (Furt & Dmytruk, 2020, p. 22). They denote highly specific concepts relevant to a
particular discipline and ensure precision within that domain. This category constitutes 60.2% of
all terms. It includes terminology denoting observational instruments and targets, particularly the
names of planets (e.g., “Venus”, “Saturn”, “Mars” etc.) (Ryan, 2025, p. 4), stars (e.g., “RR
Lyrae”, “Cepheids”, “RS Canem Venaticorum” etc.) (Ryan, 2025, p. 50-53), star clusters (e.g.,
“M67”, “47 Tuc” etc.) (Ryan, 2025, p. 55-57) and constellations (e.g., “The Plough”, “The Big
Dipper”, “The False Cross” etc.) (Ryan, 2025, p. 4).

Having examined the discourse of the book, attention can now be directed to its
translation. When rendering a text into another language, translators apply a wide range of
translation techniques to adapt the source material for the target audience. The present study
adopts the framework proposed by L. Molina and A. H. Albir for the analysis of terminological
units in the book, who identify eighteen translation techniques used to transfer meaning, stylistic
features, and cultural references across languages (2002, p. 509-511).

After analyzing the source text and its translation, it was found that eight translation
techniques were employed in rendering astronomical terminology. In the majority of cases
(27.1%), I relied on established equivalent. This technique involves using an existing equivalent
in the target language (Molina & Albir, 2002, p. 510). Such terms can typically be found in
dictionaries. In particular, I frequently relied on the online English—Ukrainian—English
Dictionary of Scientific Language, which provides established equivalents for a range of
astronomical terms (Kocherha & Meynarovych, Part I, 2010). Let us consider the sentences:

(1-s) “The satellites of Jupiter have a particular appeal, as they illustrate vividly how
dynamic the solar system is” (Ryan, 2025, p. 46). — (1-t) “Cynytnuku FOmitepa cTaHOBIATH
0coOIMBHIA 1HTEpPEC, OCKUIBKM SICKPaBO JEMOHCTPYIOTh, HACKUIbKM JauHamiuHa CoHsYHA
cuctema.” as an example to define the use of established equivalent. The word satellites here is
rendered as “cymytHuku”’, and such concept as “the solar system” corresponds to “CoHsuHa
cucrema’.

Many other terms were translated in a similar way. For instance, in the next sentence the
term “nebulae” is translated into Ukrainian as “rymanHocti” and “cores” as “sapa’. (2-s) “The
exposed cores of stars in planetary nebulae are entering this twilight zone where ordinary matter
becomes degenerate” (Ryan, 2025, p. 58). — (2-t) “Biokpumi sdpa 3ipox y nianemapHux
MYMAHHOCMAX 8X00AMb ) Yl0 CYMIHKO8Y 30HY, Oe 36UYaliHa Mamepis nepemeoproemuvcsa Ha
8Upoodiceny .

The second most frequently employed technique was calque (26%). This technique
involves translating a source-language expression by rendering its individual components
literally, which results in a word-for-word translation in the target language (Molina & Albir,
2002, p. 510). For instance, in the sentence (3-s) The modern theory of gravity, Einstein's Theory
of General Relativity, has triumphed over the old approximation that is Newton's "law" of
gravity, but telescopes also brought challenges: the discovery of dark matter a material of
currently unknown type that exerts a gravitational attraction on ordinary matter and dark energy,
which seems to be an expansion force evident on the largest scales in the Universe, a sort of
antigravity but not as science fiction writers imagined it (Ryan, 2025, p. 1) such phrases as
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“law" of gravity”, “dark matter”, “gravitational attraction”, “ordinary matter” and “dark
energy” was translated as “"3akoH" rpasitamii’, “TemHa Mmarepis’, ‘“rpaBiTauniiHUI BIUIHB”,
“3puuaiiHa martepis’, “TeMHa eHepris’ preserving the original structure and meaning. It allows
facilitate the integration of new concepts into the target language without distortion of meaning.
(3-t) 3acanvna meopisa sionocnocmi Evinwimerina, nepemo2ia 3acmapiiuii «3aKoH» epasimayii
Hviomona, ma cmana nepedogoio meopicio, wo NOACHIOE CULY MANXCIHHA. Ane 3 meneckonom
3'a68UnUCh [ HOBI BUKIUKU, K HANPUKILAO, BIOKpUMMS mMeMHOI Mamepii - mamepiany HegiooMO020
Ha OaHUll Yyac mumy, AKUN YUHUMb 2PAGIMAYIIHULL 6NIUE HA 36UYALIHY MAMEPIl0 mda MemMHY
enepeito. TemHa enepeis, 6 c60I0 uepey, € UMOGIDHOIO CUNOK POWUPEHHS, CBOEPIOHOIO
anmuepasimayiero, wo NpoasIAEmvca y Haubinvwux macumabdax Bceceimy. Ane 6ce s onucu
NUCLMEHHUKIB-(haHmMacmie 8UABUIUCH OAEeK] BI0 PealbHOCHII.

In 17.3% of the cases, amplification was also employed, involving the addition of
information details that are not formulated in the source text (Molina & Albir, 2002, p. 510).
Taking the following sentence into account, it can be observed that the term “eyepiece” was
translated as “reneckomiunuii okynsap”’, with the addition of a specification indicating the
instrument to which it refers. (4-s) “Much of the content of this book, including the selection of
targets, information on the resolution of small telescopes and factors affecting the visibility of
objects, is equally applicable to those instruments, but this book also includes information
relating to human vision, evepiece selection and observing technique” (Ryan, 2025, p. 2). — (4-t)
“Snauna wacmuna 3micmy yiei KHueu, 30kpema eubip yinei, iHpopmayii npo po30iIbHY
30AMHICIb MAIUX MENeCKoNnie ma axmopu, wo eNIUBAOMsb HA BUOUMICIb 00'€KmMis, 00HAKOBO
nioxooums 011 000X NpuIaodis, aie Mym MAaKoddC MICMUmMbC IHpopMayis, wo CmocyeEmbvcs
JHI0OCLKO20 30pY, 8UOOPY MENeCKONIYHO20 OKVASAPA Ma MEXHIKU CnoCmepedicenHs” .

Amplification was also repeatedly used in the translation of headlines. For instance, (5-s)
“Globular clusters”(Ryan, 2025, p. 56) was translated as (5-t) “Kyuacmi 3opani ckynuennsa”, and
(6-s) “Open clusters” (Ryan, 2025, p. 54) as (6-t) “Posciani 3opani ckynuenns”, with the added
specification indicating that these are stellar objects. Without all the presented clarification, the
meaning would be less explicit and potentially ambiguous.

With a slight variation, techniques such as transposition (11.9%) and borrowing (10.4%)
were applied. L. Molina and A. H. Albir define transposition it as “a change of grammatical
category” (2002, p.511). This is an important tool that makes the text sound natural to the target
audience by considering its structural features. One of the most notable examples is the
following sentence: (7-s) “If you must take up solar observing, then do so with_a full-aperture
professionally made solar filter and check its integrity visually each time before you put it on the
telescope; shortcuts are not worth the risk” (Ryan, 2025, p. 47). — (7-t) “xwo éam nompioHo
3AUHAMUCA COHAYHUMU CNOCMEPEHCEHHAMU, BUKOPUCMOBYime npogheciinuil cOHauHull Gitbmp 3
HOBHOI0 ANEPMypPor0 Mma KOICHO20 pasy nepesipsiime 1020 YirlicHicms. B 0anomy eunaoky eucoki
yinnuku He eapmi pusuxy”’. In the phrase “npodeciiiHuii coHSYHMI (IIBTP 3 MOBHOIO
amnepTryporo”, transposition is realised through a systematic shift in grammatical categories and
syntactic structure. The English participial construction “professionally made” is rendered as the
adjective “mpodeciitnuii”, while the compound modifier “full-aperture” is transformed into a
prepositional phrase “3 moBHOIO ameprtyporo”. Thus, transposition in this case ensures both
structural adequacy and naturalness of expression while preserving the original semantic content.

In certain cases, the words are transferred directly from the source language. L. Molina
and A. H. Albir refer to this technique as borrowing (2002, p. 510). This can be illustrated by the
term “mepminamop”, which is borrowed and phonologically adapted to the norms of the
Ukrainian language. The primary aim of this technique is to ensure accuracy and terminological
precision. (8-s) “Vertical relief is more evident close to the terminator — the boundary between
sunlit and dark hemispheres where the shadows cast by tall features or crater rims reveal the
texture more clearly ” (Ryan, 2025, p. 45). — (8-t) “Bepmukanvuuii penvegh nosepxmi Oinviu
NOMIMHULL NOOIU3Y MEPMIHAMOPA — MedHCI MIdC OCGIMIeHOI0 COHYeM I MeMHOI RNiGKYIAMU
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Micays, oe mini, 8i0 eucoxkux 00'ekmis abo kpamepig, Oilbul YIMKO OKpecaooms Gaxmypy
Micays”.

Modulation is another essential translation technique that cannot be avoided in the
process of rendering a text into another language. It involves a change in perspective or focus in
the source text while preserving its original meaning (Molina & Albir, 2002, p. 510). This
technique allows the translator to produce a more natural and contextually appropriate
expression in the target language, especially when a direct translation would sound unnatural or
fail to convey the intended sense.

In the next example sentence, the word “outpur” was translated as “motik”. The
modulation lies in the fact that the translation does not render the target word literally, but
replaces it with another term that is more appropriate in scientific Ukrainian. The overall usage
rate for this technology in translation the text of the book is 4.4%. (9-s) “Dominating the
intrinsic class are pulsating stars, whose envelopes (outer regions) change size and temperature,
giving rise to variations in luminous output” (Ryan, 2025, p. 49). — (9-t) “V xamezopii 3minnux
3ip nepesadicaiomv NYIbCYIOUl 3IpKU, 000JIOHKU (306HIWHI 001aCMi) AKUX 3MIHIOIOMb PO3MID |
memnepamypy, wo npu3eo0ums 00 KOJUBAHb CEIMI08020 HOMOKY .

In addition, the study of terminology revealed some cases of the use of reduction and
description (1.1% each). Although it may initially seem that reduction cannot be applied in the
translation of scientific terminology, in fact, it is a useful technique for shortening lengthy
structures and eliminating redundant information that does not contribute to the core meaning of
the text. For example in the sentence (10-s) “Such binaries are called interacting binaries”
(Ryan, 2025, p.49) the same word appears twice, although it does not convey any new
information. So to avoid tautology it was omitted and the target text looks like (10-t) “Taxi
[MOABIMHI CUCTEMU HA3UBAKOTH B3aEMOIIIOUNMUA”.

Description was used in only 0.7% of all cases to translate interdisciplinary terms. In
order to understand the use of this technique, let’s take into consideration the following sentence:
(11-s) “Astrophotographers sometimes use 'lucky imaging' techniques to pick out a few frames
having particularly sharp images from a series of exposures” (Ryan, 2025, p. 47). — (11-t)
“Acmpogomoepaghu inodi kopucmyromocs menmodom 6a2amoxadposoi 3UoMKu abo, K 60HU Ye
HA3UBAIOMb, _MeMmOOOM _«WACIUB020 KAOPY», W00 37108Umu KilbKa 0COOIUBO YIMKUX
300paxcens”. Indeed, the highlighted element clearly describes a filming technique that might
otherwise be unclear to the reader.

Another notable example of description is an explanation of the concept “cone cells”
relating to the functioning of the eye. The sentence (12-s) “Many are bright enough to observe in
twilight and moonlight, and to stimulate the colour-distinguishing cone cells in the eye” (Ryan,
2025, p. 48) was rendered into Ukranian as (12-t) “haeamo 3ipox docums sckpasi. Bouu
CIUMYIIOIOMb KOJOOUKU OKA — pPeyenmopu cimkieku, 8i0n08i0aibHi 3a CHPUUHAMMSA KOIbOPIs,
MOMY IX MOJNCHA JIe2KO Q0CAI0HCY8AMU HABIMb 8 CYMIHKAX | NPU MICAUHOMY C8imi’”.

Concluding the results of this section, it can be noted that the terminological system of
Visual astronomy with the small telescope is clearly structured, functionally motivated and
directly linked to the scientific specifics of astronomy. The analysis demonstrated the
predominance of highly specialised terminology. It reflects the professional orientation of the
text, while the presence of interdisciplinary and general scientific vocabulary ensures conceptual
connections with related scientific fields and contributes to the accessibility of the material for
non-specialist readers.

The study of translation techniques showed that the Ukrainian translation of the
terminology is primarily based on established equivalents and calque, which preserve scientific
precision and terminological consistency. At the same time, such techniques as amplification,
transposition, borrowing, modulation, reduction, and descriptive translation, presented in
descending order of frequency, facilitate the adaptation of complex astronomical concepts to the
norms of the target language and improve the clarity and comprehensibility of the translated text.
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Conclusions
The translation project was based on the selected excerpts from Visual Astronomy with a Small
Telescope by Sean G. Ryan. In accordance with the research objectives, the study involved the
translation of the book, the analysis of the genre and stylistic features of the source text, the
identification and classification of astronomical terminology, as well as the examination of
translation techniques used in the rendering process.

The analysis shows that the book is written in the popular science genre which is aimed at
non-expert readers who seek to acquire skills in astronomical observation using a small telescope
and to broaden their knowledge of astronomy. This orientation determines a set of specific
stylistic features of the text, particulary simplified explanation of terms, conversational style,
instructive tone and coloured vocabulary aimed at enhancing readability.

The analysis confirms that the terminology of the book constitutes a set of specialised
lexical units directly related to its subject matter, namely astronomy. It was established that
terms differ significantly from general vocabulary due to a set of specific characteristics that
ensure their scientific accuracy and functional efficiency. These features include conformity with
language norms, systematic organisation, clear definability, contextual independence, precision,
conciseness combined with completeness, unambiguity, and the absence of synonymy. In
addition, terminology is characterised by stylistic neutrality and lack of expressiveness, as well
as the requirement of euphony.

Furthermore, the terms used in the book were classified into three main categories. The
largest group, accounting for 60.2%, consists of narrowly specialised terms, which denote highly
specific astronomical concepts and are restricted to the field of astronomy. The second category,
interdisciplinary terms, makes up 20.4% of the total and includes units that are used across
different, often related disciplines while maintaining a similar meaning. The smallest group,
general scientific terms, constitutes 19.4% and comprises lexical units with broad, universal
meanings that are common to various fields, although they may acquire more specialised
meanings in specific contexts or in combination with other words (see Appendix A).

The analysis revealed that eight translation techniques were employed in the translation
process. The most frequently used technique is established equivalent (27%), followed by calque
(25,9%), both of which ensure accuracy and adherence to scientific standards. A significant role
is also played by amplification (17.3%), which serves to clarify and specify the meaning of terms.
In addition, transposition (11.9%) and borrowing (10.8%) contribute to the naturalness of
expression and terminological precision in the target text. Less frequently applied techniques,
such as modulation (5%), as well as reduction and description (1.1% each), perform a
supplementary function by facilitating adaptation and clarification of complex scientific concepts
(see Appendix B).

The findings of the study indicate that the applied translation strategies effectively ensure
both terminological accuracy and communicative clarity in the target text. However, the results
also suggest that further research could be extended to a broader corpus of popular science
astronomical texts in order to compare the frequency and distribution of translation techniques
across different authors and genres.
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Appendices

Appendix A

Terminology in the source text

General
19.4%

Interdisciplinary
20,4%

Narrowly specialized
60,2%




Appendix B

Translation techniques

Reduction, description
1,1%

Amplification 0285',(19%2
17,3% ;
Modulation

5,0%

Sl Established equivalent
Transposit 27.0%
Transposition :

11,9%

35



	Introduction
	Chapter 1. Translation of Visual astronomy with a 
	Chapter 2. Translation features of non-fiction ast
	2.2 Semantic and stylistic features of the non-fic
	2.3. Translation techniques and challenges of rend
	Given the book’s specific nature, it uses a wide r

	Conclusions
	The translation project was based on the selected 
	References
	Appendices

