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АЬs,trасt" tr&'e have ccrnstruttt_.d rntlall,icity functions of dislt stars wiih different ages, atrd

invgstigated t}ieir рrореrtiеs proceeding frоm tlie stai,isticaily restor:ed rсаi altitucle distrilэutions
of siагs at the sоlаr galactocentric distance. It is sirorvn that the metallicity distribцtion of stаrs
in each age rапgе is поt of Gaцssiari forrrr, ilut it may lэe considered as а sttperposition of two
псгrпаI сiistriЬцtiопs centered at < [Fе/Н] >*. -0.2 airc1 0.0 сlех. The m,а-чimuпt of tire distribi-rtiorr
furrct,ion for stars yоllпgеr tharr tз 3 Grrr is located пеаr the sоlаr rneta]iicity, arld it fai}s vzj,thin l;}re

rеgiс;п of the secolrd spclc:ific rTretallicity, fi;г оlсlег stагs. А ccэncitrsion is drarvn that the clbservecl

negatirre rrretaliicit;y irentl wiih age atrd tlre чегiсаl пretirllir:itv gradient are mainly duе ttl tlэе

redlstribu,tion cf tlre relativc: ntrrn|зer of objects be*,B,een thcэse trvcr s;iecific metallicity чаluеs iп
tiэе Galactic disk.

i{ey кrоrсlз: stаrs: F-stars -- Stars: abundances - stars: kinematicg and dynamics

j". ýшtrоdшсtiоп

'Гi,re п;оgt inrportatrt, solirce of infoгnratiotl сопсеrпiпg
the 1iistоrч oi епгiсhrrrеiit crf the iпtеrstеllаr mediutn
is 'che tlistribution clf st;r,rs of с]i#егепt age ассогd-
ing to t}reii abttndancies of heavv еk;rпепts" 'Ilranks
to the high stаЬilitз, ,эf th,e reiat,ive аЬuпdапсе of
сhrlлtiсаi elemenis in cosrrric оtэjесts of differerrt па-
i,шrе, tiie аЬuпdапсе of ileavy еlеmепts (i.e. tlre eie-
шепts hеаviеr than lryd1o*"r, and helitirn) is riob in-
frequently judget1 Ьу irоп abundatrce (irоп is the ele-

mепt, a,bsorptioli lirles of rThich аге пl]шеrоu-T iTt spec-
trа tlf sttrrs of sресtrаl classes А .-- G). The qualrtlty

[Fе/н] : 1g(FеlН).1*. * lg(Fe/H)9 is called metai-
iicity, тrhеrе (Fе/Н).iо. is t}re ratio of the nirml_1er

of irоп atoms to the пtlrпlэеr of liydrogen atoms in
а stаr and (Feli{)6,r is the saпte ratio fоr the Suri.
The [}ЪlН] distriiэutiоп of stars is cailed the rrretal-

l,icity, ftirrction (iVlF). Ечеп tlre first N{F dегir,еd fоr
а }rrlrrdred аnd а half of stагs liearest to the suп
rечеаlеd t}re "paradox of G dwarfs" (see r.atr den
Веrg" 1962) v;hktr consisted in deficiency of metai-

рсlсr stars as conrpared to the "silTtple" moclei of
chemical eTolirticin of the (Jalax.i, (sugl4esting contin-
uoiis processes of interstellar m,edirrm епriс}rпrепt and
stаr fornraiion aIttl instantaneous turrrover of mаttег
(Ar_rclc;шztl & Tirisley, i976). А mоrе detailed stirrly
of t}ie l4F frоm approximately five hundred F5 -
к5 dwarfs and suьdwагfs hag shri"wn ihat the distri-
butiorr of lreavy elemeTits аmoпg stellar populatiorrs
of the Galax5, is of discrete character (il{arsakov &

Suchkov. 1977)" It lras turпеd out that tlre lialo оЬ-
jc:cts аrе separated fгоrrl the disk populatiorr Ьу thcl

rапgе of ralue.c [FeiH] -- *{0.5+0.7) dex, il,Ilеrе stагь
have beelr fotind to Ье essr:ntiail.v tieficient. The siitTte.

iэut muсh less definerl strrrctural feature (dip 1п t}rc

hiF) is obser,,,ed irr G clwarfs ап<i геd gi;lnts that lle
in the direction оf t}re gi1,lactic poles in the vicinity
of, [Fе/Н] = -(0.i + 0.2) dex (N{arsakov & ýuchkc_,r,,

1980). The stеlIаг popr:lation of the c]isk fiпаlly tt]rns
oui to Ьс: sерагаtеd Ьу metallicitv into trvo gгoi-ips.

It is поtеп,сlrthу that the groups of the disk рор-
ulation of diffeTent nretaliicity exhibit also а differ-
епсе in kinen.atics апd spatial location (tЧarsako,,, &
Such_kol,. 1977; 1978; 1980).

Based on the catalogue of fundameTrta1 astro-
physical рагаrпеtеrs of пеаrЬу staтs that сопiрrisеs
about 5500 оlэjесts (\{arsakor, & Shevelev, 1995а),
fuIF properties of F disk stars аrе investigaied iri this
paper: distributiorrs irr met;rllicitj. of stars of diff<,rent

age аrе constructed and the Struсturе of the NiF at
differerrt distarrces frоm the Gaiaxy plane is ccnsid-
еrесi. The {act, ttrat in the sample of stars located
in the vicinity of the Sun пеаr tite galactic plarкl
there exists kinematic selectiori, rvas completely disre-
garded iп the рrеr,iоus рареrs. 'Ihe seiection is carrsed
iry the highеr vertical r,elocity соmрOпепt of older
stars, because of which tlrey stау пеаr the Galaxy
plalre, rvhen rrrbiting, а modest part crf time and then
mоче away to great distalrces. Hence the shartэ of old
(on ачегаgе less rnetaliic) stars in the sample frorrl
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the circumsolar neighbourhood will Ье smаllеr. In
оrdеr to take into account the selection effect de-
scribed above, we employ in the рrеsепt рареr the
рrосеdurе we hаче developed (Nlarsakov & Sheveler,,
1995Ь) of statistical restoration of the rеаi altitude
distribution of objects at the soiar galactocentric dis-
tance. Neither was previousiy taken into account tlre
other type of selection related to metallicity. Indeeci,
stars located presently in the sоIаr vi,cirrity wеrе most
likely Ьоrп near the apogalactic radii of their orbits
(R*.*), i. е. at distances usually rrruch 1аrgеr than
their рrеsепt location. Inasmuch at each mоmепt of
time in the galactic disk thеrе exists а diffегепt from
zero negative nretallicit1, gradient (see e.g. Shevelev
& Marsakov, 1993), we have taken into acc:ount this
gradient (d[FeiН]/dR,,.u*) and reduced the values of

[Fе/Н] of tlre stars used lrеrе to tlie solar galactocen-
tгiс distance.

2. Original data
We have made use of оur sапrрiе of stars F2 -- G2
(N4arsakov & Shevetrev, 1995а) where metallicities,
isochronic ages, photometric distances and other ра-
rameters fоr about 5500 mаiп sequence stars lying iri
the vicinity of 80 рс of the Sun аrе deterrrrined on tlre
basis of uпifоrm coпrpilative uuЬу data and avaiiable
positions and рrореr motions. Fоr about опе third of
the stars for which ,we have marraged to find the radial
velocities in the litеrаtuге, the elements of the galact,ic
orbits have Ьееп computed, In оur рареr (\4arsakov
& Shevelev. 1995Ь) we gave а detaiied grclunding of
the representativeness of the given sапlр}е concerning
F stars of t}ie disk subsystem. Моrеочеr, within 50 рс
frоm the Suп. the sarnple turrred orrt to Ье rrearly
соmрlеtе in the desired spectral rarrge F2 -- G2 (see

the histogram in N,Iaгsakov & Sheveiev, 1995Ь). In the
sаmе рареr the representativeness is shown to Ье also

рrеsеrчеd for the sample of stars Trith пreasured radial
veiocities, which, together with the tangential veloc-
itv components, make it possible to сопrрutе rotal
velocities and оrьit еlепrепts. Fоr the sake of conve-
nience in the calculations rl,е have taken а cube 80рс
on edge ц,,ith the Sun at the сепtrе as thе initial vol-
umе. The sample of F stаrs inside t}re cube is practi'
cally complete.

Frоm the Revised Yale isochrones (Grееп et al.,
1987) we have determined ages fог all the stars rnen-
tioned here using ап express-Ilethod that we devel-
oped in (Sheve}ev & Marsakov, 1993), Since partic-
ulаr values of irrdividual ages of the staTs (Ьut only
mеап ages of the stellar groups) аге not discussed in
this рареr, we considered it possible to use fогmаI
estimates of isochronic аgеs fоr stars iocated in the
immediate vicinity of the zero-age main sequence as

weli. AiI these stars fall within the youngest group
and therefore have по effect оп physical c}raracteris-
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tics cotnputed frоm older sаrпрlеs of stars but only en-
lrance the statistical retriability of the results for зzоuпg
stаrs. Analysis lras shorгn that in the spectral rапgе
considered, both the },oungest (Iocated оп the ZДМS)
and the oldest disk stаrs (it is in the vicinity of G2
that the turn-off poirrts of metall-rich and mеtаl-рооr
stars are located, see Fig. 1 frоm (N{arsakov et al.,
1990) and the discussion in (Sheveiev & \,Iarsakov,
1993)) аrе rep]:esented. It hаs Ьссоmе possible for us
to сопstruсi undistorted N4Fs for F disk stаrs of апу
аgе.

Any sample composed of stars of the nearest scllar
neighbourhood, as has already Ьееп noted, is Ьur-
dened with tlre kinematic selection effect caused Ьу
predomirlant younger stars whose vertical velclcity
coTnponents аrе small, and the orbits lie пеаг the
g;trlactic plane, Fоr the objective of оur rvork it is
mоrе соrrесt to use il4F's of stars located at the sо}аr
galactocentric distance in а srrfficierltly high \reгtical
cyiirrder (so that all the objects of the investigated
srrbBysteпr at the given distattce fail within its vol-
rrrrte). The radius of the base of the суliпdег should
Ье small so that the result cor:ld not Ье affected Ьу tlre
existing radial metallicit,r, gradierrt. In (N[arsakov &
Shevelev, ]995Ь) we dеsсгiЬесl а rnethod of statistical
геstоrаtiоп frorn ttre represeritittive sаmрlе not only-

of the total nurrrber of stars irr the vertical cylinder
ai the sоlаr galactocentric distance brrt a]so their real
altitude distribшtion. It is сlеаr that the size of the
iuitial sarnple must L,e 1аrgе епоugh to make statis-
ticall;r grounded iпfеrепсеs, Ihе idea of the metlrod
consists irr the following. Amclrrg the stагs ttrat аrе
presenily iocated пеаr the galactic plane there аrе
repгesentatives of апч srrbsy5fgm of the Galaxy. Ц/е

believe that t}re complete sample clf stаrs from the
Iimited circumsolar vicinity is representatlve rMith rе-
spect to the subsystems of di{Ierent age, that is, it is
{rее of selectiorr effects, but for the above mentioned
kinematic effect. Тhеrеt'оrе, in the course of time its
\{F wili not сhапgе, aithougtr in the isoiated чоlumе
one stars rvill Ье repiaced Ьу others.

Sоmе tinre later, at an arbitrariiy chosen moment.
the stars of each subsystem will take а randorrr posi
tion iп their orbits" In the lопg run, at the solar galac-
tocentric distance thеу wiii Ье distributed очеr t}r,e Z
cooгdinate iп exactly the saпre mаIiпеr as the rest of
the stаrs of the same subsysteln аrе now distributed
hеrе. Owing to the fac:t that t}re meridional orbit of
a}most ечегу disk star represents а fiIled "Ьох" очеr
а large пurпЬеr of revolutions (Fig, 4 in Nlarsakor, &
Shevelev, 1995Ь), апу star moving along the orbit falls
sooner оr iater at every point of а реrрепdiсulаr to the
galactic plane passing through thе present-day star
position. The iength of t}re perpendicular is limited Ь1,

thе пrахiпrum distance of the orbit frоrл the Galax1,
plane, i.e. |Z-u*| (Fig. 4 iп Marsakov & Shevelev,
1995Ь). As the рrоЬаlэilitу of detecting а star пеаг
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thr.: ýчц diminis}res -witil iricгeasing its Z,..*. tve as-
sigrred а wtэight to eat*i star of 1,he tЪll sarnple еqшаi
to the ratio of xfug реrtоii оf i[,s revoiution rоuпt] t}rt:

Galaxy сепtrе to iire titre it stays dirrirrg this perioci
rvithin *40рс frошл the ga,iattir: platie. Iп stl ckliTrg ,l.,,e

assumed tire t;ot,a,l пuпr'lэt]r clf, star:i оп the 1lr:гlrtrrci_ic-
u,Iаг, T,hich hаче the sa1]lc asl;rоphysicai parrtnlet.-]r.{i
(пretaiiicity. аgе. velocity etc,) as those оf thе givtlri
ýtOJ, r.o'Ье er_irra,tr to the weigil,t assigried, ilTcllv, irr ordclr
to reproduce tbe true distrittrtticln of the sчiэsуstепr's
siars оvеr Z, оrrе lras trэ "sргеа,d" ell,ch stаг aioiig tlre
rэrlэit frоm -*Zn,u" tсl -{*Zr.u, iri рrорlоr,tiоrl v;it,tr tilt:

рrоlэаtliiiiу derrsity cf {irrding it a.t differerft 'Z. Tht.,
rеstоrеd a}titude distribution of the subsi stern's sta,rs
сап Ье rleriTecl if the probability Censities of e;rc}i sirrn-
pie sta,r r,vith the соrrеsрсiпdiпg weights аrе suntrrrcd
up" FЬr r_letai]s on rеstоrаtiоп сlчеr Z see (Х{аrваkоч
& Sireveiev, 1995Ь)"

$. fuIF of t{ifferent а8е digk stаrs
Fоr comparisorr, Fiд;. 1 s}rov,,s metallicity distribir-
tions of disk F stars in sечеrа,I age rаIlgеs derived
fоr t}ie total sаmрlе of stars in а sрirеrе cf 80 рс irr
rtli_lius аrоuпd the Surr fronr (\tаrsаЬ:оч & Sheveier",
i9!}5a) (left panel оf tlie figure) and for the sa,lт-

рliэ og stars fгоrп tlre verticai colutnn witir а. base
of 80 х 80 рс rеstоrесl lly tlre ailove-describt:d рrсг
сеdurе (rigirt 1эariel). The radial nretal}ic:ity gra.dient
is taken irtto ассоuпt in the latter case only" Fоr t,}rc

sаrп;эlе frorrr the splrere of 80 рс the obserl,etl nulnbers
of stars (n) аrе piotted on the оrdiпаtе, whereas 1ьr
the rеstоrеd sarnple percentage of stагs irr the toia,l
тrurпlэеr of ýtars in the r;ertical column is givcn. Tlle
figurе sholvs tire satne rоw distributions tci Ье svs,-
teTTiatically difiЫent in structlrre. 'Ihe еrrрlоуmс:пi of
weight coefficients }tas increased the пurпЬеr of stars
ivith lаrgе vertical velocity соmропепts. High-Telocity
stars, liciwevel,, are generallv of }ower metallicit1, and
oider (Marsakclv et а1,, 1990). That is why tirc: },{Г оf
irrternrediate (f : (3-- 5) Суr) апсi oid (t : (; - iZ)
Gуr) age stars hаче sonrervlrat extended t,оwаrds lorv
metallicitr, (see corresponding pairs iп F'ig. 1). .\с-
corrnting of the гаdiаl metaiiici""y gгаdiепt (ассогсliпg
to fоrmulа (tr) fi:г_rrrr (Shevelev & Магsаkоr.. 1995) iit-
сrеаsеs the metallicity of stars wit}r 1аrgе apctgalac-
tic radii of thе orbits, r,;hich have r:a.rrseci а1] },4F-q to
Ье slightly pcrsitive-shit'tert in [Fе/Н] and iire objects
inside each fuIF' to tre soпrelvhat redistribulecl. lГhе
cul,ves iп the }eft c:olumrl of Fig. 1 аrе trppt,oxitrration,q
cf the lristograi}ts lly ienth pcirver prliynornia]s" The
high pol ynornial iэower facilittrtes ге ve;riirr g strшсtttга,l
details in rhe distriiэutiопs, It is seerr {rоm tlrr: figurt:
that еъ,еп the initial N{F in all age rапgеs dernoir-
strate if onlv single-peaked disiriliutions, liut largeiy
extended toц,ards iow metal]icities, v,,liicll callnot L,}e

dевсr:iiэесI Lry а sirrgle Garrssian. Аftеr taking actюrrrri

of ttte a]эol,e-rTrelltiorred se}crltirэn efl'et-:tg, it turlrecl or:t
|,iiai begilrtrirrg "*-iiii the age of е 3 Gvr the \,IF ас-
гittiгСs а cclпt1..ier: stl,ucture e.,,eii at t}ic: c:elttre of t}ie
distTibutiolэ,

Let r.rs clrlcll uр,;п tlrrl rrletihot] t}rat perrnits us
to estint:rte tlle st:lt_iзticai significarnct: of аррrохirпа-
lion clf t]ie }risicl,!]i,alтls Ьу- +.liiз su*l, с;Г Iitlгiпаi clistгi-
i.,utions. Represenl the h,,{Г in Ёis. i Ь1, thr: slrlir of
Gauýs сltгr,с.s:

p(nr, iri, .,.. Qа, t11. .... (J5, о1, ..., о") :
Г , .2lr l,tl .\ , , / 1]l"_. 

nl \ l) ._:,,xi,i--i " -.} i. rl)f:u':i;[ '''1 2\ r|, )l',,,=I L J

rчliеrе in : iFе/Н] ,сiд lrTid.,ri, ;],rе t]:,e пrеirп r.a].itt: ati{i
ttre dispt:гsit;il of гiiе k-tlr погrltа,l, rе.чiiссtir,еh.) .rl: i-{

ihtэ ltсlr:ла]iz.iпg pararTreter: of tlro l;..tit ntlrllt;rl Ba.r, isf'i,-
ing the conditiorr li:l а*, == ], Н is tire 1,ota] nlinr-
]эr:r of srаrs. Т},е Cistribrl,t,iorr palameters аrе found
Ьу ihe пiеthос] оf rnaxitniirn likelihood- riaxittrizi:iд1
t]re likeiihood functiorr

/-" (mr, ..., XI rr rr]1, ..., Оi5, Q.1 i ... ) Q,s ) CI1, ..., rЛ" ) :
l

Г{р'" 
(пl;, ar, ..., c}s,с;1 . ..., {l5, dl , ,..) os)l

i:l

iчhеrе l is the nr_rпltler oi }iins irr the iilvestigatrэcl his-
tograrri, п1 the пumЬеr of sta,rs in tlrt: r]-tir bin. m1 tiie
rnetaliicity valrie in the rrriddle rlf t}rr: l.-t}r biri.

T}re s value carl Ье found i:sing the statistics

) = -)in r-!:- ),
\1'"+l ,/

il}tere tr" and /.,_"-i1 аrе taken at ttre point of rriaxi*
mum, А is knoц,rr to Ье distribul,ed Ьу а law у2 i1,!1i
опе dеgrее of fгееdоrп (Nlartin, 1971). Цrtэ аrе iпtеr-
ested fiгst of а11 н,hеthеr the fuIF сап Ье described
1эч а погrпа1 }з11, (zеrо hypothesis 116: s:1). ог thtl
nletallicity distribution iias а mоrе сопrрiех struсturе
(a,lternative try-pothc:sis I71: s'} 1). Examirrc: the rе-
gion -0.5 < [Ге/Н] < +а,2. Тhе Gaussian рilrалп
еi,еrs arld the согrеsропсliпg valucs of А dei,erminecl
Ьу- the ntethod of rnaximum likeiihood shov; that tlre
prolэabiiity to еrr,опеоuslу reject 1ilg Lllrpothe-cis aborrt
tlre descriptiorr of tlle clistributiorr lэу опе C]aussian
agairrst tlre alt,ernative of its lepreseritatiori lry- t}re
sum of i,rvo Gatlssians for tlre stаrs of inl,eгrrir:diate
age turпs out to Ье < |2%, апd < 13 % i {оr the о}с1-

e-qi stаrs. lп the above [FъlН] rапgе the descriptiotrs
о{ ttre tiTo irpper liistograms of ihe гight co}uTirri Ь1,,

1 Wiren applying tlre пrethoC of maxiпrum likeli}rood, iп сх-
ргеssiоп (1) аs tlre rroгrnalizing rпultiрliег }I we adopteci ttre
totai observcd пulтlЬеI оf stars ussd ;о derive the gi.",err disiri-
bution, brrl iror ilre total гestol,ed nulltэer olitailred frorn thg
iЬrrлег thrоugh its processilg Ьу weighis. Wo have thus al.oideC
the or.etestirnated pгobalriiity values.
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Figure L: Тhе metallicity ilistriЬutiоп of dish F stаrs iп different age rапgеs: the Ieft соlurпп * tor the sample ot
вtаrs wi,thin 80 рс аrоu,пil the Sч,п; the ri,ght part - lor the rеstоrеtl complete sаmрl,е at the sаlаr gаIасtосепtriс

distance with аllоuапсе maile for the radial metalli,city gmilient. t inilicates the age rапgеs expressed, iп billions
о! уеаrs, The ordi,nata iп the right раrt shошs the реrсепtаgе of stars with giuеп metallicity iп the rеstоrеd

сюmрlеtе sаmрIе. Сшruеs rерrеsепt аррrоrimаtiопs of the histograms Ьу the tenth роuеr роIупоmi,аls (left) апd
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the sum of two Gaussians tirrned out чеrу significant,
This is drre to the existence of extended metal-poor
"tails". Thus vle see that the N{F of ani, age stаrs in
this metallicity range is birrormai, At tlre sanre time
the statistical reliability of the irypothesis s ) 2 is
found to Ье ехtгеmеiу low in all cases. The аррrохi-
mations of the distributions tэy the sums of two Gaus-
sians аrе shоwп in the right соiulliп of Fig. 1 Ьу the
solid lines.

4. Age-metallicity rеlаtiоп
Consider t}re disk age-metallicity relation c]erived
frоm the complete sample of F stars in the rеstriсtеd
аrеа of the сirсurпsоlаr neighborrrlrood after allorv-
ing fоr the kineTnatic selection effect and the гаdiаl
metalli,city gradient. Fig. 2 displays the t --[Fе/Н] rе-
Iationship. То plot this гelatiorrship, оur sаmрiе of
Е stаrs frоm the cubic volume of *40 рс with соr-
rесtlу deterпrined ages (i.e. we use the stаrs that har.e
аlrеаdу slightly evolved from the ZA\4S, beginnirlg
rvith oMr,, > 0У3) rvas divided in age into 8 ranges
1 Gуr each (but fоr the oldest rапgе. rvhich lrad io
Ье increased to 4 Gуr because of the smal1 пurпЬеr
of stars). The Ьаrs indicate the metai]icity disрег-
sions irr each age range. The determination еrrоrs of
the mеап [Fе/Н] values, rvlriclr wеrе found frorn the
rеаl пumЬеrs (i.e. rvitlrout regarding the weight со-
efficients that increase the initial пuшЬеr), lie in the
rапgе (0.01*0.03) dex anrl пеаrlу always smаIlеr than
the difference between the neighbouring grоuрs. As
сап Ье seen frоm the figure, the metaliicity trепd with
age fits well into а straight line: the straight rеgrеssiоп
has the shape [Fе/Н : -(0.05*0.0З)t+ (0.11 *0.02)
with а correlation coefficient r = 0.98*0.01. А sinrilaT
relationship derived from the sample of F stars with
соrrесt ages in the sоlаr rreighbotrrhood of 80 рс in
rаdius (see Shevelev & Marsakor,, 1993) is showlr Ьу
the dashed lirre for сопrраrisоп, In the latter case no
соrгесtiоп fоr the kinematic selection and metallicity
gradient has Ьееп applied. The relatiorrship is seen
to Ье slightly displaced, the slope being urrchanged.
The Ьеhачiоur of the metallicity dispersion чеrsus аgе
described Ьу Shevelev & Marsakor, (1993) has also rе-
nained the same, i.e. the scatter of [Fе/Н] in stаrs of
t}re given age grоws with increasing age up to l 7
Gуr, and then drops again, This сап Ье seen in Fig.
2 frоm the dispersion Ьаrs dirninishing оп both sides
of this age and соmраrеd with the [Fе/Н] scatter of
stars in the паrrоw аgе ranges on the age--metallicitv
diagraпrs ofFig.4 from (Shevelev 8z h4arsakov. 1993).

5. МF of disk stars at different altitude
above the galactic plane

Let us examine the д,{F of F stars at а Z altitude
above the Galaxy plane for the complete sample and

-0.4

0246810
t,Gyr

Figurе 2: The m,еап meta|,\tcity-age relationsh,ip rle-
riued, trоrп, tlte complete rеstо,rесl sаrпрlе utith ol-
lоuапсе made fоr the radial rпetallicity grаd,iепt. The
bors are equal to the metallicity disреrsiопs !оr th,e
соrr,еsрапdzпg age Ьi,п. Тhе сепtrаl c,ircle ecluals the
mеап еrr,оr i,п the deterпtinati,oTt о/ < [Fе/Н] } uаl-
uеs. Tlze scllid line is the straigllt ,regressiotl lаr the
corTtplete restored samplle; the doslted liпе i,s that lor
the initial sample oJ F stars trоm the solar surrоuпd-
lng of В0 ylc (шith,ou,t regardi,rbg of the ro,di,al m,etallic-
lty grаdiепt апd the uleight coeffici,ents).

fог tlrree паrrоw аgе rапgеs separately: (t < tZ) Gуr,
(, < 3) Gуr, (З < i < 5) Gуr, and (5 < t < 72)
Gуr. Fог this purpose-we have plotted the metallic-
ity distributicln of stars in strips 10 рс wide frош the
complete rеstоrеd sample in the чегtiсаl coluпrn at
intervals of 50 рс up to Z=250 рс. (At lаrgеr Z the
пumЬеr of objects ечеп in the complete sarnple is in-
sufficient to obtain statistically rеliаЬ]е results.) As an
illustration. Fig. 3 shorvs the distributions fоr three
Z values, 0, 100 and 250 рс. Неrе we have also taken
into account tlre age-dependent metallicity gradient,
using fогrrпrlа (1) frоm Sheveiev & Маrsаkоч (1995).
The solid curves аrе the approximatiotrs of tlre his-
tograms Ьу the suпr of two Gatrssians, 'Ihe ordinate
is the рrороrtiоп of stars (as percentage) in the total
пumЬеr of the restored sample. (The с}rаrасtеr of drop
in the пumьеr of stars with aititude z is discussed
in detaii in (Marsakov & Shevelel,, 1995Ь)). Analysis
shows that the youngest stars up to 200 рс demon-
strate reliably one-peaked distributions with rпахimа
пеаr [Fе/Н.]t 0.0, but having srnaIl "tails" torvards
low nretallicities which grow with rising Z. (At Iагgеr
Z the пumЬеr of the yorrngest stars dесrеаsеs sharply
and the structure of the }zIF begins to Ье арргесiа-
biy affected Ьу the orrtliers оп the histogTarns asso-
ciated with the high weight coefficients of individual
stars, as is seen, for instance, at 2=250pc.) It is this
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"tailu, as the appreciations of mахimum likelihood again,

show, that 
""u."rlh" 

failure (significance level < 5 %) Note thrat the МF derived frога the "stars" of the

to describe the distributions at Z:0 and 100 рс Ьу restored sапrрlе with по a}lowance TTracle fоr the rа-

one Gaussian against the alternative of аррrохimаt- dial metallicity gradient, changes its shаре "with al-

ing them in all1he rапgе of [Fе/н] characteristic of titude in exactly the salrre manileт, lэi-rt ail оf them

th; dbk Ьу two Gauss 
"*rrru. 

dispiayed in Fig" 3. If turп out to Ье displaced towards 1olм rnetaliiclties Ьу

"we сопfiпе the metallicity rarrge considered Ьу the in- d[Fe/H]/dR ru *(0.02 _ 0"04) d-ex. Тhus the рrореr-

terval [*0.25, +0.20] (l.e. a;scara the class intervals tieB of the МF of F вiаrs guggeýt tlrat thеrе exist at

in the "tailsu ,here ihe пumЬеr of stars is smail), least two standlng out metaliicity values that аrе рrе-

it vrill then turП out that the centrai раrt of these dominantly possessed }эу t}ie dis}c stаrs iш the neigh-

distributions is better described Ьу one Gaussian. In Ьоurhооd of the suп,

stars of intermediate age the МF structure is mоrе

соmрlех, and beginning with Z ж 50 рс, the distri- 6. Vеrtiса1 m*tallЁcity grаdiенrt
bution Ьесоmеs cleaTly binoTmal. In particular, the

approximationof theiirtrit,rtiondisplaycdinFig.3 Based оп the cornplete sаrrrрlе frоm (маrsаkоv &

rо, rOOp. Ьу one Gaussian is rejected Ьу the crite- Shevelev, 1995а), we dеtеrrпiпеd iп (ýkrevelev &

riоп of liketihood ratio in favour of the alternative of Marsakov, 1995) the чеrtiсаi meta}iicity gra,dients of

describing it Ьу the sum of two Gaussians at а sig- disk popuiaiion stars in sе"rеrах паrrоw а8е rап8еs

nificanceleve| < 17% (see the сurче on appropriate from the observed rпetallicity vatrtles and the саlсu-

histogram of Fig. З), Tile binormality is чrеll seen at lated тпахimum distances of their оrlэits frотп the

iargei distances too (see the histogiam for 250рс), galactic piane" Ttre vаluеs oithe grаСiешts -vrrere found

bui it mау unfortunately Ье assessed only at а qual- to systenraticaliy dесrеаsе wkren turззiпg to oider

itative level, since the пumЬеr of objects hеrе is iп- stars. trt sееrпs of iпrроrtапсе to See wlrat wili hap-

sufrcient to draw statistical conclusiorrs. At length, pen to the computed vertical gradient yalue and }row

the oldest stars demonstrate safeiy the binormality the сhаrасtеr of its evolution with tiiTre wili change

at the distribution centre ечеп on the galactic plane. after the kinematic selection effect is taken into ас-

Fоr Z:0 and 100рс the statistical reliability of the count. Fоr this рurроSе тvе hаvе dj.vided all tire stаrs

normalityof МFis about 1з% and 14%, Tespectively. of the rеstоrеd sample into 3 age rаrrgеs and deriveci

That is why it must Ье discarded in fачоur of the ai- for them the relationships tэеtivееп the mеац metal-

ternative (see the сurчеs on the first two histograms of licity апd altitude z. Тhеsе relationships fоr the 3

the lower iow in Fig. З). But even atZ:Zl}pcthe МF паrrow age intervals, as vлеll ав for rnixed-age stars

аSSuшеs againttre single-peakedcharacter(tbe рrоЬ- (i.e. fоr all t}re stars of thle restored sаrпрiе), аrе dis-

"БПiу "r"rroneous 
re]"ction of the hypothesis of de- played iп F'ig,4. Тhе hlars indicate thre deterrnination

sсriЬЙg it Ьу one Gайsiап is р з5%).Ii ъ notervor- еrrоrs of < [FelH] } caicuiateri frorTr the rеаi пum-

thy tha1 the distribution rпахimum is displaced hеrе Ьеrs of stars (i.e. without regarding the Treight со-

towards loýr metallicities Ьу about -0.2dex (with re- effScients), It сап Ье seen that ail the rеlаtlопв сап

spect to the МF maximum fоr the youngest stars), Ье described Ьу straight lines derived Ьу the least-

1eaving а сеrtаiп ехсеss of objects on th; metallic- squares method and showrr in the figure. Тhе tan-

ity Tving. The uрреr row in Fig.3 shorvs how the to- gent of the angle of the siope of such а line is пu-

tal МF of F stars of mixed аgЪs of the clisk subsys- merically equal to the vertical metallicity gradient.

tem changes rTith altitude abbve the galactic plane: Fоr mixed*age stars it tшгпесl out to Ье еquаi to

at any Zlts description ЬУ one Gaussian is turned d[FeiH]/dZ = _(0.1? * 0.02)kpc--1 vrith а, соrrе

dorvn in favour of the sum of tтчо Gauss curves (for lation coeficient r : 0.98 * 0.02" In (Shevelev &

the histograms exhibited in Fig. З the significance lev- Маrsаkоч, 1995) the similar value for ail F stars frоm

els аrе J ь%, ж,5% and аg б7%,ru"$""tively. Тhе the 80рс neighbourhocld of t}re Suп vlаs about 1.7

gереrаl trend is as follows. Тhе МF mахiша of stars times as }аrgе. The difference is catrsed solely Ьу tak-

Бf'rrrl*еd ages at all distances lie at approximateiy ing ассоuпt in the рrеsеrrt ;rареr о{ the kinematic se,

the sаmе рЙпt, [Fе/Н]=_(0.00 - 0.05)dex. Ноwечеr lection effect пеаr the galactic plane alid using the

with increbsing Z the p.oportion of stars grouped пеаr probability altitutie distriiэutiоп of stаrs at the galac-

[Fе/Н]=-(g.zб - о.zЪ)dЪх grows and for Z=2lapc tocentric distance instead of ihe mахiшuпt distance

Ь".ой"' сЬmраrаЬlе *itb tй" шеtаl-riсh grоuр (the of the star's orbit, Z**,. The concurrent ореrаtiоп

uрреr rоIЧ in Fig.з). Дi grеаtеr distances it is this of the two factors (the fотmеr, in the шаiп) have

gтБuр that begins to dоmйаtе (not shorvn in the fig- increased essentially the shаrе of high-velocity (and

i.";. ,Л.. 
" 

r"rйt' the mеап metauicitY decreases with hence mоrе metail-poor) stагs. As а result, at smаll

g.o*irrg z, while the metallicity disрЁrsiоп some,phat z the rпеап metaliicity dесrеаsеd, rvhich rеduсеd the

ii"es fiist (iiu the пumЬеr of stars in the metal-rich gradient. The values of the vегtiсаi gradients have

and metal-poor grоuрs get equal ) and then it drорs decreased in the паrrow age rапgеý tоФ, аs сош-

lI
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Figure 3: The metallicity distribu,tion о! F stаrs of the restored sample iп different age rапgе8 at three distапсеs

lrоm the galact,ic рIапе. The affues аrе the approrimation of the h,i,stograms Ьу the sum of twо Gаusвi,апs. Тhе
оrdiпаtеs ore the percentage of these stars iп the total rеstоrеd, пu,пэ,Ьеr of stаrs.

z:0 рс z: 100 рс z:25a рс

0<t<l2
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Z,?c

Еiguге 4: T'Loe relotionshiql Ьеtuееrl, the упеап, rпеtаl,,

licity зпсl tile distance frсlrп th,e galлctic рlrlлrc. Тhе

strlight li,nes are the mеоп-sqъаrе rеgтеsýiопs, thc

tla,rs are the еrrrоrs of the mеап. The slopes of tke

l,i,rlеs dеtеrmiпеd the gradient uаluеs шhiсk аrе ецtаl

irоm, top to bottom to: -(0,17*0.02)kpc-l, -(0.15*
0.02)Ёрс- i, -(0.12 * 0.06) kpc- 1 ond -(0.1i *
0.09) kpc-1.

ilared rvith the геsults frопr (She,i,eler, & N,Iаrsаkоv,

lggb) а"а Ьесоmе equal to -(0.15 * 0.02) kpc-l with
r : 0.96 * 0"03;-(0.12 * 0.06) kpc*1 with r :
0.7 * 0.2;-(0.11 * 0.09) kpc-l with r = 0.5 * 0,3

fог the youngest, mediuпt and old grоuрs of stars,

respecti vel;l.

It сап Ье seen that the metallicity gradient i,al-

uеs for each grоuр, small as they аrе, differ frоrп

zего Ьеyопd the еrrоrs. Тhе согrеlаtiоп coefficienis
aiso satisfy 'bhis condition. The principal corrclusion of
(Shevelev & Marsakov, 1995), which consists in the

fact that the verticai metallicity gradient, dсэсrеаsеs

with increasing age of the stellar grоuр, is not аrguеd

against eitlrer. The rаtе of the dесrеаsе (i,e, the value

of the tгепсl of the vertical gradient with age) Ье-

comes quite iow and соmраrаЬiе wiih thе urrcertain-

ties: d[Fe/H]laZ = 0.01t - 0.16, whеrе the distances

are measured in kiloparsecs and the ages in Gyr. It
will Ье recalled that the rеsult has Ьееп otrtained

frош the metallicities of stars corrected fоr the racliai-

metallicity gradient (i.e. i:ecllrcecl to the solar galac-

tocentric dista,nce). When using t}ie observational
values [F'е/Н]"6-, the vertical metallicity gгаditэпt of
stars of rnixed ages i:гочеd to lie tt[Fe/H]nbr/dZ :
*(0,2i i 0.2kilc-l, arrd thtэ trепd of tlre gradient
with age to Ье d[}'elH]ob"i dZ : 0"03t - {-}.26, which is

aiso srnaller than tiie corresponding vairres obtained
in the рареr (Shevelev & Ь,{аrsаkоч, 1995). Tire alэol,e

firrrntrlae mау turп tо Ье ,;sefu} in reduct,ion clf the
rnetaliicit1, оf different age disk popuiation stars to
the пretallicity in the disk plane at the sоlаr dista,nce,

but oirly fог ages { б G;,r" where: irrterpolation trоldз,

Fоr 1аrgеr ages olle should, арраrепtlу. fix the n1lller-
ical vaitte of t}re gradierrt, Тhus it саri Ье сопсIuсlеd
t}rat at ечеrу шlollrerlt t:)f tims: tltere exists in tite disk а
negative metallicity gradient different tiom zеrо" Ечеп
thoug}r the absolute чаluе of t}ri-. gгadierrt iпсгtlаsеs
rMhen tuгпiпg to чоuпgеr stаrs, its increase is qrrite iri-
*чigпi,fiсапt. Fоr the conciusion to Ье пrоrе rеliаlэIе, it
is песеssаrу to repeat this kind of computations рrсl-
ceeding frоm thе dеереr sky observation to iпсrеаsе
the raclirrs of the complete sarnple Ьу at least а fд,сtоr

clf 1 .5.

7. Сопсlusiопs
Tire pre-*ent -qtudy of t}ie properties clf the ctrrnplete
restrэred sаrлрlе of disk }' s,tars at the sola,r galac-

tocentric distance shоъ,s iheir МF i,o have а Ьiпоr-
tnal structure, i.e. the metailicity distribution of stаrs
is described with а hig}ier reliabilit_v Lэу the sum of
two Gauss сurlrеý ra,ther ilran опе t}iroughout t}re

entire rTietailicity гапgе characteristic of the disk" it
turrred out tlrat stаrs of апy аgе tend to сс;псепtrаtе
at tvro sрссifiс metallicity values, [FeiH] : *(0.00 +

0,05)ciex and *(0,20 + 0.25) dex. Stars younger tiran
м 3 Gуr (which account fоr approximateiy half of

ali F stars iп the disk) dernonstrate а rvell defined

one-peaked distribution with the nraxirnum пеаr zеrо

and ап essential "taii" towards low metallicities" The
lnaximurn of the oldest stars is located at the lat-
tеr metallicity value, but their N{F exhitrits thе "tail''
оп the Kretallicity side. Тhцs the observed Tregatiтe

trепd of ihe rnain Tnetailicity of disk population stars

with age is basically caused Ьу tlre redistгibrrtion ol
the relative nurnber of objects Ьеt.лrееп the two spe-

cific [Fе/Н] values" Тhе negative vertical metallicit1,
gradient is сluе to а similar redistribution: at greater

distances frоm the galactic plarre the рrороrtiоil о;

loи,-metalliciiv-groutrl otljects grows for stars of ап",

а8е.
Taking into acc()unt the rеsult of (l,{arsakov &

Shечеlе,ъ,,, 1994; i995b), wtiere stars of arry age irr the

пretal-poor gгоuр are shown io possess lаrgег r,elccit"

dispersions arrd occupy а, iarger volumc in the direc-

tiorl riormai to the Gаiахч р}аriе than stars of tht
correspondirrg age iп the mеtа]-riсh gгоuр, thеrе аr.
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grounds to beiieve that the two disk subsystems exist
сопсurrепtlу. T}re metal-poor group is most likely to
Ье fоrmеd frоm interstellar matter falling slorvly onto
the disk frоm the outskirts of the Galaxy. When such
mаttеr, deficient in heavy element content, рrочеs
to Ье within (600_900)рс from the disk plane, corr-
ditiorrs favourable fог stаr formation (it is at these
Z-u*, aS follorvs from Fig. б of (Маrsаl<о,п, & Shevelev,
1995ь), that the first mеtаl-рооI Stars арреаг) аrе
created. That is lvhy-, the velocity etlipsoids of t}re
stars of the giveti grоuр аrе likel)r tcl Ье close to an
equiliЫiurrr configrrration and depencl only slightlv оп
age. Things аrе different with the meta]-rich grоuр.
Its stars, which оссuру а smaller 1,oiune in depth
(Z,nu* ж (400 - 600) рс), change esserrti,ally the s}rape
of their velocity ellipsoid: frоm еquiliьгiuпr irr the old-
est to ехtrепtеlу elongated in the yotrngest (fоr details
see (N4aTsakov & Sheve]ev, 1994).
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