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Supergiants with large IR excesses
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[]r:r:c,iuc,d JuLy 11, !,()97: сtr:ссрtс:г] ()r:trlЬеr S, 1997.

Alls tгаt:t.
Evolutitltla.t'v stat,rrs of ресuliаг suрегgiаrrts witlr lагgе IR, excesses. carldidates {оr pгtlto1llallet.aг},
ll(.l)ll|;tl. ( l'['N 1. lt;ts l,-.,11 ,,,lItsiJet.etI.

Resrrlts оГsреt'tгоsсорv оГsrrрегgiапts witlr IR, exc:tlsses obtairletl lvitlr tlre бtгr telest:tille rrr l9{)4,
l99б аГtl plt]sell1ecl . l.rsirrg ltiglr sllectгa,I гr:solrttitltr CCL) sllесtга takerr rvitlr tIre ecltelle sl)ectrolll-
еttlГ LYNX, а stittlltle of'14 srlрегgiапts, P['N canclidates. }raviTtg lalge IIi. fiuх clxt:esses has beetl
strrclicd. Irr tlre a.t,tгttlslliteгes о{'thrее rrretal Jlоог objects, lttAS04296+3429. IR.;\S07l34+1005
arld IItAS 22272+54:]5, overabtrndatlc:es of trrtclc:i of s-ргосеss elentent,s ar,,: гeliablv tiet,tct.etl. llr
t,lte :rtrrrosplteгes of t,lrese stal,s lalge oveгabltttclanc:es of с:агllоп arrd rritt.ogerr at.e also гечеirlеtl.
А sirrrilaг clr,-:гrtitlal ;rbttttdanc:e 1lat,t,et,tt is a.lso derivecl fol, А(: LIег. otre of {'оrrг prrlsatirrg l]\' 'I.'au

t.vlle va.r'iallles ittvestigat,cd. At tlle s;rtгltl tillre {tlг tlre gгеаtr:г 1lal.t оГ PPti rlarrtlitl;tt,es excesst]s
сlГ lit:a.r'r'tttlc,lei. ц,lrtlsе sytltltesis ili neut1,oIliza.titltl Leac:tiotts atlcl srtbseqrtetrt ,:lгеtlgе-lll) t() tlle
attlttls1lltet'e of'a post*AGB stаг is ргесliс:tс-,d Ьу tlre stellal,evcllrttion t,lrеtlгу, аге llot, гечеаlеtl,
Ftlr tlre star R\"'Гаrr tlre a.buttciance оf iгоtr gгоu1l elerrterrts is obt,airred to lle solal,. caгlrtltt :rtrtl
,с })lосеss eiettleltts аге g5{i111;11.c,d to Ье urrderalltttit]arlt.
it is shorvtr tIrat 1lre satllple сlf Irigh lrttlritrosit,r,sta.гs rvitlr lR. exc:tlsses is tlrlI ltotrtogcltteolts: tltese
;,i-Ге tttclstlv lclrt',trta.ss lralo 1tost,;\GB ob.jects. llrlt at tlre sattle tirLttl it irrr:lrrdt:s stеllаг tlll.jet:ts rlI'
;i ilifli'Гr:rrt llаtllге. t'.g. tlre IIl, stlrtrce lli(l+10r120.'Гlrе trle1 allicity rvtl ltave tlt:tt:гlrritrt:tl. r,r,lriclt
is сlclse tcl sс>lzlг. a,rrtl tIre detaiIed c:ltettti<:al ctlttllltlsitiott o{'tlre srtpeгgialrt, lR,(]+1()420 r,c:гi["v tlrc

\\'R.- Sllес:tГ;r,l rrrolritoгitrg lras lleett stalted o1't,lre ulritlrrtl Saltuг;ii's crll.jr:tlt.. ц,lricll is classi{ied ;ls
а l)()St АСi [J stаг itl tlte st,age ot'tlrtl fillaI lrelirrrlr flaslr fгопr tlle гesrtIts tl1'1996 clllseг,,,;tt,iclrts.

,lscil]atiotls cll'tlie 1lt,tlrtliаг sltlleгgi;rtlt I-, U }lc:l, ;ll.t: reve;rleil.

КеУ wclгds: stагs: evolutiorr - stat,s: post-ACif] - st,at,s: clrelгrical cotlrpclsition -- staгs: dy-
tr alltic,:rI sta,gc: оf at rrlospheгes

1. Tlre probletrrs of evolutionaгy status
of supergiants with IR excesses

1.1. Post-AGB evolrrtiorr stage

]L,, Il].i\S 1eltlst,o1lcl IarttrcIli:c] irr 1983 t;lrc.ttr.:cl tt1l а,

. i,,rl tlf' irrfl,:rгecl slil, trl i.tst,г()uоlIIеrs, Tltis lrl;rde it
:, Llsbi llle t c; select clIi.j ect,s t ltat t.ellгesetrted r:iгc:t.tt Llstel-
;ilL,(]ll\,c]lO})eS rVitlr tetrrllet.;.t.tt.tLc:s {i.orrl 200 to 1000 Ii
rt lrig}r latit rrdcs oi' tlre Cialax1,. Lаtег (Irot,t.asIl ,t
f);lt,tliastrratlr_r,. 1!]88; Н l,ivtla,lt et al.. 1989; Ouclrrr:,ri-
,l, е1 a.l.. 1!]!J2: Оuсltllаi.;ег. 1996) 1l;rгt o{'t,Iiese оli-
]p(]s \vel,e iciclrtifir:d rvit,lr lriglr lrrrrlinosity stагs, Ье-

illg assirtrrirrgly at, tlre 1ltlst AGB stage of evrlltltiotr. а

sпlаl [ {l,ac:t iorl o{' wLr i clr l,чеге cl }.,seгvab lt sllec t, t,c-lsc rl, i -

cally witlr а }righ spetltгal гcsolrttitltt. ltrrrrredi;rtelv а1'-

tel tlre opt,ical itlerrt,ificat,iorr tlf'tIre fiгst IRAS sоtlгсе
а bootrt iп investigal,iorr tlf' t,Irese rlb.jecl,s lv;rs sIzrгtt,tl.
Tht,_ гesrtlts of t,lre fiгst. clecat.le аrе 1lLc:setttotI irr t lro

sllt,vev trrzrtle bv ltп,tlk ( t99lj).

1'lrc oli.jects at tlle tгatlsit,irltl 1lclst, АGВ st,agc
(Ьеl,еа{'tег ге{t:гr,есl to a.s l])l,)N. l It.AS s()llгct]s. l)()st,,-

АGВ stagtl st;rгs) оftЪг а lIIIi,llIH t;1l1rrll,trttrity t,tl r:_ч-

artritre tIet;riled c:lrerrtic:al cotll1itlsit itltr rvlticlr }las tt lt-

dergolle c:lranEles as а l,tlsult, оГ ttuc:leosy,ttt,liesis рrо-

@ Sper:ial Astt,rl1llrysical ()bservatoly c,f tllr: R.ltssialt AS. 199Е
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cesses iII ttte coltrse of c:r,o1r_tticlrr of а giveTr stаr, Tlris

рrоIэlеrп lrirs beeTr tгaditionalltl stucliecl usilrg spec-

rrа cif pIirtretaIl, rrellttlae. hоtл,,еlrег ilr tlris caSe aS а

геsr_rlt of gl,orrrrd based obseгl,atiorts o]Ie call obtain

orrly clata oTr tlre liglrt elernerrt aburrdarrces, The de,

tails оf the abundarlce cul,\re caltsed Lly rruclear рто-

ceSSeS at late evohrtioll Stages rепtаiп irrstrfficienth,

stucliecl. 'Ihc spectra of tlLe poSt,AGB Stage Stars,

tlricll аrс iatc: (F. G) s1.11.1cгgiattts, irllovn, Olie to es-

lil]ll1t(] allrttrtla-llccs of botlr 1iiiltt elerrrerrts arrd }ic:lrvy

ttlctirls sytlthesizt]d irr tlrc рrосеss of rtetttrcltrizatrorr of

rrrtt:Iei . Арагt ti,orrr tlris classiclal ргоЬlеrrr ,-,1 i1,1rбsгiца-

trorr of c:lrerrric;irl colrrpositiclTr of stаrs at rrorr tt,ivi:r1

tlr,<.iltttiolt Sta8cS. tlre stlrdy of 1)гtlccsses of llr;rttсг с:х-

t;lr:rtrgc Ilеtц,сlеtl tlIe StiIг's atttlcispltet,e. tlre sеагtll tЬr

t rtec:[tattistlts гes1lor rsible fоr tlre peclrliarities of clrelrii-

cal cotltllclsition of stагs surгolttrded Ьу dust eli\|elopes

аге оf irrdeperrcierrt irrteгest.
F'r,orrr tlre gencl,al idea оГ el,ohttiorr of tlre Galirxv

atrt] stars \чt] аl,е to exl)ect;it lriglr latitudes tlle ples-
etlcrl (lf olrll, lorv rllass objects. I,epгeserttiltives of olcl

tl,i..le 1 
lo1lrr1 atiorr s, irrclrrdilrg lorv-rrrass sl-tlleгgiirttts at

firral stagt-:s of stеllаr er,oltttiorr. LIоrтеr,сг, ovcr tlre last
fЪlч ytлагs it Lras ber:orTle cleal, tlrat ill tlre Galaxт lralo

zt 1,1o1lrrlirtiorr clf obrriorts}1, 1,outrg rrtassiye В -stаrs is

o[lset,r,t:tl (see r:.g. C]orllorr et irl. л l98E: 1992 ). .\ 1lossi
llilitv tlf existettc:tl of ttlasstve }rig}r 1urrrirrosiгt, чt;rls itl

tlrc lrirlcl ol гlrtl (_ialaxv tteei{s ascct,t;ritrittg.'rlrt: age,

rllcl l;rгgt: tlistitticltl tr,оrrl t,lrc gillil(]tic 1l1atlt,l. z. ltrrr1 kitrt:

tIlitttils tlf а tlltttl}lel, of sttclr cib.]ects at,e itrt"llчiSт"llr
ц,itlrirr tlre ii,arrles of tlie rrteclratrislrr of tljcc:trtlti ti,rlrrr

tIrc ,lrsl< arrd гecittiгe 1[1g ]11l1lcitilesis of tbt,rrratiorr clt'

liIeSe Sti1l,s irr tIre lralo of tlre Girl:ixl, tO Ье irrrцllveс],

\\'е t:lltitrot rеjilсt а possibilitv of гecettt stаг fогlttа-

tiolr lltlclttttse zit, 1rlgh galacti(j latitudes cloltds 1rave

beetr discovered rvitlr lItasses arrd clerrsities strfficiclrt
tilt, st;,it,s tci Ье fсlгrrrесl irr cclllisiorrs оf tlre clrlrrtls (\i;tlr

\\',lel derr. 199З).
Г] lt, sitrr;,itior r rvit1 r sllT)ci,gial ltS at lrigl r l;rtitlrrli:s is

sirliilar , .\ trtttllllet' сll lrvpotlreses lrave botlrl pltt t'ог

rtltl,ci Tliat cxllLirirr tlrеrг cxrsterrce ;rt 1riglr 1l,rtitttcltls:

t]jeCli(j1l tj,orrr t}le llrsk ilr tlre sr_tрегrrсll,а ottt}эttгst irr

li 1lilr,lт,l',ч\,Sгеtll. ftllrrrlttit;tr irr c:ollisiorrs of lriglr Iati-

гtt,lL, l,]i.,tttls. ;it-t:lr:licitt of iriteгgirl;rctic: gtrs, toгrriirtiorr

l)t' :r .il S lll Tiit ll;tlcl гIrгclttglr iэtlast: trarrsitiorrs ilr lоцl

,l, tl.i:-,, {i,l:i]t),,li l:lilLtrls. Tlle iivpcltlrcsis llf iljсi:tltlll
tt iltlr tLi, rli:k dil trrlt rlx1l1aiti tlre lаrgе ol-iseгr,tlcl \lall1es

,li z ltlrci kttretll;ttlc:s i-,t',чtitгs irs in t}re case of 1] stагs,

['l,r, lrrtt-} rittLi:tt i Lll 1llr:rst: tгatrsiliottS rт;t_ч (jolISi Ll

t,rt,,l i,.i, T,l1rlilr., t 19l.,r ;rtrti ,l,-r'plo],",1 Il1, ]lirrr [аttlг

tгirli i,is (;.)i!lLiIIOl,S i(]}Lristor]oirlol.t ct ;ll., l993). Tlrtl

l]i,iisl] I1 ii1l:iliLj]) ,,t'lllr,,, rlerrsitl- ciifll.rse gаS to (]()lllJ)ilct
"LLl.k llk,:" Srl11(]t1ll,eS O(](j]_11,S irr а stoclrastiC trLattlrrr

itr:ll]t,l1ti; c:li_,,.trls ц-itllilltt tltilt,tttodyttarriic tlqrriliЬгi,
].ilj]. ;lIl(i ljril','l)t] t,ttici,-lit r_:ttortgli ilt lrlilsS villttes es-

)t,l1г]iiii.,, ll]'",,L,l, l1liIll tIrtlst: ltlclr_tit,ecl llr, .Jettrrs crit,,l i

Lli,, 5,il:i, i,L . {riLitl)SF] r:;Lll,c lOl, _cttI)tlt,_чt)ttic 1leгtlit,llatilltrs
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Figlrге 1: Tlle ,s2lcl:tral, ulеr,g,1J r]istr i,buti,rllL oJ

Hiэ sоtzо (figltre ,is |Lrll,rouer| |rоrrt, tlt,e уло7,rл, ЬU

Ba,kk:eT, et r1,1. (1 996lt)

irl а ltoti eclrril.illгitrlrr ttrei]ittttl;ittcl tttii1,}lt: elflilc:tir,ll

at \,еr1' lor,", cleTrsities. ll ! 0.1 ctri'i] illld l()w t,elri])()l,

atlll,es. Т : 20 Кл as rlrose. tltltl ltavc }-;tlt]tt llttl;tsttt,ctl

at lrigli latitlrclt,:s irr tlre Girltrxl,.

1,1,1. Prlst д(_:} lJ stо;r s i,lt, ,r1lob,ulш, r:l"tt,str:,l,s t1,1Lt] otltr:l

r 1 o,1,11,1:,i r:.s

P;rгt |li tlrtl rlttr:stiotrS 1.iriSc(l l-ly t]lc: tttit:tlt,t;iilttir,ls irr tllt:

evtlLtt!itltrat,r,Slilt,llS. iIis!lrttt:r_:s atltl jlttttitlcisitv crf ]'lrY
c:litr,-liriltr,.,s irl tlrr: g;rlar:tic: ticlt] c,;rtl lltl c:lrrrrili;ltt,ri lf
()llt] t1.1I lIS Trl ittl,r:stig;ttirlrl cif sirrrilal, Still,S irrsitlr_' gIilll

ttlаг с:ltt_чti:r_s. Ilorrr:r,t:t,. btlrlattstl tlrc 1ltlst ,\(i13 st;tgc

is tlf slrclrt t-lulirtiotr. tlrell: is г;rtlrеr ir lilrritecl szrtlt1l1il

of srtclr oll.jtlcts in gloi,lrrlar (]l1lStегS. PIrNtl irr giclllrrlar

clltSteгS. rтlricll аге ircc;cssilllc to lriglr l,t]soltttintt s1",r -

Гl О}( Оl)\'. al,, jгiil lгS: ltlll lli']'l'll:, Iil, гll,, 'I,l l,tl,tlt I i1ll,

tlre rlcэtaileLl c:ilclrrric::il c:tltrt1-1t_isiti1_1tl lliis lltltltl irlr,tlsti

дlatcrI tilг tlrrl 1lrlst ДGI] stars irt tltt: lti:ltt,rlst glcllllrl:rI

clu-ctel, э (lr:rr ((iilrrz;Lli:z .t \\':rilel,steirl, 199]: t1,1U + ),

Tlre slrpeгgiarrt R()А 24 (Gorrzalez. \\'illltlrsteirr, l992)

is ir reiiable гe1.1гesetrt;itivtl cif tlrt: рri-чt -АGts Stа,ч(] с)\\,-

irtg ttl its -- Cetr tlrelrrtlct.s}Ii1l. '['}lе lrlltttrt]:rttt:i,tlf t:lttlttt-

iс:a1 c:lctrtr:trts irl tlrc ;rttrltls1l1rtlrc: cll l](),\ 2-1 is t,r,eater]

as ir 1ll,itltlrl,r, stalrtlnl,tl filr tiicl 1ltlst ,\(,i13 st;rgtl;ttli1 ib

ttst:cl itr tlril srrrdy rlf tIrtl ,l1.1.jrlc:15 511,*1lt:r:trlil ttl llrllritig

to tlIiS Stagc.
Brlt rrr tlris c;a,qe ttlo. ц.,lrit:lr ts tltt: ttlrlsl firl,tlttt,irll]r,

for ollseгr,;rtiOlts. Illtl S/N rаtiо tli гlit,s,1_1t:l:tT,a ollгiiitrtlil

r,,.itlr tIlc (],гlо .1ttr teltl-cc:t)]le is gtlrlc:r,;rlly itlsttfГit;jtltrг

for tlter,iSLtгtltrtettt of rvt_:irk atlsorIlticitr iitlt,ls, lt rs;i1;

])ill,elIt tltat ttiitss iriglr ас:с:rtгirtl1, tlllsetyatititt_ч rt,itlt ;i

lriglr sptlctrirI rcsolrrtirlrr ()f StirгS irr gloIlrrIirr, (]lilStel,S

is а 1lгitlгitV l)I,olll,illIllrle f'oг teles<:o1les rTitl; ;l lttiltrrt

tliatltettт over, ,1 t tl.

,\lr itrtlellcrrilettt,1lt,ollll:tri is selrt,t;}r ftlt,;rtri1 strtr1l,tlt'

tlxtг;rglrlac:ticj Stа1.-ч. РР\ r:irrlcliclatt:s. Eot, tlrr: seitl( tiiltr
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,.ll c:allclir{ares. IIl spectroscopll aIId tlчо соlоur IRAS
.1i;igгirtns аге l_tset] to aclvatttage, Fог irrstarrce. irr tlrt:
Srllall N4ад4еllаrliс Clclrrd Vrrlr Loot et al. (1997) irave
:,,lt:t:tecl ])ost AGB stal,s of sirtlclirsses II III (Ьг
.:1:rssificatiorr оf Varr с'iег \'eert & l{atэilrg, 1988).

Ilr tlrc: past 1.1д,,, alorrg ъ,it}r cIassica1 cep}reids.

l]\'Tarr iurd RR Ll,r tl,pe stars, tlre post AGB stirrs
1.lrуe c:Otrte ttl Llc t,геаtеd as а stallclirrcl carrtlle iri de-
-l]1,1I]illittioIl of c]istarrc:c's tо galaxies. Tlre 1lost AG13
-:lrt,s ltat,tl tI rtrtrttllcг of;it.ivattttrgeS O\Ic1, tlIe eIlurIIel,at-
.:1 ri}.l.]ects (Borr11, 1,996): Iriд,lr ;rltsoItttc lrirrritl,:lsitl,, irr
-llt, ttitt,,t,otl, га118е оf 1urrrirrosities, possibilitv оf ttreiг
.,.1l.ctitllt usirrg 1olv-, resrllrttiorr sресtrа (fгопr t}re rrtlr r-

--.irrclard pectiliar, Н,, 1-1t,ofi }сl alrd atrotltirlotls}\, ltigli
:];iLtlri:r .jutti1l valtttls). rlltlrrtllerslrip irr pollrtIirtitll i ] ].

li;Lllle с:tltitrд1}I c:irlillratiotr tll lrrrrrirrcisities ill oll.jccr"
l .ir1l, ottt, (];rlaxr'. irrsigrlific:arrt liglrt r,:rria}эilitr,.

1.2. Observatiorral rrrarrifestatiorls of tlrc: PPN
Stage

\г гlrtл .\(,iIJ stitge. stагs l,eljl,eseIlt а dctrsc: (] () cortl
-,tl,t,clttlttitld Ll1. ilr, a*r,,rr,.'ed errvelolle (Itэerr & Rerrzirri.
illi3: Sc:IrcirrL)el,1lel,. 1983). ;\ stгoll!4 rvirld rvitir а rаtс
; 1t) i\ll /r,t, altd tltett l0-1\,1;.r/уг ,is iltlrcгcrrt irl

,:,ls t;tltrfigrtI,tltiolI. rr-]riclt errettttrlrll1, l,esttlts ill a]l l ll)-
- ..;L]lv tlric;k ettr,elollr:, atiti tl stаr ccascs tO Ьс observct-l
:, rlrtl o,1,llir:iil r,trrrge. Stагs;it tlre 1atc stages, il,iric:ll
,iр lli:]tt,el, tIrгсlltgh tlre ц,,irrt], геsеtlrЫе а candle Ыtrrr-
].l ilt l)otll elrils (\lasevicli & Tlrtukor,, 1988). Wlrerr
-:,,, ilIass clf tlie lLlclгclgerl slrell сlгорs to [1.001\l,,:..
-:," г;rrrcl stt-l1_1s litrtl t}re sttrt,IIiO\reS ilrto tlre llltttl le-

- ltt ilf tlll: I1cltzs1llririg lir_tssel tliagl,irrli llet;attse ot'

.lt:]'l',,tl , 
-l-ilis 

stаgi: ttlav laSt ttl [',,11 r,alttes а_. lrlцlr
t ,tilirttt 30U00 к. ilt цliIicll iorrizat,iorr of tire cit,ttttIr

--=li;tг rle}lrtla is irritiatecl. ltecclrrrbirIirtioII llydгogel]
] rj iIl)(l tbгlliclclt:rr rrrtltal ],itrtls rrrake tlre r_ib,ject reiid-
-,, ,lIlsi:rr,allle irs ii 1;lattt:t:tI,\: IlcbuI,I (PN). \iost of

- ,: i,ittIll tlle lrtIrritlrlsitу of tlre stirr is 1lгt.,r,iclet1 llr,
-:,-,l1 llr-tlгrigetr Lltirtrittg.

TlIe tel,lIl .\GI] irrdicates that filr lorv- lIl;lss staт,s

] 2 \'I1.1') tlie re]aT,iotlsiri1l 'Г.11 - Т, irt tlris t:r]oltt
- ,ili1l,\,st,адirl is l,i:rY cirlstl t() tlIilt (.)ll tIie first gi;urt
- 

] ii]l(,ll (irGLr) llut sliglrtlv slriftecl }l1rterr,aгrl (tlrc: trvrr

l:itlc:ltes irre rvell seell ull tlrt, Н lt tliagl,;ttrrs of gltlb
..,,ir t:lrtstcll,s) . FЪг N,IS stагs \\,itll а 1llass fi,orlr 2 З tcl
t - 9 \,I6.1 (tlrese objects аге c:alled illterrnediate lrrass
--i1l,s. ]lcli1lIIr bttrrritlg ilr tlrtэiг col,eS p1,oceeds iIr tllrl
. :]s(,Il(](] clf сlt:с:tгоrl dr:gerrr,lt,atiorr) t}re tr:гrrt ";lsvlllJ 

)

-,lir" lt;-ts tttl trrcit,1llrclltlgic:al stlrrse arrcl is lisetl tci tle-
li{,Sl;il,S rYrtlr а (lcgclI(]1,iIte (] () r:oIel, Aftr,ll irelilrrrr

: lit,, t:t;t,tl ts i:xliattsteci. tlrc tlegerreгatt: (] () с:огt'l is
: liilriit.t:ri sltt,t,ortrrclet1 l11, errergeticall1. 21clil,e 1,Ie arrcl

iJ llrtгrrilrц }а\,с:гs. i.c. ;r c:olrfigrlt,altiolI arrirlog tll irrI

\(]ll stаг is ftlrtrrt:ci,

/,АRGЕ /ft дхCESSES

! . 2. 1 . G o,s ео ll,s - tltt,s t еr rч el о y,t е l r t, о,r Li| e,s t rl,t,i о r l,s

1'irr_rs. fl,orrr tlle gelrerai itieiis tll tlre steilal eтcllittitltr

tlrсбг1. it ibllorr,s tlrirt ob.jects at tltc: tгltttsitlcilI 1эtlst

AGB strrge, lral.irrg ltttclc:rgclTre t,lre -A(]I] plr:ist: rvitlr

a,cortsir-lerable trrass lciss. аrе stеllаг l,clItllitlits of lriglr

iltlrrirrositl, sl_tl,r,oltlrded Ll\, а dltst ell\relope \vith tI l(ll11-

реrаttlге of abor_tt 200 К. Fl,оrп tlre I)oiIlt of vierv rlt'

tlre tlrеог1, :ttld obSet,r,aticilrs tIre Ir,:ursitiotr. \l(]1,\, siloI,t

(ailorrt 10lr тcals) 1llrase ti,olrr tlre .'\G l] Stilge t() il

J)litrIetaг], trr:llrtla, is litt]c sttrLliecl.'Гlri: tlrerll,t:tit:irl

str_rc1y of e\.oilltiolI оl Pt'Ne is itrrl-letletl (lllc t() tll(]

coInplexiil. of tlrеiг Stl,uсttlге ilrt:lrrdirrg at IeaSt tw()

colIIT)()lIetlt.S: а c()oi,ilIg riоц,tl ertveltlllt:. rvlrir:lr tttal,Ilr,

of ссillrllrl,чitе stl,tlctLll,e ;rtrc,l at sl,at, t:r_iltlittttitrg iIs ,,r,l,
ltrtirlri. Нtlц,еtrеt,, а tttttttllrlt, tif J.lltllet,s rs ;rr,;iilir}lltl irr

rvlric}r tlrocitlllirrg of гticl,iirtitltr ol tlrt,l r:xlliirttlirrg t:,rlllirrц

(lOwli (iiiSt iltrt,i:Icll;e is trlatlt,: (stltl. t(lI ilIStiIll(]tl. tlrtl 1l;t-

1lers [l1, \iollt & Кll.оk. J 989; Szc:zerlla & \1aI,terr. t!]9.]:

I-cllltlz clt aI., 1997) irtrr] tr,;rcks tbl tlrrl r_:r,ciltttilltr tif гllt,

clelttt,li] star, (Sr;llijrri)e1,Ile},. 198.1] ltave lltlt:tI t:tltrilltlt-
tlti. rl r clrrdirrg tire evolttricltiirгr, tt,at:ks rvit l i aiitirr-at l t:t,

rrlaclc: ttlr tlrt: ttiass loss (\'assilrirtlis & \\ilild, l99;t:

1994; Вlбс:kег. 199ll а.Ь). 1rr tlrt,:1,lirllt:t,s llt, lJlijr:ktlr

(1995 а.Ь) tlre evollrtiotrlLt,], tr,асkч llavc lltlett i:alt:tt-

l:rtt:cl tilг stai,s rvit}r ilriti;rl llrirsst:s tlf l - 7 \[,; . T;rk-
,irlg irrt,tl ac(]olllIt tlie tri;rss lciss iit tIie llGl]. ,\(ilj;rrrcl

])OSt r\Gll Stages.'llrе :rrttlrllt, etrt1-1iraSiztls t,lrat, tlrtl

tttitss ltlss г;rtе itr tlte r:tlttl,st: rlf cvti]iliitltr clf;t stlrt is

tlie triost ittlllclгtattt ])ilгitlIIt]t(]I, illorrg rгitll tlltl irririirl
lIlaSS ()1) tlttl tttaitt St)qltc]lIce. :rrrci tr dencrrrtittes tttlt trtt-

il. tlre firraI ttiass itftel,tlre дСlR 1llr;lst: llttt tlttl itltet,ttlt]

St1,1l(:tlll е tlf llrtl stlrt, atrct titrrtl sc:liicls tlf evtlltiltt_ltt ;rt

tlrt: fitl;rl 1lir;tsrls,t-* rlell i}S tli(] t:ltt:trlit;;tl (:t.ltlL]"-rsiГitltt

r';,tl i;rгirltts t,l tlrtl sttl,t;tt:i: l;tt,t:t,s tlf tllt: stitt ,

\cittvatrlrL;le ()Il/lll stlrt,s ltгtl liit,lir. ttl lli,titi,
\-o1tllg(]St ])O_ct, j\(;IJ o}l.jr:c:ts. lIiillirrg ег ;rl. (l!)b7).

\j;itr tltlt' \'tlelt atltl tiabirrg (]9ss). lrrlti lirvrik r:t ;tl,

(19t7 а,Ь) lrarrl: Jlt,tliltlser] trl t;;rll гlris tl,;rrrsitrt]l) l,\,(|-

lutiorr 1llr;rsi: tlie Iirre дGl] (L.\(;lJ). SirIcltl tllt:1llrltsc,

is slroгt. rllо oll.,]ot:t l)t,(]Ser,\res lrlirll1I I)l,()])(]гt,itls ilt'its
1;t,edec:tlssors Stal,S itt tlre A(il] St:rge. ]\t t.lrt: lltlgilr-

rriпц tlf tlris stage tile obiect is ctiэserved tlTril, irr tirc lll
irrrcl гirclicl г;tl)gcs;rTrrl ttclt iclctrtifiecl lvitlr tlll,jr:llts vis,i-

llle ilr tlro ol)ticirl l,arrge (Ku,ok tэt ;rl.. l987 a.ll: \iilk ý
Iirr.olt. 1989). Tlrc: r:аг}lоtr stаr С\\/ Leo (lllC*i021tJ).
tlrc Ьгiglrtеst Sсl11l,cc irr t.lle sky ilt 

^: 
Г-,7-r,lrt.. set,r,tls lt

J)rotot,l,pe trf air OH/IR. stаг rv,itll irll o1lticallt, tlric:k

exparrrclitrg e]Ive]oJ)e (jrcated tlrrouglr tlre strorrg stel-

lat,ц,irrd at tlle l)l,C(;e(lirrg 1l1rases of tIrtl staг evollttiotr
(()lolssorr er til.. 19Е2: Gгi.,t:rrewcgelI. t997). l)eifclsst:

сt lrl. (1977) lravc rrrilcleIlt:rl etttissit-lll 1.11,ofiltls tlt С()
o}lsclt,rrccl irr 5 tif tiris ltilIti сlf rlil.iects. Rtlг;rtiorral гt,аll-

siticlrrs оl c(J are rгicltllт ttsecl itr ilettlt,tttiltaticltr tlf tlrrl

lIlijlltcl' loSS гаtе tbr, 1ollg 1lегiо11 r,aгiallles. I ltlrvel,tll ,

irr tlie c::tsc llf \юlllIg (o1ltic:allr, ttrit:i<) ()FtllR stat,s

tlrtl ttt;iss l()SS гirtе ctlt,t,tlslltlticlitlg t() tllc irrtr:gгhl lli
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flux turrred otrt to Ье arr оr,dег of magnitude irighег

ttrarr thе r,ahre which is obtairied frоrп t}re intetrsit),

оl ttre weak СО emissioTr (this incorisistence is espe-

cially pronottrrccd fог tlre СО liTre coгr,esporrding to

tlre tгalrsitiorr,]: 1- 0) (Heske et al., 1990). Stttlr а

tlehavior-tr clistirrglris}res lroLlllg OH/IR staгs f\,отп N{i-

га r,irгiallles :rrrd OH/lR stагs with ап optically tlrirt

ettr.elo1эe, fЬr ц,,hiclr the rrrass loss rаtе estiпrates fi,оrп

tlre Со 1irre arrd frоrrr t}rc: IR, гatliatiorl are corrsistetlt.

Tlre cllэtictrl t}rickrress of t}re clitst ertvelope clr-ll,-

itrg tэxp:rrrsicltr c]ecтeases. ils а conse(lrterrce of rvlriclr

tlre rаtiо of IR fltlx to the totai fltrx will dесгеаsе.

Fоr, 1,611119 PPNе it is 1/3. Volk and Kъ,ok (1989)

hаrrе регf'оrrтrеd rrrоdеlliпg of еrrеrgч distributiorr evo-

lrrtiorr irr t}re spectгttlrr оf PPN as the en\relope coo1s

dorvTr alrd expatlcls. \\/|relr tlre eflective telllpeгatllt,t]
of а star,гear:lres а r,altte of abotrt Гi0O0К, ttre ptrasc:

оf LAGB tcrlrtillates irTrd art ob.ject Llecotrres а I)PN
(Sclrorrtleгrrrэr, 198З).

Tlre objects AFGL 618 arrc] АFGL 2688 (ligg Neb-

trla) rrray }lе irtt exalrrple. ;\FGI-618 is :rlr IR sоltrсс:

rvittr Т"11 = З00 К rvlriclr is located betvn,eeti tl\,o oJ)

ticaI t:otrlllrltIel)tS SeI)al,irtecl bt, 7i ' (Westiэrooli et al..

t97:l). ()tl tIrc rаdiо ,irrr;rges srrrirll (0.4") iorrized ге-

giotrs tlrrrbecltleti irrto tlre lR, SoIlI,ct] аге геr,еаlеd. At а

clistalrce оГ uр to 20" а rlrolectrlar ettl,elope €xllatrrlirrt
at tlI€] \relocitl, \' - 20 kllr/s. like c:iгcrtlrrstellaг errvc

ltllle of irlr A(iB stirt,. is tlbscгr,eci, Tircl ctl;tir:al c]otItI)()-

ttetrt (lf r\l"(;L бl8 is ;r firirrt st,аг (S1l : }39. \' : 19"')

dtte ttl lliglr urllsciгptiolr: tlrtl аlэsсrгрtiоIr irr tlre viчilllе
rallge1 А,,. геасfiеs 7() 100 rrragrritlrtles lirrtleг tlit,

assltrltpltiotr that tire с:irсttтпstеllаг аьsогрtiоIl irftъc:ts

IR lilrcls itt а rrtatttLeг sirпilаг to t}re irrterstellaг аь-

soг])l]ioll (Lecltrer_rx. Jol.rrclairr cie Nlrtiztlrr" 1990). Tlrcl

lR iirrr-l ttlrllecltl:tr ettlissrtllr агisе irr tlte as1,1lrlut,tt,it

etrycl,lllle. 'Гltе t,erttttarrts of tlre ertvelope aI,e colIceli-

tгаtесl torvaгcls t}le есцrаtоriаl plarre, tlre lоll,еr optical
delrsit,,. at the poles allorvs tlre optical гadiatiorr to

1_1ass, .rTtc1 tlre sc:rtterec1 liglrt creates а Ьiроlаг пе}lrrlа,

ltt clrlttst]clLtettc:e сlf aSyrrttrIetг\I Of sttcir а Stгtlсturе tiIc]

tlllstlt,r,clti itrLagr: is tlelltlrrcietrt otr tlre оtэst]rt,tlг's t,iец,

at rg,lr,,
'I'lrt: tlrirss of tlre rrlrriz,r,:cl 1lагt оf tlre PN errve-

io1.1e is ().2 Nl,..: lf tlre аgе is aboiit 5000 r,ears, t}rtl

ttlass irlss rаtе ilt tlrc AGI] St,itge l,Iiust tlrerr lle allottt
-1 i0-;\1.;. rlltc.lгtliis fгоtrr ReitrLers (]97Гl) tЬr а st:rг
tlfsrtc:lr а lIItlss it tttitv lli: bl, 1 2 оrсltlгs ofrrragrritttde
lotel,. Тllеl,еtЬге. to ex1llairr tlre forrrraticllr of а l'N
д i1l,i.,laltlleticl "sttpeгrvirtd" witlr 10-'1 NIg per 1,еаг is

iIItrocluced (Rerrzilri, 1981:Baud & Habilrg, 1983).;\t
а t:el,t:tilt IIIoillclIt of tlre lifЪ tirne of trrl AGB stаr its
ltt;-iss lciss t,att: srtc]rletrlY tttcreases. 'I}ris гарiс1 ittсrеа-че

irr tlre tttass loss t,atc filrcls its геflесtiоrr orr tlre rli-

itgI,illIt tlf lH clrllclltгS aS а ga1l Ьеtч,сеrl lrort-r,aгiablcl
AGI] stars. ц,lriclr lrave actrrally tro IR exccsses. atrt]

post AGB stаr (see e.g. VaTr dеr !Ъеri & Habirlg, 1988,

|-igs..3ir arrcl 5а) . Ttrese al-tt,lroгs sl.lpl)ose tirat orre of

tlre causes of t}re abrtrpt rise irr rtiass loss l,ate ltla},

ье tlre pulsatirrg illstability оf sltpergiartts sitrce otl

both sides of tlie gap rlterrtiorred tlre rrlrtTrbers of чагi-

аЫе stars diffЫ, esselrtially. Besicles, irr tlre extelId

ес1 atrrrosp}reres оf suрег- arrd lrypeгgiallts а colllplex
patteгrr оf tttгЬttierrce exists, rvtricIl сrеаtеs tltгl)ltlelIt,

presslll,e oll ]паttег аrld tпаy c;tilse а lriglt rirt,e tlrass

loss (cle Jаgеr, 1.992). Tlre "s1-11,1el,wiTtd" stage irr iоu,

arrd lneclir:tr1-InaSS StагS tet,rnirrattэs u,heTr tlre lrl,drcl-

getr etrvelo1le is exllattsteti. Tire cltrгatitllt (lf tlrt: "stt

регrчirrd" stagc is liot Iагgе, 1()] - 10j vears (Barrcl &

I{abirig. 19ЕЗ: Detfilsse et а1., 1997).

Sечегаl StarS at ttre post AGB stage, irr particrrlal,

ttre abol e trietrtiotled AF,(;L 618 arrd АFGI- 2688, lracl

beelt klloц,tt Ьеfоrе tlre lltAs satellite rvas lattrrched,

Besides irr t}re papel, of l951 BicleIrrlatr tlrtlrv irtttltr

tiоrr to thе. presetrce of P,G StlTJeгglalIts loc:ated ,irr

lrigIr galactic iatitttdes. I-{оrчеr,еr. as а t,eslrlt оf rlllstr,-

vatiotrs rvitlr tlre IRAS det,ices tr po1lltlaticlll of F'.(i srr-

регgiапts ъ,ittr lirгgе IR cxc:esses rvas rсl,еа lecl (Larriers

et а1., t986: Раrt}rаsаrаt}rч & I'ottarslr. 1986: {{ril,rrirk

et al,. 1989l Tt,ltrtts tlt lil ,. l991). rr,}riclr 11,1,1 1, jlltг,t

1lreletl to lle tlirltstlcl llv гacliatiort of cit,cltittlstllllaг elr

r.clotr-lcs. It rs t],orrr tire lr:srtlts оf idetrtifit:lrtrtlrr оl t,Irrs

poprrlirtiorr irr tlre cllэticlal гarrge tllat ir san,r1lle clf 1lr:c:tt-

iiаr srrpergiarrts rvitil lat,gll lR cx(jeSSes rllostly ilr lrigll

galactic latitur-le,c (Ь > 1[)") цlas fогIIlе(1.
'Гllе lIl f]ttx lrLtixjlirttlrr i,ic:s at iil)()1lt 25 fit) 1rrrr,

'i'lrt-. f]ttx ltIl ltl i 7ttrt is rrrairrll, dettlt,trtltrec,l t,),

а гесlсlеlrr:,l slaI,. atrrl о\,е], t() 1лrr tlт t]rtsг,

Сolorrt' c}rat :rс:teгistics (fliix I,irtic]S itt tlre rvirveierrgtl ls

12. 2l.,. бi]. l00 ptlL) аrе czrttsec1 llт tlrе ciгt:llrrrstellar

errr.eloI; е IJI,о])егtiеS. ti rеrсlfоге. tl teу irге deJ_ltlt itlctlt ot t

tlrtl rvllicl I)i11,li1lIt]tc]l,_c tit tlle AGB stа.ч,:, ()rr tlrtl ilr-

fl,агсс] cc-rlolrг cliagrarrrs tlrrэ lirte ,\GRs ;urr1 l,oliIlB [)\(]

аге сlсагlY tlistirrgrtislrefl (\arr tlс:r \Ъеrr ý l{iltlirrg,

l988: \rolk, Къзk, 1989).

Ilr acltlitiorr to tlre cool cllrst envelo1;e rvitlt а telIl-

регаttu,е of sеr,егаl lпtrltlгесl cltlgt,ees itl scvel,iil ll1rNr:

:r }rоttег irttrct,c:trvtllo1le (li1l to 1()00 lij i5 11[.lst,r,rlarl, lt

is ittrportatrI tlrat tlrr: irrtеgгаl lll flrrx tt'it, ll tttttrttlt:t

of stlrrs is clotnllirгallic (tпrd evett cxt:tl,:clsl п,itIi tllrl

flltx irr tire tl1-1tic;irl l,altge, itr cottsclclr.tetrc:e clf rr.lritl}r tlrt:

еlrегgy t]istrillrltiorr iri tlre SpectrulIl of l']]Ne ltas ir

tц,сl Lleakecl clrat,ltc:tclt, (\,'rllk & Krvok. l98!-}l Yirrr t{cr

Yеtltt et;rl.. 1994: ()rrtlrrriri.jer,. 1996)..\s ii tтT)i(]al (]х-

ittttple, itr Fig. 1 is ilrtlserrt,t:d tlrtэ distr illllt,ioll ()f eIIcl,-

gl, ilr rlie ST)ect1,1.11I1 o1'tlre PPN. IlD;lбl2[i (tlre tigrrlt:

lras bee,lr takell о\,ег lj,ollr tlre prTptT,by Bakktlr et irl"

1996b).lt iblloц,s ti,oln thе figtrге tlrat tlre f]rrx iп tlrtl
rrisiЫе l,atrge is corrsistc:rrt, l,u,itlr tlre Krtl,tlcz's tlrotitli

lvittr Т.,11':6500 К arrt1 sttгtbct: цrаl,itv logg, - 1,(),

Note tlrat tlre excitatiotI l,elllpel,atrtl,e ц,е lrave tlettlt,-

rrrilreci fi,orlr а large set of trerttral tгoti littcs (Kloclrko-

va, l995-' а) eqlrals 7000К aIrcl is irr fair agl,eerIlellt

u,it}r .tlre data of erlel,gy clistriblrtiorr rrroclelling, lt
slrotrld lэe Ьогrrе irr rrtirrc1 tlrat Т"6 of tlre gil,crr objcct

J
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]iliiY clltlllge (Orrclrrririjer ,k Ваkkеr, l994) llecause tlre
_cllotrr irrdices аге оЬsегчеd to чirу.

lt slrotrld Ье noted tliat at lrigh latitudes оf thе
Girlaxy F, G srrpeгgiallts lliivc beerl selectcd (Borrd ct
i].. 198.1: Sirsselor,, 1984) , rv}rich, }эv all irrdicatiorrs,
::la1, l)e collsidel,e(i as JJost-ДGB stагs (ULj l{er tl.pcl
:Iirгs). ltоwечег, tlley ttarre tlo IR excess. lt is assrtrlred
-illrt tlrese zlrе tlIe ol).jects witll а lot*,, lttass of tlre соге.
:1 (]oIlSeqllelIce ol Wllicll tlreir evolutiorl is lrirrdered.
\s ir гesttlt, tlte eTrveloIle lrits titrre to clissillirte lear,-
]l{ ll() tl,ac(). sitr<:e tlre clYrriitrri<l lifЪ tirrrcэ of tlre rrehrla
. tttttt:lt sltоt,ttlг tltittr tIrtl trittrsitiotr Stirge ()f tlrc stаr

-l (r}ll tIl(] .\G IJ r,ti tIrtэ 1;clst-A(i13 stagc. Ilcttc:t: tlttlstl
Il,jrlc,ts rvill llе\tег !]ct l'Ne. Orr tire оtlrег llarrcl, irl

-:l(, (]ilSe of а IIlоге lIlarSSi\Ie celrtral star, rvlriclL e\Io1\IeS
-rstег. tll() PN rvill btэ iolrized eal,lier, u,lrelt tlre tl1.-

,,ttttit:;tgtl is still srllall. tlre г:rt.iсl oftlrtl lR flrtx tti tlre
:,ix itr tiltl tllltit;al гаtrgсl is still lriglrcr. Tltrts. t}tсгtl itt,tl

- ll tlll.jt:c:ts tlrzrt lrave llo oI)ticirl coiltlterIJal,t irlerrtifit;ii-
-,L)1l. ils. fol, lllstallce. tlre lR sotlrce IItAS 1Bil30+08l7
\\аlkсг et al., l997).

'l'lrtl 
tlrrvelrlpes оГ tlle gгеаtег ])аr| of tlre ;\Gl]

l ; jtlr:ts itt,tl оl tlxtq:rrtlcэcl as\lIrIlIletl"c slralle ( ].Ju.iагr,:r-

ii llt ;rl,. l992). rvlric:il is irrtlic;atil,() of tlIe Il()1I

-:llLet,it;itу of гlrtl trt;tss lr)ss J)rо(]еss irrld tlre likc,h.
, ]t]s(]}l(]t] clf а colttllalliclrr. ()ptical ilrri-iges of l]PNtl
iltlritrecl irr tlre last tirrre witlI а I,esolr.ltiolI zrs lriglt
,l tlrt: cliftt,irc;tiorr lirrrit оf lагgе tele-c(]opes 1эoitrt ttl ;i

)] IlT)ic]x ttrtl1,1llrtllclgr. of tlresc o}).i(](jts. }-оr ittstlltlt:e.
l ilz;tlililt:s tlг ;il. (l9I]6). lravilrH adir{)t,c(l tlre l,lislltlr;-
,il ;itr;rii,sis ltl()til()(l (\\/eigelt, 1977) oi sT)(](jkle ilIi-
.,,. ;tltti t;tttttittt:teti (jl, Il'Г tlllseгr,altic.ltts itt tlttl tteilt,

.]l. tlгtlц. ir c()ll(jlltsioll of tlrtl Ьillоlч_rг stгttctul,c) of tiIc
,]]r\ F[ l).{.{179 (llecl itcctarrgle. rrehri;r). Stltlrtl l:rl-
: ()sttllilat,t tlг al. (1997) ctitrfirtlretl tltis гcsrtlt tts-

] ].] ()I)ti(jill slltlt;ltle-ollstэt,t,;rt,iOtts. П,clt It tlIlst:t,r,;iI i(Jlls
: lltC+l()2 ltj ((;\\'Lco) п,itIl а lriglr sl)atial rcsollt-

,.l)lI I)1, tlrt.l lrtctltclcl of sllcckle IItziskiIlg J)cl,fbl,Irted at
-:ie бtrt tclcsc()pe ()stегllаrt ct at. (l996) liave сlгац,tt

lllttr:lttsiott of tlrtl J)rOsсllсе of а l,esolvirllle cerrtral
, ,tk sttt,l,tlttltciecl lll. <:otrcleIlsatiolIs ()f IItаttег. l }re ;rtt-

- ,,ts itrfill,tirlit tlrtl (:llirгii(jtel,of tlle 1rlirtt,(лг olttfltlrr,
:, rt:tlss i_ч strl<:lritstic. }),citlr radicl itrlagcls of С\\' {,есl
, t:tttissiott iit it wa\Ielelrgtlr оf 1.1] lrrrlr t,lttl t:xterrtlc.lci

.,isl ell\I(ll()pc Of tllis StaI,iS tгасеrl lll] to iI clist;rrrt:e of'
- 

"' 
1(}гt_ltltrrчеgсrI ct irl., l997). r\t ciist;1lI(]es tlf abtlrtt i.i

1.1i 2(J" t()Betllel, rvitlr t}re lrl()llotolIic rlt]ct,tзilstэ itr clcrr-
-,--,,tlf'tiltl tlltt,tlltl1lt: tIlс: iitlt,lttiгs }rarre dettэcttlcl гistэs irr
- - L it,r r si t\, ;t-чsr ic:iltltltl. iII)I)iIl,elItl1l) rvi tlr tItt: tlrr l tat tr;ct l

J r гirrrt:s) lIIass loss lл. tlrt, star duritrg tlrc tllrг]ier
-,illltгiotr stargtl.

]:'r,orrl (]F'H'l'сlllst:гr,atititts Krvrlk t:t al. (l996) llavrl
rlT;tititltl ttttiigtls rll 2() l'l)\ t:arrtlidirtt:s itlttl (lete(jt-

.i;L llillrll;rг sг,ll1(jt1ll,e irr tlrc visilэle l,,]tlll]e i'o1,2 of
-ll,-rli, -\tr,.tll,sis trf sttllstltlLlt]ltt, ,ilIlilges rlf tlie 2 Select,e(i
,il.jtlt:ts olltailrtlri Ь1. 1|16ч1. atltlIo1,s at tlre telescolles
. l'llT arrr1 UKll1T irr tlrcэ r.isiblc arrtl IR ý,avelellgtll

rаllgеs witI) ir lriglr sJlatial resolutioil led t,o tlre crlrr-

clttsiorr of tIre i_lгeserlce of ciгctrlrlstellar disks, r,,,lrit:lr

o}lscttre tlre сеrrtrаl zolles of tlre оlэjесts ttrtcler ittves-

tigatiolr.
А cltralitativel1, rlец, [errel of ttlldcrstalltlirrg tlre

stгllcttlre alrcl clyrratrrit)s of tlIe ettr,tllolles lrt,or.ttrtl firt,

evolrrecl stal,s is ells111,{)cI ll1, obsct,r,at,icirrs rгitIr гIrе iIull-
ble space teleS(]o])e. Iiог exirtrr1lIe. \rcl,), (j()lrlI)lic:iltetl

pictr-tre lras beetr obtiiirretl tЬг tlre ]rotlll[l rre}lrtla ligg
(STSl. 1997).'Гhе ltotl, ttIrifbгtlt itsl,tItttttltt,it, itrrлgtl rlf

tlris rrtlЬrtlir tllltiritreri ц,itIr ir rvic[cl аrlдlе c;tllttlt,a itt tirc
Ill l,iLtrgrl г()I)гсsеllt it ltitlt;tt,clitt,rlf tiiftl,r,tltrt st:altl tIt,

tails rvitlr а stlt, tlf \lclO(jit,ies: c:itltttls tlf rrrtllt:cttlitt, lrr,-

tlrclgetr, аr(js, .jets.

1 .2,2, ,9pu:tl,r1,I Jr:u,tlt.rrs 
,ilt tlt,r. lll. s7lr:.r:t1,1,ttl,

Itr tite s1.1tl<;tt,ttttt tlf i1 tttttttllt:l,tlf l]I)\t,irr rlrt,rrtl:rt lIl
t,atrge [{t,ir.t rak еt trl. ( 19S9) ltirve tleгtlt;terl tirt,l lJгilck-
etr tI I stlгiсs lirres. tlre iibsoгptiolr tilаtr.lгtl 1.5"{ 1r,rrr.

rv}riclr is :rsr;ri}эct] to \,{дi I; allsoгIltiorr (trlii1, c:lttпtgtl

о\/ет, l() r:iгr:tltrrstellal, tltrliss,iotrs. ilS i1l tll(] clitst: tlf
1]i;\S 22272+5-13il) llarrcls at 2.,1 /llIt tltltl ttl I ()tittioll

tl,irtrsiticltrs tlf tlre Cj0 llIcllt-,tlttlll: etrtissitltt tciItllr{ls ;It

abotrt, .l7rtlr sitrrilat' to tltOS0 trlr.rrrLi irr tltt: sllet:tt,a tit'

lrNc ;rrrtl Il ll гtlgiсlrrs, rT}riclr irirrt lIot \1jt llet:tr t,eli-

alllr. itierrtified.
О--гiсlr post,AGI] stal,s (tcir t,llt: 1llrot,tls1lIrtlt,t,

()iC > 1) lrirve irl lll sltct;rгIllIl stl,()lIц rltltirils trf 9.7

irrlri l87rttlt:ltt,lsiltl llvsilic;;tttls:i1l(]lIilstilr () rir:Ir .,\(i|]

stагs (\i;rtr tltlг \ir:t:tr.\: tlallirrg. i9E8].'l'lrt Iitrt,ttt'

9.77zrlr t;it;rtrgcs ti,clttt ctrri_ssirltt tilr e;rt,l1,,\(ilJs i_\li-
га tl,1le) to allsclt,ptirlrr ilr tlrc: e\rolve(l Д(;t] (()ll/tll )

oll.]tlc:ts rvitlr o1ltir::rllv tIrir:k t]ttvelrllltls. (' l,ir:Ir PI)Nt,
ltitr-c а st1,olIg lll tier,ail ;rг l l //lIl { \Ilttr titll, \iltlrr ý
H;rllirrg. t98E: C]irirrl ,t }irvtlk. l99t)). lt ttt;it,Ill,tlltt,
to grzr1llritc:.1l'llis is assttttltlr] t() Ь(] ir likt:lт r,illlarirllral
1.1irrIcl cif SoIrIe S1:lIIlrIetrit: trlcllet:ttltl.

Д srrrall ttltIltllct, of l)l)Ncl (Klvok t:t al., l989:
ГIerrrrirrg et al.. 199б) lrarrtl ilr tlrtl lli sllt:c:trtlIrt;ttI

tlrricltlrrtrficlr.l ettiissirill b:rrrti ot' alltlttt 2l 7rrIr. ivlricllr is

ltlttlrtl treitiret,llr tIre sI)(](jtt,it of tlrtliг J)l,t}(ie(j(]ss()l,s.

.\(ilJ _чг;rls. ltt_it,ilt tllt: slltlt:tra tlf l'Ne, IJr.tss tlt al.

(1990) llavt, sttll1.1iiseti tir;rt tlris llalrtl ttlir5, l;tl t;ttitsctl
bv tIie lrlol(jcrtles of 1lolr.cтt,litj zIt,olIliiti(j lrl,tlrtlt;tLt,lltltr,

Gocbtll ( l993) lrils itli:rrtifitlcl tIre 21 7rrrr lltпltl rvitlr

tIre r,illt,il,tiiltrirI llttllcl of rllt: SiS,2 ttttllet:ttle. tlrtl 1.1t,t:s-

t'lttt:c clf lvlrit:lr is t;ottsistt:trt тn,itlr Ilrr: t(]lilI)(]l,attll,(] ()f

t,lre etrve]oIle..,\s lras lltlcllt ttt.ltctl itt гllt: l)iiJ)(:]I l)\,

Кцкlk et аJ . (] 989) tIrt: rlllitlt;ls rvlrtistl sllrlr:tl,tl (:()ll-

tirilr tlre 2l 7-лrl });rrrcl tlt,tl tlxtT,etttitl c:ziгlltltr stitI,s. lt is
itttllr)гtiutt to II()te tlrat tirc s()1ll,(l]s lIl.\S ()7l.],l+ l{){)J

(KIoi:lrltor.ir, l995lr), l1lAS 22272-t5-1Зi IZ;ri;s tlt :il.,
199а). lili\S 0-1296+З429 (Klcic:lrl<or,;r t:г ;rl., l997c).
t'ог rvlriclr rt,t: ltat,o tlIltitilretl tlrtl l,iLltttls tlf (i/() > l

irtrti tlre ex(]eSS of s 1'trtlcess cl(]lliellts) tlsitrg tlltl sllec:-

tга of clrelrrical colIlI)ositiorr irrvestigirtiotr с;аrl,itltl clttt

we
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at tllc бlII telcscol)e. l)el()1l1] tэxactl1, to tlris kirrd ol
|'PNc. Arгilrttlt,estirrg tlrirrg is tlre detectiorr of tlre
llirtrc] tteiu, 2i дllrr irr tlre Spec:tra of tlre чеrY YolllI8
st,агs willl lR crrvelclpes (Hebbirrg et а1., 1996), rvlriclr

a1-11laгerrtl1, pclirrts to tlle sirrrilarity of plrvsical arrd

clrerrrical ргосеSSсs irr tlre etrvelopes of tlrese ob.jec:ts

at so ciifferelIt stirges of evoltttiott. 'гlrсэ rescrrrblatrce

clf tlrcse tl4io t\Ipes of o}эjects slrorvs up irr llroгplrolog1,

(ьillоlаг strllсtllге) arrrd ilr tlrtэ c]etails ofkilrernatics of

tltcl clttvtэlciptl (LIerrrrirrg et а1., 1996).
'Гlrе llroird elltissitltl llantl;rt 30 lr,rrr is ollservcc] а,"

t,агеll. ilt l)PNe sрес:tга, ()rrtcirrt (199З) atrd ()rrrolrt

et al. (199|r) lrirr,e for_rrrtl tlris b:rrrc,l irr the str)есtга

of tЬuг PPNe. Tlre atttlrors of tlrese раI)егs }ral,c itr-

fеr,гоt] tlrat tlrc: irrtensitl, of tlre l}0 prrr balrcl does rrot

с<lггеlаtt-l rvitlr tlre I)I,escIlce оf tlre barld at '2| p,tTl.

|-]es,itles, itl ccltrtгast to tlre 217-rrrr, tlre 30 7rtrr llirlrd
()cc1.1I,S ilr tlrt: SI)ectra clf stаrs tlt t}lc rreiglrbotrгilrg
t:r.oItttirittal,r: StilgoS. ,\(iB irrrd PN. Irr tlre sllесtга tlf'

lll,\S 22272-i-Г.,-135 tlrrl .3() 7lrrr }larlcl illt()lIsitv itlIlo\ults
trl 2() 7i rlf гlrе bticltrrt:tt,tc sotll,ce lrrtrlirrtlsit1,. r,n,Irilt:

irr tlre SIJe(]t1,IlIrl of ll] дS 071:]4+1005, r,n,ltosc attltct

slliret,c is irlso riclr ilr cat,llolt (Kloclrkova, l995a), tlrc

itttettsitl of tiris llalrd is llot l)i!l}I. Sztlzer,Ilzr еr al,

( l 997). rvlltltt trtotlellirrg tlre t]ctaiIecl (]rlс]rt]I tiistriЫr,
tiorr irr tlre splecltt,utrt of lI1AS 22272+5435. ccltrcittcler-l

tIrаг tlre .3()дllIr tlalit1 is t;atlsecl llт prtre rtt;tglt,,silrttt

srrI1llrite. N,lgS. cclrrtlerrsec1 ott i;агЬоtt gгairrs оf dlrst,

l 2.,',l, ,S7lu:tru,l Iufiчlrrs ,i,rL tlt,e (IV l,tLtttle

()rlr: tlf tlre I)l)Nt: 1lttzzles is tlte crrrlri-lltriiIiott ol гltt:

l;rгgе lIt ex(jeSS rvitir tlre cltэ.ject bгiglrt etrottglr irr tlre
r.isillle aticl t-i\' гeg,iotrs. Desl.titc the 1агgе atltOtttrt of

t lttst, irt,clttt tcl I' l' N c:ar rt]iclateS. Ilo eSSelItiirl аЬsогlltit.lt l

is tlllscгr,ed irt tire L'\/ trrrcl r,,isi}эle rvavelettgtlr l,alIgeS.

Гоl, ilIsliIlll:j(:. iilr lll] -1-1179 tlre гаtiсl tl,f tlre U\r lrr-

ttttlttlsiгr,ttl tlItl o1ltit;ttl Ittlrгirrtlsitv is i;rгgс:. iri,lotrt 3.J

(l-eiirtlt,г. lla;rs. l9E91. tlre colortt,ex(jc]Ss tlrегсц,itlr is

lrs itllt a,* Il(l] - \,') : ().,l, t,lric}r catr btl exlllailrecl ас:-

i:tlt,riitrg ttl \\';,rt:ll<errs rlt al. (1996) Ьу tIre getlrrretr,1, rli

а llttrlLt,r- Sl'Stt]lIl srtt,гtirtttdeiI l11, ir girseotts cltlst tiisli.
'l'Irtl t:trеt,,ц\,ciistlillrrtioll irl tlre l.i\/ sllec;tlir tlf

lIi--\S llil]ec:ts clotls tlclt sllorv, aS ir T,ttltэ, aI11, 1lecrtlili-
l,itit:s rr-llit:lr c:ottltl 1lclitlt tcl tlrc т)геSеllсе of lrot cclrIr-

1l;ttricltts clt, cOtisitltlt,tl}lle гec,ltlelrirrg. lrr tllis selIse tllc]

(]1lt)I,gТ rlistlilltrritllr irt tlre sl;tltltt,tttrt Of tlre stt1l"r,цi;rrrt

lll] 1ij 1796 liavilrg а l;it,ge ll] excess (PaT,tlrirsirrirtIr\,

ý l'rlttasli. 19,S6) arrd 1lrlssessitrg lrcl clistoгti<lrrs itl tlrt:

visrille aliL,l L'\' l,illl8es is tr,llical (Hr-trlr1llrгel,s & Ner,.

197-{: I]lir,гli;rsat,atlrv et al., 1988). Tlre distгilltrtiorr of
eIlel,g\- rrr its silectttlttt is stlggestive of а srrtall cle-

lic:itllrt:r- cll trretaIs irr tlre zrtrrros1llreгtэ, r,n,lric:lr is corr-

tittlrlil ll,еI1 llr- tilt rlatzt clf t]lc с:lletllii:;rl ctltrr1losiГi"tl

,,t'lIl) 16179б il.trrli< t:t rri.. l990. see irlso Taillel of
1l1]t 1l;1llr.1 ],

lri il :1,1:1,1;ti (|iIse llI(] ttllst:ttCe оl c:cltr_citlcгable ;rt;-

soгptiorr irr tlre L.]\" ci,rrt Ье cxplairrec1 bl, tlre f;rt:t tlr;rt

tlte cltrst errvelope is sIlatially sepirl,;rtecl fгоlrl tltc: tltltr-

tга1 stаг arrd lras arr ilrsigrrificarrt еflъсt orгits гаrliir-

tiorr.
Irt а rlttlrtllel, of srtpergiatrts rttrltsitaI sllесtгаl rlc.i-

tails irr tlrcэ UV rсgiоlr ltavc lletltt c,tlset,r,ec1. l't,lt,

instirlIce, ilr tlre IUIi sllec:tгltttt clf tlte slt1l"t gi;tlrг

|ID 1Е78в5 Paгtlrasal,atlll,et al. (l987) lrave 1rlttTrcl arr

intcrrsil,e bгoati absot,ptiorr lirrc: of irborrr l657 .\ ((, l

,,t Cl) atrd Tlr* t,lIliSiiU,ll lirl* \ l\'. 1_1R7д,

Higll rcsoltrtiorr l,i\i s])cctra (l[]El lrcar tire t:lrгсi-

tгtos1,llit:ric: 1irrtls \1g l l 28{)0 д ollt;rirrcll fol, ;r siurt1llt:

of lriglr latitrrtle srtllel,giairts lrirrKэ siglrs of stell;rl, r",irrcl

attcl tttass loss. l'irese oi).jccts itt,e ц,е;rk fсlr lLiE, ttrat is

r,,.lry tlrc SJ)()ctl,a al,e llo,iS\,. Erlrissitltr 1,ll,rlfilr:s tll l'(,r,H
tvpe urrtd tlxter rdec] allsoгl ltiorrs slrif teci tclrvaT,cl s sltrlгt

vnar.clellgtlrs 1lat,e tletltt tclrrrrt]. rvlrir;lr rs ilrdir:irtivtl tlt'

lItiltter ioss. Tlre \rcl()c,itv trtal, гr.l:rс;lt 2()[) .}()0 krrl/s,

l'lre rcslr]ts obtairrc:cl llr, }l;rkkel' et а]. (] 996rr) fcil, tIrrl

1эec:ttliirr slll)el,!]ialIt IID lt)158,1 ti,tirrr tlre ll.'E lrigli arrtl

iorv slltlсtгаl l,eSOiiltioll S1jectt,it ltlltv i-,t, ;tl t tlxittlt1llt:,

Гlrс li\J ttltltLittlt,ittg lras t,t:r,r:ir[etl irr Е9 llt:l, ali 8()

cjltvvat,iiilli]itlof tirtl \,Igll1lrrlfiltls (1llrottlrIretr"ic: c;vt:lt,

allout б,'-r rl;tvs). rгlrir:lt r:ottfit,trls tlit: elJ'tlt:t tircl 1lttlsir-

tiorrs ]r:lvt: (tlt t.lie l)l()(]eSS (rirtc) tif ttt;tss Iclss (l)r11,lltltl,

199з).

1 .2.J. Sltrl:trol, pr:r:,u,Li,tп"it,ies itt, tlt,e, r,rl,dirl lLltl,tlr:l,r:tt,qtlt

l llIl,,lJ(,

()ll>,:l,r,;tгir:ltis tli' Irl'-\r: irl tlrе t,lltitt-l гаltgе ltttt"_, }lt,tl-

vtriecl а ri,eiiltir tll itrtilrrrii,it.itltr iriltltrt tlrt: 1lirтsicai r:tltr

ci.it.iorrs itr с:it.сitlrrsгtlll;tг errr.r:loIltэs. lt is rlf ittt1-1tlt,t;ittc;l,

tlt;rt olljects rvltir lriglr (irrtс:гstеllаг arrtl ciгcttrrrstellal,)

irllscirlltiolr irl tlte optic:irl гattgt'l. ilrc:lrrclrrrg tllliet:ts irr

tlre guilar;t,,it: 1llirtre. irt,e tlЬsегr,а}lit: 1.1l, r,irtlitl lIlt]t,ll()(lS,

Itilrlirl cillstl;,rlatiOl}s irr trltllec:ttIal, llirtrtls (tlrtlt,rrrirl rai.lj-

trtirэti ot'tlre ttlcllec;tile_, (j(). Si0.I[2() irr 1}111 1,i,1111111r,гr,l

t,iirtgt,: ;tttcl lI()lltllc1,1tliIl trt;rset, l,irrli;ttitltr tlt' ()li, lI:,( ),

Si()1 1ltlrrrt t() tlI() J)l,eSelrc:t, cll ltllце. fi,etlrteritir,[li1,1tliar,

trtoLt:i:ttlat' ctlveltllleS irr а ltlг оf 1lclst ,\(]I]s (Likkel tlT

al.. 1987, l991: Lilikol. 1989l 'l't,lrllrs tlt lll,. 199(]: t,tl

Lirrtcl Iltэk]tcrt,, 1991: te Lirrtt:l llekktr t. C]lrli]ltrratl,

l996; te l,ilrtel ] lеkkсгt еr al., 1.992: \'arr clcr, \jeett r:t

ill., 1993; F)rgcls &. l,ervis, l996). 1'lrc Iloll lllt)l,Irlal

сlr;rгас:tсlг оf t:tILissiolrs irr tlrc raclio wil\/c]lelIgt]l l,illlgt)

fоllоц,s fl,cltlt tlclttt1-1lirisorr оl tlre llliglrtrrt]SS tcllll)(]I,i1,

tr.tге (tisttirllr, < 108 К) arrcl lilril ц,irlt.]rs. lтlrit:Ir I,,c,lilit

to tlre killeric tсrtIl)cl,itttl1,(l Т : 1()() К. 'l]lrtl 1ltlrvel,fill

lrlaseг Iit(liat,irltt is;rtl ef{rlt:tivt: rIt(:itllS tЬr rlri: Stild\, ()f

ciгtlurrrstellitг elIyeIopes, lvlriclr 1leгrrгits tlre rletailtltl

spati;rl St1,Ilctllre to }le t,tlvealed tпrr-l el,ett rlrolet;rtlat,

ell\rclol)es ili оtlrег galrrxilэs [о btl ollset,r,etl (Wood t,:t

al,. ] 986).
l['lre cxisterrtjc ()f lItOIt)(:lll:tг t:ttleItlllcs itriil tlrtlil, t,i1l,

tic:al tlri<:krress ts tltlttlгlrritret] b\,Iirt: tlritss lt-iss t,itttl;it

AG13 ,stаце arlcl lll, tlit: l,aIe of tblIori,irrg t:r,clltttiiltt,
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|'гiоr t,cl thtl IR.'\S ollsct,rlatitltts. tlre cxisterrcc of illl
,_]xJ)llItdil l8 eIl\reIop е \\,its the prirrcip:rl di stirrguislrirrg
ijllal,zl(:|eгistic ()f uI post-AGB stаг. Oll.jects п,itlr OIl
,]lIlissio1l ат,е 1ikeh, to esseTltia]ly difIЪг fi,orrr objccts
,,гitlr cllose IRAS раrаrrlеtегs, brrt rvitlr lro ОН errris-
siLlrr (Likkcэl. l989). Гоr qllitc а lслл, IRAS sоtlrсеs il
lar"iallilitl, tlГ OIJ 1lгоfilеs llas b(-.cll re\Iealed (te Lirrtol
]leitIttll,t. (ilr:r1.1trlatr. l!]96). t1,1iic:lr tttay 1le c]ue tcl ttlttr-
;j()l,;1i vit1,1il})le ittttэt,irt:tioIt lltltrTt)tltt rlre srt:llaг rvilrd
,lrrl tlrc c;il,cltttltstellal,dtlst (13alick et zrl., l9E7), ttl
lliltss tl,:utsf'ct, ilr а llitrurt,}r s).stelIl (\\raeIkerrs. 1995l).
]]esiclc:s. ils llotc(l Ь\, te Lilrte1 Неltkегt tuIcl CIlaP-
ll,atl (l996), tlre clvlt;rtrtitl i1IId geolrletl,ic: c:rlrrc.litioris irr
-i](] s\-StelII lIla\. l)e trrotlttlatecl lll. t,lie Stilt,'S tli;tцttt,fiг
*t,lcI. r1.1rirllr rvi1l ilrr.olve r,аriirtiorr of tlrt: ()lI I)rofil(],'l'Irc СО lirrtls itr tlrtl rrrillirrreteI, 1,aIl!]e, irlorrg п,itlr
-:,r,I[l (.liit11. iu,c \\,i(lel\. ltsctl tc,l stlrdr- tlrc lListoгl. cll
,:l;]ss l()ss (()rrrrlrrr. l996) orvirrц to tIl(] illtc1,1,t)lirt,ioll of
-:,t,itlttlttsit,1, ot'tlrest: litres ;,rttcl t.itt: tttltsS loss 1,ilte.

llrt, t()tiIl rvitltli-, rlf tlre СО IJl,ofilcs t,tlitc:lr

; ll]krIr,zs. ()lr tlrrl Сi() profilc rlisct,ett: J)eilks агс ()(j(jir-

t., rl rltll1. о}.isегr-tltl. lr-lriclr агtl su!]gesti\re, tЬг exirrrl1lle,
: l{.]I)eat c\lelttS Of lrtattel,tlгctlge 1lT) (ТгаlIlS et al..

]'r1]()r,

; .|.i- ,\ptr:tt-r1,1. pu,.,ul.,i,п,r-,it,t,t:.ч,ilL tlt,c opt,irl1,1, :j])u:tT,(1,

: .i l)()st ,\(ilJ star,.'a l)|lN clrlrclir.lttttl. is ol;sclt,r,cci itr
-].,. ()})l,i(:iii I,itIIl]e. it t:atittclt ilt ()lI(]e Ье distirrglrislrtltl
,,ll]1 ;1li rrt,tlitll-tt,\- lIllISSl\le sltllсlг.цillttt. Nlosr ti,ctlrrclrr,-

гiris sгirt, is llt sllclt:tt,iri t:l;rss l- (\\'aclkerls tlt, al..
li9). irorvell(x,. t]l(]I,(l irl,(] o}).'e(]ts clf t:ar.litэl, sJ)e(jtl,al

.l,ssrls. F'оl, iIlStitll(jc. l\.1cC:rrrsliirrcl et al. (t 992) irr-

.srjg;rttlrl litlt (l l()0() 27()00К) 1lctst-ДGlJ stагs itt
:lll gаlас:tit; latit,udtls. \\"it}r tlrc :цlрliсаtiоrr оf \'IK
lLssifit:;rtitlrr c:r,iteria iI \.e1,1,1riglr ailsolrrttэ lttlrlilros,itr,
: rlli)_чсl il};.jt:r;ts is olltiiirrt:rl lttrlritrrlsitl, r:Iirsstls la.

l]. -7 < \Ir,< -5. Ilorvtlr,ct,. sllcIi;i lriglr allsolrtttl
. l ; iit ttlsitу tl}it;lirict.l ц,itlr tlre \,1 К clirssificjltIiolI cl,i l,c-, ,1ltlitrts tltrh, trl il lorrl \'аlue of logg ilr tlre trttrlo-

-,,itet,tl (оr 1lserrrlclp}lotoSplleгe) of а Stаг, .illd O}).icctS
- JIigIr g;rlac:ticl latitut,les аrс gc:rrer;rll1: Ilot lIlaissi\Ie su-

, ,1цji1,1]t,s. LЪг il lrttrrrllcг clf stat,s t}rtl lriglr lttlttitl,,siгr,
- .lll\\,s ft,tlttt tlte rlisгr,jllrtticlrr ()f еllегg1I itl tlrr: rlllrit,;iJ

.: ,цr, ;rs rтtlll,
'l'llrl siltlc:tl,tllIl ()l ;I lrlr\ is tlistirrguisIrerl tl,rlrrl

' " sl)e(]tl,ii tll rllirssic;aI sul)(ll,gialIts };asically lly tlrtl
, ,]1llillolls l;tlIravirlltl, of t,lrt: lirrtl 1lrofilt:s (il l. Na I.

: ,]; ;rllri. fiгsr rlf ai1.1lf tllr: titlutt,aI llтrlr,<lgt:rr lI,, lirrt:.
,,,l,iсil is;risrl li}lst:t,l.tlci ilr lrlrr- spltlr;tl,irI l,eS()itltl()ll s]){,(,-
--;i, 'I'Irrl 

T)l,c]sell(je оf l[., tllriissiotr, alclltg lr,itlr tlre lli
]i(j(]SSt]S. rs tlre trraitl critel,ioll fЬг tlre selectiorr оf PirN
1]Ltll(.latеs, Irr tlre spectT,u 61 11,pical PPNe tlre Нл lilrc
..,s (:OlrI1)OSittl (orrrissicllr * a}lsorlltiorr) r,:rгiirЫtэ 1lгrl-

-.,,s \\,itl) itsуlIIlIictl,\, rlf tIlt: c()l,e. Il Сl,ц tll iltt,t:l,stl
l' ('i,-t tr,lltl l)l,()fi lcs. I)1,ofil()s rr,,itlr tltrlissic)lI ils\rltIlIl(]t-
,,i \\,l1)gS. lt is rrclt ilrti,ccluclrlt, tlrat а clritrr}litrlrticllr tlt'
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Figrtгtl 2: (itlrrtrlo,r,istltt о| tlt,e sрu:tпt ol soltt,e l'}"Nt,
lLul,r, |7,, .

sttr;lr tletails is also ol)sc]l,\1)(l. 'l'lrtl ll,, tltltissi,ltt 1ltt,-
file is krrcllvtr to t)e it sigrr of lrlar,tel,outflo\\, I)l,()(:(jssоs
arrtl/oг I)1llsiiti()lls. 

-['iIe slritc ()f tlle (:()t,(] is. ;ts ;r t,ttir:.

stltitlitlt,tlratr tlritt c:rlt,t,tls1_1tllttlillt] г() ()s(]ill)(j vt:ltlt:irr,.
i.c. rгt: r:atr sJlt:ak l,:lгlt(]l, il}lotlt Iltrl ()lltfi()\\, (,,xIl;ttl-

siolr) оf tltr: rltttet, l;ryet,s tlf tltc cxtelrtlt:tl itt,tlttls1llrtll,t:

tlratr illlottt tlre rviIrrl (Drrllгec, ] 99:]). 'Iil il]ttstrate Гlrtl

\.ariet\.oftlre 1lrofiles. irr F'ig.2 are clis1llir1't)d soltle l[(\

I)гofiles \\,е iIll\le clllt;liltetl ilt tlre r:tlttгstl tlf f\rlfillrltlrrt
clf tllcl spt:t:tl,tlsc:ti1.1ic: I)l,()цl,illIllIl(] at tlrtl б tlt ttllHst,llllr,,
'Гlrе tliffbltlrr(j()s itl r.ll(] s}t;tTlt: tlf Гlrtл I,I,, 1lt,tltiles ltl,t,

clattsrэc[ l11, tlre tliftel,t:tlc:cs ill tll.trittrtit: l)l,()(;(|Ss(]s tllitI
l)c:cttt, ilt tlrtl exttltrtlorl iltlIlosJ)ll()l,()s clf irrclil,itirral I)|)\
carrditlates: sl.rlrt:гir:alIl, sтlrllllctl,ic сltltflow ;tt а c()ll-
stiIllt l,iIte llt, r.aгiailIt: lчiгlr lreiglrг, itr tirt: ;rttlltls1llleгil.
iI(j(jl,(]tiOl] rlt' tltiitlct, ()llto t lI(] illrol<ls1lllcl,tl. I)1llSat,iollS.
'1-1rrl 

1rrlt:ttLi;iгitl,rlf tlrtl lj])N sI)e(:t,l,:I;rlsrl ttt:lttifilsts
rtsi:]f'ilr tlrltl tIrrl sltct:tг;tl fi]irtlll,()s of;rrr F- [i <llirss srr-

1lelgiatrt;Il,() l)()t 1tTtc(lllltlt,)ltl1. (:olIll)ill(](l itr tlrtllrr rтitll
ll1llIl(]1,сl1ls a}lsrlгlltirltrs ol trrcllecrtltэs. F-ог itrst;ttrt,t,. itr

r.lte slltlt;t1,1ttrr rll l I l) 56 l 2(i m.itlr 'I't:tl, ) 65()() li |];rltktll,

еt ;il. ( l 996;r) |r:rl,tl rtltlrrtificlcl tlrcl ltitlrtls tlf гlrtl l'iriIlitls.
5tr,;ttl syst,.ltl,jl lll|.('_, lIl(tI(,t,llll,;rlltl rll гlr,,l,r,ri.t's
tcttr rlf tltc (]N ltttller:ttlcl. rvlric:lr. irr tlre tlllilrirltl ()f tll()s(,

a].ltltol,S, iu,() tbгllled itr tll,: cTtrreIoJ)e) ill iI t;ottfitltld гtl-

giorl clostэst to tlre stаг. .А ccltrrparisoll of tlIe ell\rel()J)(]

exJ)2rllsioll \,0lo(jit}i tltltcl,rrrirrecl tl,clr lr tlrc С.з ;rr rrl (i\
Iirrtls i,r,itlr tltis 1lirriittrclter tj,cltrr (.]() cil.rst_,t,r,litirllrs п,ill
rrtir]ttl it pclssillle t() tl,it(j(j tlte Tlt,tlt;tlss of tttitss loss l.lr,

tlre st;lг ;rt tlrc Д(iIJ stirgc.
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Kloclrkova et al. (1997с) lrave detectec1 errris-
siolr fЪirtrtrеs irr tlre opticirl sресtгtllll of tlre sotlrce
IR.{S0.1296-t3429 takerr r,"itlr t,lre eclrelltэ sресtгоlrt-
еtеr of tlre бtrl telestlopc arrd ,ideTrtifiet,l rvit}r barrcls

(0.0) rrncl (1,0) of tlre Swalr systelll of tire С2 rTrolecrile.

Sirrrilar sресtгzii fЪatr_rres (but witlr а diffЫent irrterrsi-

t1, гаtiо) ý.е llave also гerlealetl with t}re sarrle sресtга]
clt:r,itrls itt tlrc <:ot,e of tlre IIirle-Bopp cotrret (}'ig. :l).

T}le (l(]te(jte11 alralclgт lras tэrraЫecl Kloclrktlva et al.

(1997с) ttl t:otrclltcle l,esolIallce fluoгc:sc:cttctэ to l;c а

trtet;ltattislrt tlIat excites errrissiotr of tlre trvo objects
irr tlre llrolecrtlar tlzrllds ilrdicated.

Wlrerr arrah,zirrg tlre sресtга of the variatile srtрег-
giarrr rlitlr atr Il] ext:tlss, IRДS0733l+002l. fbl tlrt:

cliflel,tltrt 1lltаstэs tlf tlre liglrt с:ttrvtэ. Klrlt;lrkor,;r arrcl

l]'iittt:lrttk i l996) ltavtl olltttittecl tЬг tlre ''c:clril'' 1lltasl'
tirtl tlfttlt;tive t(]lIll)cl,it,t1ll,(| l ell, : 41()0 к tl,<.lltt tlre ttctt_

t1,1ll it,tlrr litres allcl '[]"lг -:]50()К tj,orrr tlre (-i systelr1

sI)е(]tгulrl of tlre Ti() trtolecrtle. Tlle ar.ttlroгs 1rave рго-
1ltlstltl it tttlttlllt:l,tlf likely tlx1llaIratiorrs tcl tlris tlistlгtl1l-

iul(j\,: tIIe upset оf tlrtl riissclt:iiltive c:clrrilitlгirltlr itt tIrtl
tt1-l1lrlг l;rl,et,s rvlrtlt,c, tlie'Гi() }lirlrds at,tl fbrtlrct,l: tltl-

tleгestilrrittitlrr оf ll]iilrketirrg irr tlrtl 1lIJpel, lа]lегs of tllc
rtstэt1 rlloclel аtrttоsltlrеге. rvlriclr leirds to ol:et,estitrra-

tiolr of tolIII)e1,2tt1ll,(: irr tlrese lаl,егs: large-st;ale ilrlro-
ttltiцt-lttt:ity rlf tlre flttx orK,lг tlltэ star,'s sttгfа(lе.

1 . !, 6. lJ,t,tt,tl,T"i,t,y1, plLl,stt,t,i,rllt,s

.{ t:tlrrsidcг:llэle рагt of PPN carrdidates delllollstгate
;r r,;rг,iallility оf tlre rаr]iаl rrelclcitr- \', (\\Iaelkelrs arrti

\\ltrtt:t,s. 1993: \\rirclk(]lIs (]t :rl.. 199.1: \\,'atet,s t:t ;rl..

l99.]) rгitlr ;r c:lrtrг;tt:ttlT,istit: titlre of tlre 1lt,ocltlss clf

st,r,,,lt,;tl irtttrrlt,r:tls rlf tlavs. ц,ltit:lr tlr;rv srtggtlst tIrtlil
ililr;Lгitr,. ltrt.ltltltl. ftlt, stlr,er,;tl ()I]t,icalh, llгiglrt rlЬ.jес;гs

lviгlr IIl t:xcesscs t:clttclttsir,c crriclettcle of cllbital rrrrr-

гiоlr lr;ts lleerr tolrrlсl. FЪг tlxarrlple, tlre llirraгity lrirs

lltttr 1ll,or.t:tl. tlltltIlt:ttts оf tlre o1,1l,it Irave tleetr clc-

ttll,tlritltэtl irtrtl ir lrrtltltll оl il SYStelll tог tlre lrig,lr

l;tГ,itlttle s1l,J)l)l,E,iilItts i9 lIr,г (l"r,ггtl. 198,1: \\Ilrtcrs tlt

а1.. t99.З) irrrrl ll[1,10.19 (\\taelkerrs et al,, 1991}l) lr:rs

llr:t:tl 1lt,oilclsed. \'atr \\/itrkel et al. (l99o) ltzrve -cltorvtr

tlte stztгs iiIt 4()49. HD .1.1179, sttrгorttrclecl bl, tlrtэ Retl
lttlr:tarrgIe trellttlil. arrt] lID 52961 ttl lle s1.1ec;tl,irl lli-
tt;rtirls rl,irir ;rlr tlrllit;tl 1lerirld rll aborrt 1 2 r,tliu,s.
-[-iltlstl alitlltlt s c:olrt:lrttlt) tl111t, irll tIrtэ irlvestir]atccl
t:хггеtt tiiI rrret;tl-cltlficieiIt РР N c:arrt-lic]ates (Ll]t,1049.
]1D -{-{ l l 79. tlD 5296l, llD ,16703, BD 39",1926) irгe lli-
t t irt,i eS ,

l'lIe lItltlll,(] оf tile c:rlrrrlltitliotr fоr tlre 1lost ACi13

Stiil,S. SllSJ)e(;tt:cl trr llt: llirraгies. is so tiiг tlttltlrclrvtr t'ol,

ilrсk ,rt'tts trrittriftlst;iгitltrs ilt tlle c:cltttiltitt.tttr itltcl sllt:cl-

гt;ii lilri,s. ;lll гIrt, lttt(ltt,tt ilirrttt,itls illrlollg 1lclst l\(i13s

;rrl,S]]],'l'iris trritr-}lе tlitlrilг i], чег\, lrrit obit:tlt ot,lr
уi,tt, lc,rг littrrirrositl, tl}l,jrэct clrr tlre ltt;titt sclclltetlce, il
rгlrtгr.tlrr,;rlt'.;is iti tltc i:;tst, of lJlrJl sгat,s (\[t:(]lrrгtl.

] '()i_i l ,il]]]l]I i;,, ,,x1,1ttrlt.tl.
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Гiдilrгt: .]: Cr,lllt,llttl,isolt 0l tlt,e s7lc;r:trll, 0f рр^
Itl ДS 01,29li+,9J29 rtlt,r1 Ilrl,i,r:,Bo7l1t t:tl,itt,et rt,tl,r,:l,el lt,et1,1

herl,r], Ilшt,i, ( - 2 (|il1llTr, is |xlT,r,rlluцl |lllllt. tlt,e |)lц.)(,"|, 
().|

liltlr:lt,kot;lt i:t ai., (19!)'it:,) -

Tl re оЬ selve rl t:oгt,el irti ot r ilctrvt:t:t t t l re }lir raritr, :urt l

tlltl 1lt,csetit:c rlf;t cittsГ (]llvel[)I)(-, (\\;irteгs t:г iil.. l9{)1 1

Sllgt](]St.S t.l r;tt tl rtl }liI r;lгitl' tltvrlttгs tl tt: tclt,t r t ;ttirlt l rlf ;tt l

t,ll\1,11,1li.

1'lte ttltILllclгirl varia1.1ilitl,tlf tirtl ll,, 1lгrlfilt,s is siц-

trificalrt: fbt, rrltllrt,lrs t,litl itrct:rrsitl. гtrtiil tlf tlttl t:trrissi,ltl

(]()lIlI)ol}elitS iri tlrrl lтilrgs r,l lI,, rrrat'r:llitttgc tO l,e\rcI,S(],

lrt Eig. -l is slrtirгrr t,lre r,:it,ilLtltltr ilf'tirt: ll., 1lгtlfilt: irl tlit,

SI)(](]гl,tllrl of tltttl clf tlrc ]|l S()t,ll,(](]S. Ill -\S {)73З l -r()()2l

(Kloclrkor,;i ,k P;rrrc}rtlk, J 99б). 11orгc\,01,. ti)(] (;ll;tt,;tt:-

tег of \Iг r,aгiab,ilitl, is trot irlu,irl,s (:rlllsist(]Ilt rvitlr tlrr:

lrlptltlrcsis of }lirr;rritr,. }Ъг exalrl1lle. fclt, scltttc obiet;ts

1ltlгiodit; (;rrrcl clrrasilleгicltlic) V. r,:tгiittiotiS :tг0 о[)

stlt,trctl, rvlric:lr;tre lrllJlittrltltlГ rlttc til 1litlstrtitltrs,'I'lltl
I)1llS;It,iOlt ilistatlilitl, is irrlrtlt,t:tlt itt tttllttt, tlll,jt:clrs itt

tlrc 1ltlst A(i13 st,agc. tlris ttlllo,rгs lrlt,t:lrr{\,fl,tltrr tlrll

fiict rlf tlrеiг lot;atiotl itr rlle irrsralli]itl, lliitttl tlIt tltl:

l lllt,tzsllt,rtrrg - Ilrrssгl t li;tдl,;tt rr.

А sirrlil;rг l,irl,iaililitl, of r,lrе Il,, 1lгclfiitls is tlll-
st:t,r.rlri ilr tlltl slltlt:tt,a <lf lt]lrlц'llrrls;rгirrg stt1l,,tgt;ttrtb

IlY l[':rrr ;urtl \\'\'il tr,1llls Stlrl,S. I-i)l, tlrt, ,цir,еlr t1,1ltls

tlf <l}l.jtlt,ts tlrr: l l,, I)1,ofil(j r,;rli;rllilitr' ,iS (l1l(] г() tlrtl 1ll,tl1l-

ilgitti()lI of ;r slriit:lr wil\Ie ill illl t]xlt]ll(l()(l iltlrloSI)ll(jl,(|

clf а 1lrrlsatirrg star (Lellrtl & Gillet, l99l, l992: }bkirr

,t Gillct. 199.1: Gillrlt ct al.. l994). I'ills;rtiorr 1lct;ttli;rt

t() lIlitl11, 1lclst -\(iL} tl}.r.jtlt;ts rlr;rт tjit:ilitattl tlt;tss ltls:

I{LоL:нкоVд

.J воо
Фс
Ф
1)

4оо

0,,
56оо

l



.-l
]

1]
"цЦ 

l

i;\l
,-l

]
I

,.iflД

lI

]
i

l

i

)tЭ

ll I] д,

, I l {.(],f

_; t l rl|

--,,;ttl(l

il-;{J11

],t iIl l

: >ig-

.. j:i()l i

,.,|,l S(l

:,Iirc

- r1)]l

.,lit(,
-ll гitt:

:, ,,c:ts

],- ()l)

. I']rtl
- ( itl

,: tltc
:l tltt'

i {)l)-

l.ii]ltS
""l)('S
]]lt}])

tii]](]l(|

[-', , kir r

.- llliilt
,-t L,,s,

S UPERG/A i\ITS 1,1,'1?'H L,,{ RGЕ. IR ЕхСFjSSЁS 1з

\ l\n
t'l lJij!1 {r

v,l | !

iI
ll

,_r.*^i,,/S,

655о 655= 656О li'-q:iS 6-17с 6:7:

!lЁrr.,]:LEi.][TH. -l

.:Lil (l J: ']'lt,e sper:truttt, 0f tll,e irt,|l rп ul so,;l,If,:e.

.:', ),S ()7,Y;J ] +()021 (А l Civ'lt) rlel], tll,e Н,, Jot Ll,iJJer -

r obse.r,u,i,tLg rttortterLts (Jоr, detalls see ]iLor:ltkotltl,,

:rlr:ltu.k, 1996)-

irelrIirl g irtrrl c:x1l:rr rclit r g r,l te iltl I l(,Spl Icl (,. Note tlrat
\ ']'irtt 

t1.Ile ()l).jects :tl,e also T)ost .,\GB obiects. but,
t,]l_trа (19Е6) Irits crrr1llrasized, tlIese "laz1"' (called

,lrtra) stars iire iikt:ll,гri l]c tlle itэlisl trrassivc. lr,lrii:li
:itlts itt tlrclir slorr. e\()iutioll. arrtl гllеr- ц,ill rrevt:r llc
:rlt PNc. lГ]rеil lorv drsi;elsiclrr spectI,a аrе like tlIose
lililott stirt,s. Tlre clbserr.ecl tbct оl 0 riclr e1l1rcloJ)es
(] riclr stагs of R\,'Tzru tуpe is а pl_lzzle (Ktok.

,-r,]1. ýevel,11i slrfficic:rrth,, Ьгig}rt R\r'Iirtr type stаrs
ltiivc irrclrtclec] irlto tlIe spect1,os(]OT.)e IJ1,ogгattllIle
:1rtl бtti tele-sc:o1le tll obtairr а detailec.i cirelrtic;iil

],,,чitt,,t, l);t! l(,l ll.

I'Irc l [,, l,;rгi;-itlilitl is rr;lttrt,aih, ex1lIairieri t'ut, 1 
lr,st

,1J stагs riitlr tlre sigrrs tэi birraгitr,.ittttl tltass lclss
: ll J0-19): ilt sitclr svstt]Ills tlre }1о l)гоfilе ciliulg,cs t)e-
,:.il rif tlre ог}litаl rIlOtiol] trr tlre st,stertt. Нсirr,еrrt:г. itt
, :,:t_чt: t-if ]Jost-AGB rlll.jcr:ts Il,_, r,arir:s irlso fЬг tIrose
-iii:IlI till,rvlrir:lr trcl sigtls 6| !',. alrd tэriglltrrcss vlrгi-
..lгr, lrar,c: ileelr t,er.eallrd (tiD 133656, rrlrrr \\'irrl,el

, ,,1.. 1996а), 'i'lre }lr,iglrtitess r,al,ia}li]ity rr,otlld al
,.,а slrclc:lt rvat,e lrteclt:tltist,tt to |lе i1l1rg|llgli д-s irr
l Tiiu stars fbг rvlгic;lr а ргоlj;1l)1е llleclIal)islll sttttttt-
-lllg cltttflclч, of lIlatlel, is ciissillatiolt оf slroсk rr,aves

- lrt, ltt,ttLtls1lltet,e. (-]oll\.c(:tiotr ill etrl,cэlopes gilгs t,ise
, ;i f]ltx of trteclratric:Al etlel,gl, to the c:}rlorrlos1llrere
]. i (]огоllа. Tlre 1lresslrre оf riit]i:rtiсl1l Llpoll д;t,аitrs

саII alSo prtlrricle tlre corrr]itioIIs llе(jеssаrl, fЬг llrаtегi-
al loss. F-оl,tlrtl latliatir,e IIle(jlIaIlislrt of ilritiatiorr ot'

ttre lvincl, rv}ricll is еflЪсtiче irr tlre case оf ltot rrtas-

sive sttpeгgiattts, tlte radiation flttx irr post AGBs is
itrsufficielrt.

Tlre varialэility pattel,rl оf \'. tlaltsed bv the bi-
llirritl, is Ilot i1lfl,e(ltlerrtlv corrlplic:Ited Ь1, ciiflЫеIrtial
lIlot,iolIs itr tIlt: t:xtetlclct,l iitrrltlspllc]l,()s оl tlrtl oll.jt,t:ts

rtrrсlеr strtcl1,. А cletailecl alralysis of \'', rrracle t],orrr

iriglr specrrirl trrrс[ tetrLlltlгal гesolutioll sl)ectl,a 1Ьr tIltl

seiet;tt:tl. }-lr,iglrtest Pl)\e l ras al1olvetl tlrtl cliflЪrtlrrtial
Ilelral,iortг rrl tltt: \i,,, c,lerir,,.:cl fi,orrr lirtes of cliffert:rrt ех-

citaticlrr. rvlric:ll агr: foгrrred iit difiel,elIt cltэptlrs irr t,lrr'
atIIl()Spltel,t] ol tI star,. to l)e (let(](jtc](l. L-ol, ,illst;ilI(j(].

Ваkkег et al. (.l 996а) lrar.tl I,e\Ieale(] ilr tlte slltlctt,rtlrr

оf tire IRAS soLll,()e, idelltifiec] r,,,itlr tlrc: pe(:tlliaI, sll-

1lc:гgiarrt I]l) ]0I518,1,8 сtitegclгic:s tlf sт)е(j|гаl lilrr:s for,

rvlriclr tlre tеrrlрсlгаl llelraviortr оl tIrtl 1lгсlfilils. rr,,itltIrs

alrd slrifrs (lretrc:e \I. r,altttls) is esscrrtialll, t]iflЪr,еrrt. ltr

J)aгticulal'. rrltlst lriglr1r, exc:ittlr] 1.I\' ;rllstl1,1ltititrs rr-ltic;lr

arc fЬгtrrесl irr tlre 1llrcitosplreгe of tlre stirl,. sltclrv tltt:

r,aгiirbility t;at,tsclt1 ll1. 11,. оrЬitаl ttttit,iolt irr tlre Ilirra

I'}' S}'stc:tri. Аг tlre SitlIle tilIle tIrt: ltiц, excitiIti()ll llll(js
rTitir tlri: Р (,lr,g 1llclfilt)s ille fol,1lI()(i irr tlrtl stellaг rгirrrl
t,tlgior r at tcl t,cl1ll,escэt rt olrrfloъ, of I lliIttcl,.'['lrc veloc,itr,
of tlie 51.511.1rt lt;ls l;ctltt sii},(]l\. d()t()l,tlrirrecl tl,tltrr l,ittlitr

errlissiorrs ol tlic: Со irlrcl oll tIiolecules.
;\ sirlril;rг tltlttt1llt:x c]vttalrtic: stirte ()f tlre irttlttl

s1..,}rel,t: is t,tlst:l,r,r:cl iri tIie r:;tstl tit'tlrtl tttriclttt,llll-
.jccr IllC+-10-12() (JllAS 192-1]+11l5) sttrcliccl fi,cltrr tlrtl

spcctl,a olltlritretl at, tlle (i trr t,tlitэst;o1lcэ (Kloclrktirla tlt

al., l997a). []lrtl stlcc:tt,titlr ol lRC+I(),l2[) c:orrtltirrs rrrr-

1IIeгOllS:rilsrlrllticirrs t(irrIit,cl iri tlre pllrcito-чtrlIret,e lal,g1,*.

rr,}Llc:li irгc,ilrrlltoviri.,Ie ll,itIr resllect to tlI(] stal, s lll;iss
t;t:ltгt,е ttlttl etrtissitltrS tiirrrrcrl itr tlre t'xlllttrclilrg tltrvt,-

lo1lc. 1'1rc vclrlt:itv ilf tlrc сеtttгсl cif tttitss rve lrave tlll-
tairrrltl is 6(] 66 krIr/s ti,tlrlr а set of ''Jэrtt,e" ilbsut 1ltitltr
atrcl r.'trtis-чiillr rlr:tails. lтlri<:li is t:tltrsistt:ttt rvitlt а r,t,lloc:-

itl.1,,r1,,,,. бJ 65 krlr/s dcril,ed lly citlrtэt,illltlIoгs (.lorrcs

et irl., i99.3: Olrclrrrai,jer,, 1995). }.rclrrr tlre sllitts of tlrtl
allstlгlltiorl c()]IIJ)oIIetIts cll I' (iyg tr,lltl 1lгtlfiitls rl'itll
l,eSi)t]ct t,(l tllt: ctttjs-чirltL r,tllttllt]ttl]llts tl)(] ellvt]l()I)c] ()х-

1liulsiotr \.el(]citv is ltllottt -l{_,) ll()krri/s. rtlгicll is itr lt

gcloсi agrtli:rrtt,ltrt ri,itlr tlll: cllita оf i)rrtlrrriri,jr:]T, (jt, ill.
(l996) tl}ltiLitrt:ri irr tlrtl lttclicl \\rayelellgtll l,iurge tj,()1Il

tlre lirre ргоfilеs оl tlie Сj() rliolecttlc arrcl rvitlr tlIe ех-

1latlsiсllr r.t:lrlr:itт r,:rIltes olltiiiItt:rl tlrltrr tIrt.l ц,itltlrs tlf
foгbiciderl elIrisstcltr lir rc,s :rlrtl t,rэ1loltecl }lv K ltlt'lrkrlr"r

ct ril (J 997а).
Ex;ltrrirrat,iorr of tlle гасliirl velclcitу r,aгiability ot

rlre оll.jесt lltAS 07l34+]005, r.itte cif а t'crv Jltlst-.\(iL]
o}э.jects iti tlte trtrttcls1llreres of' rviric:lr tlle I)1,odu(]ts of
tlrc 3-d drr:t.lge ttp ltar,c beett t,el,tэa}tltl (Kltlclrkclvir.
1995а), is tlf 1rriproгtallcc. }-1,oIIl а rlolrtllittisolr of tIlt:
ar.ailallltl iitAS 07]:]4+]005 racliirl velocitv dirtii rvitlr

tilc б rrl t.clescoI)e гt:stllts ýle ltalle olltirirred. ;r variirtliI,
itr. of its rаtliаl r,elocity lriLs beerr strsрёсtесl (kloclrko-
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\ra. l995a). Later Lebre et al . (1996) lraтe cirгr,ietl tlrtt

ir tletailccl spectrtll trrottitclt,itlg оf JI]AS ()71.]4+1()0il,

()ll tlre llasis rif tlre Folrlieг atral\,sis rlf ir crillectiorr
of гacliirl r,elclcit\. t-lata l,,,itlr tlre briglrtrress vaгiallilit1,
c]ata itrr,olvetl, tlrose atttllors lrave drarvrr а cotrclrt-

siorr abotrt tLre sirlrilaгit1, of tlre dyrlarrric stаtrэ оf tlre
lRAS07134+1005l arrtl tlrtэ раttеrlr 1lecirliar to 1llll-
satirrg l,aliallles of l]\"I':rrt tl,pe. 1'lre FI.. r,aгitilliiit}, is

irrtcrllretec1 tl\" tlicrrr :rs :r t,eslt]t of slrock \\ia\Ie IJ1,oI)it-

gatioll. Fl,clltt ir 1lrl,ge c;ol1erlticilt tlf sllec:tr ogra,lIIs rvitIr ti

iIigIl telrlp()I,al rcsoltrtiou ;rrrcl S/N ratio Oltdrnaijer, &
I]аkkег (1994) lrave also arralvzcd tllc V, r,ariabilitv of
tlris oll.jtlct atrc1 l::orrcirrdeci tlrat tlrc ob.jcct is vaгiirlllt:
t_itt il st:iile оf stlr,clt,itl tItcltttlis lilrr_l lras lIO litli;tti,_ltIs

ц,iгlr :t t:lralt,ittltt,lt,isti(: till](] of trtiltlttes lrortгs. it is rlll
r.itltts гlt:tt tlrt: t;cltrl1;lt:x tIt,tratlricl sгаtсl sitrtilltl ttl tIi;rt
,lllset,rrerl iti tlttl ;rtttLtisplret,e r_il tlre oll.iects }I l) 1() l58,1

tir lI'lC]+l()420 is clrrlseci lll, a rес:сllt ог t:cltttilll_titrg, 1rt,o

с:ess rll lIliitlel, ltlss irrrcl is tlrerefilгe ittlrtlt,ettt irr tlitlsc
l'IJ,\rl rvitlr tlrt, t:tTrissitltl (j()lIlT]()llellt rlf tilc lJ,, 1lt,ll-
filt,rvirir;lr liar.e lttt,цti llt r,lxt:r:sscls (es1_1ct:iaIll irr tlrtl
rrеltг lll гirrrцe1. Frlг tlre llt:t:rtli;u, stllleгgiairit 1-I1, ]tt:r

rvitlriittt aJ)])ill,ellt cxceSs cif tlre I]l fluх, ttcl 1,'. gгаdi-

c]llt, ilI tlIe atlrtoSJ)}leгe lras lleerr fbilrrt] fi,orri tlre бlrr
lclt:st;<l1ltl Spe(jtl,?1 ( Kloclrk<lr,;r t:t al.. 1 997tl), ltoц,tlvtlt,.

tlst:ill;tt,itlrrs t.,f \',, ivitli ;rrr lrtti1l1it,ticit: ol allcittt 1 5 krrr/s

l t;tr-t: llect i гel,eiticlci.
-l-irtl 

ilclssi}llt: birr;rгit1, of l:'l'Ne is ;r kt:l, i,lliirrt, iilr

triГt:rllгetirlg 1lcc:lrii;Lrititls of tlrcir c:lrcrrtic:al (,{ lltr1)l,-i-

citltr s,ittt:e tlro prcvaiiir)g iIypotlIeSis fоr ex1llirrrattillr

tlt'irtttltttalcлts clteltric:al (,()lI1])()SitioIl iS t]1(] f(JlltI;tll(rll

rii' ;t i;it,t:tttttstellltt, tlr rl,eicrllt: ( tli,чk) itt a 
-ilttt;rг,; 

s\:st(]l ] l

t'l],1ilrrs tlt al.. l!]{],lt;,rr,l sltt;s,,,1lt,-ttt s,,ll,r:tivt: tl';rt:

trtitritrц tlf t:irtltrrit:;tl tlltltltc:ttts. 'l'lrc 1lt,tlstltrtltl tlf;i t;t)ttt-

1lirttiiitr is l iltlritt t:tl tlttl,,, f111, stitrrttl;lticltr rll tlrc 1lгcic:tlss

rlf tttliss 1oss llv tlLc 1lгirrlагl- stаг. tllеr,ef.Jl,e tilo 1li'iturc

оl tIl{) (:olIl1)itIritltr (iгs tti;tSs attrl tlvoltttirltrat,r, stirдe) is

t tt_lt i,t ttt:tit1,

2. Spectroscop),, of PPNe at t}re ВТА
'Гlrс 1lгogl,;-irlLtttc с,l sI)cctI,al obseгr,atiorrs оГ sttlltlt,-
giiitrls rl,itll lar gtl i ll ex(]csscs is а 1lilrt. {lf а ttltlt,e gt]ttet,

:tl 1-,l r,.,]r:t:t ()i' :])(](jгl tlst:Lilltr; stricll, of Sttiгs at irtivlitlt:i:ri

t,r,i,ltttit,ti;tl,r-slilч(]s t]r;tt li;is i;iltlti c:;tt,riecl ottt;tt tlltl

6 ttt ttllt:sc:cl1.,,, till lltt, l;ist clr:c:ircle. 'I'lle irirrr tlf tlris
1.11,1.r.]t,t:t is li t:tllrLllitt,iiгive a]lirl\,Sis cif detiiils tlf c:lletlr-

ic:;il t:t,itrllltlsititlrr cif stt:ll;lt,ittlII()SI)lIel,cS itt sltt,t,essir,.,

1lItliSi:,ч ol evillttгiorr r,l st,ltгs t-lf t-lifft:l,errt lIIilsseS (s(]t]

tl.g, Iiltli-likrlгlr. l991. aIrtl t,t:tilt,tlll(j()s tlIel,()ill). As;t t,t:

:tt]r rlt' .i1l(]ll it t ,,,itr1;;rt istlll ()li(, (:iill rlt]tt:c:t ilr tlttl tlitt.tll

l;tt',ll.,,t Sг(]]1;i1 iItl] l()sl;itr:t rls tlrtl 1lt,titlttc;tS Of lItl(:i(]iil,

l||ill-ii()ll5 1rlritltttlt,tl ltt t]rt: 1lt,ilcetlitrg stirges tll tlvtlltt-

гitllr ittrtl tlttliltt:tl ll1l ttl tlre su1,tace iaytэt,s, ri,Iriclr is

1]c(:(]ssill у f'111,,чllt,l:itlr:;ttltltr tlf t}lt] c:l.tгt,t]t rt krrtlrvletlge

;iili,ltl tlr,, (,\,(rLllti(}ll t,{ st;tt s iit tltc ;ltlvlttrt:etl stirgtls.

1'-lllц гil,, ij llL гr,lсsr.tllli,. sitlt:t: 1|l.i] lyt: lt;it,c lltl,_:tt

t:агrl,itrg ollt ir l)гo8l'atttrlte tlf Sp(](]tI,()S(:o]]}- Ot' stlrt,ч

i;tlltirtgirrg tcl tliffert:rrt г1,1li:s cil (];llirxr, 1ltl1;ltlatirllrs
arttl cl}lst-.r,r,tlc] at clifleгeliг Stiiges of tttti:ltlitг tll,tlltttitttt,
'I'iltэse rчегс lloгlttal R. А. I-- Stltt,s. rrtclll}.ltlt,s clf cl1,,elr

chtsters arrtl stellar assclc:iations cif tlrc: G;i]:rxl:: lIlaS

sive srrpeгgialtts, rtletltbet,S of oIJe1l сlustегS: c:lassical

ce1llreicls rlf tlre clisk: st;rгs tlf tlre lec]. l;lltrl ttrrrl Cxtell(l

cd piirts of tlre lrorizclrLtal Ьг;rtiс:lr t.if gltlllrrl;tl t:lrtstr,lt,s

(irr tIrt: fieltl оl tlre (ialirxу iirltl irrsicle glll}irrlal, t:itrs-

teгs)l trrcltirl -ilеfit:iеrrг rссi giirlrts. ttit:tttilt,t,s tlf gltiilrrilir

clr_tsters irrrcl tlreit,irrlalogs irr tlre (iillirxl,ticitll 1ltlt;ttliirr

StlpeгBiallts at liiglr galatltlc latitlrcles (LiL, Ilеr rчре

SIal,S): I)ulsiilillg llirlil trl1llre,irlS (St:il,s tlf \\'\'rr t,r,lle),

irr tlre (jOltl,Se o1'fitIfjlrrrcrrt llf tlrtlst: I)1,ol]l,;llIllIl(jS \\,(]

aclilrlгetl t() tцl() trtlтitt 1lt,ilrtli1llt:s: tir stlt'. t()1' (]ii(:ii t\-I)(]

tlf stiit,S i-i 1,0i)l,eS(]lItittivcl slttrrl.rltl t.,f cl}l.jr:t:tS \1'ilS (:]Х

ittltitret.l. sclt;Ottcll\,. t;t'ltttllаl,is{ltt rt,itS tltlttltl t_,f tlrtl rtll-

гairred геslt]ts OIi clletIll(jirl (]()lrtJ)OSitiOll rvitll tlrrlstэ ttlr

StагS il[ tltI]c]l, (,)\,о]tltitltl;it,\'Stag(]S. |tlt, itrsгiitrt;t:. ц'lliltl

t:t_ltItllitl.ittu гIte,tlttl;ttt l:lltllrrit:;tl c:tittt1.1llsititltl rif li t,t:llt,tl

stlttllitir.tl дllott1l tll dislt .\ st;lt,s lltlil :i s;,ttIt1llt: lli'lrtilti
,\ stal's (ttirlttti-lt;T,s of rlrcl lllrrtl 1laгt tlf t,lrll iltlt,tztitrtlt]
brarrtlli). Olie (]iill lrolil trl а ttttlritttttttt tlrc itItIltc:lrcltl tlf

Systelrta|i(] t,еlll})егаtlIrе (]fIi)cts (tlre tlreirll'['"11, r,alltes

1ilг tlre r\Yo gl,()1lT)S i]Iг(,])1,ir(jli(:iillv tlrr: sarllll). ()r,. u,lrtlti

c:citrt1llrtitrg гllr: t:lri:lirit:itl t:iltrtlitlsititltr сlt'Г str1)1-1,],i;illг5

at lIiglr ц;rl;tr:tiс: l;ttitl.ttlt:s ;ttrrl F' srtlltlt,gtattt,s, ttltltttlltlt s

l)l cillt,llr t:]itsгtll,,.. ()ll(] (]ill) l,irl r]lt,l ttlsltlts tlt' tiilfrlt t:rIriiil

tlt:tet tItitl;ttjillt ,ll l:]ttllrtic:;tL t:tltttlltlsititltl tlf tirtl i:{li:t:ts

t,il ltll I ltt ttl.itr,.
Sirrc:t, 1t.r!-1. j9I)(](]ll ()S(_(l].r1, ilf r:tttrtit.rilttt,s till 1ltrltt,

1ll;tltet;tt r- trcilttlar,:. i.(,. Sti1l s ч,itlr l;ir,цtl ll:i cxt,i:sstls,

ltsstttIrttrgir- ;ll tlI(, ])()Sl iLSYllLl)t()l](: цt;tttl ilr;ltr1,1t, iIlts

ilt:t:tt tlitl (](,llt],iil gtlirl tlt' ()r.ll, ])l,()gl,illIlrrrr:. l'iгsT rlt' all

tlrtl 1lt,rlgt,;itrrltre is tltt ec:tt':cl tcln,;tt,rls t]rtl -чгtttl1, tlt' tlrrl

tittrtltrtricttt;tl pr.oliltэrrr clf stt:lla'. C\.oluti()lr lLss(ic:iirttltl

rуiгlr llrrl irrvcstiglititlrr rif ttttt:ltlat, sтlltllt]sis tlf t:iitlitti
t:lt1 1,1tlttltlttts itl tltе ittrt,, itrt tlf ]rlrl'- lttlii tltt'clittltt ttt,Lr-

st;tts ittlrt]t:l'S !] s,li;rl ]ltiiss{,_ч). -'\t. Гirtl tittltl tll,rllrttttltr-

it1,\, Sгiiд(]S tltesil stait s stl1l1lIr- t]rе ltlttlt,sttlliitt, lriiltii

lttlr rтitir lIIаttег tltit'it:lrctl ilt iltlavт tlltltrtt:ttIs,'-['Ir;tt i-,

rviry tlrtэ I)i,OgI,iпrtlrIc llеirгs а cliret:t геlliгir)llsiIiI) t() otll-

tlt,fttItt]ltltttltrtiri 1lt,rrilletlrs ttf irst,t,.:-rIllt\,_чiL:s tlt,iдttl trf

t;lrt:trric;itl eLi:ltttlttl.s irr гllt: LJrrivtlt,st:;ttttl t:lltlttLtt:;tl r,r,,l-

1lrtiorr rlf lrl;Ittel, irr tlrrl (];rlaxr,.

I'1re tlt:tec;titlli tll't;lir:ltrit;ltl c;tltrrlltlsititlti ;itt()ill;tlitl.

()f Still,S irt tlrc ey(llltttolrar,1, StiiBeS ''iIs1,,lltllг"til цi;Ltrг

llгattcit" arrcl "1ltlst itS\IlIlI)lOt'(, giiltit i.,l,arr1,1t'' is tittt,

biislt: агсii clf t,esi:itt,t:lr rvitlrirr tlrr: 1ll,clgrirttiIIic lllet)

tiorretl. lt is krrrlrvrl 1[l,,,lr ý l{r,llzrrri 1llЧ;]) гilitг ;it

tlrt:st: stitgt,s t\\,a) S()Ill (:{.]S rlt' t;tItlt,g1, t,tl]tlltsi: il] (] i)i)(,l

at,,ivi: itt tiitl tltrvt:ltlilr:s t,Г stat,s: lIt:lrtrtri ;ttltl irl,tlt,tr,

gcri }лrl,rrilr,Ц irt tlle slrt:Ils sttl,r,t.lttlrtlirrg а tlt;gtlttt:t;tt1,1

с:irгllоtt OxYgcli i:сlгt:. l\1ilst' of tlre titrie tlttl t]tiегgч l,t:-

lc,:rse is J)1,()\,idt](l il1, 1,i,., ltтclt,tlut,tt iltyl,lt" llt_ltt,et,i,l, lit

t:t:t,tlrltt ]tl()1llelltS. as tlrt: ll1-tll,tlgi:tI llttt,trttig 1lt r-,tittt:l s

atld tlre lrelittrrr slreL[. lr sltllгt titrrt: lrtllrl.ttrr iцtriгi, rtt "t -
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S UPЁrllC;I-{rYT'S 1,\I,1'J'l 1 L

.;ll1,s ill it. At tlris })oillt tile lryc-trogerr buгrrirrg iIr tircl
l1\,drogell coll\recti\re slrell ceases. 'Гlris stгrrсtul,е of 2l

jlаr is ullstаЫе alld t}le t}rсоr1. ргсdiсts а sufficielit-
i-еfiЪсti\rе IrtixiIlg illl(l dredge tlp ot lrIzItte1, (rlrгсlrrдilr

-l1(] l)()llt|tl,aticltl of clottvtlct,io1l), irltcгed itl ttrtсlеаг t,t:

t(,ti()Ils ц,iric;lt ac;t:tlttlI):IlI\l tll(] J)l,()crэsses ()f еlIегg1: ])l,()
lrtc:titilr lll(jlIti()lied. ,itrгtl tlttl i]tlrlosilheгe of'a star,. l'lrtl
lr r:tlgtэ ttpr of lrlzrtter (jausocl lэr, rrrrrltiple clIzIlltlc of ell-
l geti(]i,Iliy irctiye lаlrcгs is cust.olrlaгil), c:alled ir tiгil,cl
,l t:dge u1l (st:c t'ог cltlttrils. tbг t:x;rlrr1-llc. Srlritlr &. i-trrlr-
,]I r. t990).

}jtlг slill,s rvitIi а stllficiellti1, lIIitssi\.(] (jol.(]

: ().96 \l..-,) :r}lout 1/:] of lIlilttoг alteгed irr tlie согt:
.iI\, [)(] tlгedgtltl uр to tlle suгf;l(]e. Irr гаllirl tTatrsittotr

- , Tlre 1llrase tlf а ц,lrirе tlrvirlf (rvitlr il ]Ilass II() l;1rgеl.
, .litt t.-1 ot, solar ) tlrese stitl,s (lrirvirrg irtr itritiirl trras-.
: i * 9 \1.;; ) lose tIti]tttel, cif tlrc etrvr:lilllc, dt:lir.cгirrg
-гLl гltе ilrtet,sttlllat, tttctlirttrt ltt;ttегiаl t:trt.it:lrctl itr t:ltl-
,:ttгs 51.111]1ggizetl ilr tlre ргосt:sstls of tlret,rrtotl1l(jleal,
., t rit rg aI tt I l tctlr1,1 lI tizatir;t r l,pil(:tiolls.

-1-Irlts. 
гltеsе stitl,s itl,e tlrt: cltril, strpJllieг clf all rrrrt.ltlj

: ]iil;it.], elelItclltS 1lгrlсlrtt:i:сl ilt tIlc t,tlatltiolIS оf clc(]-
- ,)]l (jill)t1ll,tl;tt а ltlrт cltlttsitt. tlf t.,lilcltt,tltt tlrtx. rr-liir.lr

,,l,s,,lr',.rI rIr r ll, l'ttir,,,ls,,.
I'lrrl irivtlsriHlttitltts tlf Ill,\S stll.tгt:t)s \\,(]t,(] irliti:rttlrl

:irtl t:ltt,iу l99()s llr, tItt:;ttttlttlt,at tIrtl бtlt teit,:st:cillr:
5.\ () ;rlrci Ilr,, it gl,()llT) оf littlopcirrl i,ist1,o1IolIIel,,ч ilt
, 1 -1 ttt tcltlsc:o1lt] tlf l]S(). It gotls rvitIrtlttt s;l1.itl,ц

' lt \\-(:] rYt:t,tl ;r}lle ttl tlllset,r,cl firirrtel, cl}l.jt,:c:ts. i.c. ц-itlr
,iiчllt:r r:it,t:tttrtstt:llitг cxt,ilI(]tiolI. i.t:. rr.itli;r Iri,цlrtll
]] tiI{_] ;i\iel,;lBtl) tltass l<rss гirtt:. As а rtlsltit rlf tlre
t,,t,r,;ititllts irtlrl tlreit,illIall,s,is. tlrr: fiгst o}l.jtlr:ts rvel.cl
-L:r:tt,tl titltt tltlttlcrttstt,irttэcl irr tlrtliг ijtlrl()SI)llcl,cs l)li1-
: rlil Ir;lvirrg tttrcltll,gcltttl tittl tlettг,t,cltriziit.i()ll 1)lIilse ilr
" зttrtlt,itlt,s llt;t цirr,ltr star,. ,Ittclgirlii }lr- tlre tt1llrt}.,lll lli'
", sI'igi\re(i tlil.itlc:ts tlf tlris t,1.1lt: (irIlti lll,rlIe ttttltLllt:l

- ]L,\,(]iIls rlf c:lralrgtlti tllrerrrical (jtllIlJ.}ositioll) S.\O 1s
, , ll:liciet,. \]oгe t,Irarr lrrrlf оГ t]rc: t]cte<:ticlrts rif citcttt

;t}ltttlc-larrc:cl c;lrirIrges оf llotlr liglrt irrrt1 lttl;rr.]. s
, r tlss cI0llttlllts ltat,c: stiIl }let:ri trritrlc itr tlrese cil;.]tlilts
-l, rlrt-. (itrt ttlitlst;cllltl llv tlit: lrigll гesrllrrtitlti s]ltlc:-
-, rrllt-гilt:ltitic;rtrl rl,iгlr rltt: ttstl tlltrrtltlrll atlIl()sJ)I)()l,(]s

. ,l1:|1]ii11l;1. l!]9.j;r: liltlc;lrltlir.;t & Ilirtlclirtk. l996: Ziri:s
,i . l99;1. 199б: Iillll:lrko\la (]t ill.. lgg7c),
Slltlct,r,al tlrirtct,iltl llt lriцlr a(]cltl,a(:\, is lilstl ttst:i]
:.ц п,itlr tlre sttttl1, tlf c:lrtltrгit;iil t;cltrt1lositirltt tciг tlrLl
-.lililti;пlirlt,sis <if tlrtl vc]rlс:itl. litllcl ili 1,1lr,: iItttitl-

, ,,],(]s оl tlrt:se still,s \\,itll tlt;tss lOss. rгltic:it гtlllгсsr:trts
- i);il,iIt(] astгo1l}rl,sic;irl 1)r,olllerrl.

1. Obstlrvati<rrrs

гliс fi,aItttls ()f tl}c 1)1,t,i|]1,illtllrle clf 
,irrr.clstrgtltiorl oi

'\t] tt,r: llavtl trtitttzlgr:tl t,o ttl;taiir ol;set,r.;rt,tolrtii tiir-
tilг i1 tt1llttlltll,of ]li.\S sollгces icierrtified \\,itlI su1-
, lltlv llrigllt irr t,lrt: c_lilticlaI 1,alIg0 sllI)cl,giirrlts. lrr
,ille 1 al,e listct.l tlre llll1Iil)cгs of tlre ob.jet:ts ili Ilrt:

l5

Figure 5: Sper:trurrt irt, tlle inteT,ual frrlrtl \ 43З0 А 
'о

^8300 
Ь о| the sоuт,се IRAS 18062+2410 uе obtairrc(l

шith the eclrclle-spectrrlпleter PFES. Tlte rrt,ost strопQ
еrпissi()п liTt,e is Hn.

IRAS cataloglle, the Ilame of the star (ог t}re rturnbet,
in the HD catalogue). ttre spectral class, the арраr-
ent V magnitude. rпаiп рilrаmеtегs of thе atmosptrere
model (effective ternperatr_lre, sltrface gravity), and
t}re metallicity wit}r resp()ct to sоlаr.

observatiorrs were otltairred with the бrп tele-
scope, at thе Nasrllyt}r 2 Гoctrs. Tlre eclreile spec-
trometer LYl,iX и,аs llsed (Kloc}rkova, 1995Ь) in соп-

.junctiori wittr а CCD of 1040 х 1170 pixels devel-
oped Ьу ttrtl Advarrced Dt:sigrrs LаЬоrаtогу (ADL) of
SAO RAS. Fог each stal, at ]east two spectra wеге
taken with t}re sресtгаl l,esolution R = 24000 arrd а

signal-to-rroise rаtiо triglrer tharr 100 irr t}re wave-
1епgth rап8е 4700 7200 оr 5200 SSOOА. Sirrce 1996,

the ec}ielle spectroшieter I)FtrS (Panctruk et ai., 1998)
placed at t]re ВТА рrirпе focus has beeri used to оЬ-
sеrче the f'aintest рrоgrаmпlе objects (V > 12"'). }Ъr

thе objects as bright as V ( 14.5"' the device elisLll,es

the S/N ry 100 warrtetl fоr оtrr рllгроsе with а spectrai
resoltrtion R ry 15000.

Fоr iiiustration irr Fig. 5 is presellted а сору of

]

we
Text Box
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tlre eclrelle fi,arrre tЬг orre of tlre prograrrrlrre objec:ts,

]RAS 18062+2410, iclc:ntified rvitlr the pleculiar stll)er,-

giant tIDE 341617 (lэ : 20'). Аrkhiроча et al. (1996)

lrave colrre to tlre conchlsion that tlie apparerrt briglrt-
IteSS of tlris stlpeI giant lras decreased Ьу 1.5"' aS coIII-

раrеd r,,,itlr tlre first lralf of оuг сеIltury alrd that tire

pгeselrt-day sресtrаl class vahte (B5l) is iTrcoltsisterrt

rvitir tlre value А5 trvailable ilr tlre I-IDE catalogr_re.
'гlrе sarrre attt}roгs Lrave revealed this object to have

а plrotometric vaгiability fi,orrr rrigtrt to nig}lt with arr

arrrplitrrdc of tlp to 0.3"' irr tile V Llarrd.

Drrгirrg tlre first },caгs of tlre ollselvatiotrs
гltс stlftrTat,e рirс:kацс Ll\4A (irr ttte errl,iгotttnetrt

l)()S + \\']ND()\\'S) dr:r,elopetl bl, I.\'. Afarrasit-r,a irr

tirc: ADL of SA() ltAS ц,аs rrsed. Sirlce N4агсlr 1996

tlrtl o}эserrratiotrs lrar,c beeri сагriеd oltt iп tlre envi-
I,oIIllteIIt OS Lirrtrx u,,itlr tlre irpplicatiolr tlf tlrrэ NICE
colltext (Klrl,irzer, & Slrегgirr, 1995) of tlre :\'1IDAS

ESO systerrr (r,ersiorr NOV95).

То sclect ilr tlre sресtrа tlre lirres оf tlre telltiгic
SресtГulп) orl е\|ег}I оЬsегчirrg rriglrt u,е obtairred arr

ecllrelle spectгlllrt of а tbst гоtаtirlg star, 'I'1re cir_talit1,

of sресltг:i tlf t}]c pгOgl,itrItllIt] st|It,s a1lorved us to 1IIеа-

srtl,tl tire r:cltlivirletrt rTidt,lis. \\,'. rTitll iltr ;tccl.tt,acl, of'

2 -1 rrrA. ц,lrlclr is clorrsistettt rvitlr tlrc accllr,it(,}, psti-

IIlatcS lIlade Ь1, Саl,rсl's forlrrlrla (Саr,ге1 c-le Strobtэl.

1985).

2.2. Spcctral tlata reductitlrr aTrd arralysis tet:}r-

rricllres

F'ol t}re pгclcess,irrg c-if trvO dirnerrsiorra} eclrell.. ittl;rg"s

1srtttttrlitticltt atrci avcгllgitlg of sllсс:tга. c:ilstttic i;at,ti
tlle tl,aces гtllriоr,iLL сlагli fT,irirte s,.tbt'r ac:ticltl. ехtl,il( j-

tiorr оl eclrelle огсiеrs. lirreirrizatiorr tlf spr:c:rгir) rlre

colltex| I]CHELl,E оl tlre \,t II]AS sl,sterri rtr t}re err-

t,irorttrtettt OS Lirrux was LlSed. 'Го rrteasrtre tlre chaг

a(jteristics оf irrclir,i tllial sреtltгirl c]etail-q (eqrrivalc:r rt

ц,icltlrs \\/. гас_lrаI уc:locititls \I,,, profile-*) . tlLc _чtlftrlltt,r.,

DEC]H (Galazlrtrlirrrlr,, 1992) ill tlii: ctivit,tltltrLi]ltI Li
ttt_tx itl cotriiэiTrirtiori rvitil tlrc DOS errrrriatoг rl,it,* Ltsecl.

Fог cletet,trrirrirtiorr of tlre rrrtrirr раrа]пеtсгs of tlle
lrtodel attrtosplieгes, еflЪсtir,е telIlpeI,at]"ll,e'lен,, Stlr,-

iac:r: gгаr,it1, log g. ;rrrd for t}re corrlprtt:rtiorr of c:lretrr-

ic:al c:tillt1lositiorr tlre gгirls tlf Iittгtlc:z's (1979, l993)
.rrrLl Вt:]l tlt a]'s, ( 1976) rriorlels rтегtl irllplliecl. Tlre clr:

r;iils lil tlltl 1-1t,cllleclLll,cS 1\,е ltar,e rtSet] itt tltэtt,гtlrttrirrЁ

гllr: 1.1itt,lrtrtet.ilt,s Т..11 , Iog g alrii rriic:l,citttгLlulcTrt velocitr,

(. .i"ч lгell lts tlre еrгогs of tlre obtairlec1 clrerlrica] c:le-

trir:tit;t}lttttсlдllgg-ч. rvlriclI \\,е],е (]allSecl b},,itraccl-tгltcitls

Llf trloc]r,:] :i1l1.1t,c-lxltrrati':ltt ;,itlti lll, tlггоrs irr tlle clroitlc:

,_,t'lr,il,]el i)ill,i]i]IICt(]l,s lirrtl r:cllriтlllctlt,,r,ir]tlls rrrea-

SLil t,lliell1.. il1,(] J)l t],qclIterl irr tlrt-, paIJcl,S bY Kloclrkclva
1 l]9;;i irl irl Zais еt а] ( 199 j).

3. Chemical composition

Fоr rrrore certain conciusiorts сопсеrпirrg ttre гelatiorr

between peculiarities оf ctiemical compositioTr and bi-

narity оf thе objects, rереаtеd sресtгаi observations

аrе rreeded. Because of t}re obvious inhornogeneity of

сhепriсаl compositioli of the olljects, it is imроrtапt

to obtain it for large sarnple of olэjects so that thе

principal trепds апd гelatiorrs carr Ье revealetl, This

makes the рrоЬlеm of obseгvatioTrs stili rпоrе cornpli,

cated. Ассuгаtе high resolution spectral оьsеrчаtiопs

аrе ргеsепtlу available orr11, fоr ttre Ыiglrtesi PPNe,

their observatiorrs baving lэeeTr perfbrrrteci r,r,ittr ccD
equippecl et:trelle Spectl,onleters at 1аr8е telescopes, Д

low пretallit;ity (10 100000 tiпles as iоъ, as sоlаr) alrd

Ilon..typical рrороrtiоris of aburrdarrces of otlrer ele-

rrrents tta,,,e beerr obtairled fоr these objects,

Irr tlre соursе оf ll1-drogeTr ЫrrniTrg irr t|re соrе arrr]

t}ren irr tlre s}rell tire lrelitrrn abundance ilrcreases, At
t}re arlr.alrced stages оf evoltrtiorr оf а stаr, аftеr tlre

AGB stage; lvtrerr tlre ргосеSs of tlte З-d dredge-,u1l

terпrinated, arrd аftеr deilarture of t}ie irydrogen еп-

velope tlre [а],егs enriclretl irr altered lпаttег llесапlе

trrrcot,elec1, ttre lreliuln allurrdartcc miglrt tle expeсt-

ес1 tо essetiriall1, etr}rarrce. Ilr tlre Sресtга оf trvrl 1lcэst

strrclied stаr_ч (HR,1049, FlD44179) lreliuln liries rl,еге

detected, rvhicli al}orved its abulrdalIce to Ье estirnat-

ed. Fоr HD,14179, tlre cerrtral star of tlre rrebula Red

RectaTrgle, \Y:relkerrs et al. (1992) have oЫairreci }re-

lir:rn alltirrdarrce sligtrtlr, 1riglrег tlrarr tlre solirr -u,alue,

Д rrеаrlУ sоlаг lleiirrrIl trbr_trrdarrce (v,,ittrirr tlre еrrоrs)

lras beerl olltaitret] fоl, rlrt: ехtrеllrеlу lrLetal рооr оЬ-

.ject }ID40.19 (Waelketts tlt а1., 1991а). Conlorr et al,

(1992) hаче oiltaiTred а ritlгTrral lreliurrr abr-indarrce fbr

tlre sаlпрlе оГ 1rot post AGB stars ъ'itlr Т"lр of 1100()

270t]0 к. T}ris is esl;eciall1' iltltrltlrt,artt sirrce fЬr srrci,
att adrrartc:ec1 stagt: of cvtllutiorl alt esselltial рr,орог,

tiorr of ll1,dlogerl \YitS. t]xl]ected tо Ье rерlасеd Ьу, he-

Liurri. So fat, orrl1- OlIe of tlle PPN carrdidates, t}re stzrr

HD 1878Е5 investigated Ьт \,'arr Wiпkel еt al, (1996а),

1rzrs lreliurTr excess.

Fоr rnost of the PPN c;aTrdidzrtes stlrclied irrtеrrеlа-

tiorr of ttre cNo gгoltp elr:trrtэrrt clralrged irr tlre cottrsc:

оf thеiг evolutioll is оЬsегчеd, tlre С/О г;rt,iо is чагiес]

ti,orn С/о ( 1 to с/о > 1 (LLrck et а1., 198З: Borrd

& Luck, 19Е7; LаrпЬегt et al., 1988; Klockrkova, 1995;

Zаёs et ai.. 1995, 1996; \,'arr Wirrckel et а],. 1996а,

1996Ь; Varr Wirrckel, 1997). Arralysis оf ttre behavioltr

оf сliffЫеrrt c}relrrical eletnrlrrts (Fе, CNO, S, Zrr, s- arrcl

r process elerrrerrts) fьr t}re cotnpletc saтrlpIe of rlrtl
irrr,estigatecl PPN carrdidiltes sholvs tirat bу clreшriс:al

collцositiolt they sholrld, арраrепtlу, Ье divided irr-

to two types: stагs ъ,itlr alr extrelrrely loп, rnetallicity,

[Fе/Н]6 ( -,1 dex, аrе attributec] to t}re fiгst tv1le,

stars witlr ir less plгolrorttrced Tltctal deficierlcy to

tlre secorrc'I. TIre rrrost liktlly arrd effer:tive trtecltattisltr

ttrat has ргоduсеd t}re arrornalous cllelllical corтrposi-

l
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-lillt itt tlre cirse of extt,etrreI], Tltetal I)()ог Stars stlld-
,-t] is lrcit tlrc trtt<;leosуrrtlrtlsis l;rrt rlrtl J)1,ocesscs оl

] lt,l I ll (:iIl S(.]l)iil,irt,iOl l tlf tlitlt ttet tts irr t,lrr: gaseotts tittsг
.'.'"i{ ,I)( |.

Ilt tlre case clf а silrgle J)ost AGB st,аr tlle g|Iseolls
]]lsг. t]ll\Ielope IIla), llirlrc lleelr created Ь1, i1 5|61у 51gl-
,.l lvittcl at t}Ie AG13 stаgtl. Grairrs of clrrst lrLay l)e
l,(]Icгittc(l out\\,ilr,(ls lц, r,l re t,irtiiirl 1lгt:sstlгe, tI})sог})-

.; r,adiiit,iorr. Аt tlrt-. sattte tillte girs u,itlr tlrtl irltегесl
:.,,ltiical a}эrtttt];rttc:tl I)atterllS lIliцI fЫl back orrto tlrt,l

- :ifaсe sitrce. btэcaltse оf tlIe grеаl distiuItlo fi,orrr tllc
,-,iI, tt) tlrtэ itrtreг Llotttrdtiг]. of tlle gaseotlS-(l1lSt ()l-

,,l1;с, ils gtis()()lls cOlIlJ)OllelIt is sttrl,illg itt tt trcrttt,a]
-' .г(,. гIlаt is rvlrl tlrtlt,tз is ricl sigtrific:artt allsr-ltIltilrtr

, ii(:гi\t ;rIlsorllel,s -- sirrgl1. icrrriztlci trtetal attltTls)
,]T)tical гirtlitrtiotr of а stal,.
llre existerrce of tlrtst graiIls atrd 1lrot:esses оf coll-

]isiltioll is lrard lo ilsstltrle ulldeг tlle corrclitiorl clf
- iitir, 1lIrcittls1l}ret,cls. tlrtэstl 1lt,oc:esses all,() lIl()st lilie-

-1) ()(:(]lll, itr tlrr: t:it,c:tltrtsttlllat, eItveIo1ltls. lIorYtlr-tlt-
.]гlt(]\, {]t al. (l992) lrave slttlrvtt tlrrl fi.lt,trr;rtitirr ,lt'
-i l](j;Il tlltl 1lirtlгtls1llrclit; lаl,еrs to lle 1ltlss,illlt: irr

l]iise ()f l] CгB г1.I)е st,al,s. Tlre trrairr агвulrl()llts:
1,1,1)ll()1ls gr,;i1llrites ttt:t1, iltl fЬгrrrесl at 40()0 К. (:tltt,

:.*iIti()ll tlf clttst ltlil\, ()(:(jtll, (lll(j t() rlе1l;tгtltгt: ti.ilrlr-,lrrttl etltriliilгitltrr.
lJ()ll(l i l99l1 lras til,st T)l,()l)osecl ir sc;tltt;tt,io ttf st,l-

-,\,(l ScI)a},iltiolt irttd su}lst:<1tttlltt геас(jгеtiоII f{)г :l

.it,slill,.:rssttlltittg tllat cltrst is tbrrrrecl iIr its;rt-
-llIIt:l,cl. Tlrc tlrailr reilsolI is tlrtl cltэllerrclerrt;e of tlrt:
,L(-llt iI[)lllI(liIlI(;c ()l] tlttl ttlttlllclt,tttut,tl tlf (:()ll(lellSit-
llI t,iltst gl,iIills (llrirrLi, l992). T'irtl irbtttttlirttc;e ti{'

" .\i* Si. (,]:r ,ill its iltlIlos1llreгe is tlt:t;t,eltsetl 1lr. it
' , )] i.l( jl'S ,lf tti;rgtlitttcle. lvlriIc CN(), S itltci el,eti it,tl

. .]1,()IlJ) cielIlellt, Ztt, Itave tlre sоlаг irb1llI(l;1ll(]eS
,,,]Itt:tts ()t al., i991a, l992. l996: \'alr \\'irrclktll t:t

]t)92). It slrollltl lle rlottlcl tlr;rt tlris 1lic:t,ttle is sitrl-
-,, i:ltt:trrit;:rl itlltttttlaltt:t: }lt:lrarriottг itt tlrr.: gitst:rlils
']L)]l(]llt rlf lSNl.
il] l (lllt,l\, ()ll(| lIl()t,() gt,otr1-) tlf StiIl,S iS kttlirvtt: t,llt:

. rlt' ) l]tl<_l Г1.1ltл (\kэerr, l,аtll}lегt, 199()) irr tlltl ;rt-
-,;Itt:t,es of rr,lticlr illlolIla]i()s iiге оl)s(]г\,е(l tlliit Irta\.

Lr ist: tlrгtlrtцlr stlItlt:t,ir.t,l s()l)ill,:lti()lI iItt,ll tittst. 1lat,-
- .\ 1,111,,,u А l3tltl T,r.lrt: st;I,1, lIlil\l llt: stl1,1,tltttrtictl
,,tsг i\S il l,elIlllillIt ot'llгottlsteIlzll, tItatt]I,iiri tile stat,

. ,,,Il ti,1,1llt,tl {'l'()lll.

-- is clbviclrts tI)e stаr's at,lIlOSIJllere rrlttst Lle sta}llt:
,1lr. sc,l tlrat tlrcl llrixirrg of t]re sttlllirl, wiIl(l \\01ll(l

- .iistrrr,}l llltl 1lit:tttt,tl tlf tlistгillutitltl of t;lletrritlzi]
,,llгs. I Irlrvllvtlt гllet,tl is t:r,ititltrc:tl гltirt titt: ;tгllrtl,
l,:s trf Ilclsг ,\(il] sгaгs al,e llOt ;rs stltlllr:: ti_it, trltlst

' -..,js(] cll,l.jr.lc;ts I)ulsatiolis atrcl otttfltllv оf tlliittct, ltiivt:
-]. llotecl. lvlriclr rrluuritЪsts itself itr tlrtэ 1lгеsеlIсе ol
.,,ll1c Ii,. elrrissiolr.
],liltlels lr;rvtl }ltK:tt ,J)rот)оsс(l of ftlгrlrittiolr оl stitI,s

' ;l c:itl:tttit:;tl c:tlttrllrlsiгil)ll lIl()(l1llittcrl llr. st,lt,c,Гivt,
,;ili()ll ()ll ,цi,ilills tit' rlttsг t,lrt,tlttell il(:t;l,tltiutr itr ;t
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birrary systerll. N4a.tlris atrcl Lаrrlегs (l992) Itave colr-
siderec] а (]iIse clf tilrlrl;rtitlIl of tlltl errveltlpe tlf :r st;tt,
tlrгottglr irrterceptiorl of lIlattel, ilrэirrg lost lly tlle соlrl-
platriorr as а strollt]. tlp to l0-'lNIс,/yt,rr,, llirrd. Тlrеч
llave s}rowtt tlrat as low tts 10-6N,I6 tlf "pttrified" gas
,is elrortglr to elIStlI,i] t}re selec:tirre depletiolr оi]sегче(i
irr tlre atlltos[)llel,e.'l]Ire rrriritr pI,ol)leIIl of tlris st:e-

rrirгicl is tlle lorr, 1.llobatэilitу oltlre corrfigill,iltl()ll (post
AG]] + AGB). At t}re sallle titlle. 1()() 1()00 l,еаrs ilg()

tlre two stars iltlve tcl Ье at t,ire AGB sttt,l4tl. \\I:ltсlгs

et а1. (1992), artd 'ГI,аIпs et al. (1993) lrave srtggest-
есl t}rat tlte 1lгеsеttсе of а co]IlI;airiorr is lleeded ollh,
tо stilrtulat0 tlrtl 1l1,ot:tэss Of IItass loss irl а 1lгillt;Ltv
(AGB) stal,. ]ll sllcII а rrrotlel tlrq a(j(:l,etioll of lrlat-
tег lIlal, Ье r,агiеd dellerrclirrg tttt tlrtl lclc:trгitltr of tllt,
IJriIrtary irr t}rc оrlэit (if tlrr: eccerrtric:itт is rrot eclttirl
to zеrо). It is irrrportlul| tllat tlris rlrotlel is vlrlirl orrll,
to solIle stirгs (t}re stагs Illtlst Ье llirraries rvitll fit-
tecl J)агitlrlеtеrs of tlre огllit). rгlticlt tlttsrtt,es tlItl ltllr,
()(](jtll,T,t]lIce of prlst-.A(iiis u,itlr lriдilr defic;iertt;1, ;Ittri

;ttttэttlalottS r:Iteltric;:rl t:tltlrlltlsititlti. Дs is rrtlttlti ilr, \\'li
tегs {]t al. tl992), attltltlgtltts I)I,0(]csscs tlf sсll,аt;lri,,t,
ilr tlre gasc:tlrts tiltst c:il,cltttrrst,elIaг tltrrKэlt-i1.1es lIlit\l ()(,-

сttr itr tlre c:astl оf ) Bclo stars. iloч,evet, tlre stllt:t:tir.t,

',le1,llct,itlrr rlf tltc irttIltls1lllr:r,r: is lt:ss eft'tlc:tir,tl iirt,tlir,lsr,
stal,s tlIiut fclr, 1lost-.'\Gl] staгs. 'Гlrtэ t_iifItll,elr(]es IIlalт

Ье r;atlsecl. fbt,itrstalrrle. bl, tlre tiifIbt,tlrrces iIt t]iil,atitltr
оf tlre 1lгосllssеs fot, tlrest: two t1.1les of o}l.jeclts.

It is it1l1.larerrt tlrat fi,orrr tlre 1loirrt сlf rlier,,, of stut-lv-
irrg tlre stellaг 1lucleosyIlt.lIesis ;rrrd rrrixilrg ])ro(iOsst]s.
tlre PI)N c;;rrrcliclates. lr;tr,itl8 it. tttc)tltl1,11t,tl rlrtltirl r]tlfi-
()ielI(j1'. aJ)iJ(]ar tirc trlclst i]IttгiIctive. rrr tlris tlrst,lit,,
clrtltrrir:;rl ir}ltttrciitlrc;e ])iltt(]Ill is iikt:lv tti i.lll llоt sigriii:
icatrt сirsrrlrtеtl i.,r, tirr: J)1,()(jesses ог seJ)iIг;Iti()ll.

3. 1. ALlrlrrrlarrc:es of s-Jlrclcess elcllrerrts

.\s а rгlrt;itl. l)ii_i(](l 1)Il tiitl satlr1lIe trf l'I]'N c:iitrclitlittt:s
rvtl ltiLr-t: srttiltt:t]. ltttcl tltt tlrr: t-lirtii:irrail;iIlltl iir littlr,:i
tltгс, tltеiг lllictrricitl c;tltttllt-rsititllr t:iilt llr] stirt(]{_l tсl l)(]

illltollrclgtlttiltltts, _\tlц,w(] ])l,(jS(]lIt t,ltt] ttttlst itrrllclгlattt
ittttэгt ttc:t:s rгe ir;rt,e trrittlt: ttlг irrliir,idrral ilrvcstigatetl
tlil.jtlt:ts (ser, 'l'irlllc:2 ;rrrti ,] t.

Irr 1lar tit:lrLiil,. ft,t-itlt гlrr_: б trl tt:ltlscltilltl sI)e(jtl,il
tbl, tlre trtetal 1lc-rtlt, ([Fc/lI],..;: -l.()) s1lIJL,lдi;l1tг

tRДS 071-1З+1005, rb-e (KIoclrkol,;r, J 99;iа) Irtlve leli-
ably reveaItlcl excess (геlаrir.е tc_i rnetallicit1,) оf 1rear,1,

ltletals sylitIresizecl itr tlrt: pt,ocesses оf lretttrcllrizatir.il r

(\'. Zr, l]a. La. Nd). Altirrg ц,itIr cxccss rlf lreal,l, trlet

ltls. rrlг\, lal,ge (оrrlг ;ttt t-it,tlt]t, tif tTr;rgrritrtcle) clxctlsstls
tlf С,\() gt,rltt1l t:lt:tlreIIts \\,cl,() tilrttrtl.'I'Irlrs. fl,ollt tIrl,

coIle(jtiolI of I);iгil]IloteI,s t}le s()1lгсе l l:l :\S 07] -l3+ l00;l
is а classic;il гeJ)I,esetlttltive clf pc-lst-AGB stаrs. 'Гilс

fact of cxceSs of S ])го(jеss elerttettts ilr tlre attrlcl-
sllirele of II] AS 071.t3 l- l005 lra11 l,cl)t]I,(jtlssiollsi illrIoll1]

astгrr1llrvsicists (jollcel,1Ierl rvitlr st()llaI,el,clItttttrtr sitrt,tl

titt,l tlxcless rlf s 1lt,tlcltlss t:lctttelrts exJ)e(;t,(](l flt1 Jl(,Sl

we
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AGB stаrs aS а (jollscquetlce of pl,eYiotis еlюIutiоll
of il star alId tl tilir(l drссlgе up 'lras lleett ollservet-l

\Ic1,1r rаl,с]l\-. Ftir, схlitlr1llел rve (Kloc:hkovir, 1995а) lrave

lIot l,е\reale(i exccss of s-process eletrterrts t'оr tlrrэ ]R

SoLlI,ce II1AS 18095+2704. rvlric}r is called аII excellellt

irPN cmrclic,Iatt: bl, irll its оЬsегчаtiоrrаl с}rагасtt,гistiсs

1 Hгivl rak er ;rl.. l 98R).
Lrrtег ц,е (Zаёs t:t al.. 1995) ltave геr,еi,rlес1 rcliallit,,

ex(:(]SSt]S tlf t:;rt,lli.itr. ox\Ig(]ll lrtit1 ltear,\, tttt:tirls irl tlrtl irt-

ttttls1l1tclt.tl tlf t}rtl t:ilrll sttllr:t,giitttt Si\() 3"l;l()-1. lvlritlr is

;rssor:iitteci rvitIr tlrt, IR soulce IRi\S 2272+il4,]5, ()rrr

"SI)e(jtl,()S(]oJli r:" r,:rlltr: t'оr tl re eff ec:tive te} IIp el,irtllre ()f

SAO 3"1r'l0'l is irr а gоilсl agreerttr:rtt rvitlt tlrtl resrtlt

cl}эtirrrrt:cl tlv Szr:zelb;r et al. (1997) llv rrrcldcllirrg tIre

()lIегЕ,\, rlistIiilrrticirr, }1.ottr tlre 1,1rdiai villot:ity r.:rlr_ti:

\I, : 40 krrr/s irrrcI tlrt: sllglrt deo,eirse irr rrretallitlitr-

iIS (]()lIlIJaгe(1 to tlre soiitl, \,itllte [FЪ/Н]1, ry -(1,5 dex

rve rеfъr tlris olliect to tlre plciptllatiotr of tlrcr o1tl tiisk,

Zirёs t:t aI. (l996) Itirv.lэ tlrarvti leqq (,el,t;till t,{ }l]

c:lltsiotrs fcil tlltl S()l1l,(]e lltAS 19l1,1+0t)02 iclcrrtifier]

rr,itlt t.irtl [)l"i8lIt St2I1, lID l79S2l. rvlric:ll is r:l;issifit:ti

llv tirt' _чl)е(]ti,lllri as а lri,цir-lrttttitti_lsit1, ol).]e(jt rrlitll

1.1lI(](jг[ili1l 1ol r,агiаillе) spec:tral class: E8Ib iVoik ,t
Krvok. 1989) arrc1 G5Ia (Krvok. ]993); rvitlL sillTr-s of

tlrirss lclss irtt11 1lresettce clf alt cttveloJ.le clxllirrrtlirrg at it

r,t:ltlc:itу of .30 krrl/s (\'arr cler, \,Ъсrr et :r],. 199,]), }];rstltl

()Il tll(]:itlltlr-sis tlf tlltl sllilt:trtttlt t)f IlD l79lч2l llт tllc
tIttltitll ;tttlttls1lIrl:tt, lIl()tlI()(l. irl tlle 1lаllt:г ilт Zlti,s rlt

ill. t]t){)6) tц() S(]ts rll 1lltt,;tttit:tt:r,s clf tlrc, ttttlcltlL lr-et,i,

tllltaillerl rvirit:lr 1tl(i t() t\Y() t:sserrti;rll1, r_lilfi:r,ellt r-iii-

11eS Oi'rrrt:t;rllit:iГl- litrti t:irtlrrLit:lti eit:tttclttt alltttrcllttit,ils,
-['irtl ltlrv r,;tlrttl tlf telIil)t]l,ilt1ll,(,, l',,tt : 5t){)U I" ltlitrl,

гti tlttl rt:tsiiltl rlf trtiltal I)()OI Sгirl,. rllric:li is ill цililtl
ilgl,(lelIi(]lIt ц,itlr tlre lriglr rariial \Iel()(]itv of гlrtl tlil-

,]etlt: \',, : 9() lirrr/s (Z;ri:s tlt al.. l996), 'l]lrelt:ц,itlr tlrcl

S I)l,()(]cSs cjlcIIIetlts lt;tt,e lleetr ibr-rrirl ttl lle t:tittsitleг-

ltlllt. tttrtiel,ai-lttttcliitlt. It is ollr,ioris tirat irl tlt,rlt:r ttl

tit,arr- rttl;.ttrrlli,цtlotts t:clttilittstiltis tltltrcltlt,tlitig rrlt:tirlli(:i

tr.. t:lrtlttlit:itl t:titlLllilsililltl ;ilrcl cytlltttitltt:lt,r, :t;ttlts tlt

tlre цil.t:tr tl}ljcc:t. itrtlt_,1.1tltiiltlttt (]StillIiltes rif'l',,11, slrtlrrlr]

lle irrr,tllveil, Гtlr ]ll) ]79821 \jirtt ilег \'et:tt ct а1 , (199_1 l

ltavc, clstitttliti:сl 1'р11 = 5000 К 1l}, llroclellirrg tlrtl о1l-

sel,\rcd irrtegгal flrrx irr tlle tllltit:irl I,itllt|],'I'1rrr-ч, filr

Hl) 179Е2] tIre lсlrг t(]lIi1.)cl,ilttll,e t,illtte c;ittl llc: i,otrsiri

tlt,ilrl ttLtit,tl r.rllrlrilit,. lrtltlt:t: tlltl sLitt,itli,\ tl](] StiItllS of il

ltlr! ttt;tss sttlltll,цtltlrt rr.itIt tli:r:t,tlaS()(i lIIetiiIll(]itY iurt]

()\,t]l (l(]fi(:i(]l1(:\, rlf tlltl S 1)l,L)(jе_чS ()lelIIt]l]tS,
'l'irrrs. lll- Гlttl 1lt,est:ttt t,itItc: tlxtl:ss of s 1lt,titlcss t:lt:

l]lt]l]tS llils Iitlr:ri rrlli:rlllт frllrrrtl itr tlrt,tlt,l ttt-l.jclc;t,s itrvesti

ц;ttt,ti ;it I] I'.\: ]l],\S t)-l296+3,129, illAS {)7l,],1+ 1()();

,ttr,l 1ll.\S]2272+5,1,]5 lJi:sicies. silrlilal, (:()1i(]lll

.itllls ]tltt,t: lt1l1lеагеtl iilг atrtltlrcг trгrl Pl'N c:;rrrrlt

tlliгt,s: I]]) laE616 (\'arr \\/irrckel et al" l99Гr) arrrl

lR.\S 19а00 l709: llD 18788;-, (\larr \\Iirrckel, 1997),

]rL Tlie iltllIOSI)l]()l,es оf 1rР\ cirrrcl,iclates tlvt:t,,,1tlfi

l:i,:ll(,r- t rr-itlr tesllei:t tcl tllеiг lllcta]li(jit1,) of lreirvl,

tlll.,ir:i tr 1,,lIllt allr, o}lsi:t,l,erl ( tilclc:lrkol,a, 1995аl Varl

Wirrckel et а]., 1996а. 1996Ь; Klocllkova & Parrclцrk,

1996; Vыr Wirrckel. 1997). lvttose existerrce irr ttre at-

tтrоs1;}lегсs of post*AGB lurv- llIIISS SLtl)Ptgi:rtrts iras

rrot l,et fbtrrrd arl trtratrrbiguoris explalratiorr, Lrrck &,

Bc,rrJ (tэВО; lrave coTrsideгecl а rturтtllег оf plrтsical

(hусirоgеп rtTrc]erabrllrdalIce i1I the atrrrclspl)eres: о\(]-

iiorrizatiorr of irtorrts 1ravilrg 1 |611r p9terrtial of tlre sec-

clтr с1 iclrrizzrti oTr 1 ;rTrd lrret}rtic]i cal (еrгогs it t p;traI tt et et s.1

efiec:ts ц,l ric;l r t:оrrl d explairr tl re clllscэгr.t:ri tlr,u,rlefi cier r-

c])l о1 
'r,a 

s ijl,()(]ess tlletneTrtS irr tlre atlIIosI)ilel,cs ()t'

lo.u ,,,ass S].1peI,giiilIts. Brtt rtoltc оf tlrtэ 1ll,tllltlsed ех

1l1irrratioTrs is c:clrrsisterrt rvitlr the fir11 1lаtrегlr tlf clieltl-

iclrl c:orrrpcls,itiorl of tlrese obieclts,

3.2. Tlrc pl,oblt:rrr of UU Е{ег tvpe Su})el,gialltS

'Ilre 1lrogг;rrlllIle of sр(lсtгоsсор], оf PPNc: at tlre ]]'L\

inc;Iucitls tlre pecrrliar stlpergiarlt l-ilJ ]lег, u,lrir:lr lrirs

se1,1,ed aS iI 1)l,()tot1,])e ti)I,selectiotr of а Ilew tyl)(]

of serlri-regrrlirг r,irrizrble stzrгs (S;rsselor,, 198'1), ,\s ;r

rrrle. srtllc:rЦiatrts of tIt.I Iler tyт)е аrе 1tlt:irttэcl iit lliglr

цаlасlti сl IirttIttcltls ttittl ltave S})atiiri vei<-lcttitls 11l1li r:al

iri t't,t, 1lalo pclltttiatitlrr. 'Гlrеsс: ()t]iссt-ч tlriiv iltl lltltlt

1,ourlg ]IlaSSi\re StarS t1,Iilt }tave rectllttl}' ileett ftirtttc:ti

at lriglr latitlrcles arrcl olcl iorv lrtass st;rt,s irtir,:rltced itt

tlic с:оltrsе tlf cvclitttirrrr iis fal, ils tlte 1lost -,\GB St:rge,

()rrr Iesttlts for I.,r1I ller. lrirr.r: lIOt l,elIio\rc(I t:titrtrirrlit:_

tititrs tlf tlrtl sitlrati<ltt sitt(:cl tilг tllis tIt(lt,al,]ltlrlr o}ljr:c:t

|[tъ/ltl : -l.;]2 fi,ottt rlrtt clatir] lчi: ititt.tl tlilT;litreci сlх-

,:iss orrlr_ til. rritr.tlцcrr. rvlLilcl i:агtlriri irrrtj tlre s I)l,()(j(]ss

eletltt:ttt_ч itr tire irtrrrtls1lltet,c rif ULi Htlr at,tl tlsst:lrtialll,

ttt r lic,l iriltitrt tllt rг.

\\i: 1r;i1,1l tltlts clett:c:ttltl tlrtl rtrirrliiilst;ltitltr of cirrlr,

t,litl fil,st ellisilde of rllix,irlg irritl tlrссlgr: u1l clf trtattt:t

to tlrc sltrlilce. }'t.clttt zl sOt of J)гоl)с]t,ti()s (lrigir llrrrrrrrtls-

itl.. raciiirl velocitY y;1[11g 1yllic:;rl of t}re lialo, c:lreryrit;al

ai,,.,r,.lol,aa, I)iittcг1l) tlle ollietlt ltas 1lc:elr tlcltrc:lrtcltlr1

to }lelclrrg ttl lolT tltass lralcr stars l)1it its tlelorrgirrg

t() I)O,it "\(lB st;rge 1r;ts tler.ltt t:аllеt1 irr c1llclstiotr, lt

is likcli-tlrirr irr tlte 1;allet'of V;rrr \\'irrc:kcl (l!]!]7) al,

rlll,jer:t verу t:lоsе to LrU l[еr irr it,s sеr 1lf 1;]1;11;1l,Iclis

tics is exarrrirrecl tlre slrlleгgil,irrt I{D 107l-}69 llavitiE,

а lriglr gal:rctit: Iatittrc]e (il: -t3()") ltrrr.l ir r;rrliir] r,tl-

lo,,it", ti;pi,,'rl of oitl 1ltlprtlirtiorrs of tlic (ialaxl,, 'l'lris

Ol).je(jt, beirrg rll а ttlttlt}l€lt, Of t:lr;tl,:tctet,istit;s r:lоsе til

l)().st, AGI] StitIS. ltaS tlcl l11 cxc;ess arlcl tlril,cl tllt:tlgtl

rtll :iдtls. ;rt iIr ['t' l[,,r,.

I'lre 1lletlet;essoг cif tlie virriirblc: srar [,l, ][et, ttr;rr,

Ье zrssttrrlecl to lI;t\(] it lIlilSS lrirveг tlrirtr 2 - 2,J\l,:
oti tlre \IS. ,\ st:rг rll sttc:Il litt irritial llrirss, irt t,lrt,

АGR stirge. lras:t lorl,-tttllSS (]OI,(] atttl tltlcs ll()t I)го\,j(l(]

irrtlieCOl'0i:llelIlI)el'atltl'ei.I.ti]}lt.)EK,;lic](]eSSitt'\.
tbг tile гeatltiotr 'rNcl(r-r. ri)Ji'\Ig, ц,llit:lr is Iire trlaitt

рrоr,itlег of trerttrotts. Tilis retrcltit)lI OccI,11 s ill l (11 t,s

ьt 1rц , 0.9Il i\to. [{orver.er oTle SlIould llear. itt trtititl

tlrirt tltere tlxists art aItet,tiative I)ro(:eSS: 
iЗC(rL,r,;r0()

tlrat сlt;сuгs irt а lоrчеr tclrtl)e1,11tuг(: (ll': l()3 К), arrt1
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.,rr. itr pt,ltrciple, etrsrtгe il ltetltr()1l flux fЬr SJ,lttlteSiS
l Irear,}, IIlctalS.

'Гlrt: lrr.1lotllesis olr tIre lor,,. irriti;rl rllass of UU Hel
- tlottfit,tltecl }l1. 11,. absetrce of lR excclss irr tlris stаг
.l,tl lretrco t,lre c]ust ell1|elope) wlliclt everl itr tlre erretrt

: }leirrg at the A(iI]. lras lracl tilrre to dissipate lle-
,ltstl clf tlre slor,,,etl t1olTlt er.oltltiorr of tlro obiet;t.

.:lls stirr is likelr. to Ilelorrg tt) "laz1." l.lost-A(i]] StаГS

,tI r:t.cllvt: tell tilrle_ч its slo\\, (ScIrorrlltтrrer . 1983).
t, t,l-iltl of cvollt|r<ltr irt tlIe l)ost-AG,1] is cletc:гrrlilretj

" гltе ttttrss of tlre соrе. tlre cleperrdellce bciltt tel,\,
-]()IIg: it соге Of 0.56а NI6_1 e\/oh/es аЬоut all огсlег of

t]lIitucle fЬstег tlrarr clf 0.5,16 \'1а!

Ser.et,al \,(]i)l,,ч ill]() Klrlt:lrkor.:r itlld PalI(]l)1l1{ ( l 988
til 1992) tlx;tltt,itrtltl а salttltllэ tlf 1ltltlttliat, sttI)t)г-

- ,-: ;it lriglr gzilac;tit: lirtitrrtles (I_jU ltcг tvp() stirl,s).
.-l ir. llт tlrt: sct rlf tIreir (jlIaracteristicls. al,tl rvitlt
.:l 1llrlilaililit1, illrl rl}l.jec]t_c at tlte ])()st .Ц(;IJ stag(]
l tilr,п,lrit:lr rlе itlstl tiiltirilltlti ir sigltifi(]iпIt t,ttttltэг-

,ltll;tttt:tl ()l S i)l,()(]еs,ч (]lсtIielIts. л\s 1ll,eviclttsl1., rvtl
,. ,)(|l1li()\,il ý lrarrr:lrttIt. l992) аге aJ)t to col]sicleг tIItl

t|,l\,(]d tttrtleгirlltttlclalI(je ol lretrrr]. lltt<lIei to }le геаl
l lxlliairr it br. tIrc: allsclttc:e rlf resrtIts of tlre t}rirtl
.igr: lt]l ])1,o(lu(jts. It is rrrrlst likeIv tlrirt lltэt:irrtst: of
i()ц, ]rltISS of tiltl stаг,its rlt;tss ltlss t,lrtcl at tlrtэ AGl]

- 
-1- \\,iis itrsltflir:itltrt filг tire llll(jovel,ilIg of tlrt: slrt,fli<:tl

l5 \\,jtlt tire t;litltrtit:;tl t:orrrllrlsitio1I (]lIarIlцecl ilI al)e

.] i(,{)i t]\Ioillticlrr, 
-l'llis 

irssLltIlJ)|ioll is also colrfir,rrred
-ire lllrr, (ji]l,t)()ll ii[)1lIidall(]c irr tlrt, il1,1rlosplIeгe of

' 
IIer,.

l];rlirrц sгtrtlit:rl ;t siitrt1lle llf 1lclst-AGl] sl,;ri s it t:lttt

...iltlltlti tlr;tt titt: ;illitrttl;tttt:e cit's 1lt,titlrlss tlltltltettls
.llrls titt tirtl llet;iilet] e1l()lllt,ioli al tl](] 1ltlsг A(il3

-,. iгlrit:ir. ili tltl,tt. is dett:гtltitltltl ilт tire irritial
-- llt'a stitг sill()e it is tlre 1Iltlss tlIat lras lilr i:fli:tlt
-llLl 1.rttlsatilllI il(jtivil\, :ttttl tttltss ltlss t,itttl. lt t:atr

:s11lllt](l tlt:tt rrtost likely tIre Olrel,:Il)lllldtllI(je ()f S

,]SS (]lt:]lIl(]l1lS r;alt l,)e ex,J)octocl irr tlrc atrrrosIllret,cs
, - j,( stilt,s l}.irr8 irllovtl tlrcl tэl ollttiolI trасk ".{Gl]
. lil'' orr tIi(] týс-l coioul, 1ll cliagгirrrl. \iittr t[et,\'tletr
, llii}lirrg (l988) llirr,c 1liritl irttelltioli to tl](] (lх-

:,lt tlf S1l(]l) ol).j(](:l-S itllci tct tlrtliг l,acliirгit,lI lll];Il
_:ll. ц,lliс:]r is so stt,rltrg tlIiIt (]all ]lOt, l)e c:attsct] llt,
l,;rt,t, liiss rэf lIlirг.tclt,. ,\s Virrr сlог \Irlclr alrci Ilatlirrg
-.,(]. t,i](]s() ob.jtlcts lrilr.c llirsscd tlrгolrglr tlre "t]ret,-

1lLtl_чt:". its а t,,:srtlt tlf rvlriclr tlrtl ptlIsatiolIs itll(i
,.,,-illrl liar,t: lltlt:tr sti1l1lгt:sstltl, Ir is irl tIre ()OIlI,sc ()i

'llrt,t,tlLti[ 1lttisrl" tlr;tt itlvt:t,sirltr ()f (]/() r,;tlttrl tlrltt]tl

.l гitl,,tlglt tiIrl tlt,tltlgtl ll]) to tll(] sttt,f;ir:t: tll ttlltlttlt
,,:tl itr t:;iг}ltill ;llttl lic:;ir.\, trteta]s. .\ft,el tlrt: etrtl

, ],l "lj](]1,1llal 1lrrlsc'' ;ttLtl гtlStol,ittiotr cif cl\,tr:rtlric:a]

-.l:ti-l,tts Tlrtl st;,il,s'Iocatiolr cltr tlrtl diagгarrr is sIrift-
.,],] l() llIc t]rrst гacii;rtitltr ilr tlrc: \Til\,elel}gtl) t,l.lgicltl

- -,, i() 7ttrr. tlItl slltt, }lct:Ottttls а сiIг})()l] st|lг.

/,._IRGE IR EхCESSES

3.3. C}rerrrical colrrposition of pulsating supeI,-
giaTrts

Sеvtэгаl RV Tati typc sttpc,rgiarrts lrave tleerr irrcltttl-
ecl illto оur PPN sl)e(]tгoscop)I рго8rаlrltrtе at tlle бlrl
telesi:o1le silice it is t;ttst<itltar}, tO asstllltc tlrat tlrt:r,

аrе passillg tlre post AGB stage (Girrgold, 1985). 1ilrt:

rtlrcleгstartdirlg of tlre rоl.J of plllsatiolrs itr tlre process
of rrlixirtg arrd tlredge-ltJj of altered 1Ilirtteгis arr acicli,

tiorral stilrrlrlr_rs irr tlrtl stlldy of tlre c-letailecl r:lretlli<:al

tlotll1lc-lsiticltt оl ltV Tirrr t1,1.1tl s1.11-lergiarrts. Llorvcvet. it
is so t;rг little krrou,rr aboltt tlI() t:lrernit:zll coltll)()siгit'rll

оf t}rtэsc: ob,jects to с[rtlu, t]efirrite coll()l1.1siolIs (Lll(:k

& Bclrrd. i989l GiгidlraI, et ;Il.. 1994 irrrci t,t-,fЪt,elrctls

Ilrtllc,irr).
lrrtls;rtilrg stars of tlris t1,1le ltave tttrttsttiil 1llr<lttl-

tttctгic: irtrtl s1ltltltt,rlst:o1_1itl 1lrо1ltэr,tit:s tlrirt tlistitrglrislr
tiris class of oll,jrx:ts fi,tllri t,clilrtcrl \\' \,'iI, tll1)(l st,;tl,s itlttl

setlli l,egrtlaг r,агiаlllсl s1.1I)(]l,HitilIts. 'I'ltll trr;r,itr tlistilI-
guislritIg cirirг:ltlreгistr(: of tlle st,ailitl r.ltttluд]lr 1lclt,ttlrli-
l:al Jlrrls:rtirirrs ttf strtt,s clf ll\'-l'atr ty1.1e is tlltl 1..lt,tlsetlt:tl

of tr1,o tItittittta tltt t,lle 1llrastl liglrt t;ttt,r,e. I]\I'l,alt 11,1lt:

stal,s witll tttiltitrtrtttt lttrIrirrosit\, (rrtass) titrc1 1lel,irltls
(slroгtor tlriLrr 20 dal,s) аг,: close t() \\i \''ir stirгs. Fl,rlrrr

rlro pгesettr;e of liV Tau tvl)e stal,s irr glollrtltrг r;ittst.tlt,s

irrrcl t],otrl tlre killclrrltttltl l:Il:trlrcttл,istics arltl clistattt:tl

tl,orlr tlle gа[irс;tit: plalre tif гIrtэit, atrirlc-lgs itr tlre.ц:rl:rt:tir:

fielcl it tollorvs tlrirt tlresc tll;.jects beIorrg гtl olcl stellirг

1-1tlllttlirtitllrs (pt_l1ltrlati<lrr ll turr] tlrit;k disk). ll\"['arl
stat,s. ttrtltttllel,s r.if gioЫllitl,clltsttll,s, ilJ)I)iIг()lltl1, 1Ia\-(l

IllzISSeS llolcirv srllar ;1111[ e1,6tlr.e ttl tlre stаце ,lf 1ll;rtre-
tагl ttt.}ltti,i atrti ii rr,irite tlrvarf.

Ft'rlltt t]rtl s1)()ctlii rvitlr c:l;rssifi(];Iti()ll (lisl)(,lsi()lls

I]\'T;irr г\,I)t] stitl,s lttt: ptlclttiiirt, sllI)(]гHiirllts rlf lttrlri-
ttositt,t:l;iss,ls ]ll. Ij,'['ire sJ.ltlс;tгlll 1,ltl<:rrliirt,ity is i:attstlti

Ilr- гlrt, ;t1l1l,,tIl i,ilt(](] itt cel,t;tiIl 1liritses t-lf stгtrttц r,irt iirlllt,
s1.,ec:tt,aI tlctltiis. rrlcrrtifit:tI rTitlr tlre il;rtlds tll'l'i(). (]N.

ClI rrloltlc:rrles. itr а sI)ectt,tllIi of irrr I" -К srtрегgiаrrt.

rvllit:ir is eljclt:tlc;e t-,f ittt a1.1prcc;,iirltlc: itrlrotlltlgtllrcitv ttt'

tlleil, (:]xtt]lI(iecl ;rttttos1lltet,tls.

Lttlrrilrclsitr, (]iass(]s Itl. ll fоr RVl'arr ty1)е stагs
lrarre lleelr r;cltttit,trtclii ri,it]r tlre itl.r1,llit:zttiorr rlf t,Irtl I}]

tгi1llet of ox\-gell О]. 
^ 

777:l ,\ (\[aIlteg;rzzir, l991).
rv}rost: e([lliviliellt ividtlr is а gtlcld lttrrгirrositl, t:t,itct,irltr

filг А. Г, G still,s.
ll\"'Lalr tyi)e stirгs, lts it rttle, lt;lt,e tlxcr:ss l,a(liiltioll

irr tlrtэ ll] rаllt]е, tlrc sllectral irldex fЬг t}re llt flttx Ье-

ilrg clciscl to rtrrit1, (,}urа. t9E6). 'l]lre diэlrsitl,of I)iil,ti-
cles ,irr tlre tlttsг ellvclcl1.1t,l с[ect,eirsc:s rvitlr distarrcc.l fi,cltrr

ir star aT)])г()xitlr:rtell ils r-1 (.Jurir. 198tj). rvlticlr <:tltt

fit,lrts t,}rtl T)l,(]sellc(] of i\ stl,()lI|l (1lI) to l()-"\l . },l,-',)
stt:li;tt, ц,,itrtl аг tlro Jlt,etltltlitrg rIl()1Il()llt rlГ evoltttitltr.

It sIrrlrrlcl llc: trcltetl tlrat, ll\"Га1l tlIT)0 stirl's s;ttis-

|)' fottl critr:t,ill rlf llclcirrgirrg to tlIcr I)()St Д(iIЗ stagtl.

rr,ltic:lt lrar,tl }let:tr stated lly ll,aIrrs et al. (199l ):

а) sllectllrl clIal,ircteriSticS of а sLtI)(]I,1]iirllt, }l) loc:a-

гiсlli ofl rirc: galac;tic; 1llarrtl (ortrsirlc tlitl laltl, |[{) 1lt ).

l9
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с) I)l,esellce of higlr IR excess car.tsed Ьу dr.rst, d) рhо-
tolIIetI,ic variabilitl,.

-\s it fbllorvs. f'оr irrstaTrce, ti,orrl tlre lorv,-tlispersiorl
sll1,lle}, clf \\1аlrIgгеrr (1972). tlre sarrrple оf tlre galactit:
ficl11 Il\"[iltt stars lre lras stircliec1 is гаtlrс:г lreterogcl-

tttltltts itl rrlctallicitl,: [}Ъ/Н] ti,ollr -0.З to -1,7, rvlric}r

Irla], Sllggest that t}Iel. belorrg to galactic 1lclprtlatiolrs
оf ,lifitll,elrt age.

Tlre t,lefic:ielrcy of irrf'orrrr:rtiotr ott tlre <lretrrica]

c;otrrlltlsiticlrr clc:tails <lf R\I'Гаtt st,irгs tloes rtot allorv
tI colIlI)zlгittive alrall,sis of tIrc belrarriottr clf tlifi'eгerrt

c:lretrlical elelllellts ill tlre case of prrlsatirrg staгs ol t]it'-

f'егtэtrt tl,pes (LIU I{er 1,1,1le pecttliar sllI)el,giants. loTrg

ptlriocl l,aritrllle sttrгs. \\" Viг stаrгs) апсl stalllc supcr-

lr,'iirlItS ilt, tllcise evolutiorlaг}r sгаgес to Ье rrlade. Srrc:lr

;r c:rllttpzrristltr с:rlltlсi 1lt,ovide larliclirlly tlcrv c:olrclltsiotts
irlltlrtt tlre clistirrt;tiorts of tlre er.oltttiorr clt stаг,ч of tlif-
ti:l,ctrt ttrasses irt tlIeir firral phases, tlre strltctr_tгe rlf
гlrсl irttncls1llreres clf ptrlsatirrg supergialrts, tllc tэfiЪс:-

tivettc:ss of llrixirrg J)1,ocesses.
'I'lre restllts of оrtг t:lrelrrical corlrpositiorr сltltег-

t rt,it iittiotr for, .l 1lrrlsatirlg stагs rTitlr lIl fluх tlx-

t:tlss. l, \,Itlrr. .{Сj llet. I]\j'Гаrr (Kloc:ltkclva .L Plrtrclltll<.

l998) arrd Al C\{i (t),orrr tlre p:rpt:r ll1, Klor;lrkova &
I'iitrr:lrttk. l996). аrе givetr itt'I'a}эleЗ. lt is scerr fi,orrr
'Гаll]е.] tlritt tlrt: с:lrerrli<:itl al,tttttdartc:tl piltterll fclr,1llrl-

sаtittц sttllt:t,grаrrt_ч is trot rttritclt,tlr. ()rrIY itr tlrt: с:аstl c.if

.\(]|1tll it is <:tlrIsisгtlrrt rvitlr tIttl exlltlt;ttlcl tlrre tbr,а
pllst .\(i13 it;ril-r sIllT,: rttr(ieгai-ltttrt]irltc:e tlf it,rltr gt,tltt1.1

clettttlttts. oveгa}lt,tttclalrc:c of CNO irTrc1 s 1lгclc:ess clit:

lIicllts. At rlrr: SalIle tilrle ilr t}re case of tttetlri-1loclt,
stаг [,i \'lotr rvitir lагgс с;;rг}эоtl cxcess rгc Ir;rl,i: frlttTrri

IIо excess tlf s 1.1t,clt:t:ss e]etttetlts. Tlre sоlаг rrrtltallir:i-
г1, :ttrti t}lt: 1lt,o1ltlгtrrlrr of CN() elelttc:ttts fbl, It\I'i-au
clcit tfot,t ris г() tlI(:) sl:ltl ls of ;,i 1,i1111 1g S1.1I)er}4iilllt.

l1.4. East*cvolvirrg 1lost-AGB olrjer:ts

'['irtl rtlsults rle ltillt-, rllltltttretl tciг tlre abulrtlattt:t: rli'

t:Iitlttitr:;tl еltltttilltl_ч itr tlrp ;ttlrltls1lltcll,rl ili' tlle S()lll,(](,

l ll.\S l 9 1 l -{+ ()0()2 ;tl tl tlf itlr1lol,t,atlctl fгrittl tlre 1lortrt ilt
vit:ц, clf c:iltIt1l;lt,istitt ot iIs t:lrztгасtегistit:s rviгir гiiosc ot

tlltl ttlritlttc: llt scltrlccl tt]C+10.120 (]rrAS 192,{4+illa)
sitrccl tltestl tlvrr o}.l.jet:ts itl,e ctlStolItill,ilу c;orrsiclt:rrlcl

iitr;tItlgs (Kltsttrtlr,.(., \\i:irrгr,irrrb. l99o).'l'lrt: 1lct:ttlrlit,
SllJ)eгP,liIllt llt(]+ lU-120 lr;rs fiIsr ilf lrll ;rttt,a(.:ttlrl itiItlt,-

cst, iJv its rrrtiгgiIlalll lriglr absrllutc llttriiliosit], tr,1l,ical

ot'IIr,llt:гgiarlts (,lorres et al,, 199:}). \\/lrat is 1llol,e] tllis
сlll,jсс;г oct:rtllies per:ttliirг positiorr olr tlre ]R t;cllor.tr,

tiiirgt,irrrl (\/<llk &. Krvcll<, l989) arrd is il sourctl tlf
stI,()l),ц r,irl,iil}lltl lrrt'Lset, ()lI r,acliatiorr (Lt:rvis ct al..
l986: \etlillrtIr;r &. lJorvet s. 1992), r,n,Irit:lr strggests tIre

l]l,cS(]l1(]e clf att tlxtettt]t:cl gast,ltltls-t1llSl t]ll\IeIOI)e. F-гоttr

t-ii;_чet,r,;ttiotts ilr ()li tlre sоtlгсе sltor,,,s а cotlt1-1ositi, s1l;t-

гitrl -чtt,1.1с:tltl,е (\eclolrrlrer .L Воlчегs, 1992).
TlIe lolirlilу of tlie o}lseгr,t:cl cltaгacteristics tbl tllis

ll,,c:LtljltI,5Il])t]lgialIt is titlt c:olrtt,i1l,\, to trvo basic lr1,-

pot}reses otr its lratut,e: ]R.C*10420 rrray Ье а low
rnass obiect at tire evolr_ttiorr stage оl а ргоtорlаlrе-
tаr5, 1glrr,lu, оr else а rrtassive ob.ject, рrесlссеssсlг of
а \\1olf'-Rayet Stаг. TIIat is rvIly SolIIe l,eSeilr,clrers (see

c.g. l{riurak et al., ]989) rarrk it irrrrotrg c:atrdit,lattls

tЬr protopl;rrretar,1, ttebul;re. оttrегs cotisitleг it tcl Ье

а lrlassive srtpergiarrt (Htrrrrplrгevs, 199l: ,Jorrcs et al..
1993). It is difficult to tlclcide lletr,,,eelt tlre tк,cl c:ases

becattse tlrtl obseгv:rtiorral rrrarritъstatiolrs ,irr llotlr oi'

tltetrt аrе aliktэ: tiicl tlftЪс;tir,с t,elIlI)erattll,(] t,iscs r,,,itll

titrre. а gaseorts-tlltst etlvelo1ltl irllreгitec-l ti,orrr а t,etl

giarrt оr а sttpergiant is preserrt. А goocl сгitеriоrr for

а lllol,e certaitr clroice of tlre evolrrtiotraг1, status пlа\,

Ьс tlre rnetlillicity in cornbirratiorr rvitlr ii lirгgе stэt of
r:lleTlrirlal c:lerrtertt ahttrtlatrces.'ГlIe ttrsk is. lrorvcvci,.

i:c-ltltplic;:rtt:tl Ь1' 1,1,,, ltlrv oI_1tical l-lr,iglrtrress tlf tlre oLl-

.jcc:t tsee llЫliе 1).

Arr arralysis of tlrtэ IRC 10420 sprlctra tttketr rvitlr

ВТА iп 1994 1996 rnilc,]e it prlssible to draw а lltltrl-
lэеr of cotlc:lusiorts (KIoclrkovir ot al., l997a). tJsirrg

tlre irrterrsities'of irbsclrlltiotr sllectгitl lirres alr eftt:r:tivtl

telIlJ)eгattlгe r,altte. 'l,,6, : Е50[) К. Irirs becrr citэt,irrcrl,

'l'lris гt:srrlt StlggeSt.S tlrar t}re tlftilr:tivll tt)lIiI)eгittl,tl,(|

lt;rs itrt:t,tэ;rstэd tbr tlrtэ last 2() ),еагs: its sllt,lt;t,ral t:lass

1ras c:lratrgerl florn }-8 (Hltlrr1llrгcys et al., 1973) to.\5
(KIot;lrkor.ir et irI.. l997a) . rvlriclr is iliclirlativt: оf r:<ltrr-

lltelI(]uIleIlt of fast cтtliut,iiltr. ()lrdrlrai.jtll, r:t ;rl t 1996 i

it;rr.tl 1-1lscl irrtiэгr,tlcl tIrlrt tlrc: telIl])el,ittlll,e trf ll]('-t lt)J2(;

ltas ittcгettstld bv alltltrt 10(х] к stttc;tl tIttl llltle ()i' t)i)-

seI,\,atioIIs lrv LIurlrplrrtlys et al. (l973). 'Гlris specr,r,irl

class clrarrge is likeh, to lrave оссr_tггсс[ fbt, atr essetr-

tiаllт sirогtl:г 1leгiod tlf tirrie. sitrce .]orres tlt al. (1993)

rvt,ito ii}lclitt tlte ollstlt,r,r:tl геtlttt:t,iсlir clf IIl firrx at ;r

cottStaIlt 0llel,B}'disrгibtrticlrr itr tlre tllltic:irl l,irtrge.',I'Irt:

:thtltciirtrt:e <lf tlre i1,orr gгcltt1l tэltэttrtllrts is tlrtl saltle its

itt tlte :rt,ttt(lspitere оf tlte Srrrr. r,,,ltilt: c:at,}lt.ltr ittrs llt:eti

fbrurcl t,o brl tttrderatlrrttt];rrtt atrd t ritгоgеt t ot,clгalltttt-

clatrt. rv}ric:ll is tr,llit:al of lrrassivcl sllp(x,8iatIts tlf tlrc,

ilisk, ]]l,rl]irriillltt,r- estilrttitiorr of tlte :rlltttrtltitlc:rl tif tltr:

t:ltlttteltIs Sтlitil(]SiZ(](l iti tirtl 1lгclc:tlsstls c-rf slrlrv tltjllt1,(]I1-

izittiorr Itirs slltlrvtr tlttliг trогtttаl (sillirr ) (]()tlt(]llt.

Nottl tlrat rvc ltarrtl first trtirrrtrд4tlcl ttl tlstitrr;rtt: tlrt:
rrretallicitr. all(l SolIle rletails of tlrcэ clretrriclrl c:clItllltl-

sitiorr clf lttC+10,12U.'Ilrese l,esttlts r;otrrllirItld п,iгlr

tlre lrig}r lttrrlilros,ir,1,. t:losc trl tlrr: lillrit tlf IlttrTr1llrlr:ys
jJ;,rr.iilsorr (.lrllles ct, al., ll)9.}) t:clrrfil,trr tire irr,l;tlt,iresis

tlItlt trlost likch, IliC+]t),12t) is it tttltssiтe st;tl,(ttp tti

10 N{O) at ;r slrort arrd tlrertlfbгe га1,0h, 9}l51ll,r,t:rl tlvrl-

ltttiorrary Stirge. tl,allsitiolral fi,orrr ()tl/t 11 st;rг to а

[,ВV ог \\(llЁRayet stirг. it slrcirrlci lle 1ltlitrtctl tlttt

tlrat tlre valrte logg: 1.() rve lrlrve rllltailrCd bl' tlrt:

trioclcl irt,ttrtls1llreгe trretIrrrtl irIso colrfit,tlrs tlrc lriglr lrr-
trritrosit1' of tlre oll.ject. rr,]rir:lr is close to tlrtl lrttrгititls-
itl, of tlre bгiglrtest lrl,pltll,giarrt r7 Саr. (Jorrlllirt,itrg tlrtl

obtailret] clr errri cal col rr1lositiotr of tl re irtr lros1ll lегtэs of

tц,о sl.tlэeгgialrts, IR,;\S 19 t t 1,1+0002 arrd l ]lC] + 1 0,120,

\\,е see tlrat tlre cletirils оf t:lrtlrlriclal eleltlcrrt allrtltclatrcr-,
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:.l1icate tlrirt tlreir Inasses, rnetallicities attd, evetttrt-
, .r-. tlre evoitttiorr lristorl. аrе dif{Ыепt. 'Г}цrs. t}re iTr-

]pltc:e (Kastrrcr & \\/еitrtгаrrtэ, 1995) tlrat tlre tlvo
- ,])eI,giaItts аге altz\logs lrtrs rtot beelr t:otrfiгrtrcd.

l--ol trttit,Ll cet,taitr (joll(jIIISioIIs as rеgаrrls tire evoltt-
' ]Ial,\, statlls of ]R(j+10"120 \ve аl,е plartrlirrg to оЬ-

ll iidc]itiorral lrigil-qtrality spectra rvitlr а S/N оl,ег
. irrc:lrrclirrg the Ыuе геgiоI1, prilnaril1, to estilrIa[e
,i}ll1, tlre lrelirrrlr abttlrdatrce. А loTlg dttrartiolr trtolr-, ::lrg of tlris r,:rpitllv e\rol\Iillg оЬject, ,,vlriclr is rnost
.i, l,leilrg oll.stlrvocl ilt а slIort (irs slroгt as 10а 1.ears)
: tlitlt'efot'tl t,;tгс:lу tlIlst:t,\,ecl tгirlIsiti(ltriil starge fi,otrr
,.ivt: t,et,l sllT)(.jгgiitlIts tcl 1lгесlесеssоl.s of SN. seeIrts
,: ill ilrt[lс-lrtitlIce too. At tlre presellt tirrre tlris trаrr-- li;r] evoltttiorl plrasc crftrr;rssive Stal,S is litt]e strrcl-
: )1 )t l ] tl le{)l,(ltic:al ly atrd o}lset,r,atiorral]l,.
)l)(]ct,I,ili ttlt_lttittlt,irtg is also lleeded fЬг tlle 1ltl-
1] ()l).je(jt irr Sagitt;rr.itls. whosc flаге rvirs dett:ct-
:, lЪtlгrtirr1,. 1996 Ь1, tlre .Iaparrese astrolltllпe1,

-:iitttl,ai (Grееrl. 1996). Dirгirlg 1996 tlre stellirг
-:litrttlt: of tlIe rlb.jec:t clrarrgeci liюrrl 12.5l to 1] .2,
-.ititlcl llv tltil rаttl of }lгiдlrtrrt,lss (]llaulgc tlrtгirlg tIrcl

;L) iI sl()\\,\()\.a. it, \\-ils геfi]гl,(](l tо ptlcttliar.tlbiet:ts
- : tllt: iit,st s1_1ес:tга \\rcге obIiiiIlctl rvitlr tlrc ES()

::, tt:itlScltlllt:. Sillct] tlre slэec:trttrll (]id lrot соrrе-, l. i ttl tlrr.l exlltэc:гetl sJ)ectr].lllr of а Nova. ltr Nl[аrсh.
,,,ltt tlre diгссt C]CD irIrirges of tlre Sirkrrrai's o}l-
,,ilraitttltl rvitir tlrcl IlS() ().9lII teleS(:oI)e а 1lI:ttr-" lril}lltl;t ;tt,iltttttl r,lrtl oll.jct:t, rvas clettlcttltl. Ilsitrg
:,,,illLtl.itrtt si)(](:tl,iI l)rtel,bct:k ;rtrci Berrctti ( 1996)
,()li(|lll(1(].l tlr;lt tlre ltеu[га1 lryrlгogctr lirre is srц

- .lltll, woakc]llecl п.Irile stгclrrg сагllоtr alrc1 oxygerr
t ;,I1,o I)l,eSellt, LJurstlcl orr tlre c;ollectiorr of clistirrcl-
-. lltrlv t:l;issifit:t] t,lltl flirlc ob.i(]ct alrlolltl R Сгt]

iгiilS.

.'l,,, hгсt iriglr гesolrrtiorr sllесtrа оl Sakurai's cill-
,,-et tl tliltititrecl rr,itlr tlre 2.7 rrr tciescloiltl of tlre \,Ic-
,.,i оl;sеrr,аttlrr, (Asplrtlrc1 et al.. 1997) atrt1 Lly tts
- lre б tlr tсl(]s(]()J)с irr l g96. -Дs а l.esult оf aIlall:sis- .-:t] SI)ectl,iI itlrt1 cirlcttiatiorr of t:lrelrricirl (]olrtI)()-

.. l-ll, гlrс: tltcltlol ;rttttcls1llrtэгe lrletltod (As1lltrrrcl et-l97: 
IiiI)I)el & Kloc:ltkova, 1997), a;Jtlex гесlrtс-

,i Irl,t]гogetr allutrdallc:e (rтrоr,еочеr, it recllrces Ьу- ..-х lrotn \,Iач ttl ОсtоЬеr 1996), сагЬоlI excess
.-,. Sr,. Y. Zг itrcгe;.tst: lrarre beetr t.evealed. Аррtrг-

' , :lre illl,jet:t llarl rtIitleгgoIle t}le filral sireIl lrcliltrlr
:_,,, ;ttlti llegtrtr tо t:r,tilr-t,l lapidi1. sirrrilaг to I.'(i Sдlс:, 

r . 199б: l]lijr:krlr &. Sc.:lrijrlllel.rreг, 1997) ,

-l llt ritt) tlrtlhltiotr lrloclel of tlIc Stаг aS а l.estllt, ili:iittttt slrell f]irslr (iberr, \,IcDorlalc1, 1_995l), orrtl
.- it,x1-1ect;rtt irict,ease irr lttrrrirrosit), as lriglr;rs 10
- ,tlld il с:lr:rIrgtl irr 'Ii,,ц florlr 4000(]ii to бЗ0() li tol
,i]s. Tirrl trroclr:l J)aгi]lIleteI,s tltlгirrссl llr- As1llrrrrd

l997) arrd }ii1l1ler trrrcl Kloclrkor,a (1997) allorv
,- i-е tlI|lt Saktrrai's ob.ject is rapidly e\,oh,iIlg (fbr
.: l,eill, its terll1lcrtrtuгe dl.opped bv 600 К).
- sllсll-rlс1 }эе elrrplrasized that tlre scerraгio оf tЬr-

Irlatioll оf hуdгоgеlr deficierrt supergiallts of R Сrtj
type ргороsеd Ьу lberr (1984) is rrot sirrgle. Арzrгt
fl'orrr t}re trtlэcltartisttts of slle]l 1relirrrrr l>urrlirlg Il;crr t:t

al. (1996) llave t:otrsiclet,erl а lttttttllt)t, rlf cltIret, scelIlII,-
ios realizecl, irr 1laгtit:ttlat,. irr tlle col_il,se of evolrtt,iotr
tlf birlaгr, s),st,el Ils.

Tlre bocly оf tlre fiгsi ,,lilset,r,alit_lttaI dlrta obtairretl
fоr Sakr.rгai 's object 1lеrlпits it to Ье corrsidered а
ltlriqtte objrlct beilrg оЬstlгr,ес] urt а fbst firr;rI evolrt-
tiorla11, 1llrase atr11 1lгorridirrg а t,:lt,tl cIlaltt:e rlf ttэstitrg
tIreoretical rrlodollirrg of tlre plclt;esses of t:r.cllrttitltl rlf'

IIte <:ot,cs rlf plzrtrtltar1, IIebltIae ;ttlcl r:iгс;tttttstt:lI:tг rltr-

\IeIoI)cS. loss of 1Ilаttег. c(}ll\rc(jliolt, sttlllaг ltttt:lcrlsr.tt-
ttresis attt] ;tlteraticrrr irr tlre sttrfat;e r:ltelrticttl ()olllJ)сi-

sitiorr. Itr tlris rеslltlсt Sirkrtt,iri's o},l.itlt:t t:alt }ltl 1ll;r<:rlrl
rlll ;r leтel lvitlr F-G Sgc. rvlri<;Ir d()lIlolist,],;It()s. as is
kttOrvtt. ii tttttxitrttltll t,ate tlf e\юltltioIl ( \I;ttr (ietrtltэt,ett.

Gatltsc}I],. l995l Kipllc:r. 1996) atlr] is cirllccl llr. r,i.цlrr
"Rosetta stolte" of srеllаr e\.oltl|iolt (Кгаfi. 1974).

3.5. Corrclllsiorrs

Itr tlre 1,lresrlllt J)al)t]I, al,e llгiefll, (]ollsi(lcre(l гltt: trttrst
ittt1.1oгtalrt;lгobletrrs atttl ollstlt,r,ecl f:rt:ts (]()ll(,(,1,1lIllц

tlle er,olrttitllt sta8e of tгalrsiticirr fi,orrr AGI] ttl :t plir-
Ilеtаг1/ rtebttlar, arrd prirlt:ipal resrrlts al,e stttltrllecl it1l
tlrat lrave beerr obtairred ilr tlre coilrsc of s1_1ec:гt,clsc:ci1l,

it: sГrltly at tll() бtlt ttllest:o1.1tl tlf;r satti1,llcl tif 1let:ttli;tr,
sltl)cl,Bi.ults irssttrliitrgly irI tlle l'P\ stirgtl. ц,ltir:lt ;tl,t,

;rssrlt:itttctl lr.itlr g;ria<:t,it; IIl,\S soll1,(j(]s.
',I'Irt: [.lasit; 1lriitrt of ()1l1 l)l,()дlitlIllrr,, ts ;ttrttlvsis tlf

sllectral trt;trrifestaltio]ls of tlI{r cill,urr,'t, state of ех-
ttltrtletl tlttvr:ltllltls tif ])PNr.l irs rvell ;ls sеаrс:lt tbr evo-
lrttiritr;Lt т r,ltl i;ttitltrs rrf c:lrtlrrlicitl tlltlrlltlsiticltt trf' stitt,s
lrirl,illg 1_1asst:tl rlrll Д(iL] st:rge iurcl ;r rlriгr] tlгtltlge tt1l.
'Гli,: tlttl*г sigtrificirrrt rtlsrrlt tlf tlrtl 1lt,tlgt,atrtttte is t,ltr.,

tlisctlvel,1, c;f .3 1lclst .'\(iB clb.jects itr tlrtэ ittlIlc}splIeгes
of rvllic:lr real ovcrailrtItcliittcc:s clf s 1_1гclc:ess elelttettts
hat,e lleett t,er.c:;rlcd.

\,\kl c:cllrsicler,,it rvrlt,tlrrr.lri lr: ttl etrrilllirsiztl tllat all
tlre basic icleas ilf tltil ltlitttre Of J)I,otoplalletal,\, llel)-
ttlac as ii I);lrti(j1llаг stagt: tlf stellar <эr,oltttirltl. u,lriclr
is ttttcleгgorre Ы, tlrc ct,,,el,ъ,}telTttitrg rrra.jciгitl. of stаrs
rvitlr rlrirsses railgilrg florrr З to 8 \4rn itr tlrtэ ccltlгse of
tlreir rэrloltttioll) \vcl,e stat(]d as еаrly as 40 \,еаrs ago Ь\,
l.S. Sllklovsky (l95tj). lt is irl tll;rt, J)apc)r,tlrzrt lle clt,t:ц,

clotlt:lttsiolrs a}lottt tIre гr:Iaticitr [)()t\\,()(]lI l,t:rl gialrts
(srt1lel,g,iiirrts),1llarretat,1, ritэlltllirc zitrcl r1,1rittl rlrr,;trtls:

ai-lclut tlro сiisсгеtе fЬгlrtаtiоrr of att exttзtrclcc] ctrvclopt:
as а гesrtlt of tlcllartrrrc оf tlle ottteг lачеrs of а rеtl
giarrt; abottt t}re evollttictlr оf а stаг соге ц,lric:}r Ieads
Ici fbгrlratiorr of а ц,lrittl clr,,,iiгf. Qltest,itlrrs \\1]r(] coll-
siсlегесi cottceгttittg rrror1llrolclgy aII(l dyllalrlics оf ell-
\reloI)es all(l tlIeir crlttttect,iott rvitll tlre t].I)е of tlttэ t;с:tr-

tгаl соrе, tlle ргеsеrrсе of llrrrltiple ellvelopes atrci rltttt-

Ые (rrrtrltip[e) соrеs, tlre clrrratiorr of separate'plrases
оf fЬrlпаtiоrl of а youllg PN olr tlre basis of stellar,

we
Text Box
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statistics. tlre ргоЬlеrrr of c:lrerliica1 cotrr1-lositiorr cvcl

ltltiorr.
Tlre decades tlrat }rave passed silrce ttre рарег

bу Strklovsky (1956) t,as pr.r}эlislled lrave арре:rгссl

чеrт friritfirl fоr ,irrvr:stigatiolrs of I)PNe, ргirпагilу Ье-

cause aStгol)ll],sic,s lrач }ltlcolrte "all-wave" (S}rklovsk1,,

1982), irr particrtlar, еftЪсtil,е (grotrrrd based arrcl

space) observational tectrrriqtles irr t}re ll1 alrd rас]iсl

гаIlgеs }rave tleerr derreloped, wlrictr аге tlte rrrost itr-

tbгrrrative tЬг tlre stud1l 9f PPNe, а collsideгable раrt
tlf etrergl of r,,,lriclt is геlеаsес] irr t}rese yel,1r I,allgec.

lrr pirt,allel. cllte to tlre advarrced corTrpirtirrg teclr-

rrologies arrd гарid growtlr of colrrpltter capacity, tlie
iler,+эlollrrrerrt of teclrrriqr_res оf ttleoгetical arralysis and
rrrcldellirrg of оЬsегl,аtiс_lпаi data has becorrrc as llltell-
sivt:. Colrrl;irraticllr of [)rоgrеSS irr observatiorrs arrcl itl

clata ilIralуsis lrirs lcci to tlIe J)гeseIlt dаy klrorvit:dge of
tlгigirl. stl,tt(]t,ill,c] atrd ovoIlttiorr of PPNe. 1}t" 1ll,illL,i-

1liil 1ltlirrts tll rvlLirlli irre Ьгiсfly orrtlirred irr tlre 1lt,esotrt
t t]\ri(lrr,,

AckrrtlwlcdgcпIcrlts" 'Гhе auttror is gratetirl tcr tlLe бrrr

teiestltilte ['ltlgr,;tTttrtttl C1,1rrrrlrittee tЬr a,lItlcirtiilTr clf tirlle 1ilr

bllct;tral iTrr-estigirticrrr оf zuttirrtltlouS Supel.giiIIltS it"sstlci:iterl
rr-tTlt g;tl;rt ttr IIi ,i()llI,(,c:,

'l'Irt: pro.jcct is p:rrtlv srrpllilrted Ьу t}te lЪtlетаl I'Tcl-

gIlLItlIIre "Astrortolrrt," (trlToiect 1.4.1.1) and Ьу the gг:rтrt

I(BN No.2P03D.()26.09 of the Polislr State (]ollillliittec]

iilr Sc:ieTLtifi t: I],t:stlilгc}r.
'l'lLe arttlLriг tlrlrtrlts tlrtl tltliieagrtcs fсiг lrcl1l itr ,,.tггr-itrg

t rtlT, tlris })гt)H],atlltrrre.
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