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(¢Edwih wpnhwlwunigniup

N nwup wuwnbphu  Jbpwpbpnn  hGnwgnungyniuubpp dbGod
Ywpunpnigyniu niubt wuwnntiph ubipund pupwgnn $hahuywu tiplnypubpp
pwgwwpbint hwdwn, npnup pbpnud Bu npwug wulwyniu npubnpnidubiph,
puswbu  Uwl'  wwpqwpwubint  wunnwihu - Edngmghwih Ginybpp:
Pwqdwwihpw)hu uwtYunpwihu hbwwgnunnieyniutbpp nhnnnuywu
wunnwbhghlwih hpduwywu gbiupt Gu wuwnntipnd pupwgnn $hghlwlywu
Gpunypubph pwgwhwjndwu wpngbunw: N nwuh wuwnbph $hghlwywu
wnwuduwhwwyneyniuubph - W EYngnighwgh - thnybph pwgwhwjndw
wbuwuyniuhg  Ywplnpniginiu Gu ubpyuywgunid  npwug  uwbYunpubph
unwgnwit ni nwnwWwuppnipniup: Swwn Yuplnp £ ny nwuh wuwnnbph
uyblywpubph  nuwuwlwpgnwip:  Uuwnnbph  dwdwuwlwlhg  uwblupwht
nwuwlywpgiwu  hwdwlywpgnd® MKK  (Unpguu-Yhtuwu-YGidwu), npunbin
Ubpwnjwd btu  twb  (nwwwynpwt  nuwubpp, np nwuh  wunnbpp
nwuwlwpgynu Gu npwybu M, S b C nwuh wuwntp, npnup pgny L huyw
wuwnntip Gu:

Ywpdpp hulwubpp Jwd AGB thnynid gunugnn owwn  wuwnnbp
wuluwyniu G nwnunwd  wuwnnh  ubpunwd  pupwgnn  thnthnfuniegniutibiphg:
Pnihnfuwlwunigyniup  Ywplnp  Gpunye £ wuwnbiph  Ywnnigjwdéph L
Eynynighwyh wunnwphghlwywu nwnwWiuwuhpnipniutbpnu:
Uwutwynpwwbiu, SGwiwywnpluwjh hwinih pny wuwnnuihu  puwlsnigntup
ypnd b php dby Suwynpdwu  dbjuwupqiubp b pwqiwphy  Yuplnp
punipwgpbp Gwjwlwhlwh hbnwqw qupgqugdwt dwuht: Pnhnfuwlwu
wuwnbph  npn2  wbuwlubp  hhwuwph  gnpdhp  Bu GuwjwlwnhYuwih
nwnwuwuppniygjwtu  hwdwp:  Wn wwwéwnny  Jwpunp £ ubplw
woluwwnwupnw  hpwlwuwgynn n nwuph wuwnnbph  tnthnfuwlwunyejwu
nwnwuwuppnigyniup:  AGB Uhpw  YGwh  whwh  thnthnfuwlwuubpp
htnwynpnigjwu wwn  wy hunhywwnpubip Gu dp L dhoht wwphph
wunnwiht  puwysnipjwt  nwnwWuwuhpnjwu  hwdwp:  Qbpdwjht
pwpwfunwubph  pupwgpnud  wuwnwjht  «pwdnw»  wbupny Ywpnn L
wpuwubnyb] wunnh quugywsdh 50-70%-p: Rwugywsdh Ynpnwwnp pbipnud |
wuwnh 2nip9 hgnp  ququithnwiht pwnwuph wnwowgdwu: N nwuh
wuwnnbiph nwunwWtwuhpdwt hwdwp wnwugpwihu futnhp £ hwunhuwund wn
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wuwnnbiph quqwthnwiht pwnwupubtph dwupwynpyhw nwniwuwuhpnyeniup,
husp huwpwynp | nwnund hubpwywpdhp nhunnwubiph ounphhy:

N nwuh wuwnnbph hbwnwqw EYnynighwih pupwgpp hhduwywunwd
Ywutunpnaynud £ npwug quugywsh dednipjwdp, nwwnh Yupunp £ quwhwunb)
uwl wuwnnbph quugywdubpp:

Uwnblwhununipiwt bwwwwlu nt juunhpubpp

Fuunpp  tywwwlu £ Ywwwptp DFBS nip nwuh  wuwnbph
pwquwynndwuh nwnwuwuhpnigyniu: “w hwdwp fuunhp £ npdb) punpb) np
nwuh wuwnntip DFBS gwédp nidnnniuwlynipjudp uybtnpw) phetinutph Jpw
L Ywuwpb npwug dhwswip nuuwlupgnd, huswybu twl' Junwpbg
hwjinuwpbipwd wuwnnbiph nwunwiuwuhpnugniuubip dhohu
(nnnniuwynipjwdp CCD uwblunpwulnwhwih dhongny' npwg uwbywpuwhu
nwubipp Gownbnt b nuwwnynipjut nwubpp npntint bwwwnwyny: Ywnwpb
nwnwuwuppnipint hubpwlwpdhp  wppnypnd wuwntph - Juppp
pwgwhuwjnbint hwdwp' 2MASS, IRAS, AKARI L WISE 2powhuwjnigniuitiph
unwgywd ndjuiubpny b wwpgbp wuwnbph Eyngnighnu Yupgqwyhbwlubpp'
nunwiuwuhpbiny wyn wuwnnbiph 2nine ququithnwht pwnwuputpp, huswbu
uwl npnob DFBS ni nwuh wuwnbph quugwdubipp, husp unyuwbiu swun
Yuwplnp £ wuwnntiph hGnwgw tyngnighwih thnybpp wwpqupwubine hwdwp:
Ywwwpb| thnihnfuwywunyejwu nwnwuwuppnigintt dwdwuwlwyhg hwjntup
onswhuwjnieyntuubinh snbdwpwuubiph wnjwiutiph ogquntpjwdp:
Ogqwnuwgnpdtiiny  hwjnup wnusnieniuttipp W dbpnnubipp  npnabp  win
wuwnnbph  ghinthnfuwfwunygywu nwubpp U hpduwlwu  $hghlwlwu
punipwantipp  (Wwppbpnyejniu,  wdwhnninw,  pwgwpdwly  wuwnnuihu
dtidnipiniu, htinwynpnue)niu, quugywdh Ynpuwinh swih b wyu): fuunhp £ npybg
twlb nwnwuwuphptp FBS  n nwuh wuwnnbph  pwplujwényeyniup  dbip
SuwwlwnhYwynid:

Uwnbuwhununiyeiwu Yunnigdwdpn
Uwnbuwfununipiniup  pwnugwsé £ ubpwénieiniuhg, snpu gnijuubiphg W
ogunwgnndywsd gpwlwuntejwu guwuyhg:

Unwohu gjfunid mpdwd Gu n nwuh wuwnbph punhwunip punypwgnpbpp:



EBpypnpn gfunwd ywpwagpyt) £ pnipulwiujwy wnweht spowhwjngjwu nip
nwuh wuwntph punpdwu b uwybYupwht  nuuwlwpgdwu  Gnwuwyp:
Lbwqddb) b pnpulutywt wnweht opgwhuwynipywu Bpypnpn’ yepwuwpwsd
pwndwgywd Ywwwingp: Wu pwnyugwd £ ny nwuh 1471 wuwnnhg L
pungpynwd £ wyn  wuwnnbph  uwyblupwht b nuwnyngguu nuutipp,
wnjjuiutip dwdwuwlwyhg hwjinuh 2powhwynipiniuttiph wyjwiubph pwquyjhg:

Gppnpn gfund Ywwwpynd £ FBS ni nwup wuwnbph  nuwswhwywu
nwnwiuwuppnipntt hubpwlwpdhp wnhpnypntd:

2nppnp - gifund . uwwpynd - FBS  ny  nwuph  wuwnntiph GAIA
nwunwiuwuhpnigynt:

<pugbpnpn  gjunid Yuuwwpynd  E FBS  niy  nwuh  wuwnbiph
thnthnfuwwunyejwt  nwnwuwuhpnieiniu CATALINA, NSVS L ASAS-SN
onbdwpwuubph ndjuiubph hpdwt Ypw: Ywwwpynd £ uwle CATALINA L
LINEAR  Ywuwwinqutiph  btplwp wwppbpwywu  hnthnfuwlwuubph
nwnwiuwuppnipiniu: Cunpdty £ 1184 opjyw, npnug hwdwp P > 10 op:
Ywqddt] £ Bplwp  wwppbpwlwuubph  gnigwy, npnbn  pbpqwdé  Bu
uybtywpwihtu b nwwwnynipjut nwubpp, wndjwiutp dwdwuwlwyhg hwjnup
onowhuwjnigyntuubinh tnyjwjubiph inbdwpwuubiphg:

Uwnbuwhununipjwu pnjwunwlynysintup

Qnifju 1. Lbpwongywu dbe wpdwd GU ny nwuh wuwnbph punhwungp
punipwgntipp:

Qniju 2. Pwpdp quiwynplwlwt jwjunyeniiubpnd n nwuh wuwnnbph
hwidwlwpgwd  nwnwuwuppneiniiubp skhut Yuwwndbp  dhus 2000
pYwlwutbipp: 1987p.-hu, uluytg FBS-h Jpw hhdujwd uwfuwghs, nph
wnwuwhbpenienuu Ep nyunpudwunpulwgnyu wybigniyny  wuwnnwiht
opjtjinubph L N nwup wuwnnbph' M nuup b wdluwduwihu wuwmnbph
npnunuwip: Upryniupnud unbindybg Pjnipuwuh wnweoht opowhwijnigjwu ni
nwuh wuwnntph  Jbpwiwpyws b pwpdwgwd  Ywwwingh  wnweohl
wwppbpwyp, npp wwpniiwynwd £ 1045 wuwnnh wyywiubip: FBS-h
uybywpwiht  phpbtinutph  pYwjuwgnuwihg  htinn wuhpwdbionnip)niu
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wnwowgwy Ybpwuwibh L Jbpwhpwunwpwytp FBS nwy nwuh wuwnnbph
Jpwuwpyws U pwpdwgywd  Ywuwwingh  wnwoht  wmwppbpwyp:
(GJwjuwgywsd phptinutph  Jpw  wudbnp uwblwpubiph  dwupwypyhwn
nwnwuwuppnejwdp hwinuwpbpybg n nwuh 426 pny; wuwnn' 27 Jun b ny
C wuwn U 399 M nwuh wuwnn: Ustuwduwjht wuwnbpp Yuntih £ unyuwgub)
uybtywpnud C, dntynih hbnlywy 2tipnbph wnwynipjwdp. Udwuh otipnbph
M 4737, 5165 U 5636 A wnlwjnuejwdp' hhduwlwund N nwup C wuwnbph
hwdwp U C, dnitynip 4382 A qiuhyny 2Bpnh wnwynygywdp' R b CH nwup
wuwnnbph hwdwp: Swwn R wuwnbip unyuwbu niwbu ndtin CH dnjtyniwiht
otipintip, wn wwwnbwnny ndwp £ nmwppbpwyt; CH bW R wuwnbipp puwn gwdp
(nnnnibwyniggudp uybnpubph, pwuh np npwup swwn tdwu Bu: M nuup
wuwnbiph  uwbYunpubpp hbownneyudp Ywpbih b wnwuduwgubp nhnwuh
opuhnh dniynih A 4584, 4762, 4954, 5167, 5500, 6200 L 6700 A Ylwudwu
2tipintiph 2unphhy:

FBS ni nwuh wuwnnbph uwybYunpwiht nwubipp hunwybgubine b
(nuwwnynipjuu  nwubpp  npngbint hwdwp Yuuwnpdbp B uwbBYunpwghu
nwnwiuwuhpnipniuubp Rnipulwuh wunnunhwwpwuhp 2.64 nhinwyh UAGS,
ByuFOSC2 L SCORPIO uwblwnpngpwdubipng: FBS phluwdnt wuwnbiph
wdluwduny hwpnuwn punypep hwuwnwwnbnt hwdwp, dhohu
(nnnnitwynipjwdp  CCD  uwbyunpwulynwhwih dhongny, uwblwnpubtip Gu
unwgyb] Puwhwih' Lnjwunind  gunugnn Pnnupwih - wunnuinhunwpwuh
Ywuhuhp 1.520 wunnwnhwnwyh Yypw: CCD pninp nhunnwiubpp hwuinwnbight
FBS gwdp [nidnnniuwynipjudp uwybunpwiht phptinutiph ypw twjuuwywu
uwbtiywpwiht nwubph nwuwlwpgdwu  hnwwihnyeniup: - Unbindytig
Fjnipwywuhp wnwohu onpowhuwjnipjwl nwy nwuh wuwnbiph
nwnwuwuppnigjwu  Jbpwuwpws U pwpdwgywsd Ywwnwingh  Gpypnpn
wwppbipwyp, npp wwpniwwynwd £ 1471 wunnh ndyuiutp: dbpwuwws
Ywwwingnwd  pbpgnud - Gu - Gogphin DSS1/DSS2 nhppbtipp,  USNO-B1.0
onbdwpwuh owywhywlwtu |nuwswihngniup b ubithwlwu  pwpdnwiubpp,
2MASS, WISE, IR |nwwswihnigniup, Gaia DR2, IRAS PSC/FSC wyjwjutpp L
wj|u:

Qynifu 3. N nwup wuwnntiph $hghwywt hwnynyeniiutiph puwgwhwjndwu

hwdwp Ywpunp £ hudpwlwpdhp nhpnyend npwtg uppp: N nwuh
wuwnnbpp' dwdwuwlwyhg pn|np huwpwynp wuwnnwghwnwywu

Ywwwinqubiphg  unwgqwd hudpwlwndhp  nwswhwlwu - ndjwiubpp
6



gybpinwdtint - hwdwp  puwnpdbghu IRAS,  2MASS,  AKARI,  WISE
opowhuwynigyniuttipp: <wynuh £, np dnnhudpwlwndhp JHK  gnyu-gnyu
nhwgpwdp 2w jwy gnpdhp £ n nwuh wunnbpp nwuwlwpgbint hwdwp,
puwnn nwwnynijwu b gnyuh gnighsh: Lwp 3.1-nwd pipdwd £ 2MASS () - H)
- (H - Ks) gnyu-gnyu nhwgpwdp pninp 1471 FBS niy nwuh wuwnnbtph hwdwp:
TYhwagpwdnd hunwly Gpund £ N nuup hujwubph bW Jwn nwup C wuwnbpp
Yupny pwdwunwip: Ywn b ny nwuph C wuwnnbpp nhwgpwdnu gunuynid tu
nwnpbip whpnypubpnu:

35

20 °

25

20 °

2MASS J-H

o Spectral class: M
O Spectral class: CH
o Spectral class: C(N)

0.2 0.4 1.0 16 22
2MASS H-Ks

LYwp 3.1. DFBS ni nwup wuwnnbiph (J-H) - (H-KS) gniuwiht nhwgpwdp:

Mgiant
Mdwarf
C-N
C-H

3 4

1 2 2 3
W3-W4 WI1-W4

LYwp 3.2DFBS nip nwuh wuwnntiph WISE gnyu-gnyu nhwgpwdubpp:



Ywnnigyt| Gu uwle WISE gnyu-gnyu nhwgpwdubpp: Lwp 3.2 gnyu
- gnyu nhwgpwdubpnud N nwuph huywubpp pwofuwsd Gu Jwn nwup C
huywubtiphg wnwuduwgywd Gjninh tipluwjupny: CH, R L pgnty woluwduwjhu
wuwnnbipt nbu unyu gnyubipp, hus np Juwn M nwuh wuwnnbpp: M nwup
hujwutipp U pqniubpp nhwgpwdnd hwuntiu Bu Yk dhlunyu Ynduywyun
whpnypnw: Snyuh  dGdneyut  swihwuhgutipp, npnup hhdujwsé Gu WISE
wnjwiubph Jpw, pny; B wwhu punpep AGB wuwnbp' ququithnwhu
pwnwuputipny U wnwuduwgut| C wuwnntipp M nwuh wuwnnbinhg:

Lwuh np hupwlwpdhp whpnyend  gpwugynn  Gwnwgujenidp
qquih swihny wwydwuwynpywsd b nhbigipwywu thnony, uwwnwndb) £ FBS nip
nwuh wuwnbtiph 2nipe ququithnwiht  pwnwuputph  nwnwWiuwuhpnie)niu,
wwpqwpwubint  hwdwp  Jwpdhp  hufwubph  Edngnighwh  thnybipp:
Owwnhlywlwu whpnypenid hnthnfuwlwunipniup unnigbine bW huppwywnpdhp
wnwpdwu wybkigntyu nwunwtwuhpbiint hwdwp Junnigyt) U pninp wuwinnbiph
SED-tipp: Ywn nwuh CH L R huwubpp phs e 2w hwuwmwwnniu Gu: 5 FBS N
nwuh AGB wuwnbp gnyg tu wwihu Ypluwlyh ququpeutp SED-Gpnud, husp
Jyuynud £ wyn wuwinnbiph 2nipg ququithnawiht pwnwuplubnh wnlw)niejwu
dwuhu:

Qnifu 4. N nwuh wuwnbtiph $hghywlwu hwwnynieyniuubph pwgwhwjndwu
hwdwp Yupunp £ owywunplwywtu whpnyenid npwug Juppp: Wn uwywwnwyny
punpyb] Gu Gaia DR2 L Gaia EDR3 |nwwswihwywu b wunmnuswihwlwu
wjjwiubpp,  puswbu  uwl'  Gaie  Ywuwwinqubpnd  ubplujugywd
htinwynpnigjwu wpdtipubipp quwhwwnbiint wjuwhuh Ywplnp ywpwdbnntp,
huswhupp Gu pwgwpdwly wuwnnuihu dGdnyeniuttipp b dbp Gwjwyunhlywjnwd
n nwuh wuwnntiph pwtunp, Nwswithwlwu wdjwiubph hhdwu Ypw
wuwnntiph quuqyuwdutiph quwhwwnnwp U kYnynighwyh thnytiph npnondp:

G obpnnud  pwgwpdwly wuwnnwihtu  dbdneyniup  quwhwwnybp £
hwjinuh wpunwhwjnnijuu dhongny.
Mg = G —5Log(r) + 5 — Ag (4.1)
bYwnnigyt| £ Teff - Mg <bipgowpniug-Ntub) nhwgpwdp FBS C wuwntiph
hwdwp, puswbu twl' FBS ni nwuh 150 M pgniyutiph hwdwp: buswbu

Gpunuw £ ulwp 4.1-nwd, FBS C wuwntipp gpwntigund Gu HR nhwgpwdh wju
whpnypp, npunbin nbinuywwsd tu uwpdhp huywubpp bW AGB wuwntipp: Ywn
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nwuh wuwnnbpp L n nwup wunnbpp jwy wnwuduwund Gu nhwgpwdubph
Ypw' hwunwwnbind uwblnpwuynwhy nwuwlwpgldwu hnwwhnygniup:

O 5.0
=
75 %
10.0!
“
125 + CN .
CH
15.0 +  Mdwarf

5000 4750 4500 4250 4000 3750 3500 3250
Teff

Llwp 4.1Teff - Mg <bipgawpniug-Ntiutip nhwgpwdp FBS C wuwnntiph hwdwp:

LYwnnigyti| £ gnyu - Mg pwgupdwly wuwnwiht dGdnipiniu nhwgpwdp 1054 M
hujw wuwntiph hwdwp: Puswbu tplnwd £ uywp 4.2 nhwgpwdhg FBS M nwuh
hujwubph quugqywdutipp hwdwpdtip tu gqudp quugywdny AGB wuwnnbiph
quugywdubiphu:

-4 . L
% 4 Miras

-3 ol .’ * SR

* 1 Msun model

M(G) [mag]

BP-RP [mag]

Llwp 4.2 Gnyu - MG nhwgpwdp M wuwnntiph hwdwp b 1 Me wpbquyuwhu
quuqywény wuwnnbiph tynynighwyh htivwaqdtipp:



Upwgubin  dnwpupwlwpdpp  (NIR) L Gaia  nuwswihnipniuubpp’
Lbpqgbirbnp U hp gnpdpulinutinp Ywnnigbight unp nhwgpwd® npwtu Yundhp
hujwubtiph  Jbpndnigywu gnpdhp: Hw  hwdwp  upwup  hwdwwnbntght
Jbubuhwjinh niuyghwubipp (Wesenheit functions) NIR-nwd b Gaia wnhpnyenid:
2MASS ] L Ks NIR dbubUhwynh $niuyghwt uwhdwuynud k- hbnlyw
pwuwdalny.

WK,]—KS = KS - 0.686(] - KS) (4.2)

huy Gaia BP L RP dtdniugniuutiph hwdwp  Jbubuhwjnh  $niuyghwu
uwhdwuynud £ hbnlyw| pwuwauny.

Wrp.p-rp = Grp — 1.3(Ggp — Grp) (4.3)

LYwp 4.3-nuwd pbipqwd £ wyn nhwgpwdh Yhpwnndp FBS M b C huwubpp
hwdwp:

-12 T
RSG and
\\\ O-rich massive AGB ® M
O-rich AGB, ‘\\ ¥ C
termediate-mass
10 intermediate-mass Y . C cand
N\,
\
Extreme C-rich
.
-8 %
‘. .
v M) - A
> 2} .,
. &0 L -
8 .
-6 s B = .
.
O-rich AGB, (]
—4 low-mass ]
!
4 .
! RGB and,
1 ® faint AGB
]
-2
4 ) 0 2 4 6

Wrp,Bp-rP - Wk j-K
Llwp 4.3Gaia-2MASSnhwagpwdp FBS M L C hulwubiph hwdwp:

Wu nhwgpwdp hwunwwnd £, np Gaia - 2MASS nhwgpwdp Yuwpnn k
wwppbpwytp M b C wuwnbpp: FBS hulwubph dGé dwup nhwgpwdnid
gqpwnbtigunu £ gwép quugywony b prywduny hwpnwun AGB wuwnbiph
whpnypp: FBS ni nwuh wuwnbph JdGé dwut niubut M < 2Me quiiqwé:
bwpbh £ hwpnuwpbp AGB  Uhoht  quuqywdny wuwntiph dh  pwuh
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ptYuwdniubp: FBS M hulwubph dby sfwu RSG wuwnnbp L dbé quugqyuwdny
AGB  wuunbtip:  Uwbyupwuynwhynpbt  hwunwndws  perdwsdun L
wdtuwduny hwpnwwn FBS huwubpp Gaia - 2MASS nhwgpwinid pwdwuynid
Gu pun phpbug phdpwlwt pwnunpnEjwy, huswbu  LMC-h Bplup
wwppbpwywuubipu Gu pwdwuynid Lbpqgbetiph wluwwnwuph
hwlwwywuwufuwu nhwgpwdnud® wwwhnybind npw hnwwihnipjwu JeY wy
hwuwnwwnnud:

Qnifu 5. Pnihnfuwlwunipiniup wuwnntiph dté dwuh hwwyniegyniuutiphg £, L
npw  nwnwuwuhpniniup dGdwwbu  tywuwnnw £ npwug  Jdwuptu  dbp
pulwdwup: Pnthnfuwlwu wuwnbiph dhon nwubiph npnanwip Ywpnn £ owwn
Ywplnp  (hubp wuwnnwihu  puwlsnipjwt  nunwWiwuppnipniiubph hwdwp:
DFBS ni nwuh wuwnnbph thnihnfuwlywunyejwu punypu nwnwiuwuhpbnt
hwdwp oguwgnpdyt Bu hbnlyw) opowhwjnugniuubph wyuiubpp’ NSVS,
CSS, ASAS L LINEAR:

<phduwlwu  wwpwdbwpbph quwhwwndwt hwdwp, npwbu  hpdp,
ogunwgnpdyti) tu CSS opowhwjnipiut wwjdwnnijwu Ynpbipp, pwuh np wyu
wybih funpp b Bplupwdwdlybn dnupwninphug k, pwu NSVS-p: Muwjdwnniejwt
Ynph Jbpndnigyniu nu thnihnfuwwunigiwu nwuwlwpgnwip Yuwwwpyt) b
VStar dpwgnph oqunipjwdp, npp hwuwubih £ http: /www.aavso.org/ Jwjpnid:
VStar- p ppwlwuwgunwd E DCDFT (Date Compensated Discrete Fourier
Transform) wignphpedp’ hhduwlwu pwpwiudwtu wwppbpnuygniup unwuwint
hwdwn:

54 N nwup C wuwnh thnihnfuwwuniypjut punypp nwunwuwuhpbne
hwdwp ybpindyl) tu CSS L NSVS wwjdwnnipjwu Ynpbipp: Uhphnubiph W
Yhuwlwunuwynp  thnihnjuwlwuutph  nuuwlwupgdwu  swihwuhoubp  Gu
hwunhuwglp  wwdwnnipjwu  Ynpph wbupbpp b Lwwnwudwu
wdwhwninubiph  dednieyniiutipp: Yhuwlwunuwynp  thnthnfuwwuubph
wwjdwnnijwl Ynpbipp wybkh phs tu jwunuwynp, pwu dhphnutiphup: CSS
wnjjuutph pnbdwpwund wuwnnbpp nwuwlwpgynw Gu npwbu dhphnubp,
bpp hnhnfuwlwunygjuwu wdwhunp 2.5 -hg 06 £ V sbpnnd® AV > 2™.5:
NSVSwnjjwiutiph pwquynud, npwtiu dhphnubp nwuwlwpgynud Gu wju N nwuh
wuwnbipp, npnug  hnhnfuwyuinyeutu  wdyhwnipp 15 -hg d6s £ R
obpwnnud:

11



C wuwnbiph wwdwnnigywu Ynpbph  ybpndnigynithg 9 wuwnn
nwuwlwpgyty t npwtu Jdhppn, 43-p Yhuwlwunuwynp (SR)' owwn qwy
wpunwhwynjwd wywppbpwlwunygyuwdp, b 2 wunn’ npybu wulwunu (Irr)
nwuh  thnhnfuwfwu: 27 wuwnbph  nhnfuwfwnEut  nwubpp
ubpyuywgywsé  Bu wnwoht  wuquwd:  Udkhu, NSVS  YJwuwwingnu
nwuwwpgws 27 oplwnubph  pwpwjudwtu  wwppbipnuygyniuubpp
ybpwuwypylky Gu:Llwp 5.1-nd pbpdwd Gu  Vstar thwpbph oquniupjwdp
nwuwlwngywd wuwnnbinh wywjdwnnipjwu Ynptinh ophuwyutip:

135
14.0 . ; r
FBS 0729+269(Mira, P=165day) » , FBS 0826+185(SR, P=325 day)
.
13,5+ " 1 13.04 1
@ ﬂ i ", ] .
g 'l R R L
E 1304 125 5 . 1 S
e L " 1 Vo ! ‘ §
2 % ) RS T T
Z 525 ] E L | "y . II
> 1204 . .
L] 1 ' ' . - Iy '!
"
1204 r ) " . g "' J ] .l + =
L ] 1 J 11.54 ]
b L . O |
1154
10 , §
1200 1 3Im 14'00 15.00 16‘0’0 1700 53000 54000 55000 56000 57000

MJD-2450000(days) Period( MJD )

Llwp 5.1. Vstar thwptiph oqunipjwdp nwuwlwpgywsd wuwmnbph
wwdwnnipjwu Ynpkiph ophtwyubip:

FBS M hulywubph thnihnfuwwunyejuu nwubpp, wwppbipnyegyniutbpp L
wdyhwnninubipp  npngbiint hwdwp  ogquwgnpdytip £ ASAS-SN-U  npwbiu
hhduwywtu wnpjnip: 690 M huw Yhuwlwuntuwynp thnthnfuwlwuubp Gu, 294
wuwnn' L nwuh (wulwunt) thnthnfuwywuubp Bu b 112 wuwnn dhphnutp Gu:

Uhphnh wwppbpniegniup  dedwunwd £ (nwwwndnipjuu wény, L
htnbwpwp Ywjudws  wunnh quugywsdhg W AGB jninh tpYuwjupny npw
Eynymghnt - Ywpquyhtwyhg:  Wuwhuny,  wybh - Gphwp wwpptpwlw
dhphnutipp hwyjws tu niubuw| wybh d6d quugqywdubp: 112 FBS M nwuh
dhphnutiph hwdwp wwppbpnugyniuubpp Jbpgytp Gu ASAS-SN  wnjwiubiph
onbidwpwuhg: Wu pninp wwppbipnigyniuubpp unnigyt) Bu jnuwnynigywiu
Ynptipnhg U npn2 nbwptipnid ninnyt tiu:

Llwp 5.2-nud pbipjwséd £ dhphnubiph wwppbipnigyniuubph pwfudw

hhunngpwdp:  <hunngpwdnwd  tpunwd £ np,  wwppbpniygjutu  wpdbiph
gwquwpuwlbnu pulwsd £ 250-hg 300 opdw dhol, U 4 FBS dhphnubp niubu
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400 ophg pwpép wwppbpnygyniuubpn: Uw Gupwnpnud k, np FBS dhphnubipp
hhduwlwunw gwdp quugywény AGB wuwnbip Bu, npnug punpn? quugywdép
YJuqgunw £ Me:

3B

X

25

Number of stars

100 150 200 250 300 30 400 450 500 550
Period

Llwp 5.2 FBS M nwuh dhphnubiph wwppbpnieniiutph pwotudw
hhuwnngpwdp:

FBS ni nwuh wuwnbph  tnthnfuwuineut  nwndbwuhpniejui
wpryniupubiphg wwpgytig, np FBS  owwn  wuwntip  wwppbpwywu
thnihnfuwywuubp  Gu: $Pnpéd  wpybg  nwnwtwupplp bwl pwpép
gwjwynhlwywtu jwjungniuubpnd pninp wwppbpwlwu - inthnfuwlwu
wuwnbipp, npnug hwdwp P =10 op' wwpgbnt hnthnfuwlwuntejwt nwubpp L
Yuwnwnbint uybywnpwiht nwuwywnpgnwd, npp 2wwn upunp £ win wuwnnbph
punyep hwulwuwnt hwdwp: Oguwgnpdyb) Gu CCS L LINEAR wnyjwiubph
onbidwpwuutinp: CSS Data Release 1 L LINEAR Ywuwwinqutiphg puwnpyby k
1184 opjtijwn: Cuwnpyby Gu 1142 PV wuwin CSS DRI- hg b 96 wuwn LINEAR

Ywwnwinqubiphg:

PV-ubph uwblywpw| nwubpp npnotiint hwdwp ogqunwagnpdyti| Gu
htwnlyw| hhduwlwu opowhwnigyniuubinp. Hamburg Quasar Survey (HQS),
Hamburg / ESO (HES), SDSS DR15 L LAMOST:  UwtYwnpwjhtu  nwubp
hwunwwnyws tu 625 PV-h hwdwp: Ywqdyk b 1184 CRTS L LINEAR
opjywnubph gnigwy, npnug hwdwp P > 10 op k' Uu hwuwub)p §
https://vizier.u-strasbg.fr/viz-bin/VizieR-37?-source=J/other/Ap/64
hwdwgwugwjhtu Yuypnud:
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Upnynwupubipp: Shunwlywu unpnysinup: 5gpulwgnipiniu:

Qniju 2: DFBS-h pninp 2000 uwblywpwihu  phrbinubph  Jwupwdwut
gybpinwdniginiup unwunwpun - wwwybpubph  Jbppnodnggywu dpwgpbiph
oqunipjwdp, huswhuhp &u FITSVIEW UL SAOIMAGE ds9, pny wykg
hwjnuwpbpb| ny nwuh 426 pEny wunn' 27 Jun b ny C wuwnn b 399 M nwuh
wuwn, hustu purqujund £ Upbquyh hwplwunigjudp M nwup huywubph
rAnyutinh pYwpwtwyp:

FBS nwy nwuh wuwnbiph uwyblwpwiht nwubpp hunwybgubine bW win
wuwnbiph  nuwwyngjwu nwubpp npngbint hwdwp Yuwwpdb,  Gu
uwbyunpwiht  nwnwiuwuppnygniuubn knpwynp  uwblywpngpwdubinny: M
nwuh 235 wuwn, npnup Yugdnd Gu hwpwnuwpbpjwséd FBS M nwuh pninp
wuwnnbiph 16 wnYynup, nwuwlwnpqyb| Gu npwbu pgniyubp: FBS 1109 wuwnn
nwuwywngyb) Gu npybiu M nwuph huywubp: FBS wéfuwduwiht wuwnnbpp
huluwubip Gu:

Uprynwupnud unbindyt) £ FBS ni nwuh wuwntph Jbpwiuwpws b
pundwgywsd Yuwwingh tplpnpn. wwppbpwyp: Wu punyugws £ np nuwuh
1471 wuwinhg L pungpynuwd £ wyn wuwnnbtph uybyunpwihu b nuwnynigjw
nwubipp:  Ywwnwingnud  pbpwdé  Bu  opjtlywubiph  G2gphin owwnhYwwu
nhpptipp, npnup  npnpdtp  Gu POSSI (DSST) L POSSII (DSS2)
onowhuwjnieyniuubinny, npnup huwpwynpnigyntu Gu nybip 6ogphun fuwswal-
unyuwgnud  Ywwwpbp wnw  pnnp dwdwuwlwyhg  wunnughwnwlwu
Ywwwnqubpnd b wndjwiubph pwquubpnd, Jwutwynpwwbu' USNO-B1.0,
SDSS DR15, Gaia DR2, 2MASS, AIWISE UL IRAS PSC/FSC wyjwjubph
onbdwpwuubpnd:  Ywwwingp hwuwubih £ https://vizier.u-strasbg.fr/viz-
bin/VizieR-3?-source=)/MNRAS/489/2030 hwdwgwuguwjhu Yujpnid:

Qnifu 3: Ywnnigybip Gu 2MASS, IRAS, AKARIOWISE gnyu-gnyu nhwgpwdubpp,
npnup Lu JdbY wuqwd hwunwwnnd Gu uybunpwulynwyhy nwuwlwpgdwu
Sonnipniup: M paniyubipp wun  jwy Bu wnwuduwgyws 2MASS  JHK
hubpwlwpdhp (NIR) gnyu-gnyt nhwgpwdutiph Ypw: Unydnpwpwp npwup
niubt ) - H < 0.7 W H - Ks > 0.15 wpdtiputin: WISE gnyu-gnyu nhwgpwdnud
CH, R U panty woétuwduwihu wuwnnbtipu niubu unyu gnyubipp, huswtiu Jun M
nwuph wuwnbipp: M nuup hujwubpp L pgnityubpp nhwgpwdnu hwunbu Gu
Gyt dhluunyu Yndwwlw nppnyenid:

Snyuh  gnighsubiph  swithwuhgubipp, npnup  hhdujwd Gu WISE
wnJjwiubph Jpw, pny; G wwhhu punph AGB wuwnbp' ququithnawhu
pwnwuputpny UL wnwuduwgubp C nwuh wuwntpp M nwuh wuwnbiphg:
Pninp npwgpwdubpnd hunwy wnwuduwund £t N nwuph FBS 2213 + 421
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wuwnnp, npp wwwlwunwd £ AGB uwnp R Coronae Borealis (R CrB)
thnthnfjuwwuubph fudphu b FBS wdbuwlwpdhp opywu E: Unnigyt Gu
wuwnnbiph nhpptipp Ydwu nbp dJhu - <Lbphug nwuwlwu gnyu-gnyu
nhwgpwdnu' IRAS ([12]-[25] - [25]-[60]): Uty wuwn gunuynid £ nhwgpwdh
Vla gnuintd VII gnunniu dnwn, huly 3 C wuwn' VI gnunwd, npnbin nbnulwyjws
Gu  hnhnfuwlwt  wétuwduwihu wuwnbtipp: CSS wdjwijubph  pwqujnud
unnigyti] U wyu wuwnnbph wwjdwnnipjwu Ynpbpp, npwup hwuwnmwwnnd Gu
wjn wuwnnbiph thnthnfuwlwuniegniup:

Pninp hwynuwpbpqwdé C wuwnnbph hwdwp Ywnnigdl) Gu SED-Gpp:
Nwnuwiuwuppytp U wyu wuwnbiph 2nipe ququithnawiht pwnwupubtpp: 5 N
nwuh wuwnntp, npnup nibu W2-W3> 1.0 gnyuh gnighs SED-nud gnyg b
mwipu  Ypluwlh  ququpubp, hugp Yyund Eowyn wunnbph - 2ning
guwquihnawiht pwnwuph wnyuwjnyejwu dwuhu: SED-Gpnd wnwybjwgnyu
dwnwqwypenwit wju wuwnntipnud hwuunwd £ dnwn 5 dhypnu wihph Jpw: Uju
opjlwnubipp, npnup nuku Ks - AKARI9 > 3™.0 gniuwghu gnighs, uwtyupwihu
Fubpghwih pwotudwtu nhwgpwdubpnd niubu Ypluwyh ququpubn, husp
Jyuwynud £ wyu wuwnnbiph onipg ququithnawiht pwnwupubtph wnlw)niyejwu
dwuhu: K - [12] gnyuh U pwpwfudwt wwppbpniygjuu dholt hwynuh Yuwu
ogunwagnndyby £ nuye  dhphnubph  quugwéh  Ynpuwnph  wpwgnipniup
quwhwwbint hwdwp: Unwgywd wpdbipubpp wwwnwuynd Gu 10°- 107
Mo/nwpblwu uwhdwuubpnuw, npnup punpny tu N nwuh AGB thnthnfuwlwu
wuwnbpht: Yuwhwwndb] Gu Jwn nwup C wuwnnbph sbpdwuwnmptwuubpp:
Unwgyws wpdtipubipp jwy hwdwwwunwufuwunyjwu dby Gu uwbYunpwihu
nwuwlwpgdwu hbwn:

Qniju 4: Ywnnigyt) Gu gnytu - pwgwpdwy wuwnnuwihu dGdnyeniu L Teff -
pwgwpdwly wuwnnuiht  dedneniu - <bpgowpniug-Nbubp  nhwgpwdubpp'
hhdujws htinwynpnigjuu wdjwiubph ypw: FBS C wuwntipp hujw L AGB
wuwnbip Gu quiuyunhlulwu hwinnud: Hwup gunuynud Bu qujwluhlulywu
hwppneniuhg 8 Ywu htnwynpnipjwu Ypw:
Quwhwwndlp Gu  Gaia DR2 jwjuwptipn G pwgwpdwly  wuwnnwhu
dtdnipyniuutipp, npwup puws Gu +1m.0 < M(G) < -4™.0 dhowwypnud: 18 FBS
C wuwnnbpp hwdwp quwhwwnyb| Gu V obipnh pwgwpdwy dednigyniuubpp: Wn
wuwnntipp, nphg 17-p CH hulwubp tu, niubt nwwwnyniyeyniy DR2 wndjwjubiph
onbdwpwund: Ywup gunugnd Gu -3"45 (= 0.2) < M<+0™.5 (= 0,1)
dhowwypnud: FBS 1918 + 869 pwgwpdwl wuwmnwjhu dadnigyntup My = -3".4
(£ 0.2) k, husp punpn2 £ N nwuh AGB C wuwnnbphu:

Ywnnigyti £ wwugbughw] wpwgnyewu (V) L quuynhlulwi
hwppnieyniuhg ybpl / ubppl pwpdpnigjwtu wnusnigjwtu nhwgpwdp FBS M
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huywubph hwdwp: FBS M hulwubiph gbpwysnnn dwup wywwlwund £ Ohp
Ywpeuh pwpwy W hwuwn uuwlwnwlubph puwysnieniutbipht: 11 opjkln niuku
200yd/y-hg vté wndbiputipn b npwup quiwlyunhlwlwu hwnjh opjtlywutp tu:
Unwybi| npwnpnipjut £ wpdwuh FBS 1803 + 224 wuwnp, nph wpwgnigintup
V, = 303.5 Yu/J k, wyu dhphn £ W niup hbnlyw| wpdbpubpp' AV = 4™1 W P =
328 op: Gwjwlynhlulwu hwppnyeintuhg npw pwpépnipniup guwhwwnynud §
Z =1465 wu:

Ywnnigyti| E Gaia DR2 BP - RP -- To¢ nhwgpwdp U wju woluwwnwuph
wpryntupubiphg delu wju £, np wju Yupnn £ Swnwjbtp npybiu hhwuwih gnpdhp
hwun ququihnpwiht pwnwuutpny N nwuh wuwnbp puwnpbine hwdwp:
bwnnigyti| tu Gaia-2MASS nhwgpwdubipp, npnup gnyg Gu wwihu, np FBS
hujwubph d&d dJwup nhwgpwdnd qpunbgund £ gwép quugyudény L
prYwduny hwpniun AGB wuwnbph whpnypp: FBS ny nwuh wuwnbph JGs
dwut niwbu M < 2Me quuqwsd: Ywpbh b hwjwnuwpbptp AGB dhoht
quugywdny wuwnnbiph dp pwup pGYuwdniubph: FBS M hulwubph dby sywu
RSG wuwnbp L dbd qwugwdény AGB wuwntip: Uwbtyupwulynwyhynpbu
hwunwwnywsd ppwduny b wdfuwduny hwpnww FBS hulwubpp Gaia -
2MASS nhwgpwinuw pwdwuynwd G pun hptiug phdhwlwu pwnwnpnigjwu,
puswbu LMC-h bBplwp wwppbpwywuubpu Gu  pwdwuynd Lbpgbpbph
woluwwnwuph  hwdwwwwnwufuwt  nhwgpwdn'  wwwhndbind — npw
hnwwihnyejwu dby w) hwunwnnd: O hwpnwwn bW C hwpnwn wuwnnbiph
wwppbpngyniut £ wybh wbuwubh b onwnund, wnwoht  wuqwd
hwjinuwpbpqwsd, Wee gp - re = Wi, | - ks — Gaia BP-RP gnyu-gnyu nhwgpwdh
ogunwgnnddwt dwdwuwly: Uw huwpwynpnyenit £ wnwihu  oguwgnnpdtip
Jdbubuhwynh  hunbpuubph  wwppbpniegniup’ Weeepge = Wiejke  WlUhwyn
htnwynpnipjwdp wunnbipp nwuwlwpgb) pun phdhwlywlu pwnwunpniejwy’
uwlwiu Ynpgubiiny Gaia - 2MASS nhwgpwdh wuwnnbip pun quugywsdh
wnwuduwgubnt huwpwynpnieniup:

Qniju 5: FBS nip nwuh wuwntiphg 54 N nwuph C wuwntiphg 9-p
nwuwlwngyty Gu dhppnutip, 43-p° SR, huy 2-p' Irr thnthnfuwlwubp, puwn
CSS L NSVS wwjdwnnipjwt Ynpbiph: Cuwn ASAS-SN wwjdwnnipjwt Ynptinph M
huyw wuwnbiphg 690-p nwuwlwpgwsd Gu npwbu SR, 294 wuwn' L(Irr)
wnhwh thnthnfuwywuutp W 12 wuwn' dhphnubp: FBS Jun nwuph C wuwnbp
sqwu  hnthnfuwlwu  wuwnntph CSS Ywuwwingnwd, Yuwd, bpbt wnlw Gu
wwjdwnnijwl  Ynpbipp  nduiubph  gnbdwpwund,  wdwhnninhwt 2w
thnpp L, phusp Gupwnpnd £ gww  thnpp  thnthnfuwlwunyenin Yud
thnihnfuwwunipjut  pwgwlwjnuygyntu: “pwuhg pfund t, np npwup AGB
wuwnnkbip sku:
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FBS dhphnutiph wwppbpnipjwt wpdbiph ququpuwybnu pulws
250-hg 300 opjw dhol: Uw Lupwnpnud £, np FBS dhphnubipp hhduwlwunwd
gwén quugywdny AGB wuwnbp Gu, npnug punpny quugywdép Yuqginud &
Mo: Udfuwdtuwjht wuwnbiph hwdwp quwhwwyb) tu K gbpinh pwgwpdwy
wuwnnwihu dEdnipjniuubpp U hnwynpnigyniututipp 2MASS-h K wuwnnwiht
dbdnipyniuubphg’ ogquiwgnpdtin - wwippbpnugnuu-nuwnynipyniu (PL)
wnugnigniutbpp: Unwgywé wpdbtipubipp jwy hwdwdwjunypjuu  dbe L
Suwywhluwih b ULs dwgbwujwu wdwbtiph dhphnubiph hwdwp huwpwynp
wnwybjugnyu pwgwpdwl wuwmnwihtu dEdnewt’ M¢ = -8.2 + 0.2 wpdbiph
htw, npp  hwdwwywwwufuwund £ dnn 5000+6000Le pnindtiwnphy
(ntuwwnynipjwu, husp AGB wuwnnbph hwdwp wyulwiynn nuwwnynipyniu k:
Ywquyb £ 1184 CRTS L LINEAR opjlwnubiph gnigwly, npnug hwdwp P =10 op
k: Uu hwuwubih [ https://vizier.u-strasbg.fr/viz-bin/VizieR-37-
source=)/other/Ap/64  hwdwgwugwihu  Yuypnwd:  Uwblwpw]  nwubp
hwunmwunywsd tu wybh pwu 625 PV-h hwdwp: Hwup F, G, K b M hulwubp
U pgniyutip Gu, huswybiu bwl N nwuh pny| pwpwfunn qupgqugwd wuwnntip Gu
pwndp  qujwywhlwlwu jwjunyeniubpnd: - Uhphnubiph  qquih  pwtwl
nwuwlwpgynu U npwbu Jwn Gupwnwuh M wuwnnbp: Unwohu wuquwd
hwunwwnyb) GU own wuwnbiph uwbYunpwiht nwubp, npnup ubpluwjwgyws
tu GCVS 5.1 juwwwingnu, pwjg wnwug uybhunpwihtu nwubiph: Wu gnigwyp
owwn ogunwlwp Yhuh wyn Yuwnwingh hbinnwqw wnwppbipwyubph hwdwn: 100
LPV wuwnnh L 25 wuwnnh hwdwp, npnup niubu gwwn J6d Gaia DR2 BP - RP
gnyu, nbkin uytlywpnuynwhly inwuwyny wbwp £ hwuwnwingbit wyn wuwnntiph
punypep, W npwup Yubpwnybu dbp hbnwqw wofuwnwuputipnid:

Uwmbuwhununigjwt  unwgywd wpnniupubph hphdwu Jpw  hpwunwpwlyywd
hnndwdubph quuyp

1. Gigoyan K. S, Lebzelter T., Kostandyan G. R., et al., «New results for
FBS late-type stars using the GAIA EDR3 data», Publications of the
Astronomical Society of Australia, Vol. 38 , 2021 , e051

2. Gigoyan K., Kostandyan G. R., Gigoyan K., Sarkissian A. et.al,
«Investigations of the Periodic Variables in the Catalina and Linear
Databases», Astrophysics, Vol. 64, Issue 1, p.20-32, 2021

3. Kocranasan I. P., «MccnepoBanne cnabbix ranakTMYeckux yraepopHbIx
3Be3g 13 nepeoro bropakaHckoro cnekTpanbHoro ob3opa Heba. V. Gaia
DR2 paHHbie» AcTpocpusuka, 63, pp. 91-102, 2020
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Pestome: B pucceptaumu npoBefeHO BCECTOPOHHEE WCCNefoBaHWE 3BE3,
no3aHux cnekTpanbHbix knaccos us DFBS (Digitased First Byurakan Survey).
MpuBoaATCA pesynbTaTbl OAHOMEPHON CreKTpanbHON Knaccucbukaumm 426 3sesp,
M u C knaccos, obHapymeHHbIX Ha cnekTpanbHbix nnactuHkax DFBS Huskoro
paspewenua. C Uenblo [BYXMEpPHOW chekTpaabHOW Knaccudpmkaumu ana
obHapyeHHbIX 3Be3j, ObiMM MNpoBefeHbl CreKTpasibHble UCCNEeAOoBaHWNA C
nomotybto 3C-cnekTpockonun cpepHero paspetwtenuna. [13C cnektpbl  6biun
nonyyeHbl Ha 1.52-m Teneckone KaccuHn BonoHcKoii  acTPOHOMWYECKOV
obcepeatopum B JloaHo (Mtanma) wn  2.6-m  Teneckone BropakaHckoit
obcepBatopun. 235 3Be3pn M knacca, coctaBnatowmnx 16% o1 Bcex HaleHHbIX
3Be34, no3gHux knaccos FBS, knaccudpmumpytotea kak kapauku. 1109 3sespbl FBS
Knaccudpnumpyrotca Kak rurantbl M knacca. YrnepogHbie 3se3abl FBS - rurantol.
B pesynbtate 6bina cospaHa BTOpas Bepcua Katanora FBS 3Bsesp nospHux
cnekTpanbHbiXx KnaccoB. OHa coctout u3 1471 3Be3ss W BKAtOYaeT WX
CreKTpasibHble Knaccbl CBETMMOCTU. lKaTanor copepuT TOYHblE ONTUYECKME
KoopauHaTbl 0bbekToB, onpefeneHHble ¢ nomowbto POSSI (DSS1) u POSSII
(DSS2), uyto MoO3BOAMNO MPOBECTU TOYHOE KPOCC-KOpPPENMpoBaHME BO BCEX
cylecTBytoLLMx b6a3ax JaHHbIX aCTPOHOMUYECKNX KaTanoros, B YacTHoctn USNO-
B1.0, SDSS, GaiaDR2, 2MASS, AIIWISE, u 6a3bl gaHHbix IRASPSC/FSC. Katanor
AocCTyneH no appecy https://vizier.u-strasbg.fr/viz-bin/VizieR-37-
source=)/MNRAS/489/2030. doTomeTpuyeckoe uccnefoBaHue 3BE3A, MO3LHUX
knaccos FBS nposogunock B MHdpakpacHom puanasoHe. lNoctpoeHbl gvarpammbl
uset-ugeT IRAS, 2MASS, AKARI9 n WISE, kotopble nuwwiHuii pa3 noaTeepMaatoT
TOYHOCTb CMEKTPOCKOMMYeCKoi Knaccudpmkaumn. Kapnuku knacca M oueHb
xopowo Bblgenatotca Ha 2MASS JHKpuarpamme uBeT- uBeT B MH(ppakpacHOM
(NIR) mnanasone. Ha puarpammax upet-uset WISE yrnepogHbie 3se3gpl CH, R
KNaccoB MMEIOT TOT Me LBeT, YTO W paHHWe 3Be3fabl M-knacca. luraHTbl u
Kapnukn knacca M —HaxopATcA Ha AuarpaMmax B TOI ke KOMMaKTHOW obnacTu.
Kputepun nokosatena upeta, OCHOBaHHble Ha paHHbIx WISE, nossonator
otbupatb AGB 3Be3gbl c raso-nbinesbiMu obonoykamn M otnnvaTb 3se3fbl C-
Knacca ot 3Be3f, M-knacca.

Bbinn noctpoenbl SED (cnektpanbHoe pacnpepeneHue sHepruv) pns
Bcex OOHapymeHHbIx C-3Be3, C LENbl0 NPOBEPKU WX MEPEMEHHOCTU B
ONTUYECKOM [ManasoHe W U3yuuTb U30bITOK W3Ny4eHuA B WH(PaKpacHOM
onanasoHe. 5 3Be3p, N-knacca ¢ nowkosatenem upeta W2-W3> 1™.0 s SED
MOKa3bIBaloOT [LBOMHbIE MUKM, YTO yKa3blBaeT Ha HaNUMe ra3o-nbinesbix obonovek
BOKpYr aTux 3Be3f. O6bekTbl ¢ nokosatenem ugeta Ks - AKARI9> 3™.0 Takme
UMeloT [BOlHblE NUKU Ha auarpammax SED, uTo ykasbiBaeT Ha Haiuuve raso-
nbinesblXx 060M04eK BOKPYr 3TUX 3Be3f. Takxe Obino NnpoBeseHoO uccnefoBaHne Ha
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6ase paHHbIX GAIA. Bbinu noctpoeHbl uBeT - abcontoTHaa 3Be3fHaA BENUYMHA U
Teff - abcontotHaa 3Be3gHaa BenuuuHa Anarpammbl [epuwinpyHra-Paccena Ha
OcHOBe paHHbix pacctoanua. C-3se3pbl FBS - a1o 3Be3pbl ruraHtel AGB B
ranaktnyeckom rano. OHM pacronoeHbl Ha paccToAHMM oOKono 8 nK oT
ranakTMyeckoil nnockoctn. Bbinn noctpoeHbl anarpammbl Gaia-2MASS, KoTopble
MOKasblBatoT, 4TO OONMBLUMHCTBO KpacHbIX ruraHtoB FBS 3aHumaer Ha 37Ol
Jvarpamme obnactb Manbix Macc, boratbim kucnopogom AGB-3ess. Takum
obpasom 6onblUMHCTBO 3Be3p, nosgHero knacca FBS umetor maccy M < 2Me.
Kpome Toro, pgmarpamMma nokasbiBaeT HeCKONbKO KaHaupatoB B 3Be3gbl AGB
cpepHeil maccbl. OueBnpHo otcytcTeue 3Be3f RSG u maccusHbix AGB cpegu
ruraHtos FBS M knacca. Cnektpockonuuecku noparteepsaeHHble FBS ruraHtbi
boraTble KUCNOPOAOM W YrNepoOfOM MOKasblBAlOT TaKoe e pasfjeneHue Ha
aunarpamme Gaia-2MASS B cOOTBETCTBUM C UX XMMUYECKUM COCTaBOM, 4To U LPV
LMC, nepBoHayanbHO MCMoNb30BaBLUMECA ANA CO3[aHUA 3TOrO AUarHOCTUYECKOrO
WHCTPYMEHTa, 4TO ABNAETCA €lle OAHUM MOATBEPHKAEHUEM €ro HaAeKHOCTH.
Pasnunune mexpy obbextammn c boratbim O n 6oratbim C ctaHoBUTCA elle bonee
3ameTHbIM Npu ucnonb3osaHnn Wep gprp - Wi 1. — Gaia BP-RP nan 2MASS J-Ks
— BP-RP puarpamm. 310 paeT BO3MOMHOCTb MCMONb30BaTb PasHULY WHAEKCOB
Becenxeiita Wgp, gprp - Wi, jks TAKME BA XUMUYECKOI KnaccuuKaumum 3sesp, C
HEU3BECTHbIMW PaCCTOAHUAMM, MpPU 3TOM TepAs CMocobHOCTb Auarpammbl Gaia-
2MASS pa3penaTtb 38e34bl MO Macce.

[inAa n3yyeHna onTuyecKoii mMepemMeHHOCTU 3Be3f No3aHuUX Knaccos FBS

ucnonb3osanucb 6a3zoeble paHHble CATALINA, NSVS, ASAS-SN u LINEAR.
AHanus Kpusoii bnecka pna C-3Be3p nopateepwmpaet, 4to 9 3Be3p ABNAOTCA
nepemeHHbiMM Tuna Mwupa, 43 - SR ¢ oueHb XOpOWO BbIpaXKeHHO
NepuoaMYHOCTBIO, a fiBa obbekTa - Irr nepemeHHbiMu. CornacHo KpusbiM bnecka
ASAS-SN, 690 3Be3gHbix 06beKTOB - 3TO ruraHTbl M-knacca SR, 294 3Be3gp! -
nepemeHHble L (Irr), a 112 3Be3p, - 310 06beKTHI TMNa Mira.
CocraBneH cnucok us 1184 obvektos CRTS U LINEAR, ana kotopbix P > 10
areil. OH  poctyneH no appecy https://vizier.u-strasbg.fr/viz-bin/VizieR-37-
source=)/other/Ap/64. CnekTpanbHble Knaccbl yTBep#AeHbl Ana 6onee 625 PV.
3710 ruraHtel U Kapimku F, G, K u M knaccos, a Takie 3Be3gpl knacca N Ha
BbICOKMX ranakTuyeckux wmnpotax. Bnepsbie 6binv noateepaeHbl Ana 6onbLuoro
konuyectBa PVs cnekTpanbHble Knaccbl, koTopble npeacTaBneHHbl B «Obliem
Katanore nepemeHHblx 3gesg: sepcua GCVS 5.1». Haw cnucok Oyaet oyeHb
noneseH ana bymywmx sepcuit atoro Katanora. Okomo 100 LPV sBesp u 25
06bEKTOB C 04YeHb bonblumMu nokosatenamm ueeta Gaia DR2 BP — RP Bce ewe
HYMOAlOTCA B MOATBEPHAEHUN CMEKTPOCKOMNUMU, U OHU ByAyT BKAIOYEHbI B HaLW
6ynyLime HabnrogeHuA.
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Summary: This thesis is dedicated to the comprehensive investigation of DFBS
late-type stars. The results of a one-dimensional spectral classification of 426 M
and C type stars detected on low-resolution DFBS spectral plates are presented.
Spectral studies were carried out using medium-resolution CCD spectroscopy of
the detected stars for two-dimensional spectral classification. CCD spectra were
obtained at the 1.52-m Cassini telescope of the Bologna Astronomical Observatory
in Loiano (ltaly) and at the 2.6-m telescope of the Byurakan Astrophysical
Observatory. 235 M-type stars (16 percent of all FBS M stars detected) are
classified as dwarfs. They show detectable proper motions and NIR colors typical
for M dwarfs. 1109 FBS stars are classified as M-type giants. FBS carbon stars
are giants. As a result, a second version of the FBS catalog of late-type stars was
generated. It consists of 1471 late-type stars, including the spectral types and
luminosity classes of these stars. Accurate optical positions for all 1471 FBS LTS
determined in the POSSI (DSS1) and POSSII (DSS2) digitized sky surveys made it
possible to correctly cross-correlate the sample with all available modern
astronomical catalogues and databases, namely USNO-B1.0, SDSS DR15, Gaia
DR2, 2MASS, AIIWISE and IRAS PSC/FSC. The catalog is available at
https://vizier.u-strasbg.fr/viz-bin/VizieR-3?-source=)/MNRAS/489/2030.
Photometric studies of DFBS late-type stars were carried out in the
infrared range. Two-color diagrams of 2MASS, IRAS, AKARI9 and WISE were
constructed, which once again confirm the accuracy of spectroscopic
classification. M dwarfs are very well separated on the 2MASS JHK color-color
diagram in the infrared (NIR). On the WISE two-color diagram CH, R carbon
stars have the same color as early M-type stars. M giants and dwarfs - appear on
the diagram in the same compact range. Color indices criteria based on WISE
data allow the selection of AGB stars with gas and dust envelopes and to
distinguish between C and M stars.The SEDs (spectral energy distribution) of all
C stars were constructed to check their variability in the optical and study the
emission excess in the infrared. The 5 N stars with color indices W2-W3> 1.0 in
the SEDs show double peaks, indicating the presence of envelopes around these
stars. Objects with the color indice Ks - AKARI9 > 3™.0 have double peaks on
their SEDs, indicating the existence of an envelope around them. The Gaia
investigation was also conducted. The color - absolute magnitude and T - the
absolute magnitude of the Hertzsprung-Russell diagram were plotted based on
the distance data. FBS C stars are AGB giant stars of the Galactic halo. They are
located 8 kpc from the Galactic plane. Gaia-2MASS-diagram was constructed.
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Spectroscopically confirmed FBS O-rich and C-rich giants show the same
separation in the Gaia-2MASS-diagram according to their chemistry as the LPVs
of the LMC originally used to construct this diagnostic tool, providing another
confirmation of its reliability. The majority of the FBS giants occupies the region
of low mass, oxygen-rich AGB stars in this diagram. It thus seems likely that the
FBS sample primarily consists of stars with M < 2 Mg,,. In addition, the diagram
reveals a few candidates for intermediate mass AGB stars. The lack of the RSG
and massive AGB stars among the sample of the FBS M giants is evident. The
discrimination between O-rich and C-rich objects becomes even more visible
when using the Wgp gprp — Wy, jxs Versus Gaia BP-RP colour or 2MASS J-Ks
versus BP-RP. This offers the opportunity to use the difference of Wesenheit
indices Wgp gprp — Wy, ks also for chemistry classification in samples with
unknown distances while losing the ability of the Gaia-2MASS diagram to
separate the stars according to mass.

To study optical variability for FBS late-type stars, the basic data coming
from the most prominent and wide-area sky were used and considered the
CATALINA, NSVS, ASAS-SN, and LINEAR databases. The light curve analysis
confirms nine stars as Mira-type variables, 43 as Semi-Regulars (SR) with very
well expressed periodicity, and two objects as Irregular (Irr)-type variables for C
stars. According to the ASAS-SN light curves, 690 of the M giants are classified
as SR, 294 stars as L (Irr) variables, and 112 stars as Mira type.

A list of 1184 CRTS U LINEAR objects was generated, for which P > 10
days. It is available at https://vizier.u-strasbg.fr/viz-bin/VizieR-37-
source=]/other/Ap/64. Spectral grades approved for over 625 PV. These are
class F, G, K and M giants and dwarfs, as well as N-class stars at high galactic
latitudes. For a large number of the PVs, we confirm spectral classes for objects
presented in the "General Catalogue of Variable Stars: Version GCVS 5.1". Our
list should be very useful for future versions ofthe GCVS. Nearly 100 LPV stars
and 25 objects with very large Gaia DR2 BP - RP colors still need to be
confirmed spectroscopically, and they will be included in our future observations.
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