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ДЬstrасt. We рrеsепt the геsrrlts of the B\/RI рhоtопrеtrу of t,lre Gerrringa рulsаг based orr

olэsc:гvatiorrs rvith tlic бrrr telesc:ope. T}re Gerrringa пragnitudes in В (26Т1*0.5), V (25Т'3+0.3)
ar,nd R" (25']'.4*0.3) аrе consisterrt rvith геsults of otlrer strrdies of its optical emission irr these
spectral baiids" \Vc derive fог tlre first time tlre magnitude in thc I. band to Ье 251"1 * 0.4, rvhich
is пrоrе t}ran а nragnitude highег if сопrраrеd with t}ie rrpper Iirrrit given irr the рареr of Nligrrani
et aI. (1998). The cornparison cif t}re broacl-band spectra of this nliddle-aged isolated neutrort star
with t}re results of ollservations irr the Х-гауs ancl liard ultraviolet suggests lton-thermal origin of
t}re Genringa etrlission at least in sorne tlarrds of tlie visible rап8е.

Кеу words: pulsars: photorrrctrv pulsars: iTr<]ividrra1: Gelrringa

1. Introduction
Geminga is а unique representatil,e of still rlot t()o

]luп}еrоus but а distinct sullclass of isolated пеutrоп
.tагs (INS), witlr the ernission being геgistеrеii irr а
,,Tide гапgе of wavelengths. It was detected fог tlie fiгst
:itne as а Ьгight sоuгсе of 7-radiation of urt]<ltorvrt

]lаtuге (Fichtel et al., 1975), ъ,hiсh muсh шоrе 1аtег
,,Tirs identifiecl with а source of puised emission irr tlrc
\-гауs (НаIреrп & Holt, 1992). Rеgulаг pulsations of
:Ile same регiоd of 0.237 п}s wеrе soorr folrnd iri the
^, -rапgе, aTrd Geminga was sttited to Ье а llеutгоп
.tаг 1ike оthеr pulsars. Fоr а iorig time it lras lleerl corr-
.idered "radio-quiet". T}ie гаdiо рuisаr Gerninga wаs
liscoveгed at гаtlrеr 1ow (S 102.5 N"{Hz) fгequetrc,it,s

-lllr- (Kuz'rrrin & Losor.skii, 1997; N,{alofcev & N{alov,
_997; Shitov & Pugachev, 1997). Urrlike most оf rа-
iio pulsars the pulse рrоfiIе of Geminga is rTrarginiilly
lrrstable. T}re пrairr рагаmеtеrs оf tlre pulstrr (ТаЫе
_ rтere estimated mаiпlу rria clbservtrtions irr tlre Х
.,]ld ?-rаYS.

\rrmerous observations of this пеutгоп stаг rvith
: ffегепt telescopes (CF'HT, ESO 3.6rrt, NTT, 5m
{аlе) yielded t}re identificatiorr of Gerrringa in the ор-
lcal гаrrgе and its rпultiсоlоuг photometrv (Bignami

.: а1., 1987; Halperrr & Туtlеr, 1988; Bigntiпri et al.,

-996). In tlre соuгsе of studies with the flST the UV
,_:lx estirnates wеrе obtairied, the Gerninga ргореr
::lotion and its аппuаl рагаllах rlеrе dcгived, whic:h
-._lori ed defining the distarrce to this object to Ье equal
: , 157*!! (Саrачео et al., 1996). The terrtativt, detec-
:_orr of the pulsed орtii:аl errrissiorr of tlre Gerrtiriga is

also r,r,огth пrcrrtioning (S}rеаrеr et а1., 1998), but this
ltt,ctis го Ьс соrlfiгrпеd.

Irr а wide rапgе of wavelengtlrs the Geпririga spec-
trum is rnostl1, поп-thегшtаI atid is origirratecl irr tlre
пrаgrrеtоsрhеге of the rotating пеrrtгоп stаг. Ttre orrly
exccption is the domain of t}re extгernal UV atic1 soft
Х-гаl,s (0.1-2.4 keV) whеге tlre thеrrпаl опrissiоп fгоrrr
the surface of t}re c:ooling rrеr-rtгоп stаг with а tеп}-

реrаturе r - 5 х 105К (Наlреrп & Wапg, 1997)
clcirnirrates, Tlre broad-band spectrurrr in tlre пеаrеst
U\r гапgе is close to tlre Rayleigh-Jeans раrt of tlrc
thеrпrа1 one, detected irr the soft Х-гауs. Alrall,sis of
ttre therrrral enrission and corrrparison of obseгr,atiotts
with tlre гesuits of modeling of пеutrоп star atlrto-
sp}reres arrcl coolirrg sirnlrlations allorv orre to estimate
tlic пеutrоп stаr рагапеtеrs (such as tепtреrаturе апс1

chrэrrrica] coinposition of its surface. пiagnetic field.
пrass alrd гаdius, etc) arrd put corrstraints ort рrорег-
ties of а superderrse Tnatter irr t}re пеutгоri star inte-
riогs (see, e.g., Yakovlev et al., 1999).

Stlrdies of optical errrissiorr of пriddle-aged (т i
105) INS suclt as Gerrririga artd PSR В0656+1.1 аге
essential fог rrrore rigоrоus estiпrates оf tlrегmа] с:оm-
porrent раrаmеtегs and slreddirrg liglrt оп tlrc na-
turе of поп-thсrrпаl erriission. Соmраrisоп wit}r the
same clata for пеutrоп stars of diffсгспt ages arrcl

wit}r thеогеtiсаl predictions rnakes possibie opting fог
пrоrе аррrорriаtе mode] of struсturе and evolutiorr of
these objects. Tlre ехtrеmеlу low iuпrinositr, (My l
16) strictly constrains studies of properties of optical
ernissiorr of cooling INS. Fоr beirrg olre of t}re ciosest
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Table 1: Gеrпilt qа chcl,r,actcrist,ics

Соогdiпаtеs,О р
mS

Р х 10*15
S S-1

т
}'гý

ltJB
G

lsЁ
еrg s-1

d
kpc

Dh,I
Dссm "ь

195. 4.265 11 3.4 . 10,j 12.20 34.51 - 0.16 2.

Р rotatiorral period' с}iагасtеristiс age Т _: рlQР), nr:rgnetic fieid В: з.2 Х 1019(лр;izz, spin-rlou,nlurninosity Ё: цт2 IPP-3, iпегtiа пlorri-cnt 1is corisicier.cl to-be 10.15 g crn2,
d - distance (Сагаvео et al., 1996) , Dx[ ,dispc:rsiorr lпеаSuге (N,Ialofeev & N{alov, 1997)

Table 2: Obserutlti,orls ot Gеrпlin4lа ,Luith the бrп telescolte

ccD detectoг Eilter Т.,р Z Seeirц Васr€rюul
s deytr rl"ort lr)"

11.03.97 ISD0l7A R. зх600 зl.Г-f,ъ- 2t]
1 iSD0l7A V зх600 27.7 у|т -21J997 ISD0l7A в

\,I

R..

5х600 32.8 lб 2L17
2х600 39.6 11'6 21.01

600 41.5 1il5 20.44
20.10.98 ISDOl7A I. 13х300 З1.9 4 1
19.01,99 plrotorTrctrics R"

I"
300 26,2 11,0 шзs

2 х 300 26.9 1'i 0 18.90
22.01.99 ptrotornetгics R.

\,,

I.

300 28.0 1il9 --- юзб
600 28.7 1il8 2|.24

2х300 34.7 2'!0 18.50

INS of rniddle age, Gerninga is the пlоst cottteltietit
fоr such alr investigatiorr. Ац aпloulit of геliаьlе <ltita
оп its errrissiorr irr а ъчidе waveierrgt}r гапgе lras аlгеасlу
beerr acquired.

up to now tlre Genrillga optical ernissiorr has not
contradicted the rnodel of tlrегпlаl errrissicitt frorrr the
cooling пеutгоп star surface. То explain tile broad-
barrd spectrurrr п,ith excess tit 6000А alrcl а clip in thc:
I baTrd (whеrе the uррег liпiit to the object fltrx was
given only), the пlоdеI of tlie ion cyclotron c:rrrissiort
originated in thе оutеr lауеrs of t}ie atrrrospherc of t}re
treutгorr stаr with а magtretic fietd В ^" 1012G was
рrороsеd (fог details see Bignami et а1., 1996; Jac-
c_h_ia et ai., 1999). In tlie obserl,atiorrs of Gerrringa at
W.H. Keck ОЬsеrчаtоrу tlre spectrurn оf а lolv rеsо-
lutiorr siэan:ring 3700-8000А witir а Ьrоаd cli1l ovcr
бЗ00-6400А ц,аs obtained. But it is too noisl,to give
any definite cortc]usiorrs orr the sресtrаi fеаtuгеs in
t}re optical emission of t}ris puisar.

The broad-Lland spectгurn of tlre opticai etitission
of anotlrer пriddle-aged пеutrоlr star, PSR в0656+14,
rечеаls siпrilar Ьеhачiоr (Koptsevich et aI., 200i).
This allows speaking about definite diffeгencies itr
the emission of rniddle-aged INS if corrrpareti lvit}r
that of уоuпgег and rпоrе energetic пеutrоп stаrs like
the Сrаь рulsаr with the featureless sресtrа well сlе-
scribed Ьу а sirrgle роъ,сr law with а sресtгаl irrclex

а,-, Ё 0 in а wide rаligе fгоrrt the IR, to UV. Sirrce
t}rt: statistical еrrоrs of thc estiпiates of fairrt flrrxes of
t}rc rleutrort star optica] elnission existirrg so fаг аrе
rаthсr lrigtr. one needs fuгt]rеr апr1 сlеерег оЬsеrча-
tiorrs to cotlfirrn this hypothesis.

тhе рареr prestlnts tlre results of stuclies of ttrc
Getnirrga ernissiorr ц,itlr thе air] of tlre B\rRI рhоtопr-
сtrу frorTr clbservations rvit]r t}re б m telescope of sAo
ГtАS, The sесопсl сhарtеr inc]udc-.s t}re descriptiorr of
оlэsсlгчаtiопs, data reductiorr, рltоtопrеtгiс results and
a.rralysis of ISI,{ Jlгорегtiеs tor,vard t}ris neutron stаr.
Тhе геsults and t}re features of the optical sресtruпt
of Gtэtrringa аге discussecl irr ttre thir.d сhарtсг. Тhеir
coirrpaгisori п,ith t}re observaliorraj data in ttie Х- ancl
ЕUV-гауs shо,л,s ап esserrtiaily non-therlnal сhагас-
tеr of tlte Gerrringa cnrission iп the rc:d ciornairr of
tlre visibie Sресtrulп. Sclпre it]eas оп flrrtlrer stuc]ies
of objects of suc}r а kind ar.e considered.

2. Observations and data analysis
2.1. Obseгvatiorrs arrd data recluction
0bseгvations of tlre fieid of Gerrririga wеrе сагriеd out
rvith thc бrrr telescopc irr Nfагс}r. 1997, ОсtоЬег, 1998
alid Jапuа,гу, 1999 with а CCD рhоtошrеtеr rnoultted
at tlre рrimе focus (ТаЫе 2). Ttie set of filters close
to the Jo}rnsorr-cousins systerrr апd ccD detectors
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Table 3: Tecltnicol spec,it'icati,orts ol CCD detectors

Detector
D0l7A

photometrics

ТаЬlе 4: Gеmiпgа сооrdiпаtеs at obseruati,tln,al epoch,s

Date Calcir]ated Observed
dzooo Q2000 dzооо

1997.192 06/,33,,54".18+0.01 17,.tr6/ 12'l.90+0.16 06п33,,54".2+0.07 17,46,13".5*0.9
i 998.803 06fr33,.54".19+0.01 17,46,13//,06+0.16 06/,33,,5,1".3+0.07 17,46/ 14/,.0+ 1.0
1999.052 06h33-54".20*0.01 17о46'13'/.08*0.16 061,33,,54",2*0.07 17u46'13".8t0.8

ое

]е

эf
:с

ISD0l7A (observatioris of 1997-1998) and P}rotornet-
llcs (observations of 1999) wеrе used, Soпre of thе
:iагасtеristiсs of the detectors аrе gir.en iц Table 3.

Tirc. гапgе of spectral serisitivity for both detectors
.:laIrs 3000,10000А with а rnaximurtt in tlre red do-
::лain.

Iп \'Iarch of 1997, б exposures in the R band alid
: lrl the В and V bands, eac}r of 10 rninutes duratlorr,
-.,,.Iе taken. 21 images irr thc I band, схроsurе time

=ing 5 miriutes, rчеrе obtained irr 1998. As а rule,
:_r coltsequerrt exposures wеrе shifted along tirre of
:_t cooгdilrates to sirnplify accourrting of possible de-

- ,,lог defects (e.g. "hot" pixels) and removing соsпiiс
_ :1.,, C\:ents. The аtrпоsрhеге trапsрагепсу artc1 seeing
.:icd during the оЬsеrчаtiопаl night, so only раrt of

-... clata was used in the ana}ysis (ТаЬlе 2). То check
- ].,] plrotoпretric calibratioti aciclitional indivldual irrr-
-.l,,i ill t}ie V, R and I lэапtls rчеrе taken uпсlеr gclod

llditiorrs irr Jапuагy, 1999. The sесопсlаrу- standarcl
:::1.,ч chosen аrе marked rzn,it}r arr astcrisk (-) in Та-

,-- j. See section 2.3 fог rrrore details.
Tlre data &,еrе processed rnakiltg use of t}re N{u-

. . il Irnage Data Arralysis Systeпr (N{IDAS). Starr-
.,_:d гeductiorr, including bias suЫraction, account
:, сlагk сurrепt, согrссtiоrr fоr rrоп-uпifогmitу of

,..: .lеtесtог serisitivity (flat-fielding) , was реrIЬrпiеd
, .:l, tlie aid of N{IDAS contc:xt ccdred. Starrdaгd
:iD_\S рrосеdurеs rчеrе used to геrtrоче cosrrtic гa)-
,-.:,ts. \\'е rеfеrrеd the individua1 irnages to at сопt-

,.-.li сооrdiпаtе frапrе to stack t}rcэm tоgс:thеr arrd to
-::ortrr the ivorld coordirrate ýysteпI аstrоrпеtгу.

]. 2, Astrornetric referencing

_ - dcfirre the Geminga coordinates at tlre оЬsеrча-
-. :lа1 epoclrs the data оп the Gerninga positiorr оп
- .-'1.03 .i1950 :06n30'"59".17, dr9b0 = 17о48'зз".82
i.llзrrаlri et а1., 1994) wеге used апd its рrореr
. .:ioTr дrо = 138 * 4 mаrсsес/уеаг, дl5 : 97 *
- ::_агсsес/уеаr (Саrачео et al., 1996) was accountecl

fог. Tlre calculated and the otlserved cooгdinates of
Gemirrga аге given in Table 4.

'Io пrаkе tlre astrorrretric геfеrеrrсiпg, we useci t}ie
tlоогсliпаtеs of stars se}ected frопr t}re USN0-2 cata-
logrre. T}re fiпаl ассurасу of rе{Ыеrrсiпg to t}re wоrld
coordinate system is 1/'. F'ig. 1 rерrеsепts the field of
tirc рulsаr Gemirrga takeTr rvith tlre б rTr telescope in
the R band. Тhс stаrs аrе labelled irr accordarrce witlr
ТаЬlе 5, whtэгtэ tlte рhоtоmеtrу results аге listed.

2.3. Photometry

Pilotorrretry t;f the field stаrs ъ,аs done orr the irrdir.id-
uаl aIrd corrrbiried B\,IR,I irrrаgеs rTrakirrg use of t}re \{I-
DAS cclrrtext daophot, Besides, to the selectecl fielci
obiects, irrcluclirrg Gemirrga, iп.е applied the metlrod
of арегttrге рhоtопlеtrу. As а rulе, а set of 12 арег-
turеs п,аs uscd, the radius of t}re mirrirnunr опе being
eqrrtrl to HWH\4 arrd rtraximutrr fiче tinres Г\ТН\I.
The optiпral ареrturе size was deternrined taking irrto
account the signal-ttl-noisc ratio (S/N) calculatec] as

.S lr ../ _l \1-1/'Й=/LЁ*-'oi[I+йi] (l)

lvlreгe / - object flux iп counts (DN) in the арегtuге
cirosen, о1 "flux еrrог (irr D}i), Д - арегtuгс size (irr
pixcls) , G gairt, Аr1, rturrtber of pixels userl fоr
Ьасkgгоurrd ca]culation.

Iпstruпtепtаl rriagrritudes in each filtеr m}""t rчеrе
сlеriчеd Ьу t}re forrnula

/ f \ kлl',""'= -2.5iug(/- l- --; -6m (2)J а 
\ t"*u,/ cos Z

u.}rеге / object flux, k - extirrction tactot, Z zenit}r
<listance, dnl -- correction for finitc арегturе, саlсu-
lated frorrr the poitit spread function (РSF) fоr tlre
selectcd Ьгight stars. Tlre values of the extinctiorr fzrc-

tors ft averaged очеr tlre season, wlrich аrе 0.25, 0.16,
0.11 arrd 0.06 fоr tlre В, V, R and I barrds, геsрес-
tively, wеrе used.
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Figurе 7: Gеmi,rtgа рulsаr (PSR J0633+ 1746) field as оЬsегllеrl uith, the б rп, telescope. Nurп,Ьеr,s to label .stаrs

are the sаrпе as iп Table 5llli,th the photorrt,etry rеs,ults,

То trапsfеr iпstгumепtаl magrritLrdes ntj""/ to
those of the starrdard Jo}rrrsorгCousirrs systenr ntlit,
i.e. Ь, о, r, and i to В, У, Л and 1, respectiveiy, the plro-
tоmеtгiс calibratiolr rn,as dtlne making use of t}re оЬ-
servations of the Larrdolt starrdards PG1047, RU1,19,
field SA92 and PG09181 (Larrdolt, 1992). То check
the photometric calibration of the data oЫained orr

October 20, 1998, lve used the results of 1ltiotorrte-
try of tlre sесопdаrу fieicl stаtrсlагd (пlаrkесl bv an
asterisk iri ТаЬlе 5). This dесгеаsсd tlre егrоrs of tlrc
zero-poirtt iir photorтretric equations (6) to 0.02. The
photometric eqrratiorrs (for each observatiorlal rright
irr ассоrdапс:е rvith the dates in Ttrble 2) агс as fbl-
1olvs:

1 PGOgtB was taken оп осtоЬеr 20. 1998 urrder the conditiorrs
of c}ranging tIапsраrепсу.
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в : ь *0.13(0,02) . (ь - u) + 25.91(0.01)

1' : u - 0.ii(0.01), (Ь - r) + 26.26(0.02)

Д = r * 0.02(0.01) . (u - ") + 26.59(0.02)

I : i *0.06(0.01), (" -,) + 25.7(0.01)

Д : D * 0.13(0.03), (t - t,,) + 25.96(0.01)

1' : tl - 0.09(0.01), (Ь - u) + 26.27(0.0l)

Л : r-| 26.59(0.02)

I = i, l0.i1(0.03) (" * 
') 

+ 25.71(0.02)

в : ь l0.08(0.03) (ь * u) + 26.16(0.03)

1' : u * 0.1](0.03) . (Ь * u) + 26.28(0.02)

Л : r, * 0.02(0.01) . (u - ") + 26.59(0.02)

I : i *0.06(0.02) (" - r) + 25.67(0.02)

Л = r t 0.02(0.01), (u - r) + 26.59(0.02)

I :,i * 0.06(0.02) . (. - i) + 25.67(0.02)

д = ь*0.13(0.01) (b-u) +26.47(0.01)
1' : u * 0.10(0.05) . (u * r) + 26.74(0.0,1)

д : r,* 0.13(0.06) . (u - ") + 27,22(0.0,1)

I : i *0,14(0.01) (. -') + 26.75(0.01)

в : ь*0.14(0,02) (b-u) +26.59(0.01)
;, : r.; - 0.10(0.01). (u -1',) +26.86(0.02)

Л : r, * 0.08(0.01) . (" -.) + 27.35(0.02)

1 : t + 0.13(0.04) (" - ?) + 26.82(0.01)

log{: -Q.аmjt +С!)

п-ith the zero-point Cf Rrovided
(1995).

сВ : 19,з9о , Cv: 19.445,

СВ : 19.52о, с| : 19.62з.

(3)

(4) #ir

rh,*

ff

ffi

(5)

мш'
*ffi

f,

]ii ý*]

#;
,н

(8)

Tiie с]егiчесl nragrritudes of objccts rrijt u,еrе tгапs-
_ lгIrlес] tcl the absolute fluxes.P, (in егg, спr 2, s-l,
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ТаЬlе 5: BVR"I,-photoTrt,etry rlJ oblects iп, th,e field of PSR,]0633+1'/46

R_IV-RB-\i
1

2

4

5

6

7

8
9

10

11

72

13

14

15

16

1"7

18

19

20
21

22

.)t

26

27
2в
29
30
31
9о

ад

35
36

38
39
40
41

2|7,20 11.7.1

357,43 29.06
168.25 35.92
401,73 73.60
504.53 76.42
190.71 89.08
696.43 101.21
958.48 131.21
487.28 iз2.09
609.22 143.8в

7029.22 145.14
403.02 147,55
693,28 148.79
55в,00 150.14

1069.06 i54.45
1004.92 155.в7
бз4.64 165,t)6

1110.46 165.3.1

787.64 169.92
929.22 174.0.1

2з1.25 179.13
960.14 180.45
816.57 189.68
841.28 i94.,12
1,11.,16 2t]2.35
777.6а 203.21
269,11 201,24
40в.85 206.33
з57.23 208.78
953.94 211.68
689.01 211.98

i086.25 228.40
1050.в0 229.i0

924. 18 229.73
505.32 234.6в
940.90 2з1.72
257,89 239.98
161.65 240,77
513.45 24б,27
875.36 245.51
300.17 255,43

430.77 257 .33
278.3б 257.94

7052.27 259.бб
397.09 262.34

i28.18 263.вб
544.65 264.17
897.47 264.вб
327.54 268.51

683.65 272.0в
264.18 281.ii4

14.10 * 0.11
15.92 * 0.02
i8.85 * 0.01
21.98 + 0.03
16.67 + 0,01
23.21 + 0,06
20.99 * 0.02
22.82 + 0.04
22.88 + t].04

21.13 + 0.02
24.27 + 0.13
22.55 + 0.03
17.18 * 0.0з
20.7.1 + 0.02
22.1б * 0.03
2,1.,10 * 0.11
19.92 + 0.01
2з.31 * 0.06
23.95 * 0.10
21.23 * 0.02
20,59 + 0.02
24.57 + 0.19
23,57 + 0,08
19.18 + 0"01

20.58 + t}.01

2з.3.1 + 0.05
19.82 + 0.01
20.57 * 0.01
23.02 * 0.05
20.81 * 0.02
22.67 * 0.0,1

23.93 t 0.09
17.в0 * 0.01
24.18 + 0.11
19.54 * 0.01
2.1.i4 + 0.12
16.86 + 0.01
21.43 + 0.02
22.1в + 0.03
19.15 + 0.01
19.в5 + 0.0i
19.83 + 0.01
22.в4 + 0.1з
22.2,1 + 0.t]4

23.28 + 0.06
19,68 + 0.01
19.67 + 0.01
16.52 + 0.01
20.51 + 0.01
23.0.1 + 0.04
22.93 + 0.05
22.83 + 0.03
18.65 + 0.01
25.34 + 0.38

1.зз + 0.01

1.51 * 0.01

1.59 * 0.01

-0.73 + 0.01
0.72 * 0.02
0.58 * 0.02
1.09 + 0.03
0.50 * 0.02
1.10 + 0.03
0.99 * 0.03
0.71 * 0.02
1.10 + 0.03
0.89 + 0.0з
1.10 + 0,04
1,23 * 0.03
1,19 * 0.03
0,93 + 0.03
1.2з + 0.L}з

1.0.1 + 0.03
0.61 * 0,02
1.06 + 0,0з
1.20 + 0.0з
0,76 + 0.03
0.69 * 0.02
1.27 * 0.0.1

1.()7 + 0.0з
0.72 + 0.02
0.59 + 0.02
1.,11 + 0,04
t).66 * 0,02
0.71 + 0.02
1.01 + 0.03
0,7в + 0.03
i.23 + 0.03
0.79 + 0.03
0.70 + 0.02
1,14 + 0.03
0.60 + 0.02
1.19 + 0.03
0,49 + 0.02
0.69 * 0.02
0.94 + t],03
0.74 + 0.0з
0.68 * 0,02
0.75 * 0.02
0.65 * 0.02
0.78 + 0.03
0.99 + 0.03
0.82 * 0.0з
0.89 + 0.02
0.47 + 0.02
0.67 * 0,02
0.78 + 0.0з
1.17 + 0.03
1.20 * 0.03
0,70 * 0.02
1.63 * 0.04

0.01 + 0.02
0.70 + 0.01
0.05 + 0.02
1,05 + 0.02
0.52 * 0.01
0.9з + 0.02
0.94 * 0.02
0.70 + 0.01
1.03 + 0.02
0.80 + 0.01
1.86 + 0.04
1.32 + 0.03
0..10 + 0.02
0.86 * 0.02
1.20 * 0.02
1.13 * 0.02
0.63 + 0.01
1,11 + 0.02
1.,]1 + 0.03
0.72 + 0.01
0.61 + 0.01
1.40 + 0.03
1,29 + 0.02
0.72 + 0.01
().60 + 0.()1

1.27 + 0.02
0.62 + 0,01
0.66 + 0.01
0.99 + 0.02
0.7в * 0.01
0.95 + 0.02
1.69 * 0.04
tj.72 + 0.01
1.37 * 0.03
0.61 * 0.01
1.16 * 0.02
0.49 + 0.01
0.62 * 0.01
0.93 + 0.02
0.72 * 0.01
0,64 + 0.01

1.20 + 0.02
0.91 * 0.02
1.03 * 0.02
0.81 + 0.01

0,45 + 0.02
0,7,1 * 0.01
0.76 + 0.01
1.27 + 0.02

0.70 + 0.01
1.50 * 0.03

42
43
44
45

46
n1

48
49

50
51

Yх
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Table 5: ВVR,I,-рhоtоmеtrу of objects i,п the fi,eld of PSR J0633+1Ц|6 (сопtiпuеd)

Y B-V v-R R-I

27

61

52
53
54
55

56
57
58
59
60

84
85

86

87
88

1070.48 285.вв
217,82 286.71
858.27 290.05
167,26 296.68
183,32 299.в4
225.14 30i.13
936.33 302.21
751.76 з01.85
302.70 306.3i

646.25 3\1.22

1075,iз 315,37
500.65 315.63

957.41 з16.в7
137.50 325.95
922.41 326.15

597.76 329,66

321.24 332.29

768.96 340.37

127.58 3,15.69
1017.91 354,06

282.99 355.55
944.55 357.91

249.85 359.09
8в9.71 361,39
313.65 376.07
552.95 з76.33
Ео' сЕ n-- -1оat,ёо о/ /./l

498,11 390.05

599.05 393.69
55t}.73 399.94
66.4.60 102.45

289.96 401.02

,195.92 404.14
77|.53 410.16

бв1.50 413.87

311.34 416.63
949.59 477,42

23.13 + 0.05
20.13 + 0.01
24.07 + 0,10
15.58 + 0.01
18,98 + 0.02
25.43 + 0.зб
19.27 * 0.01
24.99 + 0.23
22.91 * 0.0,1

22.9.1 + 0.04
2,1.37 * 0.14
24.22 + 0.10
20.79 + 0.02
19.39 * 0.01
19.37 * 0.01
23.51 * 0.07
22,99 * 0.05
24,42 + 0,15
24.05 + 0.09
23.47 * 0.07
23,21 * 0,0Гl
21.03 * 0.01
21.02 * 0.01
19.43 + 0.01
i9..12 + 0.01
19.74 + 0.0i
23.,12 + 0.06
23.41 + 0.04
20.94 + 0,01
23.02 * 0.05
22.92 * 0.03
23.46 + 0.06
2.1.19 + 0.09
24.55 + 0.13
21.14 * 0.0,4

1в.20 * 0.01
18.16 + 0.01
23.01 + 0.05
22.92 * 0.03
2"1.24 * 0.14
15.64 + 0.01
20.87 + 0,02
20.в4 :E 0.01
18..18 * 0.01
18.45 + 0.01
2.1.55 + 0.13
23.12 + 0.05
23.08 * 0.04
24.06 * 0.10
23.99 + 0.07
24.24 + 0.11
23..19 + 0.08
23.74 + 0.07

1.s0 ; 0.01

1.51 + 0.01

r.цt + o.ot

1,з1 + 0.01

1.з8 * 0,01

1.or * o.or

1.09 + 0.01

r.ss ; o,ot

r.zт + o.or

1.75 + 0.01
1.48 * 0.01

o.ss ; 0.ol

1.75 * ().01

r.so ; o.or

1.27 + 0.01
2.40 + 0.01

2.00 * 0,01

2.02 + 0.01

r.sz + o.or

1.24 + 0.03
0.66 * 0.02
1.23 + 0,03
0.25 + 0.02
0.59 * 0.02
1.62 * 0.01
0.59 + 0.02
1.34 + 0.04
1.01 + 0.03
1.16 * 0.03
1.34 * 0.04
1,39 + 0.03
0.84 + 0.03
0.78 + 0.03
0.84 + 0.02
i.09 * 0.03
0.57 * 0.02
1.50 + 0.04
1.17 * 0.03
1.6в * 0.04
1.52 + 0.03
0.55 + 0.02
0.59 + 0.02
0.62 + 0.02
0.70 + 0.02
0.63 * 0.t}2

1.14 * 0.0з
1,19 * 0.03
0.71 * 0.02
1.2в * 0.04
I.33 + 0.03
1.i5 + 0.03
1.22 * 0.03
0.68 * 0.02
0.91 + 0.03
0.55 + 0.02
0.60 + 0,02
1.16 + 0,03
1.14 + 0.03
1.73 + 0.0.1

0.54 + 0.02
1.15 * 0.03
1.21 + 0.03
0.68 + 0.02
0.74 + 0.02
1.20 * 0.03
1.27 * 0.04
1.34 * 0.03
1.00 + 0.03
1.17 + 0.03
1.10 + 0.03
1.21 + 0.03
1.,15 * 0.03

1.23 * 0.02
0.62 * 0.01
1.35 * 0.03
0.26 + 0.02
0.7в + 0.01
2.08 + 0.05
0.64 + 0.01
2.14 + 0.05
1.00 + 0.02

1.64 + 0.03

o.Bz * o.oz
0.73 * 0.01

1.09 + 0.02
0,34 + 0.02
1.62 + 0.03

i.83 * 0.0,1

о.ьь + o,or

0.64 * 0,01

o.oz + o.or
1.01 * 0.02

0.68 + 0.01
1.5.{ + 0.03

0.95 * 0.02

1.10 ; 0.02
0.57 + 0.01

0.97 + 0.02

r.bo + о.оз
0.,18 + 0.01
1.11 * 0.02

0.61 + 0.01

r.rц + o.oz

1.12 + 0.02

r.oo + о.оз
1.20 * 0.02

62

63

64
65
66

80
81

82

68-

70

71

72

74

75

76

77
78
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ТаЫе 5: ВVR,I,-рhсltоlпеtr,у of objects irt, tlte field of PSR .I0633+17]6 (r:orttiп,u,ed)

IxYV B:\r V-R R-I

91

92

93
94
95

94
yt)

97
98

99
100

101

102

89 372.05

90 706.35

420,48 22.46 + 0.03
22.29 + 0.02

422.26 23.03 + 0.0.1

23.09 + 0.03
423.97 24.50 + 0.15
425.19 21.25 + 0.02

21.16 * 0.01

428.68 23.90 * 0.09
430.04 22.,19 + 0.01
4з0.19 20.34 * 0.01

20.32 * 0.01
430.9Е 22.36 * 0.03
431.07 24.90 * c1.21

434.69 20.62 * 0.02
434.87 21,82 + 0.02

21.75 * 0.02
435.31 24,78 + 0.23
438.45 21.92 + 0,02

21.86 + 0.02
439.23 20.36 + 0.01

20.3l + 0.01
441.98 21.72 + 0,t}2

21.7(l + 0.()1
,114,35 23,29 + 0.06
446,67 17.65 + 0.01

17.60 + {_),01

4,17.91 22.67 + 0.03
450.70 2,1.26 * 0.1.1

2,1.07 * 0.09
46,1.96 20.02 + 0.02
4б8.2,1 21..17 + 0.02

21..1.1 * 0.01
473.2в 19.91 + 0.01

19.в9 + 0.01
4в0.50 18.31 * 0.01

18.30 + 0.01
488.5з 25,33 * 0.33
,189.з4 24.48 + 0.16

24.46 * 0.11
489.89 21.39 + 0.02

21.36 + 0.01
504.74 23.05 + 0.0-1

22.8,4 + 0.03
510,31 23.t]7 + 0.07

22.91 + 0.0.1

519.62 22.75 + 0.0,1

519.92 21..17 * t].02

520.43 22.70 * 0.03
522.58 16.12 + 0.01
524.68 23,20 + 0.15
527.38 19.06 + 0.01

19.02 + 0.01
541.73 20.в2 + 0,01

1.тз + o.or

2.21 * 0,()1

1.89 * 0,0i

o.gs ; o.or
1.90 * 0.01

r Bz + o.or

r.zs ; o.or

1.26 * 0.()1

о.sц ; 0.0l

r.o+ * o.or

r.sц ; o.ol

1.19 + 0.01

1,22 * 0.01

tl,ss ; 0.or
0.53 + 0.{J1

1.77 * 0.01

l,цв * o.or

1,28 + ().i)1

1.63 * 0.01

l.цz * o.or

0,96 + 0.01

1.01 + 0.03
0.94 * 0.02
0,96 * 0.03
1.18 * 0.03
1.21 * 0.0з
1.05 + 0,03
1.08 + 0.02
1.19 * 0.03
1.40 + 0.0,1

0.60 * 0.02
0.62 + 0.02
1.3в .l 0,03
1,13 * 0.03
0.90 * 0.03
1.1з * 0.03
1.1.1 * 0,03
1.02 + 0,0з
1,09 * 0,0з
1.05 + 0.02
0,71 * 0.0з
0,78 + 0.02
0,56 + 0.02
0.61 + 0.02
1"i5 * 0.03
0.56 * 0.02
0.58 + 0.02
1.00 * 0.03
1.06 * 0.03
1.1Е + 0.03
0.в7 * 0.03
0.7l] + 0,03
0.77 + 0.02
0,67 * 0.02
0,68 + L}.02

0.58 * 0.02
0.бб * 0.02
1.61 * 0.03
0.96 :t 0.03
1.21 + 0.03
0.92 + 0,03
0.9.1 * 0.02
0.72 * 0.03
0.68 + 0,02
1.11 * 0.03
i.02 + 0.02
0.98 + 0.0з
0.53 + 0.02
0.93 + 0.02
0.55 * 0.02
1.з7 + 0.0.1

0.55 + 0.02
0.59 * 0.02
0,72 * 0.02

0.85 * 0.02

1.04 + 0.02

0.95 ; 0.02
0.9,1 + 0.02

1.36 + 0.03
1.60 * 0,03
0.68 + 0.01

1.oz * o.oz
0.7в * 0.01
0.99 + 0.02

1.0а * 0.02
{J.97 * 0.02

0.75 + 0.01

0.67 * 0.01

1.27 + 0.02
0.56 + 0.01

1.12 + 0.02
0.98 * 0,02

0.79 + ().()1

0,68 * 0.01

0.66 * 0.01

о.ss ; o.ol

l.zs + о.о+

0.86 + 0.02

0.69 + 0.01

1,2.1 * 0.02

o.gr l o.oz
0.62 * 0.t]1

0.57 + 0.01
0.72 * 0.01
0.58 * 0.01

0.71 + 0.01

1053.41
510.85

346.61
573,66
55 1.39

573,21,

823.75
109.72
662.48

145.68
455.65

7 57,22

249.93
,{2в,0,1

1076.8.1

285.50

1 032,1 1

,16в,58

1018.64

801.97

111 989.63
1\2 732.89

113 953.30

11.1 387.3.1

i15 944.30

116 1001.51
117 141.73
118 1001.00
119 835.80
120 1,15,97

121 366.99

722- 997,42

103
104

105

106

107
108"

109

110
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'Iable 5: ВVR,I,.-рhоtоrпеtгу oJ oblects irt tlt,r,l fielcl о| PSR J06:]:]+1'//tб (со,пti,rtuс:d)

в-\, \I-R, R-I
rU79-M

l23 470.5з 542.вз 23.96 * 0.09 1.29 * 0.0,1 1.15 + 0.02
23.8:] + (),07 1.59 + 0.01 1.35 + 0,03

12.1 ,125,12 5,15.38 2].90 + ().22 1.09 + 0,03 1.50 + 0.03
2,1.97 + 0.21 0.Е0 * 0.01 1,16 + 0.03

125 556.21 б15,вб 2{J.57 i 0.{)1 0.68 + 0.02 0.65 * 0.0i
2().5l * Li.01 1.2L + 0.0l 0.71 * 0.02

126 182.31 517.16 22.t]5 * t).03 0.98 * 0.0З 0.8;1 * 0.02
1,27 92в.98 55,1.17 22.18 * t].03 {).93 * 0.03 0,91 * 0.02

22.12 * 0.02 1.зз * 0,()i 1.02 * 0.02
128- 616.93 551.30 21.03 + 0.01 0.58 + 0.02 0.58 + 0.01

20.99 * 0.0i 1,00 * 0.01 0.61 + 0.02
129 з26,33 559.б1 17,95 + 0.0i 0,53 * 0.02 i].55 * 0.0i

17.92 * 0 ()1 ().92 * 0.01 0.59 * 0.02
i30 291.67 562.80 19.90 + 0.01 0.69 + 0.02 0.70 * 0.01

i9.88 + (i.0l 1,22 * 0.0l 0.75 + 0.02
131 845.77 563.31 19.0.1 + U.01 0.76 * 0,03 0,7.1 * 0,01

1Е.99 + U,01 1,3,1 + 0.01 0.81 * 0.02
132 107.1.28 56з.91 23.34 + 0.06 1.],5 * 0.03 1.1.1 + 0.02
133 66б.11 565.63 2].95 * 0.25 1.98 * 0.05 1,22 + 0.02

21.56 + 0,15 ],32 + 0.0] 1.5в * 0.()3

13,{ 721.t]3 573.65 17,2j + 0.01 0,64 + 0.02 0.60 + 0.01
17.22 * 0.0i 1.21 * 0,01 0,68 * 0.02

135 991.63 579.7,2 2.1.92 * 0.20 0.98 * 0.03 0.87 + 0.02
136 269.20 582.9.1 18.29 * 0.t}1 ().57 + 0.02 0,58 + 0,01

1в.26 + 0,0i i.01 * 0.01 0.61 + 0,02
137 972.88 5в5.91 23.92 * 0.08 1,03 * 0.03 1.35 * 0.0з
138 90.01 5Е8.29 18.7з + 0.01 0.69 * 0.02 0.6.1 * 0.01
139 50в,71 590.72 2,1.48 + 0.17 1.98 * 0.0б 1.9i + 0.t].1

23.93 * 0.()9 1.67 + 0,01 1.55 + 0.0з
110 135.9t] 59З.89 23.15 f {],05 1.06 * 0.03 0.97 * 0,02

2З.28 { lJ.05 1 71 :t 0.01 1.27 + 0,03
141 289.8t) 59.].95 18,66 * 0.0l ().60 + 0.02 0.60 * t].01

18,65 * 0,0l 1.10 + ().t]i 0,66 + 0.()2
1,12 8б7.1.1 596.57 2-1.19 + 0.11 1,,15 * 0.0;1 0.95 * 0.02

23,96 + 0.09 .1,56 * 0.t)1 1.15 + 0.03
143 693.97 бt)0.41 2"1.98 * 0,25 1..18 * 0.04 1.62 + 0.t]3
1,1,1 10.19,21 601.11 21.36 + 0.02 0.99 * 0.0З 0.9-1 + 0.02
145 916.92 605.16 2,1.56 * 0.16 1. j5 + 0.04 1.47 * 0.03
1,16 7,1в.3в 605,35 23.2,1 * 0.06 l,iб * 0.03 1.45 + 0.03

23.19 * 0.05 1.96 * 0.01 1.27 + U.(]з
1,47 561.2з 605.15 23.75 + |}.09 1.51 + 0.04 1.60 + 0.03

2З.l2 * i_}.06 2.],1 * 0.01 1..]5 + 0.U3
11в- 356.01 606.70 21.96 + 0.03 1.11 * 0.03 1,06 * t].02

21.99 + t].03 2.20 + 0.01 1.1в + 0.03
119 916.з2 607.27 21.12 + 0.i0 2.55 + 0.01 1.з8 * 0.t]3
150 .166.71 607.{5 23.38 * 0.06 1.2в + 0.0,1 1.21 * 0.02

23.,16 * 0.06 1.15 + 0.01 1.47 * 0.03
151 бВ2.00 60Е,23 22.7.t * U.0,1 1.27 + t].t]4 1.;16 + 0.03

22.70 + 0.03 2.02 * 0.01 1.зв + 0.0з
152 97B.t)6 615.33 21.42 * 0.02 0.83 * 0.03 0.81 * 0.01

21..13 * 0,01 1.1з * 0.01 0.91 + 0.02
15з 13з.39 618.13 22.14 i 0.03 1.1Е + 0.03 1.18 * 0.02

29
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ТаЬlе 5: ВVR.I,-рhоtоrпеtr,у of objects irt thc field of PSR J0633+1Щб (cclnti,nltecl)

в_V \/-R, R-I
154 498.15 62I.12 22.25 + 0.03

155

156

1006.82 631.91

599.53 632.03

219.33 634.25
1043.73 635.98
193.58 бз7.39
668.48 637.76

612.2з 639.92

892. i8 642.23

9з1.95 645,60

704,63 6,16.25

51з.61 647.89
979.54 648.26

743.97 651.78

314.78 бб8.2,2

860.31 665.20

168.вв ббб.20
624.52 669.26

5,14.64 669.7в

317.63 674.76

327.4в бв5.59

463.46 686.62

616.22 б87.91

660.20 698.5з

582.5,1 699.32

259.95 703.29

352.81 703.98

791.64 704.8в

1018.16 706.47
812,27 709.64

22.11 + 0"02
23.74 + 0.08
23.в1 + 0.26
24.63 + 0,17
24.42 * 0.15
24.3з + 0.13
23.77 + 0.09
23,i8 * t}.05

24.30 + 0.12
24.12 + 0.08
24.10 * 0,11
2.1.1З * 0.10
21.74 * 0.02
21.67 + 0.02
24.35 + 0.1t)
24.78 + 0.20
2i.7.1 + 0.03
21.65 + 0.02
21.6,{ + 0.17
21.61 * 0.02
21.59 + 0.02
18.79 * 0.01
18.76 * 0.01
22.48 + 0.03
22.з8 + 0.02
2,i.40 + 0,13
24.45 + 0.i1
22.71 + 0.0.1

21,в0 * 0.02
21.69 * 0.02
25.06 * 0.26
24.59 * 0.15
24.46 + 0,16
24.13 + 0.10
22.75 * 0.0,1

22.68 + 0.03
22.31 * 0.02
22.33 + 0.02
20.67 * 0.01
20.62 + 0.01
17.27 + 0.0].

17.24 * 0.01
22.64 + 0,03
22.61 + 0.02
21.75 + 0.02
21.79 + 0.01
2,1.65 + 0.19
21.14 + 0.i0
1в.69 + 0.01
1в.65 * 0,01
21.88 * 0.02
21.79 * 0.02

1.95 + 0.01

2.59 * 0.01

l.Tg * o.or

1.74 + 0.01

l 20 + 0.01

1.79 ; 0.01
t].1,1 + 0.01

1.s0 ; 0,01

1.бб ; 0.01

i.13 * t).()1

1.85 * 0.01

1.7,1 + 0.01

t.zц * o.or

1.76 + 0.01

r.BB + o.or

1,5з * 0.01

r,zT l o,ot

1.05 + 0.01

r.os ; o.or

1.в2 + 0,01

t.z+ + o.or

1.93 * 0.01

0,s0 + o.ot

1.42 + 0.04
1.3в * 0.0з
1.0Е + 0.03
i.33 + 0.03
1,,45 * 0.0,1

1,59 * 0.03
1.18 * 0.03
1.23 * t}.03

0.9в + 0.03
1.10 + 0.03
1.02 + 0.02
1..12 + 0.U1
1.58 + 0.03
1.20 * 0.03
1.25 t 0.0з
0.65 * 0.02
0.91 + 0.03
1.З.1 * 0.0.1

1.32 + 0.03
1.37 + 0.01
1.02 + 0.03
1.10 * 0.t)з
0.6:] * 0.()2

0.68 * 0.02
i.17 + 0.03
1.20 + 0.03
1.32 + 0.0.1

1..14 + 0.03
1.23 + 0.03
1.12 + 0.03
1.14 + 0.03
1.51 * 0.04
i.10 + 0.03
1.18 + 0.0,1

1.26 + 0.03
1.03 + 0.03
1.08 * 0,02
0.78 * 0,0з
0.75 * 0.02
0.60 * 0.02
0.61 * 0.02
0.63 + 0.02
0.66 * 0.02
1.01 * 0.03
1.08 + 0.02
0.64 + 0.02
t].77 + 0.02
2.11 + 0.05
1.75 + 0.0.1

0,52 + 0.02
0,56 + 0.02
1.19 * 0.0з
1.20 * 0.03

1.52 + 0.03

1.17 + 0.02

r.зо i o.oz

1.32 + 0.0з
1.31 + 0.0з
i.06 + 0.02
1.13 * 0.02

i.52 + 0.03

t.os ; o.oz

1.01 ; 0.02
1.5.1 * 0,03

1.42 * 0.03
0.9.1 * 0.02

().61 + ().()1

r.oo * o.oz

1.62 + {),0з

r.зз + о.tlз
0.95 + 0.02

1.,12 + 0.03

r.zB + o.oz

0.96 + 0.02

tl.вд * o.oz

0.69 + 0.01

t].oz + o.or

1.0.1 + 0.02

o.zz * o.or

1.62 + 0.03

tl.ьз + o.or

1,18 + 0.02
1.22 + 0.02

157
158
159
160

161

162

163

16.1

165
166

167

16в

169

170
171

172

llJ

174

175-

176

1,77

i78

179

1в0

181

182
183

х
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ТаЬlе 5: ВVR,"I"-рhоtоrп,еtrу of оhjес:ts,i,п the fiеlrl о| PSR J()633+1"/46 (coпti,,пtt"ed)

Ix

31

в-V V_R
1.72 + 0.02 1.82 * 0.01 1.26 + 0.03

R-I

190
191

192

193
19,1

195

196
197

198

199

201

202 
-

20з
204

205
206

207
208

184 303.99

1в5 331.99

186 1003.62
1в7 925.99
18в 95в.80
1в9 561,56

25.13 * 0.28
24.38 + 0.13
23.32 * 0.0б
23,27 + 0.04
2з.09 * 0.05
24.97 + L},20

2"1.26 + 0.12
22.19 + 0.02
22.18 + 0.02
24.52 + 0.15
24.93 + 0,22
22.47 * 0.03
22.53 * 0.t)2

23.56 * 0.06
23,34 * 0.06
18.90 + 0.01
18.87 * 0.01
2.1..16 + t].14

22.91 * 0,01
22.94 + 0.01
20.89 + t).U2

20.88 + 0.01
23.21 + 0.05
23.05 * 0.04
19.67 * 0.01
19.63 + 0.01
21.16 * 0.02
21.19 + 0.02
19.87 + 0.1}1

19.в5 + 0.0l
17.18 * 0.01
2.1.,14 + 0.1З
24.71 + 0.1в
22.60 + 0.0,1

22.19 + 0.03
22.06 + 0.02
24,19 + 0.12
20.20 * 0.02
20.18 + 0.01
21.23 * 0.02
21.24 + 0.t]1

19.63 + ().02

18.85 * 0.01

1в.82 + 0.01
iв.73 + 0.01
18,72 + 0,01
22.19 * 0.()3

21.94 * 0.02
23.31 * 0.06
23.39 * 0,06
20.15 * 0.0I
19.37 * 0.01

1.38 * 0.01

1,68 * 0.01

r.o+ + r1.or

t.3.1 * 0,01

r.ro + o.ol
0.55 * 0,01

о.sз i 0.or

r.+o * o.ol

1..1.1 + 0.01

2.17 + 0,01

1.t}6 * 0,0i

z.сrз * o.or

0.91 + 0.01

o.Tg ; o.oi

r.цz + o.or

1.67 ; 0.01

1.22 * ().01

r.rз + o.or

0.93 * 0.01

r.rs ; 0.0l

i.19 + 0.01

1.7з + 0,04
1.16 * 0.03
1.25 * 0.03
1.з4 + 0.03
1.,18 + 0.04
0.1в + 0.02
1.17 + 0,03
1.05 * 0.03
1,13 * 0.03
1.51 + 0.03
0.81 + O.tjз

0.91 * 0.03
1.02 * 0.02
0.8в + 0.02
0.87 + 0.0з
0.55 * 0.02
0.6i * 0.02
0.76 * 0.03
0.95 * 0,03
0.92 * 0.02
0.86 + 0.03
0.92 + 0.02
1.31 + 0.04
1.31 * 0.0з
0,61 + 0.t]2

0.65 * 0.02
1.12 * 0.03
1.2,1 * 0.0з
0.55 * 0.02
0.59 + t].02

0.33 + 0,02
1.10 + 0,03
1.66 + 0.03
1.t]9 ]: 0.03
0.в7 * 0.03
0.86 + 0.t}2

1.26 * 0.03
1,02 * 0.03
1.09 * 0.02
0.72 + 0.03
0.вз + 0.02
0.82 * 0.03
0.65 + 0.02
0.70 + 0.02
0.5,1 + 0.02
0,62 * 0.02
0.92 * 0.03
0.76 + 0.02
0.94 + 0.03
0.74 + 0.02
0.63 + 0.02
0.57 * 0.02

1.з2 ; 0.0з

1.23 * 0.02

1.70 ; 0.01
1.93 + 0.04
1..11 + 0.03
0.93 + 0.02

1.43 + 0.03
0.7,1 + 0.01

о.оц + o.or
0,58 * 0.01

1-,11 + 0.03

0.в9 * 0.02

0.8з + 0.02

1.2s ; 0.02

0.63 + 0.01

t.it + o.oz

().59 t 0.01

0,з7 ; 0.02
1.38 * 0.03

1.23 + 0.02
1.07 + 0.02

1.4э * 0.()3

0.94 + 0.02

0.73 + 0.01

o.zz + o.or
0.60 * 0.01

0.52 + 0.01

tl.zв * o.or

0 87 + 0.02

0.65 ; 0.01
0.57 * 0.01

957.61
996.70
916.42

422.91
42 1.38
402.60

972.97
907,77

74з.81

.169.42

65I. 1,1

969.66

З60.,12

74.80
899,79

113.64
756.97

178.81
83.1.00

486.10

710.0в

711.62

723.86
728.98
729.,15

730.30

"ао r' (

/ J+. JJ
739.01

7 41.17
741.98
742,65

745.48
749,77

75 1 .92

,r., оа

766.68

767.18

769.12

772.07
772,6з

774.8i)
775.38

ll1.1lz
777,43

781.12

796.9,1

799.64

в01.15

802.54
805.32
813.50

814.83
8i9.65

210 12 0,,13

217 895.92

2t2 940.58

27з 132.в9
214 66з.29
215 291.80

216 998.72
217 624.63
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ТаЬlе 5: ВVR,I,-рhоtоrп,еtrу о! objects ilt the fieltl rlf PSR.106,93+1746 (r,:опiiltuеd)

в-V v-R R-I

218
2i9

220

221
222
,loa

221

ооi

226
,r7

228
,)о

230

zoL

D2?

234
235

236

238

239

290.36 821.71
,191,39 823.76

605.68 827,28

76.80 830.06
204.60 830.,18

723.71 837.06

з71.27 в39.90

476.63 841.40

193.24 842.57
257,2б 843.59

23.40 855.62
542.49 858.12

663.12 859.67

3В6.,10 864.79

533.23 868.97

193.35 870.88
108.36 875.55
772.79 875.64

216.32 881.23
742.84 885.,17

617.23 886.82

52.4.93 89з,67

205.80 901.88
59.95 91i,55

267.02 912.46
171.97 914,11

I47,7з 918.34
в18.93 920.08

191.93 92l-.32
78.55 922.36

744.54 931.88

483.11 933.40
267.б5 937.27
63.0з 939.17

310.22 941 .28

19.35 * 0.01
24.21 * 0.10
19.в7 * 0.01
l9.85 t 0.01
18.30 + 0.01
18.28 * 0.01
21.29 + 0.02
23.98 * 0.10
18.44 * 0.01
18.43 + 0.01
24.80 + 0.20
24.80 * 0.18
21.99 + 0.02
21.98 + 0.02
2.1.35 + 0.21
22,45 * 0.03
22,43 + Ll.03

22.75 * 0.05
18.62:t 0.01
i8.60 * 0.01
1в.87 t 0,01
i8.85 * 0.01
22.29 + 0.03
22.29 * 0.02
22.31 + 0.03
22.0,1 + 0.02
22.37 * 0.03
2,1.19 + 0.1,1

23.75 + 0.09
23.7в + 0.09
20.20 + 0.01
18,12 + 0.01
1в,09 + 0.01
18.95 * 0.01
18.94 + 0.01
iв.57 * 0.0i
18.56 * 0.01
i9.94 * 0,02
22.2.1 + 0.03
20.07 + 0.t]2

23.56 + 0.07
23.94 + 0.09
23.15 + 0.0б
20.29 * t).02

20.27 + 0.01
21.g.tr * 0.03
18.13 + 0.0i
23.82 * 0.09
23.95 + 0.12
20.49 + 0.01
23.60 + 0.08
18.59 + 0.01
20.19 + 0,02

1.00 + 0.01
0,53 + 0.01

1,17 i 0.01

о.во + o,or

0.93 + 0.01

1.62 * 0.01

1.66 + 0.01

r.+o + o.ol

0.go ; 0.or

1.08 * 0.()]

1.55 + 0.01

1.29 * 0.01

z.цt i o.or

1.oz * o.ot

0.9,1 + 0.01

o.sr ; o.0r

...

1.12 * 0.01

t.+g i o.ol

1.79 ; 0.01

0.63 + 0.02
i.15 + 0.03
0.67 * 0.02
0.72 + 0.02
0.47 + 0.02
0.52 * 0.02
0.82 * 0.03
1.04 + 0.03
0.58 * 0.02
0.61 * 0.02
1.29 + 0.0.1

1.2,4 + 0.03
1.00 * 0.03
1.10 + 0.03
1.26 + 0.03
0.86 * 0.tJз

0,96 * 0.02
1.35 + 0.04
0.58 * 0.02
0.63 * 0.02
0.60 * 0.02
0.66 + 0.02
1.06 * 0.0з
1.10 * 0.03
li.97 * tJ.03

0,в9 + 0.02
1.26 + 0.03
1.16 + 0.03
1.4в * 0.04
1.27 * 0.03
0.73 + (}.03

0.5в + 0.02
0.64 + 0.02
0.55 + 0.02
0.59 + 0.02
0,55 * 0.02
0.61 * 0,02
1,13 + 0.03
0,96 + 0.0з
0.97 + 0.03
0.9в * 0.0з
1..17 * 0.0З
1.35 + 0.04
0.87 + 0.03
0.94 + 0.02
1,22 + 0.03
0.61 + 0.02
1.13 + 0.03
1.40 + 0.03
0.73 * 0.03
1.46 + 0.04
0,58 * 0,02
0.в2 * 0,03

о.сz * o.or

0.50 * 0.01

о.вт * o.oz
0.95 + 0.02
0.67 * 0.01

1.86 * 0.t}4

о.sз ; o.oz

i.43 + 0.03
0.78 + 0.01

1.28 + 0.02
0.59 * t].01

0.60 * 0.01

о.вз + o.oz

0.98 + 0.02

r.зц * tl,оз
i.31 + 0.03
1.25 * 0.02

0.72 + 0.01
0.57 * 0.01

0.56 + 0.01

rl.b+ + o.ol

1.35 + 0.03
1.02 + 0.02
0.8в + 0.02
1.04 + 0.02

1.52 :t 0.03
0.73 * 0.01

i.28 + 0.02
0.61 + 0.01
1.43 + 0.03

0.75 + 0.01
0.93 + 0.02
0,60 * 0.01
0,76 + 0.01

210
24I
,,1 ,)

o/D

241

246

218

249
250
251,

2б2

Yх
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ТаЬlс 5: BVR,I"-photoпtetry of objects i,rt tlte field of PSR J0633+1'/Jб (corttinued)

254 6,1.16 948.13 19.39 * 0.01 0.67 + 0.02 0,67 + 0.01

255- 672.79 949.60 22.03 + 0.02 1.07 + 0.03 0.91 + 0.02

22.02 * 0.02 1.75 + 0,01 1.18 + 0.03

256 810.31 949.73 2i.99 + 0.02 0.67 * 0,02 0.50 + 0.01

21.98 + 0.02 1.i1 + 0.01 0.68 + 0.02

257 515.61 952.05 22.78 + 0.07 1.з5 + 0.0,1 0.71 * 0.0i
258 |g7.1| 957.45 18.03 * 0.01 0.48 + 0.02 0.49 + 0.01

259 292.96 959.в9 22.6i * 0.03 0.98 * 0.03 0.91 + 0.02

260 466.86 961.04 2.1.31 * 0.13 1.32 + 0.04 0.72 * 0.01

261 599,зз 96i.69 23.58 + 0.07 1.05 + 0,03 1.07 + 0.02

262 93.62 964.22 19.85 + 0.01 0.59 + 0.02 0.63 + 0.01

263 в37.96 964.96 2.1.02 + 0.i0 1.08 * 0.03 1.,15 + 0.03

2з.79 + 0.i1 i.36 * 0.01 1.28 + 0,03

264 29.74 972.70 23.64 + 0.08 1.0в * 0.03 0.86 + 0.02

265 301.75 981.30 18.67 + 0.01 0.52 * 0.02 0,57 + 0.01

266 831.57 987.21 22.64 * 0.04 1.11 + 0,03 1.1з + 0.02

267 зз8.56 997.83 23,69 + 0.09 1.76 * 0.04 1.77 + 0.04

268 659.56 998.86 22,76 + 0.04 1.1,1 + 0.03 0.90 + 0.02

269 730.78 999.56 17.32 + 0.01 0.56 + 0.02 0.52 + 0,01

270 1в9.18 999.81 22.66 + 0.03 0.63 + 0.02 0.53 * 0.01

271 378.85 1002.53 18.10 + 0.01 0.55 + 0.02 0.57 * 0.01

272 929.09 1009.82 21.34 + 0.02 0.55 * 0.02 1.06 + 0.02

273 609.01 1016.69 18.20 + 0.01 0.57 * 0.02 0.55 * 0.01

274 8в3.90 \0\7.27 22,87 t 0.05 1.21 + 0.0з 0.88 + 0.02

27б 329.04 1023,54 24.30 + 0.15 1.86 + 0.05 1.91 + 0.04

276 600.66 1028.22 22.16 + 0.03 0.75 * 0.03 1.16 + 0.02

277 544.42 1028.31 22.76 + 0,04 1.12 + 0.0з 1.18 * 0.02

278 448.32 1028.44 21.92 * 0.02 0.68 + 0.02 0.54 + 0.01

279 905.77 1031.16 23,51 :t 0.07 1.23 * 0.0З 1,38 + 0.03

280 773.08 1031.25 17.25 * 0.01 0.50 + 0.02 0.1в :l 0.01

281 543.28 1050.07 24.88 + 0.29 1.92 + 0.05 1.3в + 0.03

282 607.90 1052.в9 22.76 * 0.01 1.05 * 0.03 0.99 + 0.02

283 685.60 1061.55 22.80 * 0.04 1,20 * 0.03 1.21 t 0.02

284 918.11 10в0.75 17.59 * 0.01 0.56 + 0.02 0.5з + 0.01

285 78s.34 1093,91 18.44 + 0.01 0.61 * 0.02 0.60 + 0.01

33

.\rr analysis of indiviclual irrrages irr the R and I

.:_ii-. obtained on Jапuаrу 19, 1999 п,ith an аrG
- _,lrd seeirrg revealed the object G to Ье а dotrble

_ .,.. supposition arose еаrliеr w}rcrt we соmрагеd tlte
- :..lIlga field irnages obttrined with t}re б m tele-
. . е iп tlre V barid with t}re HST clnes, taken itr tlrcl
r ;\\- filtеr (Bignarrri et al., 1996). G'is 1ikely to Ье

,.,kgrоuпd galaxy.

_,erninga (G") is eviderrtly detectecl irt t}re соrтг
..- . iпlаgеs in t}ie V, R and I bands. As fоr t}re В
-- :. tlrc рооr serrsitivity of CCD detector ISDOl7A

:.ls domain and insuificieltt tota1 ехроsurе tiпre
. tlte best seeing (11'6) pгovided the detection
..е object at а 1evel of S/N : 2.5 orrly. Nечеr-

. .:ss. \y€ decided not to discard t}rese data frorrr
:.:_..ieгation but реrfоrпrеd рhоtоrпеtгу, the сепtеr
,..,: apcгtitre being placed in ассоrdапсе wit}r the
. -:lяа position in the V Ьапd irrrage.

Tlic BYRI p}totornctrv yieldcd est,lrnates сlf t}re

trragnitudes a,rrd fluxos of thc pulsarr emisslorr arrd also
those fЬr the field objects пreritionecl 2 (ТаЬlе 6). Оuг
results аrс in good аgrееlпепt witlr those clf оtlrег o1l-

servatiorrs, the I magrritude being arr exception. Our,

estiпtate, 25i'1+0.4, is significantly diftЫent fгоrп the
uрреr liпrit (26:'.1) giverr Ьу Bignami et al. (1996). It
s}roir1<l Ьс noted tlrat iп thс:iг рареr the litrrit п,аs set

to Ьс of 25'!4 magrritudc. N,leatiwliile, the flux esti-
rrrate (- 0.6 х 10-30 сгg/сrrr2s Hz) sholvn iп Figurс
,1 of that ptrper does not соrгеsроrrd to t}re vaiue rе-
poTted. In tlre рарсг of the satrie аuthоrs арреаrеd
а ferv уеаrs lаtеr, rvlrich coпrpliiecl а11 tlre data otl
the GerTringa I-optica1 ,UV enrission obtaincd witlr
СFНТ, I'iTT, 3.6rп ESO апс1 f{S?, t}re value of 26'."4

arrd the corresporrding flux estinratc rчеrе quoted in

2 The integral чаluеs аrе given fоr the object G, as it is uпге-
solved irr tlre В and V images.
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Talэle 6: BVRl-1lhotoпtetry of PSR J0633+1Цб (G" о,r Gеrп,irtуlа) а,пri пе,igh,Ьо,uriп,g objects

вч
h4agnitude Fluх* N'Iagnitude Fluх* N,Iagnitudc Fluх* \,,Iagrritude Flrrx*

l 209 lsЗ*U2 2sб
G' >26.1 <1,58 24.5t0.3 5.68 2,1.3*0.3 5.75 23.5*0.,1 9.48
G,,26.1t0.51.aW7225.'4+0.32.0925.1+0.42.17
* 16-3t} еrg/(сm2 s Hz)

G,
l.--........"........{+

Gerninga (G")}+

- 1 ,0 -0,5 0,0

Figurе 3,. "Соlоur-mаgrli,tudе" diagrams fоr Gern,irtga апd field objects (Table б artd Tahle 5). Tlle еr,r,оr,s аге
0,02 rrtag fоr th,e brightest stа'гs arld uр fu a.J пс:аr tlte le,uel of tletectiort,. L,iпев соr,r,еsроп,d to tlte cololl,r,-
Пtаgп,iiudе dерепdепсе Jоr uпrеddеrtеd rrlа,,iп sequerlce sto"r,s at clista,n,ces ot 0.5, 1 апtl 5 kylc:.

16

|"7

l8

19

21

15

lб

1,7

18

19

21

zб26

0,5 l,0 1,_5 2,0 2,5 3,0

V-R

1,51,0

R-I

0,50,0

accordance with tlre figure previously discussed.

2.5. Field objects and рrореrtiеs of ISM to-
wаrd Geminga

Geniinga is чеrу close to tlre Galaxy piatie (heiglrt
z = |2 рс), so its emission lпау Ье recldenecl. Uрреr
limits of interstellar extinctiorr irr оur Galaxy toward
Geminga (l:195.134, Ь=4.265), estitnated rnaking
itse of the rriaps of irrfrагсd radiation of dust frorrr
tlre рареr of Schlegei et а1. (1998) (thc: рrоgгаrrrmе of
О. Verkhodanov ,tvas used) , аrе А1: - 1 .7, Д(В - l/) =
0.54, Е(У - Д) : 0.35 апd Е(R- 1) : 0.+. То checft
the consistency with оur data апd estimate the val-
ues of iпtеrstеllаr extinctiorr fог the Gerriinga erTris*

siоп, we analysed tire results of оur рhоtоmеtгч fоr
t]ie bluest point-Iike field objects. which аге definitel1,
detected in the images taken lvitti the В оr V filtег,
with the acquisition of поrшаl level (withirr tire liпеаr
рагt of the dеtесtог dynarriic rапgе) irr the R and I
images (Talэle 5). Thtэ гесldеst stars (saturated ечеп

at slrort ехроsrrгеs) lvel,e llot сопsiсlеrесl. Tilc соlоlrг-
rrragnitude diaglalns V os \,'-R апсi R as R-I clb-
ttiirreci аrе slioц,rr irr Fig. 3. Fоr соmllаrisоп п,с: s]tolv
t}iеrе the relirtiorr for urrrecldened stаrs оf the пiаiп
scqllellce at clistatrces of 0,5. 1 and 5 kpc. The r,a]ues
of colour irrdices i'оr rnost of t}re field objc:cts :irе as
those of ttie rrrairi sequence stагs (Tallle 7) of spec:tгtii
type F trnd 1аtсr, recldened lrp to Ду,-1.5, tlrat is
in agгc:errrettt п,itlr tlre allovc uрреr liшrits. Tlre раr-
tiсul:rr position tlf Gerrririga iп thc с:оlоur-пiаgrritudе
diagгirrns arrcl lts unusria] colclrrrs соrtfirпr the rrlriciue
ttatttre of t}ris r_lbject. Сс;rпрагсd пit}r t}rc t;<llоu.rs of
the field objects thсу аге evidcnce of insigrrificant iп-
tегstеl]аг гeddenirrg of tlre Gerrrirrga errrissiotl, rvhich
is explairred Ьу thc sпrall distance (- 169 рс) of this
пеlrtгоп star frопr tlrtl Sun. N{aking use of the пеutrаl
lrydrogen co]urttrl dcrrsity, (0.S6-1.34) х 1020tlrn-], оЬ-
tairrod Ьу Наlрсrп & Ц'alrg (1997) frorn sресtrzrl fits
of the X-i,ay data of Gc.minga, ar,nd of t}re relatiorr
}эеtп.ееп соlоur excess arrd А'д, found to Ье equal to
lVH lдч :,1.8х 1020cnr'-ng-' (lЗоtrtiп et а1., 1978).
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Tabie 7: Coloul, iпiice,s frlr the пtаiп, sеquепсе stars (Bessel, 1990)

овзв5в8АOА5FOF5G0
B-\r -0.326 -0.19з _0.139 -0.068 _0.012 0.12в 0.311 0.411 0,575
\r_R -0.158 _0,073 _0.0з2 -0.024 0.001 0.063 0.197 0.27 0,352
R*I -0.172 _0.09 _0.066 _0.044 -0.002 0.077 0.22 0.266 0.363

G5 к0 кз к5 I(7 }l0 \,i2 \,I4 Nt5

в-\, 0.65,1 0,823 0.974 1.182 1.3в2 I.411 i.479 1.513 1.703
V-R 0.388 0.461 0.582 0.733 0.839 0.886 0.99 1.092 1.191

R*I 0.35в 0.392 0.497 0.626 0.761 0.849 1.08 1.36 1.571

J()

l-т-г

аrе
luт-

-J
3,0

;,е obtairred Е(В * l') : 0.018 0,028, T}rus, tlre с:оr-

l,ectiort of the Geminga nragnitudes arrd соlоurs fсlr
.ilterste]laг extinctiorr арреаrs to Ье rregligible in t:otrr-

:)агisоп with the photorrretr1, ассuгасу. Iп calse tlrc c:s-

:itrrates of Е(В - L/) iII ttris diгectiorr lrar.e beerr low-
..iocl due to the uncertainties in tlie calcultitec1 r.trlue
,; _\д, the Gemirrga соlоurs are ечеп rrrclre pccuii;rr.

As has аlгеасlу been mentioried, tlre ргсlfiЬ of G
l:]}]еоr€d to Ье of а complicated shape. Tlre grourrd-
.:_.ed obserr.ations do ttot allor,v rеsоh.iпg its сопr-

, ,IIL,nts. Тhе extended object G' is likely to Ье а
-lсkgгоurrd galaxy. То соttfiгlп tlris, arclditiorraj stud-
j: coпlbil}ed with thosc оr.ег tlie U\i alrcl IR rarrges
_]: Ilc]cded.

3, Discussion

- -t геsults of оur photornetry irr В, \r and R
-.- itt аgгееtпепt rvitlr those of еагliеr strrdies of

_- ::rirrga (IVlignani et а1., 1998), lvhilc tlrc tlstirrrate
. _:s I rrragrritude (251"1+ 0.4) is Ьу тпоге tharr orte
...nitude highег as collrpared to thc uррс:г lilriit
-, ?6l".tr) given irr t}ie рарег rnentiorrec] above. Tliis

..:,]I,ence is sigrrificarrt despite the рооr ассuгасу оГ
_] .stillrate. The lаrgе еггоrý 1чеrе cirusecl rTra,lnl1, bv

liigh level of the sky btrckgгouncl, rnoderate sc:e-

- ;Liid irrsufficierrt total ехроsurе tiTnc. \,Iоrе accu-
--: cstimates in the В, R and I bands сап Ье dеrivi:d
. ,, ided dеерег and Ьеttег qualitv inrages of tlre field
. :aketr. То study tlre Gerninga sрссtгrrпr гесlrчагсl,

,-stlrrrated its flux nlaking usе of tire iiifiarecl derttr
-...lreci п,ith NIC\,IOS/HST (Наrlош, ct а1., 1998)
. .lgh filters F110\\r апсi F160W. Fоr detailed cle-
,: iioti of the reduction see Koptseviclr et а1. (2001).
ijlc bгoad-barrd spectrurrr of the Gerrringa pul-

, :iilil]пilгizirrg all tlre data published (see N,Iignarri
.,. 1998; Koptsevich et ai., 2001) and our rс-

. t filled сiгсlеs), is slroш,n in Fig. 4. Tlre das}red
, :,оlгеsllоrrds to the Rayleigh-Jearls рагt of the
, .:Lody sресtruпr describirrg thеrmаl errrission of
. .iIоп star wit}r а 10 krrr radius arrd а tепrрсlг-
-., ol 5.77.105 К, ш,iric}r is the геsult of the spec-

*t of ihe ROSAT Х-гау data (Наlрегп & Rud-
.:_. 1993). It carr Ье seert tliat rеdwагd of 6000А

tlre Gerrringa flux diffcrs ficlrrr t}rc tlicrrrral spcctrum,
rvlritlh allorvs us t<l slleak about tlre ntlrittterrrial rlatrrгc
of tire Gerrringzr errrissicln irr this rапgе.
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Figuге 4: Broad-bart,d splectru,пl, of Gс:,tпi,rtgа sLгггL-

rпa,r,izirlq rlea,r-UV (Bigrtaпli et al., 1996), oyltic:cl
(h[i(lrla,rli et al., 1998; thi,s ,ttlclrh) artd irtfrо"rесl (Kopt-
setl,icll c,t al., 2001) tLata. Оtl"r res,Lllts are slt,o,ult, irL

filled, r:ircles. DasLlecl lirle c:orresport,ds to tlt,e Raylezgll-
Jea,tt,s раrt ot tlte blackbody Jlt clf RОSДТ clata ot'
Ge,rп"irt4tl Jоr а rlе,u,trоп star of 10 kпt, radi,u,s аrtrl а
tепt,реr,аturе of 5.77.105 К (Но,lрсчlt, аrt,rl Rudс:rчrlа,п,
1993).

I}re nrodei of tire ion су,сiоtгоп ernission, proposed
to expla,irr an excess оl,ег tile tlrermal сопlроI}сIlt cen-
trесl irr the \" band witlr t}re s}rагр c:rrtoff irr the I barrcl
sho,nltt Ьу ргсчiоus optical dtrta (Jacclria et trl., 1999),
could hardl1, ас:соuпt fоr t}ie actual spectгirl clistri_
Llutiorr оf tlre GeTriillga орtii:аl eпrission provi<led Ьу
пеll, obseгrrations. оur results slrorv rtitlrer flat spcci

п
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trum оr а siigtrt iпсrеаsе of the Geminga fluх tоъ,агd
iпfrаrес1 rапgе. The excess irr V drre to sorne urrrе-
solved spectra1 fеаturеs is stili possible but it is mrrch
fairrter than it was suggested Ьу previous data.

The spectгrrrrr of апоthеr nriddlc-aged псu-
trоп stаr, PSR В0656*14, shows а similar rlоп-
nronotonous behaviour (Кurt et а1., 1998; Koptsel.iclt
et а1., 2001). The spectral features оЬsеrчеd as ех-
cesses in the optical errrission of both neutrorr sta,r,s,

PSR В0656+ 14 and Geminga, a1low suspiciorr of tirеiг
beirrg of tlre saпre паturе. РrоЬаЬ]е поп-thеrmаl с}tаr-
асtеr of the ernissiolr of these INs in the red dotrlairt
suggests arr idea to detect ari optical eniission of оldег
пеutrоIl stars at these rvavelcrrgtiis rrrairlly. In tilis
connectiort it is likcly lчоrth to merrtiort aborrt the
terrtative detectiorr ln tlie R Ьапd of thc optiсal соttп-
tеграrt of PSR В0950+08 (Кurt et а1., 2000), rvhidr ls
а пеаrЬу old пеutгоп stаг (т - 1.7 х 107 уrs, dlstanccl
d:280*2.5 рс, Ьу data of Briskerl et а1., 2000).

Fig. 5 displays broacl-barrd spec:tra covcrirtg tlre
UV IR rапgе fоr INS of differerrt ilges, tlre СrаЬ pi_rl-

sаr (Регtliчаl et а1., 1993; ЕikепЬеrr1, et rr1., 1997),
PSR В0540-69 (L,Iiddleditch et irl., 1087), thc Vеlа
рulsаг (Nasuti et al., 1997), PSR R0656+14 (Koptsc-
vicir ct а1,, 2001) trncl Geriringa (\.Iigпапi et al,. 199с8:

Koptscvic}r et al., 2001; this wогk) . Тliеrе аrе ilif-
fererrc:es irr tlle spectra of niic{dle-iigecl rrcr_rtrcln stаri-],
suclr as PSR В0656+14 and Gепriпgа, if c:oirrp;.iгeii
wit}r flat arrd fеаturсlеss sресtrа of yourig рuls:iгs,
ъ,hicli testifies pclssiblc evoiution оf optical ciltissiorr
of INS witlr age.

То fiird out а conrplcte picturc: опе necds detailc:cl
studies of епеrgу distribution in sресtrа of rteirtгotr
stагs of cliffererrt ages. Spectral observatiorts of such
fairrt (> 25"') objects е\,.еп of а lorv гcsoiutiori trrtci

subsequcэnt data геduсtiоп is ехtгепrеlч lrri,rd job (secl
N{artirr et al., 1998), esllecially irr t}re гес1 clornaiir.
witlr stгопg nig}rt sky ernissiorr lirres апсl fririgc: pat-
terIts occurirrg in CCD cibservaticins. Supposirrg pos-
sible spectral feature iп the optical etnissiort of INS
to Ье rаtiiег Ыоаd (FWHNI - 100А), tlncэ mау fitttl
ргошisiпg observations wlth а set clf rriiclc]le-barld fil-
tегs (Afanaslev et а1., 2000) using thc: tec}rrrique рrо-
posed to stu<ly ехtгаgаlасtiс objects of lrigh геd sirifts,
w}iich gives quite а detailed spectгrtrTr of the object
urrdег study. Араrt fгоrrr t}re б rri telescope, оЬsегча-
ticlrrs usirrg such а rrrethod аrе possible with t}re tele-
scope SUBARU (Hayashino et ai., 2000). The phoio-
tnctric studies of rrеutrоп stars of di{fererrt ages lvitir
а high time rеsоlutiоп аrе also Ьу fаr of importarico.
If the pulsed colTrponeltt is detccted, it rvil1 give а
пеw, piece of information аЬоut the optical errrission
rratirre.
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