MHOropeXXmMHbIN POKasIbHbIN peayKTop
Teneckona bTA

Jlekumns II1.

[13C-pgetekTop. CTaTUCTUKa OTCHETOB. KannbpoBKkn cCrnekTpoB
HMU3KOro paspeleHud. nockoe none. TeneueHTpusmMm.
[ eoMeTpuyeckas Koppekuus.
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[3C-mMaTpuua

M3C=npubop c 3apssgoBON CBSA3bLIO
(CCD, «charge-coupled device»)

Hobenesckas npemusa no pusmke -2009

- I Hapnea KyaH Kao Ja peBonNoUMOHHLIE OOCTHMEHWA, KACAHWMECR NEpeayK

(1933—2018) CBETA B BONOKHAX ONA HYHO ONTUHECKDA CEA3M

[erpeiami OpuMruHansHLIA TEKCT (BHrn.) [nowasaTh)

B Yiunnapn Boiin

(1924—2011)
(14 npemaa)
3a waoBpeTedve NonyNpoBoaHMKOBOR CXeMbl ANA PErveTpaLM
wanbpameHnin — N3C-ceHoopa
| B Oxopox CMiaT OpurMHansHbii TexcT (aHrn.) [nokasaTo)]
|| (1930)
(% npemum)
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Steve B. Howell, Handbook of CCD
[N3C-AETEKTOD  Actronomy, 2t edition, 2006

Determining the brightness distribution in a celestial object with a charge-coupled device 0

can be ligcncd to measuring the rainfall at different points in a field with an array of

buckets. Once the rain has ceased, the buckets in each row are moved horizontally across ek . T e

the field on conveyor belts. As each one reaches the end of the conveyor, it is emptied into B i e

another bucket on a belt that carries it to the metering station where its contents are ZZ/]—Z/}' M ‘Uz/‘fm H ‘U///];

measured. Artwork by Steven Simpson. g w2zt \e 74 {

JaneS|Ck & Morley, 1987S&T, 74,238 Schematic voltage operation of a typical three-phase CCD. The clock
ma sharrrn At thean taonan dircdiann tha vandact cmcnnnns S Al anele o sl

Ho B pearibHOCTUN BMECTO J1EHTbI — TOJIbKO NnepesinBaHne N3 Ta3nka B Tasuk!
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M3C c npssMon n 06paTHOMN 3aCBETKOM
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“lMonyToncteie” NM3C ¢ rnybokmnm obeaHeHnemM (deep-depletion)

“ObenHeHmne” - Tak Kak B [13C ncnonbayeTtcsa p-nonynpoBOAHKK, a 30Ha noA
nnKcenem AormkHa 6blTb 0begHeHa OT OCHOBHbIX HOCUTENEN (ObIPoK), YTOObI
HakannneaTb (POTO3NEKTPOHbI

20 1 BEX2-DD || -
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\
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[M3C-cuctembl pa3paboTaHbl 1 N3rOTOBMEHLI B
INTabopaTtopun nepcnekTmBHbix paspabotok CAO PAH
Unnel nponssoactea EEV-> E2V

I SCORPIOZ

TK 1024 EEV 42-40 E2V 42-90
12431022 20480048 | 4612x0048

I I T

~0.5 (high), ~2 (low)




KBaHTOBas 3dpPEeKTUBHOCTb

Quantum efficiency, %

«[1o KBaAHTOBbIM BbIXOAOM MPUEMHUKAE Mbl Oy4EM MOHUMATh POIyCKaHNE TaKoro
HEUTPAsIbHOro usibTpa, KOTOpbiv, byAy4Yn oCTaB/IEH NEPES NAEASTbHBIM TPUEMHNKOM
N300PaXxKeHns1 U/in U3JTyYHEHNS], PEMNCTPUPYIOLLNMY KaXKAbIM NaaartoLLmvi Ha HEro )OToH,
npupaBHSIET €ero OTHOLIEHNE CUIHa/1/LUyM K TaKOBOMY /151 PeasibHOro rpuEMHMKA. . »

(I1.B. LLernioB, «[lpo6riembi onTu4eckor actpoHommmn», 1980)

«CuHaa» M3C - SCORPIO-1 «KpacHasa» - SCORPIO-2
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2020: yctaHoBka Ha SCORPIO-2

CCD261-84
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Cucrema pervcTpaumi waobpaskeHuia Ha 6aae M3C-maTtpuusl CCD261-84 (Teledyne e2v)
thopmaTom 2080 x 4112 nukcenei ¢ koHTponnepom DINACON-V gna CAO PAH.
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KannbpoBOYHbIE HAKOMIEHUSA NPU CNEKTPabHbIX HAbMOAEHMAX CO
SCORPIO-1/2:

BIAS — Kagpbl «TOKa CMELEeHNa»
NEON - kannbpoBka LwKanbl 47MH BOSIH

FLAT — cnekTpasnbHOe «MnjocKkoe none» (yyer
HeOQHOPOAHOCTN YYBCTBUTENbHOCTN, AedEKTOB U
KITMHOBUAHOCTU LWWenu, puHrn)

13 dots — KoppeKunst reEOMETPUYECKMX UCKAXKEHNI (TOMbKO
SCORPIO-2)

DARK — TEMHOBOM TOK (3/1€Cb HE aKTYyaseH)
KannbpoBka No cTaHAapTHbLIM 3B€3aM — B CleAyoLWEN TEKLNN)
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Pe>xuMbl cunTbiBaHua MN3C

Binning:

2X2 — nnsa n3obpaxkeHmn (map)

(Ha SCORPIO-2 — Tonbko ueHTp nonsa 2048x2048)

1x2 — pns cnekTpos (obj, neon, flat):
anckpeTusaums saosnb wenu — 0.36"/px — AoCTaToO4HO Aaxe Ans
HabnoaeHnn ¢ seeing =1"

4x4 — ckaHupyowmmn NOrl

CKOpOCTb CUMTbLIBAHUSA MpU CneKTpasnbHbiX HabmoaeHusx (EEV42-40)

LIYM Bpemsa cuntbIiBaHUS Tun HakonneHu
SLOW 18e 180 ¢ obj (ans 3cteToB)
NORM 25e 85 ¢ obj (06b14HO)
FAST 4¢ 30 ¢ Neon, flat, sunsky, apkue
3B8e3/,bI

Gain (nepesBoa oTo03/1eKTpOHOB B oTcHeThl M3C):
High = 0.5 ¢/ADU — 60/1bLUIMHCTBO HAKOMIEHUI Obj
Low = 2.0 e/ADU — Neon, flat, sunsky, map,

Moucees, «®okarnbHbIl pedykmop BTA», 2020, nekyus 3



«KBaHT npeobpasoBaHus» gain=e/ADU

[MpsiMoe namepeHne — no HabnogaemMon cTaTUCTUKE OTHETOB Ha
pasHbIX YPOBHAX CUrHana.

[ [
gain = Valid ADU = ——, e = ADU gain
: gam E2V CCD42—90 red Node=A bin=1x1
L B B B B L
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PeanbHOe noeeaeHme gain
NmeeTca npegen HacbIWeHUs, 3aBUCUMOCTb OT cnocoba cunTbiBaHUA (OUHHWHT, y3en)

A nsrotoButenun ckasanum, 4to GAIN=2 :)

2008—12-24
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Hapo ob6s13aTENIbHO CaMUM BbINOMHATL Takne N3MEPEHUA — 3TO YHaCTb
«CTaHOapTHOro nccrneanoBaHnA rnNpeMHMKa»
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HapylweHne CTaTUCTUKN OTYETOB

[TyaccoHoOBCKas cTaTUCTUKa — ans ooToHOB, HO He AnA OOTO3SIEKTPOHOB.
[ns oueHkn eé HapyweHnsa - paktop-@AHES— Fano (1947, PhysRev, 72, 26)

ACTPODHIHYECKHH BIOJJETEHB, 2016, mom 71, Ne 3, c. 396—400

UCCJIEJOBAHHUE UCKA)KEHHUS CTATUCTHUHKH OTCHETOB
[TPU HABJIOJAEHHUAX C [13C MOCPEACTBOM ®PAKTOPA ®AHO

© 2016 W. B. Adanacnesa'?”

B cpene acTpoHOMOB C/0MHIOCH MHEHHE, UTO
MATpPHUHBIE TPHOOPLI € 3apslOBOH CBS3bLID SIBJSA- Pacnpesieiense 0TCUETOB NPH PerHCTPalkH H3006-
IOTCS TIPAKTHUECKH Hlea/bHBIMH CBETONPHEMHHKAMH, PaXKEeHWs B LeJ0M OTJIHYAETCS OT NOPOXK/AIOLIEro ero
HE HCKaMXAaMOIIMMH BXOJIHOH NYyaCCOHOBCKHH CHrHaJj, H  PACHpeleneHns (oTOHOB. 9710 06YCJIOB/IEHO MHOTHMH
HAGIO/IEHHS] ¢ HHMH OFPAHHIEHBI TOJILKO CTATHCTHKOf ~ PAKTOpaMmi:

HCXOJIHOTO MOTOKA.

(1) IyMBI CUHTHIBAHHS;
(2) HeOAHOPOHOCTEL UYBCTBHTEJILHOCTH MATPHIILI;

(3) HecTaBUILHOCTL W HEJMHEHHOCTL MepeaToOuHol
B cayuae 3akona IlyaccoHa gucnepcusi otcueToB 6y- (YHKLIHH;

JIeT NPONOPLUMOHANLHA CpeIHeEMY 3HAUEHHIO:
(4) cnenpl OT KOCMHUECKHX UACTHIL H 3(DQEKThl HH-

Dy (t) = gain x m Tep@epeHLIHH HA «TOHKHX» MaTpuLax (pUHTH ).

Moucees, «®okarnbHbIl pedykmop BTA», 2020, nekyus 3



®akTop Fano B peanbHbIX [13C

Kak BHIHO 13 PHC. 1, OTJIHYHA OT IMyaCCOHOBCKOTO
paclpeieneHis HanboJiee 3aMeTHbl HA MaJbIX MOTO-

k(t) = Dy (1) Kax ¥ ONpeefsitoTCH LYMOM CUHTLIBAHHA M LLIUPHHOM
I(t) MOJOCHI TPAKTA PErHCTPAaLHK:
k() ~ RON?
(read out noise, RON) - 1(t) '
O6nacTb, rae CTaTMCTUKA HE UCKaXaeTCs
II'|.1.II //
10 F W — - - Low/Fast _ 1.1F / \
5 Y — — Low/Norm ] /
g \ N, ---- High/Fast | )
L; | —— High/Norm
=
o
=
1t — == MepepacnpeneneHue
i N v g ] T ___.33apsaa Mexay nukcensamuy.
10° 10’ 10° 10° 10* 10° 1000 10000
Flux, e

Puc. 1. 3asucumocTh haktopa ®ano B H306pamKeHHH MJIOCKOTO NOJA OT CPEHEro NMOTOKA 15 Pa3IHUHEIX PEXKHUMOB paGoThl
tpakta pernctpauun CCD42-90: Low w High — anauenus gain, pasueie 1.82¢~ /ADU u 0.48¢~ /ADU cooTeercTBeHHO, a
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BIAS ("Tok cMelleHns”, “aneKTpoHHbIM HOJb™)

Kaap ¢ Hynesomn akcnosmumen -
nocTosHHaa Aobaeka BO BCeX BUAAX
HakonneHun T13C

YpoeHu bias 3aaaroTca annapaTtHo:
EEV 42-40 (SCORPIO) =100 counts

E2V 42-90 (SCORPIO-2) = 1000 counts

98-100 counts. Ecnu Ha Kaapax 3ameTHa CTPYKTYpbI amnnuTyaou 6onee
1-2 counts- 3HQUUT UTO-TO He Tak.

YposeHb WymMa Ha kaapax bias paseH WymMy CYUTLIBAHUA

OT HouU K HouM ypoBeHb bias meHsaeTca obbruHo B npeaenax +0.5 e
O6bLIMHO yCpeaHAroT AecaTku kaapos bias (=superbias, meanbias)

Moucees, «®okarnbHbIl pedykmop BTA», 2020, nekyus 3



YcpeaHeHHbIn BIAS

3ayeM ycpeaHaem?
YT06bl HE BHOCUTb B HabntoaeHns AONOSHUTENbHbIN LWyM!

N <bias>
1 2De

10 0.79 e
20 056 e
30 046 e

MuHUMAnNbHBIV HabNFOAAEMBIN WYM OT (POHA Heba B 6e3nyHHYHO
Houb ¢ peweTkon VPHG2300 3a 20 muHYT (BMecTe ¢ Lymom
CUUTBIBAHUA): 3-4e

Moucees, «®okarnbHbIU pedykmop BTA», 2020, nekyus 3



OVERSCAN

Kagper ¢ bin 1x2 (SCORPIO):
«peanbHble nukcenu»: 2048x1024
pasmep pamnos: 2068x1046

Y Hawewn T13C
OVERSCAN=BTIAS, Ho B cnyyasax
ApYyrux npubopos 370 HaAO
obsa3atenbHO NposepaTh!

TTockonbKy 06bIMHO HET BapuaLuMi YpoBHS bias no nonto, To BMECTO
superbias MOXXHO BblYMTaTb U3 KaApOB NPOCTO CPEeAHNIN overscsan.

Ho Bapyr c6on koHTponepa M3C? Mo3ToMy nydlle Bbl4MTaTb U superbias n
pasHULYy overscan:

(Signal+Over1)-(MeanBias+0Over2)=(Signal-Meanbias)+(Over1-Over2)

Moucees, «®okarnbHbIl pedykmop BTA», 2020, nekyus 3



Bapunaunu ypoBHAa BIAS B TeueHUN HOUU

S070314
101 0T — T T T T T T T T T :

i t

- [

1005 [ _

B I .

: I a . ‘e . i
71000 Clle %, LT LY &j‘g
. : - - - L™ - ..: :
g B - \.I 5.." ¢ .: .t 4
= - .o. I-.ﬁa" - :‘

- 995 I - . ™ ]
O E |

@ . | .

o i |

& 99.0F l N

i \

98.5 - ]
LN o] NN B B o
8 10 12 14 18
Time, h

Moucees, «®okarnbHbIU pedykmop BTA», 2020, nekyus 3




TemHoBou Tok DARK

3a 20 muHyT Yy M3C EEV 42-40 TemHoBou Tok okono 0.6 e (1 ADU,
gain=high), yto B 60/bLUMHCTBE HAabNOAEHNN HECYLLECTBEHHO, a
KOJIMYECTBO «rOpsAYNX NMUKCENEN» o4yeHb Mano. T.e. B 60MbLUMHCTBE
HabntoaeHn DARK He Tpebyetcd. Ho, ecnn HabntoaeHns BENUCh C
npyrumm N3C (npumep — ctapbin potoMeTp ¢ Llencc-1000) — Hapo
YCPEeAHATb U BblUMTATb U3 HakonneHnn kaapbl DARK (c Ton xe
3KCMO3MLNEN) — TaM eCTb «ropsiune nuKcenm»

Moucees, «®okarnbHbIU pedykmop BTA», 2020, nekyus 3



Kannbposka wkanbl anvH BosH: SCORPIO

grating WPHGS550G, bin_X= 1, central dispersion= 2.11 &/px, error 2D—approximation=0.08 px
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OcHoBHas npobnema ncnosbdyemon famnbl ¢ He-Ne-Ar HanonHeHveM — cnabble
NIMHUM Ha ASIMHax BonH cuHee 50004, no3ToMy 34eCh Hesb3si SKOHOMUTL He
BPEMEHAX 3KCno3uumn (CM pekoMeHaoBaHHble Texp B «PykoBoaCTBe
NoJSIb30BaTENS»)
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Kannbposka wkanbl anvH BonH: SCORPIO-2

VPHG 1200@540
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BinX=1 VPHG 1200@540 | 70 cex (31000 5 cex (23000) | 35 cex (30000
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VPHG 1800@590 | 90 cex (27000 15 cex (30000 60 cex (25000
VPHG 1800@660 | 45 cex (24000 10 cek (32000 70 cex (30000
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gain=low

= | | | e |
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number lines 29 Disperser VPHG1200G 0.88 A/px Ndeg= 4
errors approximation dispersion curve meon r.m.s= 0.419 px
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KOHTpONb LWKanbl A7IMH BOMH — MO JIMHUAM CNEKTPa HOYHOro Heba
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NHTerpupytowasa cdepa
3acBeTKa TpakTa KanubpoBkU (TeNneueHTPU3M) (wap Ynsbpuxta)

[BBIXOAHOW 3pavoK

10 20 30 q0cm

Ba)kHO, UTOBbI Yros CXoAUMOCTU MyyKa Nyden OT KannbpoBOYHOrO MCTOYHUKA Oblin
630K K yriy cxoauMMocTu nyyka nyden ot Teneckona (F/4). Apyrumn crnoBamu,
NnoJio)XeHue BbIXOAHOIro 3payuka Ans o6bekTa n KafimbpoBKU AOMKHbDI
coBnaaarb.

Ha SCORPIO-1/SCORPIO-2 Takue ycmnus npunoxeHsl (MHTerpupyowas cpepa +
onTuKa nepebpoca). Owmnbka y4eBbIX CKOPOCTEN MU3-3a HAPYLLUEHUS TeNeLeHTpU3Ma —
He 6bonee 5-10 kM/c
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Hopmuposka Ha paspes BAOSb Aucnepcum
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wavelength, A
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[Tpobnema dpuHroB («Myapa»)

«ToHkme» M3C c obpaTHON 3aCBETKOM — BbICOKas
KBaHTOBasi 3(eKTUBHOCTb, HO MHTepdEepeHLNs B Cnoe
KpeMHus (fringes) B «kpacHoM» 0bnactn cnekTpa

Bua nHTepdepeHLUMOHHOro y30pa 3aBUCUT OT

- CNEKTPANbHOro pacnpeaeneHnss SHeprum B NUKCene
- B onpeAesieHHOW CTeneHn, OT caMoro M3obpaxxeHus:
CBET ynan B OAVH NUKCenb, a nHtepdepeHuns — B
coceaHem

[M03TOMY, B peanbHOCTU Y30p pa3Hbi AN 06beKTa,
NHUIN Heba n FLAT :(

<=—AR coating

SigNg — 1 |

Sio \.\,
ambient ? H:\‘: |
vacuum P

Si detection layer L S SigNg
. substrate
--------

77777777
————————

Fringe Amplitude

Vo
insulation and gates £ =
—0.20F E

FiG. 2 —Schematic depiction of STIS CCD structure. Relative thicknesses

[pumep TWwaTeNnbLHOro MoaenuMpoBaHs 3Toro agdexra: 000 7000 " moop " o0 1000
Malumuth et al (2003PASP..115..218)
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[Tpobnema dpuHros («Myapa»)

KoppekTHee qpUHIrU BbIUUTATL, HO 3HAYUTESIbHO Yallie Ha HUX AensT.
3TO x0opowo ybupaeT OH, HO MOXeT U3MEHUTb MOTOK B KOMMAKTHLIX AeTansax

UeM BblLLE CNEKTPaNbHOE pa3peLleHne, TEM Nydlle «ybuparoTcs» puHrn —
NpUBNMXKEHNE MOHOXPOMATMUUYECKOIO OCBELLEHNS B KaXKAOM MUKCene
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Howell 2012: neon flat-field

CnekTp namnbl ¢ 6NN3KUM
K Heby cnekTparnbHbIM COCTaBOM
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®puHrn n paktop daHo

With Frings

Fano Factor

Without Frings

1 10 100

Box Size, px

Puc. 2. 3aeucumocts BuiGopounoro daxrtopa Pano
OT pa3Mepa QparMenTta /o W nocje yjaaineHus (QpHHIOB

nas CCD42-30. Ltpuxosoii iMHUENR NOKa3aHO 3HAUEHHE,
XapaKTepHOE /15 MyacCOHOBCKOTO MOTOKA.

AdaHacbeBa (2016)
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Bcerga nu Hago genutb Ha FLAT?

107

paspes BAONb AUCNEpCUU
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YcpeaHsem (Unu akcTpanonupyem) BAOSb AUCMEPCUUN B KOPOTKOBOSTHOBOU
obnactu (ppuHros-To Hetl):

- NpeHebperaem BapUALIMAMU MOMNUKCENbHOM YyBCTBUTESTbHOCTU

- KOPPEKTHO YUYUTbIBAEM BAPUALIMU NPOMYCKAHUS BAOMD Lenu
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[Mpobnema paccessHHOro cBeTa B CMHEN YacTu

VPHG 1200@540 blat— quorts
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SCORPIO-1/2: HOBbIWM OCBETUTENb CO CBETOAMOAAMM

- r,;','.' AdraHacbeeB 1 ap, 2017, Ab

~A L P e o
1) .- B

Puc. 2: ¥Yzen ocsernrens kanmubposkn SCORPIO-2: 1 — unrerpupyitomas cdepa; 2 — Kpenienne K
iatdopMe-agantepy; J— KBaplesas JaMiia; 4 — ceeToquoaHas cucrema; da, 5b — He-Ne-Ar namnmbr; 6—
pazbeM ylpaBieHus U IHTaHus ceeroauotamu; 7— pazbem nuranns He-Ne-Ar samusr; 8 — cuennansnas
HOJCTABKA ISl TPAHCIOPTHPOBKH.
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CBoW BbIOOP A/19 KaXKA0W PELLETKM

Non—iinearnized sum of LED spectta at VPHGOSMDE0D (t=156<)

o o B
Non-inEanzed sum of LED spectra at VPHG 1025733 (t=156c)
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Puc. 3: Pacuernnie KPHEBEIC APKOCTH IVIOCKOTO ITOJIe IJIH Ppa3/THYHBIX T'PH3M (}KHpHaH .TIHHHH). Touxkumn
KPHBBIMHA IMOKazaH BEJIAL OT IMPOHY MEPOBAHHBIX CBECTOIHOIOB.
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CeoM

BbIOOp AN KaXXA0W pELLETKM

VPHG 940@600 flat—led
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Counts s !

AdraHacbeeB 1 ap, 2017, Ab

CHUCTEMA TUIMPOBAHUY U KAJIMBPOBKHU SCORPIO-2
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CBetoanoaHas 3aceetka (LEDsS) n ee HopMupoBKa
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icnpaBneHne reOMeTPUYECKNX UCKaXKEHUN

3TO He NIUHUU KpUBbIE, 3TO TeopUs AUPPAKLIMOHHOU pelleTKM Takas!
\_ 1 1 i |

‘ ‘ | McnpaBneHne reoMeTpruyecKom
i” ONCTOPCUM MO CMEKTPY
KanMbpoBOYHOW NaMribl

Il

AN NpoTsXKeHHbIX 06BbEKTOB — Nyudlle NCNPaBnsaTb cpa3y (4o aeneHns Ha FLAT v npuBeaeHns K
LLKasie A7IMH BOJSTH). HO BO3MOXHbI M AApyrne BapuaHTbl, B 3aBUCMMOCTU OT TOrO, Kak CTPOUTb
nocnenoBaTeNbHOCTL 06paboTKM CreKTPOB.
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To4YHOEe HanpaBneHne aucnepcum

CTapaemcs U3Ha4asIbHO BLICTABNATL FPU3MY TAK, UTO bbI Nepekoc 6b1n He
6onblwe 1-2 px, HO 3TO He Bceraa yaaercs!

YTOuYHeHue HanpasneHUa AUCNepcum No KOHTUHYASIbBHOMY O6bekTy:

v s,

|
PR S
; -
St ety £ Lar g
|

B cnyuae o6bekta co cnabbIm KOHTUHYYMOM - HanpaeneHue AUCNepcum MOXHoO
onpefenuTb NO CAEKTPam Apyrux 3sess (C TOYHOCTbHO A0 CABUTA BAOND LWenun)
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SCORPIO-2: 13-TO4YEYHbIN TECT
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BIAS (1x2, 2x2,.)

Slitpos

NEON

NEON
13 dots |
2xFLAT I

BIAS (1x2, 2x2,.)

Habop KannbpoBOK B TeYeHMe HOUM:

Place for CCD

«MpeanbHbIv Ky6»
(k 3TOMY HaAO cTpemuTbCA) =

Filter’s Wheel 2

BBoA/BbIBOA FPU3Mbl U BpalLlEHUE Typenen —
SABNALOTCSA, NO CyTN, cOopkon-pasbopkom
npubopa. Kannbposka (kak MMHMMYM NEON)
nocnie nNepecTaHoOBKM MeXaHUYECKNX
3NEMEHTOB ABNSeTca obs3atensHon!
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3aKyeHune

M3C He aBnNAeTCa naeanbHbIM AETEKTOPOM, XOTS YaCTO U B/IM30K K
TaKOBOMY.

KayecTBO cnekTpasbHOro HabnoaaTebHOr0o MaTepuana BO MHOMOM
onpeaenseTcs BbIopaHHOM METOAMKON HabntoaeHnn (KONMM4ecTBO U TUNM

KannbpoBOK, cABUMM U T.4.).

[laneko He Bce I'I|D06ﬂeMbI MO>XXHO pelnNTb Ha 3Tane peaykumnn AaHHbIX.

HE SKOHOMbTE HA KAJIMBPOBKAX!
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