ȷURNAL FIZIQNIH DOSLIDȷEN^ t. 4, ˝ 2 (2000) s. 225–235

JOURNAL OF PHYSICAL STUDIES v. 4, No. 2 (2000) p. 225–235

ROZPOD¨L ENERŢ¨Õ V SPEKTR¨ VIPROM¨N“VANN DER OBLASTE„ HII V GOLUBIH KOMPAKTNIH KARLIKOVIH GALAKTIKAH ZA λ 912 Å

B. . Meleh Astronom˛qna observator˛ffl L~v˛vs~kogo nac˛onal~nogo un˛versitetu ˛men˛ ¨vana Franka, vul. Kirila ˛ Mefod˛ffl 8, L~v˛v, 79005, UkraÝna (Otrimano 4 ltogo 2000 r.; v ostatoqnomu viglffld˛ — 12 travnffl 2000 r.)

Na p˛dstav˛ spostereıuvanih potok˛v u linifflh Nβ , λ4471Ne¨, λ4686Ne¨¨ v˛d 43 oblasteȷ N¨¨ v 37 golubih kompaktnih karlikovih galaktikah rozrahovano rozpodil enerİiÝ v spektri viprominvannffl Ýhn˛h fflder za laȷman˛vs~ko meıe. Opisano metodiku rozrahunku ȷon˛- zuqogo spektra ȷ rozglfflnuto tri var˛fflnti rozv’fflzku ci‚Ý zadaqi. V osnov˛ metodu leıit~ princip ȷon˛zac˛ȷno–rekomb˛nac˛ȷnogo ȷ term˛qnogo balansu kvant˛v, viprom˛nenih ȷon˛zuqim dıerelom ˛ poglinutih gazom v oblast˛ N¨¨. Perxiȷ var˛fflnt vidpovida‚ pripuwenn pro odnakoviȷ nahil Lc — spektra za vodnevim i geli‚vim skaqkami (viznaqat~sffl potoki viprominvannffl na λλ912, 504, 228Å i spektral~niȷ indeks α). Drugiȷ var˛fflnt vidpovida‚ pripuwenn vidsutnosti geli‚vih skaqkiv (viznaqat~sffl pot˛k na λ912Å i spektral~ni indeksi v koınomu z tr~oh d˛fflpazoniv dovıin hvil~ λλ912–504Å, λλ504–228Å, λλ228–22.8Å). Tret˛ȷ var˛fflnt analog˛qniȷ do drugogo, odnak rozpod˛l enerİ˛Ý v d˛fflpazon˛ hvil~ λλ228–22.8Å viznaqeno za ȷogo zaleın˛st v˛d spektral~nogo ˛ndeksu v d˛fflpazon˛ λλ912–504Å, otrimano z modeleȷ zorfflnih atmosfer Xarera–de Kotera.

Klqov˛ slova: golub˛ kompaktn˛ galaktiki, oblast˛ N¨¨, model˛ zorfflnih atmosfer, rozpod˛l enerİ˛Ý.

PACS number(s): 98.58.Hf, 97.10.Ex

I. VSTUP

Golub˛ kompaktn˛ karlikov˛ galaktiki (GKKG) harakterizut~sffl aktivnimi procesami zoreutvorennffl. Procesi zoreutvorennffl prohodfflt~ u kompaktnih (rad˛usom bliz~ko 100 ps) zgustkah, navkolo fflkih, unasl˛dok ȷon˛zac˛Ý ˛ zbudıennffl navkolixn~ogo gazu, utvort~sffl g˛gants~k˛ oblast˛ N¨¨. U takih galaktikah moıe buti odna abo ȷ bagato oblasteȷ H¨¨. V odn˛ȷ tak˛ȷ oblast˛ N¨¨ — odin abo b˛l~xe zgustk˛v zoreutvorennffl. Qim b˛l~xe takih zgustk˛v, tim skladn˛xa z geometriqnoÝ ȷ f˛ziqnoÝ toqok zoru pobudova f˛ziqnoÝ kartini ȷon˛zuqih dıerel cih oblasteȷ N¨¨.

GKKG mat~ niz~ku metalev˛st~, tomu voni ‚ osoblivo vaılivimi ob’‚ktami dlffl problemi viznaqennffl vm˛stu pervinnogo gel˛ u Vsesv˛t˛. Por˛vnfflnnffl metalevosti GKKG z metalev˛st, napriklad, planetarnih tumannosteȷ moıe dati ˛nformac˛ pro temp zbagaqennffl vaıkimi elementami ˛ ȷogo moıliv˛ zm˛ni v proces˛ hem˛qnoÝ evolc˛Ý reqovini u Vsesv˛t˛. Tomu zadaqa viznaqennffl hem˛qnogo vm˛stu g˛- gants~kih oblasteȷ N¨¨ v GKKG duıe vaıliva ˛ ma‚ buti fflkomoga korektn˛xe postavlena. V˛d tumannosteȷ zdeb˛l~xogo mi sposter˛ga‚mo malo l˛n˛ȷ ȷon˛v odnogo ȷ togo ı samogo hem˛qnogo elementa, unasl˛dok qogo k˛l~k˛st~ ȷon˛v b˛l~xosti stad˛ȷ ȷon˛zac˛Ý nemoılivo viznaqiti z˛ spostereıen~. Dlffl vivedennffl znaqennffl vm˛stu hem˛qnogo elementa z ȷogo ȷonnogo vm˛stu (v odn˛ȷ abo v dek˛l~koh stad˛fflh ȷon˛zac˛Ý), fflk pravilo, vikoristovut~ tak zvan˛ ȷon˛zac˛ȷno– korekc˛ȷn˛ faktori [1–4]. Õh znahodfflt~ z emp˛riqnih sp˛vv˛dnoxen~, fflk˛ İruntut~sffl na vikoristann˛ bliz~kosti potenc˛ffll˛v ȷon˛zac˛Ý ȷon˛v, odnak voni ne vrahovut~ r˛znic˛ v Ýhn˛h efektivnih perer˛zah fotoȷon˛zac˛Ý. Oqevidno, wo naȷl˛pxe Ýh xukati z s˛tki fotoȷon˛zac˛ȷnih modeleȷ sv˛qennffl oblasteȷ N¨¨ v GKKG, fflku mi planu‚mo rozrahuvati na osnov˛ spostereıen~ 43 ob’‚kt˛v, uzffltih z prac~ [1–4].

Dlffl pobudovi fotoȷon˛zac˛ȷnih modeleȷ sv˛qennffl oblasteȷ N¨¨ v GKKG neobh˛dno zadati rozpod˛l ener- İ˛Ý v spektr˛ viprom˛nvannffl ȷon˛zuqih fflder cih oblasteȷ. kwo v optic˛ ˛ v bliz~komu ul~traf˛olet˛ takiȷ rozpod˛l enerİ˛Ý moına otrimati z˛ spostereıen~, to za laȷman˛vs~ko meıe (λ ≤ 912Å) takim metodom ȷogo otrimati nemoılivo.

Rozpod˛l enerİ˛Ý v spektr˛ ȷon˛zuqogo viprom˛nvannffl fflder cih ob’‚kt˛v, v osnovnomu, zadat~ (napriklad [5]), vihodfflqi z parametr˛v tak zvanoÝ funkc˛Ý poqatkovih mas ˛ modeleȷ zorfflnih atmosfer.

Odnak, fflk uıe bulo skazano viwe, rozrahuvati L_c–spektr, vihodfflqi z harakteristik ȷon˛zuqih dıerel, vaıko, osk˛l~ki morfolog˛ffl cih ob’‚kt˛v zdeb˛l~xogo nev˛doma. Tomu dlffl znahodıennffl L_c– spektra mi vikoristovu‚mo metod, fflkiȷ bazu‚t~sffl na spostereıuvanih potokah em˛s˛ȷnih l˛n˛ȷ v˛d oblasteȷ N¨¨ i fflkiȷ ‚ modif˛kac˛‚ metodu Golovatogo– Pronika [6,7]. Ceȷ metod moına zastosovuvati fflk avtonomno, tak ˛ po‚dnuvati z modelfflmi zorfflnih atmosfer.

U nax˛ȷ prac˛ opisano metod viznaqennffl enerİetiqnogo L_c–spektra, a takoı vstanovlen˛ rozpod˛li enerİ˛ȷ za λ ≤ 912Ådlffl zgadanih viwe 43 ob’‚kt˛v.

II. METOD ROZRAHUNKU LC –SPEKTRA

Vikoristaniȷ metod bazu‚t~sffl na pripuwenni pro ȷonizaciȷno–rekombinanaciȷnu i termiqnu rivnovagu gazu v tumannostfflh. Vh˛dnimi parametrami dlffl rozrahunkiv ‚ spostereıuvan˛ inteİral~ni potoki vid oblasteȷ HII golubih kompaktnih karlikovih galaktik u linifflh H_β , λ4471HeI, λ4686HeII, vipravlen˛ za miızorfflne poglinannffl, ˛ dodatkovo rozrahovana suma intensivnosteȷ zaboronenih liniȷ I(λ)/I(H_β).

V˛dpov˛dno do potenc˛ffll˛v ȷonizaciÝ H^0,He^0 i He^+ , oblast~ za λ 912Å mi rozbili na tri intervali dovıin hvil~: λλ 912–504Å, λλ 504–228Å, λλ 228–22.8Å. Kvanti perxogo intervalu poglinat~sffl til~ki atomami H^0, drugogo — He^0, H^0, tret~ogo — atomami H^0, He^0, He^+ (vaıkimi elementami moına znehtuvati). Rozpodil enerİiÝ v koınomu ˛z zgadanih intervaliv mi viznaqili veliqino potoku viprom˛nvannffl na poqatku intervalu (F_{912}, F_{504}, F_{228}) i parametrom, fflkiȷ harakterizu‚ zminu potoku z qastoto. U stepeneviȷ aproksimaciÝ, fflku mi priȷnfflli, takim parametrom ‚ spektral~niȷ indeks α:

F_ν = F_{ν0} ( ν ν_0 )_α , (1) de F_ν i F_{ν0} — potoki ȷon˛zuqogo virom˛nvannffl, a ν ˛ ν_0 — qastoti v˛dpov˛dno v ˛ na poqatku koınogo z˛ zgadanih ˛nterval˛v.

Takim qinom, neperervniȷ spektr ffldra v oblasti λ ≤ 912Å mi predstavili xist~ma parametrami: F^′ , F^{′′} , F^{′′′} , α^′ , α^{′′} , α^{′′′} , de kil~kist~ xtrihiv ukazu‚ na porffldkoviȷ nomer intervalu.

Dlffl otrimannffl v c~omu metod˛ F_ν ˛ α vikoristano r˛vnfflnnffl balansu kvant˛v, modif˛kovan˛ dlffl vrahuvannffl prisutnosti gel˛ v tumannost˛, a takoı r˛vnfflnnffl enerİetiqnogo balansu [6].

Pri vivedenn˛ vihidnih rivnffln~ urahovuvalos~ difuzne ȷonizuqe viprominvannffl, fflke vinika‚ pri rekombinacifflh elektroniv na osnovni rivni H^+, He^+, He^{++} , na drugiȷ riven~ ȷona He^{++} , a takoı viprominvannffl v L_α–linifflh atomiv HeI i HeII. Povne qislo koınogo sortu difuznih foton˛v N_n(X^+), viprom˛- nenih za odnu sekundu, dor˛vn‚ povnomu qislu rekomb˛nac˛ȷ za odnu sekundu, fflk˛ privodfflt~ do Ýhn~ogo utvorennffl, tobto

N_n(X^+ ) = N (X^{+i})N_eC_n(X^{+i})V (X^{+i} ),

de C_n — koef˛c˛ent rekomb˛nac˛ȷ na r˛ven~ n; V — ob’‚m gazu, zapovneniȷ ȷonami H^+, He^+ abo He^{++}.

Veliqinu V moına znaȷti z takogo sp˛vv˛dnoxennffl:

V (X^{+i}) = 4πR^2F [X(λ)]/{N (X^{+i})N_eα_{ef}[X(λ)]hν_{X(λ)}},

de F — pot˛k viprom˛nvannffl v spektral~n˛ȷ l˛n˛Ý X(λ) na v˛dstan˛ Zeml˛, vipravleniȷ za m˛ızorfflne poglinannffl; α_{ef} — efektivniȷ koef˛c˛ent rekomb˛nac˛Ý v l˛n˛Ý X(λ); R — v˛dstan~ do tumannosti. Nastupn˛ obqislennffl mi provodili dlffl l˛n˛ȷ N_β , λ4471HeI ˛ λ4686HeII. Znaqennffl neobh˛dnih dlffl obqislen~ koef˛c˛- ent˛v rekomb˛nac˛Ý brali z prac˛ [8]. U rezul~tati vihidni rivnfflnnffl dlffl poglinaqih atomiv H^0, He^0, He^+, z urahuvannfflm zgadanih procesiv, zapixemo tak [6]:

N_{Lc}^′ + aN_{Lc}^{′′} + bN_{Lc}^{′′′} = N_{rek}(H^+) − N_1(H^+)aN_1(He^+) − N_{Lα} (He^+) − bN_1(He^{++})

− bN_1(He^{++}) − N_2(He^{++}) − (1/4)N_{Lα} (He^{++}),

(1 − a)N_{Lc}^{′′} + cN_{Lc}^{′′′} = N_{rek}(He^+) − (1 − a)N_1(He^+) − cN_1(He^{++} ) − (1/4)N_{Lα} (He^{++} ), (2)

(1 − b − c)N_{Lc}^{′′′} = N_{rek}(He^{++}) − (1 − b − c)N_1(He^{++}),

de N_{Lc} = 4πR^2 ∫_{Fν} hν dν — povne qislo kvant˛v v ˛nterval˛ λ, viprom˛nenih za odinic qasu ffldrom abo ffldrami;

N_{rek} = 4πR^2 ∑_∞ 1 C_n(X^{+i}) α_{ef}[X(λ)] F [X(λ)]/hν_{X(λ)} — povne qislo rekomb˛nac˛ȷ u tumannost˛ na r˛vn˛ ȷona X^{+i}; a i b — dolffl fotoniv vidpovidno drugogo i tret~ogo intervaliv (λλ504–228Å i λλ228–22.8Å), poglinutih H^0, a c — dolffl fotoniv λλ228–22.8Å, poglinutih

He^0. Inteİruvannffl provodimo v meıah koınogo z intervaliv λ. Kil~kist~ xtrihiv ukazu‚ na porffldkoviȷ nomer intervalu.

P˛dstavivxi u (2) v˛dom˛ virazi, otrima‚mo:

F_{912} 1.81∫

1 x^{α′ −1}dx + aF_{504} 2.21∫

1 x^{α′′ −1}dx + bF_{228} 10∫ 1 x^{α′′′ −1}dx = A;

(1 − a)F_{504} 2.21∫

1 x^{α′′ −1}dx + cF_{228} 10∫ 1 x^{α′′′ −1}dx = B; (3)

(1 − b − c)F_{228} 10∫ 1 x^{α′′′ −1}dx = C;

de x = ν/ν_0(X^{+i}); A, B, C — funkciÝ spostereıuvanih potokiv u linifflh H_β, λ4471HeI, λ4686HeII ȷ elektronnoÝ temperaturi T_e. Zokrema, dlffl T_e=10000^∘ K ci funkciÝ zapixemo tak [7]:

A = (1.39F (N_β) − [1.73a + 0.15]F (HeI) − (0.19 + 0.30b)F (HeII))10^{−14};

B = ([4.69 − 1.73(1 − a)]F (HeI) − [0.30c + 0.039]F (HeII))10^{−14}; (4)

C = ([0.98 − 0.30(1 − b − c)]F (HeII))10^{−14}.

Por˛vnqi k˛l~k˛st~ ȷon˛zac˛ȷ H^0 viprom˛nvannfflm λ504 − 228Å ˛z zagal~nim qislom ȷon˛zac˛ȷ H^0˛ He^0 kvantami togo ı ˛ntervalu λ, oderıimo a. Analog˛qno otrima‚mo b i c:

a = N_{ion}^{′′} (H^0) N_{ion}^{′′} (H^0) + N_{ion}^{′′} (He^0)

; (5)

b = N_{ion}^{′′′} (H^0) N_{ion}^{′′′} (H^0) + N_{ion}^{′′′} (He^0) + N_{ion}^{′′′} (He^+) ;

c = N_{ion}^{′′′} (He^0) N_{ion}^{′′′} (H^0) + N_{ion}^{′′′} (He^0) + N_{ion}^{′′′} (He^+) ;

de

N_{ion}(X^i) = 4πR^2N (X^i) x_{max}∫

x_0 F_x(1 − e^{−τLc} )σ_x(X^i) dx hx , (6) de N (X^i) — um˛st ȷona X^i; x = ν/ν_0(X^{+i}); x_0 i x_{max} — v˛dpov˛dno verhnffl ˛ niınffl meı˛ rozglfflnutogo ˛ntervalu λ (abo ν) v odinicfflh x, F_x — pot˛k viprom˛nvannffl na qastot˛ ν na v˛dstan˛ Zeml˛ pri v˛dsutnost˛ poglinannffl; σ_x(X^i) — efektivniȷ perer˛z fotoȷon˛zac˛Ý ȷona X^i v ˛nterval˛ λ, τ_{Lc} — optiqna tovwina tumannosti dlffl laȷman˛vs~kih kvant˛v, fflku priȷmali malo.

Efektivn˛ perer˛zi fotoȷon˛zac˛Ý v koınomu z nazvanih ˛nterval˛v dlffl N^0, Ne^0, Ne^+ zapixemo tak:

σ^′_x(H^0) = σ(H^0)x^{−3},

σ^{′′}_x (H^0) = σ^′_x(H^0)1.81^{−3},

σ^{′′′}_x (H^0) = σ^{′′}_x (H^0)2.21^{−3}, (7)

σ^{′′}_x (He^0) = σ(He^0)x^{−2.3},

σ^{′′′}_x (He^0) = σ^{′′}_x (He^0)2.21^{−2.3},

σ^{′′′}_x (He^+) = σ(He^+)x^{−3},

de σ(H^0), σ(He^0), σ(He^+) — efektivn˛ perer˛zi fotoȷon˛zac˛Ý v˛dpov˛dnih atom˛v na qastot˛ potenc˛ffllu ȷon˛zac˛Ý.

Vikoristovuqi (1), (5)–(7), otrima‚mo k˛ncev˛ virazi dlffl viznaqennffl a, b ˛ c:

a = [ 1 + 7.53 He H ∫_{2.21} 1 x^{α′′ −3.3}dx ∫_{2.21} 1 x^{α′′ −4}dx ]−1 ; (8)

b = [ 1 + He H (12.46

∫_{10} 1 x^{α′′′ −3.3}dx ∫_{10} 1 x^{α′′′ −4}dx + 18.29) ]−1 ; (9) c = [ 1 + ∫_{10} 1 x^{α′′′ −4}dx ∫_{10} 1 x^{α′′′ −3.3}dx ( 0.08 He/H + 1.47) ]−1 . (10)

Otıe, v c~omu metodi a, b i c ‚ funkcifflmi vidpovidnih α i hemiqnogo vmistu^{He}_H .

R˛vnfflnnffl enerİetiqnogo balansu zapixemo tak:

G = Λ, (11) de G = ϵ(H^0)n(H^+)n_eα_t(H^+) + ϵ(He^0)n(He^+)n_eα_t(He^+)

+ ϵ(He^+)n(He^{++})n_eα_t(He^{++}), erg sm^{−3} s^{−1} (12)

— funkc˛ffl nagr˛vu gazu; α_t — koef˛c˛‚nti rekomb˛- nac˛ȷ v˛dpov˛dnih ȷon˛v. U naxomu vipadku vneski u funkc˛ nagr˛vu, viklikan˛ rekomb˛nac˛fflmi pevnih atom˛v ˛ ȷon˛v fflk funkc˛Ý v˛dpov˛dnih spektral~nih ˛ndeks˛v, zapixemo tak:

ϵ(H^0) = hν_0(H^0)

{ ∫_{1.81} 1 x^{α′ −3}dx ∫_{1.81} 1 x^{α′ −4}dx − 1 } ,

ϵ(He^0) = hν_0(He^0)

{ ∫_{2.21} 1 x^{α′′ −2.3}dx ∫_{2.21} 1 x^{α′′ −3.3}dx − 1 } ,

ϵ(He^+) = hν_0(He^+)

{ ∫_{10} 1 x^{α′′′ −3}dx ∫_{10} 1 x^{α′′′ −4}dx − 1 } .

U svo qergu

Λ = ϵ_{zabor} + ϵ_{f−f} + ϵ_{f−b} + ϵ_H0 , erg sm^{−3} s^{−1} (13)

— funkc˛ffl oholodıennffl gazu, tobto mi vrahovuvali vitrati enerİ˛Ý na zbudıennffl zaboronenih l˛- n˛ȷ (ϵ_{zabor}), viprom˛nvannffl pri f − f (ϵ_{f−f} ) i f − b (ϵ_{f−b}) — perehodah, a takoı na ȷon˛zac˛ ˛ zbudıennffl H^0 elektronnim udarom z rozrahunku na odnu rekomb˛nac˛ ϵ_H0 . Virazi dlffl ϵ v˛dom˛ ˛ zapixut~sffl:

ϵ_{zabor} = 3.02 · 10^{−13}t_e^{−0.227} ∑ I(λ)/H_β , ϵ_{f−f} = 0.558 · 10^{−12}t_e^{0.227}, ϵ_{f−b} = 1.097t_e [ 1 + 1.05

He^+ H^+ t_e^{0.046}

+ 5.31

He^{++} H^+ t_e^{0.038} ] 10^{−12},

ϵ_H0 = 1.14 · 10^{−11}t_e^{10.42}/(H^+/H^0), de t_e = T_e/10000^∘ K;^{He+}_{H+} ˛^{He++}_{H+} obqislvali za dopomogo takih viraz˛v [9]:

He^+ H^+

= (1.84 + 0.2t_e) Iλ4471HeI IH_β , He^{++} H^+

= (0.0676 + 0.0162t_e) Iλ4686HeII IH_β .

Ris. 1. Zaleın˛st~ sumi ˛ntensivnosteȷ zaboronenih l˛n˛ȷ v optiqnomu d˛fflpazon˛ oblasteȷ HII v GKKG (k˛l~cffl) ˛ sumi ˛ntensivnosteȷ zaboronenih l˛n˛ȷ planetarnih tumannosteȷ (trikutniki), otriman˛ z s˛tki Ýhn˛h fotoȷon˛zac˛ȷnih modeleȷ sv˛qennffl, v˛d sumarnih v˛dnosnih ˛ntensivnosteȷ l˛n˛ȷ λ 3727Å O[II], 4959+5007Å O[III].

Na ris. 1 k˛l~cfflmi zobraıeno zaleın˛st~ sumi ˛ntensivnosteȷ zaboronenih l˛n˛ȷ v optiqnomu d˛fflpazon˛ oblasteȷ HII v GKKG, otriman˛ z [1–4], a trikutnikami — sumi ˛ntensivnosteȷ zaboronenih l˛- n˛ȷ planetarnih tumannosteȷ, otriman˛ z s˛tki Ýhn˛h fotoȷon˛zac˛ȷnih modeleȷ sv˛qennffl [10], v˛d sumarnih v˛dnosnih ˛ntensivnosteȷ l˛n˛ȷ λ 3727Å O[II], 4959+5007Å O[III]. Vidno, wo sumi ˛ntensivnosteȷ zaboronenih l˛n˛ȷ oblasteȷ HII v GKKG rozm˛wen˛ vnizu v˛dpov˛dnoÝ smugi dlffl planetarnih tumannosteȷ. Treba zauvaıiti, wo dlffl N¨¨–oblasteȷ mi brali sumu ˛ntensivnosteȷ zaboronenih l˛n˛ȷ t˛l~ki z optiqnogo d˛fflpazonu. V˛dsutn˛st~ spostereıen~ v ˛nxih d˛fflpazonah unemoılivl‚ znahodıennffl z˛ spostereıen~ povn˛xogo znaqennffl v˛dpov˛dnih sum dlffl cih ob’‚kt˛v. U bud~–fflkomu vipadku vnesok ˛ntensivnosteȷ zaboronenih l˛n˛ȷ z ˛nxih d˛fflpazon˛v moıe t˛l~ki p˛dnfflti Ýhn˛ zagal~n˛ sumi v cih ob’‚ktah.

Tomu sumu v˛dnosnih ˛ntensivnosteȷ zaboronenih l˛n˛ȷ ∑ I(λ)/H_β mi viznaqali za ÝÝ zaleın˛st v˛d sumarnoÝ intensivnosti nebulfflrnih liniȷ ([OII] + [OIII] + [NII])/H_β dlffl planetarnih tumannosteȷ:

∑ I(λ)/H_β = 1.55

Iλ3727[OII] + Iλ(4959 + 5007)[OIII] + Iλ6584[NII] I(H_β )

+ 5.58, (14)

Osk˛l~ki dlffl znahodıennffl rozpod˛lu enerİ˛Ý za λ ≤ 912Å mi ma‚mo qotiri r˛vnfflnnffl ˛ x˛st~ nev˛domih, to F i α v koınomu z ˛nterval˛v mi xukali tr~oma var˛fflntami.

Perxiȷ var˛fflnt vidpovida‚ pripuwenn pro odnakoviȷ nahil spektra za vodnevim i geli‚vim skaqkami (viznaqali spektral~niȷ indeks α z (11) z urahuvannfflm (12)–(14) i potoki viprominvannffl na λλλ912,504, 228Å˛z sistemi (3)).

Drugiȷ var˛fflnt vidpovida‚ pripuwenn pro vidsutn˛st~ geli‚vih skaqkiv (viznaqali F912Å ˛ spektral~niȷ indeks u koınomu z tr~oh d˛fflpazoniv hvil~ λλ912–504Å, λλ504–228Å, λλ228–22.8Å). Alİoritm rozv’fflzku takiȷ: z sistemi (3) znahodimo α^′ , α^{′′} , α^{′′′} , p˛slffl c~ogo, koristuqis~ virazami (12)–(14), perev˛rffl‚mo, qi vikonu‚t~sffl umova enerİetiqnogo balansu (11). kwo umova (11) ne vikonu‚t~sffl z napered zadano toqn˛st, to v˛dpov˛dno do togo, qi G > Λ, qi navpaki, F_{912} abo zb˛l~xu‚t~sffl, abo zmenxu‚t~sffl.

Tret˛ȷ var˛fflnt ‚ rezul~tatom naxoÝ modif˛kac˛Ý metodu Golovatogo–Pronika [6,7]. V˛n analog˛qniȷ do drugogo, odnak rozpod˛l enerİ˛Ý v tret~omu (λ ≤ 228Å) d˛fflpazon˛ dovıin hvil~ xukali ne ˛z sistemi (3), a z ȷogo zaleınosti v˛d α^′ , znaȷdenoÝ xlfflhom aproksimac˛Ý rezul~tat˛v modeleȷ zorfflnih atmosfer Xarera–de Kotera (SdK) dlffl O–B z˛r z metalev˛st Z = 0.004 [11,12]. Mi otrimali xlfflhom aproksimac˛Ý rezul~tat˛v zgadanih viwe modeleȷ SdK zaleın˛st~ efektivnoÝ temperaturi T_{eff} v˛d α^′ :

T_{eff} = 62743.03 + 22867.58α^′ + 6300.05α^{′2} + 585.81α^{′ 3}.

(15)

Zg˛dno z T_{eff} mi zadavali rozpod˛l enerİ˛Ý za 228Å, vibiraqi v˛dpov˛dnu model~ z SdK [11,12]. Osk˛l~ki model˛ SdK pobudovan˛ z krokom ≤ 3000^∘ K, mi vibirali naȷbliıqu za znaȷdeno z (15) efektivno temperaturo model~, rozpod˛l enerİ˛Ý fflkoÝ dlffl λ ≤ 228Å vikoristovuvali v sistem˛ (3). Cffl sistema (3)˛ virazi (9–10, 12) dewo vidozm˛nfflt~sffl za rahunok pol˛nom˛ffll~nogo, a ne stepenevogo predstavlennffl rozpod˛lu enerİ˛Ý v tret~omu d˛fflpazon˛ dovıin hvil~. Tobto dlffl λ ≤228Å viraz (1) zm˛nit~sffl tak: F_ν F_{ν0} = f(x), (16)

de f(x) — funkc˛ffl zm˛ni potoku z qastoto v c~omu ˛nterval˛ dovıin hvil~, x = ν/ν_0. Osk˛l~ki f(x) ne zm˛n‚t~sffl z perevedennfflm potok˛v na ˛nxu v˛dstan~, to mi xukali ÝÝ z v˛dnoxennffl potok˛v pol˛nom˛ffll~- noÝ ˛nterpolfflc˛Ý rezul~tat˛v v˛dpov˛dnoÝ model˛ SdK, vibranoÝ za dopomogo (15). Pol˛nom˛ffll~ne predstavlennffl rozpod˛lu enerİ˛Ý v c~omu d˛fflpazon˛ pov’fflzane z modelfflmi SdK [11,12], u fflkih rozpod˛li enerİ˛Ý v perxomu ˛ drugomu d˛fflpazonah dobre aproksimut~sffl l˛- n˛ȷno, a v tret~omu — pol˛nom˛ffll~no zaleın˛st v˛d dovıini hvil˛.

Rezul~tati SdK [11,12] pokazut~ neznaqn˛ skaqki na λ504Å dlffl T_{eff} ≥ 35000^circ K, tomu mi vzfflli do uvagi t˛l~ki skaqok na λ228Å. F_{228}^− mi viznaqali, fflk ˛ v drugomu var˛fflnt˛ (za dopomogo stepenevogo predstavlennffl), a F_{228}^+ otrimali z vidozm˛nenoÝ, zg˛dno z (16), sistemi (3). Znaqi F_{228}^+ na v˛dstan˛ Zeml˛, pot˛k na λ228Å z v˛dpov˛dnoÝ model˛ SdK na poverhn˛ zor˛, mi pererahovuvali rozpod˛l F_ν za λ228Åna v˛dstan~ Zeml˛.

Dlffl rozrahunku L_c–spektra mi rozrobili programu NLEHII(Nebula Light Exciter: HII regions) movo programuvannffl C++.

III. SPEKTRI TA ¨NX¨ VIH¨DN¨ DAN¨

Dlffl obqislen~ mi vikoristali spektri 43 oblasteȷ N¨¨ v 37 GKKG z prac~ [1–4]. Potoki F (H_β ) mi vipravili za m˛ızorfflne poglinannffl zg˛dno z [13].

Dlffl ob’‚kt˛v, u fflkih ne sposter˛gat~sffl λ 4686He¨¨, mi priȷmali v˛dnosnu ˛ntensivnost~ c˛‚Ý l˛n˛Ý, wo dor˛vn‚ 0.001.

Um˛st gel˛, elektronna koncentrac˛ffl n_e ta elektronna temperatura T_e, znaqennffl O^+/O^0, neobh˛dn˛ dlffl viznaqennffl H^+/H^0 dlffl cih ob’‚ktiv, znaȷden˛ za dopomogo kodu NEWDIAGN [14] ˛ naveden˛ v tablic˛ 1 (div. Dodatok).

IV. REZUL^TATI TA ÕH OBGOVORENN

U tablic˛ 2A ˛ tablic˛ 2B (div. Dodatok) podano rezul~tati obqislen~ rozpodilu enerİ˛Ý za λ ≤ 912Å cim metodom u spektrah ȷon˛zuqih dıerel 43 N¨¨ oblasteȷ u GKKG dlffl perxogo, drugogo (tablic˛ 2A) ˛ tret~ogo (tablic˛ 2B) var˛fflntiv poxuku vidpovidno. U tablic˛ 2B F_{228}^− znaȷdeno fflk funkc˛ F_{912}, α^′ i α^{′′} v pripuwenn˛ pro v˛dsutn˛st~ skaqka na 504Å, a F_{228}^+ otrimano z vidozm˛nenoÝ, zg˛dno z (16), sistemi (3). V ostann˛ȷ kolonc˛ tablic˛ 2B navedeno ˛dentif˛kac˛Ý (div. [11,12]) SdK modeleȷ, vikoristanih dlffl viznaqennffl rozpod˛lu enerİ˛Ý dlffl λ ≤228Å dlffl koınogo ob’‚kta zokrema. Potoki dano v erİ sm^{−2} s^{−1} Gc^{−1} na v˛dstan˛ Zeml˛.

Na ris. 2 pokazano zaleın˛st~ F_ν (λ) za laȷmanivs~ko meıe dlffl oblasti HII 0930 + 554, otrimanu cim metodom v˛dpov˛dno dlffl perxogo (suc˛l~na l˛n˛ffl z kvadratami u vuzlah), drugogo (roz˛rvana l˛n˛ffl z krugami v vuzlah) ˛ tret~ogo (suc˛l~na l˛n˛ffl z trikutnikami v vuzlah) var˛fflnt˛v poxuku. Vidno, wo perxiȷ var˛fflnt (Var. 1) za rahunok dodatnogo znaqennffl α ma‚ skaqki na λ504Å, wo supereqit~ modelfflm SdK [11,12] ˛ ne nada‚t~sffl dlffl opisu L_c–spektra danogo ob’‚kta. Z tablic˛ 2A vidno, wo b˛l~x˛st~ takih ob’- ‚kt˛v mat~ dodatne, abo bliz~ke do nulffl v˛d’‚mne znaqennffl α, wo p˛dtverdıu‚ pripuwennffl pro nepridatn˛st~ perxogo var˛fflnta dlffl oblasteȷ HII v GKKG.

Ris. 2. Rozpod˛l enerİ˛Ý v spektr˛ viprom˛nvannffl fflder oblasti HII 0930+554, znaȷdeniȷ u pripuwenn˛ pro odnakoviȷ nahil spektra za λ912Å (Var. 1) ˛ pri v˛dsutnost˛ skaqk˛v na λ504Å ˛ 228Å(Bap. 2), a takoı u pripuwenn˛ pro v˛dsutn˛st~ skaqka na λ504Å ˛ prisutn˛st~ skaqka na λ228Å (Var. 3) zg˛dno z modelfflmi zorfflnih atmosfer Xarera–de Kotera dlffl Z = 0.004. Vidno takoı em˛s˛ȷniȷ skaqok (Var. 3) na λ228Å.

Na ris. 3 pokazano analog˛qnu do ris. 2 zaleın˛st~ dlffl oblasti HII 1131 + 493N v GKKG, znaȷdenu drugim (Var. 2) ˛ tret˛m (Var. 2) var˛fflntami poxuku L_c– spektra.

Dlffl oboh ob’‚kt˛v vidno dobru uzgodıen˛st~ rozpod˛l˛v enerİ˛Ý na 228Å≥ λ ≤912Å dlffl Var. 2 ˛ Var. 3. Na λ228Å (Var. 3) pom˛tno (ris. 2) em˛s˛ȷniȷ skaqok, zumovleniȷ dvoma sposobami viznaqennffl potok˛v:

1) F_{228}^+ viznaqa‚t~sffl z vidozm˛nenoÝ, zg˛dno z (16), sistemi (3);

2) pot˛k F_{228}^− otrimaniȷ fflk funkc˛ffl F_{912}, α^′ i α^{′′} v pripuwenn˛ pro v˛dsutn˛st~ skaqka na λ504Å (fflke obİruntovane rezul~tatami SdK [11,12]). Na ris. 3 vidno, wo v oblast˛ HII 1131+493N v GKKG em˛s˛ȷniȷ skaqok praktiqno v˛dsutn˛ȷ.

Dlffl pobudovi fotoȷon˛zac˛ȷnih modeleȷ sv˛qennffl cih oblasteȷ HII potr˛bno takoı mati ˛nteİral~nu (efektivnu) temperaturu T_{eff} ȷon˛zuqih dıerel. ÕÕ moına otrimati xlfflhom vikoristannffl zaleınosti

T_{eff} v˛d parametr˛v F_{912}, α^′ (15) abo F_{504} z modeleȷ zorfflnih atmosfer.

Ris. 3. Rozpod˛l enerİ˛Ý v spektr˛ viprom˛nvannffl fflder oblasti HII 1331+493N, znaȷdeniȷ u pripuwenn˛ pro v˛dsutn˛st~ skaqk˛v na λ504Å ˛ 228Å (Bap. 2) ˛ pri v˛dsutnost˛ skaqka na λ504Å ta prisutnost˛ skaqka na λ228Å (Var. 3) zg˛dno z modelfflmi zorfflnih atmosfer Xarera–de Kotera dlffl Z=0.004. Dlffl c~ogo ob’‚kta vidno, wo skaqok na λ228Å praktiqno v˛dsutn˛ȷ (Var.3).

Treba zauvaıiti, wo zaleınost˛ T_{eff} v˛d F_{912} i T_{eff} v˛d F_{504} vimagat~ znannffl rad˛usa ȷon˛zuqogo dıerela, osk˛l~ki model˛ atmosfer dat~ potoki na poverhn˛ zor˛, a v naxomu metod˛ vikoristano potoki na v˛dstan˛ Zeml˛, vipravlen˛ za m˛ızorfflne poglinannffl. Vodnoqas zaleın˛st~ T_{eff} v˛d α^′ znannffl zgadanogo rad˛usa ne potrebu‚. Tomu v nax˛ȷ robot˛ mi viznaqili T_{eff} fflk funkc˛ α^′ (15). Rezul~tati navedeno v tablic˛ 3 (div. Dodatok).

Treba v˛dznaqiti takoı te, wo v naxomu metod˛ oderıannffl L_c–spektra nepotr˛bn˛ parametri funkc˛Ý poqatkovih mas, fflk˛ vikoristovut~ ˛nx˛ avtori (napriklad [5]) dlffl opisu rozpod˛lu enerİ˛Ý v spektr˛ viprom˛nvannffl ȷon˛zuqogo zorfflnogo klastera. Por˛vnffll~niȷ anal˛z poxuku L_c–spektra naxim metodom z v˛dpov˛dnim metodom poxuku takogo spektra za funkc˛‚ poqatkovih mas viklika‚ ˛nteres, ˛ mi planu‚mo ȷogo zd˛ȷsniti.

V. PODKI

Avtor vislovl‚ gliboku podfflku kand. f˛z.–mat. nauk V. V. Golovatomu za poradi ˛ korisn˛ konsul~- tac˛Ý p˛d qas napisannffl c˛‚Ý prac˛, a takoı dokt. f˛z.– mat. “. ¨. ¨zotovu za lb’fflzno nadan˛ rezul~tati spostereıen~ HII oblasteȷ u GKKG ˛ konsul~tac˛Ý.

DODATOK

OBLAST^ NII n_e, sm^{−3} T_e, K O^+/O^0 He/H 1 2 3 4 5 0723+692A 236. 16000 8.52 0.089 0723+692B 47. 13000 8.95 0.074 0741+535 505. 9000 7.51 0.083 0749+568 354. 15000 6.54 0.091 0749+582 143. 17000 7.50 0.010 0907+543 143. 17000 12.18 0.098 0917+527 8. 12000 6.93 0.089 0926+606 298. 15000 19.10 0.079 0930+554 330. 19000 7.28 0.066 0940+544N 173. 13000 9.40 0.092 0943+561A 3379. 17000 7.72 0.045 1030+583 18. 10450 15.72 0.089 1054+365 284. 14000 22.2 0.083 1116+583B 517. 17000 4.72 0.078 1124+792 227. 15000 12.7 0.078 1128+573 234. 17000 9.02 0.077 1205+557 33. 12000 10.28 0.079 1222+614 49. 16000 7.86 0.085 1223+487 227. 16000 8.28 0.081 1256+351 289. 14000 10.29 0.085 1319+579A 157. 11000 9.47 0.095 1319+579B 65. 14000 5.26 0.081 1319+579C 42. 10450 10.36 0.083 1358+576 265. 15000 6.30 0.071 1441+294 64. 9900 4.58 0.095 1533+574A 62. 10000 8.17 0.083 1533+574B 18. 12000 8.85 0.095 1535+554 85. 9350 5.86 0.080 IZw18(NW) 137. 19500 7.47 0.071 IZw18(SE) 16. 19000 7.08 0.087 0832+699 99. 9300 13.84 0.084 0946+558 95. 11000 14.18 0.093 0948+532 96. 11000 7.73 0.091 1135+581 296. 13000 11.04 0.083 1152+579 2503. 16000 6.69 0.066 1159+545 153. 12000 11.11 0.083 1211+540 176. 11000 9.28 0.089 1331+493N 177. 12000 8.93 0.084 1437+370 22. 10000 6.92 0.089 1249+493 50. 23000 7.50 0.089 1331+493S 23. 12000 6.16 0.073 1415+437 89. 23000 7.53 0.085 1420+544 61. 14000 6.41 0.117 1533+469 62. 23000 6.76 0.1

Tablicffl 1. Elektronn˛ koncentrac˛ffl ne ˛ temperatura Te, v˛dnosniȷ ȷonniȷ um˛st O^+/O^0 ta hem˛qniȷ um˛st gel˛ He/H viznaqen˛ za dopomogo kodu NEWDIAGN [14].

Var˛fflnt 1 Var˛fflnt 2 OB^′˝KT α F_{912} F_{504} F_{228} F_{912} α^′ α^{′′} α^{′′′} 1 2 3 4 5 6 7 8 9 0723+692A 1.9 9.4e–27 1.7e–27 6e–30 2e–26 –0.69 –3.6 –4.1 0723+692B 1.1 1.1e–26 1.5e–27 2.7e–29 1.9e–26 –0.93 –5 –0.62 0741+535 –1.1 1.2e–26 2.8e–27 1.1e–29 9.6e–27 –0.42 –4.7 –21 0749+568 1.8 4.4e–27 7.6e–28 5.9e–30 8.3e–27 –0.37 –4.2 –1.3 0749+582 1.9 1.7e–27 3.7e–28 1.1e–31 3.4e–27 –0.26 –3.6 –45 0907+543 1.9 1.8e–27 2.9e–28 3.5e–30 3.9e–27 –0.67 –3.9 –0.83 0917+527 0.58 5.6e–27 1e–27 3.8e–29 7.8e–27 –0.58 –4.9 –0.38 0926+606 1.5 6.4e–27 1e–27 1.2e–29 1.3e–26 –0.91 –4.1 –1.3 0930+554 2 1.2e–26 1.5e–27 2.1e–29 3.7e–26 –2.1 –2.4 –1.8 0940+544N 0.98 5.1e–26 1e–26 1e–29 1e–25 –1.4 –3.1 –51 0943+561A 1.9 2e–28 4.3e–29 1.7e–32 4.2e–28 –0.62 –2.9 –47 1030+583 –1.1 9.9e–27 1.7e–27 2.2e–28 9.9e–27 –1.1 –5.5 –0.0 1054+365 0.99 5.5e–27 1.3e–27 1.2e–30 9.8e–27 –1 –2.9 –59 1116+583B 2 1.1e–27 1.9e–28 1.9e–30 2.4e–27 –0.61 –3.7 –1.2 1124+792 1.6 5.4e–27 1.1e–27 5.4e–31 1.3e–26 –1.3 –2.5 –70 1128+573 1.9 9.9e–28 2e–28 6.9e–32 2.1e–27 –0.61 –3.3 –46 1205+557 0.2 2.2e–27 4.6e–28 1.8e–29 3.2e–27 –1.2 –3.4 –2.1 1222+614 1.9 9.9e–27 1.7e–27 1.2e–29 2.1e–26 –0.69 –3.8 –1.8 1223+487 1.9 1.6e–26 2.7e–27 1.4e–29 3.4e–26 –0.69 –3.8 –2.6 1256+351 1.4 3.3e–26 5.8e–27 4.4e–29 6.5e–26 –0.86 –3.9 –2.6 1319+579A –0.2 1.7e–26 3.1e–27 7.4e–29 1.8e–26 –0.59 –5.3 –1.4 1319+579B 1.7 1.1e–27 1.9e–28 1.6e–30 2.1e–27 –0.59 –3.9 –1.8 1319+579C –0.98 4.3e–27 1e–27 5.6e–29 4.3e–27 –1 –3.7 –2.5 1358+576 1.8 8.4e–27 1.2e–27 7.8e–30 1.6e–26 –0.43 –5.2 –0.67 1441+294 –0.61 3.2e–27 3.7e–28 4e–29 2.9e–27 –0.31 –9.6 –0.0 1533+574A –0.94 6.9e–27 1.6e–27 6.2e–30 6.3e–27 –0.64 –4.5 –22 1533+574B 0.44 4.8e–26 9.3e–27 1.8e–28 6.4e–26 –0.6 –4.5 –1.8 1535+554 –0.88 4.7e–27 8.2e–28 3.9e–30 3.9e–27 –0.32 –6.5 –5 IZw18(NW) 2 5.2e–27 4.9e–28 1.1e–29 1.6e–26 –2 –3.6 –0.29 IZw18(SE) 2 1.2e–26 2.1e–27 5.8e–30 3.8e–26 –2 –2.2 –9.4 0832+699 –2.1 1.2e–27 3.1e–28 1.5e–30 1.1e–27 –1.7 –2.8 –61 0946+558 –0.57 9.1e–28 2e–28 1.1e–29 9.8e–28 –0.9 –4.2 –1.4 0948+532 –0.21 4.8e–28 1.1e–28 2.8e–30 5.2e–28 –0.61 –4.1 –2.8 1135+581 0.89 2.9e–27 5.3e–28 1.2e–29 4.6e–27 –0.81 –4.1 –1.2 1152+579 1.9 1.1e–27 2.5e–28 1e–30 2.3e–27 –0.7 –2.5 –6.1 1159+545 0.043 2.5e–28 5.4e–29 1e–30 3.7e–28 –1.4 –3.2 –5.4 1211+540 –0.58 5.9e–28 1.1e–28 1.1e–29 7.2e–28 –1.3 –4.5 –0.36 1331+493N 0.42 4.2e–28 9.2e–29 1.5e–31 5.6e–28 –0.62 –4 –31 1437+370 –0.86 1.1e–27 2.1e–28 2.7e–29 1.1e–27 –0.87 –5.2 –0.0 1249+493 2 3.4e–29 5.2e–30 3.1e–32 7.9e–29 –0.87 –3.8 –1.9 1331+493S 0.75 8.4e–29 9.6e–30 2.1e–32 1.2e–28 –0.59 –7.5 –1.9 1415+437 2 9e–28 1e–28 1.3e–30 2.6e–27 –1.6 –3.8 –0.84 1420+544 1.6 2.4e–28 3.4e–29 1.4e–31 4.6e–28 –0.53 –5.5 –1.4 1533+469 2 1.7e–28 2e–29 9.8e–32 3.7e–28 –0.49 –6 –0.3

Tablicffl 2A. Rezul~tati obqislen~ Lc–spektra v pripuwenn˛ pro odnakoviȷ nahil spektra za λ912Å (Var. 1) ˛ pri v˛dsutnost˛ skaqk˛v na λ504Å ta 228Å (Bap. 2)

OB^′˝KT F_{912} α^′ α^{′′} F 228^− F 228^+ λ ≤ 228A 1 2 3 4 5 6 7 0723+692A 2e–26 –0.57 –3.7 7.2e–28 5.7e–27 SdK: F1 0723+692B 1.8e–26 –0.84 –5 2e–28 7.6e–27 SdK: F2 0741+535 1e–26 –0.54 –4.5 2e–28 2.7e–28 SdK: F1 0749+568 8.1e–27 –0.26 –4.3 2.3e–28 5.1e–27 SdK: F1 0749+582 3.4e–27 –0.26 –3.6 1.7e–28 1.2e–28 SdK: F1 0907+543 3.8e–27 –0.63 –3.9 1.2e–28 3.5e–27 SdK: F1 0917+527 7.8e–27 –0.62 –4.7 1.4e–28 5.2e–27 SdK: F1 0926+606 1.3e–26 –0.99 –3.9 3.3e–28 5.8e–27 SdK: E2 0930+554 3.5e–26 –1.9 –2.6 1.5e–27 4e–26 SdK: D3 0940+544N 1e–25 –1.4 –3 4.1e–27 2.6e–27 SdK: C1 0943+561A 4.1e–28 –0.53 –3 2.7e–29 1.9e–29 SdK: F1 1030+583 9.5e–27 –0.97 –5.6 6.4e–29 5.2e–27 SdK: E2 1054+365 9.6e–27 –0.96 –3 5e–28 2.7e–28 SdK: E2 1116+583B 2.4e–27 –0.59 –3.6 9.7e–29 2.1e–27 SdK: F1 1124+792 1.3e–26 –1.5 –2.3 8.8e–28 5.5e–28 SdK: E3 1128+573 2.2e–27 –0.73 –3.1 1.2e–28 7.4e–29 SdK: F1 1205+557 3e–27 –1 –3.6 9.4e–29 1.2e–27 SdK: D1 1222+614 2.1e–26 –0.57 –3.9 6.6e–28 1.2e–26 SdK: F1 1223+487 3.4e–26 –0.71 –3.7 1.2e–27 1.3e–26 SdK: F1 1256+351 6.1e–26 –0.68 –4.1 1.6e–27 2.1e–26 SdK: F1 1319+579A 1.8e–26 –0.46 –5.5 1.7e–28 3.9e–27 SdK: F1 1319+579B 2.2e–27 –0.65 –3.8 7.3e–29 1.1e–27 SdK: F1 1319+579C 4.2e–27 –1 –3.7 1.3e–28 1.3e–27 SdK: D1 1358+576 1.7e–26 –0.53 –5 2.4e–28 6.9e–27 SdK: F1 1441+294 2.9e–27 –0.32 –9.3 1.5e–30 1.5e–27 SdK: F1 1533+574A 6.5e–27 –0.77 –4.3 1.3e–28 1.7e–28 SdK: F1 1533+574B 6.3e–26 –0.58 –4.5 1.2e–27 2e–26 SdK: F1 1535+554 4.1e–27 –0.42 –6.3 2.1e–29 1.1e–28 SdK: F1 IZw18(NW) 1.5e–26 –1.8 –3.6 2.9e–28 2.2e–26 SdK: D3 IZw18(SE) 3.9e–26 –2.1 –2.1 2.2e–27 1.1e–26 SdK: C3 0832+699 1.1e–27 –1.8 –2.7 4.4e–29 3.4e–29 SdK: D3 0946+558 9.3e–28 –0.71 –4.4 1.9e–29 4.2e–28 SdK: F1 0948+532 5.2e–28 –0.6 –4.1 1.4e–29 1.5e–28 SdK: F1 1135+581 4.8e–27 –0.91 –3.9 1.3e–28 2.6e–27 SdK: F2 1152+579 2.2e–27 –0.58 –2.6 2e–28 1.1e–27 SdK: F1 1159+545 3.8e–28 –1.5 –3.1 1.4e–29 1.1e–28 SdK: E3 1211+540 6.5e–28 –0.97 –4.9 7.6e–30 4e–28 SdK: E2 1331+493N 5.8e–28 –0.75 –3.8 1.8e–29 1.7e–29 SdK: F1 1437+370 1e–27 –0.56 –5.5 9.5e–30 7.9e–28 SdK: F1 1249+493 8e–29 –0.92 –3.6 2.6e–30 3.8e–29 SdK: F2 1331+493S 1.3e–28 –0.7 –7.2 2.7e–31 3.5e–30 SdK: F1 1415+437 2.3e–27 –1.3 –4.1 4.2e–29 1.3e–27 SdK: D2 1420+544 4.5e–28 –0.44 –5.6 4.1e–30 8.9e—29 SdK: F1 1533+469 3.6e–28 –0.48 –5.9 2.6e–30 1.2e–28 SdK: F1

Tablicffl 2B. Rezul~tati obqislennffl Lc–spektra v pripuwenn˛ pro v˛dsutn˛st~ skaqka na λ504Å ˛ prisutn˛st~ skaqka na λ228Å zg˛dno z modelfflmi zorfflnih atmosfer Xarera–de Kotera (SdK) [11,12] (Var. 3). V ostann~omu stovpc˛ navedeno ˛dentif˛kac˛Ý modeleȷ SdK [11,12], za dopomogo fflkih buli predstavlen˛ rozpod˛li enerİ˛Ý dlffl λ ≤ 228Å.

B. . MELEH

OBLAST^ NII T_{eff} (α^′ ) OBLAST^ NII T_{eff} (α^′ ) 0723+692A 5.47e+04 1319+579C 4.78e+04 0723+692B 5.02e+04 1358+576 5.55e+04 0741+535 5.54e+04 1441+294 6e+04 0749+568 6.12e+04 1533+574A 5.13e+04 0749+582 6.12e+04 1533+574B 5.45e+04 0907+543 5.37e+04 1535+554 5.78e+04 0917+527 5.39e+04 IZw18(NW) 3.93e+04 0926+606 4.8e+04 IZw18(SE) 3.75e+04 0930+554 3.89e+04 0832+699 3.95e+04 0940+544N 4.27e+04 0946+558 5.23e+04 0943+561A 5.55e+04 0948+532 5.42e+04 1030+583 4.82e+04 1135+581 4.92e+04 1054+365 4.84e+04 1152+579 5.45e+04 1116+583B 5.44e+04 1159+545 4.2e+04 1124+792 4.2e+04 1211+540 4.82e+04 1128+573 5.19e+04 1331+493N 5.16e+04 1205+557 4.76e+04 1437+370 5.49e+04 1222+614 5.48e+04 1249+493 4.89e+04 1223+487 5.22e+04 1331+493S 5.25e+04 1256+351 5.28e+04 1415+437 4.47e+04 1319+579A 5.7e+04 1420+544 5.73e+04 1319+579B 5.33e+04 1533+469 5.66e+04

Tablicffl 3. Rezul~tati viznaqennffl efektivnoÝ temperaturi Tef f z modeleȷ zorfflnih atmosfer [11,12] za spektral~nim ˛ndeksom u d˛fflpazon˛ λλ912 − 504Å (α^′ ) dlffl tret~ogo var˛fflnta poxuku Lc–spektra

[1] Y. I. Izotov, T. X. Thuan, V. A. Lipovetsky, Astrophys. J. 435, 10, (1994) [2] Y. I. Izotov, T. X. Thuan, V. A. Lipovetsky, Astrophys. J. 108, 1, (1997) [3] T. X. Thuan, Y. I. Izotov, Valentin A. Lipovetsky, Astrophys. J. 445, (1995) [4] Yuri I. Izotov, Trinh X. Thuan, Astrophys. J. 497,

(1998).

[5] G. Stasinska, D. Schaerer, Astron. Astrophys. 351, 72

(1999).

[6] V. V. Golovatyȷ, Pis~ma astron. ıurn. 13, 7,

89,(1987).

[7] V. V. Golovatyȷ, V. I. Pronik, Astrofizika 32, 1

(1990).

[8] D. E. Osterbrock, Astrophysics of Gaseous Nebulae (San Francisko, 1974).

[9] M. Brocklehurst, Mon. Not. R. Astron. Soc. 157, 211 (1972).

[10] V. V. Golovatyȷ, V. I. Dmiterko, “. F. Mal~kov, O. V. Rokaq, Astron. ıurn. 70, vyp. 4, 691 (1993).

[11] D. Schaerer, A. de Koter, W. Schmutz, A. Maeder, Astron. Astrophys. 310, 837, (1996); 312, 475, (1996).

[12] D. Schaerer, A. de Koter, Astron. Astrophys. 322, 598, (1997).

[13] H. Seaton, Mon. Not. R. Astron. Soc. 187, 73 (1979). [14] V. V. Golovatiȷ, R. E. Gerxberg, “. F. Mal~kov, V. ¨. Pronik, Izvestiffl Krym. astrofiz. observ. 96, 1 (1999).

ENERGY DISTRIBUTION IN THE EMISSION SPECTRA OF HII REGION NUCLEUS IN THE BLUE COMPACT DWARF GALAXIES BEYOND λ 912Å

B. Ya. Melekh Astonomical Observatory of the Ivan Franko Lviv National University, 8 Kyrylo i Mefodii Str., Lviv, UA–79005, Ukraine E–mail: melekh@astro.franko.lviv.ua

The energy distribution in the radiation spectrum of the HII region nuclei is calculated beyond the Lyman limit on the basis of the observed emission fluxes in the Nβ , λ4471NeI, λ4686NeII lines of the 43 HII regions in 37 blue compact dwarf galaxies. The computational procedure of the ionization spectrum is discussed and three versions of the solution to this problem are considered. The essense of this method lies in the principle of the ionization–recombination and thermal equilibrium of quanta emitted by an ionizating source and absorbed by gas in the HII region. The first version corresponds to the assumption concerning equal spectral slopes beyond the hydrogen and helium discontinuities (the emission fluxes at λ 912, λ 504, λ 228Å and a spectral index α are computed). The second version corresponds to the assumption of the absence of helium discontinuities (emission flux at λ 912Å and a spectral index within each of the three wavelength bands λλ 912–504Å, λλ 504–228Å, λλ228– 22.8Å having been determined). The third version is similar to the second one. However, the energy distribution in the wavelength band λλ 228–22.8Å was determined from its dependence on the spectral index value in the wavelength band λλ 912–504Å which we obtained from the Schaerer and de Koter models of stellar atmospheres.