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» Ctagumn 38e30006pa3oBaHmus

> [lepBWYHbIV NPOTO3BE3AHbIV ANUCK

» Mopenb npoTo3Be3aHOro obnaka v ero XxapakTepucTunku
» Onpepenenne rpaHunL, NEPBUYHOO Ancka
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CTpyKTypa nporo3Be3aHoro obnaka B KoHue
CTafiuMm U30TepMMHUEeCKOoro Konmnanca

['paH1La 060ONOYKM ONPEAENseTCs Kak KOHTaKTHas rpaHuUa
C MEX3BE3HON cpeaon

[paH1La NepBMYHOrO AMCKa ONPeaensieTcs no
NPOhUIo CKOPOCTU (MarHUTOCTaTUYECKOE

paBHOBeCHe

['paHu1La Henpo3payHoro aucka
OnpefensaeTcs no 3Ha4YEHM0 ONTUYECKON
TONWWHbI T = 1

T = f%p(r)dr, (1)

roe x = 0.1 cm?/r

>

Oynopos A.E., CasoHos H0.B, ['vapoanHamuka konnanca Mex3Be3aHbix 06nakos.
2. Ponb marHuTHoro nons.,1982



XapaKkTepucTUKM NpoTo3Be3aHbix o6naxkos

M = 0.3+ 10*Mg T =10+ 100K
R = 0.03 = 15 nk B=10"*+=10"5Tc

n=10%+10°%m3

Puc.2. 3BeagoobpasosaHie B TymaHHocTH  JluTeparypa:

TapaHTyn. 1) Hynopos A.E., CBoicTBa nepapxum Mex3Be3aHbIX MarHUTHbIX 061akoB
ABTOpBI 1 peiakTophi: Robert Il ActpoHomuyecknid xypHan, 1991, T. 68, 4, 695-708c.
Nemiroff (MTU) & Jerry 2) Bergin E.A., TafallaM., Cold dark clouds: The Initia Conditions for Star

Bonnell (USRA). NASA Web Site . Formation, 2007 arXiv:0705.3765v1 [astro-ph]

3) Crutcher R., Observations of Magnetic Fields in Molecular Clouds // ApJ,
2004, V. 600, P. 279

4) Andre P. et all, Submillimeter continuum observations of p ophiuchi A:
The candidate protostar VLA 1623 and prestellar clumps // ApJ,
406:1993, P.122-141



Moaens nporo3se3aHoro obnaka

PaccmaTpuBaeTcs ogHOpoaHoe chepuyecKin-cuMMETPUYHOE
BpalLatoLLeecst NpOTo3Be3AH0e 00Mako B OAHOPOJHOM MarHUTHOM Mose.

HavanbHble xapakTepucTukm:
M, = 10M; 0.1 <& <09

n=(103+10°cm™3) 0<¢, <0.6

T=20K 0<éeq <0.04
E
Er = — (2) Tennosou napameTp
[Eg
E
Em = 1o (3) MaruuTHbIN napameTp
[Eg
E
gq = ity (4) BpallaTtenbHbld napameTp
Puc.3. Cxematunyeckoe npeacraBneHune |Eg|

MOZENM NpoTO3BE3AHOrO 0bsaka



OcHOBHbIE YpaBHEeHMA

YpaBHeHus M’ ¢ yueTom ommyeckomn 1 ambunonsipHon auddysnn’:

P v (o) =0 5
7 (09) = ©)
ov 1 1 - -

4 (B =——pVP — — — 6
~+ CRAAL p 7P y— (rotB x B) — Vo (6)

0B o . .
e rot[(v + Uyg) X B] —rot(v,,rotB) (7)

de . S
p(§+(v-7)£)+Pv-v=0 (8)
V2@ = 4nGp (9)
YpaBHeHue coctosHuAa: P = (y — 1)pe (10)

PacueT BbinonHsieTcs yucneHHo apymepHbiM MIT-komom Enlil?

1) Xunkwe A.T'., MasntoveHkos A.H., 3amosgpa C.H., MogenuposaHue npoTo3Be3aHbIX 0651aKoB 1 KX
HabnogatenbHbIx npossneHuit. // ActpoHoMmudeckuia xypHarn, 2009, T.86, Ne7.

2) Oynopos A.E, XunkuH AT, KyaHeros O.A., [IByMEpPHbIN YACTIEHHBIN KOA NS OCECUMMETPUYHBIX
camorpasutupyrowwmx Mr-redenni // Matem. Mogenuposaxue, 1999, 109-127c¢.



PacueThl

R, Ty

Ne Pacuer £ Em £, ) t, MJTH
K 1/cm® Ley JeT

1 2 3 4 5 6 7 8 9 10
tImOwO0 0.04 [7.00-10%(0.10 O 0 0.10 0.965 | 0.039
2 t3mOw0 0 0.28 0.993 0.167
3 |t3mOw01 0 0.01 0.30 1.011 0.170
4  |t3mOw04 0.04 0.36 1.055 0.178
5 |t3m01w0 0 0.30 0.993 | 0.167
6 [t3m01w01 0.01 | 0.01 0.32 1.012 0.170
7 t3m01w04 01 l0o-1040.28 0.04 0.37 1.055 0.178
8 |t3m2w0 0 0.51 1.082 | 0.182
9 |t3m2w01 0.23 | 0.01 0.53 1.095 | 0.184
10 [t3m2w04 0.04 0.59 1.126 | 0.190
11 | t3m6w0 0 0.88 1.305 | 0.220
12 [t3m6wO01 0.6 | 0.01 0.90 1.317 | 0.222
13 |t3mbw04 0.04 0.96 1.348 0.227
14 |t6mOw0 0.22 |400-10%059| O 0 0.59 1.031 | 0.549
15 |t9mOwO0 0 0.91 1.234 1.226
16 [t9mOwO01 0 0.01 0.93 1.303 1.294
17  |t9mOw04 0.33 [1.15-10%0.91 0.04 0.99 1.515 1.505
18 [t9m01w0 0 0.92 1.264 1.256
19 |t9m01iw01 0.01| 0.01 0.94 1.335 1.326
20 |t9m01w04 031 |1.4-10%|0.85 0.04 | 094 | 1.391 | 1.252
21 [t7m2w0 0.26 2.4-10%| 0.70 0 0.93 1.359 0.935
22 [t7m2w01l 0.23 | 0.01 0.95 1.394 | 0.959
23 [t7Tm2w04 0.25 2.7 -10%(0.67 0.04 0.98 1.431 0.984

B 13 pacyertax 13 23

B pe3ynbTaTte Konnarnca
obpa3soBarncs
NepBUYHbLIN QNCK



1. Konnanc HeBpaujawowerocs obnaka co
cnabnsiMm MarHMTHbLIM NONem

£, =028 &, =001 g0 = 0 § =202 (17
CreneHb cnntocHyToCTI 060M04KY: CTeneHb CMMOCHYTOCTW LEHTParnbHo obnacTu:
$cloua =0.017 ~ 0.25

t=0.9928t — | KM/C t=10.99281, - 1 KM/C

0.06 g 0.010 -14.64

—-14.94
0.05

-15.24
0.04 3 —15. 54
4 -15.84

4 -16.14

1 —~16.44

-16.74
0.01
~17.04

0.004 0.006 0.008 0.010

Puc.4. PacnpeneneHue nnoTHOCTM (3anvBka LBETOM), MarHUTHOrO nosist (benble nuHum) u
CKOPOCTHU (CTPenku) B NpoTo3sesgHoM obnake ans pacyerta t3m01wO.
a) B macwrabe Bcero obnaka. 6) LieHTpanbHas obnactb obnaka. 10

logo(plr em*])
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1. Konnanc HeBpaujawowerocs obnaka co
cnabnsiMm MarHMTHbLIM NONem

t3mO1w0
107
e - -0-0
t=0,992844ty - nir,0)
1051 — n{0, 2}
107 4
6
1071 . A S S e D20
t=0.864291ty
10° 4
t= O<Ot,'{
10% 4
107 4
102 10-4 103 102 10!
rnkl

Pwnc.5. Tpodomnu nnoTHOCTY BAOMb OCK I (CMSTOLLHbIE
NIMHWW C MapKepamm-KpyxKkamu) 1 0CK1 Z (CNAOLHbIMM
NIMHUAMU C MapKepaMn-ToMKamm) Ans pacyeTa
t9m08w01 B MOMeHTbI BpemeHn: 0.0 t¢ 5 (MMHMK

CBETO ceporo UpeTa); 0.86 tf ¢ (MMHAN ceporo
upeTa); 0.99 s (MMHUM YepHoro LiBeTa).

Pa3mep Henpo3payHoro aapa: 23.12 a.e.
MakcumarnbsHasa nnotHocTb: 2.01e-15 r/em®

t3m0Lud), t = 0.992844¢
0.0
-0.2
\ 7
\; l::‘:
0.4 \
\n‘ V
\ /
0.6 f
-0.8 W\ /
.' .' "
-1.0 /
\
1.4 \/
10 ‘1“07" 101 S --']'0 3 _‘“1.0 gt -“16 T M-.l.()"'

[nk)

Puc.6. MNpodunu ckopocTy BAOMb SKBAaTOPUANbHOM
NNOCKOCTH (YepHast NMUHKS), BOOSb OCK BPaLLEHUS
(kpacHas HIS) B MOMEHT BpemeHu 0.99 t ¢

£, = 0.28
e = 0.01
£ — 0



2. Konnanc marHuTHoOro
HeBpauawoueroca obnaxka

t = 1.08181 — 1 KM/C
0.10 -13.2
-14.2
0.08 - ,
-15.2
4-16.2
0.06
é 4-17.2
0.04 4 —18.2
-19.2
0.02 -
-20.2
-21.2

0.00 X !
0.00 0.02 0.04 0.06 0.08 0.10

r {ﬂK]

Puc.7. PacnpeaeneHune nnoTHOCTM (3anvBka LBETOM), MarHUTHOMO NOMs
(benble NMHAK) 1 CKOPOCTY (CTPENKK) B NPOTO3BE3AHOM 0bnake Ans
pacyeTa t3m2w0.

logu(p[r ecm *])

e = 0.28
Eqm = 0.2
£ — 0

CreneHb CMICHYTOCTY
obonoukw:

¢ctoua =0.3

12



2. Konnanc marHuTHoOro
HeBpauawoueroca obnaxka

t3m2w0 t3m2w0, t = 1.08184t
10104 - ~-0—s0:.00 0.5
.. -0~ nlr,0)
107 + t=1.08184ty ‘ n(0, z) f
10¢ ‘ W
1 \ e ’:./
— 1074 : R | \_/
< ';: /-
_E 1061 . O o e B4 O -DD0E8 é ~1.0
10‘- 1 t=0883718tn >
-1.5 4
10“'1 t= 0.0ty B
b ’
10° ! o -2.0 — Vr, 0) | i
3 tb v w0, 2) N
107 + ~_//\V |
10-5 1074 103 102 101 w49 '

5 4 ) 2 1
r (K] 10 10 10 10 10

Pwnc.8. Mpodowmnu nnoTHOCT BAOMb OCK I (CMSTOLLHbIE
NIMHWW C MapKepamm-KpyxKkamu) 1 0CK1 Z (CNAOLHbIMM
NIMHUAMU C MapKepaMn-ToMKamm) Ans pacyeTa
t9m08w01 B MOMeHTbI BpemeHn: 0.0 t¢ 5 (MMHMK
CBETO ceporo UpeTa); 0.88 tf ¢ (MMHUN ceporo

upeTa); 1.08 tsf (MMHUM YepHoro LiBeTa).

Puc.9. MNpodunu ckopocTy BAOMNb SKBAaTOPUANbHOM
NNOCKOCTH (YepHast NMUHKS), BOOSb OCK BPaLLEHUS
(kpacHas HIS) B MOMEHT BpemeHU 1.08 t ¢

£, =028 £,=02 &3=0

13



2. Konnanc mMmarHMTHOro Hespaiiamouierocs

t = 1.0818¢, 0.010 -13.3
0.030 4 TonLiMHa HeNpPo3paYyHoro Aucka -13.8
TonuivHa nepBnYHOO Ancka 2 0.52 a.e. npn 4.14e-14 r/cm? B 143
SRl 1.8e-4 nk uvn 39 a.e. {128
Pa3mep Henpo3payHoro/ancka | 1537
0.020 i no r. 4,5e-3nk nnm 921 a.e. TR
— -16.3 g‘
c 0.015
g -16.8
-17.3
0.010
-17.8
: = e 8
0,002 0.004 0,006 0.008 0.010
0.005
t3m2w0, t=1.08184tx
0.000 % /

0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.0 -

r [nk]
—-0.5 4

CreneHb CMNJIF0CHYTOCTH Pa3mep nepBUYHOro amcka

v [km/c]

-1.0 4
NePBMYHOro Aucka: B 3KBATOPWaIbHOMN NMOCKOCTH e
& qise =0.9913 0,022 nk unm 4472 a.e. i o=
CTeneHb CnnoCHYTOCTH g = 0.28 =20 traen 00
Henpo3payHoro AucKa: . =02 szl ‘
¢core =0.9994 m ' 10

Eﬂ=0 ..



MnotTHOCTL Poct HeP:Ao‘;ycaq "nl_OT:::TZHa Paguyc
Ne Pacuer B LieHTpe, | nnotHoCTM posp Ecore pahuiy nepBuYHOro Edisk Ecloud
3 HOro nepsu4yHOro
r/cMm B LleHTpe AUCKa, a.e.
AUCKa, a.e. AUCKa

1 2 3 4 5 6 7 8 9 10

t1mOwO 5,57E-16 | 2.03- 102 12.08 0 HeT HeT HeT 0.0000
2 t3mOwO0 1,57E-15 | 1.00 - 10* 14.17 0 HeT HeT HeT 0.0000
3 t3mOowO01 5,94E-14 | 3.80-10° 457.17 0.9993 5.21-10°16 360,34 0,9605 0.0684
4 t3mOw04 7,74E-14 | 494 -10° | 1211.67 0.9997 1.62-10"16 405,38 0,9396 0.2676
5 t3m01w0 2,01E-15 | 1.28-10% 23.12 0.8630 HeT HeT HeT 0.0170
6 | t3m01wo01l 5,10E-14 | 3.26-10° 478.33 0.9992 7.01-10715 359,89 0,9558 0.1155
7 | t3m01w04 6,12E-14 | 3.91-10° | 1212.77 0.9997 1.65-10715 1487,48 0,9661 0.2676
8 t3m2w0 4,14E-14 | 2.65-10° 921.09 0.9994 2.11-10715 4471,93 0,9913 0.3072
9 t3m2w01 4,45€-14 | 2.87 - 10° 815.22 0.9983 5.45.10°16 5948,85 0,9913 0.3450
10 | t3m2wo04 4,97E-14 | 3.18-10° 576.64 0.9991 2.27 -10715 5853,64 0,9942 0.3643
11 t3m6w0 5,62E-14 | 3.59-10° 496.74 0.9984 1.13-10"16 6347,78 0,9899 0.5395
12 | t3m6w01l 5,39E-14 | 3.45-10° 500.00 0.9992 1.07 -10°17 8512,72 0,9925 0.5749
13 | t3m6w04 5,56E-14 | 3.55-10° 505.16 0.9981 1.41-10"16 13599,59 0,9951 0.6687
14 temOwO0 7,69E-15 [ 5.27-10° 6.10 0 HeT HeT HeT 0.0000
15 t9mOw0 1,08E-14 | 2.64 -10° 17.84 0 HeT HeT HeT 0.0000
16 t9mOwO01 4,95E-14 | 1.11-107 112.69 0.9914 HeT HeT HeT 0.1351
17 t9mOw04 4,05E-14 | 9.00-10° 101.97 0.9876 HeT HeT HeT 0.4221
18 | t9mO1w0 3,58E-14 | 7.96 - 10° 96.28 0.9821 HeT HeT HeT 0.0590
19 | t9m01w0l1 | 4,30E-14 | 9.57-10° 110.24 0.9892 HeT HeT HeT 0.1481
20 | t9mO01w04 5,16E-14 [ 9.42-10° 101.22 0.9800 HeT HeT HeT 0.3704
21 t7m2wO0 6,57E-14 | 7.00 - 10° 198.12 0.9956 1.06-10718 15471,75 0,9196 0.2583
22 | t7m2wo01 7,77E-14 | 6.91-10° 201.36 0.9956 6.05-10°19 17634,79 0,9068 0.2952
23 | t7m2w04 8,12E-14 | 8.65-10° 198.56 0.9946 5.00-1071° 18987,58 0,9006 0.4890




[Ins npoTo3Be3aHbIX 0bnakos ¢ Maccon 10M, v Temnepatypoi 20K:

= [lepBUYHbIN ANCK 0bpasyeTcs npu &, = 0.2

= Pasmep nepsuyHoro aucka ot 300 go 19000 a.e.

= [Tpy pocTe NNOTHOCTK Ha 2-3 nopsAaka (hopMUPYeTCs NePBUYHbLIN QNUCK.
» B HeBpaLlatoLwmxca NpoTo3Be3aHbIX 0brnakax 6e3 MarHUTHOro Nons
pasmep Henpo3payHoro auncka coctaenaeT ot 6 go 20 a.e.

= [lpn yBENUYEHNN MArHUTHOrO 1 BpaLLaTENbLHOro NapameTpa
yBENUYMBaeTCa pa3mep HenpoapayHoro aucka ot 20 go 1300 a.e.

= [Tpu pocTe NNOTHOCTM Ha 4-6 nopsaka POPMUPYETCH HENPO3PAYHbIN
OUCK.
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PaboTa BbINOMHEHa NPy (PUHAHCOBOW NoAOepKKe
Poccumckoro HayyHoro doHaa (npoekt 19-72-10012),
Poccuiickoro ¢ooHda yHaameHTanbHbIX MccnegoBaHui
(npoekT 18-02-01067 ) , Poccumckoro dhoHaa
(OyHAameHTanbHbIX UccnegoBaHum (npoekt 18-52-52006 )



