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Obpa3oBaHue Xxernesa

Sirius B

Macca 0.98 macchbl

ConHuya
Paanyc 12000 kv
- Temnepartypa 25000 K



Obpa3oBaHue xenesa

CBepxHoBasi Tvn la e
SN2011fe B ranaktmke M101




Obpa3oBaHue Xxernesa



Obpa3oBaHue Xxernesa

12C + 160 5% ZSSi + Y

(Q=16.76 M3aB)

28Sj + 28Sj — *°Nij +y

(Q=10.92 MaB)
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Bpess, cyrkn
Puc. 31. KpHBag cBeTHMOCTH CBepXHOBOH
THIa L.

Puc. 33. Cxema P -1 y-IIEPEXOIOB B LIETIOUKE 60'77 CyT KU:

S . N )

%Ni — *%Co — *SFe. CrpaBa Hax ypoBHeM yKa3aHA SHepIHA
BO30y:kaeHHA Aapa B M3B. JI11 0CHOBHBIX COCTOAHHI
YKa3aHBI CITHHBIL, YETHOCTH H IIEPHOIBI MOTypacHaa.

°Co — *°Fe +y

b.C. MwixaHos, .M. KannumoHos, N.A. TymebiHb "HykrneocuHme3s 80 8cesieHHOU»
M., 1130-e60 Mockoeckoezo yHugepcumema. 1998.



MeTeopuTHoOE Xeneso

= MeTteoput Hoba

¥

Hamunouns.

Haxopgka 1920r.
= 13K3eMnnsip BECOM 66 T.



MeTeopUTHOE Xeneso

[ekcasgput ATakcut

g = IS Okeasgput

Fe P Analysed quantity
92.6 6.07 0.61 0.25 78
86.8-92.3 6.54-11.65 0.50-0.61 0.16-0.24 202
79.6 18.85 1.01 0.12 38

Average composition of iron meteorites (from Rosler, Langer 1976: 234-7).



MeTeopUTHOE Xeneso

MeTeoput BepxHun CanTos, xxenesHbin, rpynna IlIAB, rpybOoCTPYKTYPHbIN OKTa3gpuT
(Og).

1 ak3emMnndap Mmaccon 9,53 kr. HanaeH B anpene-mae 2001 r. Ha 6eperosBomn NMHUK
[TedeHeXXCKoro BogoxXpaHunuLla npu packornkax xasapckoro ropoguuia 8-10 BB.



MeTeopuTHoOE Xeneso

KuHxkan na rpobHunubl TyTaHxamoHa. X1V B. 4.H.3.
CocTaB: xeneso (Fe), 11% Hukena (Ni), 0.6% kobanbra (Co)

Comelli, Daniela; d'Orazio, Massimo; Folco, Luigi; EI-Halwagy, Mahmud; Frizzi, Tommaso; Alberti, Roberto;
Capogrosso, Valentina; Elnaggar, Abdelrazek; Hassan, Hala; Nevin, Austin; Porcelli, Franco; Rashed,
Mohamed G.; Valentini, Gianluca (2016). "The meteoritic origin of Tutankhamun's iron dagger

blade". Meteoritics & Planetary Science



MeTannypru4yeckoe chbipbe




I'IepBble cBnaeTesibCrBa MeETAllJTyPrmn

Map of sites with iron finds up to 1000 BC: A third millennium BC; @ second millennium BC

KapTa Haxo4ok paHHNX »Kene3HblX NPeaMeTOB 3 - 2-I0 ThiCAYeneTus
10 H.9.
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Iron ore deposits in Turkey. (Drawing by Engin Ozgen, after Tiirkiye Demir Envanteri [MTA Enstitiisii Yaynlan no. 145, Ankara 1971]

KapTa OCHOBHbIX ONUCNOKaLMW XXene3Hon pydbl Ha TeppuTopumn
AHaTONMUU




I'IepBble cBMnaeTesibCrBa MeETAllJTypPrmn

KnHxxan ¢ 301101om pykosaTkon n3 Alaca Hoyuk
(Homep Haxogkn A1.K.14) (Kosay 1951; Wertime 1973).

Bbin HangeH B 3axopoHeHun "K" ¢ Tpemsi BPOH30BbIMU «COSTHEYHLIMU ANCKaAMN».
2800-2500 r.4.H.3.
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[lepBbLie cBNUAOETENLCTBA MeTannyprmm

[Tucbmo XatTtycunwm |l (1282-1250 rr. 4o H.3.)
[TncbMO BEPOSATHO BbINO agpecoBaHO aCCUPUMUCKOMY LLapto, U B HEM FOBOPUITOCH YTO
NpPOU3BOACTBO Xene3a Haxo4unoch No4d KOHTPOSIEM XETTCKOro npaBuTens.

... OmHocumernbHO Xxopoweeao Xxeresa, 0 KOmopoM Mkl YrIOMUHaeWb 8 CBOEM
rnocraHuu, Ha cknade 8 KuyuysamHye Hem xopouwlezo xenesa. 5 nucan mebe, Ymo
celiyac Hernooxoosiwee epems 0515 rpou3soocmea xopouweao xernesa. OHu 6ydym
oerlamab Xerne30, HO roka euwe He 3aKkoH4uru. Koada oHU 3aKoHYam, S rpuwliso e20
mebe. lNoka 51 nockinaro mebe xernesHoe ocmpue (KUHxars?)...



I'IepBble cBnaeTesibCrBa MeETAllJTyprmn
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TurenbHasa ctanb
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bynat

Sabre from the collection of Royal Museum of the Armed Forces and Military History, Brussel



bynar.
Pesynbrathl akcnepumeHTta Klaas Remmen, AHTBepneH

Crossection of crucible after cooling Polished and etched surface of a forged
piece of crucible steel

Klaas Remmen, Antwerpen 2012 https://ceroart.revues.org/2557



CblpoayTHbIN FOpH

oTBepcCcTUE AnAa
BbilMyCKa LWaKa

wrakocobopHas
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CblpoayTHbIN FOpH

2C0+0,=2C0,

3Fe,0,+CO=2Fe,0,+CO,
Fe,0,+CO=3Fe0+CO,

FeO+CO=Fe+CO,

FeO+C=Fe+CO
CO,+C=2C0O

30Ha
okmncnenns £

uyiaK Ha OCHoBe

CUJNIUKATOB
Xenesa




CblpoayTHbIN FOpH




CblpoayTHbIN FOpH

) .

CeipoayTHas meyb ¢ FOPOAHINA
Crapas Pssans

Coipoay1Has neun ¢ Ilporonnoro noas

KonumH B.A. “YepHas meTtannyprua n metannoobpaboTtka B ApeBHen Pycu
(nomoHronbckun nepuog ) Nsgarenbcteo Akagemmn Hayk CCCP, M., 1953




CbIpoayTHbIN FOPH

Kerspe-Dam. 13th century blast furnace (Foto: R. Potyka).

Albrecht Jockenhovel, Christoph Willms, Thorsten Abdinghoff, Michael Overbeck
“Archaeological investigations on the beginning of blast furnace-technology in central Europe”



CbipoayTHbIV FTOPH
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Lapphyttan 13th century bloomery furnace during excavation
(Photo by Ing-Marie Pettersson Jensen)
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CblpoayTHbIN FOpH

Refining and forging hearth
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CblpoQyTHbIV rOpH

Tab. 1. Summarized chemical compositions of Image Chemical components (wt%)

the examined iron ore samples.
Fe, O3 SiO, CaO

iron ore from 42.54 28..30 0
Kék-Kallé val-
ley

iron ore from
Fancsika

iron ore from
Somogyszob
iron ore from
Petesmalom

Tab. 2. Summarized phase and chemical compositions of the examined slag samples.

Sample Image Phase components Chemical components (wt%)
(Wt%)

Fayl Quar SiO, CaO MgO

Slag from 10..20 0.5 75..90 22..32 10..12
fancsika ore

Slag from petes- . 0..50 10..15 30..85

malom ore
Adam Thiele "Smelting experiments in the early medieval fajzi-type bloomery and the metallurgy of iron bloom"

Mechanical Engineering 54/2 (2010)99-104 (c) Periodica Polytechnica 2010




CblpoQyTHbIW FOpH

Temperature measurement results
1600

1400

Temperature (°C)

Stack
upper level

o~
Stack ' o Time (min)
middle level i ‘ : 20 40 60 80 140 160 180

0 28 55 79 127 189
== Stack upper level(*C) 450 550 570 540 530 480
=== Stack middle level (°C) 840 840 850 850 960 870
O--Stack lower level (°C) 1160 1170 1210 1140 1190 1160
©  Hearth (°C) 1380 1270 1370 1340 1380 1420

Stack
lower level -

Hearth

Gas composition measurement results

Time(min) | H,(Vol%) | N,(Vol%) | CO@Mol%) | CH,(Vol%) | CO,(Vol%)
0,00 9,10 61,75 24,83 1,21 4,17
Gas composition measurement point 28,00 2,69 66,84 24,76 0,34 4,89
55,00 0,00 71,31 25,44 0,35 4,67
79,00 8,32 62,59 26,75 0,49 9,38
127,00 5,38 65,18 22,68 0,50 8,05
311,00 1,07 82,81 12,83 0,00 8,19

Temperature measurement point

Adam Thiele "Smelting experiments in the early medieval fajzi-type bloomery and the metallurgy of iron bloom"
Mechanical Engineering 54/2 (2010)99-104 (c) Periodica Polytechnica 2010




CbIpoAyTHbIN rOpH

12 KrxenesHou pyabl
(cnoepur),
35.5Kr yrn4.

2.4Kr — Kpuua, 6.6Kr — LUNaK.

Macca kpuubl nocrne o66mBKU
1.36Kr

[Mocne nepBoun MNPOKOBKU
1.08 Kr

[Tocne nepekoBkn B OpyCcoK
Figure 35: Optical microscope image of a polished and 0.447Kr

etched section of bar showing the grains
of fermite and slag inclusions. Mocre okoHYaTENBHOM KOBKM
0.257Kr

Sarah Paynter, Eleanor Blakelock, Gareth Hatton "Bloomery iron smelting - experimentation and archeology"
Research Report Series 25-2012 (c)English Heritage ISSN 2046-9799



CblpoQyTHbIW FOpH

Figure 6-Consolidated Bloom Figure 7- Bloom cross section

Brett Carlson “The Direct Reduction of Iron from its Ore Using Traditional Techniques”
South Dakota School of Mines and Technology, 2010



CbipoayTHbLIN TOPH

Tv "8 .**{W‘ "‘q - 3

Vi q

Figure 8-Unconsolidated Bloom F IQH e 9- ()nsolulatec/ /)/()()nz

Brett Carlson “The Direct Reduction of Iron from its Ore Using Traditional Techniques”
South Dakota School of Mines and Technology, 2010



KaTanoHCKun ropH

1 - npo6ka B BepxHem Hake, npegHasHaYeHHasa A4NA PKrynnpBaHns NoToka
BOAbI

2 - BO34yX, 3acacbiBaeMbll B HaKNOHHble OTBEPCTUA B Tpybe

3 - Tpyba

4 - cnue Boabl U3 HIkHero Haka

5 - kepamuyeckasa unnm megHasa dpypma

6 - kpuya

7 - CTeKalLWwwn Wwnak

8 - cBeXkas WunxTa, roToBas k noAchinke

9 - wecToYHasa gocka gnA NOArPY3KN WNXTbI

! /]
TTT7




KaTanoHCKnn ropH




KaTanoHCKnn ropH

The bloom weighed at 2.5 kg right out of the
forge, but after some hammering and cleaning,
actually only contained about 1.125 kg of metal

Jesus Hernandes

http://jhbladesmith.com/craft/making-steel/catalan-forge/




[lomeHHasa neyb
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[lomeHHasa neyb

The reconstructed medieval blast furnace
at Nya Lapphyttan in Norberg, Sweden
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[loMeHHasa neyb




[loMeHHasa neyb
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JloMmeHHad neyb




Kpu4yHbIN nepenen 4yryHa

Ut

/A4 TIPEJABAPUTEJILHBIN IOIOTPEB
2///4 4yryHHOI1 3ATOTOBKU OkucneHue 4vyryHa B cTpye

Q0 BO3YLLHOIO AYTbS B XOAE
MAaBMAeHNs U CTeKaHMs Kanesb
YyryHa no ApeBecHOMY YrTito.
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KOHOMWYHOCTb MeTalnyprm4eckoro
npoLiecca

—+— Copepxanue FeO B wnake, % macc. —=— KonuyecTso AyTbA, M KyD./MuH.
Kmeow JoMHHLA
CHpOAYTHEII TOPH LliTiokoden e (B73yodpen)  Jlomennas neds
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YepHoycos N.U., Manenbman B.M., lony6es O.B. «MeTannyprus xxenesa B uctopmm
LmMBMAM3aLmMm»

M.: MUCuC, 2005 .
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MpaHeUeHTpUpoBaHHaA peweTtka OO0BLEeMHOUEHTPUPOBAHHASA
AycTeHUTa peweTka
ManeHbKWNA WAPUK - aTOM deppuTa

yrrnepoaa, KoTopbIii BTUCHYMCA
MeXay aToMamMM Xxernesa. Ansyrnepoaa mecra HeT.




chepput (cBETNBIW) NO rPpaHULAM
3epeH neprura




kpubag Havara nepaumwozo npebpauesus
Bsidenenue geppuma
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I 0.011 mm I

CopOuT 3aKkanku




O0beMHOUEHTPUpPOBAHHAA
NSOTHAA pelleTKa
MapTeHcuTa

Ona yrnepoaa onATe HAXOAUTCA
MecTevKo Urone4aras CTPYKTYPAa MapTeHCUTA




TpoocTUT oTNycKa Copbur otnycka




™ Mmartensite

PumMmckne medum

Fulham

212
Chichester VPH 170

MW Ferrite+pearlite 0.35%(¥ i
Ferrite+pearlite<0.6%C Ferrite+pearlite < 0.25%C

Ferrite+pearlite <0.4%C (D Ferrite =3 inctusions

Half-sections from three more Roman swords

Alan Williams “The Sword and the Crucible. A History of the Metallurgy of European Swords up to the 16th
Century.”



Meun paHHero cpeaHeBeKOBbA

PLAIN IRON [ |

LOW CARBON IRON VA

PHOSPHORITIC [‘:',’fj[
IRON [0

STEEL .

Diagrammatic reconstruction of the surface appearance and composite structure of four Anglo-Saxon swords of
probable 6th—early 7th century AD date (from recent excavations at Park Lane, Croydon, Surrey, UK).




Meun paHHero cpeaHeBeKOBbA

Figure 28. Sword # A9 from Helsinki.

Figure 29. Microstructure of sword # A9: very fine
(almost irresolvable) pearlite.
(scale bar = 50 microns).

Alan Williams, David Edge "A metallurgical study of some Viking sword"
Gladius XXIX, 2009, pp.121-184



Meun paHHero cpeaHeBeKOBbA

22

Figure 33. Microstructure of # All: pearlite and
ferrite (scale bar = 50 microns).

Figure 34. Microstructure of # All: pearlite and
ferrite (scale bar = 10 microns).

Alan Williams, David Edge "A metallurgical study of some Viking sword"
Gladius XXIX, 2009, pp.121-184



Meun paHHero cpeaHeBeKOBbA
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Figure 54. Sword # BS.

Figure 56. Microstructure of sword # BS5: tem-
pered martensite and nodular pearlite.
(scale bar = 10 microns).

Alan Williams, David Edge "A metallurgical study of some Viking sword"
Gladius XXIX, 2009, pp.121-184




Meun paHHero cpeaHeBeKOBbA

Figure 61. Sword # C2.

lar martensite (?) and bainite.

Alan Williams, David Edge "A metallurgical study of some Viking sword"
Gladius XXIX, 2009, pp.121-184




Meun paHHero cpeaHeBeKOBbA

Figure 117. Sword # D?9.

Figure 119. Microstructure of # D10: ferrite, slag, and a little
pearlite (scale bar = 50 microns).

Alan Williams, David Edge "A metallurgical study of some Viking sword"
Gladius XXIX, 2009, pp.121-184




Meuun BbICOKOro cpegHeEBEKOBbBA

—T 12‘3 208 24&’1
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246 76,174 T1807 2005270 2807196 1945, 158 - 188 236

Fig. 3: 1.- Sword A457. 2.- A547. Photograph with surface measurements.

Alan Williams, David Edge "Some early medieval swords in the walles collection and elsewhere"
Gladius XXIII, 2003, pp.191-210



OnemeHTbl gocnexa. Konbyyra 13B.

7 ASTM.

Approximate grain size (ferrite) =
Average VPH (ferrite) = 123 |
l

(bainite) = 314 |

Mostly ferrite 'with streaks of a dark-etching material One of the dark-erching streaks (bainite)

Alan Williams " The manufacture of mail in medieval Europe: a technical note."
Gladius XV, 1980, pp.105-134



OnemeHTbl gocnexa. Konbyyra 158.

Average VPH = 527

Carbon content = 0.32 %.

S SR
’ f%ﬁ\‘ .

X 100 mag. X 2000. Tempered martensite, showing a mass of
tiny carbide particles

Alan Williams " The manufacture of mail in medieval Europe: a technical note."
Gladius XV, 1980, pp.105-134



anemeHTbl gocnexa. Linem Madeln Tun 1

J

The microstructure of helm Liestal

531.211; ferrite only.

Fig. 4.
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Alan Williams, David Edge "Great helms and their development into helmets"

Gladius XXIV, 2004, pp.123-134



InemeHTbl gocnexa. LLnem Dargen.

!

14

a

Fig. 2. The microstructure of helm DHM 1003; pearlite and ferrite
(scale bar = 100 microns in each photomicrograph).

Fig. 1. Helm DHM 1003,

Alan Williams, David Edge "Great helms and their development into helmets"
Gladius XXIV, 2004, pp.123-134
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