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BBEAEHUE

C HauyasoM TIOCTHHAYCTPHAJIBHOM 2Pbl, 0COOEHHO B
pasBUTHIX crTpaHax EBponbl, IMPOKO pasBepHYJIOCH
ABHMXKCHHUE 34 COXPAHCHHUEC MHAYCTPHAJILHOIO HACICAUA
npourtoro. OHO paccMaTpuMBaeTCs KaK BaXKHEHIIUN
SAEMCHT MATCPHAJIBRHOM KyAbTyphl HHIYCTPHAJLHOHN
UMBMIN3AUUKH U MPPAET 3aMETHYIO PoJb B ¢opmu-
POBAHMM MMPOBO33PCHUSL COBPEMCHHOTO UYEJ0BEKA,
npexnue Bcero Monogexu. C 970 Le/bIO MHAYCTPHANb-
HOE€ HACJACAUC NCPCHOBBIX CTPAH TILATCJIAbHO UHBCHTA-
pu3upyeTCs, u3yuaercd, Myseednuupyerca u nony.as-
pU3npycrcs. CTapre PYAHHKHA MU IUAXTHI, 3aBOAbLI U
abpuku, nNOPTHL M KEAE3HONOPOXHBIE BOK3AJHI,
MJIOTMHDBI 1 KAHAJIBI, TMMAPOBbLIC KOTCJABHBIC U JJIEKTPO-
CTAHU MY, BECTPAHBIC U BOASHBIC MCAbHMULbBI, & TAKXE
MHOrve JApYyTHe IPOMBILIIEHHBIE OOBEKTh AKTHUBHO
NOCEIAOT THICSAYM JIOAEH HE TOJBKO CBOMX CTPAH, HO M
3apyOexXHbIC TYPUCTHI.

C nesibio M3y YEHUS ¥ COXPAHEHN S UHAYCTPHAIBHOIO
HAacJaACcaAd BO MHOIHX CTPAHAX BO3HHUKJ/IN COCUHNAJbHDLIC
MY3€H, NMPOCKTHHEC H PECTABPALMUOHHbLIC MACTEPCKHUCL,
obuiecTBa M accouuaunu, Kadeapsl u HAKyJbTETH B
KOJUTENXAX ¥ YHHBEPCUTETAX, ONyOINKOBAHO MHOXeE-
CTBO HAYUHBIX, YUCOHBIX ¥ NONYASPHBIX KHUT, (DOTO-
anp00MOB U APKUX OYKJAETOB, OTCHATH BEIMKOJCIHBIE
craiasl ¥ dunbmel. Bero a1y paGoty Bosriasasier Mex-
AyHapoxaHbii KOMUTET M0 COXPAHEHMIO MHAYCTPHAJIb-
soro nacnexus (TICCIH), ornenenus xoroporo cyme-
CTBYIOT B OOJBIIMHCTBE CTPAH, 34 MCKJIKOUYCHHEM
Poccuu. OH cucTeMaTiyeckn NpOBOAMT MUPOBBIC KOHI~
pecchl MO PasHbIM ACHEKTAM JAHHOK npobieMbl.

B Poccuu ToXXe HEMAI0 BHHMAHHUS YACJISAA0CH COXPa-
HEHHWIO U NMPONaraHae KyJjbrypHoro naciaeausa. Cosnano
HEMAJIO UCTOPHKO-KYJIbTY PHHX 3AHOBCAHHKOB, ONMyOsun-
KOBAHbl THICAUYN HAYUHBIX M MONYJSPHbIX KHHI, COTHH
KPACHUBHX aab0OMOB, MHOXECTBO XYIOXECTBEHHHX
OTKPHITOK M APYroii H300pa3sUTENbHOH MNPOTYKIUH.
CroxHee OOCTOMT [IEJIO C COXPAHEHUEM M TMOMYJISIpH-
3auMed MHAYCTpHaJibHOro Hacaeaus. C onHoit CTOpOHHI,
33ACPXKKA CTPAHH HA CTAAMM TPAAULMOHHOM HHAYCTPK-
aZM3alMy HE CTHMYJIUPOBAAA MOCTUHAYCTPHANBHOIO
HHTepeca U 3a60TH O COXPAHEHMH M MCMOJIb30BAHUM
HHAYCTPHAJAbHOro Hacacaus. C Apyroit CropoHbl, OHTY-
€T MHCHHUE, YTO HAPOA MPECHIEH UM HA NPOU3BOACTBE
H B OTJIMUME OT MAMATHUKOB KYJbTYpPbl HC BOCHPHHH-
MaeT ero CTOJIb SMOLMOHAAbHO. Buaumo, no atum npu-
YUHAM [0 HERABHETO BPEMEHM M3YUYEHHIO M COXpa-
HEHUI0O HHAYCTPHAJBHOTO HACACAUS HE YIEAsIOCh
DOJDKHOTO BHUMAHM S,

MpuHUMNHANLHO HOBAs CHUTyauus CKJI3AHBAETCH
cerogHa. PapukanbHas CTpyKTypHas EPECTPOKa KO-
HOMMKH, YNPa3gHEHHE YCTAPEBUIMX NMPOH3BOACTB WM

HX TIpMBATHU3aUHMS CO BCEH OCTPOTOH CTABAT BOMPOC 0
CyAb0€e HEPEAKO YHUKAJBHBEIX MOMEMCHMIA M 000pyHo-
BaHU4. VX TPyaAHO COXpaHUTb B YCJOBHSX r1yboxoro
KOHOMHUECKOro KpU3uca  O1oaKeTHOTro aeduunTa, Ho
OPUMEHHUTENBHO K OTAENbHBIM, 0C000 LEHHBIM O0bEKTAM
9T0 NpUAETCH AcaaTh J000H LCHOMH, IOCKOIBKY CTPAHA
HE MOXET JIKIIMThCH CBOETO HALMOHATBHOTO JOCTOSIHUS.
Bosce Toro, psa yHUKaJbHBIX OOBCKTOB HEOOXOXHUMO
BKJIIOUHTh B MUPOBOM KagacTp DAMSTHUKOB MHIYCTPH-
ANBHOTO HACTEANSA.,

B Poccuy cymecTByeT HEMANAO KPYHHBIX IPOMBILI-
JICHHBIX PAafOHOB, MHTCPECHBIX C MO3HMUMI UHAYCTPH-
aJIbHOM apXeoJorni, HO 0c000e BHUMAHME NPUBJCKAET
Ypan — kak crapeidmnit ¥ MHOronpoUIbHBINR HEHTD
HHIYCTPHAIBHOTO MPOM3BOACTBA HE TOJBKO POCCHIACKOTO,
HO ¥ mMupoBoro s3naueuusd. Ha pyb6exe XVII—XVIII B,
OH CTaJl NPeBPAMATHCE B KPYMHBIN METAaNIYPTHUECKUH
paiioH, ueMy CrocoGCTBOBANO YHUKAHHOE COUETAHME
JKEE30PYyAHBIX, IECHBIX H BOAHBLIX pecypcos. B XVIII s,
3pech noctponaun He MeHee 200 ropHbIX NPEaTPHSITHIA
K wnavany XIX B. Ha Ypane npoussoguaocs 2/3
poccuiickoro xenesa u 90 npouenTos Meau. Ero 3asoxan
MOCTABJSJIA METAJIJI BO MHOTHE €BPONEHCKHE CTPAHBL U
Jaxe Ha AMEPHKAHCKUI KOHTHHEHT. ¥ PpanabCKoe Kpo-
BEJIBHOE KEJE€30 COXPAHan0 OT HENOroAbl 3hmamue
AHIMICKOro NapaaMeHTa u paHuysckuii cobop Horp-
Ham. Hekotopeie ucciemoBaTenu YTBEpPXAAOT, UTO
YPAJIBCKHI META/UT HCMOJb30BAJICA TIPH BO3BCACHHH
craryu CsoGonm B Helo-Mopke.

HoBriit uMIysibC passUTHS yPaJbCKOM HHIYCTPUU
aaaun Boiub XX Beka, OCOOCHHO BTOpast MEHpOBas,
KOrAA OH CTaJI KPYIHBIM TIOCTABLIMKOM HE TOJBKO Npo-
JYKLUMH METAJJIy prum, HO H MamIuHOCcTpocHUS. Tonbko
OOMH Mar{HuToropckuii METajIy pruuccKuit KoMmOuHar
aaBaj crpane B 1942—1944 roget 33 nponenra uyryHa,
25 NpOLEHTOB CTAMU M NMPOKAaTa, 30 MPOLECHTOB KOKCA.
A HxeBckuil MAalIMHOCTPOUTEBHHWIN 3aBOX NOCTABUI
93 npoueHTa 06LIECOKO3HOr0 MPON3BOACTBA BHHTOBOK H
KkapabunoB. B oOwei CAOXHOCTH B rogbl BTOpOM
MU POBOIi BoitHB Y paa obecnieunsan 40 npoueHToB Beell
npoaykuuu BoeHHo# npomeiieHHoctu CCCP.

B nocsieasue ronst CypoBbi€ BETPH " XOJORHOI BOHHBL"
CTYCTHJIM Ty4M CEKPETHOCTH HaZ Y paJsioM U NpeBpaTHIIH
€ro B KPYNHEHIIMI apceHas HOBEHIUMX BOOPYXEHHIL
3nech poxaanach COBETCKasi aTOMHAsi M PAKETHAd MOLIb.
B ycnoBuaxX KOHBEPCHM OHA TOXeE CTana ncropucii. [pen-
crouT Gonbinast paGoTa Mo ee HANMUCAHUIO M COXPAHEHUIO
00BbEKTOB HHYCTPHUAILHOTO HACJEANS 3TOMH SMOXH.

B ntore 3a croJieTHsi MHAYCTPHAJBHOIO Pa3BHTHSI
Ypaa npowmen nyTh, aHAJIOTHUHBIA MHOTHM CTapOIPO-
MBILJICHHBIM paiioHaM Mupa, Takum kKak Pyp, Jlo-
TapuHrusa, Onab3ac W aApyrume. Ero namstHukm 1o
3HAUMMOCTH MMEIOT OOLICHMBUIN3ALUOHHOE 3HA-



INTRODUCTION

The beginning of the post-industrial era, first and
foremost in the developed countries of Europe, gave
impetus to the movement for the conscrvation of the
industrial heritage. The latter is considercd to be the
central element of the material culture of the industrial
civilization and plays a significant rolc in shaping world
outlook of a modern man, first and foremost of the
young people, has considerable effccts on their
professional orientation. For this purpose the
industrial heritage of the advanced countries is being
thoroughly catalogued, studied, turned into museums
and popularized. The old mines and shafts, works and
factories, ports and railway stations, dams and
channels, stcam boiler-houses and electrostations,
wind and water mills and many other industrial objects
are actively visited by thousands of peoplc from home
couniries as well as by foreign tourists. This has
become a standard and a good form of conduct.

For the purpose of studying and preserving the
industrial heritage special museums, project and
restoration shops, communities and associations,
departments and faculties in colleges and universities
have emerged in numerous countries of the world; a
great number of scientific, educational and popular
books, photoalbums and colourful booklets have been
published; wonderful stydes and films have been shot.
All this activity is headed by The Intcrnational
Committee for Conservation of the Industrial Heritage
(TICCIH) the branches of which exist in the majority
of countries cxcept for Russia. It systematically holds
international congresses on various aspects of the prob-
Iem discussed.

In Russia great attention has been traditionally paid
to the preservation and propaganda of the cultural
heritage. Numerous historical-cultural musecums-
reserves have been created, thousands of scientific-re-
search and popular books, hundreds of marvellous
albums, a lot of picture stamps and other products of
fine arts have been published. At the same time
problems of different nature are encountered as the
conservation and popularization of the industrial
heritage are concerned. For the first the country’s
delay at the stage of traditional industrialization could
not stimulate the post-industrial interest and concern
about the conservation and application of the industrial
heritage. For the second it is considered that the people
are overburdened with it at their jobs and, in contrast
to the cultural relics and monuments, can not admire it.
Evidently, due to these very causes until recently great
attention was not focused on the study and
conservation of the industrial heritage.

A*

However, the today situation has principally
changed. The radical structural reconstruction of the
economy, abolition of the obsolete productions or
privatization of them make the problem of the destiny
of the uniquc premiscs and equipment especially acute.
To preserve them seems very difficult in the light of a
deep economiic crisis and budget dcficit, nevertheless,
some objects of a particular valuec necessitate doing it at
any price, for the country should not be deprived of its
national property. Moreover, a number of unique
objects must be included into the world cadastre of the
monuments of the industrial heritage.

There arc many large industrial regions in Russia
fairly attractive in terms of industrial archaeology
approaching, however a special attention should be
focused on the Ural as the oldest and diversified centre
of the industrial production of both Russian and world
importance. On the turn of the XVII-XVIII centuries
the inimitable combination of iron ore, woods and
water resources promoted the origin of a large-scale
metallurgical basis in the Ural. About 200 mining
enterprises were erected there over the XVIII century.
By the early XIX century the Ural produced 2/3 of the
Russianiron and 90%, of copper. Its works exported metal
to many European countries and even to the American
continent. The Ural roofing iron protected from bad
weather the houses.of the British Parliament, the French
Notre Dame cathedral. Some scholars consider that the
Statue of Liberty in New York was made of the Ural metal.

The XX-century wars, in particular the second
world war, set new incentives to the growth of the Ural
industry, turning the region into a large exporter of the
products of both metallurgy and machine-building. In
1942 the Magnitogorsk group of metallurgical enterprises
alone supplied the counrtry with 339, of cast iron, 25%
of steel and rolled products, 30% of coke; the Izhevsk
machine-building plant produced 939, of the aggregate
country’s output of guns and carabines. Overall, within
the years of the second world war the Ural provided 40%,
of the aggregate yield of the war industry.

In the posti-war years the severe winds of cold war
separated the Ural with an impenetrable iron curtain of
secrecy and transformed it into the largest arsenal of
the development, production and stockpiling of new-
generation weapons. It was the Ural where the Soviet
atomic and rocket power was originated. In the conversion
context it has already become history. A profound long-
term study is required to describe it and to preserve the
objects of the industrial heritage of that epoch.

As a result, over the centuries of the industrial
growth the Ural evolved in the way analogous to that of
the old world industrial regions, such as Ruhr, Alsace-
Lorraine, etc. Its monuments are of a vital importance



YEHNE, HYXHAXTCA B TILATCIAbHOM H3YUCHWH,
My3cedUKauUun, OXpaHE M IKCHOHHPOBAHMM IUIs
MupoBOM obwecrBchHocTH. [loka xc oHM Majo
M3BCCTHBH, HE BOULIM B MHPOBBIC KaTaJoru,
NPAKTHUECKM HE TMOCCHIAITCS  3apyGeXHBIMH
LEHUTENSIMY HMHAYCTPpHAAbHOTrO Hacjaenus. Llens
AaHHOM paboTh — NO3HAKOMHTbH C HMUM LIMPOKME
Kpyru ao0uTrencit CTapuHbl KAK B HALWICH CTPAHE,
TaK ¥ 32 €€ NPEeACAiMHU.

Ha VYpane coxpaumaock ceeimie 100 kpymHbIx
OaMsITHUKOB MHAYCTpHanbHoro Hacaenusa XVIII—XIX
BB. Pacckazath 0 BCex B OHOM myO/IMKALNN HEBO3MOX-
Ho. [105TOMY aBTOPH AT HAUAIA OCTAHOBWJIMCH TOJBKO
HA MAMSTHUKAX UHAYCTPHANBHON KYJIBTYPBL XEJ1C30AC-
JIATENBHOFO NPOM3BOACTBA KAK TNABHBIX U Haubosee Ko-
JIOPUTHBIX.

UeM Xe XapakTepu30BaAOCh MCTAJIYpPrHUECKOE
TPOM3BOACTBO HA Ypaje B pacCMAaTpUBacMbiil mepuoa?
Kakue ocHoBubie atans npomio? Yero nocrurso? IMo-
OLITAEMCH AATh €ro KpaTkyw 0000ILEeHHYI0 Xapak-
TEPUCTHKY JUIS TOrO, YTOOB MOHATbH NPEAIATaeMbIi
WUIIOCTPATUBHBIA  MaTEpHaJl H  €r0 TEXHMKO-IKO-
HOMMYECKAEC XaPAKTEPHCTNKH,

OguH N3 MNEPBEIX 3KEJC30ACTAATCAbHBLIX 33BOAOB
(Hunupackuit) 661 noctpoed Ha Ypane 8 1630—1631rr.
Yepes Tpu roga Bo3uuK [IbICKOPCKUA MCACTNABUIBHBIN
3aBOA, a4 33 HUMH LEJIAS UEMOYKA MPCANPUATHH TO-
aobuoro poga. OHM, KaK NPABHIO, PACMOJATAIKCH He-
NOCPENCTBEHHO Y MECT AOOBIUM PYAbl U PA3MEIAINCH B
MPOCTHIX ACPEBSAHHBIX mOCTpoitkax — ambapax. [ocne
HCYEPIIAHMS PYAbI JIEFKO MEPEHOCHANCh HA HOBOC MEC-
TO, UTO 3ATpPyAHsieT OOHApPYXKEHHC OCTATKOB TAKHUX
OPEANPHAIATHA B HALIM JHM, XOTS MNOTPeOHOCTL B HUX
BEMKA IU1S PEKOHCTPYKLLWM IPON3BOACTBA U GBITA TOrO
BPEMCHH,

Ypanbckue 3aBOAbI CTPOMIINCH 10 06pasuny crapo-
DYCCKHMX OJIOHCLKHX M TYJbCKO-KAIIKPCKUX. A TC, B
CBOIO ouepenb, CO3AABAIUCH MOJ BAUSHUEM EBpoOneli-
CKOif, B YACTHOCTH IIBCACKOW M HEMCLUKOH, MeTaj-
aypruv. 3TO OPENOCTABASET PCAKYI BO3MOXHOCTh
npocjaeanTb B3AaNMOCBA3b TexHoaoruM. K konny XVIle.
3HAUCHHUE YDPANbCKOM METANIyPruu CTaao ObCTpo Ha-
pacratb. CocoOGCTBOBAIO ITOMY OXHBJACHUEC BHYTPEH-
HETO M BHCUWIHETO PHHKA Oaronapsi NeTpoBCKUM Npe-
o6pazoBaHusaM. JTO — C OAHOI CTOPOHBI, C APYroi —
HACTOHIEHME CHIPheBbIX pecypcoB Kammpceko-Tynbckoit
6a3pl. Ypas Xe pacrnosiarajl YHUKaabHBIM COUETAHUCM
OFPOMHBIX 3aMaCOB BBICOKOKAYECTBEHHOM XKEJIE3HOM
PyZabi, BOQHBIX U JECHBIX PeCypCOB.

IMopuHBBI pacoBeT ypajabCKas METAJlyprud no-
nyuusa B XVIII Beke, KOoTOpH# 4acTO HA3BIBAIOT €€ "30-
noreiM BekoM". HanGonee ybeantenpHo cyaurb 0 Mac-
mrabax NMpPoM3BOACTBA TOTO BPEMEHM MOXHO NO Ma-

tepuasam  Hesbanckoro, Exatepunfyprckoro
Hyxue-Tarunabckoro 3aBoJoB.

TlepBast noMeHHA 4 ncub HA HeBpsiHCKOM 3aBoAe Mo-
ctpoeua B 1701 roay. Bekope 3nech Oniza coopy’keHa
"Lapp-ROMHA", OAHA U3 KPYMHCHIIMX B MHPC 1O TOMY
BpeMeHu. B cepeanne XIX B, moMeHHBIH KOpryc Gsul
nMepecTpoeH N COXpaHmiacs Ao cux nop. Ero moxHo pe-
KOHCTPYHMPOBATH NO UCPTEXKAM BTOPOIl HOJIOBHHBL BEKA.

ExatepunOyprckuit 3asoa, nocrpockusiii B 1723 ro-
ay, cyas no maany 1730 roga, umen okono 30 oracan-
HBIX TIPOMU3BOACTBCHHBIX MOMCUIEHUIt — LEXA, CKIANAMI,
MJIOTHHY € BOAOTIOABOASLLCIH CUCTEMOM, TPUBOAMBLICH B
aBuxexue 1o S0 poggubix koaec. Orpcabubie cro ppar-
MEHTHI, MEXaHU3Mbl CYyIWICCTBYIOT 1O CCi ACHb.

Huxne-Tarunabckuit 3aBo1 BLIAAT ACPBBIA YYFYH B
1725 romy. K «konuy XVIII Beka Ha Hem
(PYyHKUMOHMPOBANO 26 PA3JIAUHBIX [1PON3BOACTB. 3HecCh
ObiJ1 MOCTPOEH MEPBBIM PYCCKUM NAapOBO3, BHEIPEHO
MHOTO APYTrMX OPNUTHHAJBbHbLIX TEXHUUYCCKMX YCOBEP-
weHcTeoBaHmit. Jlo cero BpeMEHM COXPaHMIHCh
MJIOTHHA U BEWHSK, KAMEHHAA MOAINOPHAS CTEHKA M
apyrue o6bekthl XVIII Beka, 3aBoackas KOHTOpA, Ky3-
HEUYHHH UEX, Xene30KkaTaapHast Pabpuka, Cy Ty HOUHbIN
LEeX, & TAKXC APYTUE CTPOCHUS U 060PYyIOBAHNE EPBOIH
nososuHb X1X Beka. OHM J3I0T HATASAHOC MPEACTAB-
JgeHue 00 3BOJIOUMHN YPANbCKOrO METAJAYPruuccKoro
3aBOAA, MNpowWICAWECrO AYTh OT MaHYdAKTypsl A0
MpEeAmpUATHS HHAYCTPUAIBHOTO THIIA.

Kak naMsaTHHK  HMHAYCTPUAJBHOTO  HACIACOUS
Huxne-Taruneckuii 3aBog UHTEPECCH HC TOJIBKO TEM,
YTO 3TO OFHO M3 CTAPCULIMX MCTAJJIYPrUuyeCcKux
TMPEANPUATHI MUPA, HO ¥ TUIUUHOCTHIO MPOUNECHHOTO
MM IyTH, NPOSBUBIICICA B MHOPOCJIOWHOCTH [JIAHU-
POBKH 3aBOACKON TCPPHTOPUU M HAXOAMBILUMXCS HA HEH
IPOM3BOACTBEHHBIX OOBCKTOB. DTO co3maeT Onaa-
rONpPHUSATHHIE BO3MOXHOCTH i M3YUCHUS U XEMOHCT-
pauMH OCHOBHBIX ITANOB TEXHHUECKOr0 Iporpecca B Me-
TAANYpruM. MHOrMOUNCIEHHBIE 3KCTIOHATHI MO3BOJSIOT
MPOCCANTD MOMHBIA METAINYPIrUUYECKMI LMK, JOMCH-
HOE, MAPTEHOBCKOE, MPOKATHOE, @ TAKXE JUTECHHOE U
MexaHuueckoe npou3soacTro. Kapsep Bricokoropckoro
PYAHKKA BOCCO3AAET YHUKAIBHY IO IKCNO3NUUIO TOPHBIX
paboT Ha pasHbix (aomanycdakTypHOI, MaHydaKTyp-
HOM ¥ MHAYCTPHMAJIbHON) CTAAUNX JOOBIUM PYAB.

B obmieit croxHocTn 3a nepsylo onosuny XVIII se-
Ka Ha Ypane 6p10 nocrpoero 71 mpeanpusarne, 33 us
HUX MPOM3BOAWIM YEPHBIN Metasn, a 38 — mens. Bo
BTOpOil IIOJIOBMHC BeKa coopyXeHo eine Oonee 100
npeanpuatui. B 1800 rogy Ha ¥Ypane npoussoannocsh
7,8 MAH. myoB uyryHa u §,3 Mas. mynos xenesa. Bo-
ceMHaaUaToc cronerue 1aao 7/10 xenezonenarenbHbix
u nourd 9/10 Bcex MenennaBMABHHIX 3aBOJOB,
BO3HUKIUMX B ¥YPANbCKOM PErMOHE 32 NEPUOA XBYXBE-



for the civilization owing to both their significance and
retention, so they require thorough studying, turning
into museums, protecting and exhibiting for the world
public. Meanwhile they are still unknown, not included
in the world catalogues and practically not visited by
the foreign connoisscurs of the industrial heritage. The
present research is aimed at acquainting thc widce
circles of the antiquity fanciers in our country as well as
abroad wiht it.

Over 100 large monuments of the XVIII-XIX-
centuries industrial heritage have becn retained in the
Ural. To describe all of them in onc survcy is next to
' impossible. Therefore, the authors have concentrated
entirely on the monuments of the industrial culture of
iron-making as being the leading oncs and most vivid.

What trends were typical of the Ural metallurgical
production in the period concerned? What were the main
stages of its cvolution? And what results has it yielded?
Below follow an attempt 1o characterize it in outline in
order to understand the suggested illustrative matcrials
and the technical-economic specifications.

One of the first iron-making works (Nitsynsky) was
erected in the Ural in 1630-1631, threc years later
Pyskorsky copper-smelting works made its appcarance
and a number of identical enterpises followed it. As a
rule they were located just at the places of orc mining in
simple wooden constructions like sheds. When the ore
was exhausted they were easily transferred at a new site,
the fact which makes difficult to find their remainders
nowadays though the rcconstruction of the production
and mode of life of that time nccessitatcs it greatly.

The Ural works were built after the modcl of the old
Russian Olonets and Tula-Kashira ones. The latter
were in their turn crecicd under the influence of
Europcan metallurgy, the Swedish and German ones in
particular. This gives a unique opportunity to follow thc
interreiations of the technologies. By the close of the
XVII century the importance of the Ural mctallurgy
increased rapidly due to the active shifts in the Russian
both domestic and external markets under the impact
of Peter the Great’s reforms, on the onc hand, and of
the exhaustion of the resources in the Tula-Kashira
area, on another. Whereas the Ural abundanted in thc
unique combination of highly qualitative iron ore
deposits, watcr and wood resources.

The XVIIl century was the pcak of the Ural
metallurgy often termed as its gold age. The most
convincive evidences of the scales of the production at
that time are supplicd by the documents of Neviansky,
Ekaterinburgsky and Nizhne-Tagilsky works. The first
blast furnace at Neviansky works was erected in 1701.
A bit later the "tsar-blast furnace”™ was built therc, it
was one of the largest furnaces in the world. In the mid-

nineteenth century the furnace housc was
reconstructed and has becn preserved until nowadays.
It may be restored according 1o the drawings of the
sccond half of the century.

Ekaterinburgsky works was built in 1723 and
judging from the plan of 1730 had about 30 inde-
pendent production rooms, including shops, store
houscs, adam with a water-pipc system driving up to 50
water wheels. Somc fragments of this works have been
retained up to now.

Nizhne-Tagilsky works produced its first cast iron
in 1725. By the late XVIII century 26 various
productions functioned therc. The first Russian stcam
railway enginc was erccled there as well as many
technical improvements werc introduced. The dam and
water free-flow conduit, the stonc breast-wail and
some other XVIII-century objects, the house of thc
works’ managing board, the smith shop, the rolling
shop, "sutunochny" shop (the first phasc of the rolling
production) as well as many other constructions and
cquipment of the first half of the XIX century exist even
today. They are visual illustrations of thc evolution of
the Ural mectalfurgical works undergoing a long
transition from a manufacturc to an enterprise of the
industrial typc.

A special attention should be focused on Nizhne-
Tagilsky works as a monument of the industrial
heritage for, apart from being onc of the oldest
metallurgical plants of the world, it is characterized by
a typical nature of its evolution manifesting itself in
multi-strata planning of the works’ territory and of the
production objects located on it. This creates
favourable conditions to study and dcmonstrate the
major stages of the technical progress in metallurgy.
The numerous natural cxhibits allow to observc the
closed metallurgical cycle, i.c. blast furnace, Martin
and rolling productions as wcll as casting and
mechanical ones. The Vysokogorsky open mine
displays thc unique exposition of mining operations at
different phases of ore cxtracting (pre-manufactory,
manufactory and industrial oncs).

On the wholc within the space of the first half of the
XVIII century 71 enterprises were crected in the Ural,
33 of them produced ferrous mcetals and 38 — copper.
In the second half of the century over 100 plants werce
added to the existed ones. In 1800 7,8 mln poods of cast
iron and 5,3 min poods of iron werc produced in the
Ural. The eightcenth century gave 7/10 of the iron-
making and 9/10 of the copper-smelting works
emerging in the Ural region over the period of the two-
century existence of mining industry there. 82 iron-
making works out of the aggregatc of 116 ones becing in
motion in the Ural by thc beginning of the XX century



KOBOTO CYIICCTBOBAHUSI 3JeChb TOPHO3aBOACKOM Mpo-
MunuieHHoct. M3 116 xenesonenaTeapHBX 3aBOAOB,
cymecTBoBaBmuX Ha Ypase k Hauany XX seka, 82 Gul-
a0 ocHoBano B XVIII 8. [l eBsarHanauaThii BeK BHEC JN1ID
HE3HAUUTEABHBIC M3MEHCHNA B YACICHHBI COCTaB Xe-
JAE300eNATENbHBX 3AaBOAOB, 3aTO NPHHIMIHMAJIBHO
M3MEHHA MCACIUIABUJILHOC MPOU3BOACTBO. BONBIIMH-
CTBO ero 3aeofoB Obiio aukBuaupoBano B XIX
CTO/IETHH, TIABHLIM 00pPA30M BO BTOPOIA HOJIOBUHE,

HecMoTps Ha mepenoBnie 1Jid CBOETO BPEMEHM
TEXHHYCCKHE pEMmCHHS, (EOAANIBHOE HNPON3BOICTBO
Pa3BUBANOCH BCE~TAKH MEAJICHHO. T'eMN TCXHUYECKOro
mporpecca  pe3ko  BHPOC CO  BCTYIUIEHMEM B
KaMATaANCTHYECKYIO CTaguio pasButus, HceaTHagua-
THIi BEK IS YPAJIBCKOH METAJINYPruy 03HAMEHOBACA
HE CTOJIbKO PaCIIMPEHHEM MPOU3BOACTBA, CKOMBKO CrO
-COBEPLICHCTBOBAHMEM HA 6a3e HOBOM TEXHMKM, 0COOEH~
HO 9HepreTnueckoit. Ecin paHblie sHepreTnueckoi 6a-
30/ METAJLIY PruuecKoro Npou3soncTea OuuiM Boaoaei-
CTBYIOLIME COOPYXEHHUsl (INOTUHBE, BOAOBOAL, Boas-
HEE Xoneca ¥ T.A.) € COOTBETCTBYIOLIEH MM
oprann3auyeil NPOM3BOACTBA M APXUTEKTYypoil 3a-
BOACKHMX HOCTPOEK, TO TETIEPh MPHINEC NapoBoil NBura-
TE€JIb, KOTOPBIH KPYTO H3MEHHI TEXHOJIOTHIO IPON3BOA-
CTBA M XapakTep 3aBOACKHUX mocTpock. Cucrema
MAIUVH, COCTOSIASI H3 YHHBEPCAAbHOIO IAPOBOTO
ABHraTesis, NEepPefaTOuHbBIX MEXAaHU3MOB M pabounx
MAINH, CTa/1a FOCIOACTByouEel (PopMOI npou3soacTsa
! B ONpEAEASHHOM Mepe onpeaeNana BHEMmHMA o6auk
npeanpuatug., Ha cMeHy HMXHUM ypoBHIM SHeEp-
reTHYECKHX KOMMYHMKaumil (peXpae BCEro BOAOBO-
AaM) IPMILIM BEPXHWE 30HH B BMAE NaponpoBoaoB M
pasnnuHBIX TpaHCMuccuii. Ha 3aBOaCKMX Iiomankax
MOSBUJICA XEJE3HOZOPOXHBIIL TPAHCNOPT, KAHATHBIC
AOPOTH, BEPTHKAMbHBIE TOXBEMHHAKH /ISl HOZAYH Chipbd
B JOMEHHBIE 4N ¥ IPYTUX HY X1, YTO 3aMETHO MCHIO
MHAYCTPHAJBHBIN Neii3ax.

Konen XIX — nauano XX BEKOB 03HAMEHOBAINCH
AKTHBHBIM BHEAPCHHAEM B IIPOM3BOACTBO JEKTpHYC-
CKOMf 9HEpPrMM, UTO YCKOPUJIO PEKOHCTPYKLHIO MpO-
MHIUIEHHBIX NPEANPHSITHI M NPUGAM3NUI0 HX TEeHe-
pajpHBie MJAHBL K COBPEMEHHOMY TUIly. B 3THX ycao-
BHSX MHTEHCHM(DHIIMPOBAJICS MPOLECC NEPECTPONHKH 3a-
BOACKMX NAOMIAA0K, BHEAPAJICS HOBLIN APXUTEKTYPHBUH
cruap — MogepH. Ciayyanoch Tak, uto uepesd 10—135 ner
nx Obno yxe He y3HaTh. B uexax mnosBASIOCH
NPUHILAITNAJIBHO HOBOE 000pyaoBanne. OXHAKO B CBA3M C
MEANEHHHM npeo0pasoBaHHEM CTPYKTYpPW METAN-
JIyprudecKoro npou3BOACTBA M O0lIEH crarHauueil 9Ko-
HOMHKH YpaJia Ha TOM ITane HEOOPATMMBIX H3MEHCHMI
NTAaMATHAKOB MHIYCTPHAJIBHOIO HACACANS HE MPON3OLLAO,

Or/sinunrtensrHas OCOGEHHOCTb HMHAYCTPHAJIBHOIO
pa3suTHd Ypasa — €ro TeCcHast CBs3b C rpago-

crpoutenscreom. Euwie B XVIII Beke 3mecs navasam
BO3HMKATh “ropoxa-sasoant”: HeBsanck, Huxnui
Tarmn, Ananmaesck, Cwiceprb, Kymmsa, 3naroycr,
KuimiTeiM v ip. Kak npasuno, onu passueaance va 6ase
METAJUTyPTMUYECKHX 3aBOAOB. Yallie BCCro JOMUHAHTOMH
B TFOPOACKOM Tici3aXe BLICTYNAN 3aBOACKOW NPy..
OcHOBHAsE Marucrpajs ropoga, Kak Opasuiio, mpo-
XOOMJAA MO MJIOTHHE. YJIMIbl OPMCHTHPOBAJIUCH HA 3a-
BOJ M 33CTPAMBAJIUCH MPEUMY LUECTBEHHO ACPCBAHHBIMH
JIOMaMH CEJILCKOro THIA C COOTBCTCTBYIORIMMHA HagBOP-
HBIMU nIOCTpoiikamu. OGUIECTBEHHBIC 3AAHNS M ATIAPTA-
MCHTH 33BOAYMKOB BO3BOJWJIHCH U3 KAMHS.

Cneunduka Takux HOCCACHUM  ONPEACHsJIACE
TEPPUTOPUANBHEIM CAHHCTBOM C NNPOU3BOACTBOM, YETK(
BHIPAXEHHBIM XapaKTEPOM 3AHATOCTH HACCJICHHS,
ANAMHHMCTPATHBHOA MOAUMHEHHOCTHIO 33BOAOBAANEID:
11aM, UTO HAKJAABIBAJIO OTNCYATOK HE TOABKO HA THI
34CTPOMKH, HO U COLMAJIBHO-ObITOBON yxknaa xu3nu. [
CB93¥ C 60BIINM KOHCEPBATNIMOM B PA3BUTHH AOPEBO:
JIOLMOHHOTO Ypana u crarHauMcit GurToBoii cdepnb
OOUTAHMA B TOAb COBETCKOI BAACTH MHOIME NIOCCNECHHNS
TOPOACKOTO THNA A0 CHX NOP COXPAHUAH APKO BHDPAXEH:
HHE YEPTH HPONUILIX 3MOX M NMPEACTABISIOT BEJHKO
JICTIHBI TONNTOH AN HHRAYCTPHAJILHON ApXEoJIOTHH
cnocoGHOM PEKOHCTPYHPOBATH OUT METANNYPrOB.

Ypanbckoe MHAYCTPHANBHOE HACACAME YXMBUTE/ID
HO TOHKO BIHCHIBAETCS B OKPY Xalowmit nannmadr. He
MOBTOPMMANA  KPACOTa MOKPHITHIX JIECOM FOP M BO3BH
IEHHOCTEH, ObICTPBIX peK H  CIOKOIMHBIX NPYRO!
YHUKAJIbHO COUETACTCA CO CHeuMHUCCKOi apXUTEKTY
poii 3aBOACKMX KOPMYCOB M rOpPOACKHX mocrpoek. OH;
HEBOJIbHO HABEBAET MOTYumit 00pa3 ONOPHOro Kpas Acp
xaBbl, 60raTcTBa KOTOPOro CJAYXWIH HE OAHOMY MOKO
JIEHUIO PYCCKMX JIOAEMN, CNAcain OTEYeCTBO B NOAMHE
CYPOBHIX MCIIBITAHHH.

Ha srom BeankonenHoM mneii3axe €CTh M TeMHB
NATHA: BUPYOACHHBIC ZOUMCTA POLIM, OTPOMHELE POJIBL
OTBaJibl MEPTBOM NMOPOAbI, OTPABICHHBIE COpOcaMU PO
MHULICHHbBIX npeanpusTtuii pexu. HWmenno Ypan
OZHMM K3 nepBHX B PoccMum uCOLITaBIMEA CTON
CHJIbHOE AHTPONOTCHHOE BO3ACHCTBME HAa npupoay, ©
BpEMEHEM TIPEBPATHACS B KPYNHLIN PaitoH SKOMOrNvc
ckoro 6eacrud. Bee 3170 MOXHO OLIEHHTH HE TOJILKO Il
TNKCBMEHHEM HMCTOYHMKAM M HWIAIOCTPATHBHBIM M
TEpHaJaM, HO H YBHAETh COOCTBEHHBIMH T/IA3aME
CTOMT TOABKO MOCMOTPETH XOTs Ob HA BRICOKOrOpCKui

"kapbep B paiione Huxsuero Tarmna, rae BMecro ropi

Bricokoit 3a H0ATHE robl M3BJACUCHHUS XEJIE3HOM Py
o6pasoBanach OrpoMHas BnaanHa rayomHoii Gonee 30
METPOB, HaNOMMHAIOMAS JyHHH# Kpatep. Heur
nogobHoe MoXuo Habmonath u Ha KapaGamesckoi
Kkappepe B Yenabunckoit u PeBRAMHCKOM Kapeepe

CaepmioBckoit o6nactax, 71a M B APYrAX MecTax Ypan:



were founded in the XVI1II century. In the XIX century
the number of the iron-making works hardly changed
considerably, whereas the copper-smeliting production
was essentially improved. The majority of its works was
liquidated in the XIX century, chicfly in its second half.

Despite the advanced for that time technical
processes the feudal production developed quitc slowly.
The sharp increase in the pace of the technical progress
was associated with the outset of the capitalist phase of
development. The XIX century was marked for the
Ural metallurgy rather by the improvements of the
production on the basis of new technique, especially the
energetic one, than by the expansion of it. The water-
driven constructions (dams, water-pipes, water
wheels, etc.) with corresponding organization of the
production and the architecture of the works
constructions constituted hitherto the energctic base of
the metallurgical production. They were replaced by a
steam engine which absolutely changed the technology
of the poduction and the character of the works
constructions. The system of machines consisted of an
all-purpose steam engine, transmissive mechanisms
and working machines became the dominating form of
the production and to a certain extent determined the
exterior of a works. More improved systems, such as
steam pipes and various transmissions substituted for
the power communications (first and foremost, water-
pipes) of a lower level. Railway transport, funicular
railways, vertical lifts for raw materials dclivering to
the blast furnaces and for other demands, which
changed essentially the visual perception of the
enterprises, made their appearance at the works sites.

The end of the XIX-thc beginning of the XX
centuries was marked by an active introduction of
electric power into the production, which accelerated
the reconstruction of the industrial enterprises and
made their general plans more similar to the modern
ones. Under these circumstances the process of
reconstruction of the works sites intensified, a new
architectural style — modern — was introduced. 10-15
years later it was impossible to rccognize them.
Principally new equipment emerged in the shops.
Nevertheless, at that stage the irreversible changes of
the monuments of the industrial heritage did not take
place. It was caused by a slow alteration of the structure
of the metallurgical production and the general
stagnation of the Ural economy.

A notable feature of the industrial development of
the Ural was its close relation with the urban
construction. As carly as the XVIII century "towns-
works" made their first appearance therc: Neviansk,
Nizhny Tagil, Alapayevsk, Sysert’, Kushva, Zlatoust,
Kyshtym, etc. As a rule metallurgical works lay at the

root of them. In the majority of cases the works labour
dominated in the urban picture. The main thoroughfare
of a town usually exiended along a dam. The streets were
orientated towards a works and were lined with wooden
houses mainly of a rural type with corresponding
houshold constructions. Thc public buildings and the
appartments of the works-owners were made of stone.

The specificity of such settlements was determined
by the territorial unity with the production, the
distinctive character of the occupation of the
population, the administrative dependence on the
works-owners which had effects not only on the type of
the building but on the social modec of life as well.
Under the impact of an immensc conservatism in the
development of the pre-revolutionary Ural and the
stagnation in the social environment over the years of
the Soviet power a great number of settlements of the
urban type have still preserved apparent trends of the
previous epochs and may serve as brilliant training
fields for industrial archacology capable of
reconstructing the mode of life of the metallurgists.

The Ural industrial heritage is a fairly natural
component of the surrounding landscape. The
marvellous charms of the mountains and heights
covered with woods, swift rivers and calm ponds are
perfectly combined with the specific architecturc of the
works constructions and urban buildings. It can not but
evokes the mighty image of the support land of the state
the riches of which have served many gencrations of the
Russian people, saved the mother-land in the years of
terrible ordeals.

Unfortunately, there are dark spots on this
picturesque landscape: absolutely felled groves, huge
bare dumps of wastc rock, rivers poisoned by the
thrown wastes of the industrial enterprises. It is the Ural
that suffered a strong anthropogenic influence on the
naturc one of the first in Russia and has eventually turned
into a region of oecological disaster. Apart from written
sources and illustrations our own eyes may indicate this.
The only thing onc must do for it is to look at
Vysokogorsky mine in Nizhny Tagil district, wherc the
mountain Vysokaya over the long years of iron ore mining
has transformed into a huge depression more than 300 m
deep and is today very much like a moon landscape.
Identical situations take place in Kardabashevsky mine in
Chelyabinsk region and in Revdinsky mine in Sverdlovsk
region as well as in some other places of the Ural.

Abundance and diversity of the monuments of the
industrial heritage of the Ural, their uniqueness and
great intcrnational importance, rclatively high stand-
ards of prcservation and accumulation of the strata of
different epochs in the bounds of single monuments, all
these make them of a particular value not only for the



BoratcTBo ¥ pasnooGpasne NaMSTHHKOB UHAYCTPH-
aJIbHOrO Hacjaenus Y pasa, uX yHMKAaJAbHOCTh M MEXKAYHA-
POOHOE 3HAUEHHME, OTHOCUTEAHHO BBHICOKUI YPOBEHb CO-
XPAHHOCTH M HAMJIACTOBAHME PA3HHIX SI0X B Npegenax
OTAENBHO B3SATHIX NMAMATHUKOB ACAAIOT UX 0C000 UEH-
HBIMH HE TOJIBKO [/1si HALIETO OTEYECTBA, HO M A/ BCETO
MHPOBOrO coobutecTra. [109TOMY CO BCEI OCTPOTOM BCTANA
npofjeMa UX M3yueHds M CoxpaHeHus. Ha arom mytu
COE/IAHO HEMAJIO, OCOOEHHO B 06AACTH MCTOPUH apXHUTEK-
.1ypbl. Co3namnst MEMOPHAIbHBIC 30HEI HA MOTOBUIHXOB-
ckom 3asoge B Ilepmn, Kamenckom sasone B KameHck-
YpasscKkoM, 3anoBeqHAs 30HA 31aTOYCTOBCKOrO 33BOAA,
Ucropuueckwii cksep 8 Ekarepunbypre. B ropoge ITones-
ckoM Ha OuiBureM CeBEPCKOM 3aBOIE OTPECTABPHPOBAHA
M IpPUBEACHA B JKCHOO3ZMUYOHHOE COCTOSIHME HOMEHHAas
neub. Ha CriceprckoM saBoge (HuiHe "YpaarmgpoMau™)
COXpaHeHa yacTh cTapoi ¢habpuku, B TOM YHC/IE MEXAHH-
YECKOE OTAEJEHME CEPEIUHBL MPOLIJIOro Beka. Beayrcs
MacwrabHbeie padoTHl MO CO3JAHMI0 YHUKAJIBHOTO MY-
ses-sanoscaHmka B Humxuem Tarune, koropwiit 6yaer
JAEMOHCTPHPOBATh 3TANBl METAJYPTHYECKOTO NPON3-
BOACTBA C JEMHUAOBCKUX BPEMEH 10 HALIMX JHCH.

B nocixegHee BpemMs K OaaropoaMoit 3agaue M3y-
YEHHMS ¥ COXPAHCHUS NAMATHUKOB HHAYCTPUANBHOIO
HACIeAvsE MOAKJ/IYMIIACE AKANEMUYECKAS HAYKA, Yuc-
HuMu MHCcTMTYTa HcTopun u apxeonormn YpO PAH
paspaborana crieumuaapHaq nporpamma "Uunycrpuane-
HOE Hacaexue Y pana", nox KOTOPHIM B Helf MOHMMAETCS
MCTOPUYECKMI ONBIT NPOMBILIJICHHON ACSTCABHOCTH,
OBELYECTBJICHHBIN B NMCHhMCHHBIX UCTOYHMKAX ¥ M300-
PA3UTENbHOM TPOAYKLUMH, a TAKXKE COXPAHUBIIMUXCH
MAMATHUKAX HHAYCTPHAAbHON KyaAbTypbl. OCHOBHAS
3a4a4a NPorpaMMsl — BHISIBJICHHE, H3YUCHHE U COXPA-
HEHUE UHAYCTPUAJIBPHOIO HACACANS Y pana.

C oroi uenpio BoepBeie B Poccud  M3gaercs
crneumanbHas paboTa Mo MHAYCTPMANBHON APXEOsIOraw
KPYNHEHOIETO permoHa. B He#l npeacrasieHO Xesie30-
nenarenproe npomssonctso B XVIII—XIX BB, Ona xa-
PaKkTEpH3yeT CTPYKTYPy TOPHO3ABOACKHX OKPYIOB, ILjIa-
HBl 3aBOIOB, MX DHEPreTHKY, TEXHUKY H TCXHOJIOTHIO
HM3TOTOBJICHMS METaN/Na, 3aBOACKHE mocencHus. Ywra-
TEAh CMOXET HAIJISAHO NPCACTABATh YHUKANBHBIC, PAHCE
He MyOAMKOBABUIMECH KAPTHI, YEPTEXH M PUCYHKH,
dotorpacduu KOHUA HPOLLION0 — HAYANA HALICTO BEKA.
Bce 310 CO3JaET HENOBTOPMMBIM OOJMK OZHOTO W3 CTa-
peMinyx parioHOB METaJLIyPruyeckoro NpPOr3BOACTBA HA
NJAHETE, YKPEIUISeT MHEHHE, CAOXMBUICECS O HAMEM
Kpae 3a pyOexom: "Kese3o cospano sty crpany”.

ABTOpPH HapewTcsd, uro WX nybamkaums Oyner
CHoOCcOOCTBOBATH OCO3HAHMIO BEJIMYMsS HAMETO AAJCKOr0
NPOLLJION0, COXPAHEHMIO YHUKAJBHOrO HHAYCT PUAIBHO-
ro HACJEAMS, ero My3ee(uKaMn ¥ WMPOKOH IKCNO3N-
LMK HE TOJIBKO IS Hapopos Poccun.

I'JIABA 1. :
TOPHO3ABOJ/ICKUE OKPYI'A VPAJIA |

1

HaBHo  MCUE3HYBWIMK  MHP  MATCPUAJIbHON |
MPOM3BOACTBA TPOMUION0 Mbl MOXEM [MPCACTABHTD 1 !
PEKOHCTPYHPOBATH HE TOABKO MO YU CACBIIMM OCTATKAN |
HEXOB, MAIUKH, COOPYXEHMM, HO M IO KAPTAM, 4EpTe: |
xaM, miaHaMm u dororpacdusam. Bonec Toro, JOKyMeEH:
TAJBHBIC MCTOUHHKH BEChbMA HATJISIAHO MOKA3BIBAIOT €
My opraHmsaumio npoussoacrsa. Kapret ropro3ason:
CKUX OKPYroB Ypana — 4pKoOe TOMY JOKA3aTCIibCTBO.

WcTropuueckn cnoxmsuieics GopMoit opranu3anus
KPYITHOIO NPOMBILIJICHHOTO FOPHO3ABOACKOIO MPONU3BOJ:
cTBa Ha Ypase 6uau ropHo3aBoackue okpyra. Kommue:
CTBO OKPYXHBIX XO3S#CTB, HX PAa3MEPBI, OTAC/IbHBIC Xa-
PAKTEPHCTUKM BHYTPCHHEH CTPYKTYpPH B TCYCHHE
XVIII—XIX Bekos HenpepuiBHO MCHSJIMCh, TEM HC MCHEE
Mbl MOXEM BHACAKTD LEJbll psa 0OUUX uYepr, nmpucy-
I{HX BCEM OKPYFaM HA NPOTIXKCHUU BCEH MX NCTOPUR.

Bo-nEpBhIX, B OCHOBE KAXIOTO OKPYXXHOIO XO3SHCT-
BA JeXana KpynHas 3eMeJbHad COOCTBEGHHOCTh —
THICSIYM KBAZPATHHIX KHUJAOMCTPOB 3€MeEib M JIECOB.
TMourn Bcsi Tepputopus Cpeanero v Gosibmias uacts
teppuropun KQxnoro Ypana Obiau noageneHs MEXAY
FOPHO3aBOACKMMH OKpyramM. Uame Bcero 3cMesbHEHIE
BJAANCHUSI OKPYra ObUiM MOHOJIMTHB, W JIHIb B HeE:
CKOJBKHX XO3fMCTBAX MX TCPPUTOPHH OKa3aJach
pazopsana Ha uvactH. KoOHKperHsie pasMepbl H
KOHGHUTYpaLHA 3CMC/IbHBIX BA3ACHHU B KAXAOM OKPYI¢
CKAAABIBAMUCh MO BJMAHUCM LEJOrO PIa NPHYHUH, |
TOM YHCJIE CyObCKTUBHBIX — PA3aeN HACJCACTBA MOC
CMEPTH CTAPOro 3aBOAOBAAACAbLA, PACIPOAAKaA 3CMEM
H 3aBOJOB NOCjAc GAHKPOTCTBA U T.4.

HexoTropsie OKpyra BOSHMKJIM HA OCHOBE CYLICCTBO
BABIMX paHee KPYNHbIX ((DCORATBHBIX BOTUMH
THnuuHblLl 3TOMY BPYMEpP — HCTOPHS XO3AHCTBA TOP
HO3aBOZXYNKOB CTPOraHOBHIX.

L pyrue ropHO3aBOACKME OKpYyTra, ¥ B MX UMCJIC Ca
MBIE KDyHmHbie HA Ypane — Asamacsckmii, Bepx
Ucerckmit 1 HwxHe-Tarnapckuit, — noAyYsIn CBO
3¢€MJIM OT TOCYJapCTBa CMICUUAIBHO JJISE PAa3BUTHS MC
TAJUIy prHveCcKOr0o NPOM3BORCTBA. MHTEpecHO oTMe
THTb, YTO 3eMJIM "NPUINCHBANUCE" HE K OKPYLY, a
KOHKDETHOMY 3aBOAY; M NpHM 3aKPHTHMHM 3TOro 3aBOJ
rOPHO3aBOAYMK ACAXKEH OBUT BEPHYTH MX FOCYAAPCTB!
Jaxe CCJiM OCTANAbHble 3aBOAB OKPYra NpoOmoJIXaJ
paboraTh M YBEAMUMBATH NPOM3BONCTBCHHYID MON
HOCTb. Takue OKpyra Ha3HBaJIMCh "TOCECCHOHHBIMN ™.

HekoTopbic Xe ropHG3aBOAYMKH NOKY AN 3EMIH
[EJIbI0 CO3AAHMS HA HUX METAJLTY PriueCKMX 3dBOXO
OTMETHM, YTO OKPYra ITOM Py OB HO CBOUM pa
MepaM OTHOCHTENbHO HeBoTbIHMH.



native country but for the world community as well. In
this light the problem of their study and conservation
becomes especially acute. Quite a considerable scope of
measures has been taken for this purpose, especially in
the field of history of the architecture. The memorial
zones at Motovilikhovsky works in Perm’, at Kamensky
works in Kamensk-Ural’sky, the rescrve zonc at
Zlatoustovsky works, the historical public garden in
Ekaterinburg have been created. In the town of
Polevskoi at the former Seversky works a blast furnace
has been repaired and brought to an exhibit condition.
At Sysertsky works ("Uralhydromach” now) a part of
an old shop has been preserved, including the
mechanical department of the mid-ninetcenth century.
Large-scale activity is conducted to crcate a uniquc
museum-works in Nizhny Tagil which is intended to
display the stages of the metallurgical production since
the Demidov’s era until today.

Recently the academic science has joined the noble
task of studying and conserving thc monumcnts of the
industrial heritage.A special research programme
"Industrial heritage of the Ural” has been claborated
by the scholars of the Institute of History and
Archaeology of the Ural Branch of thc Russian
Academy of Sciences. It interprets the historical
experience of the industrial activity materialized in
written sources and in products of fine arts as well as in
the remained monuments of the industrial culture as
the industrial heritage of the Ural. The identification,
study and conservation of it is the ultimate goal of the
programme.

For this purpose for the first time in Russia a special
research on the industrial archaeology of the largest
region is published. It deals with the iron-making
production in the XVIII-XIX centuries. The charac-
teristics of the composition of the mining districts, of
plans of the works and their power supply, of the
tecnique and technology of metal producing, of the
works’ settlements are given in it. A reader would have
the opportunity to look at the unique, never published
prior, maps, drawings and schemes, photographs dated
from the late X1X-the early XX centurics. All this
synthesizes the inimitable aspects of one of the oldest
in the world regions of metallurgical production,
confirms the opinion of our region shaped abroad that
"iron has made this country”.

The authors hope that this publication would
facilitate the assessment of the greatness of our past as
well as the conservation of the unique industrial
heritage, iis coaverting into museums and wide
exposition not only for Russia but for the whole civi-
lized world. By this act we guarantce thus the futurc for
our great past.

CHAPTER 1.
"GORNOZAVODSKIYE OKRUGA"
(MINING DISTRICTS) OF THE URAL

The world of material production of the past
vanished from the carth long ago may be imagined and
reconstructed according not only 1o the preserved
remainders of thc workshops, machines, constructions
but to various maps, drawings, schemes, drafts, plans
and photographs. Moreover, the documental sources
are bright illustrations of the organization of the
production. The maps of the Ural mining disiricts
testify to it 1o a great extent.

The historically established form of organization
of a large-scale industrial mining production in the
Ural was a mining district. The number of district
economies, their dimensions, individual charac-
teristics of their inner structure were continually
being changed over the XVIII-XIX centuries,
ncvertheless a number of common trends inherent in
all the districts throughout their whole history may
be identified.'

First and foremost, each district economy was based
on a large-scalc landed property — thousands square
kilometres of lands and woods. Nearly the whole
territory of the Middle Ural and the major part of the
South Ural was divided among mining districts. In most
cases the land property of a district was monolithic, and
only in a few economies their territories were broken
into parts. Exact dimensions and configuration of the
land property in every district werc shaped under the
impact of a set of causes, among them the subjective
ones — such as a division of inheritance aficr the death
of a late proprietor, selling of lands and works after
bankruptcy, etc. However, the land property of mining
districts originated in one of the three enumerated
below ways:

Some districts sprang from a prior existing large-
scale feudal "votchina” (allodial lands). A typical
illustration of it is the story of the works-owners
Stroganovs’ economy.

Some districts, among them the largest in the Ural
Alapayevsky, Verkh-Isetsky and Nizhne-Tagilsky
ones, were allocated with their lands by the state
specially for the development of metallurgical
production. A notable feature was that the lands were
"ascribed" not to a district but to a concrete works and
in case of its stoppage a works-owner was o give them
back to the statc no matter that the other district works
went on operating and increasing their capacity. Such
districts were termced "possessionary”.



Bropoii oTyiiunTe IbHON UePTOit TOPHO3ABOACKHUX OKPY-
roB Ypana Obina M3BeCTHAS MX "HATYPAJbHOCTD'.
[TpakTHueckn Bce HEOOXOMUMOE VISt AESITCABHOCTH 3aBO-
JIOB [IPOM3BOIU/IOCH HA TEPPUTOPHM M CHJIAMH CAMOT0 OKPY-
ra. B pamMrax OKpyXHOTO XO34WCTBA HA COOCTBEHHBIX
PYIHUKAX ROOBIBANIACH PYAA, COOCTBEHHLIC ACCA AABATU
IPEBECHHY IUISI BBIKHra yrias. MHOIoOuMcaeHHBIE MAc-
TEPCKUC CHAOXAMM 3aBOAB MHCTpyMeHTaMu M obopyao-
BaHueM. Ha prHOK 3aBOXOBAAAEIBLb 00PAILAAHCEH TOJIBKO
/151 3aKYIIKM HEJOCTAIOWIEH YACTH MPOAOBOJNLCTBHUS; NpPH
ITOM BCE HACEJICHHE OKPYTa HaaeisIoch 3eMiiel 1 3aHnMa-
JIOCh B TOH WIM MHOMH CTENEHM CeJIbCKUM Xo3stitcTBoM. U na-
’K€ AOCTABKA TOTOBOM IPOAYKIMH K MECTAM NpPOAaXH
IIPOM3BOANIACH C ITIOMOIIBIO COOCTBEHHBIX CYA0B,

Baxuoit ueproit GONBIIMHCTBA TOPHO3ABOACKHX
oxpyrop VYpasna Gbiji MHOTOOTPACJCBOM MX XapakrTep.
IToMuMO mPOW3BOACTBA YEPHBIX METANLNIOB, LEABIA PN
OKPYroB 3aHUMAJICS BHIIJIABKOM MeAn (HEpEeaKo
KPHUYHBIE TOPHB M MCACIUIABUJIBHBIE IEYH CTOSIH
psiaoM B ooHOM M ToM Xe uexe). B XIX Beke ropHosa-
BOAYMKY AKTHBHO 3aHMMAJUCh HOOBIUEH 30J10Ta M
NJIATHHBL; HCKOTOPHIC M3 HUX paapaGaTmnann MCCTO~
POXACHUS MNOJYAPAroLCHHBIX KamHel. K cepeaune
XIX Beka nanbosnee xkpynHbie M OoraTsie X034iicTBa
003aBenuch  MAMMHOCTPOUTEAbHBIMH  (haGpuKaMH,
NMPOM3BOAUBUIMMM MAIUMHBEL HE TOJBKO OAs coOcTBEH-
HHX noTrpebHOCTEd, HO ¥ Ha npoaaxy. MoxHO
BCIOMHUTH  Bhlifickoe  MeXaHHMYECKOE  3aBENEHME
Huxue-Tarnapckoro ropHoro oKpyra, mocTaBJaSBIIEro
[APOBHE MAIINHBE; KA3€HAYI0 EXaTepuHOyprekyn me-
XaHHYECKY10 habpuky, cHabXABIIYIO CIOXHBIM 000py-
ZOBAHMEM LCHABIA PSf KA3CHHBIX M YACTHBIX 3aBOMOB;
CYOOCTPOUTENBHOE 3aBeAcHUE BOTKMHCKOrO 3aBOAA.

Oxgnako OoJsiee BAXXKHBIMH IS HAC SBJSIOTCS TE
YEPTH OKPYXXHOIO XO3AMCTBA, KOTOPHIE OTHOCATCH HC-
IMOCPEACTBEHHO K OPraHM3audd TPOU3BOACTBEHHOIO
TIPOLIECCA BRIASJKHM XeJe3a. Y 3nech Mbl JOJIXHBL B TIEP-
BYIO OUEPERbh OTMETUTH CICRyIowee: Bce §e3 uckaue-
HHSI TOPHO3ABOACKHME OKpyra Y pasa npeiacTasJsiif co-
605t METAJIIY pPrUUECKHUE MPERTIPUSTHS C TOJIHBIM TEXHO-
JIOTHYECKHMM LUKJA0M. IHaue roBops, A00bITAs B OKpyTe
pyAa 31ech XKe MOAHOCTHIO mepepabaTbiBaniachk B Xese-
30, CTaJIb M M€Ib PA3ANUYHBIX COPTOB ¥ AAXKE YACTHYHO B
Mmerajionsaenus, Pyaa, mrpikoBoi uyryH u 6oaBaHou-
HOE XEJE30 ANd YPAJTbCKHX 3aBOAUYMKOB OBLIM MOJy-
MPOAYKTOM, 4 HE TOBAPOM. MBI IPAKTHUECKH HE HMEEM
cBeaenni, ornocamuxcs X XVII1 nwan nepsoit nosiosune
XIX BekoB, 0 MX MPOAAXE M3 OKHOIO OKPYra B APYTroi
MJIM HA BHYTPEHHEM WJIM MHPOBOM phIHKax. [1popaxa
MepeAebHOr0 UyryHa KAa3eHHBIX 3aBOAOB BO BTOPOM
nonosune X1X seka Obina ckopee dopmoit rocyaaper-
BEHHOM NMOAZCPXKH YACTHHIX MPEANPUATHI, YeM CBHAE-
TENBCTBOM QOPMUPOBAHMS PHHKA nonydabpukaTos.
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[Tockonpky OCHOBHBIM THMIIOM 3aBOACKMX JBUTrATe-
aeit B XVIII u 6onpieit yactn XIX sexa Opiau BoxsHsie
KOJIECA, 3 YPOBECHb PA3BUTHA CTPOUTEAbHOM TCXHUKH HE
MO3BOJISI BO3BOANTD IMJIOTHHB HA MOJHOBOJAHBIX KpyH-
HBIX PEKAX, CAMHBIA TCXHOJOTHUCCKUM LUKJ BHACIKH
KEAC33 B KAXKAOM OKPYTE AEJNIICH MEXAY OTAC/TbHBIMH
JOMEHHBIMH M TIEpCIC/NbHBIMHM 3aBogaMu. B Hemanoi
CTENEeHn JTOMY Croco0CTBOBANO TO OOCTOSTENBCTBO,
YTO COBMEINCHME HA ONHOM 33BOJC U JIOMEH, M KPUUHOTQ
MPOU3BOACTBA KAKMX-TUB0 TEXHOJIOTHUECKHX BHITO HE
nasano. EnuncrBeHHsiM HeynoGCTBOM  paspesieHus
TEXHOJOrMUECKOro UMK/a BHYTPH OKpyra Obiam no-
HOJIHUTEAbHKIE PACXOAKW Ha MepeBosky noaydabpuka-
TOoB. HeMHOrouucieHHple  HapOBHIE  ABUTATEJH,
MOABUBIIMECS HA YPaJAbCKUX 3aBOAAX B MEPBOI
nmoaosuHe X1X BeKa, HE MOITH 3HAUUTEABHO ITOBBICHTH
WX DHEProBOOPYXEHHOCTh., DBosice TOro, HEJOCTAaTOK
OBHXKYWICH CHJIBE CTajd B 3T0 BpeMs ropasgo Gosee
OLIYTHMBIM M3-3a IWIHPOKOIO pacnpoCcTpaAHEHUS JHCPro-
eMKoit npokatHoi TexHuku (B XVIII Beke mpokaTHbIe
CTaHb HAa Ypajie noutu He ynorpebasnuch, OCHOBHAS
Macca METaJid NPOKOBHBANACHL MNOXK OOBIYUHBIME
KpuuHbiMU Mosoramu). [loaromy neneHue HA TOMCH-
HbIE M TIEPEACABHBIE 33BOAB COXPAHSJIOCH HA Y paJjc
BIIOTH 0 Hauaaa XX seka. B cpenqaem B coctas ropHo-
3aBOACKOro OKPYra BXOAN/IM ORMH-ZBA JOMEHHBIX H JIBZ
nepenesbHbIX 3aBoga. Bmecre ¢ Tem B Hanbosiee Kpyn-
HoMm Bepx-Ucerckom okpyre Haxommnoch 11 3aBogor
oboux TuIos, a B Huxne-Taruanckom — 8.

Bo/bMIMHCTBO AOMEHHBIX 33BOLOB Ypajaa, Kak
NpaBUJIO, TOMUMO JOMCHHBIX Meyueil pacnoNarau emg
M HEKOTOPHIM  KOJHMYECTBOM KPHUYHBIX TOPHOB
NYAJAMHTOBBIX TIEYEH MM MPOKATHHIX CTAHOB, HACKOJIb
KO TO3BOJIS/IM 3aMachl BOABI 3aBOACKOrO npysa. Yuctc
JOMEHHBIMH OBIJIM JIHIIb HECKOJMBKO KA3EHHDIX 33 BOJOB
CHEUMATN3NPOBABIIMXCS HA  OTJIMBKE  YYPYHHBD
NYyIIEK, CHAPSAOB U APYTUX U3AEANHN AJAS ApPMHH.

PaccpepoToucHue B XaXI0M OKPYre TEXHOJOTHUC:
CKOT0 LMKJId MEXAY ZOMCHHBIMH M NEpefeIbHBMY 3a-
BOAAMH 34CTABJIYJA0 TOPHO3ABOAUHMKOB KAK-TO KO-
opauHMpoBaTh AcicTeud nocaeaaux. B XVIII Beke a1¢
OBII0 OTHOCHTENILHO MPOCTO: HYXHO ObLIO JMIIb o0ec:
MIEYNTD NEPEACAbHBIE 3aBOAb HEOOXOAMMBIM KOJIHNYECT:
BOM uyryHa. B nepsoit nososune XIX Bexa 3agaua yc
JIOXHUJIACh B CBS3M C PE3KMM pacIIMPEHMEM ac
COPTHMEHTAa RNpOAyKuUMH. Mexay saBogaMu Ttemepi
NMEePEBO3MANCH HE TOJbKO INTHKOBOM YYTryH, HO U MHO:
XeCTBO PASHOBHAHOCTEH XEJEC3HBIX 3arOTOBOK, Ipen:
HA3HAYEHHBIX /9 NPOKATA PA3HBIX COPTOB METaMAA.

BaxHeHIunM CpeacTBOM, NPUMECHSBIIMUMCS Ha Ypa:
JIE AN PALIHOHAIM3AUXH BHYTPHOKPYXHBIX NIPOH3BOX:
CTBEHHBIX CBS3€H, CTaJa CHEINANN3aNHa KaXIoro U3
3aBOZAOB OKpYra HAa BHIIYCKE CTPOr0 OrpaHNMYEHHOrO



And finally some works-owners had bought
heir lands for the purpose of crecting there
1etallurgical works. It must be pointed out that the
listricts of this group had rclatively small
limensions.

The second notable feature of the Ural mining
listricts was their certain "naturalness”. Practically
verything required for the activity of works was
1anufactured on the territory and by means of a
listrict itself. The ore was obtained in mines within a
listrict; its own woods supplied timber for coal
urning. Numerous shops supplied the works with
mplements and equipment. The works-owners
urchased only the lacking foodstuffs on the market;

all the district population was given allotments and
was engaged to a certain extent in agriculturc, cven
ithe transportation of ready producits to thc markets
was carried out with own ships.

A trend of vital importance in the majority of the
Ural districts was their diversified character. Apart
from ferrous metals production a number of
districts smelted copper (quite frequently forges
and copper-smelting furnaces were localed in one
and the same shop). In the XIX century the works-
owners actlively conducted gold and platinum
mining; some of them explored deposits of semi-
precious stones. By the mid-nineteenth century the
most large and rich economies introduced machine-
building plants producing machines for both own
demands and sale, among them the Vyisky
mechanical establishment in Nizhne- Tagilsky
district manufacturing steam engines; the state

. Ekaterinburg mechanical establishment supplying
a great number of state and private works with
complex equipment; the ship-building estab-
lishment of Votkinsky works.

However, those trends of a district economy
related directly with the organization of the
production process of iron obtaining seem to be of a
‘greater importance. In this light, first and foremost a
special emphasis should be given to the fact that all

_the Ural mining districts without any exception may
be regarded as metallurgical enterprises with closed
technological cycle. That is to say, the extracted in a
district ore was processed into iron, steel and copper
of different sorts and even partially into metal goods
immediately in the same district. Ore, pig iron and
osmond iron were rather semi-products for the Ural
works-owners than commodity. Actually there are no
indications of the cases of their selling from onc
district to another or on both domestic and
international merkets in the XVIII-the first half of
the XIX centuries. Selling of pig iron by state works

in the second half of the XI1X century was rathera way
of thc state support to the private enterprises than an
indication of originating of the market of semi-
products.

As water wheels were the main type of the works
engines in the XVIII and the major part of the XIX
centuries, while the rate of the development of the
construction technique did not allow dams erection
on large, full-flowing rivers, the closed
technological cycle of iron processing was divided
in every district among separate blast furnace and
finery works. This was promoled to a grecat extent
by the fact that comprising of blast furnaces and
forges at thc samc works gave no technological
advantages. Extra expenses for scmi-products
transportation scemed to be the only shortcoming
of the technological cycle’s division within a
district. Not numerous stcam cngines emerging at
the Ural works in the first half of the XIX century
were not capable of increasing considerably their
total power. Moreover, the lack of motive power
became even more apparent due to the wide
expansion of power-consuming rolling technique
(in the XVIll-century Ural rolling mills were
almost not in use, the major quantity of metal being
effected under forge hammers). Therefore the
division into blast furnacc and finery works was
being preserved in the Ural until well into the XX
century. On the average every district comprised I-
2 blast furnace works and two fincry ones. At the
same time the maximum number of works of both
types amounted in Verkh-Isetsky district to 11 and
in Nizhne-Tagilsky district to 8.

The majority of the Ural blast furnace works
had as a rule apart from blast furnaces some forges,
puddling furnaces or rolling mills, as many as the
water sources of the works pond allowed it. Only a
few state works specializcd in casting cannons,
shot and other arms were cntirely blast furnace
ones. ‘

The distribution of the technological cycle in every
district among blast furnace and finery works
necessitated coordinating the activity of the latter. In
the XVIII century it was comparatively easy: the only
problem was to supply finery works with the necessary
quantity of pig iron. In the first half of the XIX century
the task got more complicated under the impact of a
considerable growth of the output assortment. Not only
pig iron but also various kinds of osmond iron for the
further special iron rolling were transported among the
works.

Rationalization of the production relations
inside the districts was brought about in the Ural

i1



uHCAa noaydabpuKaTOB WM COPTOB MeTasLaa. Mmeaock
ABA BAPHAHTA TAKOH CIEIHATH3ALINH,

ITepBBiit npegmonaraa OCHAWIEHNCE KAXIAOIO 3aBOAa
okpyra o0OpPYAOBAaHMEM NS TIPOM3BOACTBA TOJBKO
OJHOro-ABYX COpTOB Xene3a. OpHako KonebaHud
PBIHOYHOM KOHBIOHKTYpPH 3aCTaBJs/IM COKpPAILaTh
IIPOH3BOACTBO OXHHX COPTOB XeJ1e3d, YBCIAHUYHBATD BbI-
ACAKY APYFHX WA HAUYNHATH BHIPACATHIBATH HOBHIE,
paHee HE NMpOM3BOAMBLIMECH copra MeTaaaa. [TosTomy
paboTa N0 COBEPLIEHCTBOBAHUIO DAa3fCAEHHMs TPyAa
MEXAY 3aBOJAMH BHYTPH yDPaJbCKHX OKPYroOB NMPOZOJI-
KaJjach HenpepeiBHO B TeyeHmne Bcero X1X meka.

Hpyroit BApHAHT CHIEUMATN3ALUH 33BOAOB OCYILECT~
BJM/ICA B HEKOTOPHIX OKpyrax 3anagHoro Ypajia unu B
X03aMCTBAX, MMEBLUIMX 3aBOAB KAK HA 3aMaAHOM, TaK H
Ha Bocrounom Ypane. CyTh BTroporo BapHaHTa 3aKJio-
yajaach B PACHOAOXEHMHM TEXHOAOTHYECKOTO IMKJA
BAOJIb MO IIYTH BBHIBO3a FOTOBOH NpPOAYKUMM H MOJIY-
¢dbabpukaTto Tak, uTOOH UYYFyH BHILIABALACA B
Ypanbckux ropax, a OKOHYAaTE bHAd OTAE/KA METANIA
npoBoauaach B paBHUHHOM [IpukaMmee, yxe Henaneko
OT UEHTPAMbHBIX PAHOHOB CTPAHH M OT OCHOBHBIX L[EH-
TPOB MPOAAXM XeJie3a, CTaJn, METasanousneani. I'eo-
rpadMueCKUC YCJAOBHS BIOJAHE OJaronpuaTcTBOBANH
TAKUM IIaHaM: 3anagubtil Y pan pacnosaran 6oraThMi
MECTOPOXACHUSIMMI XeJIe3HOM pyast, B [Ipukambe pyas
He Ob110, 3aTO MMENHCh GoJibLHE MAOIANN JECOB OIS
ofecricueHus TOTUIHBOM NEPEAEAbHBIX 33BOJOB.

I'VTIABA 2.
IIJIAHBI 1 BUIbI
XEJE3OOEJATEJIDBbHBIX 3ABOJOB

BosbIIMHCTBO XEAe30e/IATE/AbHBIX 3aBOA0OB Y pasia
610 moctpoeno 8 XVI{I — neproit noaosune XIX se-
KOB, B MCPUOL MCIONb3OBAHMS NPEMMYIECTBEHHO BO-
OSHBIX ABUIrAaTeNCH., DT0 06CTOATENBCTBO, @ TAKXE YPO-
BCHb DA3BUTHA TPAHCIOPTHOM TEXHUKHM OOYCJOBMIH
KOMIUIEKC TpeGOBaHMH, NPEABABAIEMBIX K NPEANIOaa-
raeMoMy MECTY CTPOMTEJBCTBA 3aBOJA. Baxueiuve n3
Hux Obuty Bhigesnienst uctopukamu H.B. Bakaanoseim u
J.A. KamuuHUEBHM.

Ilepeoe. IToaxoasiume g CTPOUTEALCTBA TLIOTHHBL
Koudurypauus 6eperos peKu U XapakTep IPYHTa peu-
Horo a#a. (ITonpoGuee 06 3TOM ropoputcs B ra. 3).

Bropoe. Bosiee nwan Mence 3HaunTEABHBE MACUIAAN
JIECOB B HENMOCPEACTBEHHOI 6m30CcTH OT 3aBoaa. yxe-
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Bas MEPEBO3KA APECBECHOTO Y/ AC/IAMA BO3MOXH(
3KCIIYaTALMIO JiecoB B pagnyce He Oonee 50—80 km.
Tperbe. HeoOxomuMocTh A9 AOMCHHBIX 3aBON(
pacnonaratbhCd pPSAOM C PYAHMKAMHU, a OJ8 nepenen
HBIX — C HOMCHHBIMH, TMPHYEM IO BO3MOXKHOCTH }
OXHOM peke ¢ nocaenHnmMu. [lepenenpHblil 3aBoa pasm
IMANCS HIUXKE JOMEHHOIO MO TEYEHH IO, YTOOBI NCTIOb3I
BaTh PEKY HE TOJHKO KAK UCTOUHHK DHCPTHUM, HO M Ki
CPEOCTBO JOCTABKH HITHKOBOTO yyryHa. OnHako nocie
HEe ycaoBne Ha Ypase co0monanoch HE CANILKOM XeC
KO, TaK KAaK NOPHO3ABOXUMKY MOMIH HCHOJb30BATh 1)
nepeBo3kH 1mo1yhabpuKaTOB NOUTH JAPOBOM TPYA U T
JK€eBOIt TPAHCTIOPT MPUIIACHBIX M KPEMOCTHBIX KPCCThAH
U, nakoneu, nocrennee. 3asoast JOJXKHB ObLIH H
XOAMTBLCH HE CIMIIKOM AAJIEKO OT CYNOXOAHBIX PCK, |
KOTOPHIM TOTOBAsI NPOAYKLMS MOIJIA Gbl BHIBO3UTHCS
MECTaM NpogaxH. B 9ToM OTHOWIEHUY NPUPOIA B LLCJION
GAarONPHATCTBOBAAA. YPAAbCKONH  HMPOMBILILIECHHOCTH(
TaK KaK 4epes peku 3anagHoro Y paja oTKphiBaJICs BH!
X0X 1o BOgHbIM nyTsM kK Llewrpanbnoit Poccum 11
Baatuiickomy n UepHomy MopsiM. BMecTe ¢ TeM Heko!
TOPHIM FOPHO3ABOACKMM OKpyram BocrouHoro Ypan
TPUXOAMNOCH TIEPEBO3UTb CBOK  MPOAYKLHIO |
GIHXKANIINIM PEUYHBIM MPHCTAHAM TyXEBbIM TPAHCIIOP
TOM Ha PaccTrogHue, npespimanuiee uuoraa 150 km.
O1cyTcTBHE 1060T0 M3 MEPEUNCICHHDBIX YCJIOBHH 33
TpynHAA0 paboTy 3aBOAA, OTCYTCTBME HECKOJAbKHUX —
nenano ee HesosmoxHoW. KauectBo coOcTBeHH
MPOU3BOJACTBEHHON IUIOIARKM, HA KOTOPOI1 CTPOMJINAC
LEXa M YCTAHABJIHBANIMCh METAJIYPrHUECKUC MUK,
NPH 3TOM NIPAKTHUYCCKM HE YUYHTHIBAKOCH. [1o cyuecTny,
3aBOX CTPOMACH B OBIBIIEM DEYHOM pveae, Ha caabow
TPYHTE C OUEHD BHICOKMM YPOBHEM MOANMOYBEHHBIX BOJ,
Ias Toro, uToObl BO3BESCTH CKOJILKO-HHOYAb HANEKHBIC
thyHmaMeHTH O TAXKEN0E METAaANypruyeckoe obopy-
IOBaHME, NPUXOAMJIOCh OCYIUIATh TOMHM M 3a6MBaTH AC
CATKY THICSY cBai. CeroaHs 310 06CTOITEbCTBO Kpaik
He 3aTPVAHSET MPOBEIACHHE APXEOJOTHUCCKHX PACKO
ITOK HA TEPPUTOPHHM CTAPHIX 33BONOB: JII0O0M PACKOM He:
MEAJICHHO 3aTONAIETCH NOATIOUBEHHBIMM BOJAMMU.
Bryrpennss nnanupoBka 3asogoB XVIII — nepsoi
noniosriHb X1X BEKOB BCELie/iO Ompeaeasanacy, CUCTEMOI
HCIIOJIb30BAHUA BOOAHOM »osHepru. Kak  yKasweipael
ypaasckuit apxurekrop JI.II. Xononosa, nocestHBias
910ik npobaeMe HECKOIBKO CBOMX TPYAOB, B 33BOZAX HTOI
BPEMEHH "TIPON3BOACTBEHHBIE 3HAHUS KAK Obl HAHN3AHH
Ha "ocu" BOXOBONOB M MO IUIOIANH 3AHMMAJTH TOAYMHCH-
HOE NOJIOXEHUE, BOASHBIC JIapH HIPATH ONPeHeIsONy 0
POJIb B KOMITO3MIMH MEHEPAJIBHOTO TI1AHA U 0011ei 00beM-
HO-TIPOCTPAHCTBEHHOI KOMMO3ULMH 3asozxa".4
Hcnonbs30BaHNE rMAPOIHEPrHN JUKTOBAJO TAKXE H
B33aNMHOE PAcnosIoXeHne 00opyaOBAHMS BHYTDH 3aBO-
na. Bonee oraaneHHble OT MJIOTHHB BORAHBIE KOJIECA



irstand foremost by meansof specializationofevery
listrict works in producing strictly limited and fixed
wmberofsemi-productsormetalsorts. Twovariants
fthiskindofspecializationwereinexistence.

The first one implied to equip every district works
vith machines for producing only 1-2 sorts of iron.
Nevertheless, market fluctuations compelled to reduce
he production of some sorts, to ingrease the output of
mother ones or to introduce new, hitherto not
rwoduced, metal sorts. Therefore, the division of labour
imong the works within the Ural districts was being
'ontinuously amended throughout the whole of the XIX
entury.

The second variant of the works specialization was
fulfilled in some West Ural districts or in the economies
ipossessing works in both West and East Ural. Its
.essence consisted in the technological cycle being
extended along the way of finished products
transportation, so that pig iron was smelted in the Ural
mountains, whereas the final processing of metal was
conducted in Prikamie (a plain area nearby the river
Kama to the west of the Ural), not far from the centre
of the country as well as from the main centres of iron,
steel and metal goods selling. The geographical
position favoured these plans: in the West Ural iron ore
resources were in abundance; Prikamie had no ore, but
wasrichin large tracts of woodland for supplying finery
works with fuel.

CHAPTER 2.
PLANS AND PANORAMIC
VIEWS OF IRONWORKS

The majority of the Ural ironworks was erected in
the XVIII- the first half of the XIX centuries, in the
period of applying mainly water engines. This fact as
well as the rate of the development of transport
technique had conditioned a set of requirements for a
site intended for a works building. The most important
of them were distinguished b{ the historians
N.B.Baklanov and D.A.Kashintsev.

For the first it was the configuration of the river
banks and the character of the ground of its bottom
appropriate for a dam erection. It will be described
more detailed in Chapter 3.

For the second the presence of more or less con-
siderable tracts of wood adjacent the works was

required. The cartage transportation of charcoal made
possible the use of woods inradius not more than 50-80
km.

The third condition was the nccessity for blast
furnace works to be located nearby mines, and for
finery works — nearby blast furnace ones, possibly on
the same river. A finery works was situated lower
downstrcam than the blast furnace onc in order to
utilize the river water as power source as well as means
of pig iron {iransportation. However, the latter
requirement was not followed in the Ural too strictly, as
the works-owners could use almost free of charge
labour and cartage of ascribed and serf peasants for
transportations of semi-products.

And finally the works were to be located not far from
navigable rivers for delivering the products to the
markets. In this respect nature favoured the. Ural
industry, for the West Ural waterways gave an access 1o
the Baltic and Black scas, whereas the East Ural mining
districts had to transport their products to the nearest
river wharves by cartage at sometimes over 150 km
distance.

Lacking of any of the enumerated conditions made
the works operating difficult, while absence of
several of them made it just impossible. The quality
of the site for shops building and metallurgical
furnaces installation as such practically was not
taken into consideration. Actually a works was
erected in a former river bed, on a loosc ground with
a very high level of underground water. The
construction of more or less safe foundations under
the heavy metallurgical equipment necessitated
drying of swamps and hammering tens of thousands
of piles. Today this circumsiance makes the
fuifilment of archaeological excavations on the
territories of old works extremely difficult: any
excavation immediately gets flooded with
underground water.

The interior planning of the works in the XVIII-
the first half of the XIX centuries was entirely
determined by the system of water power utilization.
The Ural architector L.P.Kholodova having devoted
some of her works to this problem approaches it as
follows: at that time at the works "Production buildings
were arranged in such a way as if they were stringed on
the "axes" of water lines and by their areca were in a
subordinate position. Water frec-flow conduits played
the decisive role in the composition of the general plan
as well as in the total volumetrical-spatial composition
of a works".*

The application of hydropower determined also
the interdependent location of equipment inside a
works. The more remote from a dam wheels had
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MMEJIN MCHBLUYIO MOIMHOCTD, IIOTOMY CAMAs 9HEProeM-
Kas TEXHMWKA CTABWIAChH PAZOM C IJIOTUHOM, a MCHEE
SHEPrOEMKAS — JAaJICE Mo TeueHno peku.” B peayabra-
Te 00OPYAOBAHKE [AJNICKO HE BCETAa PA3MCINAIOCh B CO~
OTBETCTBHH C €10 MECTOM B TEXHOJIOrnyeckoii nenu. He-
peaKo, K NPUMEDPY, PIAOM C AOMHAMH OKA3BIBAJUCH HE
KPAYHBIC TOPHBI UM IIYAJIMHIOBLIC NCYH, 4 MPOKATHHIE
cTaHsl. BO3HMKAAM HOMOJHUTEJNBHBIC NEPEBO3KH
MOJYTIPOAYKTOB YX€ BHYTpu 3asoga. Ho ropHosa-
BOOUYHMKOB ropaano Gosibie BOJHOBAJ BONPOC HCIOAb30-
BAHUSI SJHEPTUM BOXBI, YEM CJTOXXHOCTH C ICPEMEIICHHEM
rpy30B, KOTOpDHIE, KAK YXC OTMCUAJIOCh BBILIC, MpPH
H30bITKE MOUTH JAPMOBOM KPEmOCTHOI paboueii CHAB
TIPEoaoAEBAIUCH OUEHB JIETKO.

T paguuMoHHOK GbLIA CACAYIOWAS CXEMA Pa3MEILEHU
obopynosanus. HenocpencrsenHo 33 nioTHHOM BO3-
BOAWIACh AOMCHHAS (abpuka; KOJOIIHHK NOMEHHBIX
neueil COGTUHAJICA C BEPXHEN YAaCThIO TLIOTHHBI MOCTOM,
To #emy pyzna, yrosp # (OCH NOXBOZUIKCH U3 CKIAIOB
HEHNOCPEACTBEHHO K KOJOWHMKY. Takxe pagoM ¢
TIOTHHOM CTPOMIIACH ¥ ISCOMUNBHAS MEIHHMIIA, BOASHOE
KOJIECO KOTOPO# CBOMM JMAMETPOM BCETAA MPCBOCXOAHIIO
Koneca ocranpHbix (abpuk. CregoM 33 HOMEHHOM
(haBpuKoil MM HANPOTHB HEE, MO APYFYIO CTOPOHY BOAS-
HOTO JIaps, HO HH B KOEM CIyuac HE HANPOTHB M HE CJICAOM
34 [TUJBHOM MEJBHUIEH pacnoNarajach MeACHIABUIbHAS
dhabpuka (ecsin OHA MMEACh HA 3aBOAC) . [1pu OTCYTCTBHM
B 3aBOJE AOMEH MeIEMIaBHIbHYIO (GabpHKy CTABIIH CPa-
3y 3a miotuHoit. HenocpeacTseHHo Xe BOAM3M NIOTHHbE
pasMeinaanch Kpuunsie pabpuxu, o6u4HO ABE MK TPU. B
caydyae, ec/iM Ha 3aBOAE UMEJNCh TUAbHAS MEAbHMLA M
MenenaasubpHas (padpHKa, KpHUHbIE PACTIONAraaHCh Ha-
MpOTHB TOCAesHEeH (WM HAanNpOTHB AOMEHHOW NpW c¢
HaJNuMM, B 9T0M caydae Oyayum G1uxe K njoTHHE, YeM
MEIENIABUJIBHAA) , 3 TAKXKE HANPOTHB APYT APYra.

Hanee pacnonaranucsk (paGpukn, ACHCTBOBABIINE OT
Gosee cnaBrix BOASHBIX ABUTATENEH WM COBCEM 63 HHX,
COOTBETCTBEHHO N0 MEpPE yMEHbUeHMs noTpefHocTy B
IBUXYILEH CHJIC: XECTSHAs, YKAAAHAS, CTaJIbHad, XeJle-
30MIIOMIMJIBHAS MK XEJNe30pe3Hast € XBOCTOBBIMM
HOXXHHLIAMH, IKOPHAS, KOJOTYIICYHAs, JOWATAs, 4 TaK-
XKe pefKNe — THA HPOBOJOYHON C BOAOAEHCTBYIOLIMH
kaemwamn. OOGLIUHO OHM LT 33 MUJILHOM MEJBHMLCH, a
NpH €€ OTCYTCTBMM — 34 MOJIOTOBHIMH (KPHUHBIMM)
¢dabpuxamn, pacnonarasice WA B ORHH PSf, MAU Ha-
MPOTHUB APYT APYTA, BAOJIb OAHOTO WIM — PEXe — Pa3HBIX
napeit. PazyMeercs, noansiit HA60pP BCEX NEPEUNCICHHBIX
(habpuk Ha OAHOM 3aBOAE BCTPEUAJCS PEOKO.

TToMuMO OCHOBHEIX, COBCTBEHHO METAYPrUUECKUX
LIEXOB, HA 3aBOACKHUX ILJIOIIAAKAX Pacrosarajoch eiie
MHOXECTBO MEJKNX BCIOMOTAaTeJbHHX MacTepckux. K
npuMepy, B 60-x rogax XVIII Bexa wa Hwuxnue-
TarnabckoM 3aBogEe UMeAnCh caepywume "dhadpuxku”:
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MOJIOTOAEAbHAS, IO H3TOTOBJICHHIO XEJAEIHBIX KOTJIO
CKOBOPOX M XAPOBCHB, MO H3TOTOBJCHHIO XEJC3H
KOBLIEH, M0 H3TOTOBJIEHUIO MEAHOH MOCYABI ¥ MO JIUTH
KOJIOKOJIOB, MEXOBas (MPOM3BONCTBO BO3XYXOAYBH
MEXOB), @ TAKKE MHOXECTBO Pa3HOOOPA3HBIX KY3HHUI

B reuenue XIX Bsexa, u ocobenno Bo BTOpOIL f
MOJIOBMHE, BHCAPEHNC NAPOBBIX ABUTATEACH HECKOJIb
HCKA3MI0 KIACCHUECKYIO ITAHUPOBKY BOROACHCTBYEM
3aBogoB. JacTh napoBhIX ABUTATECICH B METAIY PrHY
CKOM MPOM3BOACTBC CTAPHIX Y PANbCKHUX 3ABONOB MPHM
HSJIACh JIMIIL B KAYECTBE BCIIOMOrATENABHBIX K BOASH
KoJecam uau TypOMHAaM, T.€. ACHCTBOBAJAA JHLIb
BPEMS HEXBATKH BOABL B 3aBOACKMX npyaax. Ckoubky
HHUOYOb 33aMCTHOFO BAMSIHHMSA HA PACNONOXEHHE LEXol
OHM, KOHEYHO, HE 0Ka3uBanu. Bmecre ¢ TeM BO BTOpOI
moaoeuse XIX Beka Ha MHOrMX 3aBOAAX PAXOM C BONd
ReiCTByEMBIMU NPOM3BOACTBAMH CTAJIN NMOSIBJIAThCS A0
MEHHBIC, KPHYHBIC, MAPTCHOBCKUE WIHN TPOKATHHIE Le
Xa, OCHOBAHHBIC HCKJIIOUHUTECIBHO HA NAPOBOM WJIN AAX
SJIEKTPHYECKOU SHeprun. BosBoamince Taxue uexa va
LIE BCEro BHE CTAPOH 3aBOACKOIM Momaaxu — ando aa
JICE IO TEUEHHIO pekH, aubo BaoOAbL Bepera 3aBOACKON
NPYAA, BHIUE CTAPLIX 3NAHUN 1 COOPYKCHMM.

KouneuHo, HoBas sHepreTHueckas 0asa CyIIeCTBEHH
PACIIMPAZIA TPOM3BOACTBEHHBIC BO3MOXHOCTH ACHCTBO
BAaBHIMX paHec HA Boae 3aBogoB. OmMHAKO pe3y/bTam
PEKOHCTPYKILHH RAJIEKO HE BCErAa ONMPABABIBAJIM TIOHC
CEHHEIE 3aTpaThl. Bo-nepBbix, M3 coueTaHns BOAOAEIHCT
BYEMbIX H COBPEMEHHBIX LICXOB BCE PABHO HE YAABAJIOC
CO3MaTh MOJIHBIM TCXHOJIOTHUCCKMI LMK MPON3BOJCTBL
OPraHU30BAHHBIA 110 MPUHLUIY HEMNPEPBIBHOTO MOTOK:
Bo-BTOpPHIX, CTPOMTEJALCTBO HOBBIX LEXOB M O0OpYIIC
BAaHUS B TOMKOM PEYHOM PYyCNE UM MO BHICOKKM Gepera
PEUHOTO YIIE/bst 00XOMHUA0CH MHOTO IOPOXE MOCTPOIMK
TOUHO TAKHX XK€ LEXOB 1 060pYA0BAHHS HA POBHOM MECT!
V3BECTHO, UTO IIpM CTPOMTENBCTBE OGECCEMEPOBCKOI
npoussoactea Ha 6ase craporo Huxne-Canausackoro 3:
BOJA NPHIJIOCH CPHITD 11EIYI0 KAMEHHYIO ropy.

K kouny XIX Beka cTano OKOHYATENBLHO SICHO, Y1
ZanbHEUIICE PA3BMTHE M COXPAHCHUE KOHKYPEHTOCIIC
CcOBHOCTH YPanbCKOH METAJIyPruYecKOil MpPOMBILLTEE
HOCTH BO3MOXHOQ JIUIIb TIPU YCIOBUU MOSBICHNS HOBBI
HE OTAMOLIEHHBIX CTAPBIMM CTPOCHHUSIMH M TPAHMLIMSAM
3aBOAOB C TOJHBIM Y HENPEPHIBHBIM TEXHOJOTHYECKH
LHKJIOM NPOM3BOACTBA MeTasnoB. OCHOBHBIEC NPHHIAI
pasMeleHusl LEXOB B TAKOM 3aBOAE COPMYJMpOBA
crpoutenb Kamenckoro 3aBona Ha rore Poccun nrxene
B.A. Baccon: "Becbma xenatensno, 4yToGs atd pabpuk
OBLIH PACTIONIOXEHB] B TAKOM MOCIEAOBATENBHOM NOPSI]
K€, Mpu KOTOPOM 00pabaThiBaeMble MATEPHAJIB, TIEPEX(
IsT U3 ONHOTO OTAE/ICHMS B JPYro€, HATIPaB/Is/INCh BCETL
B OJHY CTOPOHY; MEXY OTACACHUAMH CJICAYECT OCTABJS]
JOCTATOYHOM BETMUMHB IPOMEXYTKH NI KAKMX-HUOY]



lessercapacity, thereforethemostpower-consuming
echnique was placed near adam and the less power-
onsuming one — lowerdownstream.® As a result in
any cascs the equipment was located in accordance
ith its position in the technological succession. For
astance, frequently rather rolling mills than forges
r puddling furnaces occurred ncar blast furnaces.
This imposed extra transportations of semi-products
dinside a works. Nevertheless, thc works-owners were
.concerned with the maximum possibic utilization of
‘water power fo a greater exlent than with
transportation difficulties which werc casy to
overcome due to a sufficient amount of almost frce of
charge serf manpower.

Below follows a traditional scheme of cquipment
location. The blast furnace shop immediately
followed a dam; the mouth of blast furnaces was
connected with the upper part of a dam with a
bridge, along which ore, coal and fluxes were
transported from store houses to the mouth. Also
nearby a dam a saw mill was built, the water wheel
of which was of a greater diameter than thc ones in
the other shops. Just after the blast furnacc shop or
opposite it, on the other side of a frce-flow conduit
but by no means opposite or following a saw mill, a
copper-smelting shop was placed (if existing at a
works). In case of the absence of blast furnaces at
a’ works the copper-smelting shop immediately
followed a dam. Two or three forge shops were
located near a dam as well. If both a saw mill and a
copper-smelting shop occurred at a works the
forges were placed opposite the latter (or opposite
a bl\ast furnace shop, if there was such, in this case
nearer to the dam than the copper-smelting shop)
and also opposite each other.

The shops driven by less powerful water engines
or by none of them were located further according to
the decrease in their demand for motive power: a tin
shop, a shop producing cemented steel, a shop for
iron rolling and cutting with plate shears, an anchor
shop, a shop equipped with enlarging hammers, a
sheet iron producing shop and the rare ones, such as
a wire mill with water-driven tongs. Usually they
followed a saw mill or, in case of the absence of the
latter, — hammering (forge) shops, being located
either in one row or opposite each other along the
same conduit or, quite rarely, along different ones.
By all means, only in a few cases a full set of the
enumerated shops occurred at one and the same
works.

Apart from the main, metallurgical proper, shops
a great number of small assistant ones occupied the
works sites. For instance, in the eighteenth-sixties

the following shops integrated into the Nizhne-
Tagilsky works: hammers manufacturing; producing
ironboilers, braziers, pans;ironladlesmanufacturing;
copper-ware producing and bells casting; bellows
making and a lot of smithies of various types.

In the XIX century, especially in its second half,
the inroduction of steam engines modified to a
some cxtent the classical planning of the works.
The metallurgical production of the old Ural works
applied steam cngines only as complementary to
water wheels or turbines, i.e. thcy were in motion
only during the pcriods of lacking water in the
works ponds. Thesc cngines had no essential
effects on the shops location. Parallel with water-
driven productions in the second half of the XIX
century some blast furnace, forge, Martin or
rolling shops based entirely on steam or even
electric power made their appearance. In the
majority of cases these shops wcre cerected outside
the old works site — either further downstream or
along a bank of thc works pond, upper the old
buildings and constructions.

By all means, the introduction of a ncw power base
gave impetus to a significant increase in the production
capacity of thc works operated prior by water.
Nevertheless, the results of the reconstruction not
always proved the expenses incurred. First and
foremost, the combination of water-driven and modern
shops could not generate a closed technological cycle
based on the principle of an uninterrupted production
line. Secondly, the construction of new shops and
equipment in a boggy river bed or on high banks of a
river gorge proved to be much more expensive in
comparison with the construction of the ideniical ones
in a plain locality. Therc is an evidence that during the
introduction of the Bessemer production on the basis of
the old Nizhne-Saldinsky works a huge rocky hill had
to be liquidated.

By the end of the XIX century it became fairly
obvious that the further growth and sustaining of the
competitiveness of thc Ural metallurgical industry
was possible only on the condition of cmerging of new
works with closed continuous technological cycle of
metal producing not burdened with obsolete
constructions and traditions.The leading principles
of locating shops at a works of this kind were
formulated by the builder of Kamensky works in the
South of Russia, enginecer V.A,Basson: "It is quite
desirable to locate the shops in a consecutive order,
so that the processed materials could pass from one
department to another only in onc and the same
direction; between departments a sufficient space
should be left for some special operations, for a more
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ocobbix pabor, ang ymoGCTBA TMEPEsauu MNOAYTOTOBBIX
npoayxtos”. "...UyTryH AOJXKEH B >XMAKOM COCTOSHHHU
APAMO AOCTABAYTLCY M3 AOMEH, NPUYCM CACHyeT Mo
BO3MOXXHOCTU m30eraTh MNOTHUMAHMS  PA3JIHBOUHOIO
npubopa; (abpHka JOMKHA BO BCIKOE BPEMS AOMYCKATh
paclidpeHUE NPOM3BOAMTENBHOCTH TNPOCTHIM npubas-
JieHHEM KOHBeprepos”. "PesbconpoxkaTHoe OTAE/CHHE
CEAYET MPOEKTHPOBATH Tak, UTOOBI XHAKas cTanb U
JIMTOE Xene3o npsaMo u3 Ghabpux BBOAUIOCH TYAA U YTO-
O oTaMBka GOMBAHOK M NPOrPEB  MOC/JACAHMAX
NIPOM3BOAMJINCH BOM3M MPOKATHOTO CTaHa".

Iepsbie 3aB0ABI HOBOTO, HHAYCTPUAJIBHOTO THTIA HA-
4yajsu ZelcTBOBaTh Ha Ypane Ha pybexe XIX—XX
CTOJICTHHA.

I'TABA 3.
3ABOICKHUE IIJIOTHUHDI

BecHoit 1724 rona mosonoi ropusiit oduuep Huxudop
Kneonun, sBocnuraunuk resepana B.W. Tennuna, xak
HUKTO YYBCTBOBABLUIMI KYJIBTYDPY FOpHOTO Jcaa Ha Ypa-
Jie, o0paTHaACa K TMATPOHY C HEC/ABIXAHHBIM IPEAJO-
XeHueM. Ha Bech CPOK MPOXOAXKAIOIIMXCS CTPOUTENbHBIX
pabor B ExarepuHOyprcKoM 3aBOAC OH roToB ObLa OTKa-
3aThC4 OT [OJIOBMHBI CBOETO XAJIOBAHBA B IT0JIb3Y JEMHAO-
BCKOro IoTHHOro macrepa JI.C. 3no6una.b HapaGorau-
Huii Ha Ypane 200-n1eTHU# OMBIT DAOTHHHOTO CTPOCHMS
HOATBCPAMII: FOPHBIT 33BOX MOXKET HKOHOMUTDb HA UEM H
Ha KOM YIrogHOQ, TOJIbKO HC HA TVIOTHHE.

OCHOBO# XKe TOrO OMbITA U €10 BEYUHLIM CTUMYJIOM HA~
30BEM CYPOBHII M U3MCHUUBEIN YPANBCKUH KauMaT — 33-
Mep3aHHue PeK 3UMOI0, 4 YacTO M IPOMEP3aHHUE 10 CAMOIO
AHA, ¥ 0OMeNeHne IETOM, HEPEAKO O MOJHOIO Iepechi-
xauns. CTosb XKeCcTokue KoyieGaHnsd TEMIEPATY DBl BKYIE
C BECEHHHM TasIHHEM CHETOB M OOMJIbHEIM, XOTH M KPaTKO-
BPEMCHHEIM, MOJIOBOALEM BEJO K BHIpaboTKe ocoboi
TEXHUKH IJIA IOy YeHHs] BOOHON dHepruu. [IpuponHmmu
daxropamu, GnaronpudaTCTROBABIIMMM €€ BhpaboTKe,
MOXHO CUMTATh MpeobAafalomie Ha Ypane IMIMHACTHE
HOYBHl M KpailHe pasHooOpasHbii Geperosoit npoduib
NOUTH KAXAO0H PEKM — OT MOJIOTHX ¥ HIMPOKUX Geperos,
JIETKO NMOABEPraeMHX Pa3MHIBY, 0 Y3KHX U BHICOKHX. Cy-
LIeCTBOBABLINE K MOMEHTY npue3ga B.U. ennnna ua
¥Ypan B 1722 rogy rHEPOTEXHHUECKUE COOPYKEHHUS XKeJe-
3o7enaTeabHbix 3aBonoB [epmanuu, @Opanuum (v gaxe
Msennm) JAOBOJIBCTBOBAJIHCD, KakK TIPaBuUio,
MOAJIMBHBIMH, T.€. HUXKHEOOMHBMMM KoJIecamu.” [1aBHOE
BHMUMAHHE YAEJSJIOCh YCTPOMCTBY OTBOAHOTO OT PEKH
KaHa/la, 3 HMEHHO! MOAACPXAHUIO TIOCTOSIHHOIO YPOBHS
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BOABl B HEM M NMOCACAOBATCJbHON YCTAHOBKE BO3MOXI
OOJIBILEIO YMCAA BOASHBIX KOJeC. [MApOTeXHHYecKl
KOMILIEKCH YPaJIbCKMX 3aBOJOB NpEATIONATAM, TIPEs
€ BCETO, YCTPOMCTBO BOAHBIX pe3cpsyapoB. OCHOBHI
BHAMAHUC YACASIOCH BO3MOXHOCTH DPABHOMEPHO.
pacmpeResieHUsT BOJHOW 9HEPTHHM B TEUEHHE BCErO o)
W MepaM 0E30MacHOCTH B KPUTHUYECKHE MEPHOIBL BECE!
Hero noaosoaba. Céhopmynuposanubie B.U. I'enunns
TEOPETHUECKHE BBLIBOAB M MPAKTHUECKHE NPHHLHMD
njotuHHOro ycrpoiicrea 20—40-x romos XVIII sel
OCTABAJINCh HEM3MCHHBIMA JJ/IS BCEN THAPABIHUYECK(
TEXHHKH BIJIOTh A0 Hauasa XX Beka.

BeiGop mecTa HA peke OHpeACasJCcH CTPEMJICHHC ..,
NOCTPOHTh KOPOTKYIO, LIMPOKYIO U BHICOKYIO IJIOTHHY
(B OTJIMYME OT JJIMHHBIX ¥ HEBHICOKUX moTud XVII Be-
xa).lo Ina atoro TpeboBasoCh HAMTH YYACTOK C BH-
cokumu Oeperamu (Ha p.Kywee B Mecre 3aknazmk
TIJIOTHHBL OHH BO3BBIIIAJIHCh OT MOBEPXHOCTH BOXbI Ha
10 apmmu, T.e.. cBhuie 7 M) ¢ NOCAEAYIOLUUM
DOHMXEHUEM HMX BBEPX MO TeyeHuio. B Mecre ocHo-
BaHMs WM (DYHAAMEHTA IJIOTHHBI XEAATEABHO ObLi0
u3berath Kak €aa00ro CeNyyero, Tak M CKaJbHOTO
rpyura. Ilpu BubGope mMecta noa Ty xe¢ KywBuHckywo
nnotuHy mexanuk H.II. DBaxopes u  macrep
JI.C. 3n06un oTseprau aBa Apyrux mecta, Gonee Bbiy
COKHX, HO oJiee Xe KAMEHHCThIX. :

TMo Bceit aude 6yAyuieil NIOTHHB OTPHIBAIN POR A0,
TBEPAOTO MaTEPHKA, IVlyGHHON MHOrO HHMXC AHA PEKM.
ITo kpaio psa, o6paliekHoMy K npyay, BOusaau 3 (np;
ManbiXx MIOTHHAX 2) pana ceait. Ha ceam ycrynmamu,
HAaCTUMAMH pex (GPEBCHUATYIO PEMIETKY) , NEPEKAAIIb-~,
Bas MECTA COMPHKOCHOBEHMS CO CBASIMM MOXOM H
3a0uBag MPOMEXYTKH MEXAY NOMEPEUHBIMH OpeBHAME
TJIMHOMN. Pex sbiBoauIM H 110 KParo, 00paILEHHOMY K 3a-
sony. [Ipu 3TOM ocTasasin OTBEPCTHS LIS JAPEBOrO U
BEUIHAKOBOIr0 (BELIHSIYHOrO) NPOPE30B, KOTOpHIE N0
ofonM KOHUAM orpaxaanu ceunkamu (4-yronabusie
cpy6Bl C neperopoakaMu BHYTpM, ILIOTHO HaGuTHE
nHOM), CBUHKHM B @epxnell Wiy nepegHed MOJOBUHE
TJIOTHHBL (T.e. OOpaunieHHOW K TIPYAY) HA3LIBAJINCH
OMHOCHbIMU, B HUXHel WIH 3aAHEH MOJOBHHE (T.€.
obpamenHoii Kk 3asomy) — pasnochelmu. Ipyroi
BAaPMAHT HAa3BaHMs MOAYEPKHMBAJ THUN cOOMKHU: kpeno-
cmHble c8uHKU (PABHOCTOPOHHME) — B CPEAHEIl 4acTH
TEsNA TWIOTHHH, omKochbte (CO CKOMIEHHBIM YIJIOM) —
YCTAHOBJIEHHBIE 11O KpasiM Tesia B oTceind. ITox mpope-
33MH PEXH BBIBOAMIMCE BO BCIO WIMPHHY TIOTHHBL. Kak
CUMTA] TOPHHI WHXeHep PoxkoB, "3a6uBKOIO CBal
OrPaHMUYMBACTCH BCE MCKYCCTBEHHOE YKPEIWJIEHHE 114
NpUAAHMS  AOCTATOYHOM TPOYHOCTH  OCHOBAHHIO
NIOTHHH (HA Ypase HeT apyroro cnocoba) ... Pexu cay-
XKat AJ1g NOAAEPXKaHUS CBI3H BO BCEM TEJE IJIOTHHBI H
A8 MPEAOXPAHCHUS CIION3AHUAS rannb’”. ! Hanxee pos



mvenient transportation of semi-products”. ”... cast
sn should be delivered immediately from blast
Fllacesina liquid state, liftingof the pouring machinc
ing avoidced; a shop must be capablc of rising the
Educlivily inany time by a mere incrcasc in number
coaverters”. "A rail-rolling department should be
igned in such a way that liquid steel and cast iron
Id pass there directly from the shops and casting
M h1eating of ingots was performed near a rolling
1] N
: The first works of the new, industrial typc werc set
| motion in the Ural on the turn of the XIX-XX
miuries.

CHAPTER 3.
WORKS’ DAMS

In spring 1724 a young mining officer Nikifor
leopin, the General W. 1. Gennin’s pupil, being well
ware of the mining culture in the Ural made an
nprecedented proposal to his patron. He was ready to
ndow a half of his salary to the Demidovs’ dam master
S.Zlobin for a period of constructions at
katerinburgsky works.2 The 200-years’ Ural
kperience of dam building had confirmed that a
uining works could save on whatcver and whoever, but
) dam.

The basis and permanent stimulus of this
ixperience was the severe and changeable Ural climate:
_}reezing of rivers in winter, frequently right to the
»ottom, and shallowing in summer, often until
omplete drying up. Such an amplitude of the
lemperature together with spring snow thawing and
tbundant, though short-term, flood necessitated
vorking out a specific technique to generate water
sower. Some natural factors facilitated and promoted
this process, such as the prevailing in the Ural clayey
il and an extremely variable bank profile of every
iver — from sloping and wide banks liable to be
vashed away up 1o narrow and high ones. In 1722, the
noment of W.I.Gennin’s arrival in the Ural, the
1ydrotechnical constructions of the German, French
ind even Swedish works applied as a rule low breast,
.¢. undershot wheels.’ The most attention was paid to
the construction of a drain from the river, precisely to
the maintenance of a constant water-level in it and to
the consecutive arrangement of as many as possible
water wheels. Hydrotechnical complexes of the Ural

works implied first and foremost the creation of water
reservoirs. 11 was of vital importance 1o provide an even
distribution of water power during the whole year as
well as safety mcasures in the critical periods of spring
high water. W.I.Gennin had formulated theoretical
conclusions and practical principles of dam
construction in the 20-40-s of the XVII century which
remained unaltered until well into the XX century.

The selection of a site on a river was determined
by secking for the ercction of a short, wide and high
dam (in contrast to the XVIl-ccntury long and low
dams!'®) This necessitated searching for a locality
with high banks (on the river Kushva, at the placc of
a dam laying they were 10 arshins, i.c. over 7 m, high
above the water surface'!) with their following
lowering up-stircam. The place of a dam foundation
required to avoid both loose quick ground and rocky
one. In the course of selecting the Kushva dam’s site
a mechanician N.P.Bakhorev and a master
L.S. Zlobin rejected two another places, higher but
more rocky.

Along the whole length of the future dam a trench
was dug until the firm subsoil, much deeper than the
river bottom. Along that edge of the trench which
faced the pond three rows of piles were hammered in
(in cases of small dams there were only two rows).
"Rezh" (a log grating) was floored in ledges on the
piles, interlaying the places of contact with them with
moss and filling space between cross logs with clay.
"Rezh" was laid along the edge facing a works, and
holes for water outlet and spillway were left, the
latter being guarded at both ends by "svinki" ("pigs"
— i.e. quadrangular framework with partitions inside
tightly filled with clay). The "pigs" on the upper or
front half of a dam (i.e. facing a works) were termed
“otnosny" and those in the lower or back half (i.e. facing
a pond) were termed "raznosny'. Under the water
outlet and spillway rezhes were laid the whole dam
width. According to the mining engineer Rozhkov’s
standpoint "all the artificial strengthening to ensure
sufficient durability of a dam foundation was
confined to hammering of piles (none of other
methods was in use in the Ural) ... The function of
rezhes was to maintain connections in the whole dam
body and to protect against slipping down of clay".]2
Thereafter the trench was filled with clay, ramming
it by layers and watering to make it viscous. There is
no documental evidence proving the latest legend
that in order to obtain greater hardness clay was
mixed with hen’s eggs and sheep trampled it down.
Otherwise, the practice was far less thorough: only
the upper half of a dam was filled with clay, whereas
the lower one — with mere earth mixed with "slan’"
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3a0nBasu mImHoON, TpaMOyst ¢ CA0IMU U CMAUMBAs sl
NPUIAHUS BI3KOCTH. JlereHaa HOBCHILCTO BPCMEHM, UTO
A1 NPOYHOCTH B VIMHY NOIMEIUMBAJIM KYPHHBIC TiTLA #
NyCcKaJu OBCL, YTANTHBATDb €C, NOKA HC MOATBCPXAACT-
¢d AOKYMeHTaAbHO. HanpoTus, HA npakTMKC 4acTo noc-
TYNAAM KyJa MEHCE TIUATC/AbHO: CAMHON Halupamu
JAMIYL BCPXHIOIO TIOJOBMAY IJIOTHHBI, 3 HUXHIOWO —
OObIYHOM 3eMNICH, MCILAS CO CAaHbIO (XBOEH, NEpech-
AHHOW IIMHOM) , oM, Topdom u T.n. B 3aaH1010 CTCH-
KY PBAa BMCCTO PCXKA MOLJIU YJIOXKHUTDH YCTYNIAMH CBSI3KH
xBopocra ¢ acproM. OQHAKO MJIOTHOCTb CONMPUKOCHO-
BCHUS 00CHX TOJIOBHH B TEJE MJOTHHbI CAMBANACH.
[Tocac so3seacHHs TCAA WK KOPIYCA MJIOTHHH {M0BCE-
MCCTHO Ha Ypaje TNPHAMCHSJICH HACBITHOM, & HE
HAJUBHOM COCo0) , B CTOPOHY CHPYXHBAEMOH BOIH Ha~
CHIAM IVIHHSAHYIO OTCHIIb, KAK MOXHO BoJiee 0Ta0ry10.
[Uupwnua ee cocrasasiia ot 1/3 no 1/2 obuieit mupunn
IJIOTUHBI B OCHOBAHHUM. Bepxuuit kpai orceinu
MPUXOAWICA HA CEPCAMHY BHICOTH TCJIA NNOTUHK. Bep-
XOBbsi OyIyIMX NPOPE30B CO CTOPOHBI IPYAA OKPYXKANM
YemosmMu MAu OblKami, YKPCTJICHHBIMA B OCHOBAHMH
CBMHKAMH U CHAOXEHHHMHU B BEPXHEH 4acTH COMTRIMU
B opMe oCcTpOro yriaa gepessiiubiMu Opychammn — e-
doxonom. Bce mocaexayrowmme npocrteiiMe, H NOTOMY
HanmboJICce YaCTHIC, MEPONPUATHS 10 YKPEONEHHIO
NIJIOTUH CBOAMJIMCH K JOCHIOIKE Koprnyca u otceinu. [o-
BOJILHO OBICTPO pacClIMpEeHue NPUBOAWIO K 3aCHINKC
TIPOCTPAHCTBA MEXTY YCTOAMH MpOpe3oB u Geperamu,
Osaromapst ueMy CIVIAKUBAJACH NEPBOHAYAJILHO JOMa~
Hag JUHUA NPYROBOU CTOPOHHBI IIOTHHEL. TakuM myTeM
KPOMC TIOBBILUCHUS YCTOMYUBOCTH PCLIAAUCEH NPoOaEMBL
TIPOMBILUJICHHBIX ~ OTXOA0B (B KAueCTBC JOCBIMKH
HCMOMBL30BAMU WINAK, 3€MJIXO U T.M.) ¥ CKJAAACKHX
TEPPUTOPHH.

Coopy:KeHue, a TAKXKE KanuTadbHas nepecTpoiika
Npope30B, HAYMHAJIHUCH C YCTPOMCTBA NCPEMbIYKH RS
BPEMCHHOIO OTBOAA BOALL QT LAABHOrO pycnaa. s atoro
B JHO PEKM 3a0MBAIH HECKOIBKO PANOB CBA#, YCTABASS
UX B THIH, TOJALMHOMA B 3—§ apuiuH (2—3,5 M) 1 3aTeM
OOCTETNICHHO CMELIAMH €10 O PYCJay, MOCACAOBATEABHO
uau Bapbupys. Ha nopore npopesa, nexamem Ha Cpea-
HeM rpebHe CBall, KONbIMH OTMEUAJIN CHMeKaA060l psid
(0603HAYEHHOE PSIAOM CTOEK W CTABHEH MECTO
CONPMKOCHOBEHMS JBYX [OJOBHH TUJIOTHHBI, Kak
MpaBUJIO, BIIPOYEM, HEpPaBHBIX). Ha npyaoroi cropoHe
IAOTHHE TIAPAJUICAbHO CTEKJAOBOMY PSIAY OTMEYAJH
paccrosuue B 3 pasa Gosbmiee wWHpHHb npopesa. [Ipa-
MOYTrOAbHMK, OO0O3HAUEHHBIA ITHMU UYETHIPbMS TOU-
KaMmu, obpasyer ¢odanod deop, COOTBETCTBYIOWIEE €My
TMPOCTPAHCTBO B HMXHEHN NOJIOBUHE NJOTHUHB — CHieK-
21060# 0dop. JIHO BOASHOIO M CTEKJAOBOIO ABOPOB MO-
KPHIBAJIU NOJMOrMM HACTHJIOM M3 AOCOK WIM MJIAX —
CIMBHBIM WJIH HOHYPHBIM MOCMOM, BEPXHHUM KOHIOM
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ynupas ero B 6pyc, sexaumii HA NPyIOBOM PSIfIC CBA
[Toa Opyc 3TOT NOAKAAABIBANY NPOTIUTAHHOC BAPCH
cMoa0i cepmaxnoc cykno. [Topor npopesa (mcptsi
Gpyc) PACHONArasiCs KAK pa3 HA YPOBHC UJIM HCCKOb
BHILIC TOPM30HTA BOAB B peke. [lpocTpancrso n
MOHYPHHM MOCTOM 3a0MBaJIM TAAMHOI, a npu caab
TPYHTE TMPEABAPATCABHO HACTHIAAN XBOPOCT 1 Haly
cuiBasu Kamnci. Lenap nonypHoro mocra 3ak/ovana
B MPEAOXPAHECHUM OT NMPOXMMAHMA BOHOM BCCrO OCH
BaHMs npope3a. MMeHHo NpoceaHne MOHYPHOro M
Ta, HapsiAy C THUEHHUEM CBAW M PEXa, CYMTANOCH HAHU(
JIeE  4acThiM M XAPAKTEPHBIM  TOBPECXKIACHH
naotnub. '

BeliHAKOBHI IpOpe3 WM Gelitisik TPCRHAZHAYA
a9 COycKa W3 npyaa usaMmwmecid Boanl. HauunHag
1730-x ropos, HA HEKOTOPHIX 3aBOAAX CTAAN NPHM
HATbCH 0COOBIE CbEMHBIE CTOMKU Y 3aTBOPOB BEUIHS
A ocnabneHWs Hanopa BOABL NPH  MOJIOBOALE
3aLATH OT TOMAAKA. MexXay oOUTHIMU XEAC30M CTC
KaMM YCTAHABAMBAINUCH MOABHIXKHBIC M ChEMHBIC AON
THC CTaBHU, O0WeEl WHPHHON HE rnpeBhuWAKU
OOJIOBMHB WIMPUHLL BeuiHaxa. [Ipu aTom yBeanum
JIACh M TJIOUWAAbL BCLWHAKOBOrO ABOPA 34 CUET AAJIbH
3a0MBKM CBAM C HANOXCHHBIMM HA HHUX OpychiMmn.
XIX Bekc ACPCBSHHBIE CTABHU OBIJIM 3AMCHCHBI M
TaAMUCCKUMU. BriepBhiC TAKAA CUCTCMA HA KA3CHH
3aBoaax Owsia onpoboBaHa Ha KaMeHCcKo#M naoThHHe n
HenocpcacTecHHOM  pykosoactse B.M. ['chamna
ucxoas u3 ucro ucropnk H.B. Baknanos cuuran (
u306pcra’rencm.” OaHako caM reHepan eme B Maj
1724 roxa npeanaras H3yuuTh APUMEDP UCIOAb30BAH
Hekoel "3amuTh" NA0THHH BHHBIOBCKOro 3aBoia
Hemunoea, npexncrasassuiein  coGoi, oueBHml
BBIIBMHYTHIC B NPYA Nepen 3aTsopamsu BemHsika O
BEHYATHIC CPYOBI, BO3ZMOXHO, CO CbEeMHBIMH AOCKaMH
OcHoBHON paGounil 9JIEMEHT BCErC IJIOTHHHOIO Y
poiicTBA — BOAMHbIC LapU, T.C. CUCTEMA TPYBONPOBO;
pPasBoOAAIEro BOAY M3 MPYAA K KOJCCAM MCXAHM3M
Jlapy XVIII Beka u nocaeayoomux  Bpew
NpUHUMNHKAJBHO OTAMYANNCh oT naaped XVII B¢
Gonbmiei rayOMHOM, UEM LWUMPHHO| U HEM3MEHHBIM
YEHUEM Ha BCEM CBOEM MPOTSXKCHUM M B OTBETBACHY
K ¢abpukam, Jlapu XVII seka cyxanuce no mepe yi
JICHUS OT MJIOTHHBI, U3-33 UETO HAMOP BOAKI GBI Kpay
HEpaBHOMEPEH U ¢1ab, U Kojcca 3uMoOH 00Mep3ad.

®opMa BHYTPEHHErN0 CCUCHUS HA TNPOTIXKEH
XVIII sexa nposo/Kkana MEAICHHO BUIOU3MEHSITHCS
Japu aenanu Bce yxe u ray6xe. CrangaprHag wpy
[,5—2 apwuna (1—1,5 M) k koHUY Beka yxe per
npespiwana 1,5 apmwuura. Ilpu  9rom  Mact¢
CTPEMUIIUCH, YTOOBE BECh BHYTPeHHMI 06beM saps 6
3aN0JHCH BOANOH. B NMpaMOyrosibHOM ceueHuH BCE]
CTapajuch CRIagNTh HUXHAE YIJIbl, YTO YCHJIMBAJIO 1



ie. needles mixed with clay), silt, pcat, ctc. Sheaves
rushwood with turf could be laid in lcdges in the
kk wall of the trench. However, the density of
ct of both halves merged in thc dam body.13
er the dam body was crected a clay embankment,
oping as possible, was laid to the pond direction.
-width was 1/3-1/2 of the total width of the dam in
foundation.'* The upper cdge of thc embankment
bs right a half of the dam body’s width. The tops of
ke future spillways werc surrounded by abutments
bpiers (called "byki® — "bulls") from the pond side,
ch were strengthened by "pigs" in their
ndation and supplied in their upper part with
_:ared beams knocked together in the form of an
te angle — the so-called icebreaker. All the
owing procedures for dams strcngthening were
ly simple and therefore most frequent and
Infined to adding the body and embankment. This
ﬁ)ansion led fairly quickly to filling up the space
Pong the abutments of the spiliway and the banks
ke to which an initially broken line of thc pond side
fthe dam became smoothed out. Thus, apart from
kreasing the steadiness, the problems of industrial
aste (cinder, earth, etc. were used as additions)
id of store territories were handled.
' The building as well as a capital reconstruction
L the spillway commenced with creating a coffer
ratemporary water drainage from the main river
d. For this purpose several rows of piles were
immered into the river bottom making thus a
liling 3-§ arshins (2-3,5 m) thick and moving it
ereafter gradually aside the river bed successing
rvarying. Stakes marked the standing on a beam,
®. on the so-called dead bulkhead, lowstream line
| marked by a row of posts and shutters place of
Eltact of the two dam halves, not equal as a rule).
the pond side of a dam parallel with the
wstream line a distance three times as wide as the
illway was measured. The rectangle shaped by
lese 4 points constituted the upstream floor; the
rresponding to it space in the lower half of a dam —
le lowstream floor. The bottom of both lowstream
Ad upstream floors was covered with planking or
ith logs chopped lengthwise, termed "an apron”,
dsting its upper end against the beam laying on the
bnd row of piles. Under this beam a coarse heavy
loth saturated with boiled tar was laid. The dam
hikhead (so-called "dead beam™) was situated right
h the level of the water surface in the river or a bit
gher. Space under the apron was filled with clay, in
se of loose ground firstly brushwood was laid and
bnes were thrown. The apron was intended to
rotect the whole foundation of the spillway against

water pressing. It was just settling of an apron as well
as rotting of the pilcs and rezhes that were considered
as the most frequent and typical dam damages.l's

The spillway was intended to drain the excess of
water out of the pond. Since the seventecenth-thirtics
special demountable posts of the spillway gate made
their appearance to rcduce water pressure during
spring high water and to protect against "foplyak”
(different flowing logs). Between the bound with iron
posts travelling and demountable shutiers were
installed, their total width not exceeding half the
spillway’s width. This expanded the area of the
spillway floor due to remote hammering of piles with
put on them beams. In the XIX century metal shutters
were substituted for wooden ones. At the state works
this system was initiated at Kamenskayva dam under
the direction of W.1.Gennin himse]fm, the fact which
allowed thc historian N.B.Baklanov to regard Gennin
as the inventor.!” Nevertheless, as early as 1724 the
General himself suggested studying the application of
some dam "safeguard” at N.Demidov’s Byn’govsky
works that consisted of a log framework placed in the
pond in front of the spillway gate, likcly with
demountable planks.l8

The central clement of the whole dam construction
was water free-flow conduit, i.c. a system of pipe-line
distributing the pond water among the wheels of the
mechanisms. The XVIII-century free-flow conduits
and the subsequent ones differed substantially from
those of the XVII century in greater depth in
comparison with width and in constant section in the
full length of them and in their branches to the shops.
Quite distinctly from it the greater was the distance
from a dam the more narrow became the XVII-century
free-flow conduits. This imposed extremely irregular
and weak water pressure and covering of wheels with
ice in winter.

The shape of the inner section went on gradually
modifying throughout the XVIII century, i.e. the
free-flow conduits were erected more and more
narrow and deep. The standard width of 1,5-2
arshins (1-1,5m) quite rarely exceeded 1,5 arshins
by the close of the century. The builders sought for
the ways to fill the whole inner space of a conduit
with water. They tried to cut off the lower corners in
the right-angle section, which intensified the water
pressure. Eventually it resulted in transformation of
the traditional "water-pipings" into almost round
pipes. Since the late seventeenth-thirties in most
cases the conduits with open tops were rebuilt into
closed ones. They remained opened just a slight
distance from a dam and in the branches to the shops.
The closed sections were also bound with iron to be
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I''TABA 4.
JOBbIYA M OBPABOTKA
XEJE3HON PY[bI

10 mexabpa 1719 roma Ilerpom I Guina nopmucana
Bepr-npusmierns, KOTopas coo0Iuana, uro "con3BoasieT-
€S BCCM M KaXZAOMY JaeTCsl BOJS, KAKOoro 6 umHA M A0-
CTOMHCTBA HY OBL, BO BCEX MECTAX, KAK HA COOCTBCHHEBIX,
TAK M HA YyXHX 3€MJSIX — HCKaTh, KONATb, MJIABUTD,
BAPUTh M UYHCTUTH BCAKHE METAJJIB: CHPEYb — 37aTO,
cpebpo, Meab, 0JI0BO, CBHHEL,, Xene3o...".2 C 31oro Mo-
MEHTA ORUIA Y3aKOHEHA AOOKYA MOE3HBIX HCKONAEMBIX B
Poccun. B 1782 roay 310t 3aK0H OB HECKOIBKO H3MEHEH
Exarepunoit II, xoropasa saxpenuaa 3a noMcuMKaMu
NpPaBO PACHOPSIKATHCSA HE TOABLKO MOBEPXHOCTHIO 3EMIH,
HO H HEZAPaMM. “° DTO HECKO/IbKO OCAA0HJIO MIOMCK HOBBIX
MEeCTOPOXAECHHI, HO HE OCTAHOBHJIO €TO,

Pa3Beaka nosie3sHbIX UCKOMAEMBIX BEAACh ABYMS CNO-
co0aMH: MOBEPXHOCTHLIM, HE TPeGOBABIIMM 3EMASHBIX
PadoT ¥ 3aKMOUABIIEMCS B OOCACAOBAHNM €CTCCTBEHHBIX
obHaxenuit u cOope 00pasuOB; W NpeaNoOsArasLIHM
MPOU3BOACTBO 3CMJIAHBIX W TOPHBIX pabor: wypdw, pas-
pe3bl, WAXTH, WTOIbHM, Oy POBEIE CKBAXHHHL.

[MosepxHOCTHBIE MOUCKHN HE TpeGoBanu Kakux-aubo
paspemieHni, a pa3BeaKa ¢ 3eMAsHeIMM paboTaMu ocy-
LIECTBJISAIACh TOJBKO NMOCHE NOJTYUECHHUS LO3BOJMATENb-
HHX CBHACTENLCTE OT TrOpHBIX yupasneuui. [o-
3BOJINTCJbHBIC CBUAETEALCTBA NABAJIUCh U MOUCKOB
Ha naomany B 4 KB, BEPCTH, CPOKOM HA TPH roaa, mnpu
9TOM B3MMANack o0poyHas naara.

[Moucku mose3HBIX MCKOMAEMBIX OCHOBBIBAIMCH HA
INMTCIBHOM ONBITC MHOTMX IOKOJIEHHH, NO3BOJSBIIEM
110 BHELIHUM NPH3HAKAM HAXOAUTH PYAHBIE MECTOPOXAC-
Hus. [IpocToit 0cMOTP MECTHOCTH MO3BOJIS] ONBITHOMY
PYOUCKATE/IO U PEOsIOrY CACMATh HEKOTOPHIC BBHIBOXBL.
HemanosaXHyo posib Urpasio BHUMATEAbHOE H3YUCHHE
KaMHEN U [TECKa B MPOTEKAIOHINX Pyubdx M PCKAX, T.K.
GnusKonexXalue K MOBEPXHOCTH DPYAbl YACTO BBIMHI-
BaaHCh notokaMu.”” L{BeT NOUBLI TAKXKE CBUASTENDCTBO-
BaJI 0 HAJIMYKUK PYA, HANPAMED, IVIMHBI, PACIIONOXCHHbIE
HAg MEAHOH PyHoil, UMEIOT CHHMI{ OTTCHOK; XCJC3HBbIE
PYZAB! OKpPAIIMBAIOT NIOYUBY B Oy phiit useT. "Ycnex paboTht,
— mnucan reosor [1. Kporos, — 3aBHCUT MCKAKOUHTCIBHO
or xapaxkrepa OeperoBrix paspesos pex. On naer paspes
IUIACTOB, KOTOPHIA MOXHO B34Tb 33 OCHOBAHME ',

Paseenka, ceg3aHHaa ¢ 3eMJsHsIMH pabGoramu,
O0HAPYXWBAA PyAHbIE XHUJB M MOPOALI NIPH TIOMOLIM
HeGo/bINX 9M, KAHAB, CKBAaXUH, wypdos, 6yposbix
paboT, a TAKXXe NyTeM POBEAEHHS Pa3BEA0YHBIX BbIpa-
OOTOK: AYAOK, MEJIKUX WAXT M IITOAEH.

Passenounsic kanapbl 00bIUHO UMeu wupuny 0,5-1,5
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M B myOuMHy 10 3-X MCTPOB, AYAKHM MPCACTABASIL
0oit BEPTHKAJBHBIC BHIPAGOTKM KPYIJIOrO  Ceul
AMAMCTPOM OKOJ0 MeTpa n waybmuoit mo 10 mer
uryphbl  MMCAW KBAaAPATHOC MM  HPSIMOYTOABHOE
yeHue u rayOuny aoc 30 merpos. PazsenouHsic ux
umean cuic Gonbinyio rybuny u obopyaoBanuch
MMM, TNOXBCMHBLIMH M  BOAOOTJIMBHBIMA MPHCIO
aeausmu. rtoavuu npeacrasasian  coboit  ropu.
TaJbHbIC Bb[pa6OTl(Pl C BBLIXOAOM HA NOBCPXHOCTD,
OOBIMHO 3aKJAALIBAZIK B TOPUCTOH MccTHOCTM. Pa
AOuHBIE PaboThi MPOW3BOAMANCH BPYUHYIO, IS
OPUMEHSUINCH JIOfIATHI, YEPHAKH, JOTKH, rpedki, |
J1a, KUPKH, KauHbst U Ap. CKBa>KMRBI MPOBOANTUCH
napbamMu u wynamu. Hamapse — Oyp B BHIC
NYUAAMHAPA, HWXKHMH KOHEL KOTOpOro Chupas
33BUT M K HCMY MPHBAPEHH OCTPHIC CTAJbHBIC pE
CBEPXY [PHUKIENHLIBAAACL  KCJAC3HAS  TONOBKA
NPOYWIKHOM, B KOTOPYK BCTABASNCH ACPCBSH
puyar aas BpamcHusi. Yepes Kaxabic noaMcrpa
BBIHMMAJM M OCMATPUBAJIA BHIHYTYI0 nopoay. [lo !
yeayOncums Gyp HApAlMBAAM  HOBBLIMM  3BCHb!
Taybuna cksaxuwnb He npesbiwana 10—12 mer
Hiyn npeacrasasyt coGOM XCAC3HBIA CTCPXCHb,
KAHYMBABIIMICS KHHU3Y KOMbCOOPAZHBIM YTOJIIUCHH
yernipbms Ooposaxamu. [Llyn BOGuBasM B 3¢MMI0 YA
MH MOJIOTA, MOCTENCHHO 3aMCHAA KOPOTKHii wmyn &
anuHHbeiM. Tlopoaa, ocrasasmasicsi B Goposaxax,
PHOAMYECKM BMECTE CO LIYNMOM BHIHHMAJIACh HA TOB
Hoctb. [l{ynom gocruranu rnyGunnt 15—20 merpos.

Hauunast ¢ 90-x rogos XI1X Beka va Ypanc nauu
0T BHEAPATH AJIMA3HOC BPAIATCABHOC 6ypeﬂj
HOunamerp ceepaa Ouin 40—50 mMm, ray6Guua Gyped
orpaHMuMBasach cHauassa 60 M, a sarem On1a noseRgy
zo 100 m. Bypwsl npusoamauch B gciicTBHE nagou’
MawuHoi, a B XX Beke u anchpo;(BancmlMM.s ‘

TMpu momown OypeHUMS M 3aKAAAKH PA3BECIOUHI
WAXT ONpeAEAIANCh ITyOUHA 3aneranns pyaHOro e
M nJomanp, KOTOpyk ouo 3awumano. Ha Ypa
UMENNCh  YHHUKA/JAbHbIE MECTOPOXACHHMS, TPCHCT:
ngBuine coboil ropel XKeae3HOM pyabl, TAKHE Kak Bui
Kaga, Baarosgars, Marnntnas. B uesoMm nago ckasal
YTO AOCKOHAABHO 00C/IEIOBAHHBIX MCCTOPOXIEH I A
Ne3HOM pyabl HA Y pase Gein canuuubl, [T puunHa 91
KpoeTcs B OOMJIMM M OCLUEBH3HE YA, He TpeGoBaBur
a8 400bIum GONBLIMX YCUAMA.

B pasubix paitoHax Ypasia CyumiccTBOBAMY PA3ARUH
KDHTEPUM OLEHKH DKOHOMMUECKOH BHIroOnl paspalor
TOr0 MJM MHOro Mecropoxienus. Tak, Hanpumep,
OxHom VYpaae, wa BakaabckoM pyaHHKe, 3
HOMMUYECKH BBINOAHbIM NPeeoM pa3paboTKu MECTOpo
ACHMS CUMTAIOCh OTHOLUCHME OOBEMA MCHOb3YEM
PyZH K 00BbEMY BCCH BHIHUMACMOM FOPHOM MACCHI KaK |
B 10 Xe BpeMd HA MCCTOPOXACHMM TOPbE Bbicokoik 31



~ CHAPTER 4.
MINING AND PROCESSING
OF IRON ORE

On December 10, 1719, Peter I the Great signed the

rg-privelege (an enactment) which dcclared:

eryone irrespective of his rank and estate is granted

e right to prospect, dig, smelt and refine different

etals: suh as gold, silver, copper, tin, lcad, iron
erywhere, e ually on his own or on somebody clse’s
itories ..."?> This was the starting point of the legal
inerals mmmg in Russia. In 1782 this enactment was
mewhat modified by Catherine II, who sccured the
Lndlords right to possess not only the surface of the
rth but its entrails as well.?® As a result, the search
br new deposits reduced a littic, however not ceased.
| Two methods of prospecting mincrals were in exist-
nce: the surface onc requiring no earthwork and
onsisting in exploring the cropped out orc beds and in
athering samples. The second method comprised
arthwork and mining: diggings, pits, shafts, adits,
oreholes.

Surface exploration did not require any
ermissions, whereas prospecting by mcans of
arthwork could be conducted only with thc mining
uthorities’ permissive sertificates. The latter were
iven for prospecting an area of 4 squarc verstas for a
eriod of 3 years, a quit-rent ("obrok”) being pald

Prospecting for minerals was based on a long-term
xperience of many generations, which atlowed to find
re deposits according to the external indications. An
xperienced ore-prospector or geologist could draw
ertain conclusions from a simple observation of the
ocality. A thorough examination of stones and sand in
rooks and rivers was also of great importance, since
he surface ores were frequently scoured by water
lood.2 The colour of the earth also witnessed the
resence of the ore, for instance clay overlaying copper
re has blue tint, iron ore paints the earth into brown
olour. "The success of the work, — wrote a geologist
.Krotov, — depends entirely on thc character of the
ank sections of rivers. It shows the scction of the

layers which may be used as a guide".?*

The prospecting applying earthwork revealed ore
veins and rocks by means of small holes, trenchcs,
diggings, pits, boreholes as well as by performing
explorative excavations, such as "dudki’ (pipes),
shallow shafts and adits.

Explorative trenches were as a rule 0,5-1,5m wide
and up to 3m deep; pipes presented vertical cxcavations
of a round section about one metre in diamcter and up

to 10m deep, pits had a square or rectangular section
and a depth up to 30m. Shafts were still deeper and
were equipped with timbering, lifting and draining
machines. Adits werc horizontal cxcavations with an
access 1o the surface, dug usually in a mountaincous
locality. Prospecting was performed by manual labour
applying spades, ladles, trays, rakcs, hacks, picks,
wedges, ctc. Holes were made by the implements called
"naparie” and "shchup”. Naparie was an auger having a
form of a semi-cylinder, the bottom end of which was
twisted in a spiral and sharp stcel ribs were welded to
it, an iron head with a hole, wherce a lever for revolving
the auger was fixed, was riveted to the top. In every half
a metre the auger was taken oul and the rock was
carefully studied. As thc auger went deeper it was built
up with new links. The depth of the hole did not exceed
10-12m. Shchup was an iron pivot cnding with a
lanceolate bulge with 4 grooves. ShAchup was hammercd
into the earth with gradual substitution of a longer
shchup for a shorter one. The rock staying in the
grooves was periodically raised to the surface together
with the shchup. Shchup reached a depth of 15-20m.

Since the nineteenth-nincties the introduction of a
diamond revolving boring took place in the Ural. A drill
was 40-50mm in diameter, a depth of boring was
limited firstly to 60 m and reached later on 100m.
Augers were driven by steam engines and by clectric
motors.

Boring and cxploratory shafis mining allowed to
determine the depth of the ore body and the area it
occupied. In the Ural there werc unique deposits of iron
ore, such as thc mountains Vysokaya, Blagodat’,
Magnitnaya. On the whole, however, therc were only a
few thoroughly investigated deposits of iron orc. This
situation was caused by the abundance and cheapness
of the ore which did not require considerable efforis for
its mining.

The criteria of estimating the economic profit of the
exploration of this or that deposit differed in different
Ural disticts. Thus, for instance, in the South Ural in
Bakal’sky minc the proportion of the volume of the
obtained ore to the total output of the mined rock as 1:4
was considered as cconomically profitable limit of
exploiting the dcposit. At the same time in the
mountain Vysokaya minc this estimate was 1:5, in the
mountain Blagodat’ — 1:8, in Auerbakhovsky and
Vorontsovsky mines in Bogoslovsky dlstrlct and in the
North Ural — 1:7 and 1:14 respcctlvely ! From the
standpoint of Bakal’s proprietors these mines were not
worth exploiting at all,

Underground or open mining devices were applied
in dependence on the character of a deposit and on the
bedding depth. Mining by digging open pits was thc
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nokasarenap Obin paBeH 1:5, na rope Bbnarogatn — 1.8,
a Ha AyspbaxosckoM n Boponuosckom pyanukax Boro-
ctoBckoro okpyra, Ha CeBepHoM ¥YpaJe, COOTBETCTBCH-
Ho — 1:7, 1:14.3 C roukn 3peHust BAajcaAbicB bakana,
OTH PyAHMKH BOOOILE HE CTOWO0 pa3pabaThiBaATh.,

B 3aBHCMMOCTM OT XapakTepa MCCTOPOXACHHUY M
rayGuubl  3a7eraHds  MPUMEHAACY NOASCMHBIN WM
OTKPHiTHiN C1OCOO xoObi4m, OGruHO npeanounTany 4086~
4y xapbepaMu Wiy pazsocamu, Ao 70%, xene3uoi pynabi
Ha Ypare noOwisanu OTKPHITHIM cnocobom. [lnpokoe
MIPUMCHCHUC KaphepoB 00y CIaBIUBANOCh, C OAHOH CTOPO-
HBI, ACWCBU3HON paboT no BCkphithio 10—20-McTpoBbix
HAHOCOB, CPABHHTCJIbHO HU3KMMU 3aTpaTtamy Ha obopy-
DOBAHHKE KAPbCPOB, 4 C APYroi — GoJiee BHICOKOI, ueM npu
WAXTHOM A0BKIUC, MPON3BOANTENBHOCTHH TPYAA FOPHO-
pabouux, MCHBIIMAM PACXOIOM KPCICXKHBIX H APYIHX Ma-
TEPHAJIOB U, CAEA0BATENBHO, 00/16C HU3KOI cehecToMmoc-
TBIO PYAbI. BaskHOW 1715t IPOMBIIIJIEHHMKOB ABJASJIACH M
BO3MOXHOCTh Gojce OBICTPOit MOAFOTOBKM K OKCMaya-
TAMHM OTKPHITOO KaPbepa TI0 CPABHCHUIO € COOPY KEHUEM
IAXTH A1 NOA3EMHOro criocoba aobbrum. "Bekpouima”
KapbepoB BEJIACH C NPUMEHEHUEM ILTYTOB, I/ Pa3phiX-
JICHUSl HAHOCOB, JIOTAT, KaiHJI M JIOMOB M OCYUICCTBASNACH
apresiamu paGounx, FPY3UBLIMX 3€MIIO U OPOAbI HAHO-
COB B TEJErH WIM ONPOKMIBIBAOIIMECH TAPATANKH,
OTBO3UMMBIC JIOWAABMH B OTBAABI HA paccrosHue 10 200 M.,
OTBajibl pacnoJsaraanch B CTOPOHC OT MCCTOPOXACHMSL.
YRanue HAHOCHI, NPUCTYNAAM K BHICMKC PyAb J0 ycTa-
HOBJIEHHOTO ITPOCKTHOO TOPU30HTA paspaborku. Beiemka
BEJIACh YCTYIIAMu, BhiCOTOI OT 2 no 10 M mopg yraom 60—
70 rpanycos, paszcasBIIMMHUCA ToW@nKamu (Gepmamm)
mpuHOM 10 3-x M. 'opHas aaAMUHKCTPAUMS CAEAMNa 32
TeM, yToOn paboTel HE BEAMCH MOAKONOM M 6opra paspe-
308 He ObUTM BEPTUKAJIBHBIMM, T.K. OHH MOIIM AATh
TpewwHHY M 00BaNuThCs.”” Paspeabl BO BpeMsi A0XACH
3aJBajIo s8040i1. UTolOb HE npekpamaTs 400614y pyasi,
10 UX JHY NPOKAARLIBAM KAHABH AJIs1 OTBOAA BOAM B
ONpEeAECNAEHHBIC MCCTA, OTKYAA CE OTKAUMBAJM BACO-
camu, llogpeM pyabl ¢ HMXKHErO YCTYNa HA BbilLEe-
KALWMH MPOU3BOAUNCS JOWANBMH 10 HAKJOHHBIM Cbe3-
1am.”” KpymmHeiec KOMIAHHHK B PA3PC3aX HACTUARIN AC-
PEBSIHHBIC MOCTKHM HAH YCTPANUBAAHM NCPCHOCHBIC KOH-
HOXCJAC3HBIC OPOLH Aast YAOOCTBA BHBO3KHM PYIH.

Iina orOnBanus pynpl NIPHMEHSINHCHD B3PbIBYATHIC BC-
LICCTBA: UCPHBI TIOPOX MJIM JAMHAMMT, KOTOPHIC 3aKAa-
ZBIBAJINCD B WY PAI B BUAS FIATPOHOB ONMPEACACHHOM AU~

wpl ¥ Avamerpa. nypsi oOpiuno Gbiik ganuoi 3—4 M, .

auameTpom 25—30 MM, Oypuau X BpyuHyio asoc pabo-
YHUX, YAAPAS MOJIOTOM 1O TOJTOBKE Oypa ¥ nosopauusas ero
nocie KaXI0ro yaapa. B madane XX Beka CTajm WHPOKo
npamMensTbh Oy poBbIe MAITUHBE U nep(popa'ropm.34

O mnpoKOM NMPUMEHCHMHM AMHAMHKTI B COPHOM AENE
MOXHO CYIMTh HO caexyownMm uudpam: 3a 1877—

24

1881 rr. ropHeIM BCAOMCISOM W YACTHBIMM TPOMI
JNIEHHUKaMu G0 vapacxogosano 557 T AUHAMMT
BOCHHBIM BCAOMCTBOM TOABKO 48.3 T, HCCMOTPSL HA
uro B 1877—1878 rr. Poccus Bena Boi‘my.3 P
paabMBAIM M FPY3HJIN HA TCJACXKKY WU B BATOHCTE
OTNIpaBAgLAH HA 060raleHuC.

Hast oObtum pyabl MOA3CMHBIM CITOCOOOM CTPOU
KaNHTAMbHBIC WAXTH rayOunoi no 150 m. B monep
HOM CEUEHMH OHU HMMEJIM pPasmcpsl B cpeaHem 2
3,5 M, ¥X CTEHKM YKDPETIJISIZIUCD CIJIOUIHOM ACPCBSIHE
kpenbio. [Haxte ACAMAKCH HAa ABA, PCXKC HA TPW OT,
scHusd, [To ogHOMY — NpPOU3BOAMACSH NOABECM PYAL
CHYCK MATCPHAJIOB, [0 ZAPYTOMY, NCCTHUUHOMY , — CI
CKanuch ¥ nogHuManuchk pabounc. JlectHnuHoc or,
JICHUC TOPH3OHTAJNbHO PA3ACASNIOCh AOCKAMH HA ITA)
MEXAY KOTOPbIMHU OblH YCTAHOBJICHBI JICCTHULBI-CT.
MSHKHM, NOCTABJCHHBIC WHOrAa COBCPLICHHO BCP
kaabuo.® B HapYWICHAC TIPABWJA HA HCKOTOpI
PYAHMKAX NOABLCM M CIYCK paboumx OCYLICCTB/ISIH |
KaHaTax # B 0anbsix, YTO TIPMBOAWAO K HCCUACTHE
cayuasm, [Mogsem u cnyck paloumX B 1WAXTHL B M
XaHHUCCKMX KJICTAX CTA/ OCY LUCCTBAATHCS TONABKO B H
yaae XX 8.3 YcrpamBaeMmoe Ha HCKOTOPBIX PYAHUK
TPETHC OTACACHHUC CAYXKMAO ISl YCTAHOBKH TPYO, |
KOTODHIM OTKAUHBAJIHN U3 WAXT BOAY.

JIag Kaxaoro MCCTOPOXKACHUS M JAXKC JASl KAXKK
IAXTH TPAMEHSUTM HHANBUAYAAbHBIE CHOCOOb BCACH
pabot. HanBGonce pacnpocrpaHeHHmM Ha Ypanc 6
cnocod "noToaouHoi” pazpaborku, MaKH 'noaaTiMI
OT CTBONA WIAXTH ACAAAM BHICCYKY M NPOXOAUAN DY
HOE TEJAO WITPCKAMM B PA3AUYHBIX HATIPABCHHS
MOTOM Aie13J11 "3apaboTKy” BBEPX , NIOAHUMAACH [0 CJ
AYIOIICTO 3TAXA, HACTUJIAJIH HOJ M BHIHHMANH PYH)
oOpaTHOM HANpPABJACHHK, 34TCM TMOXHHMANUCh
TPETHH 3ITaX, MYCTOH TOPONOH 3aBAAMBAST HHXKH
araxu. [1o0s1ua pyas HENOCPEACTBEHHO B 3200C OCYU
CTBASAACH TAK XC, KAK U NPU OTKPLITON B paldoTke,
ecTh Oypuan wnyp, 3aKJI0ZBIBAMM B3PHIBUATKY, B3
BAJIM, OTKONOBILYIOCS PYAY pa3duBsasm HA MECTC H
TAYKAX WM BATOHCTKAX OTBO3MJINM HR DPYIHbLII EB(
PACHONOAKCHHLI B CTBOJIC WIAXTH, FAC BPYUHY O HAT]
xanu B Oanbw. Harpyxcamas Gaabd Ha  Kaue
noAHMMANAch Hasepx. PyaonoabeMHbIC MEXanusi
GBI CAMBIX PA3HBIX MOTUMDUKALMIL: PYUHBIE M KOHH
BOPOTHI, MCXAHMUYCCKMC TOABEMHKKH, KJACTM M 1T
IMogusiTas pyaa TAKXC OTHPABASAACH HA OOOrALICHH

Hambonee pacnpocrpanenusim crnocobom 060
TWICHNA XCJC3HON pyanl HA Ypajc Oblra RPOMBIE
PYJOHOCHOM MAcChl BOAOM B uawax u OyTapax, ot
JICHAE KPYNM#HHIX 3CPCH HA TPOXOTAX M V/ABJMBAK
MEJIKMX PYAHBIX YACTHU L [TOCPCACTBOM THAPABIHUCCK
xjaaccuukaunu. I1ocac IpOMBBKY COACPKAHUC XKe)
33 B pydc yBejanuusaaock mxo 60%. Onxmako cmoco



inating method in the Ural, it supplied up to 70%,
4ron ore. The wide use of pits was caused first and
most by the cheapness of digging 10-20m drifts and
lparatively low expenses for the pits’ equipment as
il as by the mining workers’ labour productivity
than in shafts mining, smaller cxpenditurc of
. ing and other materials and consequently by a
lver prime cost of the ore. The possibility of a more
jpid preparation of an open pit for exploitation in
mparison with making a shaft for undcrground
ing method was also of great importance for the
Btrialists. Pits were dug by means of ploughs for
_ loosening, spades, hacks and crows, all
ations were performed by artels of workers loading
= _h and rock into wagons or into tipping "tarataikas"
pwo-wheeled carts) transported with horses to dumps
ba 200m distance. Dumps were located aside from the
Peposits. When the drifts were removed, ore mining
pmmenced until the determined designed level of
gploitation. Mining was conducted by ledges from 2 up
b 10m high at an angle of 60-70 degrees scparated by
Bmds ("bermas”y up to 3m wide. Mining
inistration watched carefully thc process in order
b avoid undermining and vertical position of the pits’
valls that were liable to crack and fall.3 Durmg
minfalls water sank the pits. Trenches extcnded along
he pits’ bottom sufficed to drain off the water into
ipecial places from where it was pumped. Mining
yocess thus was not interrupted. Ore lifting from a
ower ledge to a higher one was performed with horses
long an upgrade.”’ To make orc transportaiion more
onvenient large companies planked wooden gangways
ir arranged portable horse-driven railways.

For breaking the ore explosives were applied: black
junpowder or dynamite which were laid into bore-holes
n the form of cartridges of a certain length and
liameter. Bore-holes were usually 3-4m long and 25-
J0mm in diameter, two workers bored them manually
tammering an auger’s head and turning it after cach
itroke. In the early XX century boring machines and
perforators were widely introduced.3*

The following figures confirm the wide application

'of dynamite in mining: over 1877-1881 the Mining
Department and private industrialists spent 557 tons of
dynamite, whereas the Military Department — only
48,3 tons though in 1877-1878 Russia was in the statc
of war.35 The ore was broken, loaded on carts or
wagons and delivered for the further dressing.

The underground method of mining necessitated
constructing capital shafts up to 150 m deep. The
average dimensions of their cross-section amounted to

-2 : 3,5m, their walls were strengthened by uninterrup-
ted timbering. The shafts were divided into two or rarer

three parts. The first part was intended for raising the
orc and lowering materials, in the second onc, cquipped
with staircases, the workers went down and up. The
staircase part was divided horizontally by planks into
floors between which step-ladders werc arranged,
sometimes absolutely vertical.”” In some mines the
warkers were lifted and lowered by ropes and in tubs
which broke the rules and werc liable to lcad to
accidents. Lifting and lowering of workers into shafts in
mechanical cages was mtroduccd as late as the
beginning of the XX centurv 7 In some mines a third
part was arranged with pipes for water drainage out of
the shafts.

In every mine and even in cvery shaft individual
mining devices werc applied. The most widespread in
the Ural mcthod was called "ceiling” mining or "polaty”
mining (the upraising). In the shaft slicing and
following drifting of the ore body in diffcrent directions
were conducted, after that "zarabotka”, i.c. boring
upwards was madc rising thus to thc next level,
where a floor was laid and the orc cxtracted in the
opposite direction, afterwards the workers went up to
the third floor burying the lower floors with wastc
rock, Ore mining in the face as such was performed
identically with open mining, i.e. a hole was bored,
explosive was laid and blasted, the broken ore was
crashed immediatcly at the same place and then
transported in carts or wagons to the ore yard located
in the shaft, where it was manually loaded into tubs.
The loaded tub was raised by a rope. Various
modifications of ore-lifting mechanisms wcre in ex-
istence: hand and horse windlasses, mecchanical
hoists, cages, etc. The lifted orc was also sent to be
dressed.

The most widespread method of ore dressing in the
Ural was washing of orc-bearing rock by water in bowls
and "butaras” (a kind of barrels), separation of iarge
grains by screens and catching of small particles by
hydraulic classification. After washing iron content in
the ore increased up to 60%. Nevertheless, washing
methods were far from being perfect. This fact may be
illustrated by figures of the verification of washed ore
dust near the mounsain Blagodat’ in 1906: it turned out
that iron contcnt in the product considered to be waste
and encumbering the territory was 639 and over 2
millions of poods (32 000 tons) of it had been
accumulated during 6 years.

A morc progressive mecthod of ore dressing was
magnetic one. In 1907-1908 in Sweden trials of
processing the Blagodat’ orc by means of magnet were
performcd iron content of the dressed ore was alrcady
78- 90% Howcvcr due to ils expensiveness this
method was not adopted in the Ural.
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NPOMHIBKM OGHAM HECOBEPUICHHBIMM, 00 DTOM CBHAC-
TEABCTBYCT XOTA Obi TAKOM (DAKT, KAK MPOBCPKA METOIO
nozapyaka B 1906 r. y roput Baaroaaru: oxasanoce, uro
3TOT NPOAYKT, CUMTABLIMICA HYyCTHM M 33arpoMoOX-
RABLUMIT TEPPHTOPMIO Y PYAOTIPOMBIBANBHOM dhabpmxu,
Ha 639, cocrour u3 Xesaesa, a CKONWIOCH ero 3a 6 ner
6onec 2 Man. nyaos (32 Teic. Tonn). 3

Bosiece mnporpeccHBHH MeTOA OGOraiCHUS pyAs
6bis1 MarauTHEi. B 1907—1908 rr. s lseunu npo-
BOAMJHCH onbiThl 06paborku ropobaarogarckoli pyas ¢
noMoiubio MaruuTa. Oforamennad pyaa coctosiia yxe
Ha 78—909%, u3 xenesa.”” Ho na ¥Ypanc ator meroa ne
NOAYYNJ PacpoCTPAHCHUS N3-33 CBOCIL 10 POTOBHIHEL.

IMocae npoMuBKM pyaa HOCTYNAAA Ha O0XKMT, KOTOPHI
NPOM3BOAMJICK NpocTo B Kyuax. OGoramenuyio pyay
NEPEKNaaKBAaJA  OPOBAMM M JPEBECHBHIM YIIEM U
nogxurasum. Ha KpynHBIX 33BOJAX NPHMCHSAIMCH
CNEUNAAbHbIC PYACOOKHIaTE/IBHEE NEYM, TAE HCNOAB3O-
BAJMCh AOMCHHKE TA3bl, BHCASIOMMECS B MPOLECCE
TIaBKN pyaw! B goMHe. Lless 00Kura cocTosia B BhICY LiM-
BAHUY PyAbl i okucaeHnu ee. ITocne obxura pyaa noga-
BaJach B AOMEHHYIO €YD, TAE IPOMCXOANIIA CC NAABKA.

TJIABA §.
JOMEHHOE IMPOU3BOACTBO

IlepBrie nOMEHHBIE 3aBOAB Y pasia CTPOMIMCH B HA-
yane XVIII Beka no oGpasuy u nopodmo syvmmx nHo-
CTPAHHBIX — AHMIMMHCKHX M LIBCACKUX — NPCAAPHATHIA
M OpH CaMOM AKTHBHOM yuacTum 3apylexmux
cneuunainctos. Ilepsas qoMua crapeiimmero na Ypane
HeBbaHCKOrO 3aBOAA BO3BOAMNACH NPH  YYACTHM
mBeackux macrepos. Hosas nomennas neus 31oro xe
3aB0Aa, nossusmasncs B 1716 ropy, Omua mocrpocna
pycckum  Macrepom  ®emopom  Kaszamueswm no
anrnuniickoil "npenopunn”. Ha apyrom 3asoge — Ka-
MEHCKOM —  JOMCHHAs 0eYb  YCTPAMBANACH
anrauickumMn Macrepamu Xapronom n [Tankepcrom.
UnozeMHubiil onuT B coucTaunu ¢ Gorareiummn pyaamm
H OTHOCHTE/IbHO BHCOKVUMHM SHEPreTHYCCKHMH BO3MOX-~
HOCTAMN (NPUMEHEHUE BHICOKOHATIOPHHX MIOTHH) OH-
CTPO BHIBC/IM YPANILCKHE AOMHK B wC0 Hanbonce Mom-
HBIX H npou3BoauTEALHNX B MEpE. Y imus B X1IX Beke,
fIOCAC NOABAeHMA B GypHOro passuTus Npon3BOACTBA
YyryHa HA MMHEPAJILHOM TOILUIHBE, RAOMCHHHIC HCYH
Ypana yTpaTHIu CBOM NEPEAOBHEC NO3HIMHE.

JloMennblil LEeX YPANBCKOro 3480432 OOHIKHOBEHHO
NPEacTasnsa coboi KOpnyc KBaupaTHOM MM NPSMO-
yroabhoit GopMu, B KOTOPOM HAXOAMAKCE 1—2 ROMRE,
B ncpsoli nonosunc XVIIl seka momennmnie xopryca
CTPOHJINCD M3 AEPEBA; B NOCACAYIOMMI NEPHON UX 33-
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MCHHJH KaMCHHWIC CcTpoeHusi. B nogamasuo_
GOABIINHCTBE CAYUYACE 3aBOAM PACNONATAMM TO
OIHHM JOMEHHBM KopnycoMm. Jlaxc B nayaae XX s
OosibilIe NOAOBUHL YYFYHONNABUABHBIX 3ABOAOB Y pi
pacnosiarany TOAbLKO ORHON NEYbIO; M OKOJO0 TPETH .
BOHOB MMEJIM ABC ncun.*! B rex xc peaAKHX cayua:
KOIAa Ha 3aBOAE OW0 TPH naM Goacc MEUCi, COOTB
CTBEHHO BO3BOAMJIOCH M (OJiblICE YNCA0 KOPNYCOB,

BnjiOTHYI0 K AOMCHHOMY KOPRYCY NPUMBIKOAM CT,
eHust, o0pasyst €IMHHII KOMIJIEKC, Pacro/araim
PA3NMYHBIE BCIOMOFATEJILHLIC COOPYXCHUSA # T
poiikn. Bepxaue yacTu AOMEHRHOrO KOPNyCca ¥ NJAOTHHE
K3K YXC YNOMMHAIOCh, COCAHHSNNCH ACPCBAHHBIM M{
CTOM, NO KOTOPOMY HPSMO B NOBO3KAX PYAR, YIOAb!
¢dmoce nocrynanu K xoxomunkam neuci. ITomeuenu
BO3AYXORYBOK OOLIUHO YCTPAMBANOCh OJMKE K MJIOTHHI
JInTeitnnit 1BOP yalle BCETO PA3MEIAJNICH € [POTHBON
JIOXHOI OT INIOTHHBL CTOPOHBI JJOMEHHOTO KOPTyca.

ITo mepe yBeanueHns pasmepa AOMCHHRX Reuci
KOJIMUECTBA BCHOMOTATCABHOIO K HMM O0OPYROBAHHK
YBEHUHBAINCH U PAa3MEpn JIoMcHHERX Koprycos. [lej
Bbil Pa3 PE3KMit HX POCT NPOMIOMES BO BTOPOM NOJIOBHE
XVIll — nauane XIX Bekos B xoae 3aMeHB JEPEBSHHE
crpoeunit kamernuummu. B 50—70-¢ rogmt XIX Beka y»
KAMEHHBIC KOPIIYCA MOABEPIAMCh MOACPHM3AMH — ¥
PACLUHPSAIIN ¥ HAIICTPARBATH HOBBIC 3Ta XV, Brinosmsum
310 cacayiomym 00pasoM: CTapas KphiIlla HAX AOMHAM
CHHMANACH, U HA €C MCCTC YCTAHARMBANCA "warep” 1
KapKACHHIX KOHCTPYKUHH, ONHPAIOWIMACS HA CTCHH CTi.
poro xopnyca. Jljig BO3BCACHMA KAPKACHHIX HARCTPOE!
HMCHONB3OBANMNUCH KAK ACPEBIHHBIC, TAK H MCTAJTHUYCCKH
KOHCTPYKUMHK. "OnmT nomoOHHIX PEeKOHCTpyKumi, -
ormeuaer JI.II. Xoaomopa, — nponoxun nyth |
CTPOUTENLCTBY ROMCH OTKPBHITOTO tana”. ¥ IMocmepnm
CTa/M HOABAATHECA HA Y pane B camMom korne XIX Beka
B IEPBYIO OYEPEAb H2 HOBCHIUX 33BOAAX.

VYxc nepBne NOMCHHBIE NEUM YPAAbCKAX 3ABORO
HMENHA KPYIoe CeYeHne, npuycM maxra osura Gouxo
obpasnoit ¢dopmbl. Bbicora ROMHH B nEpBuE A€
catanerns XVIIl Beka nocrurana 10—12 apuwms
obfbem npesniutan 20 Kybnuecknx METpoB, CpeaHss cy
TOUNAs BbiNNaBKa aocTurana 188 nynos.”” ITeun nmem
onuy dypMy; Ay The 00ECICUHBANOCH KAHHUYATHIMH BO3
JAYXORYBKAMH, NO OAHON HA KAXKAYIO AOMUY.

B teuennc XVIII Beka BHCOTA B pasMep AOMECHHEL
neuedi NOCTeNncHHO yBesmumBauch; Kk 180! roxy cpen
HSS MX BBICOTA gocTuraa 14,6 apmmna, cyTounas Bu-:
nnaska npeppicuna 400 nynos.”” OracabHbe Xe AOMHB]
HOCTHFa/i¥ M TOpaspo OOJbMIMX Pa3MEPOB H MPO-*
ussopaureanHocTy. Tax, nocrpoennas B Hauane 60-x
roaos ncud Hesbsckoro 3asona 6ma swicoroit 8 20
ApIWIMH W B NCPBLIN rOA NOCAC 3aAYBKM JABAAA NOUTH'
800 nynos uyryHa » cyrku. Onsaxo nocieposarenci



\fter washing, the ore was burnt in heaps.
ssed ore was covered with firewood and charcoal
i fired. At large works special orc-burning kilns
B applied which utilized waste gas of the process
re smelting in blast furnaces. The purpose of ore
ming was its drying and oxidation. Being burnt
ore was charged into a blast furnacc and smelted
e.

| CHAPTER 5.
BLAST FURNACE PRODUCTION

The earliest appearance of blast furnace works in
JUral can be traced back to the beginning of the
HI century. They were built after the model of the
Lforeign ones, i.e. English and Swedish enterprises,
'with an active assistance of foreign specialists. The
t blast furnace at the oldest Ural Neviansky works
erected with the help of Swedish masters. A new
it furnace at the same works emerged in 1716 and
built by a Russian master Fiodor Kazantsev
irding to the English "proportion”. A blast furnace
nother works — Kamensky — was arranged by the
lish masters Jarton and Punkhurst.*® The foreign
wmyirience together with the richest ores and relatively
bigh power potentialities (application of high-brcast
lams) promoted the Ural blast furnaces to the number
o the most powerful and highly-productive in the
porld. And only the introduction and rapid
Jevelopment of cast iron producing with mineral fuel
werpowered the Ural blast furnaces from their leading
position.
#- A blast furnace shop at a Ural works was usually a
Rouse of a quadrangular or rectangular form equipped
with 1-2 blast furnaces. In the first half of the XVIII
tentury furnace houses were made of wood; in the sub-
pequent period they were substituted by stone
ponstructions. In the overwhelming majority of cases
the works had only one blast furnace house. Even as
late as the early XX century over a half of thc Ural pig
iron-smelting works had only one furnace and on!‘y
pbout one third of them was equipped with two ones. !
In the rare cases of three or more furnaces at a works a
greater number of houses was correspondingly built.
Some constructions together with subsidiary
structures and buildings attached to the blast furnace
house constituted together with it a single complex. As
it was above mentioned the upper parts of the blast
larnace house and a dam were connected with a wooden
bridge along which ore, coal and fluxes loaded into
tarts were transported right to the mouths of furnaces.

A bellows room was usually placed ncarcr to the dam.
A casting yard was mostly oftcn located on the opposite
the dam sidc of the blast furnace housc.

The greater were the dimensions of blast furnacces
and the number of the subsidiary cquipment, the
greater were the dimensions of furnacc houses. The
first evidence of their rapid growth comcs from the
second half of the XVIII-the carly XIX ccnturies which
was caused by the substitution of stonc¢ constructions
for the wooden ones. However, in the 50-70-s of the
XIX century the stone houses also werc modernized —
they were expanded and new storeys were added. This
procedure was performed as follows: the old roof above
blast furnaces was torn down and at its placc a "tent” of
framework constructions resting upon thc walls of the
old house was arranged. The framework of additional
storeys was made of cither wooden or metal
constructions. "The practice of such rcconstructions —
points out L.P.Kholodova — gave impetus to the
building of blast furnaces of an open type".42 The latter
made their first appearance in the Ural in the closc of
the XIX century, first and foremost at the latest works.

Even the first blast furnaces of the Ural works had
already a circular scction, the shaft being of a barrel-
like shape. In the first decades of the XVIII century a
blast furnace was 10-12 arshins high and its sizc
cxceeded 20 cubic metres, its average twenty four-
hours’ output rcached 188 poods.43 The furnaces had
one tuyere; blast air was supplied by a pair of bellows,
one per each blast furnace.

The height and size of blast furnaces gradually
increased throughout the XVIII century; by 1801 their
average height reached 14,6 arshins and daily output
exceeded 400 poods.44 Some blast furnaces of much
greater dimensions and capacity were also in existence.
Thus, the furnace at Neviansky works erected in the
early 60-s was 20 arshins high and within the space of
the first year after its blowing in its twenty four-hours’
yield amounted to 800 poods. Nevertheless, there werc
no successors of the Neviansk expericnce: such results
cost too dear. Their achievement required the building
with great difficulties of the second tuycre and
installing of as many as four pairs of bellows. The latter
occupied too much room; to set them in motion
necessitated too much water.

The shape of the inner cavity of blast furnaces was
also improved within the XVI1II century. By the close of
the century it looked like two cones connected by their
wide bases, the upper cone being elongated.

An improvement of considerable importance was the
substitution of cylindric bellow blower for a pair of
bellows which promoted the further growth of both
productivity and dimensions of furnaces in the early
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HCBbYHCKOrO ONBITA B JITO BPEMA HC OKA3ANOCh:
CAUWKOM AOPOrOH UCHOM JABANUCH TAKHC PC3YAbTATHI.
Ina ux NOCTHXEHUS NMPHMILAOCH ¢ GONbLIMMY TPYAHO-
CTIMH YCTPaHBATh BTOPYW (DYPMY M CTABUTH UEABIX
4CTHPC  KJAMHYATBIX  Bosayxomyekn. Tlocaeamne
3aHUMANH OUYCHb MHOrO Mecra. [lng npuscneHus nx B
OEHCTBUC PACXOAOBANOCH CIIMUIKOM MHOTO BOXbI.

YcosepuencTrosanace B teucance XVI1 Beka u BuyT-
peHHstst popMa AOMCHHBIX meueid. K KoHUy cronerus ona
npuobpena BUI ABYX KOHYCOB, COCAMHEH HbIX IMPOKMMH
OCHOBAHMIMH, NPHUYEM BEPXHHUE KOHYC Obin yzumueu.“’

HanbHeleMy pocTy MPOU3BOAMTCIBHOCTA W CAMUX
momed 8 wauane XIX sexa cnocobcTsoBana 3aMena
KAMHYATHX MeX0B Huanaapayueckumu. K 20-M rogam na
Ypane yxe nciictBoBanu HOMHbB 10 23 apmumuH BHICOTOK
npu cpeasem pasmepe 16,5 apmmna. Ograko pansHeittuee
VBCIMUCHUE PA3MEPOB Meyed OblI0 BO3MOXHO TOJIBKO
[IPH YCJIOBMM PE3KOTO YCUCHUS MOWHOCTN AYTHS, UTO, B
CBOIO OYEPe/ib, TPEOOBAIO 3AMEHB BOASHBIX KOJEC Napo-
BEIMM MamMHAMHU. OHAKO 3TOT HPOLECC HA YPANBCKUX
3aB0JAX 3aTAHYJCH, ¥ B 50—060 roast Ouia HAMACH KOMNI-
POMHMCCHBIN BAPHAHT YBEJWYCHUS OObCMA AOMEHHbIX
neucit. BEIH CO30aHbl ¥ TOJYYMAM BO BTOPOit ONOBHHE
XIX Bexa mMpPoOKOC PacHpoCTPAHEHHE TAK HA3HBACMBIC
"INAUNTUUECKHE" AOMHbBI C Y3KHM NPSMOYIOAbHbIM TFOp-
HOM M 9JITHNTHYCCKON miaxToii. [1pu To# xe BrICOTC, 4TO
M TICUM CTAPOU CHUCTEMBE, JIHIITHYECKHUC UMETH MOUYTH
BABOC B0ABLINIL o6sem.*” Hopwie JOMHBI, HA3LIBABIIMECH
Ha Ypasae no uMeHH ux usolperareas "neuyamu Pame-
Ta", ofccneywBann CyTOUHYK BeiIaBky Oosee
ThicduH, a K pybexy XIX—XX BeKoB — M HCCKONBKO
Thicay myaoB uyryHa B cytku! Heckonbko nosghee
SNJINNITHUCCKUX HA YpaJie NOSBHIKMCH JOMHH eue 60-
JICE COBCPLICHHOIO TUMA, KOHCTPYKLHUA KOTOPHX Oblta
mozaumMcreorana B Ulornanoum.

K coxaneHuio, oucHb MEAJICHHO BHEIPAAOCH HA
YpanbCKHX  33BOAAX  TAKOC  MOIWIHOC  CPEACTBO
YBCAVNUEHHS BHILIABKM MYILyHA, KaK ropsuce XyThe.
XOTst OMBITHL 110 HATPCBY BAYBAEMOTO B AOMHY BO31yXa
HAYAANCh HA Ypase Ba KywBWHCKOM 33BOJC YXC B
1833 roay, T.c. ycpe3 NATH JACT WOCAE TOro, Kak Huscon
B34, B 1828 roay nareHT Ha H300PETCHHUC BO3LYXOHA-
FPCBATEJBHOINO annapara, BIIoTh A0 Konua 60-x rogos
TIOMTH BCE TAKHME YCTAHOBKM YPanbCKHX 3aBOAOB OCTa-
BAJMCh IKCMEPUMEHTANbHBIMM, EAMHCTBEHHON M 00wei
npuuKHON GOm0 GHICTPOE pa3pyLICHKE TIeucsH npu paGore
Ha ropaueM Bosayxe. [IpupoaHbie orHeynopbi, npume-
HIBIIMCCA HA Ypaae, — TajabK, MCCYAHUK — HE Bbi-
ACPXKUBAMM NOBHIUCHUS TemnepaTyps. Y nmuan 8 70—80
roabi XIX Beka, nocae mostBACHUS CNEUMATH3HPOBAHHBIX
Gabpuk [0 NPOU3BOACTBY OTHCYMOPOB, HAUMHACTCH
UIMPOKOMACIHTAOHOC IPUMEHEHNE BO31y XOHATPCBATEAb-
HBIX ANNAPATOB PA3JIAYHBIX THITOB.
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I'JTABA 6.
TEXHUKA U TEXHOJIOT'UA
BBIAEJIKH XEJE3A

EausHcTBeHHBEIM CTOCOOOM BHIACAKM XEIC3A, NPHM
HaBwuMcs Ha Ypaac 8 XVII u nepswix necatunaern
XIX Beka, Obis TAK HASHBACMBIM CTAPOHCMCUK
KPHYHBI Crocob.

FnaBHbIMM TEXHHYCCKHMW YCTPOHCTBIMI, [IPHN
HABIIMMUCA B ITOH TCXHOMOrMM, ObiM KPUUHDLT 1o
MOXO0XHiI1 HA MHOTOKPATHO YBCJINYCHHBIN KY3HCUHBLIL
BopoaeHcTBYeMBbiit MoaoT BecoM B 16—20 nynos. Kpo
JTOr0, NPHMEHSIICH UEABIH PAN PYYHBIX HHCTPYMEHTI
Ycmex KpHuHoit 5)360Tbl, KaK BMJHO U3 NMPHBCACHH(
uuxe onncauus,*’ B ouens Gonpuwoit crenenu 3apm
OT CWJIbL, JIOBKOCTH M Py UHOTO MaCTEPCTBA PaGOTHHK

INpexne ucM HauaTh paGoTaTh HA rOpHE, KOTOP
noaro croan B GesaeiicTeuu, MacTep cro "nagut”, 1
OUMILAET OT WIIAKA, yKpenaseT ¢ypMy, Hacknaer
AHO FOPHA YroJIbHbIH MYCOp, CBEPXY — HEMHOTO Kp)
HOTO APEBECHOrO YIS, M HAUMHACT YKAAABIBATH YT
Ha ogHuxX 33BORaX Macrepa mOMCILANW B TOPH CpP:
Bce 9—12 nynos, Ha Apyrux — cHauana 6—7 nynos
ocranbibie aoGasasin B xoac acaa. YyryH pacrnonari
no JUTMHE TOPHA APOTHB pypMbl HA PACCTOSIHUM OT |
0KOJI0 4 BEPIUKOB M 33CHINTA/HN CBEPXY yrieM. Brirost
BCE 3TO, MACTCP MyCcKan AYTbC, uyryH okoso ¢yp
mIaBWACA H CTCKAJ HA AHO ropHa. Macrep moGas/
YrOJib M NPUABUHTAN HEPACHIABYBUINECS KYCKH YYTYH
t¢bypme, OAHOBPECMCHHO MEPCMCLUIMBAS XKHAKHI Uyry|
pacmiasacHHbic waaku. [1pu sroM noasasancs, 108,
HO NMJOTHBIC KYCKM - "XYKH", T.C. NOAYOMNCTHBILE
xese30. MacTtep BHBOPAUMBAI HX JJOMOM H OTGPACHI!
B cropony. ITocTenenHo HAa aHEe 06PAZOBHIBAAACH TYCTA
macca — "moaykpuua”. Macrep npoGosa.t ce s1oMoM i
€CJIM HAXODWJI CTHIIKOM XHUAKOH — "cblpoit”, — To il
0aBASI ILNAKY MK CNPHICKUBAA Bopol. Bee 910 macTe
AeMAT HA IVIa3, OMMPAFACh MCKAIOUMTCIABHO HA CBO
IMIMPHYUYECKHI ONBIT.

Hasee Xyku W TNOAYKPHUA TMOABCPrajiuMch "M
BAJIMBAHUIO", UMM KXKXECHUIO XYKOB M NMOJYKPHLHL H
kpuiry. 11 3TOr0, NpH CHPOit MOAYKPHULE, XY ThE OCTI
HAB/IMBAIH, NONYKPUILY ICPCBOPAUMBAJIMA BBCPX AHOM
O0KJAABIBANIM XYKAMHU, 33BANUBANMA YIJICM W IYCKal
ayTee. Ecav xpuua cnenasi, a yras 8 TOPHE OCTaTOUH
370 Xe Aenann 6e3 OCTAHOBKH AV TbI.

Koraa xenes3o XyKoB M MOAYKPULUB OKOHYATCbH
OYHILAJIOCh, OHO COOMPANOCH HA JHE FOPHA B BUAC OUCt
rycToi maccel — "kpunn”. Ec npusHasanu cneaon -
T.€. FOTOBOM, — CCJAH K HCH NPUJANNAN XETCIHbIN JIO
Torga ayThe OCTAHABAMBAMK U KPHIY AOCTABAJM ¥



century. By the 20-s the blast furnaces up to 23
ins high were in motion in the Ural, while their
age height was 16,5 arshins. However, the further
sase in the dimensions necessitated a sharp
maification of blowing power which, in its turn,
ed the substitution of steam engines for water
8. Nevertheless, this process developed in the
t00 slowly, so in the 50-60-s a compromise
Mment of the problem of the blast furnaces’
ﬁbns increase was found. Blast furnaces labelled
bc" with a narrow rectangular hcarth and elliptic
Bwere created and widely expanded in the second
bf the X1X century. The size of the elliptic furnaces
Wwice that of the old ones, the hcight remaining
tered.*’ The new blast furnaces termed in the Ural
rtheir inventor the "Rachette’s furnaces” provided
eaty-four-hours’ output over 1000 poods and by
turn of the XIX-XX centuries — even several
isands of poods of pig iron. Blast furnaces of still
eimproved type emerged in the Ural soon after the
tic ones, their construction was borrowed from
land.
Infortunately, such a powerful means of increasing
ron smelting as hot blast utilization was introduced
Fe Ural works in too slow pace. Though the trials of

pating the blowing into a blast furnace air commenced

 the Ural at Kushvinsky works as carly as 1833, i.e.
e years after Nilson had taken out a patent for the
Wvention of a hot blast stove in 1828, until the end of
!le 60-s almost all the machines of this kind remained
k the experimental phase for the one and only reason:
hen operating with hot blast the furnaces were liable
b be quickly destroyed. The resistance of the natural
Mfractory materials applied in the Ural — talc,

ndstone — was insufficient to stand rising of
ilnperature. And only as late as the nineteenth-
jeventies and eighties, after the appearance of
i])ecialized shops producing refractory materials, a
hrge-scale application of hot blast stoves of various
ypes commenced.

3

; CHAPTER 6.
“TECHNIQUE AND TECHNOLOGY OF
N IRON PROCESSING

The only method of iron processing applied in the
Ural in the XVIII and in the first decades of the XIX
centuries was the so-called old German forge process.

A forge, very much alike the enlarged many times
‘smithies, and a water-driven hammer weighing 16-20

poods werc the main machines uscd in this tcchnology.
Apart from them a great number of manual implements
was in use. The success of the forge process depended
to a great cxtcnt on the strength, skills and manual
workmanship of the finers. A bcticr idea of the proccss
may be judged from the following below description.4

The operation commenccd with the preparation of
the fireplace which had lain idle for a long timc, i.c. a
finer cleaned it from slag, fixed a tuyere, lincd the
bottom of the fireplacc with charcoal dust. Then the
fireplace was filled with a small amount of large pieces
of charcoal and finally with the pig. At some works all
the 9-12 poods of the pig iron were laid into the forge at
once, while at another ones firstly 6-7 poods were laid
and the rest of pig was added in the coursc of the pro-
cedure. The pig iron was placed along the length of the
forge opposite the tuyere at about 4 vershoks distance
from it and covered with charcoal. Having performed all
these the finer turned on the blast, the pig near a tuyere
went into fusion and trickled down on the bottom of the
forge. The finer added charcoal and moved non-melted
pieces of pig to the tuyere stirring simultaneously the
liquid iron and melted cinder (slag). During this
operation the so-called "zAuki", i.c. quite solid lumps of
spongy semi-refined iron werc formed. The finer
picked them out with a ringer and pushed aside. At the
bottom the metal solidified into a semi-solid mass —
"polukritsa” (a haif-bloom). The finer tested it with a
ringer and if he found it too liquid — "syroi" (badly
refined) — he added some cinder and watered it. All
this the finer performed by cye basing cntircly on his
personal empirical experience.

After this the process termed “navalivanie”, i.e.
burning of "zhuki" and a half-bloom into a bloom,
commenced. For this purpose the air-blast was turned
off, a half-bloom was turned upside down, rounded
with "zhuki", covered with charcoal and after that the
blast was again turned on. If the bloom was in nature
and the amount of charcoal in the hearth was sufficicnt,
the same procedure was conducted without stoppage of
the air-blast.

When the iron in the "zhuki" and a half-bloom was
properly refined it formed a pasty mass at the bottom
called "kritsa" — a bloom or a loop. It was considered
ready, i.e. to have come to nature, when an iron ringer
adhered to it. Then the blast was turned off and the
bloom taken out of the hearth. Further indications of
the bloom’s being in nature were its elongated shape
and the white colour of the sparks when striking it. The
content of slag in a good bloom was low, otherwise it
was considered overburnt. A badly refined bloom gave
a blue flame due to the process of decarburisation,

Out of the hearth the bloom was delivered to a
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ropua. XopowceiH CYUTANACH KPULUA NPOACITOBATOM
topmbl, Ratowas npu yaape ceerabie uckpsol. lllnakos s
Xopouweit Kpuuc Obii0 HCMHOrO; CCJAM XC OHa Obiia
MCPCHACHIIUCHA WIAKAMH, TO €C NOAATAIN NCPCKKCH-
noii. HenposapcHnas kpMua aaBasa CMHCBATOC naamst
— BBIOPAN YCACPOA.

13 ropua Kkpuuy Ha TCAEXKE WM KJACWAMU BCPEMC~
Waau K MOJIOTY, IAe €€ 00XKMMAaJH, T.C. NPOKOBLIBAIM,
yranss takuM obpazom uaxu. O6xaTyio Kpuuy Mac-
TEP CHCLUAJILHBM TONOPOM PACCEKAN HA YACTH.

Caenas oaHy KpuiLy, MACTEP CPa3y Xe 3aKAaNbIBA
B FOPH HOBYIO TOPUUIO UYTYHA, OAHOBPCMCHHO NPUCTY-
nast K "BBITArMBAHUIO" KYCKOB YX€ roroBoit kpuunt. Mx
BHOBb MOMCHLIANIM B TOPH MEXAY (PypPMOHt H YVIYHOM,
KAAWAM 20 6en0oro usera u MpoKOBHBAIN NOA MOJOTOM
B IOJIOCHI MM OpycKu HEODX0ANMOrO pa3Mcpa u GopMH.
[eaanoch 3TO B HECKOJILKO MPUCMOB: CHAYANA OUH KO-
Hew KYCKa, MOTOM CHOBA HATPEB U MOCJACAYIOWAS Npo-
KOBKa Apyroro Kouua. B 12-uacoByio cmeHy macrep,
nogMacrepbve U paGounit OOBIKHOBCHHO NMPUTOTOB/ISIM
IBE KPHILBL.

Kpuunbie uexa, B KOTOPHX BCC ITO NPOMCXOAHIO,
npeacTasasan coboil NPAMOYTO/IbHBIE AJMHHBWE OTHO-
asraxHple 3aaHus. B XVIII Beke ouu Ooiau aepessn-
HBIMH; B TIepBOi1 nosoBuHe X1X Beka MX CMEHMJIH Ka-
MEHHBIE TOCTPORKY, HO NPMHIMITE PACNON0XCHUS 000-
PYAOBAHUA NMPH ITOM HE U3MEHMAUCH. ExuncTaenHoe
PasANuMe 3aKAI0UANOCH B TOM, UTO B ACPCBSIHHBIX UC-
xax crasuam no 4 u peako 6—8 MoaoToB, a B
GOMbIIMHCTBE KaMeHHBIX Obito 12—16 wmonotos.?
Baonb BCero mexa NpoXoau/ BOAOIPOBOAHBI AaPb, NO
KOTOPOMY BOJA MOCTYNAJAa HAa KOJECa, NPUBONBLIKC B
OBMXKCHHE KPMUHBIE MOJIOThI, BHITSHYBIIMECH B TUHHIO
PaoM ¢ rapeM. Bropyio anamI0, paaom ¢ npoTuBoNOI0XK-
HOI OT J1apsi CTEHOMN, 06PAZOBBIBAM KPUUHBIEC TOPHBL. Y
TOPLEBBIX CTCH BO3BOAM/INCH BO3AYXO1YBHbBIC MAUIMHE —
ORHA WM ABE, B 3ABUCHMOCTH OT pasMcpa uexa.

XOTs KOHCTPYKIUA KPHUHOrO FOPHA ¥ MOJIOTA B TE-
yenune XVIII Beka He MeHAIaCh M GBI OAHOTUIHOM HA
BCEX YPAXbCKUX 3aBOJAX, TEM HC MeHec K Havaay X1X
Beka Ha Ypane cywecrsoBaau 90 pasuosuaxHocTeM
OJHOrO M TOr0 XC CTAPOHEMCUKOrO KPUYHOro CROCO-
6a,% r.e. MPAKTHUECKHA KAXAbil 3aBOA MMEA CBOIl C00-
CTBCHHBIH BAapMaHT TexHojaorum. [pyr or apyra ouu
OTJIMYAIMCh HE CTOJILKO KOHCTPYKUMEH Mjid HAaG0pOM
HHCTPYMEHTOB, CKOJBKO MEJbYaNIIMMu ACTANSIMHY PYY-
HOil paGoTHI.

B 30—50-¢e rogp X1X Beka TeXHHKA KPUUHOTO Ncpe-
JENa NpeTepneia WEenAslit P OYEeHb CYUWCCTBCHHBIX
u3MeHcHuit. Ctapsic cpexHeGoiiHbie MOTOTH OBLIN MOC-
TENEHHO 3aMcHeHb Oosiee yaoOHBMK B paboTre XBOCTO-
BoIMHU. T1OABHJIKCH M HAYAAU PACOPOCTPAHATLCS NAPO-
Brie MOnOTH. TIpr KpHYHBIX TOPHAX YCTPAMBANIMCY A€it-
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CTBYIOLUMC TCPHIOLNM KAPOM BO3IY XOHATPCBATC/IbH
ANNAPATH; HAA CAMUMM IF'OPHAMM NOSIBUNUCH CBOABI ]
cOopa orxoasimux rasos. U, HAKOHCL, HAUMHAIOT P
POCTPAHATBHCH HOBLIC BAPMAHTHI KPUUHOM TEXHOAOL
B 40-c roasi 970 66171 KOHTYa3CKKMI CROCO0 BLIACIKM
ac3a, B 70-¢ — nankammpekmii,

OnaHAKO - BCC MEPCUNCACHHBIC HOBLUCCTBA YXC
aMeau Gonsbworo 3uauenuud. B 40-¢ roabt Ha CMe
KPHYHBIM cniocobaMm npuxoauna ropasgo Gonec coe
IIEHHAS NYyIJMHTOBAS TCXHOJIOTHS BHIACAKMU XKEAE3a

[epBrie OMBITH NYAAHHIOBAHKS ObiJiM MPOBCACHH
Ypanc B 1817 roay na INonceckom 3asone; ¢ 1825 n
IKCNCPUMEHTDH Havaauch B Hnxne-Tarnanckom okpy
¥ B TOM U B APYTOM CJIY4AC HOBASI TCXHOMOrUd He Obina A
BEACHA 10 NPOMBILICHHON dkcnayaTauuu. [locieaug
6b10 cAcAAHO Anb B KoHue 30-X roaoe Ha KascHH
Kamcko-BoTKMHCKOM 3aBOAC, MOCAC YCTO W HAYANK
PacHpOCTPAHCHHUC HOBOM TCXHOJIOTMM IO BCCMY Y pany.

B oTiuue OT KPUUHOTO FOPHA B NYRJHMHIOBOI Ney
MCTAJLJ1 M TONJIMBO PA3ACJCHBL; UVIVH B HCH 00pabaTs
BAJCH B CncunaibHoMm paboucm orceke. [Nocaennu
HPEACTABANAA OO0 3AMKHYTOC NMPOCTPAHCTBO, HMEK
LICC TPU OTHOCUTENIbHO HeGoAbmue orBepeTus. [leps
COCANHKAJIO €r0 € TONKOM, UePC3 BTOPOC YXORHJIHN B Jb
MOBY10 TPYOy orpaborannsic ra3si. Yepes cneuumabi
WECTOYHOC OTBCPCTHC B OOKOBOW CTCHKEC NEYM Hi
€aXMBaJCT uyryH. OHO IpPMKPLIBAIOCH 3ACTOHKOIM, B Ki
TOPOl, B CBOK OUCPCAb, HAXOAWIOCh MAJICHBK(
OTBEPCTMC C  3ACJOHOUKOI — [JIt  MHCTPYMCHT
NyMJIMHIOBOIO MacTcpa. [lotepu Tenna B myaauHros(
MEUM ropasao HUXKC, UCM B KPUUHOM FOPHE, NOITOMY OF
passuBaIa ropasgo 60/CC BHICOKYIO TCMOECPATYPY, KA
MCTIONB3Y S HU3IIKMC COpTa TonnBa — Topgd, ApoBa.

Haunsanack nyaanHroBasi oncpauusi Ha y PpanabcKe
3aBOAAX C HACAAKH YYryHa — 4Yepe3 HICCTOUH
OTBCPCTHME C MOMOIBIO XKCAC3HOM JIONATKH, NOC/E ye
3ACMOHKY 3aKpPHBAM, a4 wesM 3a0pacuiBanyt MOKpH
neckom. Tlocae Hacagku B TONKY HENPCPLIBHO noadpa
ceiBaJM ropiouec B teucHue 20—35 munyr — g0 Tex
nop, NMOKA He pacnaaBuTcd uyryH. PacnaasacHuyn
MACCY MACTCP HAYMHACT MEWATHL rpcBkoM, noauBas ee
BpeMs OT BpeMCHM BOAON ¥ noadpacwBas waaxk. Pabory
ITY HYXHO OBJIO BECTH C GONBILIONH MHTCHCHBHOCTDHIO,
Korga macca crymaetcs A0 Takoil CTCOEHH, UTO MC-
WAHME JEAACTCH 3ATPYAHUTCAbHLIM, TO MCHAKT
HHCTPYMEHT. Maccy BHIBOPaUHBAIOT JIONATOYKOI 1 pas-
PABHUBAIOT N0 BCEMY NOAY, NOTOM rpebkoM crpebaroT B
Kyuy. DTH ACHCTBHMA MOBTOPAIOTCHA HECKOJIBKO Ppas,
MOKA MACCa HE MPHMCT PACCHINTYATOrO BUAA, MOCIE Yerd
HA HECKOJABKO MMHBYT AAIOT CUAbHBINA Xap H COMBAIOT H3
Maccel KoMbs. JIas 3Toro, kpoMe rpefKa ¥ NonaTky,
MPUMEHAETCH  €We OCOOBIi  MHCTPYMCHT, HA3H-
pasumiica Gyaasoii. Bes paGora B neuu, HauMHas or Ha-



aer on a cart or with tongs and then the operation
| "shingling the bloom" commenced, i.e. with
Rer strokes a fair amount of slag was forced out.
thingled bloom was divided into parts — 4 or 6 as
F— with a special axe.
Bving made one bloom, the finer launched a new
pa of pig into the hearth and repitition of the
M8 commenced with simultaneous starting
El:g the pieces of the ready bloom. They were
to the forge between the tuyere and the pig in
Mo receive white heat and hammered thereafter
Pars of the required size and form. This was
ikted in several stages: firstly one end of the piece
hmered then followed heating and hammering
Bother one. Within a 12-hours shift a master, an
_htice and a workman made usually two blooms.
Me whole of the described above process took place

Horge shops located in rectangular long buildings.-

pXVIII century they were made of wood and were
ked by stone ones in the XIX century, the
Bples of the location of the equipment however
Bed the same. The only difference was the number
mmers: 4 or rarely 6-8 hammers in the wooden
pand 12-16 ones in the stone shops.so A water-
lae was extended along the whole of the shop, the
bdréve the wheels which set in motion the forge
Rers placed in a straight line near the water-line.
Jorges constituted the second row along the wall
Mte the water-line. At the short walls of the
hgle the bellows were mounted — 1 or 2 in de-
ace on the shop’s dimensions.
ough the construction of a forge and a forge
er remained unaltered throughout the XVIII
'y and was identical at all the Ural works,
theless, by the early XIX century 90
ications of one and the same old German process
& existence’ ! , i.e. practically every works had its
iersion of this technology. They differed from
Mher rather by the most peculiar details of the
M operations than by the construction or a set of
Rents.
e 30-50-s of the XIX century the technique of
e process was subjected to a number of essential
Memations. The old tilt hammers were gradually
uted by the tail ones, more convenient {o
. Steam hammers originated and started
iging. Hot blast stoves utilizing waste heat were
near the forges; waste gas collectors emerged
Rhe forges. And finally new versions of the forge
I8 made their appearance, such as the Comtois
#in the 40-s and the Lancashire onc in the 70-s.
Ever, all the enumerated innovations were not
importance. With the origin of a much more

improved puddling technology of iron processing the
forge method fell into disusc in the 40-s.

The first trials of puddling were performed in the
Ural in 1817 at Pozhevskoi works, since 1825
experiments commenced in Nizhne-Tagilsky district;
in both cases the new technology was not introduced
into industrial exploitation. This was achieved as late
as the cnd of the 30-s at a statc Kamsko-Votkinsky
works which rcacted in the expansion of thc ncw
technology over the Ural.

Unlike the forge process, metal and fucl were
separated in a puddling furnace, thec pig was processed
in a special working compartment. The latter was a
closed cavity having three comparatively small holcs.
The first onc connected it with a fircplace, through the
second one wasic gas passed into a smoke pipe. The pig
was laid into a special aperture in the side wall of the
furnace. It was closed with an oven-door in which, in its
turn, there was a small hole with a small oven-door for
ithe implements of a furnaceman. The waste of heat in
puddling furnaces was much lower than in a forge,
therefore a much higher temperature was generated
even when fuel of low quality was used, such as peat,
firewood.

The procedure of puddling at the Ural works
commenced with charging of the pig through the special
aperture with the help of an iron shovel, after which the
oven-door was closed and the chinks were covered with
a moist sand. After the charging fuel was continuously
filled within 25-30 minutes, until the pig was melted.
The furnaceman commenced stirring the liquid mass
with a special rake watering it periodically and adding
some cinder. This operation required a great intensity.
When the mass solidified 1o such a state that the
stirring became difficult the implement was changed.
The mass was turned upside down with a shovel,
smoothened all over the hearth and gathered thereafter
with a rake into a heap. The operation was repeated
until the mass obtained friable state, after which it was
exposed to a great heat for several minutes and then
kneaded into balls. For this purpose, apart from the
rake and shovel, a special implement called "bulava™ (a
mace) was used. The whole process in the furnace from
filling of the pig until finishing kneading the balls took
from 1,5 up to 2 hours.

After the balls were made, they were taken out of the
furnace with tongs and shingled with a hammer. Then
they passed from the puddling shop into the reheating
and rolling ones. The balls were laid into a reheating
furnace and heated there over an hour or an hour and a
half after which they were rolled into bars of required
size. The obtained iron was considered to be of a low
quality. To perfect the metal the bars were cut, put into
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CaAKN UYryHa KO OKOHUYAHUS COMBAHMS KOMbCB, NpO-
AOJIKAMACH OT MOAYTOPA AO ABYX YACOB.

TOTOBLIC KOMBbS KJACHIAME BHHMMAJAMCh M3 MICUH H
06 KMMANKCh HOR MOJOTOM M AAJICE NCPEXOAMIN U3 PYK
NyJJIMHFOBOro MacTepa B PyKHM CBAPOUYHOTO M NPOKATHO-
ro. Kycku nonananm s CBApOYHYIO NeUb W HArPEBAINCH
B HCH YAC WU NOATOpPA, NOCJKE YETO NPOKATHIBAJINCH B
no.10ck Heobxoaumoro pasmepa. [loayunsuweecs xecne-
30 HA3bIBAJIOCh OQHOCBAPOYHHKIM M ObIJIO HCBAXHOIO Ka-
yecTBa. s yayyLIcHUS METANAA NOJOCH PA3PC3aanCh,
CKJAAABIBAMCh B NAKCTHI, BHOBb MPOKAJHBAINCH B CBA-
POMHBIX NEYAX H MPOKATHIBAANCD; TAK MO1YYATIOCh ABY X~
csapouHoc xene30. MHorna Tty xe onepauuio npoBoanu
B TPCTHI pa3, BHIAEABLIBAS, TAKMM 00pa3oM, 0co00 KauecT-
BEHHOE TPEXCBAPOYHOEC XKeNe30,

B npoTHEONOAOXHOCTL HCTOPHM KPHUHOTO Crocoba
Ypana B nyaJMHIOBOH TCXHOJOCHMH PYUHLIC NMPUCMBI
paboOThi MCHSIIMCh HE QUEHDb 3HAUYUTCALHO, 3ATO HENpeE-
PHIBHO COBEPLICHCTBOBANACH caMa TexHuka. He yeneau
ypanbCKUE 3aBOAB OCBOMTL OOMUHBLIC MYLAMHTOBLIE M
CBAPOUHMKIE NEeyy, KaK UM Ha CMCHY NpPHILAM FA30BBHIC,
3aTeM — MCUM, NPUCNOCOGAEHHBIC A ACACTBMS HA
Topde, neuy ¢ pereHepaTopamn TEMNJa ¥ TAK AaNCe.

BripoucM, NMyANHMHIOBAS TEXHOAOrMs CTA/]1a BHCA-
PATBCS HA Ypasc CAMWIKOM Mo3aHo. Y1 He ycrnena ona
BHITCCHUTDb KPUUHBLA cr1oco0 BHIACAKH XCAC3Q, KAK Bhi-
SCHUJIOCh, UTO B MUPE CYLICCTBYIOT ropasac Goace ad-
(beXTHBHBIE M NPOM3BOMHTCABHBIC GeCCEMCPOBCKAA H
MAapTEHOBCKA8 TCXHOJOruuM. EaBa ycrneB 3aBCpLuMTb
OOHY PCKOHCTPYKLHIK MEPEAETBHOrO MPOM3BOACTBA,
ypanbCKUe 3aBOAb AOXKHBI Obin B 70-¢ roant X1X Beka
HAYaTbh HOBYH),

Ilepsbie onbiThl 6ecceMepoBaHMS HAYaaUuCL HA Ypa-
Je B KoHUe 1856 rona U mpogosXasmch ¢ A0CTATOUHBIM
vcrexoM B TeueHue Beex 60-x rogos. Oanaxko npompiu-
JICHHOE TPOM3BOACTBO OecceMepoBCKON cranau Gniio
opraHu3oBaHo ToJabko B 187§ romy ua Huxue-
Canmgunckom 3asoae Tarmasckoro okpyra. Becceme-
posckas ¢alpuka ObIa NOCTPOCHA TIO DPAHLLYICKOMY
npoextTy. PykoBoaun AEAOM TaJaHT/AMBbBIN MHXCHCP
K.I1. [ToneHoB, KOTOPLIN HEMEINICHHO NPUCTY NN K MO-
ACPHM3AIMM TEXHOJIOTHH, U YK€ HA BTOPOI rog 9KCay-
aTAanyMU OHA Obia BHIOMSMEHEHA M NpHCNOCoOacHA K
MecTHbiM yoaoenaMm. Jomam Huxne-Canaunckoro 3a-
BOZIA HE MOIJIN NOJHOCTbIO 0becneynTb BecceMepoBCK uit
LeX YYTYHOM, H €ro NpPUXOAMJIOCh 3aBO3HTb C APYIHX
3aBOZOB OKPyra. DTOT IITHIKOBOM uyTyH nepen 6ecceme-
POBAHHEM pACIJIABASJICH B OTPAXATE/AbHBIX INCUAX;
npuueM K.I1. TlosicHOB BBISSCHMJ, YTO €CJAM YYTYH HE
MPOCTO PACIIABMTH, HO €LUC W JAOMOJHHTEIBHO MEper-
peTb, TO npouecc OGeCCEMEPOBAHMA MAET ropasio yc-
newHee, cTaab NOAyYaeTcs ropasac 6o/ace BHICOKOTO
KAYECTBA M MPAKTHUYECKH HCKIIOMAMACh BO3MOXHOCTh
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3aCTHiBAHUS METANA B KOHBepTCpe. Teopmio Heccer
posckoro npouccca no mcroay K.I1. TloncHosa m3yy
Mo3AHCE APYroit MHXCHCP Tarmanckoro oxpyra
B.E. I‘pym—l‘pxnmav“mo.ss

Bropoit mnocane Hwuxuc-Canpunckoro Geccel
POBCK Uit 3aBo1 Ha Y pane 661 nocrpocu B 1878 roay
6a3ze Karas-Usanosckoro 3aBoaa. OnHako apyrux |
CACNOBATCACH TArMABCKOTO M KATABCKOFO OMBITA
Ypane He mamnxoch. [logasngomec GoabmuHC
YPanbCKMX 3aBOAYMKOB Npu MoAcpHu3auuu B 80-¢ i
XIX Bexka cBOMX NpeanpuUATHH NPCANOYUTANN BBOA
He 6ecceMEpPOBCKHMC KOHBCPTCPbl, A MAPTCHOBC
neuu. B 1904 roay na Ypanc paGoranu toabko 4 K
Beprepa ofuicit eMKOCTHIO 22 TOHHB ¥ AIPOU3BOAUTE
#oit cnocobHocTbIo 3100 ThiCAY Nypow cTasM B Yo
YMCNO MAPTCHOBCKMUX ncuci aocturio yxe S50, obt
eMKOCTh — 747 TOHH, rO0BAasi NPON3BOAUTCAbHAS ¢
cobnocTh — 28148 THICSHU NyROB.

I'JIABA 7.
ITPOKATHBIE CTAHBI

IIpoxaTHas TexHoaorms Obija oOCBOCHA |
YPAJNbCKHX 3aBOAAX YXc B camoM Havazac XVIII scx
BO BpeMs uX CTpoMTeabcTBA. OXHY H3 nepBi
NMPAMHTHBHBIX MPOKATHHIX, MJAH, KAK OHH TOTUA H
3BIBAAHCH, "MAIOIMMIBHLX" MAIIKH ONHUCHIBACT B CB
eM Tpyac Buaerens ge-Tewann (1735 rom). Dng x
PAKTEPUCTHKH FIPOKATHOMN TCXHOJAOTMM [EHHUH um
HE TOJbKO TEOPETHYECKUE CBEACHAMS: B €0 BPEMS !
ExatepuHOYprckom 3aBoac yxe ASHCTBOBAMA "XKea
jopesHad W mmownabHas ¢$abpuka, B Hel I
KYPUO3HBIEC MAILIUHDI, OAHOK NMPOPEC3ILIBAET, a APy
NAKLIUT XEAC30 PA3HON WIHMPHHBL U TOJCTOTH, KaK
Koraa nowgseﬁno, B Heil ABE NEYM XKCJIC30HATPED
TenpHRX",

Onnako Brjots a0 Hauana X1X Beka npokarth
TCXHWUKA NPUMCHSLIACh HA Ypase B OUEHb OTPAHHUE
HbIx koauuecrBax. K 1778 roay mpokaTHbie CTal
uUMeauch TOApKo Ha 10 3asogax, npHHAnACXKaBW
KpynHeHmuM 3asoguukam. [IpuunHOil aTOrO GBIA
CTONMbKO TEXHUYECKMH  KOHCEPBATH3M,  CKOJb
NPUMHTHBHOCTh ACCOPTHMEHTA NTPOU3BOAUMBIX COPT
MmeTanna, OCHOBHYI0 MAacCy ypaJbCKOro METAJIA B 1
yeHHE BEKA COCTABAsAM rpy0oC Moa0coBOE U CaMi
NPUMHTHBHBIC PA3HOBUAHOCTH COPTOBOTO XeJsesa. |
BbIIEJBIBA/IM OPSIMO B KPUUHBIX L EXaX NMOA O0bIUHbI
KPUUHBIMH MoJoTamMu. s BBIAEGAKM Xe¢ Hebosabln
naprui ANCTOBOTO WM MEJKOCOPTOBOTO XKEAC3a TOp:
R0 npoule ¥ acuicsiie GbiI0 YCTAHOBUTH HECKOABKO 1
IMATHIX MJIH KOJIOTYIUEUHbIX MOJIOTOB,



.converted in reheating furnaces and rolled once
Thus the so-called best iron was obtained. If
ary, this operation was repcated for the third
wmanufacturing iron of a top quality labelled the
‘5:( iran.s2 In contrast to the history of the forge
in the Ural, the manual devices of the puddling
gy were aliered insignificantly, while the
Fe was continuously improved. Before the Ural
had time to adapt the ordinary puddling and
furnaces, they were replaced by gas ones,
the furnaces fitting for the operating with peat
pfurnaces with the regenerator of heat and soon.
rtunately, the puddling technology was
d in the Ural too late. Before it overpowered
e process of iron producing, the more effective
poductive Bessemer and Martin technologies
their appearance. Hardly having finished one
#ruction of the finery production, the Ural works
‘initiate the new one in the nineteenth-seventies.
B first trials of the Bessemer process in the Ural
waducted in the end of 1856 and went on quite
sfully throughout the 60-s. Nevertheless, only in
the industrial production of Bessemer steel
mced at Nizhne-Saldinsky works in Nizhne-
ky district. The Bessemer shop was erected
ling to a French project. The construction was
M under the authority of a talented engincer
Menov who started immediate modernization of
thnology and as soon as two years later it was
®d and adapted to the local conditions. The
¢-Saldinsky works’ blast furnaces were not
@ of supplying the Bessemer shop with pig iron,
i to be transported from the other works of the
4. Before the Bessemer process this pig iron was
bd in reverberatory furnaces; K.P.Polenov had
red that the more heated was the pig in the
loratory furnaces apart from being merely
U, the more beneficial was the Bessemer process,
m qualitative steel was produced, and the
mm became the danger of metal consolidating in
mverter. The theory of the Bessemer process
Mag to Polenov’s method was thoroughly studied
Wrds b; another Tagil engineer V.Ye.Grum-
mailo.’
#second in the Ural Bessemer works was crected
8 on the basis of Katav-Ivanovsky works.
tunately, there were no successors of the Tagil
Mav experience in the Ural. The overwhelming
ity of the Ural works-owners modernizing their
ises in the nineteenth-eighties preferred rather
b furnaces than Bessemer converters. In 1904
lponverters were in motion in the Ural, their total
ily being 22 tons and annual output of steel

amounting 1o 3 100 000 poods, whilc the number of
Martin furnaces had already reached 50 with total
capacntsy 747 tons and annual output of 28 148 000
poods.

CHAPTER 7.
ROLLING MILLS

The rolling technology was adopted by the Ural
works as carly as the beginning of the XVIII century
parallel with the process of their construction. One of
the carliest evidences of the first primitive rolling mills
or, as they were termed at that time, flatting mills is
supplied by Wilhelm de Gennin’s work (1735). Gennin
had not only theoretical data for the characterization of
the technology, for at that time there was already at
Ekaterinburgsky works "iron cutting and flatting shop
with two curious machines, the first one cuts the iron
and the second one flatters it into different width and
thickness according to the necessity, and also with two
iron-heating furnaces"”.

Nevertheless, there were only a few rolling mills in
the Ural until well into the XIX century. By 1778 only
10 works possessed by the larger works-owners were
equipped with rolling mills. The cause of it was rather
primitiveness of the assortment of the produccd metal
sorts than the technical conservation. The rough bar
iron and the most primitive kinds of special iron were
mainly manufactured in the Ural during the century.
They were effectcd immediately in the forge shops
under ordinary forge hammers, whereas for producing
a small amount of sheet or small-sized iron it was much
easier and cheaper to install some special hammers.

In the early XIX century the situation changed
sharply due to thc market demand for the expansion of
the assortment which was impossible without further
development of the rolling technique. The task proved
quite feasible for a certain experience had been already
accumulated.

The sheet iron production became the most
widespread one. This sort of iron turned into the most
quantitative sort of the Ural metal; in the early
nineteenth-sixties it constituted 15,6% of the
aggregate output of the Ural iron and by the early XX
century — even about 50%.56

The origin of the sheet iron production is traced
back to the cighteenth-seventies. At that time a Tagil
smith Subbotin managed to spy on the technology of
sheet iron rolling at Batashov’s works in Central
Russia. As a result of this act an identical productlon
emerged at the Ura!l Nizhne-Tagilsky works in 17789
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Curyauus pes3ko usmeHuaacs B Hauase XIX seka.

M3MeHeHnEe PHIHOUHOM KOHBIOHKTYpPH MOTpeGoBano

PE3KOro pACWIMPEHHsS ACCOPTHMCHTA, CACNATh XE IT0
0e3 pa3sBHTHS NMPOKATHON TEXHUKH ObLIO HEBOZMOXHO.
3agaua okasanach BIOJHE BHIIOJHUMOI, 6J1aT0 onpeac-
JICHHBIH OMBIT YK€ MMENCH.

HauGoasiuce passaTrHe NOAYUHIO JUCTOKATANBHOE
MpoM3BOACTBO. JIMCTOBOEC XE/1€30 CTAHOBUTCA CAMBIM
MacCOBBIM COPTOM YPasIibCKOTO METaAna; B Havaae 60-x
rogoB XIX Bexa oHo cocrasiagno 15,6% or Bcero
TIPOM3BENCHHOIO YPaJbCKOro XKese3a, a K Hauaay XX
BEKAa — paxe okoao 50% .6

A cTaHoB/CHUC JUCTOKATAJLHOrO MPOU3BOACTBA
Hauuuaaock B 70-¢ rogmt XVIII Bexka. B aro spems
Taruaeckuil ky3Hen Cy660THH Kak-TO CyMesn MOAC-
MOTpeTh Yy 3asoguuka Baramwosa B ueHTpaabHOMR
Poccum TexHONOrHKO MPOKAaTa JMCTOBOrO XEJne3a, B
pesysnpTaTC  4Ero TAaKoe XK€ TNPOU3BOACTBO
nossuaocs B 1778 rogy u Ha ypanbckoM Huxmue-
Tarunbckom 3880216.57 B 1782 rony aHrauiickuit me-
xaHuk JIxo3zed Xuaa mocTPoOMs JAHMCTONMPOKATHYIO
¢dabpuky na Uepmosckom 3aBoge. 8 B nauane XIX
BEKA TEXHOJIOTHS NPOKATA JHCTA OBLA2 YCOBEPIIEHCTRO-
BaHA: YAAJ0Ch HAJAANTH BHITYCK IMCTOB 60AbIIOro pas-
Mepa — ABYyXapiuMHHHX. [lepBeiMuM 3TOro n06GHAKCH
crieguanctel Bepx-Ucerckoro m Huxne-Tarnasckoro
okpyros. 1 nanee B reuenne Bcero XIX Beka aucroka-
TAJPHOC [POM3BOACTBO CYHICCTBOBAJO B IOYTH
HEN3MEHHOM BUAE.

TexHoaorud npokarta JMcTOBOro xenesa s XIX seke
BKJOUasaa B cebg Tpu onepaunu: 1. npoxarka B y3Kyio
GonBauky; 2. mpokatka B JucTH (B Wupokyio Goasan-
KY); 3. OKOHUATEAbHAS OTAEAKA JIMCTOB.

B xozne nepsoit onepanuu NIMPOKHE MOJOCH KOBA-
HOro KPHYHOrO METAJAA HArPEBANM B KAJIMJIBHOU
HEeuH ¥ NPOKAaTHBAJIHA C OXHOrO Harpesa 3—35 pas — B
3aBMCHMMOCTH OT HAIIOPA BOABI B 3aBOACKOM NpyAay, OT
ACHCTBHNS MAIIUH ¥ OT KaUeCTBa caMoro xenaesa. [Ipo-
KATAHHH M METAJLI TYT XK€ BHIIPABIAAHN AEPCBIHHBIMH
MoJo0TaMmn — "Gaanamu”,

IIpn npoxaTke B JUCTH BHOBb PACKAJICHHAA y3-
Kas G0JBAaHKA MOCTYNAaa B BAJKM NPOKATHOTO CTa-
Ha HECKOJILKO MHOM KOHCTPYKuuu, uem nepsuiit, C
ORHOro Harpesa ee mponyckajiu 13—15 pas, npu
MaJIOBOAMH X€ Harpesaau jBa pasa. Iloay-
YMBIIKECS JHUCTH CKJAABIBAIH NMOMAPHO B "ABOUKH",
Harpesaau u onsuth 13—15 pas mpokartsiBaaun. Ity
omepanuio — HATPEB M MHOrOKpPaTHAs NMPOKATKA —
MOBTOPSIJIM UETHIPE Pa3a, MOCJE YEero JMCTH BHOBb
CKJIAABIBAJIM, HO YXKE MO TPU MJIM, CYAs 1O COPTY, MO
narth, T.¢. B "rpoiku™ uwam "narepku”. C mo-
JYUYMBIIMMHCS MAKETAMHM NPOU3BOAMJHN BCE TE Xe€
ACUCTBHUSA, YTO M C ABOWKAMH, U B PE3yJbTATEC MONY-

34

Ya1aChIMPOKAsA GONBAHKA — HE MOy YN BIINE OKOI
TEIBHOM OTACAK M JIUCTHI XKCAE3A, :

OKOHYATENBHAS OTACAKA 3AKJIOUAIACH B OO
M0 ONPEAESIEHHBIM PA3MEPAM HEPOBHBIX KPACE JINCT
B AOMO/JHHTEAbHOM NPOOMBKC MX NOJ MOJOTAMM —
nosyuesusi rasaua. Ilpu Bepaborke TISHUEC
JHCTOBOrO XeJsesa Bucmux coproB B Bepx-Hcen
okpyre B koHue XIX Beka kaXjgbiii JMCT TTOABEPT
TpPEM THICAYAM yaapos mosora!

Heckoapko nosauee — B 20—30-¢€ roant XIX ses
HA Ypasie Ob OCBOEH MPOKAT COPTOBONO DPHIHOY
xene3a; B S0-¢ rogn HAYAJIOCh TTPOM3BOACTBO Xe€
HbIX penbcoB. BOT KaK OMUCHBAN PEIAbCONPOKA
npoussoacteo Huxue-Cangmuckoro 3asoxa B 185
Ay MHXKEHEP-NOPYYMK Y COB, PAHEE N3yUaBIIMIt IN
A0 B Anraum: "Ilpu MoeM npme3ae NpoOKATHBA
penbcoB Ha ogHOM craHe yxe no 250—260 mr
CYTKHM IpM § CBapoOMHHBIX meEuax. Henb3ss Gum
YAUBHTBCA TOMY, KaK ycnexam pabGoume B Tew
OJIHOTO FOAA HABHKHYTb K MPOKATKE PEABCOB, TaK
H B AHI/IMH, N0 YHCAY neueli He npoKaTHBaeTcd 6
we 3TOro  Koamuecrsa... Oraenxa  pen
NPOUCXOAUT CAeAyOMUM 06pPa3oM: NMPOKATAHHI
BaJAaX peabC, .eule KPACHHIH, OTTACKMBAETCS
NpaBUJIbHY IO AOCKY H BHOPAMASIOT haaHun ero:
JNIOBKY yAapaMu AcpeBIHHNX KoaoTymek. [Tocae
ro peaibC OCTaBJASKIOT OCTHIBATb M XOJOXHBIA OTBO:
OTAC/IOYHOE OTHAC/NEHNE, FAC YECTHPE YENOBEKA
NPAMASIOT €10 NoJA BUHTOBHM MNpeccoM. Y BHI
JICHHOTO PENbCA HATPEBAIOT NO OYEPEAd KAXAH
KOHIIOB ¥ 00pe3al0T KPYriomw NHacio, ITHM CHOC
obpesawor B aenb Ao 150 pesancos, u nosTomMy np
H OAJIA HE YCHEBAIOT 004eaTh BCE MPOKATHRBAECN
cyTku peabch. Koraa xoHen y obpesanHoro pe
OCTHIBAET, TOTAA €ro 06KAMNBAIOT .

B nanpHedimieM peabCONMPOKATHOC NPOM3BOJC!
OHJIO 3HAUMTENBHO YCOBEPUIEHCTBOBAHO; ocober
CEpbE3HONH MOAEPHU3ALHM OHO HOABEPriIOCH B
TOABL B CBSA3M C OCBOCHHEM NMPOKATA CTAJBHHX pE
COB.

Oraagus B TreueHue XIX Beka npoxar goporoc
SAMUX COPTOB XEJ€33, M B MEPBYIO OYEPEAD JIHC
BOrO0 KpPOBEJbHOrO, YypaabCKMe€ 3aBOJUMKH
CMOIJIM, a3 TOYHEE CKa3aTh HE 3aXOTEJM OPraHy
BaTh MPOHU3BOACTBO MACCOBHX H ACHIEBHX HPOMH
JIEHHHX COPTOB MeTanna — TaKMX, Kak 06aJ
wBe/iepa U T.4X. Ja n penbcs BHIAECAHBAIH JH
HECKOJILKO 3aBOAOB. BHIAE/AKAa METANIOB IJd N
MBILIJIEHHOCTH Obia A/ HUX HE CJAMIUKOM BHIT0)
M3-33 BBICOKMX HAKJAaJHHMX DPAaCXOAOB OKPYXH
xo3sitcTea. [IpoMumnensubie copTa Xeae3a u CTi
HA POCCHUCKHM pPHIHOK NOCTABJSAA NPOMBILLI
HOCTB 10Ta CTPAHBHI.



2 a British mechanician Joseph Hill erected a
ron rolling shop at Chermozsky works. 58 In the
Ex century the technology of rolling was further
; manufacturing of a large-sized iron, 2
Blong, was originated. Specialists of Nizhne-
F-and Nizhne-Tagilsky works pioneered this
K And further on, throughout the whole of the
patury the rolling production remained almost
red.
sechnology of rolling sheet iron in the XIX
rcomprised three stages: 1. rolling of wide bars
i’Z rolling into sheets; 3. final effecting of the

the course of the first operation wide bars of
ed iron were heated in a furnace and after one
were rolled 3-5 times in dependence on the
&ssure in the works pond, on the machines
and on the quality of the iron. The rolled
pas immediately brought under special wooden
prs — "baldy".
*sheet rolling the again heated narrow ingot was
| through the rollers of a rolling mill slightly
R from the first one. After one heating it was rolled
‘ es, whereas in dry seasons it was heated twice.
ined sheets were put together in pairs (in
i heated and again rolled 13-15 times. This proce-
ie. heating and numerous rollings, was repeated 4
fter the sheets were put together once more,
; this time into "threes” or “fives”, as the sort
. These fagots were converted in the same way as
bs, and as a result a wide ingot was obtained, i.e.
of iron without their final shaping.
al shaping included cutting of the uneven edges
sheets according to a fixed size as well as their
smal hammering to make them polished. In the
“€.the XIX century in order to manufacture
B sheet iron of top quality in the Verkh-Isetsky
c%:h sheet was subjected to 3000 strokes of a
el

A bit later — in the 20-30-s of the XIX century —
the Ural works adopted rolling of special market iron;
in the 50-s production of iron rails was initiated. An
engineer-lieutenant Usov having previously studied
the rail-rolling production in Britain described this
process at Nizhne-Saldinsky works in 1857 as follows:
"When I arrived there one rolling mill rolled already.
250-260 rails over 24 hours and there were § reheating
furnaces. 1 could not but wonder, how managed the
workers over merely one year to acquire excellent skills
in rail-rolling, for hardly greater amount of rails is
rolled in Britain ... The effecting of rails is performed
as follows: a rolled rail being still red is dragged to a
special plate on which its flanges and hecad are
straightened by hammers. After that the rail should be
sufficiently cooled, then the cold rail is delivered to a
shaping department where 4 masters straighten it
under a screw press. Each of the edges of the
straightened rail is heatd in turn and slitted with a
circular saw. The method allows to slit up to 150 rails
daily, therefore the presses and saw have not enough
time to process all the rails made over 24 hours. When
the edge of the slitted rail is cooled, it is beaten to
remove the crust of slag”.

Further on the rail production was significantly
improved; the origin of steel rails rolling in the 70-s
gave strong impetus to its most essential modern-
ization.

Having mastered over the XIX century rolling of the
expensive iron sorts, first and foremost of the sheet
roofing iron, the Ural works-owners could not, if
desired, to organize the production of quantity and
cheap undustrial sorts of metal, such as beams,
channels, etc. Moreover, only a few works
manufactured rails. To produce metal for the industry
was not considered profitable due to high overhead
expenses incurred by the district economy. It was the
South of the country that supplied the Russian market
with industrial iron sorts.
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