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(57) Pedbepar:

MpennoxeHbl  BbICOKOYUCTbIE  METannM4yeckui
TaHTan u copepxalime ero cnnaebl. MeTannmyeckuii
TaHTan npeanoyTUTENnbHO UMEET YACTOTY MO MEHbLUEN
mMepe 9,995% 1 Bonee NpeAnoYTUTENBHO MO MEHbLUEN
Mepe 99,999%. Takke npeanoXxeHbl MeTanIMYeCcKUn
TaHTan u ero cnnasbl, KOTOpPble UMM UMEKT pa3mep
3epHa okono 50 MKM unuM MeHee, UNU TEKCTypy, B
kotopori  (100) nontocHas  curypa  wmmeeT
WHTEHCMBHOCTb  LIEHTPANbHOrO MNWKa HWXe, 4Yem
npumepHo 15 paHgom, unu norapudm OTHOLUEHUA
MHTeHcmBHocTer  (111):(100) ueHTpanbHOrO  nuka
bonblwe, 4yem npumepHo 4,0, unu nboe coyetaHue
3TMX cBOMCTB. Kpome TOro, mpeanoxeHbl usgenus v
COCTaBnsALNE, U3FOTOBMEHHbIE U3 METannM4yeckoro

TaHTana, KoTopble BKIK4YaT, HO HE OrpaHUYMBaOTCS
3TUM, MWULLEHW ANsi HamnblEeHUs, KOHAEHCATOPHbIe

€MKOCTU, PE3UCTUBHbIE NIIEHOYHbIE CITOW, MPOBOMOKY U
T.n. TlpegnoxeH Takke CcNocoO M3roTOBNEHUs

BbICOKOYMCTOrO TaHTana, KOTOpbIA BKIOYAeT CTagauio
B3aMMOAENCTBUSA COMW, COAEpXalleh TaHTan ¢ no
MEHbLUE Mepe OfHUM COEOUHEHMEM, CMOCOOHbLIM
BOCCTaHaBnNuMBaTb [aHHYyl COMb [0 TaHTanoBoro
nopoLLka M BTOPOM CONMU B PEaKUMOHHOM COCYAE.
PeakumoHHbIi cocyn unu cyTepoBka peakLMOHHOro
cocyda M Mewanka wnuM QyTepoBka MeLlanku
M3roTOBMEHbI M3 MeTasnsMyeckoro  MaTepuana,
MMeloLLero Takoe e unu Gornee BbiCOKOe OaBreHve
napa, kak pacnfaBrfeHHbIl TaHTan. TeXHUYeCKUMm
pe3ynbTaTtoM SIBASIETCS MOMyYeHue BbICOKOYUCTOrO

Crpanuua: 1

668¢€€CC NAH

¢


http://www.fips.ru/cdfi/fips.dll/ru?ty=29&docid=2233899

2233899 C2

RU

TaHTana ¢ Menkon W O4HOPOAHOM MWKPOCTPYKTYPOMN.

23 H.n 179 3.n. p-nbl, 11 un., 15 Tadn.

254
204
15
Z10-
84

O_

Crpanuua: 2

1

139 TexcTypHmit PpammMeHT

"T375 70 g 11 13 18 17 19
MHKpEMeHT

=(111) =(100)

$ur. A

668¢€€CC NAH

¢



2233899 C2

RU

RUSSIAN FEDERATION (19)

FEDERAL SERVICE
FOR INTELLECTUAL PROPERTY,
PATENTS AND TRADEMARKS

(12 ABSTRACT OF INVENTION

RU'"’ 2233899

(13

' C2

5 Gnintcl’ o 22 B 34/24, C 23 C 14/34, C
"z
e 22 C 27/02

(21), (22) Application: 2001117202/02, 24.11.1999
(24) Effective date for property rights: 24.11.1999
(30) Priority: 25.11.1998 US 09/199,569

(43) Application published: 27.05.2003

(46) Date of publication: 10.08.2004

(85) Commencement of national phase: 25.06.2001

(86) PCT application:
US 99/27832 (24.11.1999)

(87) PCT publication:
WO 00/31310 (02.06.2000)

Mail address:
129010, Moskva, ul. B. Spasskaja, 25, str.3,
00O "Juridicheskaja firma Gorodisskij i
Partnery", pat.pov. Ju.D.Kuznetsovu, reg.Ne 595

(72) Inventor(s):
MIKhALJuK Kristofer A. (US),
MAGVAJR Dzhejms D. ml. (US),
KOChAK Mark N. (US),
Kh'JuBER Luis E. ml. (US)

(73) Proprietor(s):
KABOT KORPOREJShN (US)

(74) Representative:
Kuznetsov Jurij Dmitrievich

(54) HIGH-PURITY TANTALUM AND ARTICLES CONTAINING SUCH TANTALUM SIMILAR TO

SPRAYING TARGETS

(57) Abstract:

FIELD: production of high-purity tantalum and
its alloys.

SUBSTANCE: metallic tantalum has purity of
99.995% and higher, preferably 99.999%.Size of
grain of proposed tantalum is about 50 mcm and
lesser; its texture has (100) pole figure at
intensity of central peak below than 15 random or
logarithm of ratio of intensities (111) : (100)
of central peak is more than about minus 4.0 or
any combination of these properties. Articles
made from such tantalum include spraying targets,
collector capacitances, resistive fiim layers and
wire. Production of tantalum includes stage of
interaction of salt containing tantalum with at
least one compound which may reduce this salt to
tantalum powder and second salt in reaction
reservoir. Reaction vessel or lining of this
vessel and stirrer or its lining are made from
metal possessing the same or higher pressure of

vapor.
EFFECT: possibility of obtaining high-purity
tantalum at fine and homogeneous microstructure.
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N306peTeHne oTHOCUTCA K MeTannam, B YacTHOCTU K TaHTany, U U3aennsiM, NpuroToBMEHHbIM
n3 TaHTana, a Takke K cnocobam nonydeHus n nepepaboTkm TaHTana.

B npombILLNEeHHOCTN MO LenoMy psigy NpUYnH BCeraa CTpeEMUMCh nonydyatb MeTansbl
BbICOKOW YMCTOThI. [pUMEHUTENBHO K TaHTany 6onee YucTble MeTansbl ABMASIOTCA 0CO6EHHO
XenartenbHbIMU N3-3a NPUMEHEHUS TaHTana B Ka4eCcTBe MULLEHU AN pacrnbifieHnst U ero
MCMNONb30BaHWS B TAKUX ANEKTPUYECKMX YCTPOMCTBAX, Kak KoHAeHcaTopbl. CnefoBaTernsHO,
3arpA3HeHus B MeTarnmne MoryT okasaTb HexenaTenbHoe BrusHUe Ha CBOWCTBa Usgenui,
N3roTOBMNEHHbIX U3 TaHTana.

[na nonyyeHua TaHTana us pyasl ee pasmMarnbiBaloT, U TaHTan BbIAENAT U3 pa3MoNoTON
py4bl C UCNONb30BaHNEM PACTBOPEHUS B KUCNOTE N OTAENEHUSA B rpagueHTe nrnoTHOCTU
KMCMOTHOro pacTBopa, cogepxallero TaHTan, OT KUCNOTHOro pacTBopa, Coaepxallero Hnobum n
apyrne npuMecn. 3aTeM KUCMNOTHLIN pacTBop, coaepKallni TaHTan, KpUcTanmnuayoT B Conb, U
3aTeM 3Ty coaepalllyto TaHTan conb BBOOAT B peaKUMIO C YNCTbIM HAaTPUEM B peakTope C
MeLLankon, obbIYHO N3roTaBNMBaEMON U3 HAKENEBOTO CMaBa, rae YacTblo HKENEBOro crnasa
aBnseTcs Bonbpam unu monnbaeH. Peaktop 0bblvHO npeacTaBnsieT cobon eMKOCTb C ABOMHOWN
CTEHKOW C YMCTbIM HUKEeNeM Ha BHYTPeHHel NOBEepXHOCTU. 3aTeM CoNnb pacTBOPAIOT BoAde ANns
nony4yeHus nopoluka TaHTana. OgHako nNpu Takon TEXHOMNOrMM NOPOLLOK TaHTana 3arpsasHaeTcs
NpY KOHTaKTe C pa3HbIMU MOBEPXHOCTSAMU, HAaNnpuUmep, coaepalmmm Bonbgpam n/vnm
mMonmbaeH. MHorve npumecu MOryT yneTyunuTbCs Npu nocreayowum nnasneHumm, 3a
WCKINIOYEHNEM XOPOLLO pacTBOPUMBbIX Tyronnaeknx meTtannos (Hanpumep, Nb, Mo n W). 9tun
npyMecH, Kak npaBuno, TpyaHoO NN HEBO3MOXHO yaanuTb, YTO HE NO3BOMSET NOMNy4UTb
BbICOKOYMCTbIN TaHTanoBbIA NPOOYKT.

CoOTBETCTBEHHO CYLLECTBYET HEOHXOOUMOCTL MOMYyYEeHMsT BbICOKOYUCTLIX TaHTanoBbIX
NPOAYKTOB, KOTOPbIE NPaKTUYECKM HEe coaepKaT 3arps3HeHnin, NonyyaemMbiX No BblLLEONMCaHHON
TexHororun. Kpome T0ro, xxenaTtenbHO NoNy4YnTb TaHTanoBbIA NPOAYKT, uMetoLwmii bonee
BbICOKYHO YNCTOTY, MENKWUIA pasmMep 3epeH U/unm ogHOPOOHYI0 TEKCTYPY. Takoe KavyecTBO Kak
MeIKuin pasmep 3epeH MoxXeT ObiTb BaXKHbIM CBOMCTBOM NS U3rOTOBMEHHbLIX U3 TaHTana
MULLIEHEN AN pacnblfieHWs, NOCKOMbKY MENKUA pasMep 3epeH MOXeET MPUMBECTU K YIydLLEHHON
O[HOPOAHOCTN TOMLLMHBLI HAHECEHHOW pacnblfieHueM nreHkn. Kpome Toro, B ApYrnx nsgenmsx,
cogepXalimx TaHTan ¢ Menknum pasmepoMm 3epeH, MOXXHO NOMNYyYNUTb NOBLILLEHHYIO
paBHOMEPHOCTb AedopMaLun 1 yryyleHme CrnocobHOCTU K rMyOOKON BbITSKKE Y PaCTSXKUMOCTM,
4yTO sIBNSAETCH 6naronpuATHLIM AMs U3roTOBMEHUS KOHAEHCATOPHbIX EMKOCTEN, NabopaTopHbIX
TUIMEen, 1 NOoBbILWEHNSA YOOMHOW cribl OpMUPYyEMbIX B3pbiBOM neHeTpaTopos (OBIM).
OpaHopogHasa TekcTypa coaepaliux TaHTan npoayKTOB MOXET MoBbICUTb 3PMEKTUBHOCTb
pacnbineHus (Hanpumep, 6onee BbicOKasi CKOPOCTb PachbINIEHUSA) U MOXET NOBbLICUTb
HOpMarnbHY aHM30TPONUIO (HanpUmep, NOBbILLEHHAsA CNOCOBHOCTL K rMyOOKOM BbITSXKKE) B
N3roTOBMNEHHbIX NU34enusx.

3agayein nsobpeTeHns ABNAETCH NosyYeHne TaHTanoBoro NPoAyKTa BbICOKOW YNCTOTHI,
obnagatoLlero MenkKo3epHUCTOM CTPYKTYPOI U/Mnn 0gQHOPOLHOK TEKCTYPON.

Kpome Toro, 3agaveri n3obpeteHus gBnseTcs nonyvyeHne nsgenui, npogykTos n/unm
KOMMOHEHTOB, COAEPXKaLLnX BbICOKOUYNCTbLINA TaHTan.

Ewe ogHon 3agaven aBnsgeTcs cosfaHue cnocoba nonyyYeHust BbICOKOYMCTOro TaHTanoBoro
NpoayKTa, a Takke u3gernuin, NpoayKkToB /Mnu KOMNOHEHTOB, coAep KalLmX BbICOKOYMCTbIN
TaHTan.

JononHuTenbHblE OTNNYMTENBHBLIE NMPU3HAKN 1 MPEUMYyLLECTBA HACTOSALLEro n30bpeTeHns
YacTUYHO NpeacTaBneHbl B cnegyrowem ganee onMcaHum, YacTUYHO JOSMKHbI BbITb MOHATHBI U3
OnNMcaHns 1N MoryT BblTb YACHEHbI U3 NMPUMEPOB OCYLLLECTBIIEHNS HacTOsILLEro n3obpeteHus.
Llenn n gpyrne npenmyLiectsa HaCcTOSALLErO N300peTeEHNA OOIMKHbI ObITb peanu3oBaHbl 1
OOCTUrHYTbl NOCPEACTBOM 3M1EMEHTOB Y KOMOMHALUIA, KOHKPETHO NEPEYNCTIEHHBIX B ONMUCAHUN U
npunaraemon gopmyne n3odpeTeHus.

[na gocTuxkeHns aTuX 1 Apyrnx NpemMMmyLLecTB B COOTBETCTBUN C LiEeNblo HacTosILWEero
n30bpeTeHnsd, Kak OHO OCYLLLECTBIIEHO 1 NOAPOBHO oNMcaHo HMXe, HacTosLee usobpeTeHue
OTHOCUTCH K MeTannmMyeckomy TaHTany, MMetoLLeMy YACTOTY Mo MeHbLuen mepe 99,995%, n
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bonee Npeano4vTMTENLHO NO MeHbLUen Mepe 99,999%. MeTannuyecknii TaHTan
NpeanoYTUTENbHO NMEET MEMNKO3EPHUCTYIO CTPYKTYPY U/MNN OOHOPOAHYIO TEKCTYPY.

[anee n3obpeTteHne 0THOCUTCA K CMECAM UMW Crnasam, COAepKaLMM TaHTan, rae
NPUCYTCTBYIOLLMIA B CMECU UMK CMNaBe TaHTamn UMeeT YNCTOTY No MeHbluen Mepe 99,995% n
bonee nNpeanoyTUTENBLHO NO MeHbLLen mepe 99,999%. Cnnas nnmn cmecb (Hanpumep, No
MeHbLLEN Mepe NPUCYTCTBYIOLLMIA B CMNaBe UM CMEeCcU TaHTan) Takke NpeanoyTuTensHo nmeet
MEJTKO3EPHUCTYIO CTPYKTYPY U/UNU OAHOPOOHYIO TEKCTYPY.

N306peTeHmne OTHOCUTCH TakkKe K BbICOKOUMCTOMY TaHTany, NpUrogHoMy, Hanpumep, Ans
MCNoNb30BaHWSA B KaYeCcTBE MULLEHEN ANA pacnblfeHns, UMetoLeMy NOMHOCTbIO
nepekpucTansin3oBaHHbI pa3mMep 3epHa Co CpeaHNM pasMmepoM 3epHa okono 150 Mkm unu
MeHee N/Mnu nMeroLLemMy NepPBUYHYLO TeKCTypy Tuna (111) B OCHOBHOM MO TOMNLWWMHE TaHTana u
NpeanoYTUTENbHO MO BCEN TOMNLWMHE MeTannmMyeckoro TaHTana, umunm He UMerLLLero CUMbHbIX
(100) TekcTypHbIX 30H B TOMLMHE TaHTana.

HacTosiee n3obpeteHne oTHoCUTCS ganee K NnacTuHe Unu fiMcTy, N3roTOBMEHHbIM U3
BbILLEYNOMSAHYTOro TaHTana nytem cBOOOAHON LUTaMMNOBKM TaHTana, nepepaboTku Ha CTaHkax B
NMocKne 3aroToBKWN AN NpoKaTku (Cnsbbl), omkura cnsbos, NPoKaTky B NNACTUHY UK FIACT,
3aTeM OoTXura nracTuHbl Unu nucta. KoHeyHble n3genus, Takue Kak MULLeHu Ans pacnbineHus,
MOryT ObITb 3aTeM MNofy4veHbl 06paboTKoM Ha CTaHKax U3 OTOXOKEHHbIX NNACTUHbI UK NMCTA.

HacTosiwee n3obpeteHne 0THOCUTCH Takke K MULLEHWN AN1S pacnbifeHus, BKIIYaoLwen
BbILLEONUCaHHbIA TaHTan u/vnun cnnas. MuweHsb Ansa pacnblneHns MoxeT BbiTb Takke
cdopmupoBaHa paguanbHOW LWTaMMOBKOW M nocrieayowen o6paboTKom OKpY>XHOCTU A1s
nony4yeHns 3aroToBOK MK "BblAp", KOTOpLIE 3aTeM noABepratoT KaTke, YTobbl MoNy4nTb AMUCKM,
KoTopble MOryT 3aTeM ObiTb 06paboTaHbl Ha CTaHKaX N OTOXCKEHBDI.

HacTosiwee ns3obpeTteHne 0THOCUTCA anee K pe3nucTUBHbLIM NIIeHKaM 1 KoHOeHcaTopaMm,
BKIMHOYAOLLMM BbILLEONUCAHHbIN TaHTan u/unu cnnas.

HacTosilwee ns3obpeTteHne 0THOCUTCA Takke K U3genvsM, KOMNOHEeHTaM Unu NpoaykTam,
KOTOPbIEe BKMIOYAOT MO MEHbLLEN Mepe YaCTUYHO BbILLEONUCaHHbIA TaHTan n/vunm cnnas.

Kpome Toro, HacTosiLee n3obpeTeHme OTHOCUTCH K CNOCcoBy NOMy4YeHUs BbILLEONUCAHHOIO
TaHTana, KOTopblli BKMOYaeT B3anMogencTBne cogepallen TaHTan cony ¢ YACTbIM HaTpuem
UNu gpyron NoaxodsLen corbio B peakUMOHHON EMKOCTU UMK KOTNe C MeLLarnkon, KoTopble
M3roTOBMNEHbI UMM UMEIOT PYTEPOBKY U3 MeTanna nunm cnnaea, ¢ Takum xe nnm 6onee BbICOKUM
AaBreHneM napa, Kak u TaHTan, npy TemnepaType nnaBneHus TaHTana.

HacToswee n3obpeteHne oTHOCUTCA fanee k nepepaboTke NOpoOLLUKa TaHTana nnasneHnem
nopoLLka TaHTana B rny6okom Bakyyme B 102 MM pT. cT. unu 6onee. [laBnexne Haa pacnnasom
HWXe AaBneHus NapoB NPUCYTCTBYIOLWMX B TaHTane npumecei. NpegnoytutensHo nnasneHve
MopoLLKa TaHTana ocyLlecTBNSETCS NyTeM 3NEKTPOHHO-ITYYEBOM NIaBKK.

BbllwenprBegeHHoOe kpaTkoe onncaHne u nocneaytollee donee nogpobHoe onncaHune
n3006peTeHNst ABNAIOTCHA TONBKO NpUMEpPaMm U NOSCHEHUAMU N306peTeHns, NpeacTaBNeHHOMY B
dopmyne n3obpeTteHus.

Ha dur. 1(A-B)-11(A-B) npeacraeneHbl guarpammbl U COOTBETCTBYIOLLNE AaHHbIE,
OTHOCALLMECS K MUBMEHEHUIO TEKCTYPbI (MHKPEMEHT TONLMHbI NPOTUB Becnopsiaka) n norapumy
oTHowweHuna rpagnenToB (111):(100) (MHKpemeHT TonwwmHel Npotme In(111/100)) nnacTuH 13
BbICOKOYMCTOrO TaHTana no HacTosiemy n3obpeTeHuto.

N306peTeHne 0THOCUTCA K MeTannmMyeckoMy TaHTany, UMetoLLeMy YACTOTY Mo MeHbLUENn mepe
99,995%. MNMpegno4vTMTENBLHO METANNUYECKUA TaHTan MMeEET YMCTOTY NO MeHbLUen mepe 99,999%
1 ero ynctota MoxeT ObITb B MHTepBane oT npumepHo 99,995% no npumepHo 99,999% vnnu
6onee. [ipyrne nHTepsanbl BkNoYaloT oT npumepHo 99,998% no npumepHo 99,999% v ot
npumepHo 99,999% no npumepHo 99,9992%, n ot npumepHo 99,999% ao npumepHo 99,9995%.
HacTosiwee n3obpeTteHne 0THOCUTCA anee K MeTanfMyeckomy crnasy, KOTOPbIA BKIIlOYaeT
BbICOKOYMCThIN MeTanIM4YeCcKkMin TaHTan, TakoMy Kak CrraB Ha OCHOBE TaHTana unv Apyromu
crraB., KOTOPbIA COAEPXKUT BbICOKOUUCTbIN TaHTan Kak OaAvH U3 KOMINOHEHTOB chnasa.

KonuyectBo npumecei, KOTopble MOryT MPUCYTCTBOBATL B BbICOKOYMCTOM TaHTane, MeHblUe
unu pasHo 0,005%, n o6bl4HO OHWU BKMOYAOT Apyrne TyronnaBkMe MeTanmbl ¢ 00bEMHO-
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LeHTpMpoBaHHON Kybudeckon ctpyktypon (OLK-cTpykTypown) n 6eCKOHEYHON pacTBOPUMOCTBIO B
TaHTane, Takne kak H1Obui, MonMbaeH u Bonbdpam.

MeTannuyeckui TaHTarn v ero cnnasbl, coaepxalime MeTannmyecknin TaHTan,
npeanoyTUTENbHO UMEIOT TEKCTYPY, BnaronpuaTHYO ANS KOHKPETHbIX KOHEYHbIX MPUMEHEHWUN,
Takux Kak pacnbifnieHve. [pyrumm cnosamu, Korga 3 MeTannmMyeckoro TaHTana unm ero cnnasa
N3roTOBNAOT MULLEHb AN pacnblNeHnsi, UMEIOLLYHO NOBEPXHOCTb, U 3aTeM NPOBOAAT ee
pacnbifnieHne, TeKCTypa MeTannmyeckoro TaHTana no HacTosawemy n3obpeTeHunto AaeT MULLEHb
ONS pacnblfeHusl, KoTopasi Nerko HanbINAeTCH, U O4eHb Marno y4acTKOB NOBEPXHOCTM MULLEHN
ANA pacnblfeHus, ecnun ecTb Takne, CONPOTUBNAITCA pacnbineHuto. KpoMe Toro, npu TekcType
MeTannnM4yeckoro TaHTana no HacTosiLeMy N300bpeTeHMIO pacnbineHne MyULLeHN Ans pacnblineHns
BeAeT K O4YeHb OAHOPOLHOWN 3pO3nn pacnbiN eMon MULLEHW, AaBad B pe3yrbTaTe HanbIfeHHYo
NMEHKy, KOTopas Takke ABNAeTCcs 0gHOPOAHOW. [1peanoYTuTensHO, YToObl TaHTan, UMeoLNIA
NoBY0 YMCTOTY, HO NPEeANOYTUTENBHO YNCTOTY MO MEHbLUEN Mepe 0KoNno npumepHo 99,995%,
nven pasmep 3epeH okorno 150 Mkm unmn meHee. NpeanovTUTENbHO, YTOOLI METaNNNYECKUI
TaHTan 6biN N0 MeHbLUEN Mepe YaCcTUYHO NepekpucTannn3oBaH, 6onee npegnovTMTENLHO,
4yTOGbI N0 MeHbLLen Mepe 80% meTannuyeckoro TaHTana Oblno NepekpucTanm3oBaHo, n eLle
Gornee NpeanoyTUTENBLHO, YTOBLI N0 MeHbLlen Mepe 98% meTannMyeckoro TaHTana o6wino
nepekpucTannuaosaHo. Hambonee npeanoyTuTenbHO, YTOObl MeTanAMYecknii TaHTan obin
MOMHOCTLI0 NEepPEKPUCTanNM3oBaH.

Kpome Toro, npegnoytutensHo, YTOObl MeTanMYeCcKMn TaHTan uMen TOHKYH TekcTypy. bonee
npeanoyTUTENBHO TEKCTYpa ABMNSETCA Takoun, YTobbl MHTEHCMBHOCTL nuka (100) no nobomy 5%
HapaLleHuo TOMLWMHbI TaHTana bbina MeHee Yem npuMmepHo 15 paHgom u/unu nmena
HaTypanbHbI norapudm (In) OTHOLLEHNS MHTEHCUBHOCTEN LieHTpanbHbIX Nukos (111): (100) no
TOMY € MHKPEMEHTY BorbLue, Yem npumepHo -4,0 (T.e.
3HaveHus -4,0, -3,0, -2,0, -1,5, -1,0, u T.4.), unn nmena un (100) LeHTponaHyO
WHTEHCUBHOCTb U OTHOLWEeHMe. HTEeHCMBHOCTb LieHTpanbHOro nMka npeanoyTUTenbHO
cocTaBnsieT ot npumepHo 10 paHgom oo npumepHo 10 paHaom, n 6onee NpeanoYTUTENBLHO OT
npumepHo 0 paHgom oo npumepHo 5 paHgom. Opyrue nHitepsansl (100) ueHTpougHown
WHTEHCMBHOCTW BKITHOYAIOT, HO HE OrpaHU4MBaloTCA 3TUM, OT NPUMepPHO 1 paHAoOM OO NPUMEPHO
10 paHgom 1 oT npuMmepHo 1 paHaom Ao npumepHo 5 paHgom. Kpome Toro, norapmdm
OTHOLLEHUSI MHTEHCMBHOCTEN LieHTpanbHoro nuka (111):(100) nmeeT 3HadyeHus ot
npumepHo -4,0 no npumepHo 15 n 6onee npegnoyYTUTENBHO OT NpUMeEpPHO -1,5 4O NnpumMepHO
7,0. dpyrue nogxoadiime nHTepsarbsl norapngma OTHOLLEHNS BKITHOYAKOT, HO HE OrpaHNUYnBalTCA
3TUM, OT npumepHo -1,0 oo npumepHo 10,0, n oT npumepHo -3,0 o npumepHo 5,0. Hanbonee
NpeanoYTUTENbHO METaNfMYeCcKnin TaHTan umeeT Tpebyemyto YACTOTY MO MEHbLLEN MepPe OKOMOo
99,995%, NpeanoYTUTENbHBIA pa3mMep 3epeH U NPeANnOYTUTENBHYIO TEKCTYPY B TOM, UTO
KacaeTcs HapacTtatoLen nHTeHcusHocTn (100) 1 OTHOLLEHMSA HapacTaloLWmMX LEHTPONOHbIX
nMHTeHcmBHocTel (111):(100). MeTtog u obopyaoBaHune, KOTopble MOTryT OblTb MCNOSb30BaHbI AN
XapaKTepPUCTUKM TEKCTYPbI, ONMUcaHbl B crnegyowmx pabotax: Adams et al., Materials Science
Forum, Vol. 157-162 (1994), PP. 31-42; Adams et al., Metallurgic Transactions A, Vol.

24 A, April 1993 - Ne4, pp. 819-831; Wright et al., International Academic Publishers,
137 Chaonei Dajie, Beijing, 1996 ("Textures of Material: Proceedings of the Eleventh
International Conference on Texture of Materials); Wright, Journal of Computer-
Assisted Microscopy, Vol. 5, Ne3 (1993).

BbICOKOUNCTBIV METaNNMYECKNA TaHTan cornacHo n3obpeTeHnio MoXeT ObITb UCNONb30BaH B
uenom psage obnactein. Hanpumep, 13 BbICOKOUMCTOrO MeTanfIMyeckoro TaHTana MoXxHo
N3roToBUTb MULLEHb A58 pacnblfeHus unu obnuuosky 60eronoBok 6oenpunacoB Ha XMMUYECKON
3HEepruun, KOTopble BKIKOYAKT BbICOKOYUCTbIN MeTarn. BbICOKOUMCTBIN MeTann MoxeT ObiTb Takke
NCNoNb30BaH ANd U3roTOBMEHUS KOHAEHCATOPHOro aHo4a uUnu pe3ncTMBHOMO MAEHOYHOro Cros.
MeTannunyeckuin TaHTan cornacHo n3obpeTeHno MoxeT BbiTb MCMOMNb30BaH B JHOOLIX U3ennax
UNKU COCTaBNAOLLMX, B KOTOPbIX UCNONb3YT OBbIYHBIN TaHTar, U cNOcobbl N3roTOBMNEHUS
pasnuyHbIX U3Aenuii N1 COCTaBMAIOLLNX, coaepKalimx obblYHbIA TaHTan, MoryT 6biTb B paBHOM
CTeneHn NCcnonb3oBaHbl NPy BBEAEHWUM B U3AENUS UMM COCTaBMSAIOLLME BbICOKOYMCTOrO TaHTana.
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Hanpumep, ons n3rotoBneHns MyULLEHen Ans pacnbifieHNa MOXHO MPUMEHATb NOCNEaYIoLLYI0
(mononHuTenbHyo) 06paboTKy, Takylo Kak MPMCOeaMHEHNE OMOPHOW NMANTLI, ONUCAHHOW B
nateHTax CLUA 5.753.090, 5.687.600 n 5.522.535.

B obwem cnyyae cnocob, KoTopbIi MOXET OblTb UCNONb30BaH ANS NOMYYEHUS BbICOKOYNCTOrO
TaHTana cornacHo u3obpeTeHunto, BKITHOYaeT npoLecc paprHMpoBaHuUs, NPOLLEeCC BaKyyMHOM
nnaBku U TepMoMexaHnyeckuin nporecc. Mo aTomy cnocoby unu onepaumMoHHOMY LMKy npoLuecc
padrHMpoBaHMA BKITOYAET CTaaMIo U3BNEYEHUS MeTannnmyeckoro TaHTana npeanodTuTensHo B
hopme NopoLLKa U3 cofepkallernt TaHTan pyabl, U NpeanodTuTenbLHO BbibpaHHasa cogeprkallas
TaHTan pyga uMeeT HU3KOe cofepXaHue npumecemn, B 0COOEHHOCTM HU3KOe CoaepXaHne HMobus,
mMonmbaeHa n Bonbdpama. bonee npegnoyTuTensHO cogepxkaHne HUObKS, monmbaeHa u
Bonbtpama Hmxke npumepHo 10 4/MNH. n Hanbonee NPeanoYTUTENBLHO HMKE 8 Y/MIH. Takown
BbIGOP NpMBOAUT K MonyyeHuto 6onee YMCToro MeTannuyeckoro TaHTana. lNocne npouecca
pacrHMpoBaHMs NPUMEHSIIOT NPOLIECC BaKyyMHOW MNaBku ANg yoaneHns U3 TaHtana
HU3KOMNNaBKUX NPUMECEN, TakUX Kak ankug u nepexogHble MeTansbl, B TO BpeMS Kak TaHTan
NONHOCTbLIO KOHCONUANPYETCS B NMOTHLIW NUTOW cnuTok. [Janee nocne aToro npowuecca MoxeT
ObITb NCMONb30BaH TEPMOMEXaHNYECKMI NPOLECC, KOTOPbIN BKOYAET COMETaHWe XONoaHOM
06paboTkn 1 oTKUra TaHTana, YTo AONOMHUTENBHO rapaHTMpyeT Nony4YeHne npeanodTUTeNbHOro
pasmepa 3epeH n/nnu npegnovTUTENbHON TEKCTYPbI, €Crn 3TO TpebyeTcs.

BbICOKOUAUCTBIV MeTanNMYecknii TaHTan NPeanoyYTUTENbHO MOXET BbiTb MOMyYeH nyTem
peakLuun cogepkallert TaHTan conu ¢ No MeHbLUen Mepe OgHMM areHToMm (Hanpumep,
coefMHEeHNEM UNWN 3reMeHTOM), CNOCOBHBLIM BOCCTaHaBNUBATL JAaHHYIO COMb A0 MeTann4yeckoro
TaHTana v gononHMTeNbHO NPUBOAUTL K 06pa3oBaHUio B peakLUMOHHOM cocyae APYron Comnu.
PeakumMoHHas eMKOCTb MOXET NpeacTaBnaTb cobor nobyto eMKOCTb, UCNOMNb3yeMyH 0ObIYHO
ONA peakunin meTannos, U AO0MKHa BblAepXMBaTb BbICOKME TemnepaTypbl Nopsiaka oT NpUMepHO
800°C po npumepHo 1200°C. [ng uenn HacTosLWwero N3obpeTeHns peakumoHHy eMKOCTb Uin
hyTEepPOBKY peakLMOHHON EMKOCTU, KOTOpble BCTYNAKT B KOHTaKT C cogepKallen TaHTan conbio U
areHToMm, cnocobHbIM BOCCTaHaBNMBaTb COMb A0 TaHTana, u3roTaBnuBaloT U3 maTtepuana,
MMeloLLIero Takoe xe unu boree BbICOKOE AaBreHne napa Kak TaHTan, npyu temneparype
nnaesneHus TaHTana. Mewwarnka B peakuMoHHON eMKOCTU MOXeT BblTb U3roTOBMEHA U3 TOrO e
camoro matepuana, a Tak xxe moxeT 6bITb pyTepoBaHa. PyTepoBKa MOXET MMETbCS TOMbKO Ha
TeX YacTAX peakLMOHHOM EMKOCTU U MeLUarnku, KOTopble BCTYNalT B KOHTAKT C COMbHO U
TaHTanom. MNMprumepbl TakMx MeTanIMYecknx MaTepmnanos, KOTOpble MOryT 06pa3oBbIBaTh
hyTEPOBKY B PEaKLUNOHHOW €MKOCTU, BKITOYAIOT, HO HE OrpaHN4MBaloTCA 3TUM, MaTepuansl Ha
OCHOBE MeTansnoB, M3roTOBIEHHbIE U3 HUKEMS, XPOMa, Xenes3a, MapraHua, TMTaHa, LIMPKOHWUS,
racpHus, BaHagus, pyTeHusi, kobanbTa, poaus, nannagus, nnaTuHbl Unu Nboro nx covyeTaHns
UnNu nx cnnasa, ecnu TonbKo CrnfaB MMeEeT Takoe e unu 6onee BbICOKOE AaBreHne napa Kak
TaHTan npy Temnepartype NnaBneHus TaHTana.

MpeonovTMTENLEHO METANOM SABNAETCHA HUKENb UMW CMaB Ha OCHOBE HUKenNs, XpOM Unu
CrraB Ha OCHOBE XpPOMa, UIK >Xerne3o Unm crnnaeB Ha OCHOBE Xenesa. PyTepoBka Ha
peaKkLMOHHOW EMKOCTU U/MN MeLlarnke, ecriv oHa NMeeTCs, OObIMHO UMEET TOMLLMHY OT
npumepHo 0,5 cm Ao npumepHo 3 cm. Micnonb3ayemas TonwmHa MoxeT ObiTb apyron. B pamkax
HacToALLEero n3obpeTeHnss HAXOAMTCS U MHOTOCHOKHas (PyTepoBKa, M3roTOBMEHHAS U3 OOHUX U
TeX Xe U1 pasHblX MeTannyecknx MaTtepnanos, ONUCaHHbIX BbILLE.

Conblo, cogepxallien TaHTan, MOXeT ObITb Ntobasi conb, coaepkallasi TaHTarn, HanpuMmep
Kanui-ptopua TaHTana. Yto kacaetca areHTa, cnocobHOro BocctaHaBnmBaTb COfMb A0
TaHTana, u BTOPOW CONN B peakLMOHHON EMKOCTU, TO areHTOM, CNOCOBHbBIM OCYLLLECTBUTL Takoe
BOCCTaHOBIEHUE, ABnseTcsa Nobon areHT, KOTopbii 0bnagaeT cnocoBHOCTBIO NPUBOANTL K
BOCCTAHOBIIEHUIO coAep Kallieli TaHTan conu 4O CaMoro MeTannmMyeckoro TaHTana u apyrmx
WHrpeaneHTOoB (HanpuMep, Conu UM conemn), KoTopble MOryT 6biTb OTAEMNEHbl OT
MeTannuMyeckoro TaHTana nyTem, Hanpumep, pacTBOPEHUS Coner Bogon nnn apyrumm
NCTOYHMKaMn Boabl. [MpeanodTUTenbHO TakuMm areHToOM saBnsieTca HaTpui. Jpyrue npymepsl
BKMOYAKOT, HO HE OrpaHMuYnBaloTCa 3TUM, NIUTUIA, MarHU, KanbLWi, Kanui, yrnepon, OKUCb
yrnepoaa, MoHHbIM Bogopoa v T.n. OBbIYHO BTOpasi comnb, KOTopas Takke obpasyeTcsd BO BpeMs
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BOCCTaHOBIEHUA coaepKalliert TaHTan conu npeacraenset cobon propua HaTtpusa. JeTtanu
npoLiecca BOCCTAHOBIEHUS, KOTOPbIA MOXET ObITb NPUMEHEH B HACTOALLEM U300peTeHM B
cBeTe HacToswen 3asaBsku, npeactasneHsl B Kirk-Othiaer, Encyclopedia of Chemical
Technology, 3" Edition, vol. 22, pp. 541-546, n nateHtax CLUA 2.950.185, 3.829.310,
4.149.876 n 3.767.456. [lononHuTenbHble NOAPOOHOCTM O NepepaboTke TaHTana MoryT 6bITb
HaraeHbl B naTteHTax CLUA 5.234.491, 5.242.481 n 4.684.399.

BbilweonuncaHHbIv npouecc MoXeT ObiTb BKIMOYEH B MHOTOCTaAMNHbIN CNOCOO, KOTOPbIN MOXeT
HayMHaTbCS C TaHTana HNU3KOW YUCTOThI, TAKOro Kak cogepXxallasa TaHTtan pyga. OgHon 13
npuMecei, KoTopasi MOXeT B CYLLLEeCTBEHHbIX KONM4ecTBax NpUCYTCTBOBAaTL B TaHTane, ABnseTcs
HMOGWi. [pyruMn NnpuMecsiMmn Ha 3TOW CTaaum ABNATCS Bonbdpam, KPEMHUN, KanbLWIA, XXeneso,
mMapraHeu 1 T.4. bonee getanbHO TaHTan HU3KOM YUCTOTbI MOXET ObITb OUMLLIEH CMELLUEHNEM
TaHTana HU3KOW YUCTOTbI, KOTOPbIN COAEPXUT TaHTan U NpUMecK, ¢ pacTBOPOM KUCMOThI.
TaHTan HM3KOW YNCTOThI, ECNM OH NPeAcTaBrneH B BUAE pyabl, AOMKeH ObiTb BHaYane pasmonot
nepeg TeM, kak 6bITb COEAMHEHHBIM C PaCTBOPOM KUCNOTbI. PacTBOp KMCNOTbI AOMKeH ObiTb
crnocobeH pacTBOPUTb MPaKTUYECKN BECb TaHTan 1 Bce npumecu, B 0CoO6eHHOCTK, Koraa
CMeLLeHne NPon3BOASAT NPU BbICOKNX TeMMNepaTypax.

B cny4yae, korga KUCNOTHBIN pacTBOpP MMEeN JOCTaTOMHOE BpeMs Ans Toro, YTobbl pacTBOpUTL
npevMyLLLECTBEHHO BCE, €CNU He BCe, TBepAble BeLLeCcTBa, coaepallme TaHTan u npumecu,
MOXHO NPOBECTU pasfeneHne XnaKocTb - TBepaoe, KOTopoe 06bIYHO AOIMKHO yaansaTh nobbie
HepacTBOpeHHble NpuMecu. [lanee pacTBOp OYULLAIOT XUOKOCTHOW 3KCTpakumen. [na
KOHTaKTMpOBaHUSA ¢ oboraleHHbIM TaHTaroM pacTBOPOM MOXET ObITb MCNONb30BaH
meTunusobytunketoH (MUBK), n ona cosgaHua pakuymm TaHTana moxet 6biTb Job6aBneHa
OenoHn3npoBaHHada Boaa. K aToMmy MOMEHTY KOHLIEHTpauusa H1obusl, NpuCyTCTBYIOLLIErO B
COAEpXaLLlen TaHTan XXUOKoCTh, OObIYHO HUKe 25 Y/MIH.

[danee xngkocTtu, cogepxallen Mo MeHbLUEeNn Mepe TaHTarn, 4alT BO3MOXHOCTb
KpUCTannmMsoBaTbCs B COMb MPU UCNONb30BaHUM YaHOB. OBbIYHO COMbIO AOMKHA BbITh Kanui-
TaHTan propugHasa conb, 6onee npegnoyTUTENBLHO 3TON cornbto siBnsieTca KoTaF ;. 3atem
OaHHYI0 COMNb BBOASAT B PeaKLMIO C areHToM, cnocobHbIM BOCCTaHaBNMBAaTb COMb A0 TaHTana u
BTOPOW COMU, Kak OHa onucaHa Bbiwe. Taknum coeamHeHnemM 06bl4HO AOSMKEH ObITb YNCTbIN
HaTpWin, N peakumnsa OOSMKHa MPOBOAMTLCS B ONUCAHHOM Bbille peakLUMOHHOW eMKocTu. Kak
yKa3aHo BbllLle, NOB6OYHbIE MPOAYKTLI BTOPOW CONU MOrYT ObITh OTAENEHbl OT TaHTana nytem
pacTBOPEHUSA COMKU B UCTOYHUKE BOAbI U BbIMbIBAHUSA pacTBOPEHHOM conu. Ha gaHHou ctagum
ynuctoTa TaHTana obbl4HO coctasnseT oT 99,50 go 99,99%.

Mocne Toro, Kak MOPOLLOK TaHTana 3BneyeH U3 3Tol peakLMoHHON cmeck, nobble npumecy,
BKIoYasi nobble 3arpsa3HeHNst U3 peakUMOHHOro cocyaa, MoryT ObiTb yaaneHbsl NocpeacTBOM
nnaefeHus NopoLUKa TaHTana.

MopoLuok TaHTana MoXeT OblTb pacnnaBneH pasnuMyHbiMy cnocobamm, TakuMU Kak BakyyMHO-
AyroBasi nnaBKa WUnm aneKTpoHHO-Ny4YyeBas nnaska. O6bIYHO BakyyM BO BpeMS MMaBKU JOSMKEH
ObITb A4OCTATOYHBIM ANA YAANeHUs 13 U3BNEYEHHOro TaHTana NpakTUYeckn Bcex
NPUCYTCTBYIOLLMX NPUMECEN TaK, YTOObI MOMYYMTb BbICOKOYUCTLIN TaHTan. [peanoytutensHo
AaBneHve Hag pacnnaBrieHHbIM TaHTanom siBnseTca 6onee HU3KMM, YeM AaBneHUs NapoB
MeTannM4yecknux npumecein, Ansi Toro, YTobbl AaHHbIE MPUMECK, Takne Kak HUKenNb U Xeneso,
ncnapsanuce. uameTp NUTOro cnutka AOMKEH JOCTaTOYHO 60MbLINMM, HACKONBKO 3TO BO3MOXHO,
npeanoyTuTensHo 6onblue 24 cm. bonblion anameTp obecneyvnBaeT 60MbLIYIO NOBEPXHOCTb
pacnnasa Ha rpaHuvLe pasgena c BakyyMmoM, YTO YBEMUUYMBAET CKOPOCTb OYUCTKU. K ToMy Xe
GonbLUOK AuameTp CrnuTka AaeT BO3MOXHOCTb YBENMYEHUSA XONOA4HOW 06paboTku, KOTOPOW
noasepraeTca meTann npu nepepaboTke, YTO yryyllaeT CBOMCTBA KOHEYHbIX NpodykToB. NMocne
TOro, Kak Macca pacnnaBfeHHOro Metanna 3atsepaeBaeT, 06pa3oBaBLUNIACA CIIUTOK AOIMKEH
nmeTb unctoty 99,995% mnum Boiwe n npegnoyTutTensHo 99,999% vnu Boellwe. ONEKTPOHHO-
ny4yeBOW npouecc NpeanoyTUTENLHO BeAyT NpU CKOPOCTU NnaBneHns ot npumepHo 136 oo
npumepHo 363 kr/d, ncnonbaysa ot 20000 go 28000 B n ot 15 go 40 A, 1 noa Bakyymom
oT 1x107 go 1x10 mm pT. cT. Bonee NpeAnNOYTUTENLHO ABASETCS CKOPOCTL NNABNEHNS OT
npumepHo 181 0o npumepHo 272 kr/y, npu ucnonb3osaHum ot 24000 go 26000 B u o1 17 po
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36 A, 1 nog Bakyymom oT 1x10™ no 1x10°® mm pr. cT. YTo KacaeTcsi npouecca BAP (BakyymHo-
AyroBoro nepennaesa), TO CKOPOCTb NaBNeHns NpeanoyTUTensHO coctaBngaeT oT 227 go 907
Kr/4 npu ncnonb3oBaHun 25-45 B n ot 12000 go 22000 A noa BakyymoMm OT 2x102 1o 1x107* mm
pT. CT., 1 6onee npeano4yTMTenbHO oT 363 0o 544 kr/d npu ncnonb3oBaHum 30-60 B 1 ot

16000 no 18000 A nog Bakyymom oT 2x1072 1o 1x10™ mm pr. cT.

CnuToK BbICOKOYMUCTOrO TaHTana Moxet ObiTb 3aTeM NoABEPrHYT TEPMOMEXaHUYECKOM
nepepaboTke ANs NONyYeHUst U3enus, cogepxallero BbICOKOUUCThIN TaHTan. ToHKas u
NpeanoYTUTENbHO MOMHOCTLIO NepekpucTanin3oBaHHas CTPYKTypa 3epHa u/unv ogHopogHas
TEeKCTypa NpuaalTCs U3aenuio NnyTeM CodeTaHnst XOnogHou u/mnu ropsideri o6paboTkun un
NPOMEXYTOYHOrO OTXura. Viagenvne 13 BbICOKOUMCTOrO TaHTana npeanoyTuTenbsHO MMeEET No
CBOEM TOMLWMHE OOQHOPOOHYHO TEKCTYPY M3 CMEeLLaHHOW unn nepsuyHor (111), kak onpegensaeTca
OPWEHTAaLMOHHON onTuveckon Mmukpockonuen (OOM), unu gpyrumm NogxoasaLmmm cnocobamu.
YUT0 KacaeTcs TepMoOMexaHnyeckon obpaboTku, TO CAMTOK MOXeT OblTb NoaBeprHyT obpaboTke
NPOKaTKOM WU/UNK LITAaMNOBKOW, U MOXET BbITb MOMy4YeHa TOHKas 04HOPOAHAas MUKPOCTPYKTYpa,
UMeroLLas BbICOKYHO YUCTOTY. BbICOKOUNCTLIN TaHTan uMeeT NPeBOCXOAHbLIN MEMKUIA pasmep
3epeH n/vnn ogHopogHoe pacnpegeneHue. BbICOKOUNCTBIM TaHTan NpeanoyTUTErNbHO NMeeT
cpegHui pa3Mmep nepekpucTann3oBaHHOro 3epHa npumepHo 150 Mkm u meHee, 6onee
npeanoyTuTensHo okono 100 MkM 1 MeHee, 1 ewle 6onee npegnoYTUTENBHO 0KOMNO 50 MKM 1
MeHee. VHTepBanbl NoaxoaswWmxX cpegHnX pa3smepoB 3epHa BKNIOYAKT UHTEpBarbl OT NPUMEPHO
25 po npumepHo 150 mkm, oT npumepHo 30 oo npumepHo 125 mkMm, 1 oT npumepHo 30 oo
npumepHo 100 MKM.

[Mony4eHHbIV BbICOKOYUCTLIV MeTann No HacTosiLeMy n3obpeTeHuio NpeanoyTUTENbLHO
cogepxuT 10 4/MMH. NN MeHee MeTannMyecKknx NnpuMmecen 1 npegnoyTuTensHo 50 4/MnH. nnm
meHee O, 25 u/MnH. unu meHee N, 1 25 y/MrH. unu MeHee yrnepoga. Ecnu Tpebyetcsa
YypOBeHb YNCTOTbI 0KOMNo 99,995%, TO NONYyYEHHbIN BbICOKOYMCTLIN MeTann npeanoyTUTenbHO
cogepXuT okono 50 Y/MNH. nNn MeHee MeTannMyecknx npumecen n NnpeanodTuTernsHo 50 Y/mMnH.
nnm meHee Oy, 25 u/MnH. unu meHee N, 1 25 4/MNH. UM MeHee yrnepoaa.

UTo KacaeTcst M3roTOBMEHUSA MULLIEHU OIS pacnbIfieHUs U3 TaKoro CrnTka, ToO MOryT ObITb
1Cnonb30BaHbI cneaytlme cnocobol. [1o0 ogHOMY BapuaHTy OCYLLEeCTBNEHUS MULLEHb ANS
pacnbifieHnsl, U3roTOBMEHHAast U3 BbICOKOYMCTOro MeTannmM4eckoro TaHTana, MoXeT ObiTb
N3roToBneHa NyTeM MexaHU4eCcKon Unnm XMMmMYecKorm OYNCTKMU NOBEPXHOCTEN MeTarnMyeckoro
TaHTana, rae MeTanfinyecknin TaHTan uMeeT OCTAaTOYHYO HavarnbHY0 NoLwaib NonepeyHoro
cevyeHus Ans oCyLLeCTBNEHUS NOCNeAYOLWNX CTaamin nepepaboTKm, ONMCaHHBIX HUXE.
MpeanoyTUTEnLHO MeTannMyecknini TaHTan umeeT Nnowaab NonepeyHoro ceyeHus npu
anameTtpe no MeHbLuen mepe 24,1 cm (9,5 gronmos) unu 6onee. Cneayiollas ctagus BrkyaeT
NMNOCKYI0 LWITAaMMNOBKY MeTannMyeckoro TaHTana B O4Hy Uiy HECKOMNbKO NMOCKUX 3aroTOBOK A5
npokaTku (crnabo). Cnsab (cnsbbl) goctatodHo AedopMmpoBaH (AeopMmpoBaHhbl) Ans Toro,
4YTOObI AOCTUYb MPAKTUYECKN OAHOPOAHOW NEepekpUcTannm3aumm nocne onMcaHHoOM HKe CTaamm
omxkura. 3atem cnsb (cnsbbl) oTXKMraloT B Bakyyme 1 Npu temnepaType, A0CTaTOYHOM Ans
TOro, YToObl 4OCTUYL MO MEHbLLEN Mepe YaCTUYHOW NepekpucTannusaumm cnsaba (cnabos) ons
npokaTku. NpegnoyTnTenbHble TeMnepaTypbl U BpEMEHa OTXura npeacraBneHbl HUXe B
npumepax. 3atem cnab (cnabbl) NOABEPratoT XONO4HOW MK ropsven NpoKaTke Unn n Tomy u
OPYromy Kak B neprneHgukynapHoM, Tak U B napannenbHOM HanpasneHum K 0CU MCXOA4HOMo
MeTannmM4eckoro TaHTana (Hanpumep, TaHTanoBoOro CnuTka), YTobbl chopMmMpoBaTh NO MEHbLLEN
Mepe ofHy nnacTuHy. 3aTemM nNnacTuHy NoABepraroT BbipaBHMBAHMIO (HANpUMep, NITOCKon
npokaTke). 3aTem NnNacTUHy OTXUraloT NocnegHUn pas Npu TemnepaTtype U B TeyeHne nepuoga
BpEMEHM, AOCTaTOUHbIX Al NONyYeHnss CpeaHero pasmepa 3epeH, paBHOMo UM MEHbLLIENO YeM
npumepHO 150 MKM, 1 TEKCTYpbI, NpakTudeckn ceobogHom oT (100) TEKCTYPHbIX 30H.
MpeanoytuTensHo (100) TeKCTypHbIE 30HbI OTCYTCTBYIOT. 3aTeM MracTuHa MoxeT BblTb BHOBb
ouMLLEeHa MEXaHUYECKN UM XMMUYECKN 1 OTIOPMOBaHA B MULLIEHb ANS HaMbINEHNs, UMEIOLLYIO
nobble Tpebyemblie pazmepbl. O6bLIMHO CBOBOAHYIO LLITAMMNOBKY NPOBOASAT NOCHe TOro, Kak
MeTannuyecknin TaHTan nomeLlalT Ha BO34yX Ha nepuos, no MeHbLIen Mmepe, 4 Yaca npu
Temnepartypax B MHTepBare OT TemnepaTtypbl OkpyxatoLlern cpeabl o npumepHo 370°C. Kpome
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TOro, NPeanoYTUTENbLHO Nepes XONOAHON NPOKATKOW 3aroTOBKY A1151 MPOKATKM OTXUratoT npu
Temnepartype, Hanpumep, ot npumepHo 950°C go npumepHo 1500°C 1 B TedeHne BpeEMEHMU,
Hanpumep, oT npumepHo 0,5 4 Ao npuMepHO 8 4, 4TOObI AOCTMYb NO MEHbLUEN Mepe YaCcTUYHOM
nepekpucTannusaumMm Mmetannmyeckoro TaHtana. NpegnovytuTensHO XONOAHOW NPOKaTKOM
ABNSAETCH NonepeyHas npokaTtka npy TemnepaType OKpyxatoLlen cpefbl, a ropsyvyo npokaTky
NpoBOAAT Npu TemnepaTypax Huxke npumepHo 370°C.

UTo kacaeTca omkura TaHTanoBOW NNAacTUHLI, TO NPeANOYTUTENBHO TaKon OTXUT
npeactaenseT coboin BakyyMHbI OTXXUM MpK TemnepaType 1 B Te4eHUe BPEMEHU, JOCTaTOUHbIX
Ang Toro, YTobbl 4OCTUYL NOMHONW NepekpucTannmMaauun metannuyeckoro TaHtana. lNpruvepsbl B
OaHHOW 3asBKe NPeACTaBnsaloT ganee npegnovtuTenbHble geTann, OTHOCALMECH K TaKon
nepepaboTke.

Opyron cnocob nepepaboTkn METaANNIMYECKOro TaHTana B MULIEHW ANs pacnbiNeHnst BKNoYyaeT
MEeXaHUYECKYI0 UM XMMUYECKYI0 OYUCTKY MOBEPXHOCTEN MeTannmyeckoro TaHTana (Hanpumep,
TaHTanoBOro CrnvTka), rae MeTannuyeckuin TaHTan nMeeT 4OCTaTOUHYI0 HavyanbHyo nnowaib
NonepeyYHOro cevyeHnsi, NO3BOMNSIOLLYI0 OCYLLECTBMTb NOCNeaytoLyto nepepaboTky, Kak onMcaHo
Bbile. CreaytoLlas ctagus BKIHOYAET KPYroByto LUTAaMMNOBKY METannMYeckoro TaHTana B no
MEHbLLEN Mepe OAHY KaTaHKy, rde KaTaHka UMeeT JOCTaTouHy AedopmMaLmio Ang Toro, Ytoobl
AO0CTNYb NpaKkTUYeCcKn OQHOPOLHON NepekpucTannnsaumMm unu nocre ctagmm omkura, KoTopyto
NPOBOASAT cpa3y nocne gaHHoW cTaguu, Unv nocne ctagum omxura nepes XonogHom NpokKaTKon.
3aTeM TaHTanoByIo KaTaHKy HapesatT Ha 3aroTOBKU (CYTYHKM), N MOBEPXHOCTU MEXaHNYECKU
WU XMMMYeckn ounatoT. MNMocne aToro MoxeT NPoBOANTLCA Heobsa3aTenbHasa cTagus omxkura
AN OOCTUXKEHUSI NO MEHbLUEN Mepe YaCTUYHOWN nepekpucTannuaauun. 3atem 3aroToBKU
LWTaMnyoT No ocu B nonydabpukatsl. NMocne sToro MoXeT BHOBb NPOBOAUTLCA Heoba3aTenbHasa
cTagus omkura aAnst AOCTUXEHMS NO MEHbLLE Mepe YacTU4Hon nepekpuctannusaumm. OgHako
NpoBOAAT MO MeHbLLUEN Mepe OAHY U3 Heobsi3aTeNbHbIX CTaAMN OTXuUra unu obe ctaguu. 3atem
nonydgabpuvkaTbl NOABEPratoT XONO4HOW NPOKaTKe B MO MeHbLUEW Mepe oAHy nnacTtuHy. Nocne
3TOro NOBEPXHOCTU NIIACTUHbI (NNIAcTUH) MOryT 6bITb HeoBA3aTeNbHO OYMLLEHBI MEXaHNYEeCKN
UNn XMMuyeckn. 3ateMm NPoBOAAT KOHEYHYIO CTaAMIo OTXKUra Angd nonyyeHusa cpegHero pasmepa
3epHa okoro 150 MKM nnu MeHee 1 TeKCTypbl, NpakTnyecku csoboaHon ot (100) TeKCTYPHbIX
30H, €Cnn He nonHocTbio cBoboaHoM oT (100) TeKCTypHbIX 30H. OBLIYHO KPYrOBYHO LUTAMMNOBKY
NpoBOAAT MOCNE TOro, Kak METannMyYecKkii TaHTan NoABEprHyT BO3OENCTBUIO TeMnepaTyp OKOMNo
370°C nnn Hmxe. MoryT BbITb ncnornb3oBaHbl 6onee BbICOKME TEMNEPATYpPbI, YTO MPUBOAMUT K
YBENMUYEHMIO OKUCIIEHUS MOBEPXHOCTU. [1peanoyTuTensHO nepes LWTamMnoBKOW 3aroTOBOK
3aroTtoBku omxuratoT. Kpome Toro nonydabpukatbl MOryT BbITb OTOXKEHBI NEpes X0NogHON
npokaTtkor. OBbIYHO TeMNepaTypbl TAKOro OTXMra A0SMKHbI ObITb OT NpuMmepHo 900°C o
npumepHo 1200°C. Kpome Toro, nobor oTXMUr NpeanoyTMTenbLHO npeactasnseT cobon
BaKyYMHbI/ OT>KUTI NPy OCTaTOYHOW TemnepaTtype 1 B TedeHme OCTaTOMHOro BpeMeHu Ans
OOCTWXEHUS NepekpucTannmsauum meTannn4eckoro TaHTana.

MpegnovTMTeNbHO MULLEHN ANS PachblIEHUS, U3rOTOBMEHHbIE N3 BbICOKOYMCTOrO TaHTana,
nUMeloT criegylowue pasmepsl: TonwmHa ot npumepHo 0,2 cM go npumepHo 3,8 cMm 1 nnowagb
NOBEPXHOCTM OT NpuUMepHo 45 [0 7900 cm?.

BbICOKOUNCTBIV TaHTan NPeanoYTUTENBHO MMEET NEPBUYHYIO UNK cMeLlaHHyto (111) TekcTypy
1 MuHUMyM (100) TeKCTypbl MO TONWMHE MULLEHN ANSA pacnbleHns n ocTaTtouHO cBOOOAEH OT
(100) TEKCTYpHbIX 30H.

MeTannunyeckuii TaHTan cornacHo n3obpeTeHnio MoxeT BblTb UCNONb30BaH B N0ObIX
n3genusix, rae NCnomnb3yrT 0ObIYHbIM TaHTan Kak COCTaBNALLYIO UM YaCTb COCTaBASOLLNX.
Hanpumep, meTannuyeckuin TaHTan MoXeT OblTb COCTaBMSAIOLLEN UM YACTbIO COCTaBMSAOLWMX B
NHTEerpanbHbIX CXeMaxX, TakuX Kak nonynpoBOAHWKN Uy NogobHble nagenus. MoryT 6biTb
NCcnonb3oBaHbl YCTPOWCTBA, onucaHHble B naTteHTax CLUA 5987635, 5987560, 5986961,
5986960, 5986940, 5986496, 5986469, 5986410, 5986320, 5986299, 5986294, 5985697 1
5982218, Tak e kak gpyrne obbluHblE YCTPONCTBA, U KaXKAbIN N3 AaHHbIX NATEHTOB BKIOYEH
HacTOSLUM BO BCEW CBOEW NOMHOTE B Ka4ecTBe CCbINkN. MeTannuyecknin TaHTan MoxeT
NPUCYTCTBOBATbL B NMOGOM YCTPOWCTBE, B KOTOPOM OObIYHO MCNOSb3YIOT TEXHUKY pacnbineHnst Ans
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HaHeceHWs MeTanna, YTobbl 06pa3oBaTh HEKOTOPLIN KOMMOHEHT MM YacTb KOMMNOHEHTa APYroro
YCTPOWCTBA.

HacTosiwee n3obpeteHne GyaeT ganee NOACHEHO cnefyroLmnmMmn NnpyuMepamMm, KoTopble He
OorpaHn4YnBaloT n3obpeTeHue.

MPNMEPbI

Mpumep 1

MHorouncneHHble nognapTuM BOCCTAHOBIEHHOMO HAaTpMeM NMopoLLKa TaHTana TeXHUYECKoN
KBanuukaLlmm, secsLime kaxabli okono 91-363 kr, aHanuanpoBanu XMMU4eckn Ha NpUrogHoOCTb
ONA 3neKTPOHHO-Ny4eBoi Nnasku no kputeputo 99,999% Ta B cbipbe. MNpeacraBuTenbHbIE
o6pa3sLbl kKaXgon NapTumn NopoLLKa aHanu3npoBanu MeTog0M Macc-CrekTpoOMeTpumn TRekoLero
paspsga (MCTP); ons nnasneHus BbibmMpanu nognapTyuu nopoLlka, MMetoLme cymmapHoe
cogepxaHue npumecen HMobus (Nb), monnéaeHa (Mo) un Bonbdpama (W) Huxke 8 u/mIH.

3atem oToOpaHHbIEe NognapTumn nopoluka Ta cmewwmsany B V-06pasHOM KOHUYECKOM
cmecuTene, 4Tobbl NoNy4nTb ogHopoaHyto 1814 kr 6a30Byt0 NapTMO NOPOLLKA, KOTOPYH BHOBb
aHanuanposanu metogoM MCTP, 4yTo6bl noaTBEPAUTL YMCTOTY. [Janee NopoLloK nogsepranu
XONoAHOMY M30CTaTUYECKOMY MPeCCOoBaHN0 B HeobpaboTaHHbIe 3aroTOBKN ANaMeTpoM
npubnuantensHo 14-16,8 cm, Becsiwme HoMnHanbHO 136 Kr Kaxabli. 3aTeM NpeccoBaHHbIe
3aroToBKW AerasvpoBanu HarpesaHuem npu 1450°C B TeueHne 2 4acoB Npu YPOBHE Bakyyma

npumepHo 103-10"° Mm pT. cT. [Ins 3Toit onepaummn 3aroToBKV NOKPbLIBANIM TaHTANOBbIMY
nuctamu, 4Tobbl NPegoTBpPaTUTL 3arpsa3HEHNe ANeMeHTammn neyu.

3arteMm gerasmpoBaHHble 3arotoBku BBogunu cooky B 1200 kBT 3/ neyb 1 nogsepranu
KanenbHOMY NIaBMeHU0 CO CKOpocTbio 181,4 kr/v B 25,4 cm MegHOM Turne, oxnaxxgaemom
BOZOM, Noa BakyyMoM Huxe 1073 Mm pT. cT. MNocne oxnaxaeHWst NONyYeHHbI CIIMTOK NepBOro
nepennasa nepesopaynBany, NogseLUnBany B TON Xe Neyn 1 NogBepranv nepennaske,
ncnonb3ys Te xxe napameTpbl 3 nnaskn. CrMTOK BTOPOro nepennasa BHOBb NepeBopaynsanm 1
nepennaensanu B Tpetuin pas, Ho B 30,5 cM Turne npu ckopocTu nnaeneHns 363 Kkr/u.

C 60KOBOW CTEHKM NOMy4YEeHHOro cnuTka oToupanu obpasubl AN XMMUYECKOro aHanuaa
METOAOM Macc-cnekTpomeTpuun Tretowero paspaga (MCTP). Pesynbtatel nogTeepamnum, 4to Ta
cnUToK umen Ynctoty 99,992%.

Mpumep 2

Monyyanu ToptaHTanat kanus (K,TaF;) u no macc-cnekrtpansHOMYy aHanm3y ¢ UCKPOBbIM
nctovHmkom KoTaF; cogepxan 5 4/mMnH. unn meHee HMobus. KoHueHTpauumn Mo n W takke
aHanu3npoBanu crnekTporpaguyeckum onpegeneHmem, n 3Tn KOHUeHTpauum Bbinn Hke 5 4/MnH.
anga Mo n Huke 100 y/mnH. gna W. B yactHoctu, K,TaF; nmen koHueHTpaumio Nb 2 4/MnH. unu
HWXKe, KOHUEeHTpauuio Mo Huke 1 4/MAH. 1 KoHueHTpaumio W Huke nnu paBHyto 2 4/MnH. B
Kaxgom obpasLe obuiee namepeHHoe cogepxanne Nb, Mo n W 0bino Huke 5 u/mMnH.
AHanuauposanu 4eTbipe naptum no 998 kr kaxgas.

OpaHy 13 napTtui nepeHocaT B peaktop KDEL, B KOTOpOM Ucnonb3oBaHbl EMKOCTb M3 YACTOrO
Hukens n mewarnka ua Hastelloy X. Mewanka n3 Hastelloy X cogepxana 9% Mo n 0,6% W.
3aTem Ban n nonacTt Mewwanku 6binn NOKPbITbl HUKENEBbLIM NOKPbITUEM TonLWMHON 15,9 MM,
MCNonb3ys CBapKy B MMakUPOBKY BCEX NOBEPXHOCTEMN, BCTYNAIOLMX B KOHTAKT C peakLMOHHOW
cpenon.

Wcnonb3oBanu ctaHgapTHYIO METOAUKY HAaTPMEBOro NpoLecca 3a UCKNIYEHNEM YKa3aHHOro
Hwxe. MNapTuio nogBeprany nepemMeLIBaHnio B NPUCYTCTBUKN YUCTOrO HaATpUs AN NONyyYeHus
nopoLLKa TaHTana. 3ateM NopoLIOK TaHTana NpoMbIBanu BOAOW 1 nogsepranv obpaboTke
KMCNOTOMW, 3aTEM OCYLLKE Napom 1 3atem npocemBaHnio 4o 100 meLwu.

3atem obpasel, M3 KaXKaoW 3arpy3ku NpeacTaBnsanu Ha Macc-crnekTpanbHbli aHanns
Tnetowero paspsga. B tabn.1 1 2 nokasaHbl pedynbTaTthl aHanunaa ucxogHoro KoTaF; n
KOHEYHOro aHanusa n3Brie4eHHoro TaHTana.

Kak MOxxHO B1aeTb 13 1abn.1, 2 MoxeT ObiTb NONYy4YEH BbICOKOUYUCTbIN TaHTanNoBbIN MOPOLLIOK,
NPUroAHbIN AN ANEKTPOHHO-NYy4YEBOW NMNaBkM B CANTOK, 1 YucToTa nopsagka 99,999 moxeT 6bITb
norilydeHa no TEXHOMOrnu, NokasaHHon B npumepe 1.

Mpumep 3
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Mcnonb3oBanu ase pasnuyHbix Metogonornn npouecca. o nepson ncnons3osanu
TaHTanoBbIn crnMTok 99,998% YNCTOThI, KOTOPLIN NOABEPran TPEM 3NEKTPOHHO-NYy4YEBbIM
nepennasam, YTOObl MOMY4YUTb CAINTOK HOMUHanNbHoro auameTpa 30,5 cm. CAMToK 3a4uLany Ha
CTaHKe 40 AnameTpa NpuMepHo 29,2 CM 1 3aTeM HarpeBann Ha Bo3ayxe Ao npumepHo 260°C B
TedeHue 4-8 4. 3aTem CNMTOK LITamMnoBanu, Hapesanu n obpabaTbiBanu Ha CTaHkax B crsidbl
(npubnuantensHo 10,2 cm Ha 25,4 cM ¢ gnvHon npubnmauTtensHo oT 71,1 cm go 81,3 cm), n
3aTeM nogpepranu KMcrioTHom ounctke pacteopom HF/HNOs/Boga. Cnsiobl omxurany npu 1050,
1150 n 1300°C noa Bakyymom 5x10™ MM pT. CT. B TedeHue 2 4, 3aTeM noaseprann XonoaHom
npokaTke B JIMCTOBYIO 3aroTOBKY TOMNWMHON 12,7 MM 1 6,35 MM. Takyro XONoaHy NpoKaTKy
OCYLLEeCTBNANM, Bbibupas cnsad tonwmHon 10,2 cm, WwnprHon 25,4 cm 1 ANUHON 76,2 cM ”
npokaTbiBas ero nepneHAMKynspHO napannenbHO OcK CriMTka Ha 5 MM 3a npoxop A0 WNPUHbI
78,7 cm. 3aTtem nnacTyMHy NpokaTbiBanu napannensHo Ocu cnuTka no 2,5 mm 3a npoxoA Ao
TonwwuHbl 16,5 Mm nnn 12,7 mm. O6e npokaTku BbINOMHANN Ha 2-CKOPOCTHOM OBXMMHOM
npokaTHOM cTaHe. Kaxayto 13 Takux nnacTuH npokatbiBanu MHOrOKpaTHbIMK npoxogamu no 1,3
MM 3a npoxog u 3atem rno 0,6 MM 3a Npoxo ¢ OKOHYaTenNbHON AOBOAKON 4O KOHEYHOro
copTameHTa B nnactuHy 12,7 MM nnun B NNactuHy 6,3 MM, NCNOSb3yS YETbIPEXCKOPOCTHOM
YMCTOBOW NPOKATHbIM CTaH. 3aTeM NnacTMHbI NOABEeprany KOHEYHOMY OTXUIY Mpu Temnepartypax
950-1150°C.

AnbTepHaTuBHbIA cnocob HaunHanm ¢ Ta unctotor 99,95%, KoTopbIn NoaBepranv Tpem
9NEeKTPOHHO-Ny4YeBbIM NnepennasaM, YToObl NONYy4YMTb TAKOW CAINTOK, Kak OnNncaH Bbille, nepeq,
TeM, KaK ero KoBaTb. 3aTeM CNUTOK Noaseprany KpyroBon LUTaMnoBke, ucnonb3ysd GFM
BpaljatoLmiica wramn, go anametpa 10,2 cM nocrne MHOrokpaTHbIX NPoxodoB ¢ npumepHo 20%
yMeHbLUeHWeM nrowanun 3a npoxod. 13 aTon NpoMexyToHHON 3aroTOBKM U3rOTOBIIANN Ha CTaHKe
4 npyTka (0 9,5 cm x anuHa 17,8 cm) 1 2 npyTka (o6o3HayveHHble A 1 B) nogsepranu omxury
npu 1050°C, Torga kak npyTkn C u D ocTtaBnsanu HeoToxokeHHbIMKU. [Janee npyTku nogsepranu
LUTaMMoOBKe ocagKkon B nonydgabpukaTsl BeicoTon 6,35 cm, nocne vero nonydgabpukatel A n C
omxuranu npu 1050°C. 3atem nonydabpukaTtbl NogBepranu LUKIMYECKon npokaTke 40 TONMLWMHbI
npumepHo 10,2 MM, 4TOOLI NONYYNTL OUCKK UamMeTpoM NprubnmauTensHo 35,6 cm. 910
OCYLLLECTBNANN MHOIOKpaTHbIMU MpoxoAamMu No 5 MM 3a Npoxod 40 TONWWHbI NpUMepHO 13,3 MM.
3artem ancky noggepranu npokaTke 40 TOMWUHbI MTPUMEPHO 12,7 MM MHOTOKpaTHbIMMA
npoxogamu no 2,5 MM 3a npoxon. 3aTemM ANCKMN NodBeprany LUKNNYECKon NpokaTke Ha
YeTbIPEXCKOPOCTHOM YMCTOBOM MPOKATHOM CTaHe 3a TPy npoxofa ¢ yMeHblleHneM Ha 1,25 MM,
0,63 mm 1 0,315 mm 3a npoxoA, 4YToObl NONYYUTL AUCK TONLWMHOW okono 10,2 MM Npu anameTpe
okono 35,6 cM. YeTBepTb AMCKa Hape3anu Ha YeTbIpe KrMHa 1 noaseprany KOHeYHOMY OTXUrY
npu TemnepaTtypax 950-1100°C. daHHaa TexHonorns 06o6LieHa B Tabn.4.

MeTtannorpadunyeckunin n TEKCTYPHbLIN aHanM3 NPOBOAWMM Ha NPOAONbHbLIX CEYEHUSIX
MaTepuana nnacTuHbl (M3MepuTenbHas gacka napannenbHa KOHeYHOMY HanpasBneHuIo
NPOKaTKM) U Ha paguanbHbIX CEYEHUSAX LUTAaMMOBAHHbLIX M NPOKaTaHHbIX ANCKOB (M3MepuUTEerbHas
dacka napannenbHa paguycy AMUCKOB).

METANNYPITMYECKMI AHANN3

Pasmep 3epHa 1 TeKCTypy onpeaensny BOosb NPOAONbHOrO Uy pagmarnbHOro HanpasneHun
o6pasLoB, 0TO6paHHbLIX COOTBETCTBEHHO OT MPOKATaHHbIX MAACTUH U LUTAMMNOBAHHbIX U
npokaTaHHbIX AucKoB. Pasmep 3epHa onpegensanu, ucnonsdys metoamky ASTM E-112.
PesynbTaTthbl ONbITOB MO OTXKUIY AN1S NPOAYKTOB, MNOMYYEHHbIX MyTEM MIIOCKOW U KPYroBOM
0bpaboTku, NnpuBeaeHblI COOTBETCTBEHHO B Tabs1.3 1 4. [1pOMEXYTOYHbIA OTXXUI HE OKa3bliBaeT
3aMETHOrO BRMSHUA Ha pa3mep 3epHa KoHeYHoro npoaykrta. Kpome Toro, onst nnactuH
KOHEYHbIN pa3mMep 3epHa Ans TaHTana TonwuHon 12,7 mm 1 6,35 mm Obin conoctaBum. beino
HangeHo, YTO eANHCTBEHHOW NepeMeHHOW, KOTopas CyLeCTBEHHO BMUSEeT Ha pasMmep 3epHa
MaTepuanos, ABNSETCS TemnepaTypa KOHEYHOro OTXWra: YeMm Bblle TeMnepaTypa KOHEYHOro
oTxura, Tem 6onblUe nonyyaemblii pasMmep 3epHa.

[na nnactnH namepenus no ASTM ganu pasmep 3epHa 6,5-7,0 B o6pasuax, B3aTbiX U3
npoaykta, otoxokeHHoro npy 1000 n 950°C. OgHako Kaxabln n3 aTux 0b6pasLioB UMEN Npu3Haku
CYLLIeCTBOBAHMWS YANNHEHHbIX UW/WUNN HEMEPEKPUCTaNNN30BaHHbIX 06racTer Ha NOBEPXHOCTU UMK
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Onn3ko K Hel, u rmybuHa nepekpucTannmaaumm obina onpegeneHa kak 98-99%. [ina nnactuH,
oToxoKeHHbIX npu 1050, 1100 n 1150°C, pasmep 3epeH no ASTM 6bin B uHTepBane ot 5,3 go
3,7, npuyem Bce 06pasLpl Obinn nepekpuctannmaoBaHbl Ha 100%.

[ns AMckoB, N3roToBnEHHbIX KpyroBon obpaboTkon aAnst Bcex obpasuos, bbina
3admkcmpoBaHa 100% nepekpuctannmaaums 3a uckrnoveHmem gucka C, OTOXOKEHHOro npu
950 °C, koTopbIvi ObIN NepekpuctannmaoBaH Ha 99%. [1na o6pa3L 0B ANCKOB, OTOXKEHHbLIX NpU
950, 1000 1 1050°C, 6bInn onpeaeneHbl COOTBETCTBEHHO pa3mMepbl 3epHa no ASTM 7,1-7,2: 6,1-
6,8 1 5,9-5,9. Omxur npn 1100°C gan pasmep 3epHa no ASTM 4,0-4,5.

[nsa obonx npoLeccoB NonyyYeHHble pe3ynbTaTbl NOKa3biBaloT, YTO pa3Mep MOSTHOCTbLIO
nepekpmucTannn3oBaHHoOro 3aepHa 50 MKM 1nun meHee BnseTcA JOCTUXUMBIM NPU UCMOMb30BaHUN
UNKU NpoKaTKM NNacTUH UNKN NpoLecca WTamMnoBK1 3aroTOBOK NpY NpeanovTUTeNbHON
Temneparype KOHe4YHOro omkura ot npumepHo 950 oo npumepHo 1050°C.
HenepekpucrannumaoBaHHble 06nacT AOMKHbI ObITb OrpaHNYeHbl TOMbKO MOBEPXHOCTHLIMU
obnacTamMm NNacTuHbl U TOrAa oHWM MOryT BbiTb yAaneHbl 06paboTKON Ha CTaHKe.

MeToanka namepeHuii TEKCTYpbl: OrpaHN4eHHOe Yncrno 06pasLoB (BbiIGpaHHbIX HA OCHOBE
MeTannypruieckoro aHanmnsa) 6ui1o NCNONbL30BaHO A58 TEKCTYPHOro aHanusa. CpesaHHble ¢
nonmMpoBaHHble 06pasLbl, NPUroTOBIIEHHbIE paHee AN MeTannyprnyeckoro aHanusa,
NCNOmnb30Banu Kak TEKCTYpHble 06pa3sLbl Nocre Toro, kak OHW BbiNv NOABEPrHYThl TPaBNEHMIO
CUIMbHOW KUCMNOTOW Nepea onpegeneHnem TekcTypbl. B kauecTBe meToda TEKCTYpPHOro aHanuaa
6b1n BbIOpaH MeTo OpMEHTALMOHHOM onTuyeckon mukpockonun (OOM) 6narogaps ero
YHUKanNbHOW CMNOCOOHOCTM ONpeaensaTb OpUEHTaLUMIO OTAENbHbIX 3EPEH BHYTPU
nonukpuctannuyeckoro obpasua. ObLEenpUHATLIE METOANKM, TakMe Kak Andpakums
PEHTrEeHOBCKUX NyYer UM HemTpoHHasa audpakuuns, MoryT okasaTbCsi HECNOCOOHBLIMW BbISIBUTb
BCE NOKanvM3oBaHHbIE Bapuauum TEKCTYpPbl NO TOMLLMHE TaHTANOBbIX MaTepuarnos.

[nsa aHanusa kaxgbli TEKCTYPHbIM 00pa3seL, MHKpeMEeHTanbHO CKaHUPOBanNu SNeKTPOHHbIM
nyykom (B COM) no Bceli ero TonwmHe; 3atem guarpammsl obpaTtHoro paccesaHus no Kikuchi,
reHepupoBaHHbIe AN KaXaoW TOYKU 3amepa, MHAEKCMPOBanu, UCMOorb3ysa KOMMbTEP ANS
onpegeneHns opueHTaummn kpuctannos. [ins kaxgoro obpasya co3gasany oansn nepBrUYHbIX
OaHHbIX, coAepXaLlnii OpueHTaunmn Ans Kaxaon TOYKU B MaTpuLe CeTkM 3aMmepoB. Takne gainnesl
CMNY>XUNW BXOOHBIMWU AaHHLIMU A5 NocreayoLwero nofy4eHns kapT opueHTauumn sepeH 1
pacyeTa NontcHbIX huryp 1 dyHkuun pacnpegeneHms opmeHtauum (SPO).

Kak ycrnoBneHo, opmeHTaumm TeKCTypbl ONUCLIBAIOTCH MO OTHOLLEHUIO K HOPMAarnbHOMW K
obpasLy cucteMe koopamHaTt. ViHaye nontocHble ourypbl "CTaHAapTU30BaHbl" Tak, YTO Ha4Yano
KOOpAMHaT ABMseTCs HopMarnbHbIM K MOBEPXHOCTU NNACTUHbI, @ ONOPHbLIM HaNpaBneHnem
SIBMSETCS HanpaBreHne npokaTku (v pagnansHoe HanpasneHne; NogobHbiM obpaszom PPO
BCerga onpenensiTcs No OTHOLLEHUIO K HOpMarnbHOW K 06pasLy cucteme KoopanHar.
TepmuHonorusa, Takas kak "(111) Tekctypa", o3Ha4aeT, 4To (111) aTOMHbIE MAOCKOCTU
npenMyLLLECTBEHHO OPUEHTUPOBAaHbI NapannensHo (1 (111) nontoc opueHTMpPoBaH No HopManu) K
NOBEPXHOCTU NNacTuHbl. [pn aHannse opueHTaLmm KpUCcTannoB onpeaenany OTHOCUTENbHO
NpoAonbHOro HanpaeneHus obpasua. NoatoMy 660 HE06X0AMMO NepeHeCcTN AaHHbIe MO
OpUEeHTaL N U3 NPOAONbHOM B HOPMAaIbHY K 00pa3suy CMCTEMY KOOpAMHAT, Kak 4YacTb
nocnegyoLero TEKCTYPHOro aHanuaa. 971 3a4a4dv peLlanucb C NOMOLLbI KOMMbITEPHbIX
anropuTmoB.

KapTbl opueHTaLmu sepeH: ncxoas U3 NPUHLMNOB NpeacTaBneHnsa nHopmauum o TEKCType B
dopme obpaTHbIX NONKCHBIX PUryp, KapTbl OPUEHTaLMN NpeacTaBnaoT cobon obpasbl
MUKPOCTPYKTYpPbl B 00pa3sue, rae Kaxgoe nHamsmnayanbHoe 3epHoO "okpalleHo" no ero
Kpuctannorpaduyeckoin opyueHTaumm oTHOCUTENbHO HOPMarnbHOMO HanpasneHus NNacTUHbl Unu
ancka, U3 KoTopbix B3AT obpasel. [Ans nonyyeHns atnx obpasoB OCU KpUCTarnoB 4518 Kaxaoro
3epHa (onpegeneHHble BOOMNb NPOAOSILHOrO HanpaBneHnsa TeKCTYpHoro obpasLa nocpeacTsom
OOM) 6binm noBepHyThI Ha 90° BOKPYr NONEPEYHOro HanpaeneHus TakK, YToObl COBMECTUTbL OCU
KpuCTanmnoBs ¢ HanpasreHnemM Hopmanu Kk obpasuy. KapTbl opyeHTaumm cnyxaTt 458 Toro, Y4tobbl
O0BHapPYXXUTb HanM4ymne TeKCTYPHbIX CBA3EN UNU rpagneHToB Mo TOMWWHE NpoayKTa; ANd TaHTana
KapTbl OpyeHTauum nokasanu, 4To 6onblune yafIMHeHHbIE 3epHa, OOHapY>KEeHHbIE Npu
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ONTUYECKOW MUKPOCKONUN, MOTYT BbiTb 0O6pa3oBaHbl U3 HECKOMbKUX MENKUX 3ePEH C
MaroyrrnoBbIMW FpaH1LamMmn 3epHa.

PesynbTathl aHanmnsa TekcTypsbl: ckaHupoBaHue OOM npoBOAMMAM MO TOMNLMHE KaXaoro
npeacTasneHHoro obpasua; Ana obpasuyos NnactuHbl 12,7 MM 6binn caenaHbl OTAeNbHbIE
N3MepeHnsa AN BEPXHUX N HAXKHUX YacTen NNacTuHbl U UX pe3ynbTaTbl NpUBeAeHbI MO
oTgenbHocTu (cM. Tabn.5-15).

KapTbl opueHTaumm nsydanu BusyarbHO AN Ka4eCTBEHHON XapaKTepuUcTUKM OAHOPOOHOCTH
TEKCTypbl NO TonwmHe obpasya. YTobbl OOUTLCHA KONMYECTBEHHOMO ONUCaHUA rpagMeHToB
TEKCTYpbl N TEKCTYPHbIX CBA3EW B MaTepuanax npuMeposB, JaHHble 3amepoB geTektopa IJ1T
aenvnu Ha 20 nogrpynn, rae kaxagasa npegcrasnana 5% npupalyeHune rnyouHbl No ToNwWwmHe
obpasua. [Ansa kaxgoro Habopa AaHHbIX MO NpupaLleHnto BHavane paccuntoiBanm ®PO, 3atem
onpenensnn YACeHHo LeHTpouaHble nHTeHcmBHocTM (100) n (111), ucnonb3ys n3BecTHble
mMeToaukun. NpumeHanuce annapaTtypa u MeToaukn, onucaHHble B S.Matthies et al., Materials
Science Forum, vol. 157-162 (1994), pp. 1647-1652 n B S.Matthies et al., Materials
Science Forum, vol. 157-162 (1994), pp. 1641-1646, n gaHHble nybnvkauum BO BCen nx
NonHoTe BBeAEHbl HACTOSALEN CChINTKOW. 3aTeM TEKCTYpPHbIE rpagneHTbl onucbkiBanu rpadouyecku,
HaHocs Ha rpaduk uHTeHcmBHocTh (100) n (111), a Takke norapmudm otHoweHus (100):(111)
Kak pyHKUMIo rmy6buHbl obpasua. O3Tn pesynbTaThl NpeacTaBneHsbl Ha durypax ot durypsl 1(A un
B) oo durypsl 11 (A n B).

TaHTanoBas nnacTnHa 6OMbLLON TONWMHBI Noka3ana 6onee 0AHOPOAHYO TEKCTYpPY NO
TONLWWMHE; eAMHCTBEHHBIM 06pa3LoM, CoaepXaBLUMM TEKCTYPHbIE 30HbI, Obin obpasel,
nosnyyeHHsbIn Npu omxure cnabda npm 1300°C n koHeyHom omxure npm 1000°C. B gobaeneHne
Martepuarbl NAacTUHbl 12,7 MM Takke MMenu OTHOCUTENBHO crabyto (Hanbonee XaoTUYHYHO)
TEKCTYpY, MCX0As M3 NOSCHOM urypsbl 1 aHanmaa PPO. o cpaBHEHUIO € TONCTbIM NUcToM 6,3
MM FINCTbI UMENU rPagMeHT TEKCTYPbl OT cnaboro 40 yMepeHHOro U HEKOTOPbIE NPOSABAEHUS
TEKCTYPHOro cBA3biBaHUSA. Kpome Toro, TOHKONMUCTOBbLIE NacTuHbI NokasbiBanu B PPO 6onee
BblpaxeHHyto (111) TekcTypy v yBenuyeHHbln nuk (100) TekcTypbl.

Haunbonbluee HENOCTOSAHCTBO OAHOPOAHOCTU TEKCTYPbI U CBA3bIBaHUSA BbIN0 06HapYXeHo B
LITaMMOBaHHbIX M NPOKaTaHHbIX AUCKax. B oTnnyne ot MeTannypruyecknx CBOMCTB Ha TEKCTYpY
LITAaMMOBaHHbIX U NPOKAaTaHHbIX ANCKOB BNNSAMNO NCMOMb30BaHME NPOMEXYTOYHOro omxura. [ns
aunckos A, B 1 C, kaxablii U3 KOTOPbIX OblfT U3rOTOBSIEH C OAHON UK ABYMS NPOMEXYTOYHbLIMN
CTagusiMuM OTXKuUra, rpagueHTbl TEKCTYPbl BapbUpOBanuch OT NpeHebpexnmo manoro 4o CUNbHOro
(B 3aBMCMMOCTM OT NapameTpoB 06paboTku) co cnabbimM, €CnKn OHO BbINO cBA3biBaHWEM. OgHaKO
ansa gncka D, koTopbii nepepaboTany OT cnvTka 40 roTOBOro Ancka 6e3 npomMexyTo4HOro
OTXKUra, KOHEYHbIV NPOAYKT COAEPXKarn MeHbLUE XenaTerbHbIX CUMbHbIX TEKCTYPHbIX rPagMeHToB
N Pe3KO BblpaXXeHHbIX TEKCTYPHbIX 30H. [1oaobHLIM 06pa3om auck C, KOTopbIn Bbln Takke
OTLUTaMNOBaH 13 HEOTOXCKEHHOW 3aroTOBKW, HO 3aTEM OTOMOKEH nepen XO0No4HOW NpoKaTKown,
TaKxke UMen curbHble TEKCTYPHbIN rpagneHT 1 CBA3biBaHWe B obpasue, npolleallemM KOHeYHbIM
omxur npu 950°C. nga aucka C noselilweHne TemnepaTtypbl KOHEYHOro onkura go 1100°C
OEeNCTBYET B CTOPOHY MOHUXEHUS rpaMeHTa N YHUUTOXEHNSA CBA3bIBAHUSA, HO YCUIEHNS
nHTeHcmBHocTK (100) TekcTypHOWM cocTaBnAoLwen. ATn apdekTbl OT NOBLILEHUSA TeMNepaTyp
KOHEYHOro omxura 6binm Takke BUOHbI, XOTS1 U B MEHbLUEWN CTEMEHU, KaK Yy APYrMX Matepmarnos
OMCKOB, TaK MU'y TONCTOMNMCTOBOW NNACTUHbI.

3 MUKPOCTPYKTYPHBIX M TEKCTYPHbIX UCCReA0BaHWi MOryT BbiTb caenaHbl cnegyrowmne
BbIBOAbl OTHOCUTENBHO ONTUMAINbHOW TEXHOOMMN N3roTOBMNEHMS TaHTanNoBbIX MULLEHEN Ans
HanbIeHUs:

Ons nnockor obpaboTkn Temnepatypbl oTkuUra cndaba npegnovTMTeNbHO He NPEBbLILLAT
1150 °C (6onee npeanoytutensHo 1050°C), n TemnepaTypy KOHEYHOIO OTXKUra
npegnoyvtTuTensHo aepxat Ha 950-1000°C, 6onee npegnoyvtutensHo 1000°C. MNonyvyaembliin
NPOAYKT XapakTepusyeTcsl CpeaHMM pa3MepoM NepeKpUCTanM3oBaHHOro 3epHa meHee 50 Mk,
WHKpEMeEHTarnbHON MHTeHCMBHOCTLIO (100) meHee 4Yem 15 paHAOM U fiorapudMOM OTHOLLEHUS
(111):(100) Huxe -4,0;

ONS Kpyroeow nepepaboTku 3aroTOBKM NPeanoyYTUTENbHO OTXKUraloT nepes LWTamMnoBKON U
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npokaTkou B Anck 6e3 ncnonb3oBaHUs NPOMEXYTOYHOrO OTKUra Ha ypoBHe nonydabprnkaTos.
Temnepatypa KOHEYHOro oTxura npegnoyTutensHo pasHa 950-1100°C n 6onee
npegnoytutensHo 1050°C. MNony4aembli NPOAYKT XapakTepuayeTcs cpeaHMM pa3smepoM
nepekpucTansin3aoBaHHoOro 3epHa meHee 50 MKM, MHKpeMEeHTanbHon MHTeHCcMBHOCTLIO (100)
MeHee Yyem 15 paHgom u norapmcpmom otHowweHus (111):(100) Huxe -4,0.

[Opyrve ocywiecTBneHmsa HacTosaLwero n3obpeTeHnsa AoMmKHbl O6biTb NOHATHBLI CneumannucTam 13
paccMOTPEHUS HaCTOSALLEro ONUCaHUSA N ONMMCAHHOWN 34EeChb NPaKTMKN HACTOSLEro n3obpeTeHus.
NmeeTcs B BUAY, YTO HacTosLLEee onncaHne U NpuMepbl JOMKHbI paccMaTpmBaTbCs TOMNbKO Kak
npuMepsbl, U NpeameT 1 ayx M3obpeTeHns NpeacTaBneHbl HuxXecneayoLen oopmynom
n3obpeTteHus.

Tatmua 1
Macc-crnekTpaJIbHEM aHalu3 C MCKPOBEM MCTOUHMKOM (MCHMM) K;TaF,
(MeTaJsI1 B pacyueTe Ha COJIb)
Homep 00— Nb Mo W Bcero
paslia (u/MITH) (4/MIH) (u/MITH) (u/MIuH)
1 2 I <1 < 2 <5
2 1 <1 < 2 <4
3 2 <1 <2 <5
4 1 <1 <4
< 2
Tabauua 2
Macc-crneKkTpalsibHEM aHalM3 Tjeomero paspsana (MCTP) nopomka Ta
Homep 06- Nb Mo W Bcero
pasua (u/MJIH) (u/mMiH) (u/mMrH) (u/MmH)
5 1,4 0,38 0,27 2,05
6 1,2 0,30 0,50 2,00
7 1,0 0,25 0,29 1,54
8 1,1 0,15 0,28 1,53
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Tabmuua 3

MeTaylypruuecKue XapaKTepUCTUKM IIpoliecca

Omxmr cnaba 1050 1150 13000
TeMnepaTypa
(°c)
PasMep NnacTuU-— 6,3 MM 12,7 MM 6,3 MM 12,7 am 6,3 MM 12,7 v
HEI, MBTOTOB—
JIEHHOM M3 CJIsi—
Ba
OTHUD ITa CTUMHH Pas- % Pas-— % Pas- % Pas— % Pas- % Pas— %
Temneparypa (°C) Mep nepe- Mep nepe- Mep nepe- Mep nepe- Mep | nepe- Mep nepe-
sSepHa | Kpu— | SepHa | KpM-— | SepHa | KpMU- | 3epHa | Kpu- | sepHa | KpuU- | 3epHa | Kpu-
no craa- no cran- no cran- no cran- no cran- no cran-
ASTM | musa- | ASTM | smsa- | ASTM | smsa- | ASTM | musa— | ASTM | musa— | ASTM | Jusa-—
Uy umm umn Jit%a 24 umm bii%i3
a a a B a a a
950 7,0 98 6,7 98 7,0 98 6,7 98 7,0 98 6,7 98
1000 6,5 99 6,5 99 6,5 99 6,5 98 6,5 99 6,5 28
1050 4,5 100 5,0 100 4,5 100 5,0 100 4,5 100 5,3 100
1050 5,0 100 4,5 100 5,0 100 4,5 100 5,0 100 4,5 100
1100 4,5 100 5,0 100 4,5 100 4,0 100 4,5 100 4,0 100
1150 4,0 100 4,0 100 4,0 100 3,7 10Q 4,0 100 3,7 100
[lpuMeuaHue. UYucToTa MaTepuasia cocTasiaia 99,998% Ta
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TemnepaTypa
oraura (°C)
950
1000

1050

1100

3ATOTOBKA A
OrxurT
1050°C
MTaMrioBKa
ocankon
ToJymmHa
6,35 cM
OTzUT
1050°C
OuucTra

Ha CTaHKe

X_
IIpoKaTKa
oo Tommi-
HH 10,2
MM

Pacran Ha
YeTHpe

JacTH

PasMep sepHa no ASTM

7,1
(100%)
6,1
(100%)
5,8
(100%)
4,5
(100%)

RU 2233899 C2

TatGmnua 4
3ATOTOBKA B 3ATOTOBKA C
OoTxAT Bes oT®M-
1050°C ra

MiTaMIioBKa
ocankoi
ToJymMHa

6,35 cm

Oo4ucrKa

Ha CTaHKe

X_
npokraTka
oo Tomp-
HH 10,2
MM

Pacrman Ha
YeTHpe

qacTu

7,2
(100%)
6,5
(100%)
5,9
(100%)
4,5
(100%)

PEKP - % rHnepekpucTaljiM3alnn,

ITaMiioBRa
ocagkom
TommHa
6,35 cm
Omxur
1050°C
Ouucrra

Ha CTaHKe

X...
npoKaTka
o Tosmma-
HH 10,2
MM

Pacriun Ha

YeTHpe

qacTu

Macca
21 kr

3ATOTOBKA D
Bes oT=m~-
ra
MTaMicBKa
ocankon
TosmvHa
6,35 cM

QuucTKa 19 xr

Ha CTaHKe

X..
ApoKaTKa
OO ToJmm-
HE 10,2
MM

Pacrmt Ha 4,76 Kr

YeTHpe

JacT1 BepThk

UccrnenoBarme oTxMra

(PEKP)

7,1 (9%)

5,9
(100%)
5,9
(100%)
4,5
(100%)

Crpanuua: 17

7,2
(100%)
6,8
(100%)
5,9
(100%)
4,0
(100%)

Ha YeT-—

[ P,

IraMeTp
15,2
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38 oM
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TaAmorTa §
1avJiniia o

12,7 MM nnacTvHa 139

PasMmep 3epHa: 6,7

OTHUT rJIacTUHE: 950

MuxkpemenT: 0,63 MM
VHKpEeMeHT (111) (100) 1n (oTHOMEHUA )
1 1,257 1,908 -0,42
2 0,703 1,456 -0,73
3 1,127 1,11 0,02
4 1,554 1,543 0,01
5 0,279 1,146 -1,41
6 1,159 1,774 -0,43
7 1,481 1,335 0,10
8 3,27 1,086 1,10
9 0,996 1,072 -0,07
10 2,337 1,634 0,36
11 4,81 1,011 1,56
12 3,321 2,885 0,14
13 2,294 2,73 -0,17
14 1,477 1,329 0,11
15 0,607 1,229 -0,71
16 1,02 0,281 1,29
17 1,536 0,634 0,88
18 1,771 4,277 -0, 88
19 1,057 1,921 -0, 60
20 0,097 1,051 -2,38

Crpanuua: 18
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Tabmuna 6
12,7 MM IIJIACTUHA 142

OTXUI' IUJIACTUHH :

PASMEP 3EPHA: 6,5

1000

MHKPEMEHT: 0,63 MM
MHKpeMeHT (111) (100) 1n (oTHOmMEeHMH)
1 3,502 3,495 0,00
2 0,848 2,988 -1,26
3 0,412 3,998 -2,27
4 0,304 0,676 -0,80
5 0,52 0,717 -0,32
6 1,167 1,401 -0,18
7 1,493 1,691 -0,12
8 2,071 1,445 0,36
9 2,039 1,77 0,14
10 2,19 1,643 0,29
11 1,541 0,327 1,55
12 6,722 0,091 4,30
13 4,228 0,131 3,47
14 1,904 1,455 0,27
15 1,514 2,136 -0,34
16 1,366 1,26 0,08
17 1,388 0,904 0,43
18 0,709 1,504 -0,75
19 0,615 0,395 0,44
20 1,027 0,499 0,72
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TaR e
1

o a 7
aoJidiia /

12,7 MM IJIACTMHA 140

OTXUT CJIISABA:

1150 OTHUT' IIJIACTMHH: 1000

PA3MEP 3EPHA:

6,5

MHKPEMEHT: 0,63 MM

MHKpEMEHT (111) (100) 1n (oTHOWEHMSA)
1 1,786 1,286 0,33
2 1,745 0,433 1,39
3 1,948 0,782 0,91
4 3,232 2,3 0,34
5 2,892 3,517 -0,20
6 1,061 3,701 -1,25
7 3,501 0,522 1,90
8 1,026 1,944 -0,64
9 4,783 0,608 2,06
10 2,402 0,535 1,50
11 3,097 2,547 0,20
12 0,859 2,571 -1,10
13 2,585 0,897 1,06
14 0,872 2,955 -1,22
15 1,439 1,28 0,12
16 1,657 2,131 -0,25
17 1,395 1,765 -0,24
18 2,506 1,105 0,82
19 1,541 1,381 0,11
20 0,593 1,696 -1,05

Crpanuua: 20
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Tabmmna 8

12,7 MM IIJIACTMHA 141

OTXMI" TJIACTUHH:

PABMEP 3EPHA: 6,5

1000

MHKPEMEHT: 0,63 MM
MHKpEMEeHT (111) (100) 1n (oTHOWEHMNA)
1 1,577 3,039 -0,66
2 1,125 1,032 0,09
3 1,007 1,824 -0,59
4 2,001 0,698 1,05
5 2,091 2,748 -0,27
6 4,892 1,906 0,94
7 0,886 4,336 -1,59
8 6,052 0,882 1,93
9 3,392 0,317 2,37
10 2,177 1,376 0,46
11 3,431 2,973 0,14
12 3,628 1,589 0,83
13 3,458 0,637 1,69
14 2,085 1,368 0,43
15 1,869 1,023 0,60
16 1,371 2,226 -0,48
17 2,032 1,143 0,58
18 1,949 1,754 0,11
19 2,175 3,521 -0,46
20 5,092 2,802 0,60

Crpanuua: 21
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6,35 MM IUJIACTMHA 125D

OTXMUI' CJIABA: 1050

OTXUI' TUIACTHMHH :

PA3SMEP 3EPHA: 6,5

Cc2

1000

MHKPEMEHT: 0,315 MM
VMHKpEMeHT (111) (100) 1n (oTHOMEHNMS )
1 2,241 4,137 -0,51
2 1,411 4,259 -1,10
3 0,823 3,941 -1,57
4 0,82 7,79 -2,25
5 1,734 4,658 -0, 99
6 2,812 7,527 -0, 98
7 5,245 4,266 0,21
8 6,196 2,283 1,00
9 8,892 1,248 1,96
10 8,531 1,082 2,06
11 5,261 1,857 1,04
12 1,439 1,097 0,27
13 2,445 2,493 -0,02
14 2,057 5,962 -1,06
15 1,173 2,213 -0,63
16 1,767 2,609 -0,39
17 0,55 4,066 -2,00
18 2,921 4,855 -0,51
19 4,431 3,684 0,18
20 6,313 1,898 1,20
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Tabmuna 10

6,35 MM IJIACTMHA 125B

OTXUT' CJIABA: 1150

PA3MEP

OTXNI' TIJIACTUHH :

3EPHA: 6,5

VMHKPEMEHT: 0,315 MM

1000

VHKpEeMEeHT (111) (100) 1n (oTHOmWEHUS)
1 4,159 2,577 0,48
2 6,06 0,27 3,11
3 4,407 0,964 1,52
4 2,336 1,175 0,69
5 2,023 2,155 -0,06
6 3,733 2,001 0,58
7 4,117 2,131 0,66
8 4,718 2,721 0,55
9 5,367 2,604 0,72
10 2,876 5,519 -0, 65
11 4,952 2,886 0,54
12 4,12 3,362 0,20
13 2,752 1,715 0,47
14 0,949 4,93 -1,65
15 1,108 4,827 -1,47
16 1 3,157 -1,15
17 2,357 6,294 -0,98
18 0,846 10,654 -2,53
19 1,628 5,369 -1,19
20 0,866 4,458 -1,64
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Tabmuna 11

6,35 MM IJIACTMHA 125C

OTXNI" NJIACTWHH:

PA3MEP 3EPHA: 6,5

Cc2

1000

MHKPEMEHT: 0,315 MM
MHKpEMEHT (111) (100) 1n (oTHOWEHMA)
1 2,154 1,516 0,35
2 1,174 1,282 -0,09
3 0,79 5,846 -2,00
4 0,981 2,736 -1,03
5 1,938 3,55 -0,61
6 2,302 3,179 -0,32
7 5,221 1,661 1,15
8 3,636 2,6 0,34
9 2,982 1,083 1,01
10 6,161 0,322 2,95
11 7,636 0,623 2,51
12 7,336 0,46 2,77
13 4,415 6,945 -0,45
14 2,37 1,953 0,19
15 2,516 3,636 -0,37
16 1,99 1,976 0,01
17 2,696 0,769 1,25
18 3,155 5,257 -0,51
19 4,558 0,879 1,65
20 1,788 0,595 1,10
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Tabmuia 12

10,2 MM TIOKOBKA 950A

OTXUI' TIOJIYOAEPUKATA: 1050

KOHEUHHY OTXMUI': 950 PA3MEP 3EPHA: 7,1
MHKPEMEHT: 0,51 MM
MHKpEeMEeHT (111) (100) 1ln (oTHOWEHMSA)

1 2,127 6,911 -1,18
2 4,289 4,447 -0,04
3 3,421 4,819 -0,34
4 3,065 4,67 -0,42
5 3,879 4,672 -0,19
6 2,33 5,309 -0,82
7 8,206 1,239 1,89
8 9,086 0,57 2,77
9 9,615 0,425 3,12
10 10,558 1,57 1,91
11 12,83 0,883 2,68
12 9,168 2,094 1,48
13 8,395 2,002 1,43
14 11,219 3,961 1,04
15 2,512 3,816 -0,42
16 5,044 4,613 0,09
17 3,898 6,144 -0,46
18 2,297 6,159 -0,99
19 5,796 6,809 -0,16
20 2,799 6,72 -0,88
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Tabmuna 13
10,2 MM IIOKOBKA 950B

OTHXUI" 3ATOTOBKM: 1050

KOHEUHHM OTXMI': 950

OTXUI" TIOJIYOABPUKATA: HET

PA3BMEP 3EPHA:

UHKPEMEHT: 0,51 MM
VHKpEMEHT (111) {100) In (oTHOmEHMA)
1 8,364 6,765 0,21
2 8,193 6,839 0,18
3 6,576 6,901 -0, 05
4 4,947 6,953 -0, 34
5 3,246 8,833 -1,00
6 5,807 7,248 0,22
7 7,812 5,491 0,35
8 9,74 5,358 0,60
9 11,63 3,748 1,13
10 11,544 2,258 1,63
11 11,965 3,086 1,36
12 9,512 6,106 0,44
13 8,558 9,762 -0,13
14 10,727 5,84 0,61
15 6,759 8,025 -0,17
16 6,212 9,528 -0,43
17 3,868 8,796 -0,82
18 6,368 8,333 -0,27
19 6,336 7,45 -0,16
20 4,463 6,201 -0, 33
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10,2 MM TOKOBKA 950C

OTXMI 3ATOTOBKM: HET OTXWUI' TIOJNYOAEPMKATA: 1050

KOHEYHHNA OTXUI': 950

PA3MEP 3EPHA:

MHKPEMEHT: 0,51 MM
MHKpEeMeHT (111) (100) 1n (oTHOWEHUA)
1 3,589 9,599 -0, 98
2 3,214 6,069 -0,64
3 2,869 6,976 -0,89
4 3,991 8,405 -0,74
5 4,737 3,069 0,43
6 7,163 4,567 0,45
7 7,97 2,348 1,22
8 15,184 0,506 3,40
9 18,894 0,058 5,79
10 16,416 0,084 5,28
11 12,528 0,215 4,07
12 13,644 1,074 2,54
13 9,229 1,141 2,09
14 4,285 6,858 -0,47
15 2,067 4,102 -0,69
16 3,938 4,881 -0,21
17 3,391 10,311 -1,11
18 5,302 6,265 -0,17
19 5,755 6,608 -0,14
20 4,701 8,166 -0,55
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Mo arsee 1&
1aojuaia 1>

10,2 MM IOKOBKA 950D

OTXKUT 3AT'OTOBKM: HET OTXUI' NOJIYOAEPUKATA: HET

KOHEUHHNA OTXMI': 950 PASMEP 3EPHA:
MHKPEMEHT: 0,51 MM
MHKpEMEHT (111) (100) In (oTHOWEHUA)
1 1,836 9,65 -1,66
2 4,837 7,584 -0,45
3 5,785 5,354 0,08
4 1,468 10,297 -1,95
5 0,781 17,101 -3,09
6 8,097 9,559 -0,17
7 18,984 1,486 2,55
8 25,471 0,166 5,03
9 31,554 0,053 6,39
10 29,911 0,075 5,99
11 25,476 0,055 6,14
12 21,407 1,494 2,66
13 6,505 2,777 0,85
14 0,065 1,665 -3,24
15 0,052 4,2 -4,39
16 0,528 9,288 -2,87
17 1,122 8,954 -2,08
18 2,67 8,715 -1,18
19 5,137 8,222 0,47
20 1,453 10,944 -2,02

1. MeTannuyeckuin TaHTan, OTJ'IW—Ia}OLLWIl‘;ICFI TEM, YTO UMEET YUCTOTY MNo MEHbLLEN mMepe OKoJ1o

dopmyna n3obpeTteHus

99,995% n cpegHuin pasmep 3epeH okono 150 MKM nnmn meHee.

2. MeTtannudecknin TaHTan no n.1, oTnu4arLwminca Tem, YTo ABNAETCA NOMHOCTLIO
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nepekpucTansim3oBaHHbIM.

3. MeTannunyeckuit TaHTan no n.1, oTAMYaLWUNCH TEM, YTO SABMSETCS MO MeHbLUEen Mepe
YaCTUYHO NEPEKPUCTANIN3OBaHHbIM.

4. MeTannuyecknii TaHTan no n.1, oTnuyaloLWmica Tem, 4To ABNAETCA
nepekpucTannuaoBaHHbIM Ha 98% vnn 6onee.

5. MeTannunyeckui TaHTan no n.1, oTAMYaLWUNCH TeM, YTO SABMSETCS
nepekpuctannusoBaHHbiM Ha 80% wnu 6onee.

6. MeTannnyeckui TaHTan no n.1, OTANYaLWUNCH TEM, YTO UMEeET TEKCTYpPY, OIS KOTOPOW
a) (100) nontocHas urypa uMeeT MHTEHCUBHOCTb LIEHTParibHOro nuka meHee okono 15 paHaowm,
nnu b) norapndm oTHoLEeHUss nHTeHcmBHocTen (111):(100) ueHTpanbHOro nNuka coctaenseT
bonee okono -4,0, unu ¢) u To, N apyroe.

7. MeTtannunuyeckuin TaHTan no n.6, oTNnYaroLnnca TeM, YTO MHTEHCUBHOCTb LIEHTPanbHOro
nuka coctaenseT oT okono 0 paHaom o okono 15 paHgoMm.

8. MeTannunyeckuii TaHTan no n.6, OTANYarLWKUICA TeM, YTO MHTEHCUBHOCTb LIEHTPasibHOro
nuka coctaenseT oT okono 0 paHaom o okono 10 paHgoMm.

9. MeTannuyeckuii TaHTan no n.6, oTnnyarLwmiica Tem, YTO norapnudm ykasaHHOro
OTHOLUeHns cocTaBnsaeT oT okono -4,0 go okono 15.

10. MeTannu4yecknin TaHTan no n.6, oTNU4arLLMnca TeM, YTO fiorapudm ykasaHHOro
OTHOLLEHNS coCcTaBnsaeT OT okono -1,5 0o okono 7.

11. MeTannuyecknin TaHTan no n.6, oTNNYaLWKUINCA TEM, YTO MHTEHCUBHOCTb LeHTpanbHOro
nuka coctaensaeT ot okono 0 paHgoM Ao okono 15 paHooM v norapudm ykasaHHOro OTHOLLEHUS
cocTtasnseT oT okono -4,0 oo okorno 15.

12. MeTtannuyeckuin TaHTan no n.1, oTnUYarLWuncsa Tem, 4To umeeT YnMcToTy oT 99,995% o
okorno 99,999%.

13. MeTannuyeckuin TaHTan no n.1, oTnu4arLWminca TeM, YTO UMEET NPENMYLLECTBEHHO
TOHKYO 1 OOHOPOAHYI0 MUKPOCTPYKTYPY.

14. MeTannuyeckuin TaHTan no n.1, oTAN4aroLWKNNca TemM, YTO UMEET CPeaHUI pa3mMep 3epHa
oT okosio 25 no okono 150 MKm.

15. MeTannu4yecknin TaHTan no n.14, oTnu4aLWmMiica TeM, YTO UMEET CPedHNn pa3mep 3epHa
oT okosio 25 no okono 100 MKMm.

16. MeTannuyecknin TaHTan no n.15, oTnuyarLWmMca Tem, YTo UMeEET cpeaHU pa3Mep 3epHa
OT OKOJ10 25 10 OKOMo 75 MKM.

17. MeTtannu4yeckunin TaHTan no n.1, oTnu4arLwminca Tem, YTO UMEET CpeaHUn pasmep 3epeH
okono 50 MKM Unu meHee.

18. MeTannuyeckuin TaHTan, oTNUYAKLMIACA TEM, YTO UMEET a) CPeHUN pa3Mep 3epeH OKOMNOo
50 MkM nnu meHee, unu b) Tekctypy, aAna kotopon (100) nontocHas durypa nmeet
WHTEHCUBHOCTb LIEHTPanbHOro Nuka, paBHY UMM MEHbLUYO, YeM oKono 15 paHooM, unm c)
TEKCTYpY, AN KOTOpOK norapnm oTHoweHnst nHteHcnsHocten (111):(100) ueHTpanbHoro nuka
cocTtaBnset 6onee okosno -4,0, UnNn coyeTaHusa aTUX NPU3HaKoB a), b) u c).

19. MeTannuyecknin TaHTan no n.18, oTnuyarLWmMinca Tem, YTO UMeEeT cpeaHU pa3Mep 3epHa
OT okoJ1o 25 go okono 50 MKM.

20. MeTannu4yecknin TaHTan no n.18, oTnuyaroLwmica Tem, 4To norapudm OTHOLLEHUSA
MHTeHcmBHocTel (111):(100) ueHTpanbHOro NMKa cocTaenseT oT okono -4,0 oo okono 15.

21. MeTtannuyecknin TaHTan no n.20, oTnu4aroLWwmincsa Tem, 4To norapudm ykazaHHOro
OTHOLLEHNS cOCTaBnAaeT oT okono -1,5 oo okono 7.

22. MeTannu4yecknii TaHTan no n.18, oTnnyalowminca Tem, YTO MMEET YNCTOTY MO MEHbLLEN
mepe 99,995%.

23. MeTannu4yecknii TaHTan no n.18, oTnnyaloLwmincsa Tem, YTO UMEET YNCTOTY MO MEHbLLEN
mMepe 99,999%.

24. MeTtannudecknin TaHTan no n.18, otnuyaroLwminca Tem, YTo ABNAETCA NOMHOCTLIO
nepekpucTansin3oBaHHbIM.

25. MeTannuyeckuin TaHTan no n.22, oTNn4aoLWmincsa TeM, YTO ABNAETCA NOSTHOCTLIO
nepekpucTanim3oBaHHbIM.
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26. MeTannu4yecknin TaHTan no n.23, oTnNu4arLLmMnca TeM, YTO ABNAETCA NOMHOCTLIO
nepekpucTanim3oBaHHbIM.

27. MeTannuyeckuit TaHTan no n.18, oTnn4aroWmnnca Tem, 4YTo ABsEeTCA
nepekpuctannusoBaHHblM Ha 80% wnu 6onee.

28. MeTannuyeckuin TaHTan no n.18, oTnu4arLWKUNca TeM, YTO MHTEHCUBHOCTb LeHTPanbHOro
nuka coctaenseT oT okono 0 paHaom o okono 15 paHgom.

29. MeTannu4yeckuii TaHTarn, oTNn4aoLWminca Tem, 4TO UMEET YUCTOTY MO MeHbLLEN Mepe
okoro 99,995%, cpeaHuii pasmep 3epeH okono 150 MUKPOH MM MeHee U OQHOPOAHYHO
nepBuYHYyIO TEKCTYpY (111) NO BCeW CBOEN TOSMLUUHE.

30. MeTannunyeckuii TaHTan no n.29, oTANYalLWMIUCA TeM, YTO SABMSETCHA MNOMHOCTLIO
nepekpucTansim3oBaHHbIM.

31. MeTannunyeckuii TaHTan no n.29, oTNMYalrLWUnCcs TeM, YTO SBMSIETCS MO MeHbLUEn Mepe
YaCTUYHO NEPEKPUCTANIU3OBaAHHbIM.

32. MeTannunyeckuii TaHTan no n.29, oTAMYalLWUnes TeMm, YTO sBRSETCS
nepekpucTannu3oBaHHbIM Ha 98% vnn 6onee.

33. MeTannunyeckuii TaHTan no n.29, oTAMYalLUNCs TeM, YTO SABRSETCS
nepekpucTannuaoBaHHbIM Ha 80% vnn 6onee.

34. MeTannunyeckuii TaHTan no n.29, oTnMyarLWuncs Tem, YTo nmeeT YncToTty ot 99,995% oo
okono 99,999%.

35. MeTannuyeckuii TaHTasn, OTNnYalLWKMINCa TeM, YTO UMEET CpeaHuii pasMmep 3epeH OKOMNo
75 MKM uUnu meHee n cogepXnt okono 50 Y./MIH UM MeHee MeTannuM4yeckmx npumecen.

36. MeTannunyeckuii TaHTan no n.35, oTAMYalLWKUnCs TeM, YTO Takke coaepuT 50 4./mMnH
unu meHee O,, unu 25 4./mnH unu mexee N,, unu 25 4./MnH nnNn meHee yrnepoga, Unm nux
KOMBUHaUmK.

37. MeTannunyeckuii TaHTan no n.35, oTnMyarLWwuncs Tem, 4to cogepxmt 10 4/MnH nnu meHee
MeTannuM4yecknx npumMecen.

38. MeTannuyeckuii TaHTan no n.37, oTAMYaloLWMIACs TeM, YTO Takke cogeput 50 Y./mMrH
unu meHee O,, unu 25 4./mnH unu mexee N,, unu 25 4./MnH nnNn meHee yrnepoaa, Unm nux
KOMBUHaUmK.

39. MeTannunyeckuii TaHTan no n.35 oTnMyarLWKncs TeM, YTO UMEET CPeaHUI pa3mep 3epeH
okorno 50 MKM unu MeHee.

40. MeTannuyecknin TaHTan no n.35, oTnuyarLWwmnca TemM, YTO UMeEET cpeaHuin pa3amep 3epeH
OT OKOMo 25 MKM 10 OKOMNO 75 MKM.

41. MeTannuyeckuin TaHTan no n.35, oTnU4aLWMincsa TeM, YTO ABNAETCSA NOSTHOCTLIO
nepekpucTansim3oBaHHbIM.

42. MeTannuyecknii TaHTan no n.35, oTNNYalLWMNCca TeM, YTO ABMNSETCA NO MEHbLUEN Mepe
YaCTUYHO NEepPeKPUCTaNIU3OBaHHbIM.

43. MeTannuyecknii TaHTan no n.35, oTnn4aoLWmMica TeM, 4TO ABNAETCA
nepekpucTannusoBaHHbiM Ha 98% unu 6onee.

44, MeTannuyeckui TaHTan no n.35, oTnn4aroLWKnInca Tem, 4YTo ABMSETCA
nepekpucTannuaoBaHHbiM Ha 80% vnn 6onee.

45. MeTannuyeckuin TaHTan no n.35, oTNUYaoLWMIiCca TEM, YTO MMEET TEKCTYPY, ANs1 KOTOPOW
a) (100) nontocHas urypa uMeeT MHTEHCUBHOCTb LIEHTParibHOro nuka meHee okono 15 paHaowm,
unu b) norapudm oTHoLEeHUA UHTeHcuBHocTel (111):(100) yeHTpanbHOro NMKa coctTaenseT
bonee okono -4,0, unu ¢) u To, N apyroe.

46. MeTannuyeckuin TaHTan no n.45, otnuyarLWwmincsa Tem, YTO UHTEHCUBHOCTb LiEHTParbHOro
nuka coctaensaeT ot okono 0 paHgoM A0 MeHee 4YeM okoro 15 paHaom.

47. MeTannuyeckuin TaHTan no n.45, oTnuyarLWwminca TeM, YTO MHTEHCUBHOCTb LeHTPanbHOro
nuka coctaenseT oT okono 0 paHaom o okono 10 paHgoMm.

48. MeTannu4yecknin TaHTan no n.45, oTnnyarLLmMinca Tem, 4To norapudm ykazaHHOro
OTHOLLEeHNa cocTaBnseT oT 6onee yem okono 0 go okono 15.

49. MeTannuyecknin TaHTan no n.45, oTnuyaroLWmMica Tem, 4To norapudm ykazaHHOro
OTHOLLEHNS cocTaBnseT oT okono 11,5 oo okono 7.
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50. MeTannunyeckuii TaHTan no n.45, OTANYaKLWMIACA TEM, YTO MHTEHCUBHOCTbL LeHTparbHOro
nuka coctaenseT oT okorno 0 paHaoM OO MeHee YeM oKoro 15 paHAoM u norapndm ykasaHHOro
OTHOLLIEHNS cOCTaBnsieT oT 6onee Yyem okono -4,0 oo okono 15.

51. MeTannunyeckuii cnnae, OTNINYAIOLLMIACA TEM, YTO COAEPKNUT METANMNYECKUIA TaHTan no
nobomy n3 nn.1, 3 n 6.

52. MuwleHb Ansa pacnbifieHns, OTNMYarLWwanca TeM, YTO COAEpXKUT MeTannnM4yecknin TaHTan
nwobomy n3 nn.1, 3, 6,18, 29 n 35.

53. KongeHcaTtop, oTnn4aoLwunes Tem, YTo COAEPKUT MeTannM4yeckmin TaHTan no nobomy 13
nn.1, 3,6, 18, 29 n 35.

54. Cnovi pe3ncTUBHOM NIEHKX, OTNIMYAIOLNINCS TEM, YTO COAEPKMT METaNINYeCKMin TaHTan
no nobomy u3 nn.1, 3, 6, 18, 29 n 35.

55. N3penve, oTnnyatoLleecs TeM, YTO COAEPXKUT MeTannmyeckuin TaHtan no nioéomy 13 nn.1,
3,6, 18,29 un 35.

56. Cnocob nony4yeHnss MeTanMyeckoro TaHTana, MMeLLEro YACTOTY N0 MEHbLUENn Mepe
okoro 99,995% un cpeaHuii pasmep 3epeH okono 150 MkM nnn meHee, BKNOYaoLWmin B cebs
B3anMOAeNCTBME coaepKaller TaHTan conun ¢ N0 MeHbLUer Mepe O4HUM areHTOM, CMOCOGHbBIM
BOCCTaHaBfMBaTb COJSb 40 TaHTarna 1 BTOPOW COMU, B PEaKLMOHHOW EMKOCTU, UMEIOLLIEN
MeLlarnky, OTNMYaLWMneca Tem, YTO peakUMOHHasa eMKOCTb Unu yTepoBka peakumoHHON
€MKOCTU 1 MeLlarnka unun ytepoBka MeLlanky n3rotoBreHbl U3 MeTannn4eckoro matepuvana,
MMEIOLLIEro Takoe e Kak TaHTan unu 6onee BbICOKOE AaBneHve napa npy Temneparype
nnaesneHus TaHTana, a cogepxallas TaHTan conb uMmeeT cymmapHoe cogepxaHue Nb, Mo n W
mMeHee okorno 10 Y./MnH.

57. Cnocob no n.56, oTnuyarowunecs Tem, YTo CoOAepKallas TaHTan cofb COaepXuUT
Kanuindptopua TaHTana, a areHT COAEPXUT HaTPUA.

58. Cnocob no n.57, oTnnyaroLwuines Tem, YTo BTOpas Cofb COOAEPXMT ddTopua HaTpus u/mnm
Xnopua HaTpus.

59. Cnocob no n.56, oTnuyaroLwuncs Tem, YTo Nepes peakuuen BOCCTaHOBNEHUST coaepxallen
TaHTan conv NpoBoAAT MOMy4YeHne KUCNOTHOro pacTBopa, COAepXalLlero TaHTan u npuMmecu,
oTaeneHne B rpagueHTe nroTHOCTU KUCNOTHOMO pacTBopa, coaepallero TaHTan, ot
KMCNOTHOro pacTBopa, coaepxallero apyrme npuMecu, U Kpuctannusaumio cogepxallero TaHran
KMCNOTHOro pacteopa Anst 0bpa3oBaHusa cogepallern TaHTan conu.

60. Crnocob no n.59, oTnuyaroLwunecsa Tem, YTo TaHTan 1 NpUMEecK NpeacTaBnAlT cobon
pa3MonoTyto pyay, COAEpXaLlyto TaHTan 1 NpUMecH.

61. Cnoco® no n.59, oTnnyaroLWunncs Tem, YTO KUCNOTHbIA pacTBOp, CoaepXaLlmii TaHTan u
npymMmecu, obpasyoT CMeLLEHNEM pacTBOpa KUCMOTbI C pa3MOnoTon pyaon, CoaepXallen TaHTarn.

62. Crnocob no n.56, oTnuyaroLwunecs Tem, YTO peakLmMio BOCCTAHOBMEHUS BEAYT Npu
Temnepatype oT okono 800°C o okono 1100°C npu nepemeLLmMBaHuu.

63. Cnocob no n.56, oTnMyaroLWwuncs Tem, YTO peakuMoHHas eMKOCTb Uin ee pyTepoBKka 1
MeLlanka unu dyTepoBka MeLlanku N3roToBneHbl Ha OCHOBE MeTarnna, BbIbpaHHOro 13 rpynnol,
BKIOYaroLen B cebs HUKenb, XpoMm, Xeneso, MapraHey, TUTaH, UMPKOHWIA, racdoHUin, BaHagauWin,
TEXHeUNn, pyTeHWiA, kobanbT, poaui, nannaguin, nnaTuHy unm noboe nx codetTaHue.

64. Cnoco6 no n.63, oTnMyarLWuncs Tem, YTO MeTarnoM ABMNAETCA HUKENb UK CnaB Ha
OCHOBE HUKens.

65. Cnocob no n.63, oTnuyaroLwunecs Tem, YTo MeTanioM SBNSETCS XpOM UX ChfaB Ha
OCHOBE Xpoma.

66. Cnoco® no n.63, oTnMyaroLWwunincs Tem, YTO MeTanoM ABMSETCH Kernes3o UM Cnras Ha
OCHOBe Xenesa.

67. Cnocob no n.56, oTnMyarLWwuncs Tem, YTo AOMNONHUTENBHO COAEPXKUT N3BMEYEHNE
TaHTana nyTem pacTBOpPEHusi BTOPOW CONmM B BOOHOM pacTBOpE.

68. Cnocob no n.67, oTnMyarLWKUncs TeM, YTO AOMNONHUTENBHO COAEPXKMUT MraBreHne
YKa3aHHOro U3BneYeHHOro TaHTana B 4OCTaTOMHOM BakyyMe ANs yAaneHus npakTuyeckn nobbix
NPUCYTCTBYIOLLMX NPUMECEN U3 U3BMNEYEHHOrO TaHTana u Nofny4yeHus BbICOKOYMCTOro TaHTana.

69. Cnoco6 no n.68, oTNNYAIOLLWIACS TeM, YTO BakyyMm coctasnseT 10 mMm pT. cT. unu Gonee.
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70. Cnocob no n.68, oTnnyalrLWwunncs Tem, YTo AaBrieHNe Hag pacnnaBoM U3Bfe4YeHHOro
TaHTana Huxe, Yem aBneHe NapoB NPaKTUYECKM BCEX MPUMECEN.

71. Cnocob no n.68, oTnuyaroLwuncs Tem, YTo NpUMeECK yaanstoT ncnapeHmemM npumecen.

72. Cnocob no n.68, oTnuyaroLwunes Tem, YTo NaBfeHUe OCYLLECTBIIAIOT MYTEM 3IIEKTPOHHO-
ny4yeBOW NNaBKMy.

73. Cnocob no n.68, oTnMyaroLwmnca Tem, YTo NraBneHne OCyLLEeCTBAIT BakyyMHO-4YrOBbIM
nepennasomMm.

74. Cnocob no n.68, oTnMyarLWwunncs TeM, YTO BbICOKOUYNMCTOMY TaHTany AatoT BO3MOXHOCTb
3aTBepaeTb M noaeepratoT ero o6paboTke NPOKATKON, UMW LUTAMNOBKOW, UNN U TEM, N APYTUM.

75. Cnocob M3roToBneHUs MULLIEHN AN pacnbifieHUs U3 MeTanIn4eckoro TaHTana, UMeroLL.ero
YUCTOTY NO MeHbLuen mepe 99,995%, oTnMYaloLWMIACs TeM, YTO COAEPXKUT CTaamm, Ha KOTOPbIX a)
MeXaHU4YeCKM UIMM XUMUYECKN OYMLLIAIOT NOBEPXHOCTU METannMYeckoro TaHTana, umetoLLero
O0CTaTOYHYHO HavanbHyH NMnoLaab NonepeYyHoro cedeHns Ans oCyLLeCcTBNeHns ctaauii b) - g);
b) npoBOAAT NNOCKyIO LWITAMMOBKY METanNMYeckoro TaHTana B no MeHbLUein Mepe OdHYy 3aroTOBKY
ONS NpoKaTKU, UMELLYI0 A0CTaTOYHY0 AedhopMaLmio AN AOCTUXEHMS NPaKTUYECKU
OOHOPOAHOW NepekpucTanmMsauumn nocne omkura Ha ctaguu d); ¢) MexaHU4Yecku UM XMMN4ecku
OYMLLAI0T MOBEPXHOCTb YKa3aHHOW NO MeHbLUen Mepe OHOM 3aroToBkM AN npokatku; d)
OTXKUralT YKa3aHHY MO MeHbLLEN Mepe OOHY 3aroTOBKY A51S1 NPOKAaTKM Npu OCTAaTOYHON
Temnepartype 1 B Te4eHue JOCTAaTOYHOIo BpeEMEHU A11S JOCTUKEHUS MO MEHbLUEN Mepe
YaCTUYHOW NepeKkpucTannmn3aLmmn 3aroToBKM ANs NPOKaTKK; €) OCYLLECTBSAOT XONOAHYI0 Unun
ropsiyyro NPoKaTKy yKazaHHOW MO MeHbLUEer Mepe O4HOW 3aroTOBKW A115 NPOKaTKU U B
neprneHaukynapHoMm, 1 B napannenbHOM HanpasrneHUsaX K OCU UCXOAHOro MeTanu4yeckoro
TaHTana ansa opMoBaHus MO MeHbLUEN Mepe OAHON NnacTuHbI; f) BbipaBHUBAKOT yKa3aHHYo No
MeHbLUENn Mepe OHY MNNAacTUHY; g) OTXKUraloT YKa3aHHY0 MO MeHbLUEen Mepe oAHY NNacTUHy Ans
nony4yeHus cpegHero pasMmepa 3epHa, paBHOro UM MeHbLUero, 4em okorio 150 Mk, n
TEKCTYpbl, NpakTuyeckn ceoboaHom oT (100) TEKCTYPHbLIX 30H.

76. Cnocob no n.75, oTnuyaroLwunecs Tem, YTo MeTannmMyeckmii TaHTan MMeeT YUCTOTY Mo
MeHbLuen mepe 99,999%.

77. Cnocob no n.75, oTnn4aoLwmunecsa Tem, YTo NOCKyHo LUTaMMOBKY NPOBOAAT rnocne
BbIAEPXKN MeTannmMyeckoro TaHTana Ha Bo3gyxe B TedeHue No MeHbLUeNn Mepe OKoNo 4 4 npu
TemnepaTtypax B MHTepBare OT TemnepaTtypbl OkpyatoLern cpeabl 0o okono 1200°C.

78. Cnocob no n.75, oTnnyarLWuncs TeM, YTO XONOO4HOM NPOKaTKOM SIBMSIETCA NonepeyHas
npokaTka npu TemnepaType oKpyXaloLlen cpelbl, a ropsavyto NpokaTky NpoBOAAT Npwu
Temnepartypax Hmxke okorno 370°C.

79. Cnoco® no n.75, oTnMyaroLWunes Tem, YTO OTXKUI NNACTUHbI NpeacTaBnseT cobon
BaKyYMHbI OTXXUI Npy TemnepaTtype 1 B TedeHne BpeMeHu, OCTaToOYHbIX A4S TOro, YTobbl
OO0CTNYbL NepeKkpucTannnsaumMm MeTannmMyeckoro TaHTana.

80. Crnocob M3roToBnNEeHUs MULLIEHN ANS pacnbIfieHUs U3 MeTanIM4Yeckoro TaHTana, UMerLL.ero
4YNCTOTY NO MeHbLuen mepe 99,995%, oTnMyalLWmMICs TeM, YTO COOEPXKUT CTaamu, Ha KOTOPbIX a)
MeXaHUYeCKM UIN XUMUYECKN OYMLLIAIOT NOBEPXHOCTU MEeTanNMyeckoro TaHTana, umetoLLero
O0CTaTOYHYH HavanbHyH Nnowagb NonepevyHoro ceveHms Ans ocyLecTBrneHns ctagum b) - i);
b) npoBOAAT KPYroByto LUITAMNOBKY METANMMYECKOro TaHTana B No MeHbLUe Mepe OAMH NPYTOK,
npu4eM ykasaHHbIN N0 MEeHbLUEH Mepe OAMH MPYTOK UMeEeT AOCTaTOuHY0 AedopMaunio Ans
OOCTWXKEHMS NPaKTUYECKM OOHOPOAHONM NepekpmcTannmMaayumn nocne omxkura Ha ctagum d) unm
ctaguum f); ¢) HapesaloT NpPYTOK Ha 3aroTOBKW U MPOBOAAT MEXaHUYECKYIO UMM XUMUYECKYIO
OYNCTKY MOBEPXHOCTEN 3aroToBok; d) B criyyae HeOOXOAMMOCTU OTXKUIaKT 3aroTOBKU A5
OOCTWXKEHMS NO MEHbLUE Mepe YaCTUYHOW NepekpucTannmaayum; e) WTaMnyoT 3aroToBK/ Mo
ocu B nonydabpukatbl; f) B cnydae Heob6xoanmMocTh omxkuratoT nonydabpukaTtel Ang JOCTUXKEHNS
Nno MeHbLUer Mepe YacTUYHOWN NepekpucTannusaumm; g) ocyLLecTBNSAT XONOAHYI0 NpoKaTkKy
nonycdabprkaToB B N0 MEHbLUEN Mepe OgHY NNnacTuHy; h) B crydae HeobxoanmocTun
MEXaHUYECKM UITN XMMUYECKN OUYULLIAIOT NOBEPXHOCTM YKa3aHHOW NO MEHbLUEN Mepe OOHOM
NNacTUHbI; i) OTXXUraloT YKa3aHHY MO MeHbLUEN Mepe OAHY NNacTUHY A58 NonyyYeHus cpegHero
pasmepa 3epHa, paBHOro UMM MeHbLUIero, 4em okono 150 MKM, U TEKCTYpPbI, NPaKTUYECKM
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cBobogHom oT (100) TEKCTYPHBIX 30H, MPY 3TOM OTXKUI MPOBOAST NO MEHbLUEN Mepe Ha cTaguu
d), unu f), nnn Ha obeunx aTux cTtagusix.

81. Cnoco6 no n.80, oTnnyarLWwuncs TeM, YTO MeTanIMYecknuin TaHTan MMeeT YUCTOTY No
MeHbLen mepe 99,999%.

82. Cnocob no n.80, oTnuyaroLwunecs Tem, YTo KPYroByto LUITAMMNOBKY NPOBOAAT Nocne Toro,
Kak MeTannmMyeckuii TaHTan NoABeprHyT BO3aencTBmio Temnepatyp okorno 370°C unm meHee.

83. Cnoco6 no n.80, oTnu4aroLwuncs Tem, YTo NEpPes LUTAaMMNOBKOW 3aroTOBKU OTXXUTatoT.

84. Cnoco6 no n.80, oTnuyarowunecs Tem, YTo Neped XonogHoM npokaTkon nonydadbpukathbl
oTXKUraror.

85. Cnocob no n.80, oTnuyatrowuncs Tem, Yto oTkur nonydgabpukaTtoB npeacrTasnseT cobomn
BaKyyMHbIA OTXWI MNPy AOCTATOYHOW TeMnepaType U B TeYEeHNe JOCTaTOMHOIrO BPEMEHU AN
OOCTWXKEHUS NepekpucTannmaaumn.

86. TaHTanoBbI KOMMOHEHT ANS pacrblfieHUs, OTANYaLWUNCH TEM, YTO UMEET CpeaHUi
pa3mep 3epeH okorno 150 MKM unu meHee 1 0QHOPOAHYHO NepBUYHYIO TekcTypy (111) no Bcen
TOMLWUHE KOMMOHEHTA.

87. TaHTanoBbI KOMAOHEHT AN pacnbifieHns no n.86, oTNMYalLWNnCa Tem, YTo
npeacTtaesnsieT cobon MULLIEHb AN pacnblfieHus!.

88. TaHTanoBbI KOMNOHEHT ANS pacnbiieHnda No nN.86, oTnuyarLWwmncsa Tem, 4To cogepxmnt 50
4./MAH NN MeHee MeTannMYeckux NpuMecen.

89. TaHTanoBbIi KOMMOHEHT 4SS pachblfieHns No N.86, OTNMYaKLWNNCS TEM, YTO Takke
coaepxut 50 4./mMnH nnn meHee O,, nnun 25 4./MnH nnn meHee Ny, unn 25 4./MNH N MeHee
yrnepoga, unm nx komouHaumw.

90. TaHTanoBbIN KOMMOHEHT 4SS pacnblfieHns no n.86, oTnvyalrwnncs Tem, 4to cogepxmt 10
4./MIH NN MeHee MeTannMYeckux NpuMecen.

91. TaHTanoBbI KOMMOHEHT AN pachnbiieHns no n.90, oTIMYyarLWKUnCs TeEM, YTO Takxke
coaepxuT 50 4./mMnH nnn meHee O,, nnun 25 4./mMnH nnn meHee No, unn 25 4./MNH N1 MeHee
yrnepoga, unm nx komouHaumw.

92. TaHTanoBbIi KOMAOHEHT ANSA pachnbIifieHns No N.86, OTNMYaLWNNCA TEM, YTO COAEPXKUT
TaHTan, UMetLLmMi YNCTOTY No MeHbLuer Mepe 99,50%.

93. TaHTanoBbIi KOMMOHEHT ANSA pachbifieHns No N.86, OTNMYaLWNACA TEM, YTO COOEPXKUT
TaHTan, UMetLLMIi YNCTOTY No MeHbLuer Mepe 99,99%.

94. TaHTanoBbIi KOMMOHEHT ANSA pachbifieHns No N.86, OTNMYaLWNACA TEM, YTO COOEPXKUT
TaHTan, UMetoLLmMin YUCTOTY NO MeHbLuer Mepe 99,995%.

95. TaHTanoBbIi KOMMOHEHT ANSA pachbifieHns No N.86, OTNMYaLWNACA TEM, YTO COOEPXKUT
TaHTan, MMeKLNn YNCTOTY No MeHbLlien mepe 99,999%.

96. TaHTanoBbIi KOMAOHEHT ANSA pacnbifieHns No N.86, oTNMYaLWNNCA TEM, YTO UMeET
ynctoTy ot 99,995% no okono 99,999%.

97. TaHTanoBbli KOMMOHEHT AN pachnblfieHns No N.86, oTNMYyalLWNnCa TeM, YTO ABMSIETCS
MOMHOCTLIO NEPEKPUCTANIIM30BAHHbIM.

98. TaHTanoBbI KOMMOHEHT ANS pacrbifieHys no nN.86, oTnMyalLWnncs Tem, 4YTo SBnsieTcs no
MEHbLLEN MepEe YaCTUYHO NePEKPUCTANN30BaHHbIM.

99. TaHTanoBbIi KOMMOHEHT ANSA pachbifieHns No N.86, OTNMYalLWNNCa TEM, YTO ABMSIeTCS
nepekpucTannuaoBaHHbIM Ha 98% vnn 6onee.

100. TaHTanoBbLIN KOMNOHEHT Ar1s pacnblfeHns no n.86, OTNMYaLWUNCs TeM, YTO SABMSETCs
nepekpucTannuaoBaHHbIM Ha 80% vnn 6onee.

101. TaHTanoBbLIN KOMNOHEHT 41151 pacnblfieHns No n.86, OTAMYaloLWKUInCs TeM, 4YTO
OOMOMHUTENBHO COAEPXKUT ONOPHY NANTY.

102. TaHTanoBbLIN KOMNOHEHT A5 pacnblneHns no n.86, oTNnYaroLWunes TeM, YTO yKasaHHbIN
cpefHuin pasMmep 3epeH COCTaBnsieT OKoNno 50 MKM nnu meHee.

103. TaHTanoBbLIN KOMNOHEHT 41151 pacnblfieHns no n.86, oTNMYaroLWKnncs TeM, YTO yKasaHHbIN
cpedHuin pasmep 3epeH CoCTaBNsAeT OT OKOMo 25 Ao okono 50 MKM.

104. TaHTanoBbLIN KOMNOHEHT A5 pacnblneHns no n.86, oTNnYaroLWunes TeM, YTO yKasaHHbIN
cpeaHuin pasamep 3epeH CoCTaBnNsAeT OKoMNo 125 MKM nnn meHee.
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105. TaHTanoBbLIN KOMNOHEHT A51s pacnblneHns no n.86, oTNnYarLWunes Tem, YTO yKasaHHbIN
cpefHuin pasmep 3epeH coctasnseT okono 100 MkM nnu meHee.

106. TaHTanoBbLIN KOMNOHEHT Ans pacnbineHnsa no n.105, oTnnyaloLwminca Tem, YTO COOEePXUT
TaHTan, UMetLLmMi YNCTOTY No MeHbLuer Mepe 99,50%.

107. TaHTanoBbLIN KOMNOHEHT Ans pacnbineHnsa no n.105, oTnnyaloLwminca Tem, YTO COOEPXUT
TaHTan, MMeKLNN YNCTOTY No MeHblien mepe 99,99%.

108. TaHTanoOBbLIN KOMNOHEHT ANs pacnblneHna no N.105, oTnnyaloLWwmiica TeM, YTO COLEPXKUT
TaHTan, MMeLNN YNCTOTY No MeHblien mepe 99,995%.

109. TaHTanoBbIN KOMNOHEHT ANs pacnbineHna no N.105, oTAnyaloLWwmiica TeM, YTO COLEPKUT
TaHTan, MMeLNn YNCTOTY No MeHblien mepe 99,999%.

110. TaHTanoBbLIN KOMNOHEHT Ans pacnbineHns no n.105, oTAnyarLWwunes Tem, 4YTo ABnseTcs
NOMHOCTLIO NEPEKPUCTaNIM30BaHHbIM.

111. TaHTanoBbLIN KOMNOHEHT Ans pacnblineHns no n.105, oTAnYarLWunes Tem, 4YTo ABnseTcs
No MeHbLUEe Mepe YaCTUYHO NepPeKpUCTanM3oBaHHbIM.

112. TaHTanoBbLIN KOMNOHEHT Ans pacnblineHns no n.105, oTAnyarLWwunes Tem, 4YTo ABnseTcs
nepekpucTannusoBaHHbiM Ha 98% unu Gonee.

113. TaHTanoBbLIN KOMNOHEHT ANs pacnblneHns no n.105, oTAnyarLWwuncs Tem, 4YTo sBRsIETCS
nepekpucTannuaoBaHHbIM Ha 80% vnn 6onee.

114. TaHTanoBbLIN KOMNOHEHT ANs pacnblineHns rno n.105, oTnMyalLwunes Tem, 4To nmeeT
ynctoty ot 99,995% [0 okono 99,999%.

115. TaHTanoBbIN KOMNOHEHT ANsi pacnblfneHns no n.105, oTnnyarowunes Tem, 4to
OOMOMHUTENBHO COAEPXKUT ONOPHYIO NANTY.

116. TaHTanoBbLIN KOMMNOHEHT AM1s1 pacnblfieHNd, OTNNYaOLWLMIACA TEM, YTO UMEET OAHOPOAHYHO
nepBuYHYIO TEKCTYpY (111) NO BCEN TONLUHE KOMMOHEHTA.

117. TaHTanoBbLIN KOMNOHEHT AN1s1 pacnblfeHns no n.116, oTnnyarLWwuncs Tem, 4YTo
npeacraenseT cobon MULLIEHb AN pacnblfeHus.

118. TaHTanoBbLIN KOMNOHEHT Ans pacnbineHnsa no n.116, oTnnyaloLwminca Tem, YTO COAEPXUT
TaHTan, UMeLLMIi YNCTOTY MO MeHbLuer mepe 99,50%.

119. TaHTanoBbIN KOMNOHEHT ANs pacnblfeHnsa no N.116, oTnnyaloLWwmiica TeM, YTO COLEPXKUT
TaHTan, UMetLLMIi YNCTOTY No MeHbLuer Mepe 99,99%.

120. TaHTanoBbLIN KOMNOHEHT Ans pacnblineHnsa no n.116, oTnnyaloLwminca Tem, YTO COAEPXUT
TaHTan, UMeLLMIA YNCTOTY NO MeHbLuen mepe 99,995%.

121. TaHTanoBbIi KOMMOHEHT A8 pacnbifeHrs No n.11 6, oTANYaKLWNIACA TEM, YTO COOEPXKUT
TaHTan, UMetoLLmMin YUCTOTY NO MeHbLuer Mepe 99,999%.

122. TaHTanoBbLIN KOMNOHEHT A51s pacnbineHns no n.116, oTAnyarLWunes Tem, 4YTo ABnseTcs
MOMHOCTLIO NEPEKPUCTANITM30OBAHHbBIM.

123. TaHTanoBbIN KOMNOHEHT 41151 pacnblfeHns no n.116, oTAnyarLWwuncs Tem, 4YTo
OOMOMHUTENBHO COAEPXKUT ONOPHYO NANTY.

124. TaHTanNoBbIN KOMNOHEHT AM151 pacnblfieHNs, OTANYAOLWMIACA TEM, YTO UMEET CpeaHNin
pasmMep 3epeH OKOMo 75 MKM Unn MeHee 1 OQHOPOAHYI0 CMeLlaHHyo TekcTypy (111) no Bcen
CBO€W TOMLWMHe, npakTnyeckn ceoboaHyto ot (100) TEKCTYPHbLIX 30H.

125. TaHTanoBbIN KOMNOHEHT 41151 pacnblfeHns no n.124, oTnnyaroLwunines Tem, 4to
npeacraenseT cobon MULLEHb AN pacnblieHus.

126. TaHTanoBbIN KOMNOHEHT ANs pacnblfieHnsa nNo N.124, oTAn4yaloWwmica TeM, YTO COLEPXKNUT
TaHTan, UMeLLMIi YNCTOTY No MeHbLuen mepe 99,50%.

127. TaHTanoBbIN KOMNOHEHT ANs pacnblfieHnsa nNo N.124, oTAn4alowmica TeM, YTO COLEPXKNUT
TaHTan, UMetLLMIi YNCTOTY No MeHbLuer Mmepe 99,99%.

128. TaHTanoBbLIN KOMNOHEHT AN pacnblifneHnsa no n.124, oTnnyaloLwminca Tem, YTO COAEPXUT
TaHTan, UMeLLMIiA YNCTOTY NO MeHbLuen mepe 99,995%.

129. TaHTanoBbLIN KOMNOHEHT AN pacnblifneHnsa no n.124, oTnnyaloLwminca Tem, YTO COAEPXUT
TaHTan, UMetoLLmMin YNCTOTY NO MeHbLuer Mepe 99,999%.

130. TaHTanoBbLIN KOMNOHEHT 41151 pacnblfeHns No n.124, oTAnYarLWUnecs Tem, 4YTO sBRSETCS
MOMHOCTLIO NEPEKPUCTANITM3OBAHHbBIM.
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131. TaHTanoBbI KOMMNOHEHT AN pacnblfieHns no n.124,
Mo MEHbLLEN Mepe YaCTUYHO NepeKPUCTaNM30BaHHbIM.

132. TaHTanoBbI KOMMNOHEHT ANs pachnblfieHns no n.124,
nepekpucTannusoBaHHbiM Ha 98% wnu 6onee.

133. TaHTanoBbI KOMMNOHEHT A5 pacnblfieHns no n.124,
nepekpucTannuaoBaHHbIM Ha 80% vnn 6onee.

134. TaHTanNOBbLIN KOMNOHEHT AN pacnblfieHnsa no n.124,

OTJ'IVI‘-IaI-OLLl'VIVICFI TEM, YTO ABNAETCA
OTJ'IVI‘-IaI-OLLl'VIVICFI TEM, UYTO ABNAETCA
OTJ'IVI‘-IaI-OLLl'VIVICFI TEM, YTO ABNAETCA

OTﬂVI‘-IaPOU.I,VIVICFI TEM, 4YTO yKa3aHHbIl7I

cpefHuin pasMep 3epeH COCTaBnsieET OKONo 50 MKM U meHee.

135. TaHTanoBbIN KOMNOHEHT ANs pachnblfeHnsa no n.124,

OTﬂVI‘-IaPOU.I,VIVICFI TEM, 4TO yKa3aHHbIl7I

cpefHuin pasMep 3epeH COCTaBsSIET OT OKoso 25 oo okono 50 MKMm.

136. TaHTanoBbI KOMMNOHEHT AN pachnblfieHns no n.124,
OOMNOSNTHUTENBbHO COAEPXKNUT OMOPHYIO NIINTY.

OTNNYaoWKICAa TeM, UTO

137. TaHTanoBbLIN KOMNOHEHT A5151 pacrnblfieHNs, OTNNYaLWMIACA TEM, YTO UMEET CMELUaHHYH0
TekcTypy (111)-Tvna no Bcer cBoen ToNLMHe, NpakTuieckn cBobogHyto oT (100) TEKCTYPHBIX 30H.

138. TaHTanoBbI KOMMNOHEHT AN pacnbineHus no n.137,
npeacTaensieT coboi MULLIEHb AN pacrnblfieHus.

139. TaHTanoBbIN KOMNOHEHT AN pacnbineHna no n.137,
cpenHuin pasmep 3epeH okono 150 MKkM unm meHee.

140. TaHTanoBbI KOMMNOHEHT AN pacnbiieHus no n.137,
cpenHuin pasmep 3epeH ot okosrio 100 MKM nnun meHee.

141. TaHTanoBbIN KOMNOHEHT Ans pacnblnenna no n.137,
cpeaHuin pasmep 3epeH okorio 50 MKM unm meHee.

142. TaHTanoBbLIN KOMNOHEHT Ans pacnbineHnsa no n.137,
TaHTan, UMetLLMIi YNCTOTY No MeHbLuer Mepe 99,50%.

143. TaHTanNoBbLIN KOMNOHEHT ANs pacnblneHna no n.137,
TaHTan, UMetLLMi YNCTOTY No MeHbLuer Mepe 99,99%.

144. TaHTanoBbLIN KOMNOHEHT Ans pacnbineHna no n.137,
TaHTan, UMeLLMIA YNCTOTY NO MeHbLuen mepe 99,995%.

145. TaHTanNoBbLIN KOMNOHEHT AnNs pacnblneHna no n.137,
TaHTan, UMetoLLmMin YUCTOTY NO MeHbLuer Mepe 99,999%.

146. TaHTanoBbI KOMMNOHEHT AN pacnbineHus no n.137,
NOJTHOCTLIO NEPEKPUCTANIIN30BaHHbIM.

147. TaHTanoBbLIN KOMNOHEHT Ans pacnbineHnsa no n.137,
No MEHbLUEN Mepe YaCTUYHO NePEKPUCTaNN30BaHHbIM.

148. TaHTanoBbI KOMMNOHEHT AN pacnbineHus no n.137,
nepekpucTannndoBaHHbIM Ha 98% vnn 6onee.

149. TaHTanNoOBbLIN KOMNOHEHT ANs pacnblneHna no n.137,
nepekpucTannuaoBaHHbIM Ha 80% vnn 6onee.

150. TaHTanoBbLIN KOMNOHEHT ANs pacnblneHna no n.137,
OOMOMHUTENBHO COAEPXKUT ONOPHYI0 NANTY.

OTNNYaloLWKICAa TeM, UTO
OTNMYaLUNINCH TEM, YTO NMeeT
OTNUYaKrLWmincsa Tem, 4To MMeeT
OTNMYaLUNINCH TEM, YTO NMeeT
OTNNYaOLWMIACA TEM, UTO COOEPKNT
OTNMYaKLNIACH TEM, YTO COOEPXKMNT
OTNNYaOLWMIACA TEM, UTO COOEPKNT
OTNMYaKLNINCS TEM, YTO COOEPXKMNT
OTNNYaloLWKIACA TEM, YTO ABNSIETCA
OTNNYaloLWKIACA TEM, UTO ABNSIETCA
OTNNYaloLWKIACA TEM, YTO ABNSIETCA
OTNMYaKLUINCS TEM, YTO SABNSETCS

OTﬂVIHaPOU.I,MVICFI TEM, 4YTO

151. HaHeceHHaqa pacnbineHneM nreHka U3 TaHtana, nonyyeHHasa nytemM pacnblineHns
TaHTanoBOro KOMMOHEHTa ANA pacnbineHns no ndomy 13 nn.86, 116, 124 n 137.

152. Cnocob M3roToBrneHUs TaHTanoBOro KOMNOHEHTa AN pacnbINeHns U3 MeTanm4eckoro
TaHTana, OTNMYyarLWMINCa TeM, YTO COAEPXKUT CTaaumM, Ha KOTOPbIX a) MEXaHUYECKU Unn
XUMUYECKN OYMLLAI0T MOBEPXHOCTU METaNNMYeckoro TaHTana, UMerLLLero 4oCTaTouHyto
Ha4anbHy0 Nowanb NoNepeyvyHoro ceveHns ang ocyLecTBneHna ctagui b) - g); b) nposogar
NNOCKYI0 LUTAaMNOBKY MeTanMyeckoro TaHTana B no MeHbllen Mepe OfHY 3aroToBKy Ang
NpoKaTKW, UMEIOLLYHO OCTaTOuHY0 AedopMaumio A4S JOCTUKEHUS MPaKTUYECKN OQHOPOLHON
nepekpucTannusaumm nocne omkura Ha ctagum d); €) MexaHN4YeCcKn Unmnm XMMUYECKN OUnNLLaT
NMOBEPXHOCTb YKa3aHHOW MO MEHbLUEN Mepe OOHOW 3aroTOBKU AN1S NPOKaTKK; d) oTXuraroT
yKa3saHHy0 N0 MeHbLUEe Mepe OOHY 3aroTOBKY A515 NPOKaTKW Npu JOCTaTOYHON TemnepaType U B
TeyeHue JOCTaTOMHOro BpeMeHU Ans AOCTMXKEHUSA MO MEHbLUEW Mepe YacTUYHOWN
nepekpucTannnsaumm 3arotToBkn Angd NpoKaTku; €) OCYLLECTBSIT XONOLHYH UM ropaYyHo
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NpokKaTKy yKazaHHOW MO MeHbLUEN Mepe O4HOW 3aroTOBKU A115 NPOKATKM U B NEPNEeHOUKYINSAPHOM,
1 B NapannenbHOM HanpaBneHnsix K OCM MCXOOHOro MEeTannmMyeckoro TaHtana ang opmMoBaHus
Mo MeHbLUEr Mepe 04HON NnacTuHbl; f) BbipaBHMBAIOT YKa3aHHY MO MeHbLLEN Mepe OaHy
NNacTuHy; g) OTKUralT YKasaHHY0 MO MeHbLUEW Mepe OAHY NracTUHY ANs NonyyYyeHus cpegHero
pa3mepa 3epHa, paBHOro UM MeHbLLero, 4em okorio 150 MKM, U TEKCTYpbl, NPakTU4eCcKn
csoboaHom ot (100) TEKCTYPHbIX 30H.

153. Cnocob no n.152, oTnu4aowunes Tem, YTo yKkasaHHbIA TaHTaNoBbIA KOMMOHEHT A1s
pacnbifieHns npeacTaBnsieT cobon MULLEHb AN pacnbifieHus!.

154. Cnoco® no n.152, oTnu4yalowunecs Tem, YTo METaNNMYECKUIA TaHTan MMEET YNCTOTY Mo
MeHbLuen mepe 99,50%.

155. Cnocob no n.152, oTnnyarowminca Tem, YTo NOCKYHO LWTaMMOBKY NPOBOAAT nocne
BbIAEPXKN MeTannmMyeckoro TaHTana Ha Bo3gyxe B TedeHue No MeHbLUen Mepe OKono 4 4 npu
TemnepaTtypax B MHTepBare OT TemnepaTtypbl okpyatoLer cpeabl 0o okono 1200°C.

156. Cnocob no n.152, oTnuyarowunecs Tem, YTo XONOAHON NPOKATKOW ABNAETCS nonepeyHas
npokaTka Npu TemMmnepaType OKpyXaloLlen cpelbl, a ropsvyto NpokaTky NPoBOAST Npwu
Temnepartypax meHee okono 370°C.

157. Cnocob no n.152, otnnyatowmincs Tem, 4TO OTXKUM NITACTMHBLI NpeacTaBnsaeT cobon
BaKyyMHbI/i OTXXWUI Npy TemnepaType U B Te4eHNe BPEMEHU, AOCTaTOHbIX AMsi TOro, YTobbl
OO0CTUYb NepekpucTannmnsalmMm MeTannmyeckoro TaHTana.

158. Cnocob no n.152, oTnuyaroLwmica Tem, YTO yKasaHHbIA MeTannmMyecknii TaHTan
HaxoauTcs B CNUTKE.

159. Cnocob no n.152, oTnnyarownincs Tem, YTo ykasaHHbIi MeTannnyeckuin TaHTan
HaxoguTcsa B CNNTKE HOMUHanNbHoro gnameTpa 30,5 cm.

160. Cnocob n3roToBneHMs KOMNOHEHTa ANd pacnblfieHUs N3 MeTanaMyeckoro TaHTana,
OTNNYAKLLNIACA TEM, YTO COOEPXKUT CTaauUN, HA KOTOPbIX @) MEXaHNYECKN NN XUMUYECKM
OYMLLAOT NOBEPXHOCTU METaNNMYecKoro TaHTana, MMerLero 4oCTaTouHYH HavarnbHY0
nnowanb NonepeyvyHoro ceveHus Ang ocyLecTBneHnsa ctaguii b) - i); b) npoBogaT kpyrosyro
LITaMMOBKY MeTannmyeckoro TaHTana B no MeHbLLen Mepe OUH NPYTOK, NpUYeM yKasaHHbIN no
MEHbLLEN Mepe OAMH NPYTOK MMeeT AOCTaTOYHY0 AechopMaLmio Anst OCTMKEHUSA NPaKTUYECKn
OLHOPOAHOM NepekpucTannusayumn nocne omkura Ha ctagum d) unu ctagum f); ¢) HapesatoT
MPYTOK HA 3arO0TOBKM M NPOBOAAT MEXaHUYECKYIO UM XUMUYECKYH OYUCTKY MOBEPXHOCTEN
3aroToBok; d) B criydyae HeoBXOAMMOCTU OTXKUIaloT 3aroTOBKM ANS JOCTMXKEHUSA MO MEeHbLUEN
Mepe YacTMYHOWN NepekpucTanmMaaumm; €) LTamnyoT 3aroToBKM No ocu B nonydabpukarsl; f) B
cny4ae HeobxoouUMOCTM OTXKUralT nonydgabprkaTsl ANA OCTVXKEHUS MO MEHbLUEN Mepe
YaCTUYHOW NepeKkpucTannnsaumm; g) OCyLeCTBASIOT XONOAHYI0 NpokaTKy nonygabpnkaTos B No
MeHbLLEen Mepe odHy nNnacTuHy; h) B criyyae Heo6XoANMOCTN MEeXaHUYECKU UM XUMUYECKN
OYMLLAIOT NOBEPXHOCTU YKa3aHHOW MO MeHbLUE Mepe O4HOW NNACTUHbI; i) OTXXUraloT YKasaHHYH
Mo MeHbLLE Mepe OfHY NMnacTuHy AN NonyYeHns CpeaHero pasmepa 3epHa, paBHOro nnu
MeHbLLEero, 4em okono 150 MKM, 1 TEeKCTypbl, NpakTuyeckn cesobogHom oT (100) TEKCTYPHbIX
30H, MPX 3TOM OTXKMUI MPOBOAAT NO MeHbLUEN Mepe Ha cTagun d), unun f), nn Ha obenx aTnx
cTagmsx.

161. Cnoco6 no n.160, oTnnyarLWwnincs Tem, YTO yKa3aHHbIA KOMMOHEHT ANS pacnbifieHns
npeacTaesnsieT cobon MULLEHb AN pacnblfieHuns.

162. Cnoco6 no n.160, oTnnyaowuncsa Tem, YTo METaNNMYECKUIA TaHTan MMeeT YUCTOTY Mo
MeHbLen mepe 99,50%.

163. Cnocob no n.160, oTnMYaLWmUnea Tem, YTO KPYroByto LUTAMMNOBKY NPOBOAST Nocne Toro,
Kak MeTannmyecknii TaHTan NoABeprHyT Bo3gencteno temnepatyp okorno 370°C unu meHee.

164. Cnoco6 no n.160, oTnuyarowunecs Tem, YTo Nepes LTaMNOBKOW 3aroTOBKU OTXXUIatoT.

165. Cnocob6 no n.160, oTnnyaroLwmiica Tem, 4To Nepen XornogHon npokaTkon nonydabpukathl
OTXKUrator.

166. Cnocob no n.160, oTnuyarowuncsa Tem, YTo oTKur nonydgabprkaToB npeacTasnseT cobon
BaKyYMHbI OT>KUI NPy OCTaTOYHOW TemnepaTtype 1 B TedeHme OCTaTOMHOro BpeMeHU Ans
OOCTWXKEHUS NepekpucTannmaaumn.
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167. Cnocob no n.160, oTnn4aLWwunecsa Tem, YTo yYKkasaHHbIN MeTann4yeckun TaHTan
HaxoauTcs B CNUTKE.

168. Cnocob no n.160, oTnnYaLWunecsa Tem, YTo yYka3aHHbIN MeTanIn4yeckun TaHTan
HaxoguTcsa B CNNTKe HOMUHanNbHoro guameTpa 30,5 cm.

169. Cnocob n3rotoBneHMs KOMMOHEHTa AN pacnbiNeHns, OTANYaOLWMIACH TEM, YTO
COAEPXMWT KPYroBYIO LLUITAMMOBKY METANNMYECKOro TaHTana B No MeHbLUel Mepe OAWH NPYTOK;
OTXXUT MO MeHbLUE Mepe OOHOro NpyTKa; LWTaMNOBKY NO MEHbLLENn Mepe 0AHOro NpyTka B no
MeHbLLEeN Mepe oanH nonydabpukaT; OTXKUM MO MEeHbLLEN Mepe ogHoro nonydabpukaTa;
NpPOKaTKy NO MeHbLUen Mmepe 0AHOro nonydabpukaTa; NOCNEaYyOLNA OTXKUT.

170. Cnocob no n.169, oTnuyaoLWwmnncsa Tem, YTO YKa3aHHbIN KOMMOHEHT AN pacnbifeHus
npeacTtaesnsieT cobon MULLIEHb AN pacnblfieHus!.

171. Cnoco6 no n.169, oTnuyaroLwmncs Tem, YTO yka3aHHas LUTaMMOBKa SIBNSIETCS OCEBOW.

172. Cnocob no n.169, oTnnyarowminca Tem, YTo ykasaHHas NpokaTka ABMSeTCH XONOAHOM
NPOKaTKOM.

173. Cnocob no n.169, oTnMYaLWUnecsa Tem, YTO YKa3aHHbIN MeTanIn4yeckun TaHTan
HaxoguTcsa B CNUTKE.

174. Cnocob no n.169, oTnuyaloLWwunecs Tem, YTo YKka3aHHbIR MeTanIMYeckuin TaHTan
HaxoguTca B CNUTKe HOMUHanNbHoro guametpa 30,5 cm.

175. Cnocob n3rotoBneHMs KOMMNOHEHTa ANS pacnblfieHUs, OTANYatoLWMIACS TeM, YTO
COAEPXMUT paguanbHyto LUTaMNOBKY METanNnM4YecKkoro TaHTana; LramnoBKy Yka3aHHOro
MeTannuM4eckoro TaHTana nocrie paguanbHOW LUTaMMOBKW; NPOKAaTKy YKasaHHOro
MeTannM4yeckoro TaHTana; OTKUI yKadaHHOro MeTanfnyeckoro TaHTana.

176. Cnocob no n.175, oTnnyaroWwnincs Tem, YTo yKa3aHHbIA KOMMOHEHT ANS pacnbifieHns
npeacraesnseT cobon MULLEHb AN pacnblfeHus.

177. Cnocob no n.175, oTnnyaroLwmica Tem, YTO yYKa3aHHbIA KOMMOHEHT OS5 pacnblfeHnst He
nmeeT (100) TEKCTYPHbIX 30H.

178. Cnocob no n.175, oTnnyarownincs Tem, YTo yKa3aHHbIA KOMMOHEHT NS pacnbifieHns
nmeeT OQHOPOOHYI0 CMELLAHHYIO UNN OAHOPOAHYH0 NEPBUYHYO TekcTypy (111) no Bcen ceoen
TOMLWMHe.

179. Cnocob no n.175, oTnnyarowmica Tem, YTO yKa3aHHasa paguarnbHas WTamrnoBka npuaaet
aecopmanmoHHoe obxaTtue okono 88% mnn skBMBaNeHTHOE YyMeHbLUEHUe NnoLwaam nopsaka
8,5:1.

180. Cnocob no n.175, oTnnyarLwuincs Tem, 4YTo ykasaHHas LTaMmnoBKa nocne pagnanbHOm
LWTaMnoBkn npuaaeTt gedopmMaLuoHHoe obxaTne okoso 64%.

181. Cnocob no n.175, oTnuyaroLwuncsa Tem, YTo ykasaHHas npokaTka npugaet
aecopmanmoHHoe obxaTtue okono 84%.

182. Cnocob no n.175, oTnuyaroLwmiicsa TeM, YTO OTXKUM NOCHE yKa3aHHOW MPOKaTKM
ocyulecTernatoT npu Temnepartype 950-1050°C.

183. Cnocob no n.175, oTnnyarLWwnincs Tem, YTo yKasaHHbIi MeTannmyeckuin TaHTan
HaxoguTcs B CNUTKE.

184. Cnocob6 no n.175, oTnuyatoLwminca Tem, YTO yKasaHHbIA MeTannmMyecknii TaHtan
HaxoguTca B CNUTKe HOMUHanbHoro guametpa 30,5 cwm.

185. Cnocob n3rotoBrneHnss KOMMOHEHTA AN pachnblfieHns, OTANYaLWNNCs TEM, YTO
COAEPXKMT NOCKYH LUTaMMOBKY MeTanIn4yeckoro TaHTana; OmkuUr ykasaHHOro MeTanfmyeckoro
TaHTana; NpokKaTKy yKkaszaHHOro MeTarnnuMyeckoro TaHTana Ao nracTuHbl UNn NUCTa; OTXUr
YyKa3aHHOro nracTuUHbl UK NUcTa Ang nonyvyeHnsa meTannnyeckoro TaHtana, He nmetoero (100)
TEKCTYPHbIX 30H.

186. Cnocob no n.185, otTnuyarownincs Tem, YTo ykasaHHbIA KOMMOHEHT NS pacnbifieHns
npeacTaesnsieT cobon MULLEHb AN pacnblfieHuns!.

187. Cnocob6 no n.185, otnnyatowmica Tem, 4TO JONOSTHUTENBHO COAEPXKUT BblpaBHMBaHNE
yKasaHHOro MeTannuMyecKkoro TaHTana rnocrne nocrnegHero omkura U ganee ewe oanH OTKUT.

188. Cnocob no n.185, oTnuyatrowuncsa Tem, 4YTo ykasaHHas nNnockasi LUTamMnoBka npugaet
aedopmMaumoHHoe obxaTtune okono 62% vnnu akBMBaneHTHoe yMeHblUeHue nnowaaum nopsaka 3:
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1.

189. Cnoco6 no n.185, oTnnyarowmiica Tem, YTO yKasaHHasa NpokaTka npugaeT
aecopmaLrmoHHoe obxaTtue okono 87%.

190. Cnocob no n.185, oTnuyarowunecsa Tem, YTO YkasaHHasi NpokaTka npugaet
aecopmarmoHHoe obxaTtue okono 94%.

191. Cnocob no n.185, oTnuyaroLwunecs Tem, YTo OTXKUI yKa3aHHOW NAacTUMHbI UNK NucTa
ocyulecTernsaoT npu Temnepatype 950-1050°C.

192. Cnocob no n.185, oTnuyarowunecsa Tem, YTo ykasaHHbIN MeTanIn4yeckun TaHTan
HaxoauTCcs B CrMTKeE.

193. Cnocob no n.185, oTnuyaoLWwunecs Tem, YTo ykasaHHbIN MeTanIn4yeckun TaHTan
HaxoguTca B CNUTKe HOMUHanNbHoro guametpa 30,5 cwm.

194. Cnocob M3roToBrneHMs KOMMOHEHTA ANSA pacnblfIeHUs, OTAMYatoLWMIACS TEM, YTO
COAEePXXUT KOMOMHAaLMIO XONOAHOW U/nnn ropsayeri 00paboTky MeTanIMyeckoro TaHTana u
BHYTPUMPOLIECCHBIN OTXUI AN NONyYeHUs OA4HOPOAHON CMELLaHHON NN O4HOPOLHOW
nepBuYHOM TekcTypbl (111) No BCer ToNLWMHE MeTannnyeckoro TaHTana.

195. Cnocob no n.194, oTnnyatoLwmiica Tem, YTO yKasaHHbI KOMMOHEHT ANS pachblfieHuns
npeacrtasnseT cobon MueHb ANSA pacnbiNeHus.

196. Cnocob no n.194, oTnuyaroLwunecsa Tem, 4YTo ykasaHHas XonogHas n/vnm ropsyas
obpaboTka BkMoyaeT B cebs 06paboTky ykazaHHOro MeTannMyYecKoro TaHTana NpokaTkon n/mnum
LITaMMOBKOM.

197. Cnoco6 no n.194, oTnnyatoLwmiica Tem, YTO yKasaHHbIA MeTanIMyeckuini TaHTan umeet
4YNCTOTY NO MeHbluen mepe 99,50%.

198. Cnocob no n.194, oTnnyarLWwnncs Tem, YTo yKasaHHbI MeTannnyeckuin TaHtan nmeet
YUCTOTY NO MeHbLuer Mepe 99,99%.

199. Cnoco6 no n.194, oTnnyatoLwmiica TeMm, YTO yKasaHHbIA MeTanIMyeckuin TaHTan umeet
YNCTOTY MO MeHbluer Mepe 99,995%.

200. Cnocob no n.194, oTnnyarLWnncs Tem, YTO yKa3aHHbI MeTannnyeckuin TaHtan nmeet
4YNCTOTY NO MeHbLuer mepe 99,999%.

201. Cnocob6 no n.194, oTnnyaloLwmica Tem, YTO yKa3aHHbIA MeTannmMyeckmii TaHTan
HaxoauTCcs B CrMTKe.

202. Cnocob no n.194, oTnuyaoLWwunecs Tem, YTo yYKasaHHbIN MeTanIn4yeckuin TaHTan
HaxoguTca B CNUTKe HOMUHanbHoro guametpa 30,5 cwm.
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