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BBEJAEHUE

Kypc «CrneunanbHbie cTanmy» SIBISETCS OJHUM U3 3aBEPLIAIOIIMX B MOATOTOBKE
CTYJ€HTOB-METaJUI0BEA0B. Ero OCHOBHBIE 33/1auu COCTOAT, BO-IIEPBBIX, B CUCTEMATH-
3K U yriayOJeHUW 3HAHUN O BIUSHHUM JIETHPYIONIUX 3JIEMEHTOB Ha (pa3oBbie mpe-
BpallleHUsl, CTPYKTYpPY U CBOMCTBA CTajieil, a BO-BTOPBIX, B 3HAKOMCTBE C OCHOBHBIMU
BUJIaMH MPOMBIIUIEHHBIX CTalled Pa3IMYHOIO HAa3HAYEHUS, OCOOCHHOCTSIMU HUX XU-
MHUYECKOT0 COCTaBa, TEPMUUYECKONU 00pabOTKHU, CTPYKTYPhI U CBOMCTB. OH OCHOBBIBA-
€TCs Ha MaTepuaje KypcoB METAIJIOBEICHUs, TECOPUU TEPMHUUECKON 00pabOTKH, Me-
XaHUYECKHUX CBOWCTB.

ITo kypcy «Cnenuanbhble ctanm» wuzfgaBaics ydeOHuk M.U. Tonpamireiina,
C.B.I'pauéra u IO.I'. Bekcnepa [1]; ero Bropoe uznanue [2] MalO OTIAYAETCSA OT
nepBoro. MMeroTcs Takke MeHbine o o0bémy ydueonuk JI.C. JIsxoBuya [3] u Ko-
POTKHE pa3zieibl B yueOHMKAX METAUIOBEJCHUS WIIM MaTepHaIOBEIeHUs (Hapumep,
[4]). Kpome TOro, MOXKHO OTMETUTH JIBE€ JOBOJIbHO CTapble, HO OYEHb MOJAPOOHbBIE U
HEe Tepstonme cBoero 3HaueHus MmoHorpaduu JO.['ynpemona [5] u B.C. Mecbkuna
[6], a Tak>Ke OTACIbHBIC pa3Aeibl CIPaBOYHUKOB [7—13] u kaury [14].

[To mepBoii, 001Iel YacTH Kypca MOJE3HBIMU OyIyT JBa M3aaHus ydeOHuka [15,
16], a Takxxe MoHorpaduu, yueOHUKH U cipaBouHUKH [ 17-19] (cTpoenue ¢a3), [19—
22] (mpounocTts), [23-28] (mpeBpamenus), [26—-33] (tepmudeckas oOpaboTka), [34,
35] (mpokanuBaeMocTh). CBelIeHHS O TUarpaMMax COCTOSIHUSI CUCTEM Ha OCHOBE Ke-
ne3a MOxHO Hauth B [8, 11, 3642], o amarpammax pacnaga aycrenura — B [8, 11,
43, 44]. OTaenbHbIM TpynIaM CTajiel MOCBAIIEeHb MOHOTpaduu [45-56].

B yucre cnpaBoYHUKOB MO KOHKPETHBIM MapKaM CTajiei, ¢ KOTOPbIMH TaKXXe I0-
JIE3HO TTO3HAKOMUTHCS, YTOOBI YMETh OBICTPO HAWTU B HUX HEOOXOJMMBbIC CBEJICHMUS,
MOYKHO Ha3BaTh [57—63], oXBaThIBAIOIIME MIUPOKUM KPYT cTajeu, u [64—71], onucel-
BaloIIKE CTaIu 0osiee y3KOro Ha3HauYeHUsI.

Koneuno xe, npuBea&HHbIN 0030p JIUTEpaTyphl HU B KO Mepe He SIBIIsETCS UC-
YEPIbIBAOIINM.

JlanHoe mocoOue He OXBaThIBAaCT MaTepuaia Kypca B IIEJIOM, a paccMaTpUBaeT
TPU Y3KUX BOIPOCA, KOTOPbIE HE OUYEHb MOAPOOHO OCBEIICHBI B CYIIECTBYIOIICH
y4eOHOM JuTepaType: KOJIMUYECTBEHHOE BIUSHUE JIETMPOBaHUS HA KPUTUUECKUE TOU-
KM U MAapPTEHCUTHYIO TOUKY CTaJllel; CTPYKTYpPY NAKETHOTO MapTEHCUTA, SBISIOIIETO-
Cs1 OCHOBHOM CTPYKTYPHOM COCTaBJISIIOIIEH OONBITMHCTBA TEPMUUYECKH YIIPOUHEHHBIX
KOHCTPYKIIMOHHBIX CTaJICH; U MIPUPOY TAKOTO BaXKHOIO Je(heKTa KOHCTPYKIIMOHHBIX
ctajiel, kak (iaokeHsl. [Ipu 3TOM aBTOpHI CTapalvuch HE TOJBLKO OMUCHIBATH OCHOB-
HbIE 3aKOHOMEPHOCTH, HO U MPUBOJIUTh CCHUJIKM HAa OPUTHHAJIbLHBIEC PAOOTHI.

[lepBbie nBa paszaena nocobus coctariaeHsl K.1O. OxumeBbim, TpeTuil pa3aen Ha-
nucad npod. [1.A. MupzaeBbim.



1. TEMIOEPATYPBI ®PA30BBIX NPEBPAIIIEHUM
B JEI'HPOBAHHLBIX CTAJAX

[Tonoxenue Temmneparyp Hayana WM KOHUA (pa30BbIX MPEBpAIICHU B JIErHpO-
BAHHBIX CTaJSIX OMNPENEIIAECTCS BIUSHUEM JIETUPYIOIIMX 3JEMEHTOB Ha TEPMOJMHA-
MUYECKYIO0 CTaOUIIBHOCTH O- U Y-TBEPABIX PACTBOPOB M KapOWAHBIX (a3, a mpH pe-
aJIbHBIX KOHEYHBIX CKOPOCTSAX HArpeBa WK OXJIAKJICHHUS — TaKXKE U UX BIUSHUEM Ha
KMHETUKY INpeBpalleHui. B kauecTtBe npumepa Ha puc. | nmpuBeneHsl TeMIepaTypbl
ABTEKTOUJHOTO IPEBpAICHUS U KOHLEHTPALMH YIrJiepoja B 3BTEKTOMAE (aHaIor
ToukH S Ha auarpamme coctosiHus Fe—Fe;C), a Ha puc. 2 — MapTEHCUTHbBIE TOYKH
YTJIEPOAUCTBIX M HUKEJIEBBIX CTajei, JIETHPOBAHHBIX TPETHUM 3JIeMEHTOM. Bo3neii-
CTBHUE JIETHUPYIOLIUX 3JIEMEHTOB HE SIBJISIETCS aJAMTUBHBIM (Cp. pHC. 2, a U 0). TeM He
MEHEE IPU MaJbIX COJICPHKAHUIX IEMEHTOB UX B3aWMHBIM BIIUSIHUEM MOKHO B IEp-
BOM IPUOIMKEHUU NTpeHeOperaTh.

B nurepatype nmeercs 00NbIIOE YUCIO SMIUPUUYECKUX (HOPMYJ, TTO3BOJISIOLIUX
npUOTMAKEHHO OMPEJEIUTh MOJ0KEHIE KPUTUUECKUX TOUEK Acy, Ac; 1 MapTEHCHUT-
HOM TOYKM M i CTany 3aJaHHOTO XHUMHUYECKOTO COCTaBa. BOJIBIIMHCTBO UX IpHU-
OJMMKEHHO CUUTAIOT BIMSIHUE OTIEIBHBIX DJIEMEHTOB HE3aBHUCHUMBIM, & CBSI3b KPUTH-
YECKHUX TEMIIEPATYP C KOHIIEHTPAIUEH AJIEMEHTOB — JIMHEMHOWU. HekoTopbIe u3 3TUX
dbopMyn TpHUBEACHBI HIDKE 1O OPUTHHAILHBIM PabOTaM W YAaCTUYHO MO O0030pHOU
ctatbe I1.B. Cxiroesa [75]. [lockonbky smnupuueckue (GopmyJibl HOTYyYarOTCS TYyTEM
CTATUCTUYECKON O0OpabOTKM JTaHHBIX JUIsl OOJBIIOrO YUCia CTajed, To 00JacTh UX
OPUMEHUMOCTH OTPAaHUYMBAETCS TOM 00JIACTHIO COCTABOB, KOTOPYIO OXBAThIBAIM 3TH
UCXOJHbIe faHHble. CoaepiKaHMsl 2JIEMEHTOB BO BCeX (pOpMyJiax BbIpaXKEHbI B MACCO-
BBIX MPOILICHTaX, TeMIepaTypbl — B rpagycax Llenbcusi.

1. @opmMybl Juist pacyéra KPUTUIECKOU TOUKHU Ac;.

a) ®opmyna D.Tronrepa, I'.Pagomcku u b.Oxaiim [76] (s 0,03...0,96 %C;
0,17...2,10 %Mn; 0,04...1,90 %Si; <3,3 %Cr; <4,2 %Ni; <1,0%Mo; <0,75 %V;
<0,1 %Al; <0,15 %Zr):

Ac;=723-9,2-Mn+30,4-Si1+19,0-Cr— 15,8-Ni+23,6-V+24,3-Al. (1)

0) ®opmyna K.Duuproca [77] (mna  0,08...1,43 %C;  0,04...1,98 %Mn;
0,06...1,78 %S1; <4,48 %Cr; <5 %N1;, <2,61 %Mo; <4,10%W; <251 %V;
<0,072 %As):

Ac;=723-10,7"Mn+29,1-Si+16,9:Cr—16,9-Ni1+6,38-W +290-As. (2)

B) ®opmyma P.I'peitamxka [78] (ms 0,3...0,6 %C; <2 %Mn; <1 %Si; <1,5 %Cr;
<3,5 %Ni; <0,5 %Mo):

Ac;=723-13,9-Mn+22,2-S1+23,3-Cr—14,4-N1. (3)

r) ®opmyna T.Kynutaks u T.Karo [79] mna Cr-Si-Mo—V  craneit
(0,25...0,45 %C; 0,7...1,2 %Mn; 0,6...3,1 %Si; 0,8...2,9 %Cr; 0,2...0,9 %Mo; <0,4 %V):
Acy=754,83-32,25-C—-17,76:-Mn—-23,32-Si+17,13:Cr+4,51-Mo+15,62-V. (4)

n) ®opmyna T.Kynwraxks [80] (mmsa  0,13...0,60 %C; 0,39...2,04 %Mn;
0,15...0,53 %Si1; <1,95 %Cr; <5,00 %Ni; <0,54 %Mo; <0,98 %Cu):

Ac1=727,0-32,7-C+2,00Mn+14,9-Si+17,8-Cr—14,2-Ni+25,6-Mo—17,0-Cu.  (5)
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e) Dopmyna JIx.Onauca [81] (maa  0,09..0,81 %C;  0,35...1,79 %Mn;

0,02...1,49 %Si; <1,55 %Cr; <4,56 %Ni; <0,92 %Mo):
Ac;=712-17,8-Mn+20,1-Si+11,9-:Cr—19,1-Ni—9,8-Mo. (6)

x) @opmynel  A.KynemOypra [82] ana cramedl ajigs  KPYIHHBIX ITOKOBOK
(0,15...0,45 %C; 0,35...1,30 %Mn; 0,05...0,50 %Si; 0,1...1,9 %Cr; 0,03...2,80 %Ni;
0,03...0,85 %Mo; 0,01...0,35 %V):

Ac;=747-17,4-Mn+13,3-Cr—24,8-Ni+ 18,4-Mo (7)

u kKopposuonHoctoitkux crane (0,10...1,10 %C; 0,35...1,45 %Mn; 0,25...0,50 %Si;
11,0...17,7 %Cr; 0,25...2,45 %Ni; 0,05...1,65 %Mo; 0,01...0,35 %V):

Ac1y=765-30,2-C—-19,5-Mn+134-Si—67-Ni1+20,5-Mo—64-V. (8)

3) ®opmyna O.I'. Kacarkuna, b.b. Bunokypa u B.JIL. ITumomenko [24, 83] (mis
<0,83 %C; <2,0 %Mn; <1,0 %Si; <2,0 %Cr; <3,0 %Ni; <1,0 %Mo; <1,0 %W,
<0,5%V; <1,0 %Cu; <0,2 %Al;, <0,15%Ti; <0,2 %Nb; <0,04 %P; <0,04 %S;
<0,025 %N; <0,01 %B):

Ac;=723-7,08-Mn+37,7-Si+18,1-Cr—8,95-Ni+44,2-Mo +
+3,18W+50,1-V+21,7-A1+297-S—830-N—
—11,5-C-S1 -5,28:C-Ni-57,9-C-Mo—-27,4-C-V —
—14,0-Mn-S1—-6,0-Mn-Ni—15,5-Mn-Mo—-3,1-Si-Cr+6,77-S1-Ni—
~0,8-Cr'Ni+30,8-Mo-V—0,84-Cr*—0,46-Ni*— 3,46-Mo”—28- V. 9)

2. ®opMyJIbl JUIs pacyéra KpUTUIECKON TOUKH Acs.

a) ®opmyna D.Tronrepa, I'.Pagomcku u b.Oxaiim [76] (s 0,03...0,96 %C;
0,17...2,10 %Mn; 0,04...1,90 %Si; <3,3 %Cr; <4,2 %Ni; <1,0%Mo; <0,75 %V;
<0,1 %Al; <0,15 %Zr):

Ac;=924,8-231,1-J/C +53,7-Si—15,9-Ni+23,2-Mo +
+88,7-V+78,6-Al—439,2-Zr. (10)
0) ®opmyna K.Dumproca [77] (mna  0,08...0,59 %C;  0,04...1,98 %Mn;
0,09...1,78 %S1; <4,48 %Cr; <5 %Ni; <1,05 %Mo; <4,10 %W; <0,70%V; <0,072 %As):
Ac;=910—203-/C +44,7-Si—152-Ni+31,5-Mo+13,1-W+104-V +
+(—30-Mn—11-Cr—20-Cu+400-Al1+400-Ti+700-P+120-As); (11)
cjlaraemMblie B CKOOKaxX aBTOP Ha3bIBAET CTATUCTUYCCKU HE3HAUYUMBIMH.

B) ®opmyna P.'peitnmxa [78] (msa 0,3...0,6 %C; <2 %Mn; <1 %Si; <1,5 %Cr;
<3,5 %Ni; <0,5 %Mo):

Ac;=854-179,4-C-13,9-Mn+44,4-Si—1,7-Cr—17,8-Ni. (12)

r) ®opmyna T.Kynwtaks u T.Karo [79] mna Cr-Si-Mo-V  craneii
(0,25...0,45 %C; 0,7...1,2 %Mn; 0,6...3,1 %Si; 0,8...2,9 %Cr; 0,2...0,9 %Mo; <0,4 %V):

Ac3=930,21-394,75-C— (13)
14,40-Mn +54,99-Si+5,77-Cr+24,49-Mo + 83,37 V.

n) ®opmyna T.Kynuraxks [80] (mms  0,13...0,73 %C;  0,39...2,04 %Mn;
0,15...1,62 %Si; <1,95 %Cr; <5,00 %Ni; <0,54 %Mo; <0,98 %Cu):

Ac;=912,0-230,5-C—-20,4-Mn+31,6-Si—14,8-Cr—18,1-Ni+16,8-Mo—

(14)
39,8-Cu.

e) Dopmyna JIx.Onauca [81] (maa  0,09..0,81 %C;  0,35...1,79 %Mn;
0,02...1,49 %S1; < 1,55 %Cr; <4,56 %Ni; <0,92 %Mo):

Ac;=871-254,4-C+51,7-Si—14,2-Ni. (15)
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x) @opmyna A.KynemOypra [82] mns crajmedl Juisl KpPYyHOHBIX ITOKOBOK
(0,15...0,45 %C; 0,35...1,30 %Mn; 0,05...0,50 %S1; 0,1...1,9 %Cr; 0,03...2,80 %Ni;
0,03...0,85 %Mo; 0,01...0,35 %V):

Ac;=880-204-C+19,5-Si—17,2-Ni+83,5-V. (16)

3) ®opmyna O.I'. Kacarkuna, b.b. Bunokypa u B.JIL. ITuntomenko [24, 83] (mis
<0,83 %C; <2,0 %Mn; <1,0 %Si1; <2,0 %Cr; <3,0 %Ni; <1,0 %Mo; <1,0 %W,
<0,5%V; <1,0 %Cu; <0,2 %Al;, <0,15%T1; <0,2 %Nb; <0,04 %P; <0,04 %S;
<0,025 %N; <0,01 %B):

Ac;=912-370-C-27,4-Mn+27,3-S1—6,35-Cr—32,7-Ni+5,57-W +

+95,2:V+72,0-A1+70,2-Ti+ 64,5-Nb+276-P+332-S—485-N-900-B +
+16,2-C-Mn+32,3-C-Si+154-C-Cr+48,0-C-Ni+
+4,8-Mn-Ni+4,32-Si-Cr—18,6-Si-Ni—17,3-Si-Mo +40,5-Mo-V +
+174-C*+2,46'Mn”—6,86-Si*—0,322-Cr* + 1,24-Ni*+9,9-Mo”— 60,2 V*. (17)

3. ®opmyasl Juis pacyéra MAPTEHCUTHOU TOYKH M.

a) no B.U. 3to3uny, B.J[. CanoBckomy u C.U. bapanuyk [73, 74], B ctaynu ¢ ~ 1 %C
Si He BnusgeT Ha mojoxeHue M, 1 %Mn nonmkaer M, Ha 45, Cr — Ha 35, N1 — Ha
26, Mo —mna 25, V—mna 30, Cu—mna 7 °C; 1 %Co nossimaer M, Ha 12, a Al — Ha
18 °C (cMm. puc. 2, a).

0) ®opmyna A.A.Ilonora [84]:

M;=520-320-C—-45-Mn—5-S1—30-Cr—20-Ni—20-Mo—5-Cu. (18)

B) ®opmynbl  K.Ouaproca [77] (mma  0,11...0,60 %C;  0,04...4,87 %Mn;

0,11...1,89 %Si; <4,61 %Cr; <5,04 %Ni; <5,40 %Mo):
M;=539-423-C-30,4-Mn—-12,1-Cr—17,7-Ni—7,5-Mo (19)

u
M,=512-453-C+217-C*+15-Cr—16,9-Ni—9,5-Mo—71,5-C-Mn— (20)
67,6:C-Cr.
r) ®opmyna ¥Y.CruBena u A. Xewnca [85] (mns 0,1...0,55 %C; 0,2...1,7 %Mn;
<3,5 %Cr; <5 %Ni; <1,0 %Mo):
M;=561-474-C-33-Mn—17-Cr—17-Ni—21-Mo. (21)
1) ®opmyna JI. Kapanennst [86]:
M;=513,9 - (1-0,620-C) - (1-0,092-Mn) - (1-0,033-S1) - (1-0,070-Cr) X
X (1-0,045-Ni) - (1-0,029-Mo) - (1-0,013-W) - (1+0,120-Co) — 18. (22)
e) ®opmyna I1. Ileficona u K. CaBumxa [87]:
M,=499-317-C-33,3-Mn-11,1-Si—-27,8-:Cr—16,7-Ni—11,1-Mo—

11,1-W. (23)
k) ®opmyna E. Poynenna u C. Jlaiina [88], yrounsitomas gopmyny (23):
M;=499-333-C—-33,3-Mn—-11,1-Si—-27,8:Cr—16,7-Ni—11,1-Mo—

11,1-W. (24)
3) ®opmyna P.I'peitnmka u I'. Ctroapra [89] (ans 0,20...0,85 %C; <1,5 %Cr;

<1 %Mo):
M;=538-361-C—38,9-Mn-38,9-Cr—20-Ni—27,8-Mo. (25)

n) ®opmyna A. HepenOepra [90], yrounsitomias hpopmyiy (23):
M;=499-300-C—-33,3-Mn—11,1-S1-22,2-:Cr—16,7-Ni—11,1-Mo. (26)



K) ®opmyna T.Kynuraxks [80] (mns 0,13...0,73 %C;  0,39...2,04 %Mn;
0,15...1,62 %Si; <1,95 %Cr; <5,00 %Ni; <0,54 %Mo; <0,98 %Cu):
M;=560,5-407,3-C-37,8:-Mn—-7,3-S1—19,8:Cr—19,5-Ni—4,5-Mo— 27)
20,5-Cu.
n) ®opmyna JIx. Ommuca  [81]  (mas  0,09...0,81 %C;  0,35...1,79 %Mn;
0,02...1,49 %S1; < 1,55 %Cr; <4,56 %Ni; <0,92 %Mo):
M;=531-391,2-C—-43,3-Mn—-16,2-Cr—21,8-Ni. (28)
M) @opmynel - A.KynemOypra [82] s crameid ajiss  KPyHHBIX  TTOKOBOK
(0,15...0,45 %C; 0,35...1,30 %Mn; 0,05...0,50 %Si1; 0,1...1,9 %Cr; 0,03...2,80 %Ni;
0,03...0,85 %Mo; 0,01...0,35 %V):
M;=572-386-C—69-Mn—43-Cr—26-Ni (29)
u KopposuonHoctoikux cranei (0,10...1,10 %C; 0,35...1,45 %Mn; 0,25...0,50 %Si;
11,0...17,7 %Cr; 0,25...2,45 %Ni; 0,05...1,65 %Mo; 0,01...0,35 %V):
M;=492—-125-C—-65,5-Mn—10-Cr—29-Ni. (30)
H) ®opmyna U. Aptunrepa [91, c. 101]:
M;=520-360-C)-C-33-Mn—11-Si—-22-:Cr—17-Ni—11-Mo—-11-W+
+6-:Co+17-Al (31)
0) ®opmyna A.b. Cte6nosa, E.W. [Tonkparuna u J1.B. JlenaproBuya [92] 1t un-
ctpyMeHTanbHbIX ctanei (0,1...0,75 %C; 0,15...1,6 %Mn; 0,17...2,4 %Si; 0,2...1,8 %Cr;
0,1...3,5 %Ni; <1,2 %Mo; <2,5 %W; <0,5 %V; <0,09 %Ti; <0,05 %B):
M,=487,4-286,3-C—-34,3Mn—-27,9:-Cr—16-N1—4,8-Mo—2,4-W —
-58,1-V+178,1-Ti+1755,6-B. (32)
4. ®opmyJibl Julsl pacuéra TemnepaTypbl Hayajla OEMHUTHOTO NpeBpallieHus Bs.
a) ®opmyna Y.CruBena u A. Xeinca [85] (mns 0,1...0,55 %C; 0,2...1,7 %Mn;
<3,5 %Cr; <5 %Ni; <1,0 %Mo):
B;=830-270-C-90-Mn—-70-Cr—37-Ni—83-Mo. (33)
0) ®opmyna T. Kyauraxs u S. Oxaner [93] (mrst 0,11...0,56 %C; 0,34...1,49 %Mn;
0,14...0,40 %Si; 0,14...4,80 %Cer; 0,23...4,33 %Ni; 0,07...1,99 %Mo):
Bs=732-202-C—-85-Mn+216-Si—47-Cr—37-Ni—39-Mo. (34)
B) ®opmyna A.KynpMOypra [82] muga crajgedl s  KPYNHBIX TOKOBOK
(0,15...0,45 %C; 0,35...1,30 %Mn; 0,05...0,50 %Si1; 0,1...1,9 %Cr; 0,03...2,80 %Ni;
0,03...0,85 %Mo; 0,01...0,35 %V):
B;=813-303-C—-86-Mn+107-Si—68-Cr—37-Ni—108-Mo. (35)

2. CTPYKTYPA MNAKETHOI'O MAPTEHCHUTA
B CIIJTABAX KEJIE3A

B crinaBax xesne3a HaOMI01ae€TCs MAPTEHCUT PA3IMYHBIX MOP(POJIOTUYECKUX TUTIOB.
CortacHo oj1HOM U3 HanboJiee pacpOCTpaHEHHBIX Kiaccudukauii [94] BeIICSAIOT:

a) peeuHbli (AKETHBIN) MAPTEHCHUT, OUEHb MEJIKHE KPUCTAIbI KOTOPOTO UMEIOT
dbopMy IUIOCKUX PeeK M IPYNIUPYIOTCS B MaKeTHl (IIOJAPOOHEE CM. HUXKE); ero radu-
TyCHas INIOCKOCTh {111},;

0) 6abouko00pa3ubiii (0arTepdsiil) MaPTEHCUT, KPUCTAIUIBI KOTOPOro 00pa3yroT
NapHble COWICHEHHUS! KPUCTAJIJIOB, HAXOJSALIMXCS BO B3aMMHO JABOWMHUKOBON OpHEH-
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TallMM U MO0 BHEITHEMY BUIY JACHCTBUTENHHO HAIOMHHAIOT 0a00YKY, MTHUILYy WM Jie-
TY4YyI0 MBIIIb — PHUC. 3, a@; B PSAAC CIy4aeB KPUCTAIIBI MOTYT UMETh MUIAPHUO; Tabu-

TyCHasl INIOCKOCTh 6a604K000pa3Horo MapreHcura — {225}
/ g . I P N F

6) o 8)
Puc. 3. MukpocTpyKkTypa MapTeHCUTa pa3Hoi Mopdosioruu [94]:
a — 6aboukoo0pa3Hblii MapTeHCUT B ciiaBe 73H20; 6 — JIMH30BUIHBIA MAPTEHCUT
B cruiaBe 23H31; 6 — ToHKOMmIacTUHYATHIN MapTeHCUT B criase 29H3 1

B) JIMH30BUJIHBIN (TUIACTMHYATHIN) MapTEHCUT, KPUCTAILIIBI KOTOPOTO COCTOSIT U3
JIBOMHUKOBOTrO MuApuOa v nepudepuitHpix o0sacTeld ¢ BHICOKON MIIOTHOCTBIO JHUC-
JIOKAIMi U COMPATAIOTCS MOJ Pa3jINYHBIMU yTiaMd — puC. 3, 6; ero rabuTycHas
IUIOCKOCTB {259}, mmm {3,10,15},;

') TOHKOIJIACTUHYATHIA MApPTEHCUT B BUJIE TOHKHUX MOJTHOCTHIO JBOMHUKOBAHHBIX
IUIACTUH € TaOUTyCHOM 1IockocThio {3, 10,15}, — puc. 3, 6.

HaunbGonee uétko Bce 3TH BUABI MOP(HOIOTHH BRISIBISIOTCA B crutaBax Fe—Ni—C,
4acTO MCIOJIb3YEMBIX MPU MCCIETOBAHUM MAapTEHCUTHBIX IMpeBpalleHuil. uarpam-
Ma, OPUEHTHPOBOYHO MOKA3bIBAIOINAS MTOJIOKEHHE MAPTEHCUTHON TOUYKH B MOPGOJIIO-
M0 MAPTEHCUTA B 3aBUCHUMOCTHU OT COJIEPKAHUS HUKEIS U YIiepoja B 3TUX CIUIaBax
npuBesieHa Ha puc. 4 o nanHbiM [94-96]. C noHm>xeHueM TeMIiepaTypsl peBpalie-
HUST MOPQOJIOTHSI MapTEHCUTA 3aKOHOMEPHO n3MeHsieTcs. B padore [95] uccnenona-
Ha KOHIICHTPAI[MOHHAS 3aBUCUMOCTh TUTIa KHHETUKU MApTEHCUTHOTO TIPEBpAIlCHUS B
crutaBax Fe—Ni—C; rpaHuyHas JMHUS MEXAY CIUIaBaMU C OOBIYHON aTEpPMHUYECKOM
Y B3PBIBHOW KMHETUKOW MPAKTHUUYECKU COBIAJAET C TpaHULIeH MexXy 0a004Ko00pas-
HBIM U JIMH30BUHBIM MapTEHCUTOM 110 [94].

[IpakTryecku BO BCeX KOHCTPYKIMOHHBIX (YIJIEPOAMCTBIX, MAJIO- U CPEAHEINIeTH-
poBaHHBIX) cTansx, ciaBax Fe—C, comepxamnux mo 0,6 %C, crmaBax Fe—Ni, co-
nepxkammx 110 27 %Ni, mapTeHcuTHO-cTaperomux cranax tamna 03HI8KIMST u np.
oOpa3yeTcsi makeTHbIN MapTeHCUT. [109TOMY ¢ MPAaKTUYECKON TOUKH 3PEHUSI HIMEHHO
3TOT Bl MOpdoJoruu siBisgeTcs Hanbosee BaKHbIM. OTHAKO BHUMaHUE HCCIIEI0BA-
Teeil B OOJIbLIEH CTEIIEHH MPUBJIEKAI MApPTEHCUT IpYrux TUnoB. [Ipuunna 3Toro 3a-
KIII0YaeTcs B TOM, 4TO 0a00YKOOOpa3HBIM, JIMH30BUIHBIM W TOHKOIJIACTHHYATHIN
MapTeHCUT oOpa3yercs B (popMe KPYMHBIX KPUCTAJUIOB, YETKO BBIACISIONIMXCS HA
(oHE OKPYIKAIOIIETO UX OOJBLUIOr0 KOJUYECTBA OCTATOYHOTO ayCTEHUTA. DTO MO3BO-
JSIT JIETKO ONPEeNeNsaTh Kak KpUCTaIorpadUyuecKue XapaKTepUCTUKU CTPYKTYpHI,
OpUEHTALIMOHHBIE COOTHOIICHUS] U T.I., TAK U (OPMY M B3aUMHOE PACIOJIO0KEHHE
O-KpUCTAIJIOB. XapaKTepHOW kK€ CTPYKTYPHOU €IMHULEH PECYHOTO MAapTEHCUTA SB-
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JSIETCSl TTaKeT — KOHTJIOMEPAT MEPEeIIETEHHBIX MEXTy COO0OH CIIOKHBIM 00pa3oM
MEJIKMX KPUCTAJUIOB-PEEK, MOYTH HE COJIEPKAITUN OCTATOYHOTO ayCTEHUTA. JTO 3Ha-
YUTEIBHO YCJIOXKHSET ONTUYECKUE U DJICKTPOHHOMUKPOCKOIMUYECKUE HCCIICI0OBAHUS.
[Ipu onTuyecKuX HCCIEIOBAHUSX JOMOIHUTEIbHAS TPYAHOCTh CBs3aHa C IJIOXOH
MPOTPABIMBAEMOCTBIO SJIEMEHTOB TaKOU CTPYKTYphl. CIeCTBUEM BCErO ITOTO SIBIIS-
€TCsl TO, YTO MAKETHBI MapTEHCUT IO CUX MOP MOXKHO Ha3BaTh «OJHOW U3 Hauboiiee
M3y4aeMbIX... U HAUMEHEE U3YYEHHBIX CTPYKTYp» [97].

MOXHO CUUTATh YCTAHOBJICHHBIMU CIEAYyIOIIKE (PAKThl, OTHOCAIIHUECS K CTPYKTY-
pe peedHoro MmapreHcuta. OCHOBHOM CTPYKTYPHOU €QUHULIEW PEEYHOTO MAapTEHCUTA
SIBJISICTCS] TIAKET, COCTOSIUN U3 KpUCTAIUIOB. OTAEIbHBIC KPUCTAIIIBI UMEIOT (GOpMy
pPEEK C COOTHOLICHUEM Pa3MEPOB IJIMHA : IIUPHUHA : BbIcOoTa O0Kkoi0 30:7:1 [98] nnm
15:3:1 [99]. Cpennsis tonmuHa peek oO0biuHO coctaBiser 0,1...0,5 mMxkMm; oHa He-
CKOJIbKO YMEHBILIAETCSI C POCTOM COJAEpKaHUA YIiepoa U Mallo 3aBUCUT OT pa3Mmepa
ayctenutHoro 3epHa [100]. Kaxnas peiika oOpasyercs U3 3apojplllia B pe3yJibTaTe
OTJIEJIBHOTO aKTa MPEBPALIEHHUS; BBICKA3bIBABLIEECS HEKOTOPBIMHU MCCIEAOBATEISIMU
MHEHHE O TOM, YTO PENKH SBISIOTCS MPOAYKTOM PENAKCALIMOHHBIX IPOLECCOB B Map-
teHcute [101], onpoBepraercss HaIMUYMEM MEXKAY pEeMKaMu MPOCIOEK OCTATOYHOIO
aycreauta [102] w mpSAMBIMU DJIEKTPOHHOMUKPOCKOMUYECKUMU HAOTIOICHUSIMHU
nporiecca npeBpaiieHus [103]. Pa3mepsl makeToB, B OTJIIMYKME OT PEEK, OMPEACIAIOTCA
pasmepamu aycTeHUTHBIX 3€peH [104, 105] u MoryT KoyebaThCsi OT SAUHUIL U JISCST-
KOB MUKPOH (B OOBIYHBIX MOJUKPUCTAUIMYECKUX 00paslax) A0 MUJUIMMETPOB U Aa-
K€ CAHTUMETPOB (B KPYyHHBIX MOHOKpuctaiax) [106]. B onHoMm 3epHe aycreHuTa
o0pa3zyeTcsi OT HECKOJIbKUX €IMHUI] JO HECKOJIbKUX coTeH makeroB [104]. Ocrarou-
HBII ayCTEHUT MPUCYTCTBYET B BUJIE TOHKUX MPOCIOCK TOJIIMHON B HECKOJIBKO CO-
TeH aHrcTpem mno rpanuuam peek [107, 108]; B psane ciydaeB ero He HabOAaeTCA
BooOme [102, 109]. Opuentaunonnsie cootHomenus (OC) Mexay MapTEHCUTOM M
ayctenuroM Omm3ku Kk OC KyparomoBa—3akca [25]. ['abuTycHast 1I0CKOCTh OM3Ka
K {111}; cienys [110], e€ yacTo onuceiBaoT kak {557},. B cyocTpykType HabOmrona-
€TCs BBICOKAs! IJIOTHOCTh JAUCJIOKAIMIA, a TBOMHUKOB MPEBpAIEHUs TOUTH HET [23].

3HAUMUTENbHBIE Pa3HOIJIACHs B JIUTEpAaType HaOMIOJAI0TCA MO BOIPOCY O B3auM-
HOM OpPHEHTAllMM W PACIIOJOXKEHUHM peeK. 110 MHEHMIO MHOTHX HCCIENOBAaTeNeH, B
KQKJIOM MakeTe HaOII0JaeTcs JIUIIL OAHA WU JIBE (IBOMHUKOBBIC WM MPOU3BOJIb-
HbI€) OPUEHTHUPOBKU MapTEHCUTHBIX KpucTtamwioB [111-113]. Ucnonb3oBaHue MOHO-
KPUCTAJIbHBIX 00pa3IloB, IJe 00pa3yrTCcs KPYIHbIE MAKEeThl, 3HAUUTEIILHO PaCUIUpH-
JI0O BO3MO>KHOCTH TaKUX HCCIIEIOBAHUMN. Pe3ynpTaThl, MOJy4eHHbIE HA MOHOKPHUCTAII-
7ax (B OCHOBHOM KOHCTPYKIHMOHHBIX JIETUpOBaHHBIX cTanei) B.M. CuactiuBieBbIM
[106, 114, 115] u M.A. llITpemenem [99, 116], nmoka3zaiu, 4To B Mpenesiax KaxkJ0ro
NaKeTa pPeaju3ylTCS TPU Mapbl JIBOMHUKOBBIX OPUEHTHPOBOK MapTeHcuTa (u3 24
OpUEHTHUPOBOK, BO3MOXKHBIX 10 OC KypmromoBa—3akca), KOTOpbIE UMEIOT OOIIIYIO
IIIOCKOCTh nepBoro ciasura (111),. Bcero B aycTeHMTHOM 3€pHE MOIYT 0Opa3OBBI-
BaThCs IAKETHI 4 BUJIOB, IO KonndecTBy utockocTel (111),. OpueHTupoBKY peek ye-
penyroTcs TakuM o0pa3oM, 4TOOBI MOJYYUTh KBAa3HMU30TPOITHOE M3MEHEHHE 00BhEMa
0 BCEM TPEM HAIpPaBJIEHUSM, HECMOTPSl HAa TETPArOHAJIbHOCTh PEIIETKH MapTEHCH-
Ta. [I0CKONBbKY IUIMHHBIE OCH PEEK MapaljielbHbl HanpasaeHusaM <110>,, nexamum B
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IJIOCKOCTH CJIBUTA, TO B CEYEHUU MAKeTa MO TaOUTYCHOW MIIOCKOCTH BUJIEH «IIAPKET
U3 pEEK, BBITSHYTBIX BJIOJb TPEX HAIPABICHMHM, JIeKaUX nox yrioM 60°, a B ceye-
HUU JTIO0OM JIPyroi TMJIOCKOCTHIO (YTO OOBIYHO U MOJYyYaeTCsl MPU HU3TOTOBJICHUU
nuiida wim Gosibru) nakeT BHIMISIAUT Kak HAOOp peek ¢ MnapajuieIbHbIMU IPaHULIAMU
[99, 115] (cMm. puc. 5, a).

CooTHOIIEHUSI KOJMYECTBA MAJIOYTJIOBBIX, BBICOKOYTJIOBBIX U ABOMHUKOBBIX I'pa-
HUIl MEXy pelikaMu B TakeTe, u3yueHHole B paborax [108, 117, 118], B nenom He
npoTuBopeyar 3toil cxeme [115]; mpu sToM aBTopsl [108] oTmMeuanu, 4To B OTIEIb-
HBIX 00JIACTSAX IMaKeTa HAaOII0JANNCh COYETaHUSI PEEeK OHOM, ABYX MM TPEX OpHEH-
TUPOBOK, HO B MAKETE B IEJIOM MPUCYTCTBOBAIM Bce 1IECTh. B To ke Bpems B [117]
OBLJI0O OOHAPYKEHO MOBBIIIICHHOE KOJUYECTBO MAIOYTIOBBIX TPAHHUIL.

ITo muenuto akaa. B.M. CuactiuBiesa [115], oqHON U3 TPUYKH 3TOTO MOXKET SIB-
JSTHCS TO, UTO B YKa3aHHBIX pabOTax MUCMOJIb30BATUCH HE OOBIYHBIE KOHCTPYKIIMOH-
HbIE cTalM, a HU3Koyriepoauctoie ciaBbl Fe—C, Fe —Ni u Fe—Ni—Mn, B KOTOpBbIX,
BO3MOKHO, PEMKH OJHOM OPUEHTUPOBKH Halle 00pa3yroTcsi pAioM APYr C APYroMm.
MHorue aBTopbl AEUCTBUTENBHO COOOIIATN O TEHACHIIMH PEEK OJIHOM OPUEHTUPOBKH
rpynnupoBarbecsa B kiactepsl [117, 119], unn naxke o cyuiecTBOBaHMM BHYTPH MaKe-
TOB CTPYKTYPHBIX €IUHHI] TPOMEXKYTOUYHOTO YPOBHSI MEpapXUU — «OJIOKOBY» pPeeK
OJIHOM (MJIM JIBYX JBOMHUKOBBIX) opueHTUpoBOK [101, 112]. M.A. IllTpemens mno:na-
raeT, 4YTo MaKeT COCTOUT U3 HA0Opa IUIOCKHUX CIOEB, B KAXKIOM U3 KOTOPBIX MPUCYT-
CTBYIOT PEUKHU TOJIBKO JIBYX ABONHUKOBO CBSI3aHHBIX OPUEHTHUPOBOK; BCETO, TAKUM
00pa3om, B akeTe UMEIOTCS cjiou TPEX TumoB [116, 118]. MHeHUS 0 CyIIeCTBOBaHUHI
CIOEB peeK MPHUICPKUBAIOTCA W HEKOoTOophlie napyrue aBtopel [120]. Ha nHamuuue
IPYNIHUPOBKU PEEK B MAKETaX MapTEHCUTA YKa3bIBAET TAK)KE TO, UTO CIEIbl CABUIA
Ha penbede B HECKOJIBKO pa3 MIMpe MHIAMBHAYaIbHBIX peek [121, 122]. Bnocneact-
Bun cotpyaHuku B.M.CuacTiuBiieBa MOBTOPWUIM CBOM HCCJEAOBaHUSA, HO HE Ha
CpeAHEYTIEePOAUCTBIX CTalsix, a Ha cmaBax Fe—(15...18) %Ni1 [123]. Dto uccnemno-
BaHHE MOATBEPAWIIO, YTO B JKEJIEC30HUKEIIEBBIX CIJIABaX BHYTPHU MAKETOB CYIIECTBY-
10T OJIOKU peeK, UMEIOIIUX OJHY OPUEHTUPOBKY.

3aBUCUMOCTh U€PAPXUU CTPYKTYPHI MAKeTa OT XUMHUYECKOT0 COCTaBa CIljiaBa Obl-
na noapo6Ho uzyueHna WM. Tamypoii ¢ corpyanukamu [100, 104, 124, 125]. On no-
HOCTBIO MOATBEpKaaeT MHeHne A.Mappaepa [112] o ToMm, uto B criaBax Fe—Ni ¢
conepxkanuem Oonee 15 %Ni nmaker pa3douBaeTcsi Ha 4€TKHE OJOKH, COCTOSIIUE Tpe-
UMYIIIECTBEHHO M3 pEeK OJIHOM OPUEHTHPOBKH; pa3juvHble OJOKM OJHOr0 MaKeTa
UMEIOT OOIIYI0 TIOCKOCTh rabuTyca, HO Pa3IMYHOE HaIpaBieHHE peek (puc. 5, 6 u
6, ). [lo nanabim U. Tamypsl, TpoitHas uepapxus «perka—0I0K—TIaKeT» MPOSBISETCS
U JKEJIe30yIJIEPOJUCTBIX CIUJIaBaX, OAHAKO JIMIb NPU HU3KUX COJAEPKAHUAX YyIJIepoaa
(0,1...0,2 %C), u npu 3TOM OJIOKM MMEIOT KJIMHOBHUJHYIO (OpPMYy M 3a4acTyio pas-
apobineHsl (puc. 5,6 u 6, 6). C NOBBIIIICHUEM COJEpPXKaHUs yriepoaa OJOKH YTOHb-
IaI0TCsI, TPAHMIIBI MEXJY HHMMHU CTAHOBSTCS BCE MEHee 3aMeTHhIMU. B craim c
0,4 %C 010KOB BHYTpHU MAaKETOB YK€ MPaKTUUECKU HET (puc. 6, ). Ilpu kKoHUEHTpa-
nusx cBaiie ~ 0,5 %C rpaHuIbl TAKETOB TAKXKE MPAKTUYECKU MCUYE3aloT, U BECh 00b-
€M MCXOJHOT0 3€pHa ayCTEHHUTa OKa3bIBACTCS 3AMOJIHEHHBIM HEPETYJISIPHO Pacroio-
YKEHHBIMU HeapaJieJIbHbIMU pelikamMu (puc. 6, 2). dopma peek Impu ITOM TaKKe U3-
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MakeT

0)

rpaHula naketa rpaHuLa 6roka rpaHuya nakeTa
. /

MapTeHcHUTHo-cTapetowas ctanb
Tuna 02H18KOM5T
8)

Cnnas Fe - 0,2 %C

Puc. 5. Cxembl CTpOEHHUS MAKETHOIO MAPTEHCUTA. @ — CXEMa CIIOMCTOrO CTPOEHUS
nakera 1o [118], Bua B raburycHoii miockoctu (111), 1 B HerabuTyCHOMH IIOCKOCTH;
6 — cxema uepapxuu peitka—0omoxk—maker o [112];

6 — cXeMa CTpoeHHMsI OJJOKOB U NakeToB peeyHoro MapreHcuta tuna Il u I mo [104]

MEHSETCS, MPUOIIKAsICh K (hOpME KPHUCTAUIOB TUTACTHHYATOTO MAPTEHCUTA, U YBe-
JUYHUBAETCS pa3Opoc ux pa3MepoB. DaKTHUUECKU MPU BHICOKUX COJCPIKAHHUAX yTJie-
poJia CTPYKTypa PEeUYHOr0 MapTCHCHTAa HAYMHAET MPHOIMKATHCS K CTPYKType ILIa-
CTUHYATOI0 MAapTEHCUTA, KOTOPHIN MOSBISETCS MPHU JaJbHEHIleM MOBBIIIEHUU CO-
nep)kaHus yriepona (puc. 6, 0).

B cootBerctBuu ¢ 3tum U. Tamypa Beiiennn 4 MOpQOIOrHUECKUX TUITA PEEYHOTO
mapTeHcuTa: | (4€TKO BBIpaKEHHBIE MAKEThl W KPYIHBIE OJOKK C MapauieIbHBIMH
IpaHUIIAMH, 3aHUMAOIINEe BeCh 00BEM makera), Il (makeTsl BbIpa)KeHBI YETKO, HO
0JI0KM TPHOOPETAIOT KIMHOBHIHYIO hopmy u ApoosiTcs), I (makeTsr emé nHadmoma-
I0TCS, HO OJIOKM OTCYTCTBYIOT) U IV (HOTHOCTHIO HEYHOPSAIOUYCHHOE PACIIOIOKCHHE
peek) [100, 104, 124—126] — cm. puc. 6. B cinmaBax Fe—Cr u Fe—Cr—C ¢ noBbsiiiie-
HUEM COJIEpP)KaHMsI XpOMa WIH yTIepoJa TaKKe HaOII0Ja0Ch BHIPOXKICHHUE TMaKeT-
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(MosiBneHwne
Tun | Tun Tun 1 Tun IV nfiacTuH4yaToro
MapTeHcuTa)

3 ri‘ ‘\“ N\L‘“

AN, W 25 um
N —

Fe—-0,8%C

Fe—18 %Ni Fe—10 %Ni

Puc. 6. CMeHa TUIIOB CTPYKTYpPbI MAKETHOTO MAPTEHCUTA C U3BMEHEHUEM
coaepxkanus Hukens u yraepoaa no W. Tamype [100, 104, 124—126]

HOM CTPYKTYpPbl U YMEHBIIEHUE Pa3MEpPOB MAKETOB BIUIOTH 10 MOJHOCTBIO HEpETy-
asipHOro pacrnosnoxkenus peek [109, 127]. [ToBeiienue conepkaHus HUKENS B CIUla-
Bax Fe—Ni geiictByer, Mno-BUIUMOMY, B OOpaTHOM HANpaBlIEHUU: B CIUIaBaX
Fe—(18...24) %Ni ctpykrypa coorBercTByeT TUmy I, a B crmaBe Fe— 10 %Ni — tuny
IT [124]. M0oXXHO OXHMJaTh, YTO B JISTHPOBAHHBIX CTaJISAX, B COOTBETCTBHH C OOIICH
TeHeHnuel [128], ncuesHoBeHHE OJIOKOB JIOJHKHO HACTYIATh IPH 00JIee HU3KUX CO-
JepKaHUsAX YIJIepoJia, YeM B YIJIEPOJUCTHIX; BO3MOXHO, UMEHHO MOATOMY HEKOTO-
pbie aBTOpHI 0J10KOB He Habmoganu [115].

B mocnegnue roaml, B CBA3M C TOSIBJICHHEM HOBOTO A(()EKTUBHOTO METOJa U3Y-
YEHUS OPUEHTUPOBOK KPUCTAJUIMTOB B TBEPJBIX Telax — Audpakiuu oOpaTHO pac-
cessHHBIX 2J1eKTpoHOB (EBSD) B pacTpoBOM 35IeKTpOHHOM MuUKpockorne, T. Maku c
COTpYIHHKaM{ TOBTOPWJI CBOM wuccienaoBaHus 1970-X rIT., BBINOJHEHHBIE C
W. Tamypoii, moATBEpAUB U YTOYHUB OOHAPY>KEHHBIE TOT/a 3aKoHOMepHocTH [129,
130]. B yacTHOCTH, aBTOPBI HOBBIX padOT YKa3bIBaIOT, 4TO OJI0KU (BCE OoJiee TOHKHE,
BILJIOTH JIO TOJIIMHBI B HECKOJBKO PEEK) COXPAHSIIOTCS B PEEUHOM MApTEHCUTE BCEX
tunoB. [Ipu stom B peeunom mapteHcute tunoB I, II u gaxe Il xaxnapiii 610K co-
JIEPKAT PEUKH HE OJHOW, a ABYX OJNM3KUX OPUEHTUPOBOK, TaK YTO BCETO B IMAKETE
UMEEeTCSl TpHU TUIa OJIOKOB. Peliku KakmoW M3 JABYX OPUEHTHUPOBOK TPYHIHUPYIOTCS
IpyT ¢ ApyroM, oOpaszysi cyOOJIOKHM, TaKKe CTAHOBSIIUECS BCE MEHBIIMMH U Oosee
HEIMPaBUIbHBIMU C MOBBIIICHUEM COJEpKaHusl yriepoja. [pyrue aBTopsl, HCIOJIb30-
BaBILIME TOT K€ METOJ, MOATBEPKIAIOT 3TH BbIBOABI [131].

ITponiecc oOpa3zoBaHuUsi peeUHOro0 MapTEeHCUTa M3ydaicsi aBTopamu padot [103,
110, 112, 124, 132, 133]. [IpakTuyecku BC€ OHM OTMEUAIOT, YTO (POPMUPOBAHUE T1a-
KeTa MOKET UJTH JIBYMS Pa3JIMUYHbIMU MYTSIMU: a) MapajiebHbIe peUKu 00pa3yroTcs
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HEIMOCPEACTBEHHO OJIHA BO3JI€ JIPYTOM, TaK YTO MAKET PACTET B TOJIUHY HEMPEPHIB-
HbIM (GpOHTOM; 0) 3apOXKIACHHE HOBBIX PEEK MPOMCXOJUT MapajieIbHO 00pa30BaB-
IIMMCS paHee, HO Ha HEKOTOPOM PacCTOSIHMU OT HMX, TaK YTO BHYTpH Maketa oOpa-
3yETCsl MPOCIONKA ayCTEHUTA, KOTOpask 3aTEM TAKXKE 3aIIOJHACTCSA peMKaMu. BaxxHoU
OCOOEHHOCTBIO SABJISIETCSI TAKXKE TO, YTO YACTO PEHKU 0Opa3yroTCs HE MO OTIEIbHO-
cTy, a rpynmnamu [112].

[TocnenoBaTenbHOE U HE3AaBUCUMOE 3apOKICHUE PEEK UAYT OJHOBpeMeHHO [112].
Opnnako U. Tamypa ykassiBaet [124], yTo gaxe B CIUIaBax C pe€YHbIM MAPTEHCUTOM
tumna | BTopoii nporecc npeodnanaet, a npu nepexojae k tumy Il umu IV peiiku Bo-
obmie mepectaroT oOpazoBbIBaThCs rpynmnamu. ABtopel [110, 112, 124, 133] cuwura-
10T, YTO MEXaHU3M HE3aBUCHUMOTO 3apOXKIACHUS PEEK B MMAKETE HEIOCPEIACTBEHHO OT-
BETCTBEHEH 32 00pa30BaHuEe OJIOKOB.

Takum 00pa3zoM, OOJIBIIIOE YHCIIO SKCIIEPUMEHTANIbHBIX JaHHBIX CBUIETEILCTBYET
O CJOKHOM MEpPapXMYECKOM CTPYKTypE NHAKETHOTO MApPTEHCUTA, B KOTOPOM PEUKHU
TPYNIUPYIOTCS B KiacTepbl Wi Oioku. CKIOHHOCTh K 00pa3oBaHWIO OJIOKOB
YMEHBIIAETCS C POCTOM KOHIIEHTPALMK YIJIEPOa, YTO CBSI3aHO, BEPOSATHO, C YBEIU-
YEHUEM CTENEHU TETParoHaJIbHOCTH MApTEHCUTAa U M3MEHEHUEM BCJICJICTBHUE HTOTO
YCJIOBUHM KOMIIEHCAIIMU HANPSKEHUHN Mpu o0pa3oBaHUU aHcamMOIIs peek. B cpeaneyr-
JEPOIUCTBIX CTAISX OJIOKHU, MO-BUIUMOMY, BBIPOKIAIOTCS B CIIOM peeK. Takas Clox-
Hasl CTPYKTypa OKa3bIBAE€T CYIIECTBEHHOE BIIUSIHUE HA MEXAHUYECKUE CBOKCTBA CTa-
Jeil O CTPYKTYpPOM MaKeTHOr0 MapTeHCUTa (KaK CBEKE3aKaJIEHHOTO, TaK U MOJIBEpr-
HYTOTO OTIYCKY, IMMOCKOJBKY PEKPUCTAITA3AINHN O-(a3bl IPU OTITYCKE OOBIYHO HE
MPOUCXOJIUT, U KPUCTAILIIBI MAPTEHCUTA COXPAHSIOT CBOIO (DOPMY U OpUEHTUPOBKY).
B wacTHOCTH, psil aBTOPOB yKa3bIBaeT, YTO F3(DPEKTUBHBIM pa3MepOM, BXOSIIUM B
ypaBHeHue Xosua—Ilerua, siBnsgercs He pa3Mep 3epHa, a pazMmep nakera [134] unu
osioka [100]. ITo muenuto U. Tamypsi [100], pazBuTas uepapxusi CTpyKTypbl BHyTpH
MaKeTa y MapTEHCUTHO-CTAPEIOIIUX CTajeil MOKET ObITh OJHOM M3 MPUYUH UX BBICO-
KOTr'0 CONPOTHUBIICHUS XPYIIKOMY pa3pyLUEHHUIO.

3. BOAOPOA U ®JIOKEHBI B CTAJIAN

3.1. Teopusi o0pa3oBaHus PJI0KEHOB

®nokenamu (0T HeM. Flocken — cHeXuHKH, XJIONbs1) HA3bIBAIOTCS TOHKUE BHYT-
pEHHUE TPEUIMHbI, BO3HUKAIOUIUE TMPU OXJAXKJECHUM KaTaHOW MM KOBAaHOM cTajau
KPYIHBIX ceueHui rpu temneparypax Huxke 150...200 °C. B uznome oHM UMEIOT BUJ
KPYIJIBIX WJIM OBAJIbHBIX CEpEOPUCTO-0EINBIX MATEH pa3MeEPOM OT J0JIEH MUILITUMETpPa
70 HECKOJIbKUX CAaHTUMETpOB. DIIOKEHbI 00pa3yloTCs B CTaJSAX, HUCIBITHIBAIOLINX
Y—o-mpeBpaieHue. B cransax ¢peppuTHOro u ayCTEHUTHOTO Kjlacca OHM OOBIYHO HE
00pa3yroTcs; Majo 4YyBCTBUTENIbHBI K HUM U JeAeOypuTHbIe cTayid. DIoKeHbl BO3ZHU-
KaloT HE cpa3y, a M0 MCTEYCHHH HEKOTOPOTO0 MHKYOAIIMOHHOTO MEpHOAa, KOTOPBIN
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MOKET IPOJIOJIKATHCS OT HECKOJIBKMX 4YacoB J0 HECKOJbKHX MecsueB. [losBieHue
(ITIOKEHOB SIBJISETCSI HEUCTTPABUMBIM OpaKOM.

Teopuii oOpazoBanus (JIOKEHOB MpeIaraJochb MHOIO, HO BCE€ OHHU IPHU3HAIOT
pELIAIONIYI0 POJIb PACTBOPEHHOrO B CTAJNIM BOAOPO/IA, XOTS ONPENEIEHHYIO 3HAUCHHE
UMEIOT U BHYTPEHHHE PACTITUBAIOIINE HAIMPSOKEHUS, JIMKBAIUS, CTPYKTypa CTalu U
ap. PacTBOpUMOCTh BOAOPOAA B JKUAKOM U TBEPIOM (0, Y M Q) KeJie3e IpHU JAaBICHUH

MOJICKYJISIPHOTO Bogtopoza B, =1 atm paBHa

IgCX =2,362—1637/T; (36a)
1IgCS =1,262-1340/T ; (366)
lgCl =1,677-1182/T; (366)
IgC% =1,677—1420/T . (362)

3necb Cy BbIpakeHa B yIOOHBIX ISl MPAKTUKKU €UHUIIAX — KyOUUYECKHX CAHTHMET-
pax razoobpazHoro H, npu HopManbHbIX ycioBusix (Temmeparype 0 °C u gaBienuu 1 atm)
Ha 100 r metaia. [{ns nepecuéra B Apyrue eIUHUIBI MOKHO MOJIb30BaThCS CIEAYIO-
IFMH COOTHOIICHUAMH (TOKAXKUTE CaMOCTOSTenbHO): 1 cM’/100r=4,98-107 ar. %=
=8,99-107 mac. %H=0,899 ppm (propromille — [MaccoBbIX] YacTeil Ha MHILIHOH).
Kax BumHO 13 puc. 7, pacCTBOPUMOCTH BOJOPOA B ayCTEHUTE OOJBINE, 4eM B O-(hase,
MO3TOMY MOCJE Y—>O-IIPEBPAIEHUs] KOHIEHTpALKs BoJopoAa B deppute Wik Map-
TEHCHUTE OKa3bIBACTCS CYIIECTBEHHO BBIIIC PAaBHOBECHOM. M30BITOYHBIN BOAOPO/T BBI-
JEeNsieTCA B MOpax, CKOIJIEHUAX BAKAHCUM WIIM JUCIOKALMMI U T.I., CIYXKalllKX 3apo-
IpIIIaMyA  Oyaymux TpemwuH. HamoiHeHne mopbl BOJOPOJOM MPOUCXOAHUT MyTEM
atomHoU muddy3un pacTBOPEHHOTO Tra3za u3 oObema Merawia. [lo mepe HaTekaHUs

50 T T T T T T T T T T T T T
40
S 30
— i @)
= -
. 20 5
O s
10 l Y -
s o -
O 1 1 I 1 | 1 1 1 1 1 1 1
0 500 1000 1500 2000

Temnepartypa, °C

Puc. 7. PactBopuMOCTh BOIOpO/Ia B *Keje3€e MPH pa3InyHbIX TeMIIepaTypax
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BOZIOPOJIA IaBIICHHE ra3a [y B IIOPE BO3PACTAET, MIOKA HE JIOCTHIHET BETHYHHEI Pég ,

IPU KOTOPOW HHTEHCUBHOCTh MEXAHUYECKUX HANPSHKEHUN HA TPAHULE TPELIUHBI
K=ok VL, (37)

rac L — XapaKTCpHada JJIMHA 3apoJblllia TPCIIWHBI, IOCTUTACT KPUTHYCCKOI'O 3HA4YC-
HUsA KC, OIIPCACIIACMOTIO BA3KOCTBIO PpA3pYHICHUA CTAJIU H, BCPOATHO, CCI‘pCI’@.HHCﬁ

aTOMOB BOJIOpOJa B BEpIUMHE TpeLMHbL. [Ipy BBIIIOJIHEHUU YCIIOBUSA PHz 2 PPII(S, TO

ectb K 2 K, HayuHAeTCa pocT TpeluHel. Ho 5T0 NpUBOAUT K MAalEHUIO NaBJICHHUS,

MO3TOMY BCKOpE pa3BUTHUE TPEIIMHBI OCTaHABIUBAETCS. TpedyeTcss HeKOTOpoe BpeMst
JUTSI TalibHEUIIEro MOBBIIICHUS AaBICHUS U3-3a HATEKaHUs raza 1 Hayaja cieayrole-
IO PhIBKA BEPUINHBI TPEIIUHBI.

PaccMoTpuM omnucanHyto 0O0IIYI0 KapTUHY pa3BUTHUS (HIOKEHOB Oojee moapoOHO
(cm. [135, 136]). PaBHOBECHOE 1aBlIieHHE MOJIEKYJISIPHOTO BOJIOPO/IA B IOpax peryiu-
pyercst 3akoHOoM CuBepTca pacTBOPEHHUS BOJOPO/A B KEJIE€3€ WU CTaIU

E
CH =A0 exp(—ﬁj,[PHz (38)

U YpaBHEHHEM cocTOsiHUsA ra3a H, B monoctu

_ "y
PHzV 24, RT . (39)
N3mepuB 3xcriepuMeHTanbHO BeInurnHy Cy, MOKHO OMPEAEIUTh MAacCy BOAOpPOAA
B 0Opasiie 066EMOM V) [cM’] U3 BBIpaKEHHS
my =BV,Cy, T, (40)
rae
B_ P 2AH
100 22,40-10°
p=7,86 r/cM’ — MIOTHOCTH ctaimu, Ay = 1,008 r/MoIb — aToMHas Macca BOJIOPO/IA,
a22,40-10° cM® — 06EM 1 MOIIb HIEATHHOTO ra3a MPU HOPMATBHBIX YCIOBHSIX.
Jlist pactBOpa Bozopoa B o-Fe, kax ciemyer u3 (362), Ag=47,53 (cm’/100T)-atm 7,
a fHeprus axkTuBaruu pactBopeHus E=27,18 x/x/mons. 3akon Cupeptca (38)
ornpeesieT KOHIEHTPAIUIO BOJIOPO/Ia B KeJle3e, €CIIM OHO MPU HEKOTOPOU Temmepa-
Type T HaXOJUTCS B paBHOBECUU € aTMOC(hepoil MOJIEKYJISIpPHOTO BOAOPO/Ia, XapaKTe-
pusytomencs napinenneM fy . ITycTe npu BEICOKOH TemmepaType oOpazern; umeer

=7,073-107°, 41)

PAaBHOBCCHYIO KOHICHTpPAIUIO BOIJOPOIA CI(-)I HpPI OTHOCHUTCIIBHO 6BICTpOM oXJIax-

JeHUU o0pas3lia BHE BOJOPOJHON aTMocdepbl 00JbIlas 4yacTh BOAOPOJAA, HE YCIIEB
BBINTH MyTEéM Tu(dPy3uH Ha MOBEPXHOCTh U MOKUHYTh 00pa3el], COXPaHUTCA B HEM.
[Ipenmnonoxum, 94To B 00paslie BO3HUKIA OECKOHEYHO Majas 1o pasmepy mnopa. To-
r7la JaBJI€HHE BOJOPO/ia B HEW Oy/eT ONpeenaThCs YCIOBUEM PaBHOBECHSI C pacTBO-
PEHHBIM B CTaJIU Ta30M:

_ 2F
Py, = AG? exp (Ej (Cy)*. (42)



Ecnu, manpumep, CEI =5 cM/100 T, To pu 1000, 500, 300 u 100 K paBHOBecHOE

3 7 26
JaBJICHUE OKaXKeTcs paBHBIM 7,6; 5,3-107; 3,2-10" u 2,8-10" atm. M3BecTHO, YTO OK-
PYKHOE pPACTATUBAIOLIEE HAIpPsDKEHHWE Y MOBEPXHOCTH c(epuuecKoi MOJOCTU CO-
cTaBiser Fy /2. Takum oOpazom, yxe B paiione 450 K y moBepxHoctu Oyaer

JOCTUTHYTO HAIpsKEHWE, MPEBBIMIAIONIECE Mpenesl NpodHoCcTH G, = 1000 Mlla
(1 MIla =9,87 atm), 1 HauHETCA pa3pylieHue. (s KOMHaATHOW TeMnepaTypbl BO3HH-
Karolllue BOKPYT MOPbI HANPSKEHUS Ha YEThIpe MOpsiiKa MPeBbIIAOT G, Ecnu dop-
Ma MOpbl WM 3apOojblllla TPEHIMHBI OTJIMYAEeTCs OT C(EepUUecKOr, TO BCJIEICTBUE
KOHIICHTpAllUN HAaNpsHKEHUs Yy BEPLIMHBI 3apoJiblllla TPELIUHBl pa3pylIeHHE Mpo-
M30MIET U PY MEHBLIEM JaBJIECHUHU BOJOPO/IA, ONPEALISIEMOM cooTHOLEeHueM (37).
OpnHako HEOOXOAMMO YYECTh, YTO peajbHble O0Opaslbl COAEPk AT JOCTATOYHO
00JIbIII0€ KOJIMYECTBO MOP, OONAJAIONIMX KOHEYHBIM CyMMapHbIM oO0beMoMm V. To-
I71a MOKET OKa3aThCsl, UTO HAWICHHbIC 3HAYEHUS JABJICHUS HE OyIyT IOCTUTaThCs B
CUJIy OTPaHMYEHHOCTH KOJMYECTBA Ia3a, 3aK/I0U€HHOro B oOpasie. Ecnu oO0béMHas
oiist TIop B o0pasue pasHa f =V, [V, , 1 Bech 3anacéHHbIN B MeTaILIe BOAOPOJ MOJI-

HOCTBIO BBIACIUTCA B HUX, TO JABJICHHC B II0OPaAX 6y,Z[CT paBHO

RT R 2,879-107"
, maRT p ,CgTzu.ch,aTM (43)
2 24yV, 24y f f

3
[rasoBas mocrosinHas paBHa R= 82,05 cm”-atm/(Mmob:K)]. [Ipu sToM MBI Tipeanosnara-
€M, Y9TO JaBJICHUE B MOPaxX pa3HOTo pa3mepa Bo3pacraeT oauHakoBo. [Iycts f=0,001,
TO €CTh CyMMapHbIi 006EéM 1op coctaBisieT 0,1 % o0bpéMa o0Opasiia; Toraa peasbHO J10C-

THKUMOE J1aBJI€HUE, HAIPUMED, NPH CI(_)l =5cm’/100T 1 T=300 K 6yzner paBHO By, =

=432 atM. DTO 3HAYUTEIBHOE JABJIICHUE, HO TOPA3/I0 MEHBIIIECE, YEM ONMPEACIEHHOE
no ypaBHeHuto Cuseprca (42).

Takum 00pazoM, HEOOXOMMO YYUTHIBATH COBMECTHOE JIEHCTBHE 000MX (haKTOPOB,
¥ MCTUHHOE JIaBJICHUE MOXKHO OMNPEACTHTH JIUIIh COBMECTHBIM PEIICHUEM YPaBHEHHMA
(38) 1 (39) ¢ yu€rom MoOCTOSTHCTBA Macchl BOjIopoa B oopasiie. C 3ToM 1eNIbI0 paccuu-
TaeM Maccy BOJIOPOJia B IOpax

244 BV,
ml({l) _ H* H, Of (44a)
RT
1 MacCy BOOOpoJaa, paCTBOpéHHOFO B CTaJIH,

BriaenuBmniics B rmopax M pacTBOPEHHBIM B METAJUIE BOAOPOJ HAXOASATCA B PaBHO-
BECUU [PU HEU3MEHHON CyMMeE

ml({l) + ml({z) =my = BVOCEI , (446)
rie CY — koHIeHTpaIMs pPacTBOPEHHOIO BOAOPOIA B CTaJIM, HE COMEp KalleH 1op,
H P p Y P 1Y P

npUOIMKEHHO COBMAJAIONIasi ¢ UCXOJHON BBICOKOTEMIIEPATYPHON KOHIICHTpAIIMEH.
[Tocne noacranoBku (44a) u (440) B (446) nonydaem

2A

BRT (45)
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u ganee ¢ yuétoM (38) mpuxoaum K OKOHYATEITbHOMY BBIPAKEHUIO

RT RT
Py + PRI\ By, —B—Cﬂ =0, (46)

24y f 24, f
KOTOPOE MPEJICTABIISIET COO0M KBaIpaTHOE YPaBHEHUE OTHOCUTEIIHLHO /PH2 . Uepes A

00o03HaueH ko3(pduuueHt pactBopumoctn A=A, exp(—E/ RT ) , AMECIOIINN CMBICII

PaBHOBECHOW KOHIIGHTpAIIMHM BOAOPOJA B CTAJM MPHU NaBIECHUH BOAOpoja B 1 aTwm.
Pemenne ypaBHenus (46) uMeeT BUI

RTA| (84 fC
[y, =D /Gy (47a)
44y f |\ BRTA
NI, €CJIIN IOACTaBUTDh YU CJIICHHBIC 3HAUYCHMU A,
2
2 0
C
By =4,681107 L exp(—@j 6,150f Hexp(6538)+1 -1] . (476)
2 f T T T

IIpu 7T— 0 nmapametp A B (47a) Takxke cTpemMutcss K Hyito. [loaToMy mpu HU3KUX
TEMIIEpATypax NEPBOE CIaracMoe MoJj 3HAKOM paJuKalla HEOTPAaHUYEHHO BO3PaCTaeT,
€AMHUIIEH M0 CPAaBHEHUIO C HUM MOYHO MpeHeodpeyb, u
_ BRT 0
Hy =5 7 ; H>
yT0 coBnajaer ¢ (43). Kak u cnegoBasio 0ku1ath, Ipy HU3KUX TEMIEpaTypax peaju-
3yeTcsl CUTyalMsi, KOTrJla BECb BOJOPOJ KOHLUEHTPUPYETCA B mopax. B apyrom mpe-
NEIBHOM Cily4yae, pu 1 — oo, TIEpBOE CIAraéMo€ CTAaHOBUTCS MaJIbIM [MapaMETPOM.
Pa3i10xuB MOJKOPEHHOE BBIPAXXEHUE B Pl MO0 3TOMY HapamMeTpy U OrpaHUYUBASICh
NIEPBBIM WICHOM PAa3JI0KEHUS, HAXOIUM COOTHOUIEHUE, aHAJIOTUYHOE (42):
ct Y
By, =| =1 . (49)
A
Takum oOpa3zoM, MpU BBICOKMX TEMIEpaTypax AAaBJICHHE B MOpax ONpenessieT KOH-
LEHTpalus ra3a, paCTBOPEHHOTO B METAILIE.

JUJist MIUTIOCTpAlMK Ha PUC. 8 MPUBEIEHBI PACCUYUTAHHBIC TIPHU MOMOIIU (HOPMYJIbI
(476) rpaduku AgaBiaeHUsS IS pa3HbIX KOHLEHTpanui Bojgopoda u nonu mnop. Kaxk-
JbIA TpauK, €CIM JBUTaThCsd BHU3 MO OCHU TEMIIepaTyp, UMEET BOCXOISIINM yd4a-
CTOK, 3aKAaHYMBAIOLIUICA MAaKCUMYMOM, W IOCIEAYIOIIUNA HUCXOASAIIMNA y4acTOK B
obyacTu HU3KUX Temmneparyp. Hucxoasdmuii yuacTok 00yclioBIeH ISHCTBHEM 3aKOHA
Cuseprca (42), B COOTBETCTBUM C KOTOPBIM pPacCTBOPUMOCTh ra3a B METaJUIE MPHU TO-
HI)KEHUH TEMIIEPATyPhl YMEHBIIAETCS, & BBIAEICHHUE Ta3a B MOPbl YCUIIMBAETCS, HHUC-
XOASAIINN K€ YyYaCTOK — JIEMCTBHEM 3aKOHA HMJCAJIBHOrO ras3a, COrIaCHO KOTOPOMY
JABJICHHE NTPONIOPLUHUOHAIIBHO TemnepaType. TeHaeHInn N3MEHEHUS TaBIEHUs, OIpe-
NeNsieMble YKa3aHHBIMU 3aKOHAMH, B3aMMHO IPOTHBOIIOJIOKHBI, IMO3TOMY BCEraa
BO3HUKAET JIOBOJIbHO pe3kuid MmakcuMyM B pairione 350...450 K. Temnepatypa, coot-
BETCTBYIOILIAsl 3TOMY MAaKCUMyMY, ITOBBIIIAETCS ¢ POCTOM KOHLEHTpAIMU BOJOPOJIa U

(48)
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J0JM TIOPUCTOCTH (pHUC. 9, @), HO OCTAaéTCs B MpeJeaXx TOro MHTEPBaa, TIe BO3HHU-
KaroT (uiokensl. Cama BeTHIMHA MAKCHMAIBHOTO 1aBJEHHs [y TP 9TOM MEHSET-
Csl B OYEHB IIMPOKHX Ipenenax (puc. 9, 6).

Jlis mpenoTBpaleHus: o0pa3oBaHus (PIOKEHOB HEOOXOAMMO BCEMHU CIOCOOAMHU
CHIDKaTh MaKCUMaJIbHOE JIaBJICHUE MOJIEKYJIIPHOTO BOJOpOAa B MUKpornopax. OnHa-

KO MapaMmeTpsl Cﬁ U f SABJISAIOTCA CJIa0OYNpaBiIsieMbIMU B OOBIYHBIX METaJLIypruye-

CKHUX TEXHOJIOTHUSX, €CJIA TOJIBKO pacIjiaB CTalIM HE MOABEPraroT LieJIEHAIIPaBIECHHO-
My BaKyyMHPOBAHUIO; TaKas ONepanus pe3KO CHUKAET UCXOJIHOE COAEPKAHUE BOJIO-

poza B cTayu Cﬂ M, COOTBETCTBEHHO, OMACHOCTh (PITIOKEHOOOpa30BaHus, HO SIBISIETCA
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Puc. 8. Bimsinue TeMneparypsl Ha IaBI€HUE BOJOPOIA B ITOpax
npu 00sEMHOM moste mocnenaux f=0,0001 (a) u 0,001 (6).
L{udpbl y KPUBBIX — coOAEpIKaHue BOAOpoaa B cM /100 T
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oueHb 3arpaTHOM. Emé oaun axtop, BAUSIONIMIA HA BETUYMHY MaKCUMAaJIbHOTO J1aB-
JIEHUS — 3TO PAacTBOPUMOCTBH BOAOPOJa B cTayid. [Ipn yBenndyeHMn pacTBOPUMOCTH
JaBJEHUE B TOW 00JaCTH TeMIlepaTyp, i€ OHO MPEUMYIIECTBEHHO ONpeeseTcs 3a-
koHoM CuBeprca, Oyner nmoHmwxarbcsi. B kauectBe npumepa Ha puc. 10 kpuBble U3-
MEHEHHUsI PACTBOPUMOCTH B UHCTOM jKeJie3€ (aHaJOTUYHBIE PUC. 8, a) COMOCTABIIECHBI
C KpUBBIMH JIs ciuiaBa xenesa ¢ 0,5 mac. % nammagus, Uisi KOTOPOro IMapaMeTpsl
ypaBHeHHs  pactBopumoctd  (38)  paBHbl  Ag=10,47 (cMm’/100T)-atm ' m
E=15,31 xIxx/mons [137]. BuaHo, 4TO MOBBIIIEHHE PACTBOPUMOCTH BOJOpO/Ia MpH-
BEJIO K NOHMKEHUIO MaKCHUMAaJbHOTO JABJICHUS, KOTOPOE TENEPh AOCTUIAETCS IPHU

550 : : : : :

500

max’ K

T

450

TemnepaTtypa
N
o
o

w
(o)
o

300 1 | 1 | 1 | 1 | 1
0,000 0,002 0,004 0,006 0,008 0,010
[ona nopuctocTtu f
5 ) l ) l T

3

Haenenve p__, 10” atm
N

0

0,000 0,002 0,004 0,006 0,008 0,010
Honsa nopuctoctu f

Puc. 9. Biusinue 005EMHOM 1011 TTOp Ha TeMIIepaTypy, IpU KOTOPOii JaBIECHUE
BOJIOpPOJA B MOPAaX MAKCUMAIIBHO, U BEJIMYWHY MAaKCUMAJIBHOTO JIABJICHUS.
3
[{udps! y kpuBBIX — coaepkanue Bogopoaa B cm /100 T
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Puc. 10. CpaBHeHUE N3MEHEHHUSI TABIEHUS BOJOPO/IA B OPAX
IIPU MOHWKEHUU TEMIIEPATYPhl B UUCTOM KeJie3€ (CIUIOMIHbIE JTMHIH)
u B ctuase Fe—0,5 %Pd (myuktupssie nuaun). O6sémuas gois nop f=0,0001;
GBI Y KPUBBIX — COZIEPIKAHHE BOZOPoaa B cM>/100 T

0omnee HU3KOU TemrepaType. ITo 0O0bICHIET U3BeCTHhIE pe3yibTaThl B.M. Apxaposa
[138, 139], uTto HeOonbiue MO0ABKH MaUTaJus PE3KO YMEHBIIAIOT YyBCTBUTEIb-
HOCTh CTaii K (uiokeHam. KoHe4HO, nmajmiaguil CIMILIKOM JOPOT AJIA TOTrO, YTOOBI
3TUM 3()PEKTOM MOKHO OBUIO MOJB30BATHCS B MPOMBIIUIEHHOCTH, OJHAKO MOXHO
HANTH U ApyTHE 3JIEMEHTHI, 00JIa1al0II1e CX0XKUM JCHCTBUEM.

OtmeTuM, 4TO JaBie€HUs BOAOPO/A, paccuuThiBaeMble 1o Gopmynam (47), MOTYT
OKa3aTbCsl OUeHb OONbIIMMHU. [IpH BBICOKMX NABIEHUAX YpaBHEHUE COCTOSHHS UIe-
aJIbHOTO T'a3a CTAHOBUTCS HETOYHBIM, ITO3TOMY, YTOOBI COXPAHUTDH 3aIUCh YPAaBHEHUS
COCTOSIHHSI, BMECTO HCTHHHOTO JaBNeHHUSA Fy BBOIAT BEIMYMHY [y , Ha3hIBACMYIO

(1)yrI/ITI/IBHOCTBIO HJIA JICTY4YCCTBIO, KOTOpasA, KOHCYHO, CBA3aHa C UCTHUHHBIM IaBJIC-
HUCM. 9Ty CBA3b MOJKHO IIPECACTABUTb YPABHCHUCM

oy,
= By, exp o | (50)

Iy

2

3
rae o=15,2 cm’/Monb [140]. dyrutuBHOCTH OOJIBIIIE, YeM UCTHHHOE JIaBJICHHUE, IT0-
3TOMY 3aMmeHa B (47) Fy, Ha Fy TIpEBEJCT K HEKOTOPOMY CHIDKCHHIO JaBIICHHS, KO-

TOPOC, BIIPOYEM, OCTAHETCA BLICOKHM (MaKCI/IMaJ'IBHOC JAaBJICHUC Ha PHC. 8, a CHU3UT-
cst ¢ 10,0-10° 1o 2,8-10% atm, a na puc. 8, 6 — ¢ 1150 g0 827 atm).
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3.2. IIpoucxo:kaeHue BOJAOPOAA B CTAIHU

@iIoKeHbl B CTalNsAX BO3HUKAIOT IIPU COJEPKAHMSAX BOJOPOJA  CBBIIIE
2..3 ¢M’/100 1. B To e BpeMs IpH BBIIUIABKE CTATH B OTKPBITHIX MEYaX COACPKAHHE
BOIOPOJIA TIOCIIE KPUCTAILIN3ALHH KoeGneTrces ot 2 10 16 cm’/100 r. [TosToMy BaxHO
PaccMOTPETh BOIPOC O TOM, OTKYJIa BOJOPO/ MOMAJAET B CTajlb, TO €CTh Kakue (ak-

TOPBI ONPEAEISIIOT BETUUHHY Cﬂ.

1. Ponb atmocdepHoro Bomopoma. PacTBopuMocTh BOAOpONA, ONKCHIBaeMast
ypaBHeHHeM (36a), OTHOCHUTCS K AaBieHUIo Bojopoja 1 atm. CoriacHo 3ToMy ypas-
HEHUIO, PACTBOPUMOCTh BOJIOPOJIa B JKHUJKOM >KeJie3e MPU TeMIlepaType IIaBICHUS
1812 K paBna 28,7 cM’/100 r. Ho IpU IJIaBKe CTAJIM B aTMocdepe Bo3ayXa JaBiIcHUE
BOJOPOJIa CylIecTBEHHO MeHble. Cyxas 3eMHasi aTMocepa COCTOUT MO 00bEMY U3
78,08 %N,; 20,95 %0,; 0,93 %Ar; 0,03 %CO, u HUYTOKHBIX KOJIMYECTB MPOYUX Tra-
30B; Bojopoaa B Heil 5,0-10° %. CornacHo 3akony Cupeprca (38), IpH Taprmab-
HOM JaBJIeHHH Bomopona 5,0-1077 aT™ ero pacTBOpUMOCTb yMeHbInaercs B (35,0-10°
12=1,4-10° pa3 — 1o 0,020 cm’/100 r. TTosTOMY CyXOii BO3IyX HE SBISETCS OC-
HOBHBIM HCTOYHUKOM PAacTBOPEHHOTO BOAOPOAA.

2. ITapsl Bozbl. BTopas BO3MOXHOCTb 3aKIIFOYAETCS B TOM, YTO BOAOPO NOMaAaeT
B CTaJlb B pe3yJIbTaTe AUCCOIMAIIMU [TAPOB BOJIBI IO PEAKIIUU

2H,0 20, +2H,. (51)
B cBs3u ¢ 3THM nipeanosiokeHrueM BepHEMCS K IpobsieMe oO0pa3oBaHusi (hJIOKEHOB U
OTMETHM OJIUH MHTEPECHBIN (akT, HaOII0JaeMblil HA TpeaAnpuaTusx. B nerHue me-
cspl Opak mo (JokeHaM BCerja BbIlle, YeM 3uMoil. Takas kapThHa MOBTOPSETCS U3
ro/ia B TOJl, ¥ TO3TOMY HE CBA3aHA C U3MEHEHUSIMU B TEXHOJIOTUU MTPOU3BOJICTBA. JTO
€CTECTBEHHO CBS3aTh C TE€M, UTO JIETOM BHIIIE a0COJIIOTHAS BIAXXHOCTh Bo3ayxa. [lo-
ATOMY PaACCMOTPUM POJIb BJIaru, CoAep Kaiieics B atMocepe U MUXTOBBIX MaTepua-
JaX, B OBBIIICHUU KOHIICHTPAIIMU BOJOPOJIa B CTAJIH.

CornacHo 3aKOHY JIEUCTBYIOIIMX MAacc, 3alUIIEM KOHCTAHTY PaBHOBECHS ISl pe-
akiuu (51):

2
PHz Poz
2
Fio
KOTOpaH, KaK U3B€CTHO, BI)Ipa)KaeTCﬂ qepe:% N3MCHCHHC CBO60I[HOI>1 3HepFI/II/I CHUCTCMBI
B XO€ peaKHHH:

K, = ) (52)

AG;
K, =exp| —— |, 53
1 P RT (53)
rae AG, =492,2-0,108- 7', x/lx/mMonb. OTCr0Ja MOKHO ONPEACIUTH AABIECHUE BO-

J0pOJa B CJIOE BO3yXa, KOHTAKTUPYIOUIEM C PaCILJIaBOM:

(54)

23



1 110 3aKoHy CHBepTCa — KOHIIEHTPAINIO BOJOPO/IA B CTAIH:
/ 18570 12 p-1/4

JlaBieHue Kucaopoa MoJI0KUM PaBHBIM €T0 MaplualbHOMY JaBJIECHUIO B aTMOc(epe
(0,2095 atm), naBnenue napos Boabl — 0,0153 aT™M; Takoe AaBJI€HUME COOTBETCTBYET
temrneparype 17 °C u OTHOCUTENbHOM BIAXKHOCTH Bo3ayxa 75 %. Pe3ynbrarsl pacué-
Ta PacCTBOPUMOCTH TpeAcTaBiieHbl HA puc. 11. ITo cpaBHEHHIO C BapUaHTOM PacTBO-
peHHUsl BOJAOPOJAA M3 BO3AyXa KOHIICHTpPAILMSl yBEIWYWIACh, HO BCE PaBHO OCTAETCs
CYIIIECTBEHHO HMKE PEATbHO HAOJIIOTAFOIICICS B CTAIIH.

3. Y4ér B3auMOECMCTBUS KHUCIOPOAA BO3/lyXa € Keyle30M. Tenepb 0OpaTuM BHH-
MaHUE Ha JIaBJICHUE KHUCIOPOa, KOTOPOe OBLJIO MPUHATO TAKUM K€, KaK B atMocde-
pe. B nelcTBUTEILHOCTH KUCIOPOA B TOHKOM HArpeToM CJIO€ OKOJIO 3epKajia BaHHbI
JIOJKEH B3aUMOJICMCTBOBATH C JKEJIE30M M PACTBOPATHCS B HEM. YUTEM 3TO B3aUMO-
NercTBUE KUCIOpoa ¢ paciyiaBoM. OHO MPOUCXOAUT MO PeaKIuu

%oz + Fe =2[0] + Fe, (56)

rae O, — mMosekysapHbIid, a [O] — pacTBOPEHHBIN B JKEJI€3€ aTOMAPHBINA KUCIOPO.
KonrenTtpamnuio pacTBOpEHHOTO KUCIopoAa (B MAacCOBBIX MPOIEHTax) 0003HAYUM
Co; xuaKoe xene3o Fe popManbHO HE ydacTBYeT B PEaKIMHU, TO €CTh €r0 COJEpKa-
HUE 70 U TOCJE PacTBOPEHUs MpakThuuecku He MmeHsiercs. KoHcranta paBHOBecus
3TOW peaKInu

Cy 14100
' (57)

K, = =1,451-exp| ——
N ( T
2
Torna naBneHue razo00pa3HOro KUCIOPO/ia B PaBHOBECUU C PAaCTBOPOM KHCIOPOJia B
JKEJIE3€C
C2
By, =—%- (58)
2 2
KZ

[ToncraBuB »TO BRIpakeHUE B (54), HaliIEM JaBlIeHHE BOAOPOAA

(39)

U Jajiee C UCIOJIb30BAHUEM COOTHOIIECHHUS (55) — pacTBOPUMOCTH BOJIOPO/Ia B CTAJIH
1/4
2

R
19 g k2| =7043 exp(— (60)

11520) PH20
(0]

Co
Ecnu npuHATH 11 KOHLEHTPAUWMK KUCIOpoJa B cTanu TunuyHoe 3HadeHue 0,02 %,

TO MOJYYUM pacTBOPUMOCTh Cy, IPEICTABIECHHYIO Ha puc. 12; oHa OnM3Ka K peajb-
HBIM 3HAYEHUSIM, KOTOpbIE HAOI0Iat0TCS B POMBIILIEHHBIX CTaJIAX.
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Puc. 11. Konuenrpanus Bogopoza, NonaJarolero B CTalb U3 BIard Bo3ayXa

40 L) l L) l L) l L) l L) l T l T l T

C,, cmM7100 T

0 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1

1200 1300 1400 1500 1600 1700 1800 1900 2000
Temnepatypa, °C

Puc. 12. TemnepaTtypHasi 3aBUCUMOCTb PaCTBOPUMOCTH BOJIOPOJIA
B JKeJie3€ MPH YUETE MOTIOUIEHUS MOCIEIHUM KHUCIOPO/ia

4. BausHre KIUMAaTHYCCKUX YCIIOBHHU. YK€ OTMEUEHO, YTO JIETOM Opak 1mo ¢iio-
KeHaM Bcerja BbIIIe, YeM 3uMOH. PaccMoTpuM mo3ToMy H3MEHEHHE aOCOIOTHOM
BJIQXXHOCTH BO3AyXa Ha MPOTSDKCHHWH Toja. B Tabn. 1 mpencTaBieHbl TaHHBIC Yels-
OMHCKOM METEOCTAHITMH O JaBJICHUH MapOB BOJIBI B aTMOC(hEpe B pa3HbIC MECSIIBI TO-
na. Beimre Bcero oHo B Mae, utoHe u urojie. Umenno B 3tu Mecsipl Ha OAO «Meuen»
HaOmoaeTcss HaubobIuii Opak mo diokeHaMm. B Toif ke Tabn. 1 mpeactaBieHO
JlaBJIeHNE BOJOPOJa [y B CIOE BO3yXa, OKPYKAIOLIErO PacIiaB, U PaCTBOPUMOCTH

BOJIOpoJia B cTanu. B nexaOpe—siHBape oHa COCTaBjsieT MeHee 4, a B MIOHE—HI0JIe —
10 cM>/100 .
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Tabanma 1
V3MeHeHUE TaBJICHHS ITAPOB BOIBI PHZO , TaBJICHUS BOJOpOAA

B IPAaHMYAIIEM C PACILIABOM CIIOE BO31yXa fy HpH 1812 K, pactBopumocTu

BOJI0po/Ia B kuakou ctanu Cy 1 Opaka mo (hJrokeHaM Mo MecsiiiaM rojia

Mecsn Bi,0> 107 arm | A H, > 107 atm Cy, cM’/100 T bpak, %
SlHBaph 1,9 17 3,7 12
deBpaiib 2,5 22 43 15
Mapt 3,9 35 5,4 20
Anpeb 7,0 63 7,2 20
Maii 10,8 97 9,0 26
Hronn 13,7 124 10,1 24
Hronn 14,7 133 10,5 27
ABrycr 11,3 102 9,2 19
CeHTs0pb 7,4 66 7,4 16
OKTS0ph 4,0 36 5.5 10
Hos6pb 2,8 26 4,6 10
JlexaOpb 1,8 16 3,6 12

Wtak, HachlllleHWEe pacIuiaBa CTad BOJOPOAOM OOBICHIETCS B3aHMMOCHCTBHEM
apoB BOJBI CO CTaNIbIO, MPUUYEM OIPOMHYIO POJIb B 3TOM IPOLIECCE UTPACT KUCIOPOI,
aKTUBHO TOTJIONIAEMbIA BAaHHOW B X0JI€ PEaKIMK OKHCIIECHUS Keje3a U JIETHPYIOIINX
anemMeHTOB. [loryomnienre Kuciaopoaa CMENAaeT PaBHOBECUE PEAKIUHU AUCCOLMALMU
napoB BoAbl (51) B 0071aCTh BBICOKMX JABJICHHI, YTO CTUMYJMPYET PACTBOPEHUE BO-
J0pO/ia U HACBIIIEHUE UM pacIljlaBa CTajlH.

OTcrona BBITEKAIOT OOBIYHO MCIIOJIB3YyEMbIE METAIIypraMu MEpONpPUATHS I
CHID)KEHHSI ONaCHOCTU 00pa3oBaHUs (DJIOKEHOB: a) YMEHBUIEHHE BIIAKHOCTU aTMO-
cdepbl 1IeXa U BIAKHOCTU MaTEpUAOB, HUCHOJb3YEMBIX IPHU MPOBEACHUU IUIABKU:
(deppocniaBoB, U3BECTH, KEPAMUKH U T.JA. U 0) BaKyyMHUpoBaHHe paciuiaBa. Eciau atu
MEpbI He atoT 3P deKTa, TO Mociie ropsyeii KOBKH CIUTKOB MOKOBKU OXJIAKAAIOT 110
200 °C, 3aTteM BHOBb HarpeBaroT 110 660...680 °C, BbIAEpKUBAIOT IIPU 3TOM TemIepa-
Ttype oT 20 1o 200 4 B 3aBUCUMOCTH OT UX AuaMmeTpa. Bo BpeMs BbIIEPKKHA BOJIOPO]
mupGyHIUpyeT K MOBEPXHOCTH MOKOBOK M BbIAeNseTcs B atMochepy. Bpems BbI-
JCPXKKUA JTOMKHO OBITh JOCTAaTOYHBIM JUISI CHIDKEHHUS KOHLEHTPALUK BOJOPOJA 0
6e3omacHoro ypoBHs. [IpuMeHsIOTCS 1 MHBIE PEXXUMBI TPOTUBOGIOKEHHON 00paboT-
K — Kak 0oJiee mpocThie, Tak U 0oJiee CIOXKHBIC, B 3aBUCUMOCTH OT COCTaBa CTaJIH,
YCTOMYMBOCTH TEPEOXITAKIEHHOTO ayCcTeHUTa (BBIACICHHE BOAOPOJA TOJIKHO MPO-
M3BOJUTHCS TIOCIIE 3aBEPLICHUS paclajia ayCTeHUTa, Tak Kak B Y-(aze ero pacTBOpH-
MOCTh HAMHOTO BBIIII€ — CM. pUC. 7) U T.I.

JIONOMHUTENBHBIE CBEJICHUS O MTOBEJICHUU BOJOPOAA B CTalH, (DJIOKEHAX U MPOTHUBO-
¢diokeHHO# 00paboTKe MOXKHO HATH, HapuMep, B kaurax [9, 11, 30, 32, 141-147].

26




BUBJIUOTIPA®UUYECKUN CIUCOK

1. Tonpamreiin, M.M. Cnemumansupie ctramm / M. Tonpamreitn, C.B. 'paués,
IO0.I". Bekcnep. — M.: Metamnyprus, 1985. —408 c.

2. Toapmmreitn, M.M. CnenuansHbele ctrann: 2-¢ usn. / M.W.TonpamreiH,
C.B.T'paués, 10.I'. Bekcnep. — M.: MUCuC, 1999. — 408 c.

3. JIsxoBuu, JI.C. Crennansasie cranu / JI.C. JIaxoBuu. — MH.: Beimiimas miko-
na, 1985. —208 c.

4. I'ynses, A.Il. Merannosenenue: 6-e uza. / A.IL I'ynses. — M.: Meramnyprus,
1986. — 544 c.

5. T'yapemon, 2. Cnenuanbubie ctanu / O. 'yapemon / niep. ¢ Hem. — M.: Merai-
aypruzaat. — T. 1, 1959; T. 2, 1960. — 1640 c. (2-e u3n.: M.: Merautyprus, 1966. —
1274 ¢.)

6. Mecbkun, B.C. OcHoBbl serupoBanus ctanu / B.C. Mecbkun. — M.: Metan-
aypruzaat, 1959. — 688 c. (2-e uza.: M.: Metamnyprus, 1964. — 684 c.)

7. MeramioBeaeHue W TepMHYeckas o0paboTka cTald W 4YyryHa / TOA pen.
H.T.T'yauosa, M.JI. bepumreiina u A.I'. Paxmtanra. — M.: Metaiuyprusaar, 1957. —
1204 c.

8. MeramnoBenenne W TepMmuueckas oOpaboTka crtamu: 2-¢ wW3A. / TOa pe.
M.JIL. bepumrerina nu A.I'. Paxmraara. — M.: Meramnyprusmar. — T. 1, 1961; T. 2,
1962. - 1656 c.

9. MerannoBeneHue U TepMuueckas oOpaboTka cranu: 3-¢ u3d. / Moja pen.
ML.JI. bepumireiina n A.I'. Paxmtanra. — M.: Meraiutyprus, 1983. —T. 1,352 ¢.; T. 2,
368 c.;T.3,216c.

10. MeraiuoBenenre U TepMuueckass oOpaboTka cranu: 4-e u3d. / moj pen.
M.JL.bepumreitna u A.I'.Paxmraara. — M.: Meramnyprus. — T. 1, 1991, 304 +461 c.;
T.2,1995, 336 c.

11. MetamioBenenue U TepMuueckas 00padoTKa CTaldu U 4yryHa / moJi o0Il. pes.
A.T'. Paxmiraara, JI.M. Kanytkunoii, C.JI. [Ipokomkuna, A.B. CynoBa. — M.: UnTep-
met Umxunupunr. — T. 1, 2004, 688 c.; T. 2, 2005, 528 c.; T. 3, 2007, 920 c.

12. MeramnoBenenue. Ctanb: crnpaB. u3f. / mep. ¢ Hem. — M.: Meramtyprus,
1995.-T. 1,448 +335c.; T. 2,447+ 399 c.

13. DHOMKIONEANYECKUH CrpaBOYHUK Tepmucrta-TexHonora / C.b. MacneHkos,
A.N. JIanyunoB, B.M. 3unuenko, b.K. Ymakos. — M.: Hayka u Texnonoruu. — T. 1,
2003, 392 c.; T. 2, 2004, 608 c.; T. 3, 2004, 704 c.

14. IMTukepunr, ®.b. duszmyeckoe MeTaIIOBEJEHUE W pa3paboTka craneit /
@.b. [Tukepunr / nep. ¢ anra. — M.: Meramnyprus, 1982. — 184 c.

15. ®uznueckoe MetaimoBenenue: 1-e uzn. / mox pen. P. Kana / mep.c anrn. — M.:
Mup. — Bein. 1, 1967, 336 c.; Beim. 2, 1968, 492 c.; Boin. 3, 1968, 484 c.

16. ®usnyeckoe MetaioBenenue: 3-¢ uzaA. / mox pea. P.Y.Kana u I1. Xaazena /
nep. ¢ anri. — M.: Mertamnyprus, 1987. —T. 1,640 c.; T. 2,624 c.; T. 3, 663 c.

17. Tonpammuar, X.JIx. CrnaBel BHeapenus / X.JIx. [onpammvunar. — M.: Mup,
1971. — Boim. I, 424 c.; Bem. 11, 464 c.

27



18. TIupcon, Y. Kpucraimoxumus u ¢pusnka MeTauioB U ciiiaBo / Y. Ilupcon. —
M.: Mup, 1977.-4. 1,424 c.; 4. 2,472 c.

19. llItpemens, M.A. IIpounocts cmiaBoB. Y. I: Jledextsl pemérku / M.A. IlTpe-
menb. — M.: MUCuC, 1999. — 384 c.

20. lITpemens, M.A. [Ipounocts crtaBoB. Y. 1I: Jepopmanus / M.A. [lItpemens.
— M.: MUCuC, 1997. — 527 c.

21. Pomanus, O.H. BszkocTs paspyienus KOHCTPYKIIMOHHBIX cTtanert / O.H. Po-
MaHuB. — M.: Metannyprus, 1979. — 176 c.

22. lN'onpamreits, M. Metamiodusuka BeICOKONPOYHBIX criaBoB / M.U. T'omb -
mrreitH, B.C. JlurBunos, b.M. bpoudun. — M.: Meramnyprus, 1986. — 312 c.

23. Kypmiomos, I'.B. IlpeBpamenuss B >xeneze u cranmu / ['.B.Kypmaromos,
JLM. YreBckuii, P.1. OuTun. — M.: Hayka, 1977. — 240 c.

24. Bunokyp, b.b. CTpykTypa KOHCTpYKIIMOHHOM JierupoBanHoit ctanu / b.b. Bu-
HOKYDp, B.JI. IImmomenko, O.I'. Kacatkun. — M.: Meramnyprus, 1983. —216 c.

25. CuactimmBreB, B.M. Crpykrypa TepMmuuecku o0paboTaHHOW crTamum /
B.M. Cuactnusues, .A.Mupzaes, N.JI. fxosneBa. — M.: Meramnyprusa, 1994. —
288 c.

26. bnantep, M.E. Teopusa tepmuyeckoit o0padotku / M.E. biantep. — M.: Me-
tamnyprus, 1984. — 328 c.

27. HoBukoB, .M. Teopus tepmuueckoit 06padotku metamios / .M. HoBukog.
— M.: Metannyprus, 1986. — 480 c.

28. CmupHOB, M.A. OcHOBBI TepMuueckoir 00padoTku cranu / M.A. CMuUpHOB,
B.M. CuactnuBues, JI.I'. Kypasnés. — ExarepunOypr: YpO PAH, 1999. — 496 c.

29. I'ynses, A.Il. Tepmuueckas obpadotka cranu / A.IL 'ynses. — M.: Mamirus,
1960. — 496 c.

30. Tepmuueckass oOpabOTKa B MAIIMHOCTPOEHUHU: CIPABOYHHUK / TOJ PE.
I0.M. Jlaxtuna u A.I'. Paxmraara. — M.: Mammnoctpoenue, 1980. — 783 c.

31. Teukun, M.A. CripaBOYHUK TE€pPMUCTa peMOHTHOM cityk0b1 / M.A. ThITKHH. —
M.: Merammyprus, 1981. — 648 c.

32. bamnuH, FO.A. TexHnonorus repmuyeckoit 0opadotku cranu / FO.A. baiinus,
b.K. Ymakos, A.I'. Cekeid. — M.: Metannyprus, 1986. — 424 c.

33. Steel Heat Treatment Handbook: Metallurgy and Technologies. Second edi-
tion / ed. by G.E. Totten. — Taylor and Francis, 2007. — 820 pp.

34. Manuunkuna, E.W. [IpokanmuBaemocts ctanu / E.M. Manuakuna, B.H. Jloma-
kuH // M.: Mamunoctpoenue, 1969. — 180 c.

35. Kauanos, H.H. I[IpokamuBaemocts cranu / H.H. Kawanos. — M.: Meramtyp-
rus, 1978. — 192 c.

36. Xancen, M. CtpykTypsl 1BOMHBIX cruiaBoB / M. Xancen, K. Augepko / mep. ¢
a1 — M.: Meranmnyprusaar, 1962. —T. 1, 2. — 1488 c.

37. Bon, A.E. CrtpoeHue u CBOWCTBAa JIBOMHBIX METALIMYECKUX CHUCTEM /
A.E.Bon. — M.: ®uzmatiur. — T. 1 (A, b), 1959, 756 c.; 1. 2 (B—XK), 1962, 984 c.

38. Bon, A.E. CrtpoeHue u CBOWMCTBa JBOMHBIX METALIMYECKUX CHUCTEM /
A.E.Bon, N.K. Karan. — M.: Hayka. — T. 3 (3-1), 1976, 816 c.; T. 4 (K), 1979, 576 c.

28



39. JIlmarpaMMBbl COCTOSTHUS JBOWHBIX METAJUIMUYECKUX CHUCTEM / TOJA OOII. pes.
H.IT. JIakumesa. — M.: Mammunoctpoenue. — T. 1 (Ac—Ce), 1996, 992 c.; T. 2 (Cf-
Ho), 1997, 1024 c.; T. 3, 4. 1 (In—Pd), 1999, 872 c.; T. 3, u. 2 (Pm—Zn), 2000, 448 c.

40. Ky6amescku, O. JlnarpaMMbl COCTOSIHUS IBOMHBIX CUCTEM Ha OCHOBE *kele3a /
O. Kybamescku / ep. ¢ anri. — M.: Meramnyprus, 1985. — 184 c.

41. lmarpamMMbl COCTOSIHUS IBOMHBIX 1 MHOTOKOMIIOHEHTHBIX CHCTEM Ha OCHOBE
xenesa / mox ped. O.A. bannsix u MLE. Jlpumia. — M.: Mertannyprus, 1986. — 440 c.

42. bapabam, O.M. Kpucramimdeckas CTpyKTypa MeETaUIOB M CIUIaBOB /
O.M. bapa6am, FO.H. Kosanb. — KueB: Haykora gymka, 1986. — 600 c.

43. TlonoB, A.A. M30TepMHUECcKHEe U TEPMOKUHETUYECKHUE TUarpaMMbl pacrnaaa
nepeoxyaxaéHHoro aycrenura: 2-¢ u3a. / A.A.Ilomos, JI.LE. [TormoBa. — M.: Meran-
ayprus, 1965. — 496 c.

44. Tlomosa, JI.E. [lmarpammbl TNpeBpalleHUs ayCTEHWTa B CTalsx H Oera-
pacTtBopa B ciuiaBax tuTaHa: 3-e¢ usd. / JL.LE.Ilomosa, A.A.Ilonos. — M.: Metamnyp-
rus, 1991. — 504 c.

45. Crxopoxonaos, B.H. Ctpoutensnas ctans / B.H. Ckopoxonos, I1.J1. Onecckuii,
A.B. Pynuenko. — M.: Meramnyprusaar, 2002. — 624 c.

46. I'onosanenko, C.A. JIByxdaznsie Hu3konerupoBanusie crtanu / C.A.'onoBa-
HeHko, H.M. ®onmreiin. — M.: Metannyprus, 1986. — 207 c.

47. Ilepkac, M.JI. Boicokonpodynbsie MapTeHCUTHO-cTaperoriue cranu / M. . Ilep-
kac, B.M. Kapnouckuii. — M.: Metaiyprus, 1970. — 224 c.

48. Cnekrop, A.I'. Crpykrypa W CBOWCTBAa MOJIIMIHUKOBBIX CTaJled /
A.I". Crekrop, b.M. 3ensber, C.A. Kucenea. — M.: Metamryprus, 1980. — 264 c.

49. Paxmraar, A.I'. [IpyxunHble ctanu U cruiaBel: 3-¢ u3a. / A.l'. Paxmraar. —
M.: Meramnyprus, 1982. — 400 c.

50. I'paués, C.B. TemiocTolikue U KOPPO3MOHHOCTOWKHE MPY>KUHHBIE CTalu /
C.B.I'paués, B.P. bapa3. — M.: Metamnyprus, 1989. — 144 c.

51. Pay3un, f.P. Tepmuueckas oOpaboTka xpomuctoit cranu: 4-¢ uzga. / S1.P. Pay-
3uH. — M.: Mertamnyprus, 1978. — 277 c.

52. Axmenuesa, A.Il. Meramnorpadust KOppO3MOHHOCTOMKUX CTaJIel U CIIJIAaBOB /
A.Il. AkmienueBa. — M.: Mertamnyprus, 1991. — 288 c.

53. XumymnH, ®.®D. Hepxaeronue cranmu: 2-¢ uza. / O©.O. XumymmH., — M.:
Mertamnyprus, 1967. — 800 c.

54. I'ennep, FO.A. NHcTpyMeHTanbHbie cTanu: S5-¢ uzl. / FO.A. I'emnep. — M.: Me-
Tamutyprusi, 1983. — 528 c.

55. Aptunrep, M. UHcTpyMeHTalIbHBIE CTalld M WX TepMudeckas oOpaboTka /
N. Aptunrep / nep. ¢ Benr. — M.: Metamnyprus, 1982. — 312 c.

56. Tlozusak, JI.LA. IlrammoBwie cramu / JILLA.Ilo3nsk, HO.M.CkpbiHYEHKO,
C.U. Tumaes. — M.: Metamnyprus, 1980. — 244 c.

57. KypasneB, B.H. MamuHoctpoutenbHbple CTalu: CIPABOYHUK: 3-€ U3, /
B.H. Kypasnes, O./. HukonaeBa. — M.: Mammnoctpoenue, 1981. — 391 c.

58. Kypasnes, B.H. MammHoCTpOUTEIbHbIE CTalW: CIHPAaBOYHUK: 4-¢ u3d. /
B.H. XKypasnes, O.1. Hukomnaesa. — M.: Mammnoctpoenue, 1992. — 480 c.

29



59. Mapounuk craneir u craBoB / noj pen. B.I'. Copokuna. — M.: MamuHo-
ctpoenue, 1989. — 640 c.

60. Cranu u crtaBel: Mapounuk / B.I'. Copokus u nip. / Hayu. pen. B.I'. Copokun,
M.A.T'epBacbeB. — M.: Uarepmer Unxxknnupunr, 2001. — 608 c.

61. Mapounuk craneit u crmaBoB / M.M. KonockoB u ap. / Ilox oOumr. pen.
A.C.3y6uenko. — M.: Mamunoctpoenue, 2001. — 672 c.

62. Koncrpykuuonusie Mmatepuansl: CrnpaBounuk / b.H. ApzamacoB u ap. / Ilox
o6mr. pea. b.H. ApzamacoBa. — M.: Mamunoctpoenue, 1990. — 688 c.

63. Marepuansl B MammmHOCTpoeHuu. — M.: Mammunoctpoenue. — T. 1 (L{BeTHbIe
MeTauibl U criasbl, mof pea. JLIL Jlyxkuukosa), 1967, 304 c.; T. 2 (KoncTpykiuos-
Has ctanb, o pea. E.IT. Morunesckoro), 1967, 496 c.; T. 3 (CnenuanbHble CTald U
caBel, mon pea. D.d. XumymmnHa), 1968, 448 c.; T. 4 (UYyryH, mox pen.
A.A.XKykoBa u A.Jl. llepmana), 1969, 248 c.; T. 5 (Hemeraymnueckue MaTepuallsl,
noa pen. B.A. Ilonosa, C.U. CunsBectpoBuua u N.10. llleitnemana), 1969, 544 c.

64. [Ipunannes, M.B. Konctpykimonnsie cranu: cripaBoyauk / M.B. IIpunantes,
JL.H. JaBwinoBa, N.A. Tamapuna. — M.: Meramutyprus, 1980. — 288 c.

65. YipsauH, E.A. Kopp0o3MOHHOCTONKHME CTAlI U CIUIABBI: CIIPABOYHHUK: 2-€ W3],
/ E.A. Ynbsaun. — M.: Metaimyprust, 1991. — 256 c. (1-e uza.: M.: Metamtyprus,
1980. - 208 c.)

66. Tydanos, JI.I'. Koppo3noHHasi CTOUKOCTh HEP)KaBEIOIIUX CTaJIeH, CIIaBOB U
YUCTBIX MeTa/UIOB: crnpaBouHuK: 4-¢ u3n. / JI.I'. Tydano. — M.: Meramtyprus,
1982. -352 c.

67. Koppo3nOHHOCTOIKHE, HKAPOCTOMKHWE U BHICOKOMPOYHBIE CTaIU M CILUIABBI:
cipas. u3f. / A.IL llnamueB u ap. — M.: Uatepmer Unxunupunr, 2000. — 232 c.

68. I'ymse, A.Il. UHcTpymMeHTaNIbHBIE CTaNu: cripaBoYHUK: 2-¢ mu3a. / AL Ty-
nsieB, K.A. Manuauna, C.M. CaBepuna. — M.: MammHoctpoenue, 1975. — 272 c.

69. Unctpymenrtansubie cranu: cnpaBoyHuk / JILA.[lo3usk u ap. — M.: Meran-
ayprus, 1977. — 168 c.

70. Macnenkos, C.b. XKaponpounsie cranu u cruiaBel cnpaBounuk / C.b. Ma-
cineHkoB. — M.: Meramnyprus, 1983. — 191 c.

71. MacnenkoB, C.b. Cranu u CIuiaBbl Ui BBICOKHX TEMIIEPATyp CIPABOYHUK /
C.b. Macnenkos, E.A. MacnenkoBa. — M.: Metannyprus, 1991. — Ku. 1, 2. — 832 c.

72. beitn, D. BnusHue aerupyoomnmx 3JeMeHTOB Ha cBoWcTBa ctaiu / O. belH. —
M.: Metamnypruzaar, 1945. — 332 c. (Bain, E.C. Functions of the Alloying Elements
in Steel / E.C. Bain. — Cleveland: ASM, 1939. — 312 pp.)

73. 3r03uH, B.W. BausHue nerupyromux 3JIEMEHTOB Ha TOJIOKEHUE MaPTEHCUTHOM
TOYKH, KOJIMYECTBO OCTAaTOYHOIO AayCTEHWTa U CTOMKOCTb €ro IMpH OTIycKe /
B.W. 3r03un, B.J1. Canosckuii, C.. bapanuyk / Tpynst Ypanbckoro pummana AH CCCP.
Bem. 10. MccnenoBanust no npodieme «AycTeHHT U ero npespatuesus». 11 Pabotel na-
6opatopru metamioBeaeHuss Y OAH. — M.—JL.: U3a-80 AH CCCP, 1941. — C. 119-124.

74. 3103uH, B.W. BnusiHue nerupyronmx 3J€MEHTOB Ha MOJ0XEHUE MapTEHCHUT-
HOM TOYKH, KOJIMYECTBO OCTATOYHOIO ayCTEHUTa M CTOMKOCTh €ro mpu OTHyCKe /
B.1. 3103un, B.J1. Cagosckuii, C.W1. bapanuyk // Metamnypr. — 1939. — Ne 10-11. —
C. 75-80.

30



75. Cximoes, I1.B. ®opmysl 1uis pacuéra TeMieparyp NpeBpalleHus ayCTeHuTa /
I1.B. CxmroeB / MeramnoBenenue u TepMuueckas oopabotka meramioB. — 1967, —
Ne 3. - C. 80.

76. Giinther, E. Die rechnerische Ermittlung der Umwandlungspunkte Ac; und
Acs / E. Gilinther, G. Radomski, B. Oheim // Neue Hiitte. — 1970. — Jg. 15. — H. 1. -
S. 18-21.

77. Andrews, K.W. Empirical Formulae for the Calculation of Some Transforma-
tion Temperatures / K.W. Andrews // Journal of the Iron and Steel Institute. — 1965. —
V.203.-Pt. 7. — Pp. 721-727.

78. Grange, R.A. Estimating Critical Ranges in Heat Treatment of Steels /
R.A. Grange // Metal Progress. — 1961. — V. 79. — No. 4. — Pp. 73-75.

79. Kynuraks, T. Bausiaue pa3iuuHbIX JISTUPYIOMUX 3JieMeHTOB Ha Si—Cr—-Mo—V
cramu / T. Kynurtaka, T. Kato // Tamy To xarans. — 1964. — T. 50. — Ne 4. — C. 666—668.

80. Kynuraks, T. IIpenckazanue touek npeBpamenuid A., A3 1 M B ctanu npu
nomoru mnupudeckux ¢opmyn / T. Kynuraks // Hany cépu. — 2001. — T. 41. —
Ne 3. - C. 164-169.

81. Eldis, G.T. A Critical Review of Data Sources for Isothermal Transformation
and Continuous Cooling Transformation Diagrams / G.T. Eldis // Hardenability Con-
cepts with Applications to Steel / ed. by D.V. Doane, J.S. Kirkaldy. — Met. Soc.
AIME, 1978. — Pp. 126-148.

82. Kulmburg, A. Contritution to the Calculation of the Transformation Beha-
viour of Steel / A. Kulmburg // Computational Materials Technology. Proceedings of
an International Conference. Linkoping, 4-5 June, 1980. — Oxford et al., 1981. —
Pp. 61-67.

83. Kacarkun, O.I'. PacuétHble MoJenu JUisi ONpeNesIeHUs] KPUTHUECKUX TOUEK
cranu / O.I'. Kacarkun, b.b. Bunokyp, B.JI. [luntomenko // MetannoBenenue u tep-
Mu4deckas 00pabotka metamioB. — 1984. — Ne 1. — C. 20-22.

84. ITonos, A.A. CTpyKTypHbI€ IPEBpAIICHUS U MEXaHUYECKHUE CBOMCTBA XPOMO-
HUKeIbMONOeHOBBIX cTanert / A.A. Ilonos, H.II. Haropnos // IIpoGaeMbl KOHCT-
pyKuMoHHOU cranu. — M.; JI.: Mamrus, 1949. — C. 187-203.

85. Steven, W. The Temperature of Formation of Martensite and Bainite in Low-
Alloy Steels: Some Effects of Chemical Composition / W. Steven, A.G. Haynes //
Journal of the Iron and Steel Institute. — 1956. — V. 183. — Pt. 4. — Pp. 349-359.

86. Carapella, L.A. Computing A” or Ms (Transformation Temperature on
Quenching) from Analysis / L.A. Carapella // Metal Progress. — 1944. — V. 46. —
No. 1.-P. 108.

87. Payson, P. Martensite Reactions in Alloy Steels / P. Payson, C.H. Savage //
Transactions ASM. — 1944. — V. 33. — Pp. 261-275.

88. Rowland, E.S. The Application of Ms Points to Case Depth Measurement. /
E.S. Rowland, S.R. Lyle // Transactions ASM. — 1946. — V. 37. — Pp. 27-46.

89. Grange, R.A. The Temperature Range of Martensite Formation / R.A. Grange,
H.M. Stewart // Transactions AIME. — 1946. — V. 167. — Pp. 467-490.

90. Nehrenberg, A.E. / A.E. Nehrenberg // Transactions AIME. — 1946. — V. 167. —
Pp. 494-498.

31



91. Aptunrep, M. UHCTpyMeHTanbHBIE CTalM M HX TepMHUYecKas oOpaboTka:
CrpaBounuk / . Aptunrep / nep. ¢ Benr. — M.: Meramnyprus, 1982. — 312 c.

92. CrebnoB, A.b. Cratuctuueckas OIlcHKa BIMSHHMSA XMMHYECKOI'O COCTaBa Ha
HAYaJI0 MAPTEHCUTHOTO MPEBPAIIeHUS B HHCTPYMEHTANBHBIX cTalsax / A.b. CtebioB,
E.W. IToukpartun, /J.B.JlenaproBuu // 3aBojackas naboparopus. JmarHoctuka mate-
puanoB. — 2007. — T. 73. — Ne 8. — C. 47-48.

93. Kynuraks, T. Onenka temrieparyp OCHHHUTHOTO MPEBpAICHHS B CTAIIX IIPH
nomortu dmnupudeckux popmyin / T. Kynuraks, 5. Okana // Taiy To xarans. — 1998. —
T.84.—Ne 2. - C. 137-141.

94. Umemoto, M. The Morphology of Martensite in Fe—C, Fe—Ni—C and Fe—Cr—C
Alloys / M. Umemoto, E.Yoshitake, I. Tamura // Journal of Materials Science. —
1983. — V. 18. — No. 10. — Pp. 2893-2904.

95. I'eopruesa, 1.5. O B3auMOCBSA3U MEXy KHHETUKOW U CTPYKTYpOH MpU Map-
TeHCUTHBIX TpeBpanienusx / U.S. ['eopruesa, O.I1. Makcumona // ®u3uka MeTamios
u metamoBenenue. — 1971. — T. 32. — Beim. 2. — C. 364-376.

96. Rassmann, G. Bedeutung der Morphologie des Martensits fiir die Festigkeits-
eigenschaften von Stdhlen / G. Rassmann, P. Miiller // Neue Hiitte. — 1972. — Jg. 17. —
H.2.-S.91-97.

97. WNzotroB, B.M. ®opmupoBaHue u IutacTH4eckas naedopmarus aiabda-
MapTeHCHUTa B CIUIaBaX eJye3a: aBToped. TUCC. Ha COMCKAHHUE Y4. CTETIEHH JIOKTOpa
¢u3z.-mat. Hayk / B.1. U3010oB. — M.: MUCuC, 1987. — 38 c.

98. UzotoB, B.1. Mopdomnorus U KpUCTAIOT€OMETPUS PEEUYHOTO (MACCUBHOTO)
maprtencuta / B.W. M3otoB. // ®usuka MetaimnoB u metamuioBeaeHue. — 1972. — T. 34, —
Boem. 1. - C. 123-132.

99. Annpees, FO.I'. YakoBka KpuCTaJIOB MaPTEHCUTA B TICEBIOMOHOKpUCTAILIE /
HO.T'. Aanpees, JI.H. leruenko, E.B.IlenexoB, M.A.Illtpemens // Hoxmaner AH
CCCP.—-1977.—T. 237. — Ne 3. — C. 574-576.

100. Maku, T. Mopdomorus u cyocTpykTrypa peeunoro maprercuta / T. Maku,
N. Tamypa // Tay To xarans. — 1981. —T. 67. — Ne 7. — C. 852—-866.

101. N3otoB, B.1. CTpykTypa 3aKkaq€HHON KOHCTPYKIUOHHOU cTayik. COCTOSIHUE
neperpesa / B.W. M30ToB. // ®u3uka metamnoB u MeramuioBenenue. — 1975. — T. 39. —
Beim. 4. — C. 801-814.

102. Thomas, G. Morphology, Crystallography and Formation of Dislocated
(Lath) Martensites in Steels / G. Thomas, B.V.N.Rao // MaprencuTtHbie mpeBpariie-
Hust. Joxkmaaet Mexaynaponunoit koHdepenmun ICOMAT-77. — Kues: Haykosa
nyMmka, 1978. — C. 57-64.

103. MowuceeB, A.H. ®otosmuccuoHHOE H3y4YeHHE (POPMHPOBAHUS IMAKETHOIO
MapteHcuta B ciiaBe Fe—15%Ni / A.H.Mowucees, JI.U. U3tomoBa, M.II. ¥Ycukos,
3.U. Octpun // Metamnopusuka. — 1983. — T. 5. — Ne 2. — C. 52-56.

104. Maki, T. The Morphology of Microstructure Composed of Lath Martensite
in Steels / T. Maki, K. Tsuzaki, I. Tamura // Transactions of the Iron and Steel Insti-
tute of Japan. — 1980. — V. 20. — No. 4. — Pp. 207-214.

105. Carlson, M.F. The Effect of Austenitizing Temperature upon the Microstruc-
ture and Mechanical Properties of Experimental Fe/Cr/C Steels / M.F. Carlson,

32



B.V.Narasimha Rao, G. Thomas // Metallurgical Transactions. — 1979. — V. 10A. —
No. 9. — Pp. 1273-1284.

106. Poguonos, JI.I1. Cransubie MoHokpuctaiuisl / JI.I1. Poguonos, B.M. Cuact-
nuBLeB. — ExatepunOypr: YpO PAH, 1996. — 276 c.

107. Thomas, G. Retained Austenite and Tempered Martensite Embrittlement /
G. Thomas // Metallurgical Transactions, v. 9A, No. 3, pp. 439-450.

108. OrepamBunm, T.B. CtpoeHre makeTHOro MapTeHCUTAa U JIOKaJIu3alus ocTa-
TOYHOTO ayCTEHHUTa B KOHCTPYKIIMOHHOM ctaym / T.B. DrepamBunm, JI.M. YTeBckui,
M.H. Criacckuii // ®usuka MetaiuioB U MetajuioBeaeuue. — 1979. — T. 48. — Bein. 4. —
C. 807-815.

109. Mup3aes, JI.A. 'amma—anbga npeBpaiieHre B HU3KOYTIEPOJUCThIX CIIaBax
Fe—Cr / I.A. Mup3aes, C.E.Kap3ynos, B.M. Cuactiusues, 1.JI. SIkonesa, E.B. Xa-
putoHoBa // dusuka MeramioB U MeramioBeneHue. — 1986. — T. 61. — Beim. 2. —
C.331-338.

110. Marder, A.R. The Formation of Low-Carbon Martensite in Fe—C Alloys /
A.R.Marder, G. Krauss // Transactions ASM. — 1969. — V. 62. — No. 4. — Pp. 957-964.

111. Kelly, P.M. The Morphology of Martensite / P.M. Kelly, J. Nutting // Journal
of the Iron and Steel Institute. — 1961. — V. 197. — Pt. 3. — Pp. 199-211.

112. Marder, J.M. The Morphology of Iron-Nickel Massive Martensite /
J.M. Marder, A.R. Marder // Transactions ASM. — 1969. — V. 62. — No. 1. — Pp. 1-10.

113. Kelly, P.M. The Orientation Relationship Between Lath Marteisite and Aus-
tenite in Low Carbon, Low Alloy Steels / P.M. Kelly, A. Jostsons, R.G. Blake // Acta
Metallurgica et Materialia. — 1990. — V. 38. — No. 6. — Pp. 1075-108]1.

114. CuactnuBueB, B.M. CTpykTypHble OCOOEHHOCTH MApPTEHCUTA B KOHCTPYK-
nuoHHBIX cTangax / B.M. CuactinuBnes // dusuka MEeTaJIOB U METAUIOBEIEHUE. —
1972. —T. 33. — Bein. 2. — C. 326-334.

115. CuactnuBueB, B.M. Crpykrypa makera MapTeHCUTa B KOHCTPYKIIMOHHBIX
craisix / B.M. CuactiuBneB // @u3nka MeTau1oB U MeTaiutoBeaeHue. — 1988. — T. 66.
— Beim. 4. — C. 759-769.

116. Ilrpemens, M.A. CrpoeHwe W NPOYHOCTh MAKETHOIO MapTeHcUTa /
M.A. llItpemens, FO.I'. Aunpees, JI.A.Ko3noB // MeranioBeaeHue U TepMudecKas
o6paboTka metamuioB. — 1999. — Ne 4, — C. 10-15.

117. Apple, C.A. Packet Microstructure in Fe—0.2 pct C Martensite / C.A. Apple,
R.N. Caron, G. Krauss // Metallurgical Transactions. — 1974. — V. 5. — Pp. 593-599.

118. Anapees, FO.I'. I'panuiisl u cyOrpanuibl B makeTHoM MapteHcute. 1. I'panu-
116l MeXy Kpuctauiamu B iakete / FO.I'. Aanpees, E.W. 3apkoBa, M. A. [lItpemens //
®usuka metaiuioB u MetaiutoBenenue. — 1990. — T. 69. — Bem. 3. — C. 161-167.

119. Das, S.K. On the Morphology and Substructure of Martensite / S.K. Das,
G. Thomas // Metallurgical Transactions. — 1970. — V. 1. —No. 1. — Pp. 325-327.

120. OrepamBuiu, T.B. CTpoeHre MapTEHCUTHOTO MAKETa U BHYTPEHHUE HaMpsi-
xenust / T.B. OrepamBunu, H.U. Xacus // ®usuka MeTamioB U MeTalIOBeACHUE. —
1989. —T. 67. — Bein. 2. — C. 328-333.

33



121. Kapabacosa, JI.B. Uepapxus cTpyKTypbl MaOyTJIEPOJUCTOTO MAapTEHCUTA /
JI.B. Kapabacosa, M.H. Cnacckuii, M.A. llITpemens / ®u3uka MeTaIIoB U METaJIIO-
Beneuue. — 1974. — T. 37. — Beim. 6. — C. 1238-1248.

122. Bryans, R.G. The Morphology and Crystallography of Massive Martensite in
Iron-Nickel Alloys / R.G. Bryans, T. Bell, V.M. Thomas // The Mechanism of Phase
Transformations in Crystalline Solids: Proceedings of an International Symposium. —
London: The Institute of Metals, 1969. — Pp. 181-188.

123. Xneb6nuxona, F0.B. Kpucramioreomerpuueckue 0COOEHHOCTH MapTEHCHUTA B
HU3KOYTJIEPOAUCTHIX CIulaBax >kene3o—Hukenb / F0.B. Xneduukosa, 1.JI. kosiera,
N.JI. Conmonosa, K.FO. Okumes, JI.A. Mup3aes // Matepuanoeaenue. — 2003. — No 5.
—C. 41-44.

124. Maki, T. Formation Process and Construction of Lath Martensite Structure in
Fe—C and Fe—Ni Alloys / T.Maki, K. Tsuzaki, 1. Tamura // Proc. ICOMAT’79. —
Cambridge, Mass., USA, 1979. — Pp. 22-27.

125. Ymsmoto, M. Mopdonorun wmapreHcuTa B IKEJIE3HBIX CIUIaBax /
M. ¥YMamoro, U. Tamypa // Cyiiékaiicu. — 1980. — T. 19. — Ne 4. — C. 281-292.

126. Tamura, 1. Construction of Lath Martensite Structure in Ferrous Alloys /
I. Tamura, T. Maki, K. Tsuzaki // Mechanical Behaviour of Metals and Alloys Asso-
ciated with Displacive Phase Transformations: Proc. Joint U.S./Japan Seminar. —
Rensselaer Polytechnic Institute, 1979. — Pp. 169—174.

127. Zenker, R. Lattenmartensit in Eisen-Chrom-Kohlenstoff-Legierungen /
R. Zenker // Neue Hiitte. — Jg. 19. — H. 5. — S. 290-294.

128. van den Sanden, J. Martensite Morphology of Low Alloy Commercial Steels
/ J.van den Sanden // Practical Metallography. — 1980. — V. 17. — Pp. 238-248.

129. Morito, S. The Morphology and Crystallography of Lath Martensite in Fe—C
Alloys / S. Morito, H. Tanaka, R. Konishi, T. Furuhara, T. Maki // Acta Materialia. —
2003. - V. 51.—No. 6. — Pp. 1789-1799.

130. Morito, S. Microstructure of Ausformed Lath Martensite in 18 %Ni Marag-
ing Steel / S. Morito, 1. Kishida, T. Maki // Journal de Physique IV. —2003. - V. 112.
— Pt. I. — Pp. 453-456.

131. Kitahara, H. Crystallographic Features of Lath Martensite in Low-Carbon
Steel / H. Kitahara, R. Ueji, N. Tsuji, Y. Minamino // Acta Materialia. — 2006. — V. 54.
—No. 5. —Pp. 1279-1288.

132. lyopos, B.A. BeicokoTemmnepaTypHoe MeTajorpaduyeckoe UCCiIeI0BaHnue
KUHETUKHU -0 IPEBpaIlleHus B JKeJIe30HUKeNeBbIX cruiaBax / B.A. Jlyopos // ®usuka
METaJJIOB U MeTaiuioBeaeHue. — 1966. — T. 21. — Bein. 4. — C. 551-554.

133. Krauss, G. The Morphology of Martensite in Iron Alloys / G.Krauss,
A.R.Marder // Metallurgical Transactions. — 1971. — V. 2. — No. 9. — Pp. 2343-2357.

134. Swarr, T. The Effect of Structure on the Deformation of As-Quenched and
Tempered Martensite in an Fe—0.2 Pct C Alloy / T. Swarr, G. Krauss // Metallurgical
Transactions. — 1976. — V. 7A. — No. 1. — Pp. 41-48.

34



135. Mupzaes, [.A. TepMoarHaMU4EeCKUI acCHEKT BBLACIEHUS PACTBOPEHHOIO
BoOpoAa B Mukpomnopax metamia / [I.A. Mup3aes, A.A. Mup3zoes // Bectauk FOVYp-
I'V. Cepusa «Marematuka, pusuka, xumusi». — 2006. — Ne 7. — Bpin. 7. — C. 117-123.

136. Mupzaes, JI.A. TepMoauHaMUYEeCKHE ACHEKThl BIUSHUS MaJbIX J100aBOK
najulaivs. Ha pacTBOPUMOCTh Bojopoda U (iokeHooOpazoBaHue B cTaldsax /
JI.A. Mup3aeB, A.A. Mup3zoes, .B. Kamrykos, K.}O. Oxuries // ®usuka MeTaioB u
MmeTaioBenenue. — 2009. — T. 108. — Ne 5. — C. 525-533.

137. Epemuna, M.W. Onpenenenue coaepkaHuii, paCTBOPUMOCTU U KO3 huIiu-
eHToB nudPy3un BoaOpoaa B MeTalliax METoJoM Hecyuero raza / M.U. Epemuna,
N.A. HoBoxarckuii, T.T. Mopo3 // MeToap!l onpeneneHus ra3oB B MeTaJJIaX U CIjia-
Bax: Marepuainbl cemuHapa. — M.: MOCKOBCKUI JOM Hay4YHO-TEXHUUYECKOW IpOIIa-
raugel um. @.9. J[3epxunckoro, 1971. — C. 58—64.

138. Apxapos, B.I1. O BO3MOXXHOCTH CHUKEHUS CKIIOHHOCTH CTalIH K (DIIOKEHOO00-
pa30BaHUIO MOCPEACTBOM Maubix nobaBok mamwtagus / B.W. Apxapos, A.A. Kpanuna,
JL.U. Ksarep, I1.B. CxmoeB // U3Bectuss AH CCCP. Meramnbl. — 1967. — Ne 1. —
C. 105-111.

139. Apxapos, B.1. O Bnusgaun namiaaus Ha (pJIOKEHOUYBCTBUTEIBHOCTh KOHCT-
pykuuonHoi cranu / B.M. Apxapos, T.T. Mopos, U.A. Hosoxatckuii, C.1. XoxJoBa,
M.U. Epemuna // ®uszuko-xumMudeckas MexaHuka marepuaioB. — 1976. — T. 12. —
Ne 1. - C. 47-51.

140. Hapken, JI.C. ®usnueckas xumusa metamio / JI.C. dapken, P.B.'yppu /
nep. ¢ anri. — M.: Meramnypruznar, 1960. — 582 c.

141. Cxkumroes, I1.B. Bonopon u diokens B kpynHbix mokoBkax / [1.B. Cxiroes. —
M.: Mamrus, 1963. — 188 c.

142. Tepmuueckas oOpaboTka kpynHbx mokoBok / FO.A. bamnun, U.B. I1aucos,
B.H. Ilypxos, B.M. Koposuna. — M.: Meraiutyprus, 1973. — 176 c.

143. Mopo3zos, A.H. Bogopon u azor B cranu: 2-e u3a. / A.H. Mopozos. — M.:
Meramnyprus, 1968. — 284 c.

144. T'enba, [1.B. Bogopon B Mmetayax u criaBax / [1.B. 'enbn, P.A. Psi6oB. — M.:
Meramnyprus, 1974. — 272 c.

145. I'envp, [1.B. Bogopon u HecoBepieHcTBA CTpyKTypbl Metaiia / I1.B. I'enb,
P.A.Ps6oB, E.C. Konec. — M.: Meramnyprus, 1979. — 224 c.

146. IllanoBanos, B.1. ®nokeHbl 1 KOHTpob Bojgopoaa B ctainu / B.W. [1lanosa-
noB, B.B. Tpodumenko. — M.: Meramnyprus,1987. — 161 c.

147. Kacarkun, I'"H. Bonopon B koHcTpykimonusix cransax / [.H. Kacatkun. —
M.: Untepmet unxunupunr, 2003. — 336 c.

35



OI'JIABJIEHMUE

BBEIEHHE ...ttt ettt et ettt ettt et 3
1. TemmiepaTyphbl (a30BbIX MPEBPAIICHUHN B JIETUPOBAHHBIX CTATIX ..vvveeneveeenrrernereannnes 4
2. CTpyKTypa NaKETHOTO MAPTEHCUTA B CTUIABAX KEIIE3A ..eeeruvrrreruereeenrreesnireeeananeeennnne 8
3. Bomopon u diokeHsI B cTamu
3.1. Teopust 0OOPa30BAHUS PITOKEHOB ......ccvveervrrerereerreeerreeeeeessreensreesseesseesseessses 15
3.2. [IpOHUCXOKICHUE BOTOPOHA B CTAIM ...vvvveeeeennirreeeeainreeeesannneeeeessnnneneessssnneeess 23
BUOIHOTPADUUECKUN CITHCOK. ... eeeeuvrieeeeireeesieeeestteeessseeeeeseesnsseeeensseesessseeessssesesssseenns 27

TexH. penaxkrop A.B. Munux
Nznatenbekuii neHTp FOkHO-Y panbCckoro rocyjapcTBEHHOTO YHUBEPCUTETA

IToanmucano B mevats 24.12.2013. @opmat 60x84 1/16. [leuars mudponas.
Yen. meu. 1. 2,09. Tupax 30 3x3. 3aka3z 704/543.

Otnevarano B Tunorpaduu M3garensckoro nentpa OYpl'Y.
454080, r. Yensouuck, np. um. B.W. Jlenuna, 76.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




