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BJUSAHHUE PA3JIHYHBIX PAKTOPOB HA TEMIEPATYPY
3ACTBIBAHHUS TOMCKHUX HE®TEN

C. M. CMOJIbSIHUHOB, Ji. E. dWJTUITIOBA, H. B. HUKOJ/TAEBA

’

{[Tpeperasnena nayuno-merognucexum cesnnapom XTO)

llonBuXkHoCcTh HedTH TPH HHU3KHX TemilcpaTypax HMeeT OrpoMHOS
aHaueHHe B MpoIeccax NMepekaukd M NepeBO3KH ee B 3UMHHX ycnaosuax. OHa
MOKeT CJOYXKHTh TaKiKe KaueCTBEHHON XapaKTePHUCTHKOH Ha Co/lepKaine
B HCH napadwuua.

HanGosee pacnpocTpaieHHbIM M TIPHHSITHIM JIOKAa3artejeM  1I0ABHXKHO-
CTH HeTenpOAYKTOB NPH HH3KHX TeMIlepaTypax §iBJSIeTCSI TemiepaTypa HX
3acToiBanusl. B uacTHocTH, B TexHoJoTHH HedTenepepabOTKH TeMIlepaTyphl
3aCTbIBAHHSA fIBJSETCHd OCHOBHBLIM HODMHPYEMBLIM B CTaHJAapTax U KOHTPG-
JHPYeMBIM B NPOH3BOACTBEHHBIX YCJAOBHSX KPHTepHeM HH3KOTCMIepaTyp-
HBIX CBOHCTB BbipabaTbiBaeMbIX /HpoayKToOB [1].

Heob6xonumble HH3KOTeMIIepaTYPHbIE CBOMCTBA B pSIIEC CiAyUYacB IOCTH-
raioTCs COOTBETCTBYIOIIMM CHHXKEIIHEM TeMHepaTypbl 3aCThIBAHHS B3STOTO
B nepcpaboTKy ChIPbS.

UroGhl onpelesuTb CHOCOOL! TIOHWXKEHHUSI TeMIepaTypbl 3aCTLIBAHHHA
He(pTeNnpPOAYKTOB N HeQTH, KeOOXOAUMO BBISCHHUTb, OT TIPHCYTCTBHSI KaKHX
LOMIIOHCHTOB W' BJAMSHUA KaKHX (PAKTOPOB 3TOT napaMmeTp 3aBHUCHT. Bompoc
3TOT HU3YUeH ellle HeAOCTaTOHO. K3 auTeparyprl U3BECTHO, UTO TeMICpaTypa
3aCThlBaHMs B 3HAYMTEJLHOM CTENEHH 3aBHCHT OT NPEABAPHTENbHON TepMo-
oGpaborkn HedTH [2, 3], oT comepkaHus napaduHa U acdaibTEHO-CMOJHU-
CTEIX BemiecTs [4, 5, 6, 7, 8, 9], ABAMIOUHXCA €CTECTBEHHEIMH  JeNpeccaTo-
pamm.

- Hacrosimas pa6ora nocssilleHa H3yYeHHIO BJHSHHS Das3JHUHBIX (QaKTO-
poB (TepmooOpaboTKH, cocTaBa HeQTH, COMEPIKAHUS BOABL H COJIell, BpeMeHH
BBIIEPKKH H CKOPOCTH OXJIaXKJAeHHs1) Ha HH3KOTeMIepaTypHBle CBONCTRA He-
KOTOPBIX TOMCKHX HedTel.

HcceaenoBannio moxsepraiuck Hepru Coserckoro, Coboannoro, Cpea-
He-Hroposabekoro n TlonyaeHHOTO MeCTOPOIK/IEHHE.

DH3UKO-XHMHYECKAs XapaKTePHCTHKa HedTedl npueejeHa g tada. |,
OnpenesieHne TeMnepaTypbl 3acTeiBaHus lposoauaock no I'OCT 1533—42.

BuinsiHHe. CKOPOCTH OXJakACHHS ONPeNe/snoch CACAYIONIHM 06pa3oM.
I1po6nl nedrtn nporpesaaunce B Tepmoctarte npu 50°C B reuenne 10 muH., a
3aTeM OXJaxKAAaJHCh IPH PAa3JHUHBIX TeMOepaTypax XOJOIHJIbHOH CMecH,
4TO JOCTHTAJIOCh € MOMOLLbIO CMEIUMBAHHSA B Pa3JHYHBIX COOTHOLIEHHSX
XKHAKOTO a3zora ‘0 OGeH3nHa «['ajnomia».

ITpn ycTaHOBJIEHHH 3aBHCHMOCTH TeMIE€paTypbl 3aCTLIBAHHS OT TeMIie-
patypsl TepmMooOpaGOTKH HCMBITyeMble 00pasilbl He(TH MpeiBaPUTENbHO
BbIIEPKHBAJHCh B TEPMOCTaTe IIPH PA3JIMUHBIX TeMIlepaTypax, Hoc/e 4ero
onpejeJdjach TeMlepaTypa 3acTHIBAHHUS.
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Taéautal

PH3UKO-XUMHYECKAN XAPAKTEPHCTHKA HexpTed

}iﬁ;‘fﬁ:;g;’ Coaepxatne, % Boix. ¢paku., % 06
Y nenbHwiti|MoJie- |cCT, IIpH TeM- eMOT napacbuua
Bec, |kyasp-|meparype, °C

Mecropoxaenne 420 wag | | ac- T o 10 1o

4 vacca danb- | cinnga- | C8PHO- | ppixox,{ TP2 | 200°C | 300°C

20 50 | TeHoB| eeppx|KHCAOT- % Ay |
HBIX @ :
Cogerckoe 0,8442 193 6,33 3,54 0,55 899 11,4 327 47 33,5 56,5
CoGonnnoe 0,8611 209 12,72 4,34 2,21 6,18 22,0 3,30 47 24,1 434
ITotyneusoe 0,8498 181 6,89 322 1,10 3,508 18,0 450 48 328 56,4
Cpenne-Hio- .
POJIbCKOE 0,8257 184 621 332 025 7,04 200 683 47 394 602

Bausinne comepxaHus BOJAbL HAa TeMIepaTypy 3acThIBaHHSl He(TeH onpe-
Leasisoch Ha npobax, rie B o0e3BOXxeHHble 00pasnbl HeTH n00aB/d/14aCh B
He0OXOAUMBIX KOJHYECTBAX BOJA NpPHU >HeprHUHOM B36aJTHIBAHHH.

OnpeneneHue BAUSHUSA COACPXKAaHKUSA COJNCH HAa TeMNEpaTypy 3acThlBaHH
[IPOBOJIMJIOCH JBYMS cliocobGaMu: B NepBoM caydae B oOpasusl Hedtun (06es-
BOXKEHHBIE) BBOLHJIOCH HeOOXOAMMOE KOJHUYeCTBO XJOPHCTOrO HATPHA H
onpeje/saach TeMIepaTypa 3aCTBIBAHHH,"BO BTOPOM CJAyuyde BMecTe ¢ JAO-
OaBJeHHeM CoJH B He@Th Jo0aBasjach BOJA.

OxnpejeneHue BAHSHHS CHAHKATENEBLIX CMOJ HA TeMIepaTypy 3acThiBa-
HUs HeTell HCCAel0BadOCh CHACAYOMHM 00pasoM: B KauecTBe ONBITHBIX
06pasnoB Opasiucb HCKYCCTBEHHBIE CMeCH, KOTOpPble OBIJIH COCTaBJEHbl H3
00eccMOJIEHHON He(TH H CHJHKareJeBbiX CMOJ, BBIACTCHHBIX H3. HePTH
ajcopounonueiM Metogom (FOCT 11858—66).

Ilpu onpefencHuu BAMAHHA NapaduHa Ha TEMIepaTypy 3acTLiBAHHA B
HCXodHbie 00pa3ubl HepTH A00aBAANCA TCXHHUCCKHE napadHi, 3aTeM olpe-
seJIsi1ach TeMrepaTtypa 3acThiBaHus.

BiusiHHe BpeMeHH BHIIEDIKKH Ha TepMooOpaboranHsle npu 50°C obpas-
Lbl HePTH OLEHHMBAJOCH IyTeM ONpPELEJCHHS TEeMIePaTyphl 3aCTbIBAHHS
CIIyCTSI HECKOJLKO CYTOK. '

[TonyuenHsle JaHHBIE IpHBeAeHb B Taba. 2—5.

TaGnuua 2

BJiusiHHe BPEMEHH BBIIEDMKKH MoCjae TePMOOGPAGOTKH M CKOPOCTH OXJAAKIAECHHS HEQTH
npe TepMooGpPaGoTKE Ha TEMNEPaTypy 33CTbIBAHHA

H%C:Ioe TemnepaTypa 3acThiBaung, °C
TEPMO-
HanxenoBanne | o0pa- OpPH BbLAEPHEKE B TedeHHe CYTOK NpU CKOPOCTH OXAXKACHHA 2pAQ/ MUK,

uedTn 60TKH

0o 1 ! 2 | s | o | 7 p]os ] s | 7 |9 m seme

Coserckas —18 —18 —18 —15 —I3 —Il —18 —18 —18 —18 —-18
CobonnHas -—92 —922 —22 —16 — 9 —6 —22 -—22 —22 —22 22
Ilonypennasn —10 —10 —10 —9 —8 ~—-7 —Ii0 —10 —10 —10 —I10
Cpexzte-
Hiopoabckag —4 —4 —4 —5b6 —7 —8 —4 —4 —4 —4 — 4

Kax BuHO H3 TabJ. 2, CKOPOCTh OXJAXKAEHHA B HCC/EAOBaHHBIX Npene-
Jax NPaKTHYECKH He BJHSeT Ha TeMMepaTypy 3acTbiBaHHs HedTH, 4TO CBH-
NeTeJbCTBYET, 1I0-BHANMOMY, O MaJOM BJHAHHH 3TOr0 (akropa B AAHHBIX
YCJOBHSIX HA MEXAHH3MBI KPHCTaJNIH3alMH napaduHa i CTPYKTypooGpaso-
BaTeJbHEX IPOLECCOB. YKa3aHHOe - 00CTOATENbCTBO HMEET ONpeleieHHoe
NpaKTHYECKOe 3HAUECHHE, IIOCKOJIbKY N03BOJISIET YIPOCTHTH U yCKOPHTH NIPO-
BeJlcHHe aHaJdH3a [0 OMNpeJeseHHIO TeMmIlepaTyphl 3aCThiBaHHS.
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Corsacno TOCT 1533—42 temmeparypa oxsaxaatomes 6aHd I0/MmKHA
ObITb Ha 2—4° HUXKe TeMIepaTypsl 3acThIBaHUA. DTo TpeGOBaHHe BLIHYKIA-
eT IPOBOAHTDL NpeJBapHTEeJbHbI€ 3KCIEDUMEHTH H YCJIOKHSAET TeXHHKY Tep-
MOCTaTHPOBaHHS, TAK KaK TePMOCTATHPOBAHHE IPH IlepeMEHHOH TeMiepaTy-
pe B 3HAUHTeNbHOM HHTEpPBaje TPYHLOEMKO.

YcTanoBieHHas He3aBHCHMOCTb TeMHepaTypbl 3acThiBaHusi HedTed oT
CKOPOCTH OXJIayKJACHUs 1103B0JseT padoTaTh ¢ GaHell, uMenell NOCTOAHHYO
TeMIeparypy, He3aBHCHMO OT TeMNePaTypPhl 3ACTHBAHNA HCILITYeMOH MPOGHL.
JlJis 9TUX LeJell yI00HO HCIOJAb30BATh, YTO H AedaJ0Ch HAMH, CPeay KHIKO-
ro asora.

VBEAHUCHHE CKOPOCTH OXAAKICHHL 32 CUeT NOHHKCHHS TeMOeparTypi
OaHu TAKAKe COKpallaeT BpeMs 11a MpoBejierie aHaansa.

Tadaunma 3

Bausinne Temneparypsl TepmMooGpaboTKH Ha TeMmepatrypy
3acThlBAHHA HedTeh :

Temnepatypa 3actbiBanug, °C
TemnepaT.' pPamyp !

TepMoobpa- He T
6otrH,
°C - cpeaHe-
COBETCKAS coboanuag ToAY 1eHHas HIODOJABCKAS
20— 6 — 4 ~ G — 8
30 — 9 — 8 — 8 —6
40 — 13 — 15 — 9 ]
50 — 18 — 22 — 10 —4
60 - 26 — 28 — 18 —1
70 — 36 —37 - — 35 ~ 1
80 -— 29 — 3l — 30 —2

Ho naunpim  rtaGa. 3 MoXKHO 3aMeTHTb, uTO TOMCKHE He(DTH BIOJHE
OTBEUAIOT paHee YCTAHOBJICHHBIM 3aBHCHMOCTSIM IO BJHSHHIO TeMIEPaTyphi
TepM0o0OpabOTKH Ha TeMnepaTypy 3acteiBaHusl. To ecTh MJsT HedTell OTHOCH-
TeJbHO OOraTelX cMOsMaMu H GelHbix napaduuamu, kak Coserckasi, Co60sH-
Hag, [lonynenuas, fipeJiBapuTeIbHbIH IPOTPEB BeJeT K IIOHHKEHUIO TeMIepa-
TYpbl 3aCThIBaHus, ¥, HA000pOT, y HedTell OoraTeix mnapabuHamy, Kak
Cpeane-Hiwoposbekas, TeMnepatypa 3acThHIBaHHSI NPH TEPMOOGPaGoTKe IO-
BBILIAETCS. '

st TOMCKHX HedTell TakxkKe Ha6MI0aeTCsT H3BECTHAST 3aKOHOMEPHOCTS,
COTJIaCHO KOTOPOH Temneparypa TepMooOGpaloTKH, COOTBETCTBYIOL(As MAKCH-
MAJIbHOMY IOHHKEHHUIO TeMNepaTypbl 3aCTBIBAHUSA, JEKHT B Npenenax 30—
70°C.

Hamu nposesenn Ha6J/110/leHHs 110, MUKPOCKOIIOM KpHCTaJJ0B napadu-
Ha, BBINABIINX NPU OXJAXKIEHHH COBeTCKOH HedTH 6e3 TepMooGpaGOTKH H C
TepMooGpaBoTkoi. Brisicuuiaocs, uTo mnapadHH B HeTepMooOpabOTaHHOI
HEPTH HMeeT MeJKOKPHCTAJJIH4eCKYI0 CTPYKTYPY, a TepMooGpaboTaHHAT
HeQTh 1IpU OXJlaxaeHun obpasyer Gosiee KpyNHbie KPHCTAMIL napaduHa.

Takum oGpasom, A/s HedTell TpexX HCCAeNOBAHHBIX MECTOPOXKAEHHH
11a6J/110/1a€TCA SHAYNTEIbHBIH 3P OEKT NOHUKEHHST TeMIepaTyphl 3aCTHIBAHHA
npu Tepmoobpaborke npu 70°C. Dtor 3pdekT HACTONBKO 3HAUHTEJNEH, UTO,
110-BUINMOMY, CJie[lyeT FOBOPHTb O BO3MOXKHOM €ero NPaKTHUYECKOM 3HAUCHHH.

bBes yyera BansiHHA BPeMeHH BBIAEPIKKH NOCJAE TepMOOGPabOTKH HeBO3-
MOKHO PELIHTb BONPOC O MEepPCIeKTHBAX HCNOJb30BaHUSA 3 derrta TepMoob-
paboTkn B mpakTHke. Mcxonst U3 JaHHHIX TaOd. 2, MOXKHO OTMETHTb, UTO
3pdext TepmooOpabOTKH COXPAHSICTCA B TEUEHHC HECKOAbKHX AHel, 3aTeM
TeMIlepaTypa 3aCTbiBaHMs TepMooOpadoTaHHBIX HepTeH HAUYHHAET [OBbI-
WAaThCsl, AOXOMS A0 TCMNEPATYPLl 3aCTHIBAHHSI HCXOAHBIX HedTell.

Takum ob6pasom, apdexr TepmMooOpabOTKH COXpaHSeTCs AOCTAaTOYHO
JAJIATEbHBIH OTPE30K BPeMeHH, 4To, No-BHIAHMOMY, MOXKeT OblTb HCIOJL30Ba-
HO MNpPH TPAHCHOPTHPOBKe HedTH 1Mo TpyBONpOBOLAM.
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Taénuua 4
BansiHMe CONepKAHHA CoNeh W BONbl HA TeMOepaTypy 3acTbiBanus Hedreit

TemnepaTtypa 3acthiBanusi, °C

HanmeHoBauue Copepxanue conn B ob6e3so- | Comepx, coau B Copnepikanue BOAHI,
HedTH HEHHOH HedTH, % Heo0e3B. HePTH®; % 9% ia 00e3BOXEeHHYI0 He(dTh

000 | 025 | 050 [1,00] 0,01 | 01 10 [ 0,00 | 025 | 05 |10 |20

CopeTckast -6 -2 -1 4 —1 2 5 -6 =2 0 1 3

Coboaunasn —4 -3 -2 1 -3 0 3 -4 -2 -1 0 2

Ioaypennan -5 —3 66 -4 2 4 —6 —4 —2 —1 1

Cpente-HIOPOIb- —7 —b 04 -2 0 3 -8 —5b —3 -—1 2
ckas

* B ueoGe3BoxeH#ol HetH cozepxanse Boaml 1,0%.

BausHue conepKaHust BOAB K coJlell nokaszaHo B 1abu. 4. C noBbIIEHH-
eM COJepXKaHHsi BOJABI H coJiefl B HCCJACNOBAHHBIX Ipedeax Temmnepartypa
3acThiBaHus noBbimiaercd. K coxaseHHo, BONPOC O BJAHAHHH BOXbI H coJieH
a TeMAepaTypy 3acTLIBAHHS He U3YUeH, HO MOKHO IIPeANOJIOKHTh, UTO BOLA
11 COJIH TaKiKe 0Ka3blBAIOT BJAHAHHE Ha MEeXaHH3M KpHCTAMJAUu3alluu napa(ppma.

Tatbanma b

Bausinue N0GABOK CHAMKATEJNEBbIX cMOJ M NapaduHa Ha TemnepaTypy 3acTeiBauusa Hedreit

l Temitepatypa sactoiBanus, “C
s HedTh ¢ B0OABKOA cMoa B Hed)TL HedTh ¢ A0daBK /H
Haumenopanue riedn "GeCC’VfO' KOJMUECTBe OT HCXOMHBIX. % Bec.| ucexolnad, |napaduua, ¢ Bec. T HedTH
Jennasd - TEPMOOOPA- S ;
wepts |25 | 50 | 75 | 100 Boramas | 1] 2 | 8
CoBetckas 9 5 2 -2 -=H —18 3 7 13
Coboaunas 0 —i —1 —2 —3 —22 2 9 16
[Tomymennas 2 0 —2 —3 —4 10 4 6 9
Cpemte-HIOPOABCK st 1 0 —1 —2 -—3 — 4 —1 8 10

B Ta6a. b mokasaHo BJHSIHHE COJAepXKaHHA CMOJ W NapaduHa, OTKyld
BHAHO, uTo AoOaBJeHHe K He(TH CHJIHMKAresaeBLIX CMOJ NPUBOAUT K [OHHXKeE-
HUIO TeMIlepaTyphbl 3aCTHIBAHUSA, TAK KaK YBEJIHUHBAETCS COMEPKAHUE eCTeCT-
BEHHBIX J€IIPeccaTopoB, a YBeJHYEHHE coJep:KaHua napaduua nMpuBOAUT K
MOBBIIIEHHIO TEMIEPAaTyPhl 3aCTLIBAHHUS.

BoiBoapbi

1. TemmepaTypa 3acTLIBaHuS HedTeill He 3ABHCHT OT CKOPOCTH OXJakK-
A€HHS, YTO NO3BOJSIET NPUMEHsITh B KAauecTBe oxJa)kiawollnx 6aHb BellecTBa
¢ 6oJiee HH3KHMH TeMIEpPATYpPAMH H TPOBOJUTh aHaJH3 B BoJiee KOPOTKOe
BpeMs.

2. las vedTeil, OTHOCUTEABHO OOTATbIX CMOJIaMHU, TepMooOpaboTKa npu-
BOJMT K NOHHMKEHHIO TeMIepaTypbl 3aCTHIBAHHS, TO €CTh IIPHMEHEHHe TEPMO-
o6paboTky HMeeT GOJIBINYIO [e/ecoo0pasHOCTh NMPH TepeBo3Ke M lepeKauke
HeTefl NpU HH3KHX TemIllepaTypax.

3. MuHuMaJbHasg TeMmepaTypa 3acTbiBaHHs JOCTHraeTca TepMoobpa-
6oTxoil npu 70°C.

4. K ecTecTBeHHbIM JeripeccaTopaM B HeTAX MOXKHO OTHECTH CHJIHKA-
rejeBble CMOJIbI, YAaJieHHe KOTOPBIX NPHBOAUT K NOBHIIIEHHIO TeMIepaTypbl
3dCThIBaHHA. ' .

5. HeGaaronpusaTHo cKasblBaeTcs Ha TeMIiepaType 3aCTHIBAHHSA IPHCYT-
CTBHE BOIB H BONOPAaCTBOPHMDBIX COJIEH.
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