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BBEJIEHUE

MeToauveckue yka3aHUWs, pa3jclicHHbIC HAa JIBE YacCTH, MOMOTYT CTYJICHTaM B
IPOIIECCE BBIMOJHEHUSI KYPCOBBIX MPOCKTOB U BBIYCKHBIX KBAJTU(PHUKAIIMOHHBIX padoT,
IpU pacyere JICKTPUYCCKUX TeUei COMPOTHBICHHS, MPUMEHICMBIX JUIS TEPMUYCCKON
00pabOTKN METAILIOB.

B niepBoii 4acTu MpUBOASATCS METOJMKH pacdyeTa BpEMEHH HarpeBa M OXJIaXKICHUS
U3JICITHIA TPUMEHHUTEIBHO K Pa3IMUHbIM PEKHMaM TEPMHUSCKOH 00pabOTKH.

Bo BTOpyI0 4YacTh METOAMYECKHX YKA3aHHHA BKIIOYCHBI METOIMKH BBITTOJHEHUS
7a00paTOPHBIX Pa0OT MO HArPEeBY M OXJIAXKACHUIO H3JCIHHA, MMCIOIIUX pa3IudHbIC
TEIUIO(U3HIECKHAE XapaAKTCPUCTHKH.

B mnpwioxeHur TpUBEACHBI CIPaBOYHBIC MaTepUallbl, HEOOXOIMMBIC TIPU

TCIIOTCXHHUYCCKUX PACUCTAX IJICKTPUICCKUX MeYeH.



OCHOBHBIE YCJUOBHBIE OBO3HAYEHUA

a — K02 (GUIUEHT TEMIIEPATYPOIPOBOIHOCTH, M%/C;

A — pacxon, M¥/c;

C0=5,67 B1/(M?-K*) — xoHCTaHTa H3]TydeHHsI aOCOIIOTHO YEPHOT'O TEJNA;
il — TernoéMKOCTh, JIk/(kr-K);

D, d — nuamerp, M (JI1s1 IPOBOJIOKH MM);

F — miomans MoBEpXHOCTH, CEUEHHS, M2,

f — gacrora Toka, I'1;

G — macca, Kr;

0=9,81 M/c? — yCKOpEHHE CHUJIIbI TAKECTH;

h — mar Mexay BUTKaMH, MM;

H — BrIcoTa, ryOuHa, M;

| — cuna Toka, A;

L — mimHa, M;

| — yIMHA TPOBOJIOKU WIIH JICHTHI OJTHOTO AJICKTPUYCCKOTO HarpeBarels, M;
M — K03 (PULHUEHT MaCCUBHOCTH;

N — MOIIIHOCTH TeIIOBas, dIeKTpuuecKkas, BT (mpu uHayKInoHHOM Harpese P);
N — KOJMYECTBO;

P — naBnenwue, Ila;

Q — KOIMYEeCTBO TEIUIOTHI, JK;

(| — IUIOTHOCTH TEMIOBOTO MOTOKa, BT/M?;

R — conpoTuBienue snekTpuaeckoe, OM;

R — ynensHOe TemioBoe conpoTtusieHue, K/BT;

I' — HOJIHOE TerIoBoe conpoTusnenue, (M2-K)/Br;

I — paauyc, M;

S — ToamMHA CI0€B KIaIKH, M;

T — TemmepaTypa o abcooTHOM mikane, K;

t — TemmiepaTypa o crorpaaycuoi nikane (Llemscust), °C;

U — nanpsixenue, B;

V — 06béM, M3;

W — CKOpOCTb, M/C;

W — ynenbHas HOBEPXHOCTHAS HArpy3Ka Harpesatens, Br/cm?,
o — ko3 duuuent Ternooraaun, Br/(m?-K);

B — TemmneparypHBIii KO3(QPHUIUEHT pU3nUECcKoil BennuuHb, K1
Y — IUIOTHOCTB, KI/M>;

A — pa3HOCTb, HAIIOD;

O — aKkTHUBHAas INIyOMHA MPOHUKHOBEHMSI TOKA, MM;

€ — CTETICHb YePHOTHI TOBEPXHOCTH MaTepUara;

1N — K03 (ULKEHT MOJIE3HOTO IEUCTBHUS;

A — ko3 duIHEeHT TertonpoBogHocTH, BT/(M-K);

1 — ko3hPUIMEHT TMHaMUYeCKOU Bsi3KocTH, [1a-c;

vV — K03 PUILHNEHT KHHEMATUYECKOM BA3KOCTH, M2/C;
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p — YIETBHOE AJIEKTPOCONPOTUBICHHE, MKOM"M;
2 — CyMMa, CYMMapHOE;

C — Hanpsikenue, [la;

T — BpeMmH, C;

® — xoadurment quadparMupoBaHUS;

( — YTJI0BOM KO3(DPHUIIMEHT U3TyUCHUS;

® — CTETICHb Pa3BUTHUS KIIAKH;

Ai=aS/\ — uucno Buo;

Fo=at/S? — uncno ®ypoe;

Nu=aL/A (wmu od/A) — gucino Hyccenbra;
Pe=wL/o (nmu wd/o) — uucio Iekne;

Pr=v/a — uucno Ilpanaris;

Re=Pe/Pr=wL/v (wm wd/v) — gucio PeitHomnbca;
Gr — aucno I'pacroda;

9 — OTHOCHTENBHBIN TeMIlepaTypHBIA HATIOP.



1. PACUETHI BPEMEHUW HATPEBA U OXJAXJIEHUS
METAJIJA MPU TEPMUYECKON OBPABOTKE

HarpeB Metasuia siBisieTcsl OJHOM M3 TJIABHBIX ONEpaluii TEpPMUYECKON 00pabOTKH,
XapakTepu3yeMon TeMIepaTypor, NPOJOJDKUTEIBHOCTBIO HArpeBa M CKOPOCTBIO
OXJIQXKICHUS.

[Ipo10KUTENBHOCTS HATPEBA 3aBUCUT OT CIIOCO0a Mepeaadn Teria HarpeBaeMoOMy
U3JIETUI0. B COOTBETCTBUY € 3TUM PA3IMYAOT JIBa METOJA HAarpeBa: 1) mpsMoil HarpeB —
HarpeB  MeTajila  BHYTPEHHUM  TEIUIOM, TE€HEPUPYEMBIM  BHYTPH  H3JACIHS
(97EKTPOKOHTAKTHBIM, WHAYKIMOHHBINA); 2) KOCBEHHBI HAarpeB — HarpeB MeTajlia
BHEUIHUMHM HMCTOYHHMKAMM TeIjia (B TOIUIMBHBIX M D3JIEKTPUUYECKUX I€YaX, OTKPBITHIM
dhaxeaom).

[Tpu BbIOOpE MeTOAA HArpeBa U3EIUil HEOOXOJUMO YUUTHIBATh TEXHOJIOTUUYECKHE
TpeOOBaHUS TEPMHUUECKON 00pabOTKH U CKOPOCTH, PABHOMEPHOCTH M TOYHOCTU Harpena
JI0O YCTaHOBJIGHHOM TeMmepaTyphl, a TaKKe 53KOHOMHYECKYIO IIeJIeCO00pa3HOCTh
IPUMEHEHHUs BbIOMpaeMoro crocoda Harpesa.

B Hacrosimee Bpems B TEPMUYECKHX LIEXAX Yalle MPUMEHSIETCS KOCBEHHBI HArpeB
B II€4ax, MpU KOTOPOM MPAKTHUYECKH HE OTPaHUYMUBAIOTCSA pasMepsl U (popma U3Aenuid, B
mupokoM uHTepBasie (ot 100 go 1400°C um BblIe) MOXKET 3a/1aBaTbCsl KOHEYHAas
TeMIlepaTypa HarpeBa, 00eCcreYyMBaeTCsl BHICOKasi pPABHOMEPHOCTh M TOYHOCTh HArpeBa J0
3aIaHHOM TEMIIEPATYPHI, & TAKKE BO3MOKHA ITPOJOJDKUTEIbHAS BBIACPKKA U3 TTPU
3aJJaHHOW TeMITepaType.

1.1. TeopeTnueckue OCHOBbI HATPEBA MeTAJLJIa B MeYaxX

Ha noBepxHOCTH HarpeBaeMoro B IE€YM HU3JEJIHSI MPOTEKAET CIOMKHBIM TEIUIOBOU
IPOLECC, BKIIIOYAIOLIMI Bce (OPMBI TEINIOOOMEHA: TEIUIONPOBOJIHOCTh, KOHBEKTUBHBIM
TEIJI0O00OMEH U TeruioBoe wu3inydeHue (mydeucnyckanue). OCHOBHBIMU —(OpMaMH
TEII000MEHa, ONPENENSIIOIIMMUA HarpeB H3JeNusl B Ta30BOW cpele MedH, SIBISIOTCS
JYyYEUCITyCKaHUE€ M KOHBEKTHBHBIM TemooOMeH. /[l BBICOKOTEMIEPATYpPHBIX U
HU3KOTEMIIEPATYPHBIX MeYeld, i1 pas3IudHbIX aTtMocdep, 3amnoiHsoIuUX padoyee
MPOCTPAHCTBO MEYEH, AJI pa3HbIX CIIABOB COOTHOIIEHHE MHTEHCUBHOCTEH ATHUX (opM
TEMI000MEHa Pa3IMYHOE, YTO OTPAKAETCS Ha MPOLECCE HAarpeBa U3AeIIUM.

NHTEeHCUBHOCTh TEIUIOOOMEHA MEXIy TBEPIbIM TEJIOM M OKpYKaloIllel cpenoi
OPUHATO  XapaKTepu3oBaTh  KOAPQPUIMEHTOM  TEIJIOOTJAYM O, C  KOTOPBIM
HEIOCPEJCTBEHHO CBSI3aH YJEJIbHBIM TEIUIOBOM MOTOK Ha IMOBEPXHOCTHM HArPEBAEMOIO
tena (. 1o 3akony HeroToHa

g=a(tn — thnos) (1)

rae tn — Ttemneparypa cpenbl (nieuu), °C; thmop — TemmepaTypa NOBEPXHOCTH
HarpeBaemoro Tena (uzaenus), °C.



YuuThiBas CIO0KHOCTh TEIUIOBOTO TMpoOIlecca Ha TMOBEPXHOCTH HarpeBaeMoro
u3nienusi, KO3PQGUIMUEHT TEIUIOOTAAYM CUMTAIOT CIIOKHOW BETMYMHOW, KOTOpas paBHA
cyMMe K03 (UIMEHTOB TEMIO0TAAYN JTYUYEHUCITYCKaHUEM Ol1 U KOHBEKLIUEH Ok

o=ouyr+ ok . (2)

MeTob1 onpeieieHns Ol U Ok BBIOMPAIOTCS B 3aBUCMMOCTH OT YCJIOBHM TEIJI000MeHA B
neud. BenmnumHa o MeHsieTcsl B Ipoliecce HarpeBa M3JENHNA, OJHAKO B pacdérax
IPOJOJDKATEIPHOCTH HAarpeBa W3JIEIUd 3TH W3MEHEHHsS HE YUYUTBHIBAIOTCSI, U
NPUHUMAETCS CpEJIHEE 3HAUCHHE OL.

B 3aBucuMoctd OT ycloBHM TemooOMeHa M crmocoba paboThl meun (medyu
HENPEPBIBHOTO WM TEPUOJUYECKOTO JEHCTBUS) BO3MOXHBI TPH MPUHIIUIHAIBEHO
Pa3IUYHBIX CIydasl HarpeBa u3aenuil. Bo-mepBeix, HArpeB Mpy MOCTOSTHHOW TEMIIEpaType
MeYr U IEPEMEHHOM TEIJIOBOM MOTOKE Ha TTOBEPXHOCTH M3JACNH. JTOT Clydail Harpena
XapakTepeH I TIeUYeH NEePUOAMYCCKOTO ICHCTBHSA, B KOTOPBIX TEIJIO K H3ACIHIO
NepeacTCsl B OCHOBHOM 3a CUET TEIUIOBOTO HM3IYYCHHS, a TaKKe IS DJCKTPUUECKUX
nmedyeil ¢ MCKYCCTBEHHOW ITMPKYJIANHMEH BO3ayxa (KOHBEKIIMOHHBIC II€YHM), WMEOIINX
HEOOJIBIITE pa3Mepbl padouero MPOCTPaHCTBA, W TeUei-BaHH. Bo-BTOPBIX, HarpeB mpu
MIEPEMEHHON TeMIlepaType TeUHd, HO MOCTOSHHOM TEIUIOBOM IOTOKE Ha IMOBEPXHOCTH
u3zienus. JTOT CiIydail HarpeBa HaOIIOAAeTCAd B METOAMUECKUX TMeYax C Mpeo0IaaHueM
TEIJI000MEHa JIy4eHCIyCKaHUEM, a TakKe B TedyaxX MNEePUOJUYECKOTrO JCUCTBUS MpU
PE3KOM MaJCHUM TeMIIEPaTyphl I€YH B MOMEHT 3arpy3Kd B I€4Yb XOJIOAHOW MACCHUBHOM
CaJiKu u3Jeuii. B-TpeThbux, HarpeB mpu MepeMEeHHON TeMIiepaType edl U MepPeMEHHOM
TEIJIOBOM MOTOKe. Takoil mpoliecc HarpeBa XapakTepeH I KOHBEKIIMOHHBIX TeYei,
UMEIOIINX OOJIBIINE pa3Mepbl padovero MpoCcTPaHCTBRA.

JUiss  pacuéra MpONOJDKUTEIIBHOCTHM HAarpeBa M3JEIUMd B IIEPBOM  Cily4ae
HEOOXOAMMO 3HATh BEIMYMHY KO3(P(ULMEHTa TEeIUIOOTIayud U TeMIlepaTypy Nedu. BO
BTOPOM CJIy4ae HEOOXOAMMO NPEABAPUTEIBHO ONPENEIUTh YIEIbHBIA TEMIOBOM MOTOK
Ha TMOBEPXHOCTH u3nenusa. B Tperbem ciywyae yacto 3agatroTcs Kod(pdUIIMEeHTOM
TEIJIOOTAAYH U 3aKOHOM M3MEHEHHUS TeMIIepaTyphl MIEUH.

ITocne 3arpy3Ku XOJOAHOTO M3JACIHUSA B IICYb IIPOUCXOJUT WHTCHCUBHBIN Harpcs
€0 IOBCPXHOCTHBLIX CJIOCB. HarpeB HOCHTPAJBHBIX CJIOCB IIPOTCKACT C MECHBIIICH
CKOPOCTBIO HM3-3a TCPMHUUCCKOI'O COIIPOTUBJICHUA U3ACIIHA. H3MeHssIch 1o BCJIMYHNHC, OH
MOJKCT COXPAaHATBCA B TCUYUCHHC BCCTO BPCMCHH HAIrpCBa H3ACIIHA. DTO 3HAYHUTEIIHHO
YCIOXKHACT OIIPCACIICHUC BPCMCHH HAI'pC€Ba U3ACTINUA.

BennuuHa nepenaaa TeMneparypsl 10 TOJIIUHE U3AEIUS 3aBUCUT OT OTHOLICHHUS
TEPMUYECKOTO CONPOTUBIICHUS M3IEIIHS K TEPMUYECKOMY CONPOTHUBIICHUIO IMEpEIayu
TEIUIa K ero MoBEepXHOCTH. YeM Ooiiblile yKa3aHHOE OTHOIICHHE, TeM OOJIbIIE Mepemnay
TEMIEPATyphl IO TOMIUHE U3aenud. B Teopun TemnooOMeHa OTHOILIEHHE BHYTPEHHETO
TEPMUYECKOTO CONPOTUBIIEHUS K BHEIIHEMY TEPMUYECKOMY CONPOTUBIECHUIO Ha €ro
MOBEPXHOCTH OMpeensieTcs: unciiom buo.



_S/n_aS

Bi (3)
1/ a N
rae S/A — BHYTpPEHHEE TEPMHUYECKOE COIPOTHBIICHUE H3ACTHs; S — XapaKTepHbBIH
FCOMGTpI/I‘IeCKI/Iﬁ paSMep N3ACIINA. JId IINIACTUHBI — IIOJIOBHHA eé TOJIIIINHBI l'IpI/I

JIBYyCTOPOHHEM HarpeBe U MOJHAasl TOJIIMHA B ClIy4yae OJHOCTOPOHHETO Harpema, IJIs
WIMHApPAa M IIapa — HUX Paguychl; A — KOA((OUIMEHT TEIUIONPOBOAHOCTH METaa;
1/0 — BHeNIHEE TEPMUYECKOE COMPOTUBICHUE; O — KOAPDUIIUEHT TEIII00TIaUH.

Ecnu Bennuuna Bi OnM3ka K Hy/r0, TO TEPMUUYECKUM COIPOTUBICHUEM H3/ETUS
MOKHO INpeHeOpedb, U €ro HarpeB ONpPEAEIseTCs TONbKO BHEUIHUM TeIIooOMeHoM. B
JTOM CiIy4ae Iepelnajg TEMIEPATyphbl IO CEUYCHUIO U3IEIUSA MOXXHO HE YUHUTHIBATH IIPU
ONpPENEIICHNH BPEMEHU €ro HarpeBa. Takue W3Aenus Ha3bIBAIOTCS «TOHKMMH» B
TEILUIOBOM OTHOULIEHWH B OTIIMYUE OT «MACCUBHBIX», TEMIIEPATYPHBIM NIEpena B KOTOPBIX
COM3MEPHM C TEMIIEPATYPHBIM HAIIOPOM HA UX ITOBEPXHOCTH.

3a YCIOBHYIO IpaHULly MEXAY TOHKUMU U MAacCCUBHBIMU HM3IEIIASAMH MPUHUMAIOT
TaKoe ceyeHue, Mg Kortoporo uucio buo paBuo 0,25; nmpu 3TOM 3HaueHuun Bi
MAaKCUMAJIBHBIA TIE€pEIajl TEMIIEpAaTyphl MO CeYeHHIO u3nenusa cocrasisieT 10 % ot
Pa3HOCTH HavyallbHBIX TeMIlepaTyp usnenus o u BHemHew cpeabl, To ecth At=0,1(tn—to).
Takum oOpazom, ecan Bi < 0,25, pacu€rbl BBINONHSIOTCA MO (popMysiaM Jjisi TOHKHX
u3nennid, ecim xe Bi > 0,25 — no MeTouke, IPUHATOM ISl MACCUBHBIX M3JICITHIA.

[Ipu pacu€rax mpoaOIKUTEIHLHOCTH HArpeBa W3JAETUN HEOOXOIUMO TaKKe 3HATh
UX Temio(pu3nueckue CBONUCTBA, MPEXKIE BCEro IMJIOTHOCTh Y, YIEIbHYIO TEIIOEMKOCTh

C U K03h(UIMEHT TETUIONPOBOJHOCTH — A. JIJIsI METalJIOB W CIJIABOB yKa3aHHBIC
napaMeTpbl U3MEHSIOTCA C HM3MEHEHUueM TemnepaTypbl. OJHAaKO NpH BBIIOJIHEHUU
MPAaKTUYECKUX Pacy€TOB OHM NPUHUMAIOTCA TMOCTOSSHHBIMM  BeIWYuHaMu. J[ms
YMEHBIIICHUSI TOTPEIIHOCTH PacuyE€TOB cieAyeT OpaTh CpelHHE B paccMaTpUBAEMOM
WHTEpBAJIC TEMIEpaTyp 3HAUCHUS TEIIO(QU3NIECKUX KOHCTAHT.

1.2. OcobGenHocTH pacyéra cyMMapHOTro Ko3(ppuimeHTa
TEIVIOOTAAYHU B JIEKTPHUUYECKHUX Mevax

PaccmoTpum omnpeneneHue cpeHUX 3HAYCHUN KOA(PPUIMEHTOB TEIUIOOTIA4Yu Ha
MOBEPXHOCTH U3JIENINI, HATPEBAEMBIX B AJIEKTPUUECKUX TEUaX.

B anekrpuueckux medax 0€3 MCKYCCTBEHHOW IUPKYJSIIIUM BO3yXa OCHOBHBIM
BUJIOM TEIUIOOOMEHa, ONpEACNAIONINM HarpeB W3JACIUN, SBISETCS TEIUIO0OMEH
JydyenciyckanneM. KOHBEKTHBHBIN TEIJIOOOMEH B PE3yJIbTaTe CBOOOTHOTO JBHKCHUS
BO3]lyXa OKOJIO TTOBEPXHOCTH HArpeBaeMoOro M3/eus UMeeT HeOOIbIYI0 MHTEHCUBHOCTD
U KOO(DPUIMEHT TEIUIOOT/Aaud KOHBEKIIMEW B HArpeBaTelIbHONM Kamepe Treuei
conpoTuByieHus: ¢ Temneparypoil Beimie 700 °C mpuOIMKEHHO MOXET OBITh MPUHST
pasueiM 10...15 Br/(M?-K). Jlns Gosee HU3KUX TEMIIEPATyp OH MOYKET OBbITh HOJICYMTAH
o OJHOW W3 (hOpMyJI, U3IOKEHHBIX HIDKE B paslielie 0 KOHBEKTMBHOM TEIUIOOOMEHE B
TOIUJIMBHBIX MeYax.



B uyactHOM ciyyae npu HarpeBe U3NEIUMN W3 AJIIOMUHUEBBIX CIUJIaBOB B
HU3KOTEMIIEPATYPHBIX KOHBEKIIMOHHBIX IMeyYax BeludrHa Kod(h(dUIMEeHTa TeruiooTaauu
JTY4YEeHUCITyCKaHUEM HEBEJIMKA M3-3a MaJIOW CTENEeHH YepHOThI naenui [1-3]:

100 200 300 400 500 600

Temneparypa neuun, °C

a1, Br/(m?-K) 1,9 3,6 6,3 10,1 15,2 21,8

KoadduimenT TemooTnaun KOHBEKIIMEH B OSTOM Cllydae HMEET OoJIblee
3HAYCHHE M MOKET OBITh BBIUUCIICH 110 ciaeayroieit popmyie [1-3]:

ax=k-wo8 4)

riae K — xo3dduimeHT, 3aBUCAIINN OT TEMIIEPATyPhI ITCYH:

100 200 300 400 500 600

Temneparypa neun, °C

K 4,81 4,19 3,74 3,37 3,20 | 3,09

W — CKOpPOCTb BO3JIYIIIHOT'O ITOTOKA B paboyeil kaMepe meuu, M/c.

KOI)(b(bI/II_[HeHT TCILIOOTAAYH JIYUCUCITYCKAHNCM B O6HI€M ClIydac OoIpcacirACTCA 110

bopmyie:
et oY T,
{(woj _[100] J (5)

-7

our=Crp-

M

rne Tpu Ty — TEeKyllMe 3HA4YCHHS TEMIEpaTyp COOTBETCTBEHHO I€UYM U MeTallia,
K; Crp — nmpuBeneHHbIN K03GGUIIUESHT U3ITyICHUS

C.. = S
np — )
1 F, (1 ) 6
8M FH Lgl—[ J
rne Co=5,67 Br/(M*>*K*) — KoHCTaHTa HM31ydeHHs aOCOJNIOTHO YEPHOIO TENa; &M —

CTEIMEHb YEPHOTHI HArPEBAEMOr0 METAaJIa; € — CTENEHb YEPHOTHI KIAJAKU neun; Fy —
TEIIOBOCIPHMHUMAIOIIAA MTOBEPXHOCTh HATPEBAEMOTO METaIa, M2, Frj — IOBEPXHOCTH
HarpeBaTeIbHOM KaMeph €4, M2,

[Ipu HarpeBe B cpeaHETEMIIEpaTypPHBIX JJIGKTPHUECKHX IIe4aX C BO3AYIIHOMN
atMmocepoit 3Hauenue Cppr2,5...3,0.



[Ipy w3MeHeHHMH TemmepaTypbl B pabodeld KaMmepe Ie4Yd CpelaHee 3HaYeHHE
ko3 dulreHTa TEMI00TIaYu onpeaeseTcs mno hopmyie

H K r ImH ‘ MH 4—|r MK ‘ MK 4—|
S R R
TN LT —To) T —To) |

H K
rpe o, u o; — K03(1)(1)I/II_II/ICHTBI TCINIOOTAAYN U3JTYUYCHHUEM COOTBECTCTBCHHO B HA4YaJIC U

B KOHIIE TEMIIEPATYPHOIO0 MHTEpBaja HarpeBaeéMoro MeTauia, Br/(M*K); Ton v Ty —
TeMIepaTypbl COOTBETCTBEHHO I€Ud M MeTajuia B Hadasne HarpeBa, K; Tpx 1 Tux —

H K
TCMIICPATYPBI COOTBCTCTBCHHO IICUM W MCTAJIJIa B KOHIC HAIrpcBa, K; CHP 141 CHP —

NPUBEACHHBIE KOO(D(PUIMEHTHI M3JTy4E€HUs. COOTBETCTBEHHO B Hayaje M KOHIIE HArpeBa,
Br/(m*-K%).
Ecnu B mporecce HarpeBa W3IENUH TEMIIEpaTypa B HAarpeBaTelbHOM KaMmepe

OCTaeTCsI HEM3MEHHOM, TO
(Tn (T ]“T
100 100 J (8)

KlTonoT_Ggg ﬂ
JOT =T ) (T |

[Ipu ompeneneHun o B M€Y C NOCTOSHHOM TEMIIEPATYPOM MOYKHO TAKKE
N0JIb30BaThCS (HOPMYJIOit

AI__I

n _TMK)

T\ (T )
[100} _LlooJ )
| Tn _TMcp

rine Tmep — CpeaHsis 3a BpeMs HarpeBa Temieparypa ninenus, K :

Tmep = 1/3 (tvut2 tumk) + 273, (10)

rae twnp U tuk — TeMmeparypel H3IENIUS COOTBETCTBEHHO B HAadalle U B KOHIIE
TEMIIEPaTYpHOI'0 UHTEpBaia Harpesa, °C.

Cpennsast TtemmepaTypa HarpeBaeMoro wmetamia (Twmep) MOXKET OBITH TaKxkKe
ompeseneHa mo Gopmyse

4

( TMcp

10(T T, '
100 2 MlOOJ (ﬁj J | (1)
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B neuax ¢ nmocrosuHOM Temmneparypoit (700...900 °C) koadduiiveHT TernooTaauu
W3ITy9eHUEM MPUOIMKEHHO MOYKHO TTOICUUTATh TI0 SMITUPUUIECKOHN hopmyIe:

3
OanO,O3CHP(-:[I;—g) . (12)

WMHTEeHCUBHOCTh KOHBEKTUBHOTO TersiooOMeHa B pabodeM MPOCTPAaHCTBE MEYn
3aBUCUT OT CKOPOCTH JBWKCHMS BO3IYIIHOW Cpebl, a Takke OT (POpMBI U pa3MepoB
HarpeBaeMbIX W3JENINN, TeMIepaTypsl KIaaku. J[Is cpeaHeTeMmepaTypHbIX Medeid, He
VUMCIOLINX TMPHHYIUTSIBHON HUPKYISIIUK TMEYHOW aTMocdepsl, KodhdurmeHt ( oy )
MOKET ObITh NPUHAT paBHbIM 10...15 B1/(M?-K).

2. OIPEJEJTEHUE BPEMEHHN HAT'PEBA W3IEJIUI _
B TEPMUYECKHUX ITEYAX C TIOCTOAHHOU TEMIIEPATYPOU

Bpewmst HarpeBa TOHKUX U MAaCCUBHBIX JieTaliel (MU JeTalied, paciooKeHHbIX B
OJIMH DS/l HA MOJTY) B KAMEPHOM Te€4M UK COJITHOM BaHHE C MOCTOSTHHOW TeMIIepaTypoit
MOJKET OBITh Ompe/esieHo o ¢popmyiam [1-4]:

Gc t —t
1, =—2,3-1g——; 13
' aF t —t (13)
Gc t —t
T, :—2’3.|gﬁ’ (14)
oFo t —t

rne G — macca neranu;
C — CpeIHss yAENIbHAs TEIIOEMKOCTB;
0L — CyMMapHbIi KO3 (DUIMEHT TEeII00TAAuH;

F — akTuBHas MOBEPXHOCTH, TO €CTh MOBEPXHOCTh, BOCIIPUHUMAIOIIAS TEIJIO OT
BHEIIHEW Cpebl;

t, — Temneparypa neuu;
tus ¥ lyx — HaYaNbHASA U KOHEYHAsl TEMIIepaTyphbl HATPEBAEMOT0 U3/ICTHS;
¢ — K03 (UIIUEHT 3aMeIJICHUs Harpena.

®opmyia (13) ucmonb3yeTcst Mpu pacyeTe BPEMEHN HarpeBa TOHKHUX M3JIEIHH, T.C.
Korja kputepuit buo menbme 0,25 [1-4, 5,6]:

_ oS
A

Bi (15)

r7Ie O — CyMMapHbIN KOA(DPUIIUESHT TETUIOOTAaYN KOHBEKIIUEH U U3 TyUYCHHUEM;
S — Mmoy0BMHA TOJIIMHBI TIACTHHBI WM PAINyC MHIMHIPA,

A — cpenauit K0O3PPUITUEHT TETUIOMPOBOTHOCTH B MHTEPBAIIC TEMIIEPATYP tyy U Ly

11



[Tpu Bi>0,25 u3genust ciemyer cuyuTaTh MAacCHBHBIM W TMIPH pacdyeTe BPEMEHH €ro
Harpesa Mnojb3yrTcs popmyoit (2), coaeprxkaiieid Ko3pGUIIMEHT 3aMeIJICHUS HarpeBa o.
KoaddumuentT ¢, B cBoro odepeib, onpeaensieTcs mo cueaymumM Gopmyiam:

1) ;uist IIACTUHBI, HATPEBAEMOM C IBYX CTOPOH

1
¢ = :
1+ 1 Bi (16)
3
2) s NAJIMHIpa
1
¢ = :
1+ L Bi (17)
3,5
3) ns mapa
0= 1
1+ ; Bi (18)

Pacuer BpemeHHM HarpeBa MACCHUBHBIX W3JIEIMM B Cpele C MOCTOSIHHOU
TeMIEpaTypoll MOXKET OBbITh TaK)KE MPOU3BEJAEH M MO BCIOMOTATENbHBIM TIpadukam

[1,5,6].

®opmyisl (1) u (2) npuMeHSIOTCS )11 ONIpe/ie/IeHUs BpeMEHN HarpeBa B HU3KO- U
CpeIHEeTEeMIIepaTypHBIX Ieuax. B cimydae npeoOiaagaHus B IEYH JIYIUCTOTO
TeI1I000MeHa, KOTOPBIM UMEET MECTO IIPH BBHICOKUX TEMIIepaTypax, BpeMs HarpeBa
TOHKHUX M3JICIUI OMPEeIeIIIIoT 1o ¢hopmyJie

(19)

3necyr G — macca MeTaiia;
¢ — CpeIHssl yIenbHas TeTUIOEMKOCTh METaJllla U UHTEPBAJIE tyy U tyy;
Cy— KO(pPUIIMEHT U3TyUeHuUs,;
T, — TeMmepatypa neyu;
\y — TemmeparypHas pyHkius (tabi. 1);
Tk ¥ Ty — HaYaNbHASA U KOHEYHAs! TEMIIEpATyPhl METaJIA.

HcxomHble TaHHBIC U PE3yJIbTAThl ONPEACIICHUS BPEMEHH HarpeBa JcTaieu
MpeJCTaBlIeHbl B paboTax [3, 6].

12



Tabnunal
3aBucumocts y (T /T, ) ot T/T,

T/T, v (T/T,) T/T, v (T/T,) T/T, v (T/T,)
0,2 0,2 0,56 0,5718 0,91 1,1332
0,24 0,2402 0,60 0,6166 0,92 1,1659
0,28 0,2803 0,64 0,6639 0,94 1,2463
0,32 0,3207 0,68 0,7122 0,96 1,3563
0,36 0,3612 0,72 0,7655 0,98 1,537
0,40 0,4012 0,76 0,8229 0,99 1,713
0,44 0,4434 0,80 0,8864 0,994 1,842
0,48 0,4854 0,84 0,9599 0,998 2,117
0,52 0,5277 0,88 1,0389 0,999 2,293

3. METOAUKA BBIITIOJHEHUSA JTJABOPATOPHBIX PABOT
Pa6ora 1. BIIMIHUE ®OPMbI 1 MACCMBHOCTU U3IEJINIA

HA ITPOJOJDKUTEJIBHOCTD NX HAI'PEBA B IIEYAX ITEPUOJANYECKOI'O
JENCTBUA

B TCPMHUUCCKOM IIPOU3BOACTBC CPCAU PA3INYHBIX MCTOAOB HArpcBa MCTaJllla Yallic
BCCTO IPUMCHAIOTCA SJICKTPHUUCCKHUC IICUU COIIPOTHUBIICHUA.

QHGKTpI/ILIeCKI/IC IICY MOXKHO pPa3ACIINTh HA IICHYH IICPUOAHMYCCKOIO MW HCIIPCPBIBHOI'O
I[eﬁCTBHH, T.C. HAa CAJO4YHbIC U MCTOANYCCKUC.

CaniouHble I€YM UMEIOT MPOCTYI0 KOHCTPYKIIMIO, MO3BOJIAIOT OBICTPO NEPEXOAUTH
C OZHOTI'0 TEXHOJIOIMUYECKOI0 IIpoLecca TEPMUUECKON 00pabOTKN Ha IPYTOM.

IIpn HarpeBe B mevyax MEepUOAUYECKOrO JEUCTBUS HE OTPAHUYMBAIOTCSA Pa3Mepbl U
dbopma u3aENMii, B IIMPOKOM HHTEpBaJ€ MOXKET 3aJaBaThbCs KOHEYHas TeMmIiepaTypa
Harpesa.

[Ipennaraemas  mabopaTtopHass paboTa TMO3BOJSET  OLCHUTH  HM3MEHEHUE
XapaKTEPUCTHK HArpeBa MpU 3arpy3ke U3ACIHUA pa3IudHOM (OpPMBI U MACCHBHOCTH, a
TaK)X€ COTOCTAaBUTh PACUYCTHHIC JAHHBIC MO BPEMEHU HarpeBa C dKCIEPUMEHTAIbHBIMU
pe3yJbTaTaMH.

1.1. ITens paboTHI

OnpenenuTh BpeMsi HarpeBa U3JEIUN pa3IuyHOW (OPMBI U MACCHUBHOCTH B
JIEKTPUYECKON TI€YM MEPUOJAUYECKOTO JEWCTBHUS PACYETHBIM METOJIOM, B T.4. C
ucrnojab3oBaHueM DBM, U cOnmocTaBUTh MOJIYYEHHBIE JAaHHBIE C 3KCIEPUMEHTAIbHBIMU
pe3yJbTaTamu.
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1.2. Marepuan uccinegoBaHus
3aroToBKM pa3IMYHbIX pa3MEPOB B popMe HUIUHAPA WU MapajuieenuIe/a.

1.3. ITopsiiok BBIOJIHEHUST PaOOTHI

1.3.1. BrimucaTe U3 CHOPaBOYHUKOB WM TPUIIOKEHUS XMUMHYECKUW COCTaB U
TeIo(U3NIeCKUe XapaKTepUCTUKUM MaTepuaja HarpeBaeMbIX usaeiuil. OnpeaenuThb
pa3Mepbl HarpeBaeMbIX 3aTOTOBOK.

1.3.2. O3HaKOMHUTBCA C XapaKTEPUCTUKON U yCTPOMCTBOM TI€uH, B KOTOPO# Oyner
OCYILECTBIISITECA HArPEB U3/eauil (acropT Meun).

1.3.3. VYcraHOBUTHh M 3aKpeNuTh TepMONapbl Ha TOBEPXHOCTH M B IIEHTpE
HarpeBaemoro wuszfenus. OpHa TepMorapa YCTaHOBJIEHA OKOJO CBOJA TME4YW A
pEerucTpaluy TeMIepaTypbl IEYHOTO MPOCTPAHCTBA.

1.3.4. TlogkiouuTh TEpMOMApPbl K MOIYJIO PETUCTPAIlMM CHUTHAJIOB TepMoNap
«Triton6004TCy» u BKIIIOYHUTH €TrO.

1.3.5. Banyctuth nporpammuoe obecneueHue «DataRecorder-T6004TC», koTopoe
SBJIIETCSI YacThlO allapaTHO-MPOrPAMMHOIO KOMIUIEKCA, MpEeAHA3HAYECHHOTO IS
u3MmepeHnii Ha 6aze konTposuiepa « TRITON-6004TCy. Dra mporpamma obecrieuuBaeT
NPOBEJCHIE HM3MEPEHUN, BU3YyaIHM3alMI0 W TPEIBAPUTEIbHYI0 O00pabOTKy aHHBIX,
COXpaHEHHE pe3ylnbTaToB B (Qailsie Ha naucke, medats rpaduxoB. /[na 3anycka
UHCMAIUPOBAHHOU NPOZPAMMbL 8blOepume ee NUKMo2pammy 6 pazoeine menio «llyck |
Ilpoepammur | DataRecordery wiu na pabouem cmone. Ilocie moeo kax npocpamma
3anycmumcs, Ha 3IKpaHe noseumcs oxHo, oszaenasnennoe «DataRecordery - smo
LlenmpanvHoe okHO, OmMCIHOOA C NOMOWDBIO MEHIO U KOMAHOHLIX KHONOK NAHelu
UHCMPYMEHMO8 8bINOIHAEMCS YNpasieHue pabomou npocpammoi.

1.3.5.1. [IpoBepka min HaCTPOITKa MPOTrPaMMBI.
OTKpBITH MeHIO «Hacmpotixay, Iociie Yero MpOBEPUTh HACTPOUKH BCEX MOIMEHIO.

1.3.5.2. B noamento «Konduryparus» NpOBEpUTh AKTHUBHOCTh KaHAJIOB (OT
MIEPBOTO JI0 YETBEPTOI0) U BIOpAHHBIE TPayHpOBKH Tepmorap. CienyeT OTMETUTh, YTO
MIEPBBIM KaHAJ MCIOJIB3YETCS ISl PETHCTPAIMA TEMITepaTyphl MeUd, a OCTAJIbHBIC IS
U3MEPCHUS TEMIIePATypPhl U3ICITHS.

1.3.53. B mnoaMeHro «Tum wu3MepseMbIX [TaHHBIX» YCTAHOBUTh HW3MEPEHUE
TEMIIEPATYPBI U TPaTyupoBKy Tepmonaps! TII.

1.3.5.4. B noamento «OnoOpHBIA CUTHAI» YCTAHOBUTH 3HAYEHUE TEMIEPATyphI
CBOOOJHBIX KOHIIOB Tepmornapsl (20...25°C).

1.3.5.5. B monmenro « COM-miopt» ipoBepuTh Wik ycTaHOBUTh «COM3».

1.3.5.6. B moamento «Hactpoiika rpaduka» mpoBepuUTh WM YCTAHOBUTH CTHIIb,
pa3Mep U IIBET TOUEK Ka)JI0ro KaHaa.

1.3.5.7. Bxarounth Hauano uaMepeHusi B MeHio «M3mepenue» kHonkou «Crapt»
i F9.

1.3.5.8. OcymiecTBUTh 3arpy3Ky WH3Jeaus B II€4b, HArpeTyro 10 3aJaHHOU
TeMIiepaTypbl. MOMEHT 3arpy3Ku U3JeNMsl B I1€Yb SBJIECTCS HayajlOM OTCUETA BPEMEHU
Harpesa.
14



1.3.5.9. Tlocne nHarpeBa wu3aenus 10 3aJaHHOM TeMmIepaTypbl OCTaHOBUTH
n3Mepenune KHonko «CTOID» u BBITpY3UTh U3JETHE U3 TIEUH.

1.3.5.10. Coxpanutb pe3ynbTaThl u3MepeHus. s storo B MeHio «Daitny
U3MEpEHHe yepe3 NoAMEHI0 «COXpaHUTh KaK» COXPAHUTH I10J ONPEACICHHBIM UMEHEM.
Pe3ynbTaThl M3MEpeHUsT MOXKHO COXPAaHUThH Takke B Bujie ¢aitnma Excel. Jlns storo B
MeHio «®aitm» u3MepeHHne 4Yepe3 MOAMEHI0 «JKcrmopT B EXcel» coxpanuts mop
omnpeneieHHbIM MMeHeM B Buae EXxcel daitma. s BeiBoma rpadmka HarpeBa HIH
oXJaXAeHUs] B MeHI0 «Dailm» u3MepeHue uyepe3 MOAMEHI0 «IJKCIOpT B TpaduvecKuil
(aitin coXpaHUTh TOJ ONIPEICTICHHBIM UMEHEM.

1.3.5.11. Jlns medatu Tpadmka HarpeBa WIM OXJaXIeHHs B MeHIO «lledath»
u3Mepenue uepe3 noamento «lledats rpadukoB» um moameHto «HacTpoiika mneyaTu»
pacrnieyaTaTh Ha MPUHTEPE.

1.3.6. 3arpy3utrb B Tmedb uU3AENUE Jpyroil (GopMbl WIM  MaCCUBHOCTH,
NpeIBapUTEILHO YCTAHOBUB TEpMOMApbl Ha €ro IOBEPXHOCTH W B MEHTpE, W
OCYIIIECTBUTh HArpeB W3IEIHs 10 TEMIIEpaTyphl; MOJYYCHHON MpW HarpeBe IMEpBOTO
U3JIeTUsl TOBTOPUB BCE IMMyHKTHI pa3zaena 1.3.5.

1.3.8. DkcniepuMeHTANIbHBIE TaHHbBIE, paclieyaTaHHbIe Ha MPUHTEPE, 00padoTaTh U
3aHECTH B CIEAYIONIYIO Ta0IuUILy.

Temneparypa, °C 3agadHas
parypa, Havanenas i
TeMIeparypa
Bpewms, ¢ Ha MTOBEPXHOCTH B IICHTPE TeMIiepaTypa
B €YU 5 HarpeBa u3Jenus,
U3JIETTNS HA3EINA n3nenus, °C oC

1.3.9. BbINOAHUTH TEOPETUYECKHUI pacyeT BPEMEHHM HarpeBa U3JEIuil pa3IudyHOu
(OpMBI WJIM MACCUBHOCTH MO COOTBETCTBYIOIIKUM (hOpMyJiaM M ¢ MCHoJb30BaHreM DBM
(MeToanueckue ykazanus pazaena |.5 Hactosieit paboTsl, 1.2 mpuioxeHus).

1.3.10. ComocTaBUTh TEOPETUYECKHE pPACYEeThl C OSKCHEPUMEHTAIbHBIMU
pe3yabTaTaMu M0 HarpeBy U3JEIUN pazauyHOi (hOPMBI MJIM MACCUBHOCTH.

1.3.11. Cpenatb BbIBOABI O BIHUSHUM (POpPMBI (MAaCCUBHOCTH) 3arpy3Kd Ha
IPOJOJKUTEIBHOCTh HArPEBA B MeYaxX MEPUOIMYECKOTO JIEHCTBHSL.

1.4. Coneprkanue oT4eTa
OTyeT N0JKEeH BKIIIOYATh:
a) 11eJ1b paboThI;
0) XUMUYECKUN COCTaB U TETUIO(DU3NICCKHE XapaKTEPUCTUKU HATPEBAEMBIX CTAJICH;
B) DKCIIEPUMEHTAJILHBIC KPUBBIC HArPEeBa U3/IEIH;
I') pacueThl BpEMEHHU HarpeBa U3ICIIni;

1) BBIBOJIBI 110 padoTe.
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1.5. Texnuka 6e30MacHOCTH P BBITTOJIHEHUU PAaOOTHI

HpI/I pa60Te C OJICKTPUYCCKUMHU II€HaMMW OCHOBHOC BHHMMAHHC JOJIKHO OBITH
YACICHO BBIIIOJIHCHHIO ITPpaBUJI 3HCKTp06630HaCHOCTI/I.

Bce TOKOBCAYIIHUC YaCTHU JJICKTPHUUCCKUX neuen JOJIDKHBI OBITH HN30JIMPOBAHbI WU
OIr'pa’xKACHBI. Ileun n MeTananueckue TOKOHCCYIIUC YaCTHU JOJIKHBI OBITH 3a3E€MJICHBI.

[Ipu HapylieHHH HOPMaJbHOM PabOTHI 3NEKTPOIEYN HEOOXOAUMO OTKIIIOUHUTH €€
OT CeTH M IPHUHATH MEPhl K YCTPAHEHUIO HEHUCIPABHOCTU. PeMOHTHBIE pabOThI BECTH
TOJIBKO ITOCJIE CHATHS HAIIPSIKEHUS.

Temneparypa MOBEpXHOCTU MEpeIHENd CTEHKM M ABeplbl neud Beime 100 °C,
IIO3TOMY CJIeZyeT COOJII0/IaTh OCTOPOKHOCTh IPHU paboTe C IEKTPOINEUblo. 3arpysKy
3arOTOBOK B II€Yb M MX BBIIPY3KY W3 ME€YH NPOU3BOJUTH CHEUUATIBHBIMU IIUILIAMH [IPU
BBIKJIFOUEHHOM MEYH.

[IpucoeauHeHne TepMoIap K 3aroOTOBKaM M HUX OTCOCAMHCHHME OCYIIECTBIIATH Ha
XOJIOJHBIX 3ar0TOBKax (70 3arpy3Kd B II€Ub; MOCJIC BBITPY3KH U3 IICUH M OXJIAKIACHHUS Ha
BO3JIyXe).

1.6. KoHTtposibHBIE BOITPOCHI
|. Termmousnueckue cBOMCTBA CTajeH U CIIJIaBOB.
2. OnpeniesieHue «MacCCUBHOCTH» HAarpeBaeMbIX U3JICITUM.
3. OcoOeHHOCTH HarpeBa TEIJIOTEXHUUYECKU «TOHKUX» U3JETUN B JIEKTPUUYECKUX TEeUax
MEPUOINYECKOTO JCHCTBUA.
4. OcoOEHHOCTH HarpeBa «MAacCCUBHBIX» H3JIEIUN B JJIEKTpoIeyax MEepUOJIUYECKOTrO
JICVCTBHSL.

Pa6ora 2. OTIPEIEJIEHWUE BPEMEHU OXJIAXKIEHNS 3ATPY3KHU
TTPU TIOCTOSTHHOM TEMITEPATYPE OXJIAXJIATOIIEN CPEJIBI

[To TexHONOTHUU TEPMHUUECKON 00paOOTKU YaCTO TPeOyeTCs OXJIAXKIACHUE W3JEIHI
C OIpEACIICHHOW CKOPOCTBbIO, HAMpUMEp, MPU OTKHUIe, HOPMAJU3alMM U 3aKajKe.
OxnaxxaeHnue M3JeIrii MOKET OCYIIECTBISATHCA, Ha CIIOKOMHOM BO31yXe, B Kamepax ¢
WCKYCCTBCHHOW NHPKYJSAIUMEH BO3AyXa, B CHEIUATBHBIX TE€PMETHUYCCKHX My(densx, B
3aIITHOM aTMOCdepe WM B BaKyyMe, B KOJIOIIIaX, BMECTE C HarpeBaTeIbHOM TIEUbI0 U B
Pa3TUYHBIX 3aKATOYHBIX YCTPONCTBAX.

JlanHas paboTa 3aKII0YacTCsS B OMPEICICHUU BPEMCHHM OXJIAXACHHUS HM3ACIUNA Ha
CIIOKOMTHOM BO3/yX€.

2.1. llens paboThI

PaccuntaTte BpemMsS OXJIOKICHUS W3ICHMs HAa BO3AyXEe H  COTOCTABHTH

TEOPETUUECKHE PE3YIIbTAThl C IKCIIEPUMEHTAIILHBIMU JTAHHBIMH.

2.2. Martepuai UCCiae0BaHUs

HI/IJ'II/IHI[pI/I‘ICCKI/Ie 3arOTOBKHM HJIHN O6p33LH:I B BHAC IIAapaJuICIICIIMIICAa M3
KOHCTPYKIMOHHBIX JICTUPOBAHHBIX cTajeu uiu OBCTHBIX MCTAJJIOB M CIIJIaBOB.
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2.3. [TopsimoK BBITIOTHEHUS PAOOTHI

2.3.1. Beinmucath XMMHUYECKHH COCTaB U TEIUIODU3UYECKHE CBOMCTBA CTajied U
cruiaBoB (MpuiokeHue ., crpaBoYHbIC JTaHHBIE).

2.3.2. OmnpenenuTh pa3Mepbl 3aroTOBOK, MpEeAHA3HAUYCHHBIX I HarpeBa U
MOCIIEAYIOLIETO OXJIAXKICHHUS.

2.3.3. YcTaHOBUTH W 3aKpPENHUTh TEpMOMNapbl, (PUKCHPYIOIIHWE TeMIepaTypy Ha
MOBEPXHOCTH U B IIEHTPE 3arOTOBKHU.

2.3.4. TloagxkmouuTh TepMONapbl K MOAYJI0 PETHCTPAUU CUTHAJIOB TEpMOIIap
«Triton6004TC» 1 BKIIOYHTH €TO.

2.3.5. OcyuiecTBUTh 3arpy3Ky 3aroTOBKHA WJIM 3arOTOBOK (COIJIACHO 33JIJaHUIO) B
KaMEpHYIO Te4b, HarpeTyro J0 3aJlaHHOM TemmepaTypbl. MOMEHT 3arpy3Ku U3JEIus B
neyb SBJSETCS HayaloM OTCUeTa BPEMEHU HarpeBa.

2.3.6. 3anmyctuth nporpammuoe obecrneueHue «DataRecorder-T6004TC», koTopoe
SBJIIETCSI YacThlO alapaTHO-NMPOrPAMMHOIO KOMIUIEKCA, MpeAHa3HAYEHHOTO IS
u3Mepenuil Ha 6a3e koHTposuiepa « TRITON-6004TCy». Dta nmporpamma obecrieurBaeT
IPOBEJCHUE W3MEPEHUN, BU3YyalIM3alMI0 U MpPEIBAPUTENIbHYI0 OOpabOTKy [aHHBIX,
COXpaHEHHE pe3ylnbTaToB B (Qailie Ha naucke, mnedats rpaduxoB. /[na 3anycka
UHCMAIUPOBAHHOU NPOZPAMMbL 8blOepume ee NUKMozpammy 6 pazoene menio «llyck |
Ilpoepammur | DataRecordery wiu na pabouem cmone. Ilocne moeo kax npocpamma
3anycmumcs, Ha 3IKpaHe nossumcs oxHo, oszaenasnennoe «DataRecordery - smo
Llenmpanvnoe okHO, omclO0a ¢ NOMOWDBIO MEHIO U KOMAHOHbIX KHONOK NaHenu
UHCMPYMEHMO8 8bINOIHAEMCS YNpasieHue pabomou npocpammoi.

2.3.6.1. IlpoBepka nunu HaCTpOHKa MPOTPAMMBI.
OTKpBITH MeHIO «Hacmpotixay, Iociie 4ero MpOBEPUTh HACTPOUKH BCEX MOIMEHIO.

2.3.6.2. B nonvento «Kondurypamus» NpoBEepUTh aKTUBHOCTh KaHAJIOB (OT
NIEPBOIO /10 YETBEPTOro) U BbIOpaHHbIE IpadynpoBKu Tepmonap. Cienyer OTMETUTh, UYTO
MEPBBIM KaHaT MCMOJIB3YETCS ISl PErHUCTPAllMM TEMIIEpaTyphl MeUH, a OCTAJIbHbIE IS
U3MEPEHUS TEMIIEPaTypPbl U3/EIIHS.

2.3.6.3. B mommento «Tum wu3MepseMbIX ITaHHBIX» YCTaHOBUTH H3MEPEHHE
TEMIIEPATYPBI U TPaTyupoBKy Tepmonaps! TII.

2.3.6.4. B noagmento «OmNOpHBIA CHUTHAD» YCTAaHOBUTH 3HAYCHHE TEMIIEPaTyphI
CBOOOJHBIX KOHIIOB Tepmornapsl (20...25°C).

2.3.6.5. B nommenro « COM-iopT» npoBepuTh Win ycTaHOBUTE « COM3».

2.3.6.6. B moamento «Hactpoiika rpaduka» MpoBEpUTh WM YCTAHOBHUTH CTHUJIb,
pa3Mep U IBET TOYEK Ka)XI0Tro KaHaja.

2.3.6.7. Bxomtouuts Hauano usMmepenust B MeHo «l3mepenue» kHomkoit «CtapT»
nnu F9.

2.3.6.8. Ilocne HarpeBa wu3fenus 10 3aJaHHOW TEMIEPATypbl OCYIIECTBUTH
BBITPY3KY 3aroTOBOK Ha IOJTrOTOBJIIEHHOE MecTo (kepamuueckyio rmry). Ilepex stum
BKJIFOYHMTH HAYAJI0 M3MEPEHUsl TeMIlepaTypbl oOpas3iia B MeHIO «VI3MepeHue» KHOIKOH
«Crapt» wm F9. MoOMEHT BBITPY3KM W3JEIHUS W3 TEUM SIBISCTCS HA4YaJloOM OTCUYeTa
BPEMEHH OXJIAXKICHUSI.

2.3.6.9. Ilocne oxnaxaeHus U3ACHHUS J0 3aJaHHON TeMIlepaTypbl OCTAaHOBUTH
n3mepenue kHonkou «CTOID».
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2.3.6.10. Coxpanutb pe3ynbrarbl u3MepeHus. s storo B MeHw «Dailm»
U3MEpEHHEe yepe3 NoAMEHI0 «COXpaHUTh KaK» COXPAHUTH IO ONPEACIICHHBIM UMEHEM.
Pe3ynbpTaThl M3MEpeHHss MOXKHO COXpaHWUTh Takxke B Buie Qaima Excel. Jns storo B
Mmernto «®Daitm» u3MepeHune uepe3 moaMmeHro «ODkcmopt B Excel» coxpanute mon
ompeneieHHbIM MMeHeM B Buae EXxcel ¢aitma. s BeiBoma rpadmka HarpeBa HIH
OXJaXAeHUs] B MeHIO0 «Dailm» u3MepeHue uyepe3 MOAMEHI0 «IJKCIOpPT B TpaduuecKuil
(aitin coXpaHUTh TOJ ONIPEICTICHHBIM UMEHEM.

2.3.6.11. Jlna meuatn tpaduka HarpeBa WM OXJaXAeHHs B MeHIO «lledatp»
u3Mepenne uepe3 noameHio «lledats rpaduxoB» u moamento «Hactpoiika mewdatm»
pacrieyararb Ha PUHTEPE.

2.3.7. 3arpy3utrb B Tie4b U3JAEIME Jpyrod QopMbl WIM MACCHUBHOCTH,
NpeIBapUTEILHO YCTAHOBUB TEPMOMApbl Ha €ro IOBEPXHOCTH W B IEHTpE, W
OCYIIECTBUTh HAarpeB H OXJKICHUE CJCAYIONIETO W3ACTUs JI0 TEeMIEpaTyphl;
MIOJTyYEHHOM MPU HAarpeBe MepBOTO M3/IEIHUs TIOBTOPHUB BCE IMMyHKTHI paszena 2.3.6.

2.3.8. DKcriepuMeHTalbHbIE JaHHBIE, paclieyaTaHHble Ha MpUHTEpE, 00padboTaTh U
3aHECTH B CIICIYIONIYIO TaOIUILy.

Temmeparypa, °C 3aganHas
patypa, Havansuas i
TeMIeparypa
Bpewms, ¢ Ha TIOBEPXHOCTH B IICHTPE TeMIiepaTypa
B €YU 5 HarpeBa u3Jenus,
A3 1eIusd A3 m3aenuns, °C oC

2.3.9. BBINOTHUTH TEOPETUUECKHUI pacueT BPEMEHH OXJIaKJICHUs 3arOTOBKHU (WM
3aroTOBOK) COTJIACHO METOJIUKE, U3JI0KEHHOM B paszelne 2.5 HacTosIel padoThl.

2.3.10. IlocTpouTh KpuBBIE OXJKICHUS B KoopAWHATaxX t-? W COMOCTaBHTH
TEOPETHUECKHE KPUBBIC C SKCTICPUMEHTATLHBIMHU.

2.3.11. CnenaTth BBIBOABI O BO3MOXXHOCTH OIPEACIICHUS BPEMEHH OXJIAKICHUS
3arpy3Kd pacueTHHIMA METOJaMH.

2.4. ConepxaHue oT4yeTa
OTuer NOMKEH COJIepKATh:
a) 11eJb paboThI;
0) XUMUYECKUN COCTaB M TETIO(U3NIECKUE CBONCTBA 3arPy3Ku;
B) pacueT BPEMEHHU OXJIAXKICHHS 3arPy3KHu;
) rpauKu ¢ TEOPETUUECKON U IKCIIEPUMEHTATBHON KPUBBIMU OXJIAKICHHUS;
1) BBIBOIBI 11O padoTe.

2.6. Texnuka 0e30macHOCTH
B mpouecce BbimosiHEHHUsT PabOThl CTYAEHTHl JIOJKHBI COOJIOJATh  MEPHI
0e30MacHOCTH, U3J0XKEHHbIE B MyHKTe 1.6 paboTsl Nel. 3arpys3ka 3aroToBOK B Medb U UX
BBITPY3Ka MPOU3BOAUTCS MPU BBIKIIFOYEHHON NIEYN CIIEHUAIBHBIMY IIHUIIAMHU.
[lopcoenuHeHne W OTCOEOMHEHUE TEPMOIAP OCYLIECTBISIETCS HA XOJOIHBIX
oOpasuax (10 HarpeBa Ux B MEYM; NOCIIEe OXJIAKACHHS 10 KOMHATHOM TeMIepaTyphl).
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2.7. KOHTpOJIbHBIE BOMPOCHI
|. Busl Teronepenaur B TEPMUUECKUX U HArpeBaTeNIbHbBIX Meyax?
2. OT KaKux yCIOBUHM 3aBUCUT KOA(PPUILIUEHT Nepeiaun Teria KOHBEKIIUEen?
3. Urto Takoe ko3P (HULHUEHT U3IIyYeHHs U CTETIeHb YePHOTHI Tena?
4. Yto Ha3wiBaeTCs KOAPHUIIMEHTOM TEIIOOT/Aaun?
5. TennoTeXHUYECKNA «TOHKUE» U «MACCUBHBIE» U3JICIIHSL.
6. OT 4ero 3aBUCHUT CKOPOCTh OXJIKICHUS U3’
7. Kakue TepMomapbsl HCHOJB3YIOTCS MPU H3MEPEHUU TEMIIEPATyphl B Pa3IUYHBIX
TEeMIEPaTypPHbIX UHTEPBaAIaxX U mouemy?

PaGota 3. OIIPEJIEJIEHUE BPEMEHU HAT'PEBA U3JIEJIVIA C PA3JIMYHBIMU
TEINIOOU3NYECKNMU XAPAKTEPUCTUKAMMU

HpezmaraeMa;I pa60Ta IIO3BOJISICT  OLICHHUTD BJIMSHHC TGHJIO(bI/ISI/I‘{eCKI/IX
XAPAKTCPUCTHUK 3arpy3Kh Ha CKOpPOCTbL €€ HarpceBd, a TaKiKE COIIOCTAaBUTH
OKCIICPUMCHTAJIBHBIC PC3YJILTATHI 110 BPCMCHH HAI'PCBa C paCYCTHBIMUA JaHHBIMMH.

3.1. lens paboTsl

OnpenenuTs BpeMsi HarpeBa U3ACIUM C Pa3IUYHBIMU  TEIUIOPU3NUECKUMHU
XapaKTEPUCTUKAMHU B JJICKTPUYECKOW MEYM MEPUOJUYECKOrO IEUCTBUSI PACUETHBIM M
AKCIIEPUMEHTAIBHBIM METOJIAMMU.

3.2. Marepuan uccieioBaHus

3aroToBKHU O,Z[I/IHaKOBOfI (bOpMBI N MaCChbl U3 JICTHUPOBAHHBIX cTajiei u OBCTHBIX
MCTAJIJIOB U CIIJIaBOB.

[lopsnok BBIMONHEHUS PabOThl, METOJUYECKHE YKa3aHMs 10 PAacyeTy BPEMEHH
HarpeBa, TpeOOBaHMS K COJIEP)KAHUIO OTYETa M TEXHHUKE O€30MacHOCTH aHaJIOTHYHBI
u3noxxeHHsiM B PABOTE Nl «BnusHue ¢QopMbl M MacCUBHOCTH H3ACIHUNA HA
IIPOIOJKUTEIBHOCTD X HAIPEBa B I€YaX MEPUOANYECKOTO IEUCTBUSD).

B mpouecce BbIMONHEHHS pPabOThl CTYAEHTHl JOJDKHBI COOJIOJATh  MEphI
0e3omacHOCTH, U3N0KeHHbIE B MyHKTE 1.6 PABOTBI Nel. 3arpy3ka 3aroToBOK B NI€4b U
UX BBITPY3Ka ITPOU3BOJINUTCS NP BBIKIIFOUEHHOW MEYM CHENUAIbHBIMU IIUTIIAMM.

[loncoennHeHne M OTCOEOUHEHHME TEPMONAP OCYLIECTBIIAETCA Ha XOJOAHBIX
oOpasuax (10 HarpeBa Ux B MEYM WK MOCIE OXJIAKICHUS 1O KOMHATHOM TEMIIEPATYPhI).

3.3. KoHTposibHBIE BOIIPOCHI
1. Yro xapakTepusyeT cymMMapHbIid K03GdUIUeHT Terionepeaaun? B kakux enuHUIax
U3MepSeTCs 3TOT KO3 hUuineHT?
2. MawiTe onpenenenne KodPppuiimeHTa TerionpoBOIHOCTH.
3. Uto Takoe TeninoeMKkocTh? Kak MeHseTCs TEMI0EeMKOCTh C U3MEHEHUEM TEMIEPATYPhI?
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4. Kak u3MeHuTcs KO3(PPUIMEHT TeMIEpaTypOnpoOBOAHOCTH 3arpy3Ku NpU YBEIUUCHUU
TEIMJIOEMKOCTH; TIPU YMEHbIIEHUU K03 (DUIIMEHTA TEeTIIONPOBOAHOCTH?

5. Kakas Ttermnodusnyeckas xapakTepucTHKa OyJET OKa3bIBaTh ONMPEIEISIONIEe BIUSHUE
Ha CKOPOCTb HarpeBa «TOHKOW» 3arpy3Ku OJJMHAKOBOU (POPMBI U Macchl?

6. Kak BiuseT TemIonpoBoIHOCTh MaTepHalia Ha MPOI0JKUTEILHOCTh HarpeBa?

Pabota 4. OIIPE/IEJIEHME KOOODUIIMEHTA YKIIAZAKU [TPU HAT'PEBE CAJIK1

I/I3BCCTHO, 4dTO CKOPOCTH HArp€Ba CaakKu 3aBUCUT OT YACJIBbHOT'O TCIIJIOBOI'O ITOTOKA,
MaCCHhI PI3I[€JIPII>1, TCILIOEMKOCTH M YKBUBAJICHTHOU IMOBCPXHOCTHU HAI'PCBACMBIX W3ICTIHUN.

B mpeanaraemoii mabopaTopHoil paboTe MOKHO MHPOCIEAUTb, KaK H3MEHSIOTCS
XapaKTEpUCTUKU HArpeBa TMpU  Pa3IMYHOM 3arpy3ke TI€Yd ©  COINOCTaBUTH
HKCIIEPUMEHTAJIbHBIC TAHHBIE C TEOPETUUYECKUMU PACUETAMHU.

4.1. lens paGoThl

OnpenenuTth BpeMsl HarpeBa U3JENMs U CaJKd B KAMEPHOM II€YX CONIPOTUBIICHUS U
OLICHUTh KO3(PPULMEHT YKIaAKU (KO3P(ULIUEHT BpPEMEHU HAarpeBa).

4.2. Marepuas UCCIEAOBAHUS

3arotoBkr B (opMe LWIMHIApA WIH M[apajulesienuIesa U3 KOHCTPYKIIMOHHBIX
JIETUPOBAHHBIX CTAJIEH.

4.3. Tlopsi10K BBITTOJIHEHUS padOThI

4.3.1. Bwimmmcarh W3 CHPABOYHUKOB WJIM TPUIOKEHUS XUMUYECKUNA COCTaB
HarpeBaeMou CTaHu.

4.3.2. BpmucaTe W3 CHOpPaBOYHMKA WM TPWIOKEHUS TEIIOPU3NUECKHE
XapaKTepUCTUKHU CTaJIN.

4.3.3. Onpenenuth pa3Mepbl HArPEBAEMbIX 3aIOTOBOK.

4.3.4. TlonkIIO9YATh TEPMOTIAPhl K MOJIYJI0 PETUCTpAIli CHUTHAJIOB TEpMOIIap
«Triton6004TC» w® BKJIIOYHTH €ro. 3alyCTHTh TMPOrpaMMHOE  OOCCIICUCHUEC
«DataRecorder-T6004TC» moBTopuB Bce myHKTHI pa3aena 1.3.5.1...1.3.5.7 PABOTHI 1.

4.3.5. BxkmrounTh Ha4aJ10 u3MepeHus B MeHIo «3mepenue» kHonkon «Crapt» nimm
FO.

4.3.5.1. Ocy1iecTBUTh 3arpy3Ky 3aroTOBKHA C Te€pMOIapamMH B I€4Yb, HAIPETYIO 10
3aJlaHHOM Temneparypbl. MOMEHT 3arpy3ku U3A€NMs B M€Yb SBISETCS HA4aJIOM OTCUETa
BPEMEHU Harpena.

4.3.5.2. Tlocne HarpeBa wu3Aenus A0 3aJaHHOM TEMIIEPATypbl OCTAHOBUTH
n3mepenue kHonkoi «CTOIDy, BRIrpy3uTh U3€IUe U3 MEeUH.
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4.3.5.3. CoxpanuThb pe3yJbraThl u3MepeHus. Jisgs storo B wmeHio «Daitimy
u3MepeHue yepe3 noaMeHr «CoxXpaHUuTh Kak» COXPaHUTh MOJ ONPENEIEHHBIM UMEHEM.
Pe3ynbTaThl M3MEpeHUsT MOXKHO COXPaHUTh Takxke B Buae Qaitma Excel. Jlns storo B
MeHio «®ait»y u3MepeHHe dYepe3 MOoAMEHIO «Jkcrmopt B EXcel» coxpanuTh mop
ompeneieHHbIM MMeHeM B Buae EXxcel ¢aitma. s BeiBoma rpadmka HarpeBa HIH
OXJaXAeHUs] B MeHIO0 «Dailm» u3MepeHue uyepe3 MOAMEHI0 «IJKCIOpPT B TpaduuecKuil
(aitin coXpaHUTh TOJ ONIPEICTICHHBIM UMEHEM.

4.3.5.4. llnga meuatn rpaduka HArpeBa WIM OXJaXICHUS B MeHIO «lledarpy»
u3Mepenne udepe3 noameHio «lleuats rpaduxoB» um moamento «Hacrtpoiika medatn»
pacrieyararb Ha PUHTEPE.

4.3.6. BBIrpy3uTh U3/CIIHE U3 TICUH.

4.3.7. 3arpy3uTh B nieub caaky (3-4 uzaenus KBaJpaTHOTO WM KPYTJOTro CEYEHUs)
C 3aJIaHHBIMU MTPOMEXKYTKAMH MEXKIY U3ICIUIMUA U OCYIIECTBIISITH HArpeB 10 TpeOyeMoi
TEMIIepaTyphbl, TOJYYEHHOW TpPU T[EPBOM HarpeBe, IMOBTOPSsS Ui PETUCTPALUH
TEeMIIepaTyphl BCE MyHKTHI pasnena 4.3.5.

4.3.8. BeIrpy3uTh U3JIeus U3 MEYH.

4.3.9. 3arpy3uTth (eciau TpeOyeTcs IO 3a/IaHUI0) B TIeUb HOBYIO IMAPTHIO U3JICIIUH,
u3MeHUB (GopMy WX 3arpy3kd. Hampummep, eciu mpu mepBOM HarpeBe W3S ObLIH
PacmoJIOKEHBI C 3a30pOM, TO MPH BTOPOM HArpeBe WX pacrojararoT 0e3 3azopa. s
pErucTpanuy TEMIIEPATYPhI IOBTOPUTH BCE ITyHKTHI pasnena 4.3.5.

4.3.10. DkcnepuMeHTAJIbHBIE JaHHBIC TI0 HArpeBy w3Aenus  (Caaku),
pacrieyaTaHHbIe Ha MPUHTEPE, 00pabOTaTh U 3aHECTU B CJICAYIOINIYIO TaOJIUILY

TabOmura
TTokazanus remmneparypsl, °C
PaTyphl, 3agaHHas
Bpewms Ha Ha TTOBEPXHOCTHU HayaJabHas
Ha OCcH 5 TeMIeparypa
OoTCYeTa | BIIEYH | MOBEPXHOCTH KpaitHero TeMIeparypa A
1763 (SNIZE: 5 Harpesa, °C
U3 0EITHs A30eIus n3nenus, °C

4.3.11. Omnpegenuts BAUSHUE (GOPMBI 3arpy3Kd U3JAENMA B TEYH Ha
MPOJIOJDKUTEIILHOCTh HAarpeBa (BBIYUCIUTH KOAD(PHUIIMEHT YKIAIKH, pa3/IeuB BpeMs
HarpeBa caJIki Ha BpeMs HarpeBa OJHOI0 U3JIEIHs).

4.3.12. BbINOJHUTH TEOPETUUECKHUI pACUET BPEMEHU HArpeBa U3IEIUsl U CaJKH IO
COOTBETCTBYIOIINUM (POpMYyIIaMm.

4.3.13. ConoctaBUTb TEOPETUYECKHUE PACUYEThl C OSKCIEPUMEHTAIbHBIMHU
pe3yNbTaTaMu MO HArPEeBY W3ENUS U CaIKU U JaHHBIMH, UMEIOIIUMHUCS B JIUTEPATYyPE.

4.3.14. Cpenatb BBIBOJABI O BIUSHUM (OPMBI 3arpy3ku, crnocoda YyKIaaKu u
pacCTOAHUS MEXKIY U3IETUAMH, HA CKOPOCTh U MPOJOKUTENBHOCTh HArpeBa.
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4.4. ConepxaHue oT4yeTa
OTueTr JOMKEH BKIIIOYATh:

a) 1eJb paboThI;
0) XUMHYECKUN COCTaB M TEIIOPU3NUECKHE XapaKTEPUCTUKU UCCIICTyeMON CTallu;
B) DKCIIEPUMEHTAJILHBIC KPUBBIC HarpeBa U3EIHUS U CaJIKH;
T') SKCTIEpUMEHTAJILHBIE TAHHBIC TI0 HATPEBY B BUJC TAOIHUIIHI;
1) pacyeThl BPEMECHH HarpeBa U3/EIUsI U CaJIKH;
e) ompeaenenre ko pumueHTa ykiaaku Mpy BEIOpaHHON CXeMe 3arpy3KH IeUu;
) BBIBOJIBI TIO paboTe.

4.5. Texauka 6€30I1aCHOCTH

[Ipu npoBeleHUHM SKCICPUMEHTOB HEOOXOAMMO BBITOJHATH TPEOOBAHUS IIO
TEeXHUKE O€3011aCHOCTH, U3JI0’)KEHHBIEC B padorte |.

4.6. KoHTpOJbHBIE BOIIPOCHI
1. Kak BiusieT cnoco0 yKJIaJKu HarpeBaeMbIX W3/ENUi B TIEYM Ha BPeMs X Harpesa.

2. JlaTpb ompejnesrcHHe BpEMEHH HarpeBa «TOHKHUX» H3JICUA B TedaxX MEPUOIAYECKOTrO
JIEUCTBHUSI.

3. Jlatb ompenelieHHEe BpPEMEHHM HarpeBa «MACCHUBHBIX» U3JIENUH B  Iedax
MEPUOIMNYECKOTO ICHCTBUA.

4. llpencraBUTh pacueT BPEMEHHM BBIICPKKHA [JIs1 BBIPABHUBAHMS TEMIIEpaTyphl IO
CCUYCHMIO U3JIEIIHS.

5. Kak uzMeHstoTcs Termiopu3niecKue CBOMCTBA CTaJId MPU Harpese?

PaGora 5. OTIPEJIEJIEHUE OXJIAXJAIOIIEM CITOCOBHOCTHU PA3JIMYHBIX
3AKAJIOYHBIX CPE[

CkopocTh OXJaXAEHUS MPU OCYIIECTBICHUHM 3aKaJKW I0CIE OMNPENEIICHHOTO
HarpeBa SBJSETCS TJIABHBIM TapamMeTpoM, (OPMHUPYIOUIUM CTPYKTYpy M CBOMCTBa
CTAIBHBIX H3AeHid, DPPEKTUBHOCTh PA3TUYHBIX OXJIKIAIOIIUX CPEJl OMPEICISICTCS X
TETJIOBBIMH XapaKTEPUCTUKAMH, CKOPOCTHIO JBMIKEHUS, CKIOHHOCTHIO K OOpa30BaHUIO
apoBO¥ 000JOUKH HA TTOBEPXHOCTH U PSAAOM APYTUX PaKTOPOB.

[lepcrieKTUBHBIM HAMpPaBJIECHUEM B M3bICKAHUU HOBBIX 3aKAJIOYHBIX CpeJl SIBJISECTCS
MPUMEHEHUE CHUHTETHUYECKHUX PACTBOPUMBIX B BoAe npucagok. OmHONH U3 Takux
3aKaJIOYHBIX CPEl, UCIIOIb3YEMbIX B HAIIEH MTPOMBIIIJIEHHOCTH, CITY>KUT BOJHBIN PacTBOP
nonumepa [1K-2 (coaeprkaiiuii moanakpuiIoByr0 KUCIOTY) B konrdecTse 1...1,5%.

[Ipennaraemas nabopaTopHas paboTa TO3BOJSET OICHUTH OXJIAXKIAIOIIYIO
CIOCOOHOCTh 3akayiouHOM >kuakocTu [IK-2 B 3aBUCMMOCTHM OT €€ KOHIICHTpaluu |
TEMIIEPATyPHI.
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5.1. Lenb paboTtsl

OnpenenuTs OXJAXKIAIIYI0 crnmocoOHOCTh skuakoctu I[IK-2 B mepinutHO-
TPOOCTUTHOM M MapTEHCUTHOM HWHTEpPBAJIE paclajia IMepeoXJIAKICHHOTO ayCTeHUTa
KOHCTPYKIIMOHHBIX CTajel B 3aBUCUMOCTH OT €€ KOHIICHTpalluh U TeMIepaTypbl U
BBIOpATh 3aKAJOUYHYIO )KUAKOCTD JJISl PA3TUYHBIX KOHCTPYKIIMOHHBIX CTAJICH.

5.2. Marepuan ucciie1oBaHus

3akanouHast ®KuakocTh [1K-2 paznuyHOil KOHLEHTpALMK, TUCTUILIMPOBAHHAS BOJA.

5.3.Tlopsinok BBIIOTHEHUS paOOTHI

5.3.1. Hcnonw3ys mnutepatypy (10) ompeaenuTh s cTanei, yKa3aHHBIX B

3aJ]aHUM, TEMIIEpaTypy KpUTHYeCKHX To4ek, Temreparypy (Tmin) u BpeMs (i )

MUHUMAJIbHON YCTOMYMBOCTH MEPEOXJIAXKIECHHOIO ayCTEHHTAa M PACCUUTATh BEPXHIOIO
KPUTHYECKYIO CKOPOCTh 3aKaNKU (Vy;). [lomyueHHbIe NaHHBIE 3aHECTH B CIEAYIOIIYIO
Ta0IuIy.

Tabmura 5.3.1.

Mapka Aci Acs My Tmin T Vs
cranm min
°C K/c

5.3.2. O3HAKOMHUTBCS C TEXHUYECKOW XapPAKTEPUCTUKOW, YCTPOWCTBOM M IPUHLHUIIOM
JIEUCTBHUS TpuOopa II H3MEPEHHS 3aKaIo4HOW crmocoOHoctr skuakoctn  [1K-2
(TeXHUYECKOE ONMKMCAHUE U MHCTPYKUUSA 110 KCIUTyaTalluH).

5.3.3. Ilepexmtouarens «Pexum» yCTaHOBUTH B TMOJOXKEHHE «ABTOMAT», BKIIOYUTH
TymOsiep «CeTb», pe3sucTopoM «YCTaHOBKAa HWKHETO Mpenesa» YCTaHOBUTb HUKHHM
npenen temneparypsl gaturka 200 °C u nporpets nmpubdop B TeueHnu 15-20 MUHYT.

5.3.4. Haxare kHOmky «Ilyck» W TOIHATH (UIAKOK JaTYMKA, 3aKPHITh 3aCIOHKY
MyQenpHOM Mmeuu.

5.3.5. IIpou3BecTy HE MEHEE 5 3aMEPOB BPEMEHU OXJIAXKICHUS JAaTUYMKa OT TEMIEPATYPHI
800 mo 200 °C B aucTWUIMpPOBAHHOM Boje W B kuakoctu IIK-2 Heus3BeCTHBIX
KOHIIEHTpaui. HauTu cperHecTaTuCTHYECKOE 3HAYCHUE BPEMEHU OXJIAKICHUS JaTUhKa

B BOJIE (7400, ) ¥ B kUAKOCTH [1K-2 (7 ;75 _» ) pa3IMYHBIX KOHIICHTPAIUH.

5.3.6. OnpenenuTb COOTHOWIEHUE 7 ;75 7 [z soo. T xuakoctedt [1K-2. 5.3.7. [IpousBectn

HE MEHEE TPeX 3aMepPOB BPEMEHU OXJIaXJeHUs natunka oT temreparypsl 800 1o 200 °C B
3aKJIOYHBIX XXKUIKOCTAX C pasnuyHoi koHueHTpauueit 11K-2, onpenenennsix no n.5.3.6.
npu Temreparypax xuuakocrteit 25, 50, 75, 100 °C. 5.3.8. DkcnepyuMeHTaIbHbIE JaHHBIE
3aHECTH B CIEAYIONIYIO TaOIUILy.
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Tabmura 5.3.2.

Oxnaxaronias crrocooHocts xuaxkoctu [1K-2 B 3aBucumoctu
OT €€ KOHIIEHTpAIlU! U TeMIepaTyphbl B MHTEpBAJIC TEMIEpaTyp
oxnaxnaeuus 800 ...200 °C

Konnentpanus Temneparypa Bpewms CkopocTh
skunkoctu [1K-2, sxuakoctu [1K-2, OXJIAXKICHMUS, C OXJIAXKJICHUS,
% oC K/c

5.3.9. IlepekmtouareneM «YCTaHOBKA HIDKHETO TIpejeiay YCTAaHOBUTh HUKHUN Tpeses
temrnepatypsl gaTurika Ha otMeTKy 500 °C, HaxaTh kHONIKY «I1yck» M 3aKpBITh 3aCJIOHKY
MydenbHoU neun. [IporsBecTn HE MeHee IMATH 3aMEPOB BPEMEHU OXJIAXKICHUS JIaTuyrKa
or 800 mo 500 °C B xuuakoctu IIK-2 pa3nuyHON KOHLEHTpAIMHM IOJUMEpa MpH
Temriepatypax 25, 50, 75, 100 °C.

5.3.10. HailTu cpeaHecTaTUCTUUYECKOE 3HAYEHUE BPEMEHM OXJAXICHHS JaT4uKa B
3akamoyHou xuakoctn IIK-2 B 3aBUCHMMOCTM OT KOHUEHTpAallMM IOJUMEpa M
TEMIIepaTyphl.

5.3.11. Ilepexmouarens «Pexum» yCTaHOBUTH B MOJoOkeHHE «Pyu»; pesncropom
«YCcTaHOBKa HMKHETO TIpejiesiay YCTAHOBUTh HIKHUHN Tpe/Iesl TEMIIepaTyphl JaTyMKa Ha
ormetky 200 °C. Haxate kHOmky «Ilyck» m HaOmromatb M3MEHEHHE TEMIEPaTyphI
natuuka. [lpu noctmxenun temmepatypsl 400 °C HaxaTh KHONKY «PydHOU 3ammyck».
[Ipon3BecT HE MEHEE IMATH 3aMEpPOB BPEMEHH OXJIAXKIICHUS JATYUKA OT TEMIEPATYPHI
400 no 200 °C u npu Temneparypax 25, 50, 75, 100 °C. Haiitu cpeaHecTaTUCTHYECKOE
3HaueHue BpemeHu oxnaxaeHus naruuka ot 400 mo 200 °C B xkunkoctu I1K-2 npu ee
Pa3IMYHBIX KOHLIEHTPALMAX U TEMIIEpATypax.

5.3.12. DxcniepuMeHTaIbHbIE JaHHbIE 00paboTaTh U 3aHECTH B CIEIYIONIYIO TaOJIHUILY.

Tabmuna 5.3.3.
Oxunaxnaromas cnocoOHocTs xkukoctu [1K-2 B nHTEepBanax
temneparyp 800 =500 u 400 200 °C B 3aBUCUMOCTH OT €€
KOHLEHTPAIMU U TEMIIEPATYPbl

Konnentpanus | Temneparypa Bpewms CxopocTb
skuakoctu [1K-2, JKUJIKOCTH OXJIAXKJCHMUS, C OXJIAXKJICHUS,
% I1K-2, K/c
°C oTr 800 1m0 | 01400 1m0 | oTr 800 10 | oT 400 ;MO
500 °C 200 °C 500 °C 200 °C
25

5.3.13. Cuenarp BBIBOABI O 3aBHCUMOCTH OXJIQXKIAOMIEW cIOCOOHOCTH kuakoctu [1K-2
OT €€ KOHIIEHTpallMM W TeMmIiepaTyphl. VMcrons3ys u3BecTHbIE NaHHBbIC (IPUIOKEHHE 3,
tabn. Il 3.2), mpousBecTH CPaBHUTEIIBHYIO OIIEHKY 3aKaJO4YHOM CIOCOOHOCTH BOJbI,
Mmacina, [TK-2 u BbIOpaTh OXJIAKIAIONIYIO CpPeAy JIsS OCYIISCTBICHHS 3aKallKU CTajeH,
YKa3aHHBIX B 3a/IaHUHU.
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5.4. Conepxxanue oTuera

OTyeT JOJKEH BKIIIOYATh:
a) 1eJ1b paboThI;
0) XUMHUYECKMI COCTaB U [JIaHHbIE O KHHETUKE HW30TEPMHUYECKOIro pacrnajaa
MEePEOXJIAKICHHOTO ayCTEHUTA CTajleH, i1 KOTOPhIX MPOU3BOAUTCS BHIOOP 3aKAIIOUHOM
Cpebl;
B) DKCIIEPUMEHTAJILHBIC JaHHBIC 10 OMPEICICHUIO 3aKaJOYHON CITOCOOHOCTH JKHIKOCTU
[1K-2 B 3aBUCMMOCTH OT €€ KOHLICHTPALMU U TEMIIEPATYPBHI;
') pacueTbl KpUTHUECKON CKOPOCTH 3aKaJIKH;
1) BBIBOJIBI 11O padoTe.

5.5. Meroanyeckue yka3zaHus
5.5.1. KpaTkoe onucanue ycTpoicTBa U paboThl mpubopa AJis ONPEeICHHs 3aKaJ0uYHON
cnocoonoctH xuaxkoctu [1K-2.

[Tpubop cocTouT U3 MyJabTa yIpaBieHUs U PyHKIIMOHAIbHOrO Os10ka. Ha nuiieBoit
NIaHEIU IyJIbTa YIPABJICHHUS PacIOJIOKEHBI: WU3MEPUTEIIBHBIN npudop
(MWILTMBONBTMETP),  PEryJIUMpOBOUYHBIE pe3ucTopbl  «bamancupoBka» (750, 800,
«KanuOpoOBKa», «HWXKHHUI Tmpenen»), mnepekmodarenb «HarpeB», cBeTonunoabl
«Hanpsoxenne», wuHaukatopel «Bpems oxnaxnenus», nepexmoyarenn «CeTby,
«Pexum», «Pydnon 3anyck», «Ilyck».

OYHKIMOHAIBHBIM OJIOK COCTOUT M3 KPOHIITEHHA, HA KOTOPOM 3aKpEIUICHBI JIBa
AIIEKTPOMAarHuTa u mygeinbHas neub. JlaT4uk co BCTPOEHHOM TepMONapod YKpeIieH Ha
TpyOKe, pacroiararomencs no ocu MyQenbHOW Ne4Yd U KPEenuTCs K KpOHIUTEHHY IpH
NOMOUIM 3JIeKTpoMarHuTa. MydenbHas meub 3aKkpbIBae€TCs 3aCIIOHKOM, YIpaBiisieMOM
anekTpoMarHuToM. [log MydenbHON 3aciIOHKOM pacmonaraeTcsi eMKOCTh C 3aKaJIOUHOM
XKUIKOCTBIO.

OnekTpudeckas cxema (yHKIIMOHAIBHO pa3jiesieHa Ha 4 4acTH:

a) OJIOK MUTaHUS;

0) GJI0K U3MEpPEHUS TEMIIEPATYPHIL;

B) 0JIOK aBTOMATHKH;

r) OJIOK U3MEPEHUS BPEMEHHU.

Cxema nmpubopa paccuutaHa Ha pabOTy B pyYHOM U aBTOMaTHYECKOM PEKUMaX.

I[Ipu paGoTre B aBTOMAaTHYECKOM pPEXHME Mepekiodarenb  «Pexum»
YCTaHABJIMBAIOT B TOJIOKEHUE «ABTOMAT», HaXUMalOT KHONKY «llyck», momHumaror
(GraXoK JaTYMKa M 3aKpbIBAIOT 3aCOHKY MyQenbHOM neud. [lpum sTomM  maTumk
HaxoAUTCd B My(QenbHOW Ie4M, Ha HarpeBaTelIbHYI0 CIHpalb KOTOPOM MOJaeTcs
HanpspKeHUe, U (PUKCHpPYeTCs B 3TOM IOJOKEHUU OJHUM M3 ABYX 3JIEKTPOMArHuUTOB.
BTopoii 35eKTpOMarHuT yIep:KMBAeT 3aCJIOHKY I€YM B 3aKPBITOM IIOJIOXKEHUU 0 TEX
nop, Moka Temmeparypa gaTunka He gocturHer 750 °C, mociie 4ero 3JeKTPOMarHuT
00eCTOYMBACTCS U MPOUCXOAUT OTKPBITHE 3aCIOHKU. M3MeHeHne TemnepaTypbl JaTunuKa
dukcupyercss u3MepuTeabHbIM npudopoM. [lpu yBennyeHun temmnepaTypsl AaT4UKa 10
800 °C obectoumnBaeTCsi JIEKTPOMATHUT, YACPKUBAIOMIMN JaTYUK B My(DeTbHON Meuu.
JlaTuvk majgaeT B 3aKajouHyro cpeay. OJHOBPEMEHHO MPOUCXOJUT OTCUET BPEMEHU
OCThIBaHMsI Jartunka OT Temneparypel 800 °C no Temmeparypbl HWKHETO Mpenaena C
perucTpanyeil BpeMEHHM OXJIAKIEHUsS Ha cBeToBOM Tabino. Kak Tonbko TemmepaTypa
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JaTYMKa JOCTUTHET YCTAHOBIICHHOM TEMIIEpaTypbl HMXKHETO Ipelesia OTCUYET BPEMEHH
OXJIQXKJICHHUS NTPEKPaALAcTCs.

[Ipu paboTe B pydyHOM peXHUME NepekitouaTesb «Pexum» ycTaHaBIMBAaKOT B
nosoxkeHue «Pyu», HaxkumarorT kHomkKy «llyck» W mogHuMaroT (UIakoK JaT4yHKa,
KOTOPBIM yIEPKUBACTCA B MEYM C IMOMOIIBIO JIEKTPOMArHuTa. BTOpoi 3leKTpOMarHuT
Ipu 3TOM O0ECTOYEH W 3acCJOHKa IMEYH OTKPHITA. 3a POCTOM TEMIEpaTyphbl JaT4hKa
HAOJII0JAI0T TI0 U3MEPUTENBHOMY MIPHOODY.

IIpy 1OCTMIKEHHHM NATYMKOM HYKHOM TEMIIEPATYPhl HAKMMAIOT KHONKY «PydHOM
3aIyCK». DJIEKTPOMAarHuT, YAEp:KUBAIOIIUN JaTYUK B M€Y 00ECTOYMBAETCA U JATUHK
NaJaeT B 3aKAIOYHYIO XKUIKOCTh. [lociie oxmaxk1eHns: 10 yCTaHOBICHHOW TEMIIEPATYPHI
HIDKHETO Tpesiesnia Ha HudpoBoM Tabio pUKCUpyeTCst BpeMsl OXJIaKICHUS.

5.5.2. Onpenenenne BEpXHEN KPUTUUECKON CKOPOCTH 3aKalKU

BepxHell KpUTHMYECKOW CKOPOCTBIO 3aKAJIKM SBIISIETCS MHUHMMAJIBHAsE CKOPOCTH
OXJIAKIECHMSI, 0OecIieurBaroias MoJAaBIeHNE paciaja NepeoXIakJCHHOIO ayCTEHNUTa KaK
B IIEPJIUTHOM, TaK U B OEHHUTHON o0nacTu. BepXHIOI0 KPUTHYECKYIO CKOPOCTh 3aKaJIKH
MO>KHO OIPEJIEIUTh U3 CIEAYIOIErO BBIPAKCHU:

vV = Al — Lhin (51)

1’ 52-min

rae Aj - TeMneparypa KpUTHUYECKOM ToukH, K;
tmin - TEMIIEpaTypa MUHUMAJIBHOW YCTOMYMBOCTHU ayCcTeHUTA, K;
min -~ BPEMSI MUHUMAJIbHOW YCTOMYMBOCTH ayCTEHUTA, C ;
1,5 - monpaBoYHBIN KOIPPUIIUEHT, YUUTHIBAIOIIUNA HETTPEPHIBHOCTD OXJIAMKICHHUS.
A1, tmin, tmin OIIPEAENSIOT MO aUarpaMMaM KHUHETHUKH H30TEPMUYECKOrO pacmaja
MEePEOXIKICHHOTO ayCTEeHHUTA, UCIIONB3Ys JINTepaTypHbIe JaHHble, Hanpumep (10).
5.5.3. Onpenenenne CKOPOCTH OXJIaxAeHUs JaTuuka B xkuakoctu [1K-2 paznuunoit
KOHIICHTPAI[UU U TEMIIEPATYPHI.
Jlns onpenenieHusl CKOPOCTH OXJIaXIACHUSl JaTYMKa OT TeMIlepaTypbl HarpeBa Jo0
TEeMIIepaTypbl HIXKHETO Mpejiea UCHOIb3YI0T (popMyily:

N (5.2)

7
rae t; - TeMneparypa HarpeBa gatuuka, °C;
to - Temniepatypa HuxHero npenena, °C;
- SKCIEPUMEHTAIBHOE 3HAYEHUE CPEIHECTATHCTHYECKOTO BPEMEHU OXJIAXKICHHS
natuyrka ot t; no tp B xuakoctu IIK-2 ¢ onpenenennoit konuentpauuent (I1K-2; %) u
TemnepaTypoi (), ¢

5.6. Texnuka 0e30MacHOCTH
[Ipu BbIMOTHEHUM PpabOTBI HEOOXOAMMO COOJIIOJATh TMpaBWiIa TEXHUKHU
O0e3zomacHocTH mpu pabore ¢ anekTpoodopynoBaHueM. CTyIEeHT JIOMyCKaeTcs K
BBITIOJITHCHUIO Pa0OTHl TIOCIIC W3YYCHHUS TEXHHUYECKOTO OIMUCAHWUS W WHCTPYKIMH I10
AKCILTyaTay mpuoopa Jyisl ONpeACIICHNs 3aKalOYHOM criocoOHoCcTH )uakoctu [1K-2.
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5.7. KoHTpOJIbHBIE BONIPOCHI
1. 3akanuBaeMocTb. OT Uero 3aBUCHUT ITa XapaKTEPUCTHKA?
2. Ot xakux (akTOpOB 3aBUCUT OXJIAXKIAIOIIAsI CIIOCOOHOCTh 3aKaJIOUHOM cpenibl?
3. Kakumu cBOMCTBaMU J10JKHA 00J1a/1aTh «McalIbHAs» 3aKajloyHas cpena?
4. B yeM TIOCTOMHCTBO U HEJJOCTATKH BOJBI U Macja KaK 3aKaJIOUHbIX cpen?
5. Kak BnusieT Temneparypa BOJbl M Maciia Ha UX 3aKaJIMBAIOLIYI0 CLIOCOOHOCTH?
6. Kakue 3akanouyHslie cpeibl U3MEHSIOT CBOE arperaTHOE COCTOSIHUE NPH 3aKajke?
7. UeM MOXHO OOBACHUTH TIOJYyYEHHE «ISITHUCTOW» TBEPAOCTH NPH 3aKaJIKe
CPEIHEYTJIEPOIUCTOM CTAIN B BOJiE?
8. Kak 3aBucuT 3akanuBaromas CHOCOOHOCTh OXJAIUTENS OT MPOJOJKUTEIBHOCTH
CTaJINY ITy3bIPbKOBOTO KUIICHUS?
9. Kakas Boma, OUCTWUIMpOBaHHAasT WM BOAOIPOBOAHAs, o0Ogagaer OoJbLIeH
3aKaJIMBAOILEH CLIOCOOHOCTHIO?
10. Kak 3aBucHT oxJlaXxaaromas cnocoOHOCTb Maciia OT €ro BA3KOCTH?
11. JlaiiTe onpeneneHne BepXHEW KPUTUUECKON CKOPOCTH 3aKayku. OT 4ero 3aBUCUT 3Ta
xapakrtepuctuka? Kak paccuntaTb KpUTUYECKYHO CKOPOCTD 3aKajIKh?
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HPUJITOXEHUIA

IIpunoxenue 1

I1.1.1. IImoTHOCTH ¥ ¥ KOAPHUITMEHT TETIOPOBOTHOCTH A

HEKOTOPBIX METAJLIOB U CIu1aBoB [1,3,5]

v KF/NCIDS A, Bt/(m-K), mpu remneparype, °C
Merann wiu cruias | mipu 20°C
20 200 | 400 | 600 | 800 | 1000
Kenezo 7880 72 65 53 41 30 28
Cranb 08 ki 7850 66 56 45 37 29 27
Y10 7830 46 44 37 31 24 26
HuzkonerupoBaHHble cTanu
50T, 40X, 40XC 7830 49 45 40 34 27 24
HIX15, 9XC 7800 43 40 35 30 27 —
30XI'C, 20XH3A 7840 40 36 33 29 27 —
30XH3M 7830 38 36 36 32 27 28
BricokonernpoBaHHble CTaIN
P18, P6M5 8690 24 27 28 27 26 28
3X13,3X2B8 8200 25 27 27 26 25 27
X18H9 7920 16 17 20 24 27 28
L[BeTHBIC METAJIBI U CIIJIABBI
AIOMUHUN 2700 210 | 220 | 249 — — —
JlypamtoMUHHIA 2750 160 | 194 | 260 — — —
Menp 8940 390 | 378 | 365 | 354 | 333 —
Tutan 4540 152 | 16,3 | 1751 | — — —
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I1.1.2. Cpennsig TEMIOEMKOCTh HEKOTOPBIX METAJIOB, CTAJICH U
crutaBoB B nHTepBaie Temnepatyp ot 0 o t, °C, k/x/(kr-K) [1, 4]

Merann Temneparypa, °C

VITH CIUTAB 100 | 200 | 300 | 400 | 600 | 700 | 800 | 900 | 1000
z;zflfoﬂmme 0,486 0,507 |0,503|0,540 (0,590 |0,620|0,695 | 0.695 | 0,691
Hwuzkoneruposan
HELe CTAM 0,486 /0,502 |0,519|0,536 | 0,586 | 0,645 | 0,695 | 0,687 | 0,674
Kapocroiikue u
JKapOIpPOYHbIC
CTaJln.
XPOMHCTHIE 0,469|0.486|0,507|0,532|0,599|0,636|0682| — | —
xpomonukenessie |0,50210,511(0,523|0,536(0,553|0,5610,569|0,574|0,582
AJTIOMHHHAIA 0,913(0,938(0,955(0,979(1.022| — | — | — | —
Meb 0,394 0,398 |0,402(0,406 | 0,414 |0,419]0,423|0.428 0,435

I1.1.3. CteneHp YepHOTHI € JIJIS Pa3IMIHBIX MaTepHralioB [3,5]

HaumenoBanue Temnepatypa, °C €
AJIITOMMHUN TOJIMPOBAHHBIN 225...575 0,039...0,057
AJTIOMMHUN 1IE€POXOBATHIN 20 0,055
AntoMUHUN, OKuCTeHHBIN ipu 600°C 200...600 0,11...0,19
AcOecT B BHJIe KapTOHA M OyMaru 20...470 0,93...0,96
2Kene3o monmpoBaHHOE 425...1020 0,144...0,377
2Kenezo nmuroe HeoOpaboTaHHOE 900...1100 0,87...0,95
Keie3o okucieHHoe 125...525 0,78...0,82
JKeneso ropsiuekaTaHoe 130 0,6
['paduT HCKYCCTBEHHBIH 1000...2800 0,77...0,83
Crasnp nuctoBas nu@oBaHHasI 940...1100 0,55...0,61
Cranb, okucnernas npu 600°C 200...600 0,8
Cranp OIIMHKOBaHHAas OJiecTsIas 20 0,23
Cranp OIIMHKOBAaHHAS OKHUCJICHHAS 20 0,28
Cranp moaupoBaHHas 740...1040 0,52...0,56
Kupnuu kpacHblii 20 0,93
Kupnuy mamMoTHBIN 11€poXoBaThIi 20 0,80...0,90
JlaTyHb C TYCKJIOW MOBEPXHOCTHIO 50...350 0,22
Jlatynsp, okucnenHas npu 600°C 20...600 0,6
Metp SIIeRTpOHTHHCCKaS 20...800 0,025...0,061
TIOJINPOBAHHAS
Menp, okuciennas npu 600°C 20...600 0,57...0,87
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[Tpunoxenue 2.
[1.2. Moayab perucrpaiui curaanoB Tepmonap «Triton6004TCy
U TIOPSI0K pabOThI ¢ MporpaMMHBIM obecrieuenueM [7,8,9]

Monyns «Triton6004TCy» npenHa3zHaueH Ui PETUCTPAIMN TEMIIEPATYPBI TI0
16 kaHamam Ipu MOMOIIY TEPMOMNApP U ABTOMATUYECKOW KOMITEHCAIIUN TEMIIePaTyphI
XOJIOAHOTO Ciasl.

Monyne npenactaBisier co0oi GyHKIMOHATEHO 3aKOHUYEHHOE KOPITYCHOE H3ZeIe.
Monynb coOpaH B TUTACTHKOBOM yIapOTIPOYHOM Kopiryce kimacca 3anmuThl IP-66. Kopmyc
COCTOWT M3 HWKHEH M BEpXHEU KpHIIeK. B HIDKHEH KpBIIIKe BMOHTHPOBAHBI Pa3beMbl U
OpraHbl YIpaBJICHUs, HEOOXOAUMBIE sl QYHKITMOHHUPOBAHUS MOTYJISI.

B cocrtaB Momyms BXOOUT KOMMYTaTop, MHUKpokoHTposep, ALl
ranpBaHn4eckas pasBsska, JKKW, opranel yrmpaBieHus (1Be KHOIKH), WHTepdeiic
RS- 232 (USB) u ucrounuk nutanus. CTPyKTYpHas cxema MOAYJIS MPHUBEICHA Ha
puc. I11.

WaoTepmuyeckan

efinacTb
{MnaTa mogyns
Tputod C37)
T .
1 b, (') Moaynb Triton6004TC
-] < | 1200001 X
8 1o KHonku “ 2208 50w/
£ 2 loy EY a KN o [———
= = a " «Buman MMTEHWS
8 < ! m L, ) E Beapx )I )I Buma
o ? m©
| 1o £
| | =
SR 3 USE (RS-232)
] | [ = MuTepdeic '
16 o ;Il;{LII-I - U MHK;}C?KQH :: ;: U‘éﬁé :} 9
< 1 peuy L {RS-232)
Ll e
| : P MepooHantHEsh
2 = | Lirgey | Tox A00MKA nETER
(= F‘ | ) ALIlrI
2 A& Manesaun
E§2 Dla-:-u. <}:C ueckas
%3¢ o paBAaka
SE O
| |
1

Puc. [11. CtpykTypHas cxema MOIyJIst JJIsl perucTpanuu remmepatypsl « Triton6004TCy.

PaGoToii Mmomyns ynpaBiseT BCTpoeHHbINM MUKpokoHTposiep PIC18F452. On
yhOpaBisieT anmapatHeiMu cpeactBamu monynss - ALl u wuntepdeiicom RS-
232(USB). BerunciaurenbHble ClIOCOOHOCTH MUKPOKOHTPOJLIEPA UCIIOIB3YIOTCS JIJIs
pacyeta  TeMIepaTypbl,  KOHTPOJIMPYEMOH  TepMmomapaMu,  KOMIIEHCAI[uU
TEMIIepaTyphbl «XOJOAHOro crhas». [lpu pacuerax MCHONAB3YyETCS MOIMHOMUAIbHAS
annpoKCUMAalUs XapaKTEPUCTUK TEPMOIIAP U JaTYMKa TEPMOPE3UCTOPHOrO THIIA.

C nomoipto 24-6utHoro curma-gensta ALIL (AD7719) monynb onpenensiet
Benu4YuHy TepMo-2/]C, NOIKIIOUEHHBIX K HEMY TepMONap WIH APYTUX UCTOYHUKOB
HalpsDKEHUST M U3MepseT NaJeHUe HaNpsKeHWs Ha JaTYMKe TeMIepaTyphl
XO0JIOJTHOTO CITas, MPU MPOMYCKAaHUU Yepe3 Hero cTadbmibHOro Toka 400 MxA.
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ONEKTPOHHBIM KOMMYTAaTOp CIYKUT JJIs IOOYEPEJHOTO IMOAKIIOYEHUS
tepmoniap k AIIIl. K Moaymo mMoryr ObITh MOJAKIHOYEHHI J0 16 TepMomap Wiu
JIPYTUX UCTOYHUKOB HampspkeHUs. KOMMYyTUPYIOTCS TOJIBKO MOJIOKUTENbHbBIE LIENH
TepMoIap, MpH 3TOM OTPULIATENbHBIE LIETTH UMEIOT OOIIYIO TOUKY.

Pesynbpratel mpeoOpa3zoBaHusi B BHUAEC TEMIIEpaTyp «rOpsSYMX» KOHIIOB
Tepmonap (kaHayibl 1-16) u Temmeparypbl HX «XOJOIHBIX» KOHLOB(17-i kaHam)
BBIBOJSITCS HA BCTPOEHHBIN *)uAKO-Kpuctamumueckud qucrert (OKKUW) monynsa. B
KaXIOH CTPOKE MOXKET OJHOBPEMEHHO OTOOPa)KaThCS TOJBKO OJHO 3HAYCHUE.
COOTBETCTBEHHO Il OJHOBPEMEHHOTO MPOCMOTpPA JOCTYIHO TOJIBKO YEThIpE
coceqHue 3HaueHus temnepatypsl. Knonku «BBepx» u «BHuU3» ciyxar ans Bbloopa
HEOOXOUMBIX 3HAUECHUH.

PacnosioskeHre 1 pa3beMOB U OPraHOB YIIPABJICHHUS IIPEICTaBICHO Ha puc. 112.

Triton 6004TC

t1=28.45 °C
£2=28.89 °C 5
13=28.33 °C
4=28.44 °C

HM4N “TEPEKC"

tol Max: +38 (044) 5250882

O EEmE—— O

Puc. II2. PacnosioxxeHue pa3beMOB W OPraHOB YIPABJICHUA CXeMa MOIYJS JJis

peructpanuu temmeparypbl « Triton6004TCy.

1 - PazpeM mJ1sl IOAKIIIOUCHUSI TATUUKOB (TEpMOIap M KOMIIEHCAIIMM); 2 - pa3beM IS
noakrodeHus uarepderica RS-232 wm USB; 3 - pazsem s nmogkimrouenus cetu 220B
50l'm; 4 - BBIKJIIOYATEIh MUTAHUS; D - KHONKHM BBIOOpAa OTOOpaKEHUS NTaTYMKOB Ha

JIACTLIIEE MOTYJIS.
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Monyns MoxkeT paboTarb aBTOHOMHO, M B COCTaBe armapaTHO-
MPOrPaMMHOT0 KOMIUIEKCA COBMECTHO C KOMITBIOTEPOM.

Pabota Moayst B anmapaTHO-IPOTPaMMHOM KOMILIEKCE OCYIIECTBISICTCS IPpU
nomou  mporpammbl  «DataRecorder-T6004TC». Ilporpamma  mpOU3BOAMT
CUMTBHIBAHHE B pPEAJbHOM BpPEMEHU [IOKAa3aHUH MOAYJS, pPHCYET TIpauku
3aBUCUMOCTH U3MEPEHHI 110 BPEMEHH, COXPAHSET PE3YJIbTATHI, BBIBOJUT HA ME€YaTh
u T.1. PykoBoacTBo moisb3oBaTenst mo pabore ¢ mporpammoini «DataRecorder-
T6004TC» HaxoauTcss B TUPEKTOPUU B KOTOPYIO OblIa YCTaHOBIJIEHA MPOrpaMMa B
nanke «Docy B ¢aiine «DataRecorder Base.docy.

[Ipn HEOOXOAMMOCTH HYXXHO YCTAHOBUTH HEOOXOJUMBIC i KOHKPETHBIX
U3MEpEeHUi JTMaTa3oH U3MEPSIEMbIX HaNpPsHKEHUH, KO3 PUITEHTBHI
anmpOKCUMUPYIOIIKX MOJMHOMOB JUIsl TIepecyeTa HaIlpsKEHUsl B TeMreparypy (s
OCHOBHBIX TE€pMONap) U CONPOTUBIEHUS B TEMIIEpaTypy (s KaHalla OMOPHOTO
cnas). Paiisbl ¢ MOJTMHOMAMHU HAXOJSTCS B IMAINKE C YCTAHOBIEHHOM MPOrpaMMOM B
mupektopun «Grady». @ailnbl ¢ MOIMHOMAaMH UMEIOT Ha3BaHUE, COOTBETCTBYIOIIEE
TUIy TepMoONapbl M JWaNa3oHy, B KOTOPOM NPOBOJAMIACH AaNIMPOKCUMALIMS,
Hanpumep «TC(XK L(- 20 +650)).ptk» mwm «TC(XA K(0 +1500)).ptk». Daiinsi ¢
ko3 puIeHTaMu NOJMHOMA Il JAaTYMKOB TEMIEPATYPbl OMOPHOTO CrHask UMEIOT
o0o3nauenue «R(700-101BAB).ptk» u «R(700-102BAB).ptk» ans 100-omHOrO M
1000-oMHOTO MJIATHHOBBIX TEPMOMETPOB CONPOTHUBJIEHHUS COOTBETCTBEHHO. Eciu
OCHOBHBIMU KaHAJIaMU M3MEPSETCS TOJbKO HampshKeHHe, TO BbIOMpaeTcs (aiin c
«enuanuHbIMY ToaHOMOM  «U(V).ptk  (oTOOpaskeHne wu3MepeHH B BOJBTaX),
«U(mV).ptk» (oToOpakeHne wu3MepeHud B MUIUIMBOJIbTAX), Wik «U(uV).ptk»
(oToOpaskeHne B MHKpPOBOJIbTax). [Ipm 3TOM H3MepeHuss ONOPHOro KaHajla He
BIMSIOT HA OCHOBHBIE KaHaibl. Eciam nns omopHOro kaHana BbIOpaTh (aiin
«R(Ohm).ptk», To Oyaer oToOpaxaTbcsi CONPOTUBJICHUE OMOPHOTO TEPMOMETpPA B
Omax.

B aBroHOMHOM pexume mnokazanus cunthiBaroTca ¢ KK wunaukaropa.
JlnanazoH BBIBOJAMMBIX Ha JUCIUIEM KaHAJIOB BbIOMpaeTcsd KHomkamu «BBepx» u
«BHu3».
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