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BBE/IEHHE

TepMoanHaMuKa — 3TO HayKa, KOTOpas U3y4yaeT IpoLecChl MpeoOpa3oBaHusl TeN-
JOThl B MEXAHUYECKYIO pabOTy WJIM JIPYrHe BUABI SHEPIHH, IOBEIECHUE BEILIECTB B CO-
CTOSIHUM PaBHOBECHS IPU ONPEACIEHHBIX BHEIIHUX YCIOBUSAX.

TepmoanHaMuKa M3y4aeT HaNpPABJICHHUS M TPAHULBI CAMOIPOU3BOJIBHOIO MPOTE-
KaHUs MPOLECCOB B JAHHBIX YCIOBUAX, ITO3BOJIIET YCTAHABIMBATHL CBA3b MEXKIY BEIIH-
YUHAMU, KOTOPBIE ONPENEIISIOT PABHOBECUE CUCTEMBI, OIUPASICh HA TOCTATOYHO O0OILIME
OMITMPUYECKUE 3aKOHBI — 3aKOHBI TEPMOANHAMHUKHU.

XuMHUYeCKasi TEPMOJUHAMUKA U3Yy4aeT TEIIOBBIE SABJICHUSA, KOTOPBIE TPOUCXOMIST
IpU XUMUYECKUX peaklusax, (pa3oBbIX MEpexojiax, aacopOIuu U IPYrux mpoieccax, a
TaKXKe U3y4aeT 3aBUCUMOCTH TEPMOJINHAMUYECKUX CBOWCTB BEILIECTB OT UX COCTAaBa.

TepMoanHaMuyeckue MpoIecchl, 00yCIOBICHHBIE CBAPOYHBIM HArpeBOM, IMpoTe-
KaloT Kak Ha BCEX CTaJusX Ipoliecca HarpeBa, Tak U BO BceX (pa3ax, ydyacTBYIOLIUX B
IIPOLIECCE CBAPKU: Ia30BOM, IINIAKOBOW, METAJUINYECKOM.

[Tpu cBapke paszinyHble BUABI SHEPIHMH MPEOOPa3yloTCs B TEIUIOBYIO SHEPTHUIO.
ITon e€ mercTBHEM IUIABATCS DJIEKTPOAHBIA M OCHOBHOM METAJUIbI, IIPOUCXOIUT UX IIe-
peMelIMBaHue, BCILIBIBAHUE U 3aTBepAcHue nutaka. OTpOMHOE BIHMSIHUE HA CTPYKTYPY
M CBOWCTBO METaula OKOJIOIIOBHOM 30HBI OKa3bIBACT MaKCUMajbHas TeMIeparypa
HarpeBa U CKOPOCTb €r0 OCTHIBAHUS.

Bce 3T BOIpOCHI MOJOXKEHBI B OCHOBY Kypca JIeKUui 1o aucuuruimae "Tepmo-
JUHAMUKA U TEIJIOBBIE MPOILIECCHI CBAPKU.”



1 Pazmen 1. 3AKOHbI TEPMOJMHAMUKU. HAYAJIBHBIE ITOHATUA
1.1 IlepBblii 3aKOH TEPMOTUHAMUKHU

[Ipu mpoTekaHU CBApPOYHBIX MPOILIECCOB BBIJIETSETCS CBETOBAsI, dJIEKTpUUYECKas,
TEIJIOBasl U IPYTUE BUJIbI DHEPTUH, 00YCIABIUBAIONIUE TPOTEKAaHUE METAJUTYPIHUECKUX
MIPOIIECCOB B OMpeaeiEHHBIX (pa3ax m Mexay (a3zaMu ¢ BBIIECICHUEM W TOTJIONEHUEM
TEIUIOTHI (IK30TEPMHUECKHUE U DHIOTEPMUUYECKUE MPOIECCHI), KOTOpasi MOXKET ObITh
npeBpaiieHa B padboTy. KomnyecTBeHHYIO B3aUMOCBS3b MEX/Iy MPEBpAICHUEM YHEPTUN
W3 OJHOTO BHJIa B JIPYrOMl M B MEXAHWYECKYIO0 pabdOTy YCTaHABIIMBACT IMEPBbIN 3aKOH
TEPMOJMHAMUKHU, KOTOPBIM (DAKTUIECKU TPEICTABIAET COO0H 3aKOH COXpaHEHHUS dHEP-
rui. Tak KaK COTJIACHO 9TOMY 3aKOHY YHEpPTrHsi HE MOXXET BO3HHUKHYTh W3 HHYETO, TO
0CTaéTCsl TOMyCTHTh, YTO TEIUIOBOM 3(deKT u paboTa peakiuu SBISIOTCS CIEICTBHEM
MU3MEHEHHS KOJIMYECTBA SHEPIHH.

JI71s1 3aMKHYTBIX CHCTEM, KOTOpPbIE CKJIOHHBI K OOMEHY PHEpruei ¢ OKpysKarolieu
CpelloH, MepBbIil 3aKOH TEPMOJIMHAMUKHN YCTAaHABIUBAET CBSI3b MEXK/y BBEIEHHON B CHU-
CTEMY TEIJIOTOM, U3MEHEHHEM €€ BHYTPEHHEH SHEPruM U BHITIOJIHEHHON CUCTEMOM pa-
ootoii. [Ipu 3TOM Oyz1eM UMETH B BUILY, YTO MEPMOOUHAMUYECKOU CUCMEMOIL HA3bIEA-
emcs meno Uiy epynna mei, 83auMOoOeucmeyiomux medxcoy cobou U YClo8HO U30IUPO-
BAHHBIX OM OKpYIcaroujell cpeowl.

VYpaBHEeHUEC MEPBOT0 3aKOHA TEPMOJIMHAMUKHN UMECT BH/I;

Q=AU+ A, (1.1)

rae Q — DHEPIUs, IOJyYCHHAss CUCTEMOMN U3 OKPYKAIOLIEH CPE/bl;
AU — npupocT BHyTpeHHE# SHEPrUM CUCTEMBI;

A —paboTa, BEIMONHEHHAS CHCTEMOIA.

CornacHo ypaBHenuo (1.1) mepBbIii 3aKOH TEPMOJAMHAMUKY (HOPMYITUPYyETCS TaK:
66€0¢HHAA 6 cucmemy men Menjioma pacxo0yemcsa HA yeenudeHue GHYyMmpeHHell
IHEp2UU CUCmEeMblL U HA 8bINOJIHEHUE €10 6HeuHell padomul.

B TepMoanHaMuke BeIMYMHA Q CUMTAETCS MOJIOKUTEIBbHOM, €CIIA TEIIoTa Mo-
[JIOIIAETCA CUCTEMOMW, U OTPULATEIIBHOM, €CJIM TEMJIOTa BBIAECISAETCS CUCTEMOM, T.€. ec-

M BHYTPEHHSS DHEPTUs yMeHbIIaeTca. Pa6oTy A cumTaroT moNOKUTENBHOMN, €CIH CH-
CTeMa BBITNOJIHAET paboTy, OTPULIATEILHON — €clii paboTa BBINOJIHAETCS HaJl CUCTEMOIA.

1.2 BHyTpeHHsisl JHeprus

Kaxnas TepmonrHaMmuueckas cuctemMa B JIFOOOM COCTOSSHUM UMEET HEKOTOPBIN
3anac SHepruu. OCHOBHBIM TEPMOJAMHAMUYECKUM TOHSITHEM SIBISIETCS GHYMPEHHASA
IHepeusa CUCTEMBI, CYIlIECTBOBaHHE KOTOpou JokazaHo P. Kiay-3uycom (1850 r.).

BHYTpeHHSIH QHCPIuUA U BKJIFOYAET B ceOs Bce BH bl DOHCPIUH B BCIICCTBAX, KO-
TOPBLIC COCTABJIAIOT CHCTCMY: JSHCPIUH IMOCTYIATCIBbHOT'O, BpalllaTCIbHOTO H KoyeOa-
TCJIBHOTO ,21BPI)K€HPII>1 OJIEMCHTAPHBIX YaCTUUCK, SOHCPIruu UX BBHI/IMOJICI\/'ICTBI/IH U BHYTpH-



AACPHYIO SHCPIUIO. I[JISI FCTCpOFCHHOﬁ CHCTCMBI, COCTOSIHICI\/'I N3 HECKOJIBKHMX I'OMOI'CH-
HBIX (OI[HOpOI[HI)IX) CHUCTEM, YTO XapaKTCPHO AJII CBAPKH, OHA BKIIOYAaCT, KPOME OTOrO,
OHCPIrur0 MEKMOJICKYJIAPHOTO BSaHMOHGﬁCTBHH, KOTOpas COCpCAOTOUYCHA Ha ITOBEPXHO-
CTH pasaciia.

BHYTpCHHHH OQHCPIUA CUCTCMBI 3dBUCHT HC TOJIBKO OT MACChI U IIPUPOALI, HO U OT
COCTOAHHUA CUCTCMBI, T.C. OT BHCIIHHX YCHOBHﬁ, B KOTOPBIX OHa HAXOOUTCH. N3 >Tux

ycIloBHif crenyeT yunthiaTh 066M V, naBnenne P u temneparypy T, 1.e. U = f (V,
P, T).

BHyTpeHHss 3HEpTHs BEIECTB OTPOMHA. B ¢cBapOYHBIX Iponeccax OHa HE U3Me-
HsAeTcA. B CBsI3M ¢ 3THM ISl YIPOILEHUS Pacdy€ToB yIOOHO HM3MEPSITh U3MEHEHHUE HE
BCEM BHYTPEHHEH JHEPIUU CHUCTEMBI, & U3MEHEHHMS YaCTH €€, KOTOPAasi BbI3BIBACTCS U3-
MEHEHUEM COCTOSHUSI CUCTEM:

AU = U,—- Uy, (1.2)

rne Uy u U; — BayTpennss sueprus cuctems! B coctostHuu 1 1 B cocrosamy 2.

Ecnu cucrema He 0OMEHHMBAETCSI SHEPTUEH C OKPYKAIOIIEeH CPeloH, T.€. SIBISETCS
M30JINPOBAHHOMW, TO U3MEHEHHE €€ BHYTPEHHENW SHEPTUN PABHO HYIIO. B CBsI3M € 3THM B
M30JMPOBAHHBIX CUCTEMAaxX MMEET MECTO MPEBpPAILLEHNE OJHON (POPMBI IBHXKEHHS MaTe-
pUU WIH BUJIA SHEPTUU B JPYTYIO.

1.3 MH3oxopuyeckue u n3odapuveckue Mpouecchl

Ecnu u3BecTeH 3aKOH M3MEHEHHUS MapaMeTpOB COCTOSHUS M UX OTHOIIEHHUS, TO
ypaBHenue (1.1) MoxHO 3anucath B AuddepeHimaibHoin popme:

0Q =dU + 8A, (1.3)

rae 8Q — OECKOHEUHO MaJIO€ U3MEHEHUE SHEPTUU CUCTEMBI,
dU - nonusiii muddepeHiiran BHyTpEHHEH SHEPTUH CUCTEMBI;

OA - GeckoneuHo Masas MexaHHYecKas padoTa.
[Ipoiieccrl, mpoTeKaronue B CUCTEMaxX MPU U3MEHEHUH MX COCTOSIHUS, HeJsATCA

Ha uzoxopuueckue (M = CONSt) u uzobapuueckue (P = CONSt). Crapounsie mpo-
I[ECCHI MTPOTEKAIOT MIPEUMYIIIECTBEHHO TPU OCTOSTHHOM JIaBJICHUH.

1.3.1 30xopuueckre npouecchl

Ecnu npu npotekanuu mnpoiecca 00bEM He U3MEHSETCS (V = const), To mexa-
HUYecKasi paboTa 3TOM CUCTEMBI TOXKe HEe U3MEHSETCS, T.€.

O0A = pdV =0.



[Ipu sTom ypaBHenue (1.3) mpuHUMaeT BU/L;
5Qy = dU,

rne OQy — Temnora, mornoméHHas cUCTEMOI B TIporiecce.

N3 ypaBHeHus (1.4) BhITEKAET, UTO MPU MOCTOSIHHOM 00BEME CUCTEMBI BCS TEII-
JI0Ta, MOTJIoIaeMasi €0 B Mpolecce, 3aTpayuBaeTCs Ha YBEJTUUYCHHUE 3ariaca BHYTpEHHEN
SHEPTHUHU.

J71st ujieanbHOTO Ta3a MOKHO 3aIlUCaTh:

dQy
al

rne Cy — cpennss MonspHas M30XOpHAs TEIIOEMKOCTh CHCTEMBI B 3aJaHHOM
WHTEpBaje Temreparyp, Jx - kMoib - K.
PacuéTHbIM ypaBHEHUEM JJISI ONIPEACTICHNS] NU3MEHEHUSI BHYTPEHHEW SHEPTUU TIPU
MEPEX0JIe OT COCTOAHUS | K COCTOSTHUIO 2 SIBIISIETCSL:

dU
= (dT v =Cy, (1.5)

T2 T2 T2
[dQy =[dU = [C,dT;
(il m T
OTKYyJa
T2
U:JQAP (16)
a 1J1d naC€aJIbHOI'O ra3a 1
U= CV(Tz— Tl) (1.7)

N3 ypaBHenuit (1.6) u (1.7) BUgHO, YTO MEpOl U3MEHEHUSI BHYTPEHHEW SHEPruu
CUCTEMBI B M30XOPUYECKOM IPOILIECCE SIBISETCS MOJSPHAST M30XOpHas TEIIOEMKOCTh
JTOU CHCTEMBL.

1.3.2 UN3obapuueckuii mporecc

BoBIIMHCTBO CBAapOUYHBIX TPOILIECCOB MPOTEKAET MPU TOCTOSHHOM JIaBJICHUU
1,013'10°Ia. IIpu 3TOM HOMIOMEHHASI CHCTEMOIl TEILIOTA PACXOLYETCS HE TONBKO Ha
YBEJIMYCHNE BHYTPEHHEW SHEPTUH, 4 U Ha BHIMIOJTHEHUE BHEITHEH paOOTHI.

B stom ciiydae ypaBHeHue (1.3) MOXHO 3anucaTh B BUAE:

AQp, =AU + pAV. (1.8)
[Ipu nepexoae cUCTEMBI U3 COCTOSIHUS 1 B COCTOSIHME 2, HAIPUMEP MPU HArpEBa-
HHUHU OT TEMIICPATYPHhI Tl J10 TeMIIEpaTypbl Tz, HUMECM:



AQp = (Uz—Uy) —p(V2— V1) = (U2 + pVp) — (Ur + pVi).  (L9)

BBeném 0003HaueHHE:

H=U + pV. (1.10)

Ota QyHkuus HazbIBaeTcs IHmanvnusa. Ona pasHa sHepeuu, HeoOX0OUuMou O/is
npueedenUs cucmemul 8 cCoOcCmosnue 2, B TOM 4UCIIe, 1JI1 U3MEHEHUs] BHYTpEHHEH dHep-
T'MH U BHEITHEH paboThlI.

VYpasuenue (1.9) MOKHO NPECTaBUTH KaK

AQp =H,—- H; = AH, (1.11)

Trac H]_ nu H2 — DHTAJILIIUU HAYAJIBHOTO U KOHEYHOI'O COCTOSIHHU COOTBETCTBEH-
HO.
N3 ypaBuenus (1.11) BUIHO, 4TO MOTJIOMEHHAS CUCTEMOM TEIUIOTa B U300apHBIX
IIponeccCax pacxoaycTcCda Ha IIPUPOCT SHTAJIBIINH, IIOOTOMY
dQ, dH

- —(Cp,
ar _dr P (1.12)

rac CP — CpCOH:AA MOJIIpHas I/I306apHaH TEIIOEMKOCTh B HHTCPBAJIC TCMIICPATYP

or T1 mo Ty, JIx- kMois - K.
N3 ypaBHenus (1.12) BbITEKaeT, 4To

dH =CpdT,
a
T,
H = jcpdT (1.13)
n

Jltst craumaprasix yenosmit (1T = 298,15 K u P = 1,01310° ITa) suransnuu
OOJIBIITMHCTBA BEIIIECTB COJEPIKATCS B TEPMOJAMHAMHYECKUX crpaBoyHuKax. C ydérom
sToro ypaBHenue (1.13) npuHumaet Bus

T
Hyp =H%qg + [ CpaT, (1.14)
298
rne Hy, —suramemus IIPY 33JaHHOW TEMIIEPATYPE;

0 o
H 298 — OHTAJIbIIMA JJIA CTAHAAPTHBIX YCIOBHU.

Jlns npocteix Bemtects, Hanpumep Oy, Ho, Ny, suramsnmmn B crammaprsix
ycioBusix pasHbl 0.



OHTaIbIIUN pCalIbHBIX BCUICCTB, KOTOPBIC MOT'YT H3MCHATHL CBOU (I)aSOBBIC COCTO-
SIHUS M TEIJIOEMKOCTh KOTOPBIX 3aBUCUT OT TCMIICPATYPhI U CKa‘{KOO6pa3HO HN3MCHACT-

cs B TIpejieiax (ha30BBIX IMEPEX0/I0B, M3MEHSIOTCS TakKe ckaukooOpasHo (puc.1.1).
AH, JI>x/Moab

H,0
64000 2 (i)
CQZ@
32000 -
Oz(r) -
1600q _ SR =
No(p ___(f??.(?.‘?.) 4N
O—(P 1 > HoO(TB) 4
100 200 300 400

Pucynok 1.1 - I3MeHeHne SHTAIbIMHU BEIIECTB B 3aBUCUMOCTH OT TEMIIEPATYPBI

B oOmeM Buae ypaBHEHHE AJIA pacyéTa SHTAJIbIIUU PEaIbHBIX BEIIECTB, UMEIO-
X OAWH (pa30BbIi Nepexo/1 B TBEPIOM COCTOSTHUU, MOKHO 3aIIUCATh:

Tnpeo6. TH/]

H, =Hy,+ .[Cp(d)dT-l—Ha(_)ﬂ-l- ij(ﬂ)dT+Hnl+
0

T

npeoo.

T T
g 1.15
4 _[Cp("”c)dT +H, _ + IC3(2)—dT, (1.15)

ni. ucn

(0 o
rae Cp( Vi Cp(B ) CpEIHUE MOJIIPHBIE H300apHUeCKhe TEIUIOEMKOCTU (a3 o
u p;
Cp™ Cp® 6 :
p ,Lp — CPCAHKUC MOJISIPHBIC M300aPUYSCKUE TCTIIIOCMKOCTH KHUJIKO-
CTH U rasa;

Thep, T, Txun — Temnepatypsr aSP nepexona, MIaBIeHUS W KUIIEHAS CO-
OTBETCTBEHHO;

Hou—Bv HHJL HI/ICH — SHTaJdbIUU oS mepexoza, IUIABJICHHS, UCTIAPCHUS IS
—

OJIHOT'O MOJISI BEIIECTBA (CKPBITAs TEIIOTA MEPExXoa).
JI1st mIeanbHbIX Ta30B SHTAIBIINS ONpeaeseTcs no Gopmyie



H = Cp(T2—Ty). (1.16)

N3MmeHeHre SHTanblUKd CUCTEMBbI MPU MPOTEKAHUM XMMHUYECKOW pEaKIMU B HEU
PAaCCUMTHIBAIOT TAaK: Pa3HUIIbl CTAHAAPTHBIX SHTAIBIUNA KOMIIOHEHTOB, BCTYNAIOIIUX B
peaKIuio, TPUHUMAIOTCS CO 3HAKOM “—’, 2 KOHEUHBIX MPOAYKTOB PEAKIUUA — CO 3HAKOM
“+”. Hammpumep, B peakiiuu

A+BSC+II. (1.17)

JI7Is Ka’KJIOro BEleCTBA MMEEM CTaHIApTHYIO SHTANBIHIO: I BemecTBa A —
0 0 0
H"5084, s Bemectsa B — H 9gp, nna semectsa C — H 93¢, ans Bemectna J1 —

0
H 595 J1- I3MeHeHue SHTAJIBIIMU B PE3YIIbTaTe PABHO

AH = (H05+ H%og 1) — (H208 A + H 05 8).

Pacu€r pa3HUIbl SHTAIBIUNA XUMUYECKOW PEAKIIUU, MPOTEKAIOMIENH B YCIOBHSIX,
OTJIMYAIOLIUXCS OT CTAaHJAPTHBIX, BBIMOJHSAETCSA MO ypaBHeHHto (1.15) ¢ yuérom mo-
TJIOLIEHUS PHEPTUHU, 3aTPAYCHHON HAa CMEHY arperatHoro u pa3oBOro COCTOSIHUS.

C ucnonb3zoBanueM ypaBHenuit (1.4) u (1.8), a Takke 00beTUHEHHOTO 3aKOHA ra-
30BOI'0 COCTOSIHMSI, ITOJTYYaeM:

Qp= Qv+ANRT um AH =AU + AnRT, (1.18)

rae R — ynusepcanbuas razosas mocrosuuas (R = 8,314 k[ - kmoms = K™Y);

T — a6comoTHas Temnepatypa, K.

Ecmn AN = 0, To ANRT = 0, a 3TO 3HAYHT, YTO Qp = QV, wm AH=AU.

Jnst peakiuii, B KOTOPBIX ra30BoOM (ha3bl HET, a U3MEHEHHE 00bEMA OYEHb HE3Ha-

LH/ITeJ_IbHO, UMEECM.
Qp = Qv.

1.4 3akon I'ecca. Pacuér TemioBoro 3¢gdexra peakumii

B cBapouHbIX mpolieccax BELIECTBAa B3aUMOJCUCTBYIOT OJJTHO C JIPYyTUM, 00pa3ys
0oJiee CJIOKHBIE MOJIEKYJIbl. B 3aBUCMMOCTH OT BHEIIHUX YCIOBUU (TeMIlepaTypbl U
JABJICHUS1) MOTYT MPOTEKATh U 0OpaTHUMbIE€ MPOLIECCHI, T.€. pacnaj CIOXKHBIX MOJIEKYJ
Ha mpocTeie. Tak Kak B OOJBIINHCTBE CIOXHBIX mporieccoB P = CONSt, T0 oCHOBHBIM
(bakTopoM, onpeAesAIoIUM HallpaBJIeHUEe peakiluy, ABiseTcs Temneparypa. O6pas3ona-
HUE WJIM Pa3pblB XUMUUYECKUX CBSA3EH CONMPOBOKIAIOTCS MOTJIOLIECHUEM WM BBIIEICHU-
€M TEIUIOTBI, POSABIISAIOLIECHUCS IIPU CMEHE DHTAJIBIINN PEAKLIUU.

Tennoma, evidenaowascs uiu NO2NOWAOUAACS 8 pe3ylbmame XUMuieckou pe-

aKyuu, Ha3vl8aemcsi Men108viM IPphexkmom peaxyuu — Q
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TemnoBoi 3(ppekT XuMUUECKOW peaKIMy PacCUUThIBAETCA Ha OJMH MOJb 00pa-
30BaBIIerocs Bemectsa. HeoGxoaumo pasmmuars Temnossie dddextsl peaxuuii Qp u

Qv, monyueHHbIE B M30XOPHUYECKHX M M300apUUECKHX YCIOBHSAX COOTBETCTBEHHO. B
MEPBOM ClIydae BBIJIEISETCS TOJBKO TEIJIOTa, a B JIPYIrOM CiIydae, KpOME BBIJICICHUS
TETJIOTHI, MOYKET BBIMOJHATHCA U paboTa, TP CMEHE 00bEMa CHCTEMBI B pE3yJIbTaTe
MePETPyNIUPOBKH MOJIEKYJI B TIEPHUO] TPOTEKAHUS XUMHUECKONW peaknuu. B Tepmonn-
HaMUKE TEIUIoTa, MPUOOpeTEHHAS CUCTEMOM B TPOIECCe PEAKIIUN, CUMTACTCS TOJIO0KH-
TEJbHOW, U HA00OPOT.

Xumuueckoe ypaeneHue, 8 KOMOPOM NPUBEOeHA COOMBEMCMEYIOWAS BeIUYUHA
Mennosoco 3ghgexma, Hazvleaemcs mepmoxumuieckum ypasnenuem. Hanpumep:

H2+ 1/202: Hzo(}K) + 286,034 KI[)K (119)

TennoBeie 3¢pPexThl HA3BIBAIOT B COOTBETCTBUHU C THUIOM peakiuu. Tak, Temo-
BOI 3(pPexT XuMuueckon peakiuy 00pa3oBaHUsl OJJHOTO MOJIS CJIOXKHOIO BEIECTBA U3
COOTBETCTBYIOIIMX MPOCTHIX BELIECTB Ha3bIBAECTCS TEIIOTOW 00pa30BaHUs BELIECTB:

Mg + C + 3/20,= MgCO;+ 1097 k]l (1.20)

Tennomoit czopanua Hazvieaemcs KOJIUYECMB0 Menjiomvl, 8vloenaueecs npu
NOJIHOM OKUCTIeHUU 0OHO020 MOJISl 8eUeCMBa 00 BbICULUX OKCUOO8 IJIEMEHMO8, 8XOOAUUX
6 cocmas coedurenus. Hanpumep:

CH, +20,= CO,+ H,0 + 890,91 kJx. (1.21)

Tennomoii ¢pazoeozo nepexooa naszvieaemcs menioma, KOmopyio HeoOX00uMo
86ecmu @ cUCmeMy Ul 8bleCmU U3 Heé NPU PAGHOBECHOM UI0MEPMUYECKOM Nepexooe
gewecmea uz 00HoU gasvl 6 Opyeyio. OTAETBHBIMUA BUIaMU TEIUIOTHI ()a30BOT0O MEpexo-
J1a SIBJISIFOTCSI: TETUIOTA TUTABJICHMS, TETIOTA 3aTBEPACBAHUS, TEIUIOTA MApOO0Pa30BaHN,
TEIJIOTa KOHJICHCAIIUHU, TEIUI0Ta CyOIuMaIiy, TEIioTa MoJMMOp(GHOTO Tiepexoa.

Tennomoit pacmeopenun Ha3vl8AemMcs KOIUYECMEO MENI0Mmbl, NO2N0UAeMOl
npu pacmeopeHuu 00HO20 MOJ KPUCMALI02UOpAma coau 8 OO0NbUOM KOIUYeCmee
pacmeopumeis, Ko20a oalbHeluiee pasbasienue pacmeopa yice He 6lusem Ha 6eauyu-
HY menjogoco s gexma.

Tennomoit cudpamayuu HAaA3616AI0M KOIUYECMBO MENIOmbl, @vloeniemoe npu
auopamayuu 00H020 Mos 6€38600HOU COJIU.

Tennomeoprnocmoio, Uiy menaomoil c2Opanus Monaued, Ha3vleaemcs Koauye-
CMBO MeNnI0mbl, 8bl0EIAEMOU NPU NOTHOM CCOPAHUU OOHO20 KUO2PAMMA MONIUBA.

[IpencraBum ypaBHEHUE NMPOU3BOJIBHON XUMAUYECKON PEAKLIUU B BUE

31A1+32A2+33A3. ..=B1B1+B,B>,*+B3B;..., (1.22)

rne Aq, A2, Aj... - BemecTBa, BCTynaoIMe B Peakuy (HCXOHbIE);
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B1, B, B3... - BelllecTBa, 00pa3oBaBIIMeCs B Mpollecce peakiuuu (IpoayK-
ThI PEaKIINi);
a1, dy, 43...B1, By, B3...- COOTBETCTBYIOIIUE CTEKIOMETpUUeckue Korhdu-

LHCHTBHI.
Kaxnplli U3 y4aCTHHKOB 3TOM PEAKIMU XapaKTEpU3yeTCs CBOEU JHTAJIBIIUEH,

o6o03nauaemoit kak Ha1,Haor,Hag, ...; Hpj, Hg,, Hgs, ... . 3nauenus suransmmii s
CTaHAAPTHBIX YCIOBUH M MX 3aBHCHUMOCTH OT TEMIEPATYpPbI (TEITIOEMKOCTH, TEIJIOTHI
npeoOpa30BaHus) MOKHO HaWTH B TEPMOJMHAMHYECKUX CIIpaBOYHMKaX. C yuyéTom 3TO-

'O OHTAJIBIIMKA CUCTCMBbI B HAYAJIbHBIX YCIIOBUAX HA MOXHO OIIPECACINTDb U3 YPABHCHUA:
Hp = ajHa + aHar + asHas ... (1.23)

AHaJIOTUYHO OIIPCACIIAIOTCA SHTAJIBIINN OJI IIPOAYKTOB pCaAKIINN:
Hy=B/Hp; + BoHp, + B3Hps +. .. (1.24)

TemnnoBbie 3P HeKThl M300apUUECKUX MPOIECCOB OMPEACIIIOTCI U3MEHEHUEM dH-
TaJIBIIMM CUCTEMBI IIPU NIEPEXOJIE OT BEIIECTB A K BellecTBaM B:

Qpr = Hg +Ha. (1.25)

TennoBo#t 3 (PeKT U30XOPUUYECKOTrO Mpolecca ONpeaesieTcs U3MEHEHUEM BHYT-
PEHHEW DHEPTUU CUCTEMBI:

Qv=Ug- Ua. (1.26)

Ecau mporece mpoTekaeT npu CTaHAAPTHBIX YCIOBHSX, TO PA3HUIIBI YHTAIBITUN
.. 0 0
coriacHo ypaBHeHnIo (1.14) MMeroT Hynb BBepXy & obo3HaueHus - H 295, H 2908p, a

eciu npu apyrux yenosusx, 10 — Hya u Hrg coorsercrsenno.
3aBUCHMOCTD TIPUPOCTA IHTAIBIIUN PEAKIIMA OT TEMIIEPATypbl MOXKHO HAWTH U3
n3BecTHbIX 3aBucuMmocted (1.13) u (1.15):
T

AHTA1:H0298A1+ J. CPAldT' (1.27)

298

Ecnu B ypaBuenue (1.25) BMecto Hg u Ha BBecTu 3Hauennst AHta; 1 AHtg B co-
OTBETCTBUU C ypaBHeHUEM (1.18), To momyumm:

T
Qr= AHT(ASB)ZAHO(ASB) + [((B1Cppi1B2CppatB3Cppst...) +

208
+ (alcPA1+aZCPA2+33CPA3+- . ))dT (1.28)
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3aBucumocTtsh (1.28) aBnsercs uHTepnpeTanueld ypaBHeHus Kupxroda. OHa mo-
Ka3bIBAET, YTO TEMIIEPATypPHBINA KOd(P(PUIIUEHT TeroBoro 3ddexra peakuu paBeH ai-
reOpanyeckor cymme TEeIJIOEMKOCTEH BEUIECTB, MPUHUMAIOIIUMX y4YacTUE B PEaAKIUU.
[Ipu 3TOM HM3MEHeHue, HampuMep, U300apHON TEIIIOEMKOCTH CUCTEMBbl PABHO Pa3HUIIE
MEXAY CYMMOW M300apUUeCKUX TEIJIOEMKOCTEH KOHEUHBIX BEIECTB U CYMMOW M300a-
PUYECKUX TETIOEMKOCTEN MCXOTHBIX BEILIECTB:

ACp = (B1Cpp1 + B2Cppa + B3Cpp3 +...) —
- (a1Cpa1 T a2Cpaz + a3Cpasz T ...) = X (MiCpyi — NiCpai)dT,  (1.29)

rae Mj - crexuomerpuueckre KO3PGHUIUEHTHI TPOAYKTOB PEAKIUY;
Nj - crexuomerpuueckue KOAPGHUIUEHTHI UCXOTHBIX BELIECTB.
Ouesuyro, uto 3Hauenns Qp n Qv He usmensres, ecmu cucrema ot Bemects A

K BelecTBaM B nepeiinéT yepes kakue-m6o npomexyrounsie Bemecrsa C (puc.1.2).
N3 cxembl BUIHO, UTO

QPasc+ Qpcos= (He—Ha) + (Hg—Hc) =

=Hg—Ha= Qpases. (1.30)
a; MOJIb Ay B1 MoJib By
a, MOJIb A, »| B2 Mmoub B,
HA:ZaiHAi HB:Z:BiHCi
A
¢, MoJib Cq
¢, moJis C,
HC:ECiHC|

Pucynox 1.2 - Cxema pacuéroB TeIIOBbIX 3(PPEeKTOB
JIBYX HAIPaBJICHUN PeaKUUn

CornacHo ypaBaenuio (1.30) umeem:

Qpasct+ Qpc-s = Qpase. (1.31)
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Ecnu B ypaBuenue (1.30) BMecTO SHTaNbIUNA TOJCTaBUTh 3HAUEHUE BHYTPEHHEU
SHEPTUH, TO MOJTYYUM U3MEHEHHUE TEIIOBOTO A (eKTa B U30XOPUUECKOM MpPOLEcCe:

QVasc *QVe= QVass, (1.32)

VYpaBuenus (1.31) u (1.32) oTpakaroT 0JJMH U3 BAXXHEHIITUX TEPMOJAUHAMUYECKUX
3aKOHOB — 3aK0H I'ecca, KOTOpBIN B COBpEeMEHHOM BHC (POPMYIUPYETCS TaK:

CYMMApPHBLIL Meni06oil IPhghexkm paoa nociedo8amenbHbIX peaKyuil pasHsaen-
CA CYMMAPHOMY MEN1080MY Ihekmy 6mopo2o paoa nocied08amenbHbIX PeaKkyuil ¢
memu JHce UCXOOHBIMU GeULeCMEaAMU U KOHEUHBIMU RPOOYKMAMU PeaKyuu.

W3 3T0T0 3aK0HA BHITEKAIOT JBA CJIEICTBHUS:

1 Ecnu HEeCKOJBKO PSAZOB PEAKIMU W3 Pa3HbIX HAYAIbHBIX YCIOBUN MPUBOIAT K
OJIHOMY U TOMY K€ KOHEUHOMY COCTOSIHUIO, TO Pa3HUIlAa UX CYMMapHBIX TEIJIOBBIX 3 (-
(dekToB paBHa TemIOBOMY 3 (}eKTy mepexoa U3 0JHOTO UCXOJAHOTO COCTOSIHUS B APY-
roe.

2 Ecnu ocylecTBIISIETCS. HECKOJIBKO PSIOB PEaKIUii, KOTOPBIE U3 OJHOTO MCXOJ-
HOT'O COCTOSIHUSI MPUBOJIAT CUCTEMY K Pa3HbIM KOHEUHBIM MPOAYKTaM, TO pa3HUIIA HX
CYMMapHbIX TEIUIOBBIX 3(P(PEKTOB paBHa TEIIOBOMY 3(D(EeKTy mepexoja CUCTEMBbI M3
OJIHOTO KOHEYHOTO MPOAYKTa B APYroil COOTBETCTBEHHO.

Hanpumep, ecnu u3BecTHa TEMJIOTAa CTOPAHUS METaHa, TEIIOTa TOPEHUS YIIepo-
71a ¥ BOJOPO/A, TO MOXKHO pacCyUTaTh TEIJIOTY 00pa30BaHMs METaHA HAa OCHOBE 3aKOHA
I'ecca:

CH;+ 20,= CO,+ 2H,0 + Qq;
C+20,=CO,+ Qy;

2H,+ O, = 2H,0 + Q3;
Q=0Q3+ Q- Qq,

rie Q — remnmoBoit apdexr obpazosanus CHa.

Peakmust (1.22) Bo3MOXHA, €ClId OJHOBPEMEHHO B3aWMOJICHCTBYIOT HECKOJIBKO
aTOMOB, KaK CJieBa, Tak M crpasa. [Ipu cBapke yaile BCEro MpOUCXOIAT MPOLECCHI, B
KOTOPBIX B3aUMOJICUCTBYIOT IO JIBa aTOMA.

1.5 Bropoii 3aK0H TepMOAUHAMUKHU. JHTPOINUSA

[lepBblii 3aKOH TEPMOJWHAMHMKUA HE KacaeTcsl XapakTepa, BO3MOXHOCTEH U
HaIpaBJICHUS T€X MPOLIECCOB, TPU KOTOPHIX MOTYT WJIM OyAYT MPOXOAUTH T€ WU UHbBIC
npeoOpa3oBaHus YHEPTUU. BTOpOi ke 3aKOH OmpenessieT, MPEeXkIe BCEero, Kakue M3
MIPOIIECCOB B PACCMATPUBAEMOM CUCTEME, MPHU 33JJaHHBIX TEMIEPAType, 1aBICHUU, KOH-
IEHTpAIU! U JIp. MOTYT IIPOTEKATh CAMOIMPOU3BOJILHO (T.€. 0€3 pacxoa0BaHus padOTHI
W3BHE), KAKOE KOJWYECTBO PAOOTHI MOXKET OBITh MOJYYEHO MPH ATOM M KaKOB Tpeael
CaMOITPOU3BOJIBHOTO MPOTEKAaHUSI MPOILIECCOB, T.€. KAKOBO COCTOSIHUE pPaBHOBECUS B
JAHHBIX yCcioBUsAX. COrJacHO 3TOMY 3aKOHY MOKHO HalTH YCIIOBUSI BJIMSIHUSI HA BHEUI-
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HIOIO Cpefly, 4TOOBI IPOLIeCC MOT MPOTEKATh B HEOOXOAMMOM HaIpaBJiIeHUH, B HEOOXO0-
JTUMOM Mepe U, eclid TpeOyeTcsi, TO CKOJIBKO JUIsl 3TOTO TPeOyeTCsl BHIMOIHUTH padOThI
HaJ CUCTEMOM.

CymiecTByeT ABa METO/AA ONPEACIICHUSI BO3MOXKHOCTEN U HAIPABIICHUSI CAMOMPO-
M3BOJIBHOT'O IPOTEKAHUSI MPOLIECCOB.

[lepBbIil METOJT UCXOJUT W3 BIMSHUS COCTOSIHMSI BHEUIHUX YCJIOBHUH (Hampumep,
JABJIEHUS Ta3a, TEMIEPATYpPhI Tela, MOTEHIUAIa 3JEKTPUYECKOT0 3apaaa U Jap.), KOTO-
pBIe pacCMaTpUBAIOTCA KaK (DAaKTOP MHTEHCUBHOCTH. DTOT (DaKTOp HE 3aBUCUT OT KOJIHU-
YecTBa BELIECTBA, 00BbEMA ra3a, KOJIMYECTBA 3JEKTPUUYECTBA, KOTOPHIE HOCAT HAa3BaHUE
dakTopoB émkocTH. COrIacHO 3TOMY METOAY BO3MOXKHOCTH, HAIllpaBJICHHUE W TPEIe
CaMOITPOM3BOJIBHOTO MPOTEKAHUs MpoLecca NeEpEaaYv SJHEPTUHA WIIA BELIECTBA OT OJHOU
YaCTU CHCTEMBI K JAPYTOM 3aBUCAT TOJIBKO OT COOTHOIICHHS ()aKTOPOB MHTEHCUBHOCTH,
T.€. CAMOIIPOM3BOJIBHOE IPOTEKAHUE ITPOLIECCOB B3aUMOJECHUCTBUSA MEXKIY Pa3HBIMU Ya-
CTSIMU CUCTEMBI BO3MOKHO TOJBKO B HANpaBJICHUU yBeJIUYeHUs (HaKTOpa_MHTEHCHUBHO-
CTH JJIS BCEX YacTel CUCTEMBI: JJOCTH)KEHHUE OJMHAKOBOIO 3HAUECHUSI ATOr0 (PaKkTopa siB-
J€TCs NIPEAEIIOM CaMOIIPOU3BOJIBHOIO IIPOTEKAHUs IIPOLECCa B JAHHBIX YCIOBUSX, U,
CJIEZI0BATEIIBHO, YCIOBUEM PaBHOBECHS.

OTOT METOJI HEBO3MOKHO IIPUMEHUTH JIJIs1 OTHOPOJIHBIX CHCTEM, T.€. JUIsl IPOLEC-
COB, KOTOPBIE€ HE BBI3BIBAIOTCS HEOJMHAKOBBIMU CBOWCTBAMHU YaCTEU CUCTEMBI.

Hpyroit Metoj siBiisieTcst 0oJiee OOIUM U MOATOMY MPUMEHSETCS U JUIsl IPoliec-
COB, MPOUCXOAAIIUX B OJHOPOIHBIX CHCTEMAX. JTOT METOJ 3AKJIIOYAETCS B TOM, YTO
JUTSL JTFOOOM TEPMOJAMHAMUYECKON CUCTEMBI M 3aJJaHHBIX YCJIOBHI Bceraa HalAETCs Kpu-
TE€pUH, KOTOPBIM MOKHO OIPEAEIUTh BO3MOKHOCTh, HAIIPABICHUE U INPEJET CaMOIIPO-
M3BOJIBHOTO TPOTEKAaHUSI TEPMOAMHAMHYECKHUX MPOLECCOB. /[ M30IMPOBAaHHBIX CH-
CTEM TaKUM KPUTEPHUEM CIIYKUT SHTPOIUS.

C y4é€roM 3TOro Kputepusi BTOPOil 3aKOH TEPMOAUHAMMKH MOXKHO C(POPMYIIH-
pOBAaTh TaK:

6 U30/IUPOBAHHBIX CUCHIEMAX CAMONPOU3BOJILHO MOZYM HPOUCXO0UMb MO1b-
KO makxue npoueccol, 6 KOMOPbIX IHMPONRUA CUCHIEMbL PACHEM, A RPOUECC MOIHCEm
npomexkams mo 00 MAK020 COCMOAHUA, RPU KOMOPOM IHMPONUA OOCHUZACH MAK-
CUMANBLHO20 071 OAHHBIX YC/106UN 3HAYCHUS.

13 310i1 hopMyIHPOBKHU BBITEKAET, YTO B MPOTUBOIIOIOKHOM HaIPaBJIEHUH MPO-
1IECC MOKET MPOTEKATh, HO I ATOrO TpeOyeTcsl pacxoj SHEpruu u3BHe. B To ke Bpe-
Ms, OT CUCTEM, B KOTOPBIX MPOTEKAIOT MPOLECCHI B MPSMOM HAINPABIEHUU, MOXKET OBITh
noytyyeHa paboTa, IpUroHas JJisi UCIOJIb30BAHMS €€ BHE CHCTEMBI.

BTOpoi#i 3aKOH TEPMOAMHAMHUKN MOKET MCHOJIB30BATHCS 11 CUCTEM, COCTOSINX
13 0OJIBLIOrO KOJMYECTBA YACTUYEK, U MTO3ITOMY HOCUT CTATUCTUYECKUHN Xapakrep. ITO
CBSI3aHHO C TE€M, YTO TAKHE MOHSATHSA, KaK TEMIEpaTypa U JAaBIEHUE, KOTOPbIE UTPAIOT
OCHOBHYIO pOJIb B TEPMOJMHAMUKE, UMEIOT, IO CYIIECTBY, CTATUCTUYECKYIO IIPUPOLY,
T.€. SIBJISIIOTCSL BBIPA3UTENIEM HEKOTOPBIX CBOMCTB BEILECTB, OOYCIIOBICHHBIX COBMECT-
HBIM JIeHCTBHEM OO0JIbLIOTO KOJudecTBa 4acTull. CTaTUCTUYECKYIO MPUPOLY MMEET U
Takas BEJMYMHA, KaK INIOTHOCTh. CHUCTEMBI C OOJIBIINM KOJUYECTBOM YaCTHI] C JOCTa-
TOYHOW TOYHOCTBIO ONUCBHIBAIOTCS 3aKOHAMU BEpPOSITHOCTH. C 3TOM TOYKH 3pEHHUS BTO-
pOIi 3aKOH TEPMOJIMHAMUKU YCTAHABIUBAET, YTO B CHUCTEMaX C OOJIBIIMM KOJUYECTBOM
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YacTHI[ CaMONPOU3BOJIbHO MOT'YT BO3HHMKATh MEPEXOJIbl TOJbKO U3 COCTOSHHUSI MEHEe
BEPOSITHOTO B O0JIee BEPOSTHOE.

Ecnu paccmaTpuBaTh cUCTEMY, B KOTOPOH mnepenaéTcsi 0ECKOHEUHO Mayioe KOJIH-
YEeCTBO TEIUIOTHI B 0OpaTUMOM IIpoliecce, TO KO3PGUIMEHT MOJIE3HOTo ACHCTBUS MpU
HTOM MOYKHO OIPEACIIUTD TaK:

Fogp. = (dQ1—dQ2)/dQy = (To—T1)/Ty, (1.34)

rae dQ 1 — KOJIMYECTBO TEILIOTHI, B3ATOH OT TOUYKH C TeMIepaTypoit 11;

ng — KOJIMYECTBO TETUIOTHI, IPEJaHHON B TOUKY ¢ TeMmeparypoit 1 ».
N3 ypaBHenus (1.34) BeITEKaeT, 4TO
1- aQ, =1—T—2 Win aQ, :T—Z. (1.35)
dQ T, dQ, T,
Ecnu crpynnupoBaTh Bce 4acTU YpaBHEHMsI C OJMHAKOBBLIMU HUHJIEKCAMH, TO U3
ypaBHeHwus (1.35) nomyunm:

dQl/Tl = sz/Tz R0 sz/Tz— dQl/Tl =0. (1.36)

OTtcrona BBITEKAET, YTO OTHOLIECHUE BBIJCICHHOW WIM MOTJIOMEHHON TEIUIOTHI K
COOTBETCTBYIOIIEH TEMIIEPATYPE SBISACTCS BEIUYNHON TOCTOSTHHOM.
Ecnau nponHTErpUpOBaTh MO0 KOHTYPY BCEU CUCTEMBI, TO ITOIYYUM:

j7=0.

T (1.37)

Krnay3unyc BBEN MOHSTHE HOBOM TETUIOBOM (YHKIIMU, 3aBHUCSIIEH OT COCTOSHUS

(P, T, V), 0603Hauus eé uepe3 S u HaszBaB IHmponueii.

dQ
dS=— wm dQ=TdS.
= Q (1.38)

Uepes uzMenenne 3HTponuu ypaBHeHue (1.37) MOXKHO 3amucaTh CIEAYOITUM
obpazom:

§d5 =0 (1.39)

1 c(hOpMyITUPOBATh:
npu npoeedeHuu 0OpPAmMHO20 NPOYecca UsMeHenue IHMPOnUU 6 cucmeme pag-
HO HYJI0.
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Dumponusi xapaxkmepusyem Heynops00YeHHOCMb (XA0OMUYHOCIb) SHEP2UlLl 8 CU-
cmeme. B HeoOpaTUMBbIX MpoIEccax 4YacTh TEIUIOTHI, KOTOpasl mepenaércss oT OJHOTO
ydacTKa CHCTEMbI K JPYroMy, MOKET pacxojoBaThCi HA MEXaHHYECKYI0 paboTy, mo-
ATOMY:

Rosp. = (dQ1—dQ;)/dQ:< (T1— T2)/Ts. (1.40)

N3 ypaBaenuit (1.39) u (1.40) BeITEKaeT, YTO B M30JIMPOBAHHBIX CHCTEMaxX JH-

TPONUSL COXPaHSET MOCTOSHHOE 3HAYCHUE dS > 0y npu 11000M HEOOpaTUMOM MPO-
necce. JlroOass wW30nMMpoBaHHAs CHUCTEMa CaMOIIPOW3BOJIBHO TpaHCHOPMHUPYETCS B
HaTpaBJICHUH YBEIMUCHHUS YHTPOIIHH.

CtpeMiieHrE SHTPOIUH CUCTEMBI K MAKCUMAJIbBHOMY 3HAYCHHIO CBUICTECIBCTBYECT
0 MpHUOIMKEHNUHU TIPOIEecca B CHCTEME K PAaBHOBECHIO.

[Tpu M30TEpMHUUECKOM TEPEX0/Ie BEIIESCTBAa U3 OJHOHN (ha3bl B IPYTYIO SHTPOIHS
W3MEHSETCS B COOTBETCTBUH C YpaBHEHUEM

AS = Sg— S = Lyep/ T, (1.41)

rae S, — dHTpomus Ol-(hassr;
SB — SHTPONHUS B-(ba%l;
Lnep — TeIJI0Ta nepexoja u3 Ol-dassl B dazy B;
T  —temmeparypa ha30BoOro NpeBpalIeHHs BEMIECTBA.

B ces3u ¢ Te, uro S sBisercs momHsvM muddepeHunanom, To ero U3MEHEHUE
IIPYU [IEPEXOJE U3 OJTHOTO MPOU3BOJIBHOTO COCTOSIHHS B IPYTO€ PABHO PA3HUIE BEJIMYNH
OHTPOIMU B OTUX YCIIOBUAX U HE 3aBUCUT OT IIyTHU MEPEXOA:

T T
2 2 dQ
dS = | —<=AS, —AS..
Tfl Tj T T, T (1.42)

H3BecTHO, 4TO dQ = cdT, rme C — remmoémrocts BemecTs.
C yuérom 3TOTO0:

T, T,
j ds = j «r (1.43)
T T

B uzobapuyeckom mpouecce B 3toMm ypasaennn C = Cp, a B H30XOpUYECKOM —

C = Cy. s u3o0apudeckoro mporecca HaxoaeHue u3MeHeHus sHrpormu (1.42)
IPOU3BOMAT [0 YPABHEHHUIO:
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Toc,dT c
p _ p

ST2 - STl =-i_[ ST = ST1 + I—dT

1

T 1T (1.44)

B Tabmmiax TepMOIMHAMUYECKUAX BEJIMYWH 3HAYEHUS YHTPOIUU MPUBEICHBI IS
CTaHAAPTHBIX yCIOBUU. /[ mpyrux TemiepaTyp SHTPOMHS PacCUUTHIBACTCS 1O (hop-
MyJie (¢ Y4ETOM aJUIOTPONMYECKUX MTPeoOpa30BaHUN)

o C
ST = 8298+ J‘?p dr. (1-45)
298
Ecnu B uHTepBasie Temneparyp ot 298 no T umeroTcsa ajuioTpoIHYecKue mpeoo-
pa3oBaHUs, TO CIAEAYET YUYUTBIBATh UX SHTPOIUIO, KOTOPAsl paBHA TEIJIOTE IPeoOpa3o-
BaHU, ACIEHHON Ha TeMIepaTypy, pU KOTOPOH OHO HpoTekaeT: Que,/T. DHTpommio
BElIEeCTBa Mpu TemrepaType T MOKHO paccuuTath 1o popmyse

Tnep Te Tucn
CpadT n Lnep J' CpﬁdT Ln/z + J.Cpde + Lucn +

0 0
S:=9,t +
! 2 2‘!.8 T nep Tnep T Tnﬂ Tnn T Tucn
L dT 1.46
LN (1.46)
T

Tucn

rae Cpa 141 CpB — U300apHUECKHe TEMI0EMKOCTH (a3 Ol u B;
T rep — TeMIieparypa nepexoja u3 ¢gasnl Ol B hazy [3;
L rep — TEIJI0Ta mepexojia BeiecTra u3 gassl OL B Gazy [3;
Liiw Lycn  — TennoTs nnasnenus n ncnapenus;
Cp>K u Cpr — n300apuvecKue TEMI0EMKOCTH KUIKOCTU U rasa;

Tunu Tuen  — Temnepatypa nnasneHus u ucmapeHus.
W3mMeHeHne 3HTPOIUHU TpoIiecca, MpoTeKarolero corjaacHo peakiuu (1.22), pas-
HO PEaKUUU MEXAY CYMMOHW SHTPOIHMM KOHEUHBIX BEHIECTB U CYMMOW SHTPOIMUH HC-
XOJIHBIX BEILECTB:

AS =Sgr =Sy =(6,Sg7 +6,551 +63551 +...) —

—(a,S,; +a,5,; +a,5,, +..); (1.47)
19 AT 29 AT 39 AT

rac SAlT, SAZT, SA3T; SBlTa SBzT, SBBT — COOTBCTCTBCHHO, SHTPOIIMK BCUICCTB

A1, Ay, Az, Bq, By, B3 nipu Temneparype T;
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Sar ¥ Sgr — cymMbI sHTpOnHit BemecTB rpymmbl A u rpymmsl B mpu Tem-

neparype 1.
W3 3HaHMi 110 BIUSIHUIO OOPAaTHMOCTH TIPOIIeCcCa Ha BEIMYUHY SHTPOIUHA MOYKHO
BTOPOM 3aKOH TEPMOJMHAMUKHU CHOPMYITUPOBATH TAK:
menioma He MOXMcem CAMONPOU3B0JIbHO nepedasamvcsa om mena 0onee xo-
JI00H020 K meny 0o0jiee méniomy, WIA
HeBO3MOMCeH npouecc, eOUHbIM pPe3yIbmamom Komopoz2o 0viio 0vl npeodpa-
308anue meniomol 6 padomy.

1.6 TepmoauHaMn4ecKue MOTEHINAJIBI

CBapouHble TMPOLECCHl MPOTEKAIOT B YCJIOBUSAX OOMEHHOTO B3aWMOJICHCTBUS
MeXay (dazamMu U CpeloH, T.e. CHCTeMa, TPUHUMAIOIIAS YIaCTHE B CBAPOYHOM TIPOIIEC-
ce, He SBJISIETCSl U30JMPOBAHHOM. JI71s1 TAKMX CHCTEM UCIOb3yeTcs 0osee MOAXOIAIIUMI,
YeM DHTPOIHUS, KPUTEPHUI CaMONPOU3BOIBLHOTO Mpoliecca — 3To padoma npouecca. Ec-
JIM MPOIECC MPOTEKAET MPHU MOCTOSSHHOW TeMmIepaType, TO MakcumaiabHas paboTa, mo-
JydeHHas Ipu 00paTUMOM IIPOTEKAHUM €ro, SBisSeTcs (QYHKIMEH cOoCTOsSHUSA. TepMo-
JTMHAMUYECKasi BO3MOKHOCTh CaMOITPOM3BOJIBHOIO MPOTEKaHUs IIpoliecca onpeacisieT-
Cs1 3aKOHOM U a0COJTIIOTHOM BeIMUMHON nm3MeHeHus dHeprun [ mooca AGr, uim 3Heprun
I'empmronema AFy, B mpomecce, nmnpotekaromeMm  (M3MEHEHHUS  HM300apHO-
HM30TEPMHYECKOTO WJIM H30XOPHO-U30TEPMHUYCCKOTO0 TMOTEHIIMAIOB) IMPHU TMOCTOSHHOM
TemIeparype.

N3 onpeneneHusi BHYTPEHHEH HEPIUU CUCTEMBI BBITEKAET, YTO OHA COCTOUT U3

YacTH CBOGOIHO M3MeHsomIeiics — cBoboauoit BHyTpenneii sueprun (AF wm AG) u

CBS3aHHON BHYTPEHHEH SHEPTHH, He M3MeHsomelcs B mponecce (AV).
B uzoxopuueckom mpoiiecce, coriacHo ypaBHeHuo (1.4),

AQy =AU = AF + Av. (1.48)

B n3o0apuueckom npouecce, cornacHo ypasHeHuto (1.11),

AQp = AH = AG +Av, (1.49)

rae AG — cBoGoHAs BHYTPEHHSS SHEPTHSL;

AV — cBsI3aHHAs BHYTPEHHSS SHEPIUS.
Ecnu mpouiecc mpoTekaeT mpu MOCTOSHHOW TeMIIepaTrype, TO COrJacHO ypaBHe-
Huto (1.38) cBsi3aHHAs YaCTh SHEPTUU ONPEAEIISIETCS TaK:

Av = T,S. (1.50)

C yu€rom ypaBHenus (1.50) ypaBuenus (1.48) u (1.49) npuHuMaroT BUI;
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AU = AF + T\S; (1.51)

AH =AG +T\S. (1.52)

W3 sTux ypaBHEHHI orpenesnseTcs: CB0OOIHAs YacTh BHYTPEHHEH 3HEPTUU, KOTO-
pas sBnsercs Tepmoauaamudeckumu notenmmanamu (AF um AG):

AF = AU — TjS; (1.53)
AG = AH — T)S. (1.34)

CB00OOHAs 9acTh HEPTUHU MIPOLIECCA, IPOTEKAOLIETO IPU IIOCTOSIHHON TeMIepa-
Typ€ U MOCTOSIHHOM 00bEMeE, Ha3bIBaeTCs 3HEprueil I 'enpmromnpua:

F=U-TS. (1.55)

CBoOo/iHast 4YacTh BHYTPEHHEH SHEPTUM B M300apUUYECKOM MPOIECCE U MPHU TMO-
CTOSIHHOM TeMIlepaType Ha3bIBaeTcs Heprueit [ mbobca u pasHa

Q=H-TS. (1.56)

Kak sHTanenus oTiMyaeTcs oT BHYTPEHHER 3HEpruu, Tak u sHeprus ['nb0ca oT-

JaM4YaeTcs oT dHepruu ['enbMroibsla Ha BeIMYuHy PV.

Oueprun ['n66ca u I'enbMrosibla ABISIOTCS TAKUMHM XapaKTEPUCTHUKAMHU B TEp-
MOJIMHAMHUKE, KOTOPBIE, COBMECTHO CO CBOMMU MPOU3BOJIHBIMHU MO COOTBETCTBYIOLIUM
W3MEHEHUSIM, TO3BOJISIIOT OMPENECTATh, B KAKOM BHJIE BBIPA3UTh TEPMOIUHAMUYECKUE
CBOMCTBA cucTtembl. Hanuuune cBA3M MEXQy HUMHU U APYTUMH CBOMCTBAMH CHUCTEMBI, B
YaCTHOCTH, NOAJAIOIIMMHUCS IPSAMOMY H3MEHEHUIO, MO3BOJIIET OTHOCHUTENIBHO JIETKO
HaxOJUTh YHCIICHHBbIC 3HaueHUs dHepruil ['mob6ca u ['enbmrombiia. 9T0, B CBOIO OUe-
pelb, Ta€T BO3MOXKHOCTh IIIMPOKO KCIOJIB30BaTh UX B PA3HBIX TEMIIEPATYPHBIX pacué-
Tax.

Ecnmu B ypaBuenusx (1.53) u (1.54) 3HaueHus: BEIMUMHBI BHYTPEHHEH SHEPTUU,
SHTAIBIIMA W DHTPONMM  B3STh  JUISL  CTAaHAAPTHBIX  YCJIOBUM,  T.€.

0 0 0
AU AN H JIRRYAN S 2087 TO MOXKHO onpeznenuts 3Heprun ['nboca u I'enpmronbua 1

ATHUX YCJIOBUM:

AF%05= AU%q5— TaS s, (1.57)
AG®506=AH 305~ TrS 505, (1.58)

0 0
Jns mpocThix Bemects (xumudeckux Beriect) AF 2g9g 1 AG pgg mpunumMarorcs
paBHBIMH HYJIO. J[JIsi XUMHUYECKUX PEAKIMI 3TH BETMYUHBI OIPEIEIAIOT CyMMUPOBaHH-
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€M HalJIEHHBIX 3HAUYEHUN 3TUX MOTEHLIUATIOB JJI1 COSAMHEHUHN, MPUHUMAIOIINX YYaCTHE
B peakuuu. [Ipy 3TOM COOTBETCTBYIOIIME BEJIMYMHBI JJIsl BEIIECTB, CTOSIINX B MPABOM
YacTH ypaBHEHHUsA, OepyT co 3HakoM "+", a /Jid BellecTB B JIEBOM YaCTH - CO 3HAKOM

" Hanpumep, mis peaxkumu FEO + C = Fe + CO B o6mem Bune monyuum:
0 _ 0 0 0 0
AG 298pcamm = 2 AG 298re ¥ AG 298c0 - AG 208re0 - AG 208¢. (1.59)

Ho, Tak xak AG0298C = AG0298|:e = 0, to Bepaxenue (1.59) npuUHUMAET BU]
0 A0 0
AG 298pearum = AG 208c0 - AG 298rc0. (1.60)

Pacuétnl ITOKA3bIBAIOT, YTO BCIINYHNHEI F u G B O6paTI/IMI)IX Imponecccax HC U3MC-
HAKOTCA, 4 B H606paTI/IMLIX mponeccax MOryT TOJIbKO YMCHbIIATBCA. HpI/I 9TOM YCJIOBHU-
€M PABHOBCCHA ABJISICTCS HX MUHUMYM. Takum 06pa30M, HN30TCPMUYICCKHUC ITOTCHIUAJIBI
XapaKTCPU3YIOT HAIIPABJICHHUC CAMOIIPONU3BOJIBHBIX ITPOLCCCOB U IPEACIT UX ITPOTCKAHUA
I N30TCPMHUUCCKUX YCHOBHﬁ.

1.7 MakcumajbHasi padoTa nmpouecca

Temnora Imponccca 3aBUCUT OT YCJ'IOBI/Iﬁ IIPpOBCACHU:A, IIOOTOMY IIPH H606paTH-
MOM IIpOHECCCC CTAHOBUTCA CIIPABCIJIMBBIM HCPABCHCTBO

AS> T (1.61)

s ob1iero ciydast IpoTEKaHUsT 0OpPAaTUMBIX U HEOOPATUMBIX MPOIECCOB MOKHO
o0benuHUThL ypaBHeHus (1.42) u (1.61) oTHOLIEHHEM

AS> Q—f : (1.62)
B COOTBETCTBUU C MEPBLIM 3aKOHOM TEPMOANHAMUKY:
dQ =dU + dA,
Ob
Toraa AS> ? = (dU"‘dA)/T,
OTCIOZIA
TdS > dU+ dA,adU <TdS - A. (1.63)

B sTOM ypaBHEeHUUN dU u dS se 3aBucsr or 00OpaTUMOCTH UM HEOOPATUMOCTH

nponecca (U, S - dynximn cocrosuus), Ho paGota dU sasucur ot sroro. PaGora,
oOpa3zyeMasi B CHCTEME IPHU MPOTEKAHWH OOPATHMBIX IPOIIECCOB, SIBISACTCS HAUOOJb-

meit. OTo MakcuMaibHas pabota - Amax. VIMEHHO K Hell OTHOCHTCS 3HAK PaBEHCTBA B
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ypaBHeHuH (1.63). B HeoOpaTuMBbIX mpoiieccax padorta, o0Opasyromasics B CUCTEME, Bee-

r/1a MEHBIIE, YeM B 00pAaTUMBIX (A<Aax). OTHOWICHHE A/A <1 moxer CIIy>KUTb
Mepoi HeoOpaTUMOCTH Tporiecca. B To ke Bpemsi MakcuMajbHas padoTa Impolecca xa-
pPaKTEpHU3yeT XUMMHUUYECKOE CPOJICTBO AJIEMEHTOB, a M0 BEJIIMYMHE paBHA dHEPTrUH, o0Opa-
3YIOIICHCS TIPU B3aMMOJACHCTBUM YaCTeH CHUCTEMBI, HO C MPOTUBOIIOJIOKHBIM 3HAKOM.
[Tocnemnee cBsi3aHO ¢ T€M, YTO BBHITIOJTHEHHE PA0OTHI pa3pyllieHUs, 00pa30BaBIICiCS B
IpoIecCe COCTUHEHMS, JOCTUTACTCS YMEHBIICHHEM BEJIMYUHBI CBOOOJIHOWM JHEPryu
nporiecca B cucreme (3Heprun ['m66ca minn ['enpbmrosibiia B COOTBETCTBUU C YCIOBUAMU
mporiecca).
B o0miem ciyuae:

Amax = _AG KI[)K/MOJ_H), AmaX = _AF KI[)K/MOIH).

I[JISI nmpumMepa onupcaACiInM XHUMHUYCCKOC CpOACTBO I'a30B H2 141 02, BBaI/IMO,Zleﬁ-
CTBYIOIIUX B CTAaHAAPTHBIX YCIIOBUAX!

2H2 + 02 = 2H20

BennuuHbl SHTaNBOUI U SHTPOINUN I CTAHAAPTHBIX YCIOBUWA OEpEM U3 TEPMO-
JUHAMUYECKUX CIPABOYHUKOB U CBOJUM B Tabiuiy 1.1.

Oueprus ['m66ca paccuntbiBaeTcst u3 cootHouenus (1.58), a AHozgg u AS°298
JUIS 3alIMCAHHOM PEaKIUU ONPENEIAI0TCA U3 U3BECTHOIO NPAaBUIIA, COIVIACHO KOTOPOMY
M3MEHEHME DHTAJBIIMKA U SHTPOIMM IIPOLECCa PABHO PA3HULIE CYMM UX 3HAYCHUU JUIA
IIPOAYKTOB ¥ MCXOJHBIX KOMIIOHEHTOB IIpOlLiecca:

AH 506 = 2H 081120 — (2H0298H2 + H029802);
AS%05= 2A8% 081120 — (250298H2 + SO29802)-

Tabnuna 1.1 - 3HaueHUs TEPMOTMHAMHYECKUX CBOMCTB ra30B, Y4aCTHHUKOB
MpoIlecca, MpU CTAaHJAPTHBIX YCIOBUAX

DOyHKIUU
I'a3 H2 02 HZO (Hap)
Hozgg, KI[)K/ MOJIb
0 0 -241,51
80293, KI[)K/MOJ'IB
130,54 204,9 188,07

[Tocne moacTaHOBKU 3HAYEHUM U3 TaOIULbI 1.1 B 3TH BBIpaKEeHUS, a MOTYyUYECHHbIX
pe3yabTatoB — B 3aBUcUMOCTH (1.58), monyunm 3HadyeHus sHepruu ['mbOca nis cTaH-
JNApPTHBIX YCIOBUM:
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AG = -241,6 «Tx/mons + 86,526 «Tx/mons =—155,1 x/x/mos.

MakcumanbHas paboTa mnpoiiecca paBHa:

Amyy = -AG=+155,1 Jix/mons.

OtpurnarenbHas BennuuHa 3Heprun [ m60ca 1, COOTBETCTBEHHO, MOJIOKUTEIbHAS
BEJIMYMHA MAaKCUMaJIbHOU paOOThl MOKA3bIBAIOT, UTO MPOIIECC BO3MOXKEH MPHU 3aJaHHOU
temmnepatype (298K). A6comoTHOE 3HaUeHHEe MaKCUMaJIbHON pabOoThI Mpolecca Xapak-
TEPU3YET BBICOKOE XHMHUYECKOE CpPOJICTBO BOJOpPOJA W KHUCIOPOJAa B CTaHAAPTHBIX
YCIIOBUSIX.

1.8 3aBucumocts 3Hepruu I'md0ca oT TemnepaTypsbl

B ciydasix, korja mporiecc MpoTeKaeT mpu TemIeparypax, OOJbIINX, YeM CTaH-
JapTHAs, HE0OOXOAMMO BBOJUTH MOMPABKY Ha U3MEHEHWE SHTAIBIINNA M SHTPOIHUHA C IT0-
BEITIICHUEM TEMIIEPATYPHI.

dopmyisl 41 BBeAeHUs 3TuxX nomnpabok (1.14) u (1.45) coBMeCTHO C BbIpaXeHHU-
v (1.57) u (1.58) COOTBETCTBEHHO K M3MeHEHHI0 oxHoro u3 mapamerpos (V wm P)
Jar0T 0oJiee TOYHbIC 3HAYCHUS Z)HepFI/II/I ['u66ca npu I/IBMGHGHI/II/I TEeMIIepaTyphl:

AGT =AH % + j ACPAT —TA G0 —T j AP gt (1.64)
298 298 T

J{nsi TOYHOTO pEIIeHUs] TOr0 ypaBHEHHS HEOOXOJMMO 3HATh 3aBUCUMOCTb OT
TEMIIEpaTypbl TEIUIOEMKOCTEN BEIIECTB, IPUHUMAIOUIUX YYacTHE B IMpolecce. ITy 3a-
BUCUMOCTb MOHO BBIPA3UTh C MOMOIIbIO0 SMIUPUUYECKUX YPABHEHUM TUIA CTETICHHBIX
PAIOB:

Cp=a+BT+cT?+dT°+..., (1.65)

rae 4, B, C, d- K02 PUITUCHTHI, OIIPEIeIIIEMbIC YKCIIEPUMEHTAIBHBIM MTyTEM;

T — a6comornas Temmepartypa, K.

[Ipyu pacuéTax CpPaBHHTENHLHO YACTO BCTPEUAIOTCSA CITydYaH, KOTJa HEW3BECTHA
TOYHAs 3aBUCHMOCTh TEIUIOSMKOCTEH B3aHMO/CHCTBYIONINX BEIIECTB OT TEMIIEPaTypEI,
YTO BBIHYKJAeT NpHOEraTh K NPHOIM3NUTENbHBIM pacuétaM. JOCTaTOYHO TOYHBIE pe-
3yJIBTAThl MOKHO TIOTY4HTh, ecnu cuntath, uto ACP He 3aBuCHT OT Temmepatyphl, U
6paTh cpeqHee 3HAUCHNE TETIOEMKOCTEH B 33 JaHHOM MHTEpBaJIe TEeMIEpaTyp, WId JIs

o 0
CTaHJAPTHBIX YCIOBUMN — AC 208.
Torna:

1 T dT
AGT =AH % ~ASSeT +AC398T(? dT — j (1.67)

298 298
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Eciu pa3sHOCTb MHTErpanoB B ypaBHeHnH (1.67) 0603HaunTs yepes My, T.e.:
1T T dT
My== [dT - [ —, 1.68
07 | | = (1.68)

10 BBIpaxkenue (1.67) MOKHO 3amKcaTh TaK:
0 0 0
Ecnu pelmTh IpocThie HHTErpasl B ypasaenuu (1.68), To momyunm, 4ro

M, = in(——)+ 2282 4
2082" T

(1.70)

0 o o
Bemnunna AC 298 TM siBistercst BeicokoTemmeparypHoit monpaskoit mast AGr,
KOTOPYIO MHOIJA Ha3bIBAIOT MompaBKoi Yimxa. Eciaum 3apaHee 3amaThCsl 3HAYCHHSIMH

TemmepaTypsl, To M MOKHO paccuuTaTh 1715 pa3HbIX Temmeparyp. 3aBucumocts Mg u
MgT or remneparyps! npusenena Ha puc. 1.3. 3Has ans 3agaHHOl TemnepaTypsl Mo u

MOT, MOJHO JICTKO paCCUUTATH IIOIIPABKY Vnﬂxa, KOTOpas CyYICCTBCHHO BJIMACT Ha

OIIPCACIICHNEC BCPOATHOCTH IIPOTCKAHUA IMMPOLICCCAa UM TCMIICPATYpPbI, HAYNHAA C KOTO-
pOﬁ IMponccC CTAaHOBUTCA BO3MOKHBIM.

PaCCMOTpI/IM 9TO Ha IIPHUMCPC AUCCOHNAINU MOJICKYJIAPHOIO BOAOPOAa, KOTOpPAd
IIPOUCXOAHUT I10 3aBUCUMOCTH:

H, S 2H.

MOT A AMO
MoT
\
10000 [ / 12,5
8000 [

2.0
6000 [ ,//Q 1S
4000 | Mo 1.0
2000 [~ 10,5
} ) t > 0

0 2000 4000 6000 T.K

Pucynox 1.3 — 3asucumocts Mo u MgT or Temnepatypsi
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s Hy u H umeem cnenyromue enmunnsl TepMoanHaMuueckux GyHKIUHA IS
CTaHJApPTHBIX ycaoBui (Tadma. 1.2.).

Tabnuna 1.2 - 3HaueHue TepMOAMHAMUYECKUX CBOMCTB MPU CTaHIAPTHBIX
YCHOBUSAX JJIsl yYYaCTHUKOB MpoIecca.

I'a3 Hozgg, kJ>k/MOJIBb 80298, Jlx/moib K Cozgg, Jlx/moib K
H, 0 130,2 28,4
H +216,4 144,2 20,7

N3meHeHus B pe3yijibTaTe AUCCOalvu MOJICKYJIIPHOIO BOOAOPOAAa €TI0 SHTAJIb-

07071 AH0298, SHTPOIUU A80298 U TEIJIOEMKOCTH Acpozgg IpU CTaHAAPTHBIX YCJIO-

BUAX MPOTEKAHUSI MPOIIecca pacCuMTanbl 1Mo 3aBucumMoctsMm (1.17), (1.47) u (1.29).
Pe3ynbpTaThl pacuéToB npuBeneHbl Ha rpadgukax (puc. 1.4), rae kpusas 1 paccuu-

TaHa ¢ YYETOM BBICOKOTEMIIEPATYpHOH TIOMPAaBKU W C JOIMYIICHUEM, YTO

_ 0
ACp—ACp 208, T.€. HE 3aBUCHUT OT TEMIIEPATyphl, & KPUBas 2 MOJy4YeHa B pE3yJIbTaTe
pacyeToB 0€3 HCIOIb30BAHUS BBICOKOTEMIIEPATYPHOM MOMPABKHU.

AGt, JIx \
400 [ \

300 |
200
100 |}

N R
™2000] 40 000 >
~100 L \Q\ T.K
—200 | AN

~300 L
_400 |

[

Pucynok 1.4 - 3aBucumocTb AGr ot TeMIIEpaTyphl ISl TpoLecca JUCCOLUALUN
MOJIEKYJIIPHOTO BOAOPOIa
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2 Paznen 2. XUMNYECKAS KUHETUKA 1 PABHOBECHE TTPOLIECCOB.
KATAJIN3

2.1 CkopocTh XMMHUYECKUX PeaKIui

VYueHne 0 CKOpOCTH XMMHUYECKUX PEAKIINNA HA3bIBAETCS XUMUYECKON KUHETUKOM.

[Tox CKOPOCTHIO XMMHMYECKOW PEaKUWH MOHUMAIOT W3MEHEHUE KOHLEHTPalWH
OJHOTO M3 PEATHPYIOIIMX BELIECTB B €AMHUILY BPEMEHU. Tak Kak BCE BEIIECTBA, PHU-
HUMAIOIIHNE y4acTHe B PEAKIMH, CBA3aHBI MEXIY COOOM ypaBHEHHUEM DPEAKIUH, TO HE
MMEET 3HAYCHUS, JJIsl KAKOTO M3 3THUX BEIIECTB OMPENEISACTCS CKOPOCTh peakuuu. [1o
M3MEHEHUIO KOHIICHTPAIIUUA OJTHOTO M3 BEIIECTB MOXKHO CYJIUTh 00 M3MEHEHUH KOHIICH-
TpalUu APYTUX YYACTHUKOB PEAKIHMU. ECIM KOHLIEHTPALUIO BBIPAXKATh B MOJIAX HA 1 T
(1 xr), a BpeMs — B CeKyHJIaX WJIM 9acaX, TO CKOPOCTh PEAKIIMH BBHIPAKAIOT B MOJIB/TC
WIH MOJIB/T 4. PacCMOTpHUM CKOPOCTh peakiuu, mpoTekatomiei no ypasHenuto (1.17):

A+Bo C+ .

[To mepe pacxooBaHuUs BEIIECTBA CKOPOCTh PEAKIIMM YMEHbIIIAETCA, KaK MoKa3a-
HO Ha puc. 2.1.

C A
V=AC/At;
Cy
C
C,
At
_ A R

tz tl t

Pucynok 2.1 — I3MeHeHrne KOHIEHTPAlMU PEarupyronmx
BEILIECTB BO BPEMEHHU

CKOpOCTh peaklMi MOKET OBITh ONpeJereHa TOJbKO JUIsi KOHKPETHOIO IMpoMe-
KyTka Bpemenn. Tax, mus mpomexytka At = t, - t usmenenne xonnenTpammu co-

craBmsier AC = C, — Cy, a cpennsis ckopocts peakuun V paBHseTcs:

v__ic

At
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He oOpaiasi BHMMaHHUs HAa TO, YTO KOHIIEHTpAllMs BeIECTBA A MMEET OTpulia-
TEJIbHOE 3HAYE€HUE, CKOPOCTh PEAKIIMU MOXKET OBITh TOJIBKO MOJIOKUTEIbHONU BEIUYU-
HOM. A eciiu clieoBaTh 33 U3MEHEHHUEM KOHIICHTPALUU OJHOTO U3 MPOAYKTOB PEAKIIHH,
TO OHA BO BpeMs peakuuu OyJieT yBEIMYMUBATHCS, U MOSTOMY B MPABOM YacTH ypaBHeE-
Hus (2.1) HeOOXOAMMO CTaBUTH 3HAK «ILTIOC». [IOCKOIBKY CKOPOCTh XMMUYECKOM peak-
UM BCE BpEMsI M3MEHSIETCS, TO B XHMHYECKOM KHHETHUKE pPAaCCMATPUBAIOT OOBIYHO

TOJIEKO OJIHY HCTHHHYIO CKOPOCTh peakiuy V, IOHMMas 110]] Heil CKOpOCTh B 3aIaHHbIi
MOMEHT BPEMEHU.

CKOpOCTh XMMHUYECKUX PEAKIMI 3aBUCUT OT MPUPOJIbI PEATHPYIOLIUX BEIIECTB U
YCIIOBHM X MNPOTEKAHUSI, U3 KOTOPBIX HanboJiee BaXKHBIM SIBJISIETCS KOHLIEHTPALIMS pea-
TUPYIONIUX BELIECTB, TEMIIEPATypa U HAINYME KAaTaIU3aTOPOB.

2.1.1 BnusHME KOHIEHTPAIMN PEarupyIOIIuX BEIIECTB

JUis XMMUYeCKOro B3aMMOJEWUCTBUSA MEXIy BellecTBaMu A u B HeoOxonumo,
YTOOBI UX MOJIEKYJIbl CTOJNIKHYJIUCh. Uem Ooublile 3THUX CTOJKHOBEHHUH, TeM ObIcTpee
MPOUCXOAUT peaKklusi, a YUCIO CTOJIKHOBEHHM TeM OOJbIlle, YEM BbIIIE KOHLEHTPALUs
pearupytomux BeniecTB. OTCI0a BEITEKAET OCHOBHOM 3aKOH XMMHMYECKO0l KMHETUKH,
c(hOpMyITUPOBAHHBIA HA OCHOBE HIMPOKOTO IKCIEPUMEHTAILHOr0 Marepuana. OH ycra-
HAaBJIMBAET 3aBUCUMOCTh CKOPOCTH PEAKIMH OT KOHLIEHTPALUU PEarupyroninx BEIECTB
u (POpMYIIUPYETCS TaK. CKOPOCMb XUMUYECKOU peaxyuu NponopyuoHAlIbHA KOHYEH-
mpayuy peasupyroujux eujecms.

Jlnst peakiu (1.17) 3TOT 3aKOH BbIpaXkaeTcsl ypaBHEHUSAMHU

Vl = chACB
u (2.2)
Vz = KzCCCI[,

e C As CB, Cc u CI[ — MOJISIpHBIE KOHIIeHTpauuu Bemects A,B,C u [;

K u K> — Ko3(PUIMEHTHI MPONOPIMOHATBLHOCTH, Ha3bIBAEMBIC
MOCTOSTHHOM CKOPOCTH PEaKIINU.

Ecnu B35Th KOHIIEHTpaMK PEarupyrolnux BEIIECTB PAaBHBIMU 1, TO MOCTOSIHHAs
CKOPOCTH PEaKIIMi paBHA CKOPOCTH PEAKIINHU, TO €CTh MOCTOSTHHASI CKOPOCTH PeaKIuu
— 9MO CKOPOCMb peaxkyuu npu KOHYEHMpayuu Kaxcoo20 U3 peazupyroujux eeujecms,
pasHoti 1 monv/n. Camo MOHSITUE CKOPOCTU PEAKIIMU OTHOCUTCS K JAHHOM peakiuu, a He
K OTJEIbHBIM pearupyromnmm BemecTBaM. OUeBUAHO, YTO JJIA KaXXIOW pEeakluu Mpu
MOCTOSIHHOM TEMIIEPATYPE €€ MOCTOSAHHASI CKOPOCTH SIBJISIETCSA BEJIMYMHON MOCTOSHHOM.
Ecnu 3HaTh KOA(PUITMEHTHI CKOPOCTU PEAKIIMU, TO MOKHO CpaBHUBATh CKOPOCTU XH-
MHUYECKOTO B3auMOjecTBUs BeimiecTB. [locTossHHAsT CKOpPOCTU pPEaKlMM 3aBUCUT OT
TeMIepaTyphl U OT MPUPOJIbl PEaruPYIOIIUX BEMIECTB, HO HE 3aBUCUT OT UX KOHIIEHTpa-
LIUH.

VYpaBHenue tuna (2.2) Ha3pIBAIOT KUHETUYECKUM YpaBHEHUEM peakiuu. s pe-
aKINH, UMEIOIIEH CTEXHOMETpUUeCKre KOd(PDHUITUESHTHI U 3aITUCHIBAIONIEHCS B BUJIC
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aA + bB < cC +dD, (2.3)

KMHETUYECKHUE YPABHEHUS UMEIOT BU;
- I IPSIMOM PEaAKIINHU:

V, = K,CCq . (2.4)
- 11 00paTHOM PeaKIuH:
V, = chécg, (2.5)

rae @, b, C, d - crexnomerpuueckue K03(OHUIMEHTH COOTBETCTBYIOIIMX PEArHt-
PYIOIINX BEILIECTB.

B xuHeMatuueckux ypaBHeHUsX (2.4) u (2.5) KOHIIEHTpAIlUU pearupyromnmx Be-
IIECTB BO3BOJSAT B CTEIIEHb UX CTEXHOMETPUUYECKUX KOI(DPUIIMEHTOB.

TBepable BeliecTBa pearupyroT TOJIbKO Ha MOBEPXHOCTH, U MMO3TOMY UX KOHIICH-
Tpalus B IPOLECCE PEAKIMH OCTAETCS MOCTOSIHHOM. B 3TOM cilyuae cKOpOCTh peakuuu
IPONOPLUOHANIbPHA KOHLIEHTPAIMK TOJBKO BEIIECTBA, HE HAXOJSAIIETOCS B TBEPAOM CO-
ctossHun. Hammpumep, a1 peakiuu

C+ 02 = COZ
KHHETHUYCCKOC ypaBHeHI/IC HUMECT BU
VvV =K/C0O, K =KCg, (2.6)

rae K — koadunument ckopoctu peakimu;
Cc — KOHIIEHTpAIHUSI TBEPIOTO YIIIEPOIA.

2.1.2 Bnugaue temiepaTypsl

3aBUCHUMOCTh CKOPOCTH PEAKIMU OT TEMIIEpaTypbl OMPEAENAeTCS MO MPABUITY
Bant-T'odda, cormacHo koTopoMy C MOBBIIIIEHHEM TeMmIiiepaTypsl Ha 10 rpagycoB cko-
POCTh OOJBIITMHCTBA PEAKIIMI BO3pacTaeT B 2-4 paza. MaremaTHuecku 3TO BbIpayKaeTcs
COOTHOIIIEHUEM:

T-T,
10

rme V1, V19 — ckopocTH peakiuii, COOTBETCTBEHHO, TP KOHEYHOH TeMiepa-

V=V Vv (2.7)

type T n HauambHOI Temmneparype 1o;
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V  — teMmneparypHbliid KO3QPUIIMEHT CKOPOCTH PeaKlMy, MOKa3bIBAIOIIHM,
BO CKOJIBKO pa3 BO3pacTaeT CKOPOCTh PEAKIMU C MOBBIIICHUEM TEM-
nepaTyphl pearupyronux BeuiecTB Ha 10 rpagycos.
[IpaBuno Baut-I'odda sBisercs npuOIMKEHHBIM, U €r0 MOKHO HCHOJIb30BaTh
TOJIBKO JJISi OPUEHTUPOBOYHOM OLICHKW BIIUSIHUS TEMIIEpaTyphl HA CKOPOCTh PEAKIUH,
YBEJIMYUBAs TOCTOSIHHYIO CKOPOCTH.

2.1.3 DHeprus akTHUBalU

CoryracHO TeOpUHU aKTHUBAIMHM B XUMHUYECKOE B3aMMOJICHCTBHE BCTYIAIOT TOJIBKO
AKTUBHBIC MOJIEKYJIBI, KOTOPHIE MMEIOT JSHEPTHIO, JOCTATOYHYIO JJIS OCYIICCTBICHUS
JTAHHOW peaknuu. AKTUBHOCTh MOJIEKYJ MOXXHO TIOBBIIIATH MPHUIAHUEM UM OTIOJTHH-
TEIBLHOW SHEPTHH — ATOT MPOIIECC HA3BIBAIOT aKkTHUBamue. OIHUM U3 CIIOCOO0B aKTH-
BaIlMH SIBJISIETCS TIOBBIIICHUE TEMIIEPATypbl. DHEPIHs, KOTOPYIO HEOOXOIUMO TPHUIATh
MOJIEKYyJIaM PearupyroIux BEIIEeCTB, YTOOBI MpeoOpa3oBaTh UX B aKTHBHBIC, HA3HIBACT-
cst sHepruei aktuBanuu — E,. BennuwHa ee 3aBUCHT OT MPHPOIBI PEArMPYIOIINX Be-
IIECTB U SBIICTCS OJTHAM M3 ITapaMeTPOB, OMPEACIISIONINX CKOPOCTh peakiuu. [Ipu ma-
j0M 3HaYeHud E, ckopocTh peakiuu 6oJbiiie, YeM Ipu OOJIBIIOM.

Jlnst Toro utoOnl pearupyronue semectsa A u B (ypasuenue (1.17)) o6pazosanu

npoaykrsl peakiuu C u I, onn moiskHBI npeogoners sHepreTrdyeckuii 6aprep ML
(puc. 2.2).

L

A+B
AH

C+]I

v

M — sHepreTnueckoe cocrosHue cucTeMsl 10 peakiuu; N — sHEpreTuueckoe cocrosHue
/
CHCTEMBI Tocje peakiyu; E, — osHeprus akrusaiuu npssmMoro mpouecca; B, — sHeprus

akTuBaMu oOpaTtHOro mpouecca; L — axrusuposannbii xommiexkc; AH — temmosoit
addekT peakiuu

PucyHok 2.2 — MI3MeHEHNE SHEPTUU PEATUPYIOLIEN CUCTEMBI B TCUEHHE BPEMEHU
ee MPOTEKaHUs
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Ha s10 3aTpaunBaeTcs 3HEprus akTUBANWHU [,, Ha BeIMYMHY KOTOPOM yBEIHYH-
BaeTcs 3HEprus cucteMel. [Ipyu 3TOM BO BpeMs peakUUy U3 YACTHL] PEarupyrolux Be-
mecTB o0pa3yeTcs HEeCTONKas TPYIIHMPOBKA, Ha3bIBacMasl MEPEXOJHBIM COCTOSHHUEM,
WM aKTUBHPOBAHHBEIM KOMILIEKCOM (Touka L), mociemyrommuii pactan KOTOporo mpu-

BOAUT K obpasosanuio npoaykros peakuuu C u JI. Eciu B pe3ynbrare pacrnana akTu-
BUPOBAHHOTO KOMIUIEKCA BbIACNSIETCS OOJIbIlIe SHEPTUH, YEM 3TO HEOOXOAUMO JUIS aK-
THUBAIIMM MOJIEKYJI, TO peakius OyAeT SK30TepMHUUYECKON, B POTUBHOM CIIy4ae — SHJ0-
TEPMUYECKOM.

[IpumMepoM 3HIOTEPMHUYECKON peaKIMu MOKET ObITh 0OpaTHBIN mpoliecc oOpa-
soBanus u3 Bemects C u J[ Bemect A u B. B sToM cityyae yacTHYHOMY COCTOSIHHIO

CHUCTEMBI OTBeYaeT ypoBeHb dHepruu N, koneunomy — M, a dHeprus akTMBamUM CO-

crapisier B, + AH. Jlns nmporekanust sHIOTEpMUYIECKUX peakiuii He0OXoauMo Oec-
HPEPHIBHO BBOAUTH YHEPTUIO U3BHE.

[Tpu 3a1aHHON KOHIIEHTPAIMK pPearupyroIInX BEUIECTB CKOPOCTh PEAKIIUU XapaK-
Tepusyercs nmoctostuHoi ckopoct peaknuu (K u Ky, cormacuo ypasuenuto (2.5)), 3a-
BUCAIIEH 0T Temmneparypbl. CleoBaTeNbHO, A HAX0XKICHUS 3aBUCUMOCTUA CKOPOCTH
peakiuy OT TeMIEPaTyphbl TOCTATOYHO ONPEAEIUTh TEMIEPATYPHYIO 3aBUCUMOCTD I10-
CTOSIHHOM CKOPOCTH peakluu. JTa 3aBUCUMOCTh UMEET 3KCIIOHEHIUAIBHBIN XapakTep U
BBIPAYKAETCs 3aKOHOM AppeHunyca:

Ea
K = Koex = RT |- (28)
rne Ko — smmmprueckas mocrosanas.
Jlorapudmupys ypaBHeHue (2.8), mosyuyum
E. 1
InK:——a—+InKO (2.9)
RT ' '

VYpaBuenue (2.9) BelpaxkaeTcs NpsMON JIMHHEN B KOOpJAMWHATAX InK _? (puc.

— a
2.3) ¢ TaHreHcoM yria Hakiona Q& = R DT0 1Mo3BOJIsAET rpadUueCcK ONPEAEIUTh

sHepruro akTuBanuu E, u mocrosunyro Kq 1o manusiM ueciieroBanmid.
DHeprusi aKTUBAIIMU MOXKET ObITh HaiIeHa W3 JIBYX 3HAYCHHUI MOCTOSHHBIX CKO-

poctu pannoi peakuun Kty u Ko ipu neyx temneparypax T, u T, u3 ypaBaenus

K, E, 1 1
In—f - _Ze (= -2
KTZ R T, T,

KOTOpPOE BBITEKAET U3 BbIpaxkeHus (2.9).
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InK?t

T

1

Pucynok 2.3 — 3aBucumocts InK ot E

VYpaBaenue Appenuyca (2.8) 0JJMHAKOBO MOYKHO IMPUMEHHUTH KaK K PEaKIusIM
BEIIIECTB, HAXOJAIIUXCS B Ta30BOM COCTOSIHMH, TaK W K PEaKIUsAM BEIIECTB, HaXOs-
IITUXCSl B pacTBOpax.

Huddepennupys ypaBHeHue (2.9), MOXXHO 3amucarh 3aKOH AppeHuyca B Iud-
bepennuanbHoM Gopme:

dinvV._ E,
dT  RT*"

(2.10)

OTtcroa BUAHO, YTO MOCTOSIHHAS CKOPOCTH PEAaKLUH, a, CIEIOBATEIBHO, U CKO-
POCTh PEaKIMH, 3aBUCAT OT TEMIIEPATYPHI.

dU3NYECKUl CMBICT 3HEPTUN aKTHBAIIMM MOXHO OOBSCHUTH CIEIYIOIIUM 0Opa-
30M. Jlyig Hadasna peakuy HeoOXOJUMO CTOJIKHOBEHHE pearupyromux Moiexkyn. OaHa-
KO HE BCE€ CTOJIKHOBEHUS MEXAY MOJIEKYJIaMHu MPUBOAST K peaklnu Mexay HuMH. Eciu
OBl BCE CTOJIKHOBEHUSI MPUBOJMIIMN K MOSIBICHUSAM PEAKIIMH, TO BCE PEAKIIMU POTEKAIH
Obl MTHOBEHHO. B peakuusx, MpoTeKarluX ¢ KOHEYHOW CKOPOCTBIO, YUCIIO CTOJIKHO-
BEHMI MEXy MOJIEKYJIaMH, PUBOJSIIEE K XUMUYECKOMY B3aUMOJCHCTBUIO, COCTABIIS-
€T TOJBKO YacTh OOIIEro Yucia CTOJKHOBEHUH. D((HEKTUBHBIMU OKa3bIBAIOTCS TOIBKO
CTOJIKHOBEHHMS] MEXAY aKTUBHBIMU MOJIEKYJaMHU, KOTOpbIE B MEPUOJ CTOJKHOBEHHS
MMEIOT HEKOTOPBIN M3JIUILIEK SHEPTUU B CPABHEHUU CO CPEAHMM (/I TaHHOM TeMIiepa-
Typbl) €€ 3HaYE€HUEM. DHEPIrusl aKTUBALMU U SBJISAETCSA WU3JIMILIKOM SHEPIHH, KOTOPBIM
JOJDKHBI BIIQJIETh MOJIEKYJbl B IEPHOJ] CTOJKHOBEHHS, YTOObI OBITH CHOCOOHBIMH K
JAHHOMY XMMHUYECKOMY B3aUMOJENCTBUIO.

Kosdpdumuents: K B ypasrennu (2.8) 3axona AppeHnyca MOKHO TIPEICTaBUTh
KaK XapaKTePUCTUKY IIOJHOTO 4YHCJIa CTOJKHOBEHUW pEareHTOB, a MHOXXUTENb
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E

a (V)
exXp| RT - KaK JOJIIO CTOJIKHOBCHHUH, KOTOPBIC MMPOUCXOJAT MEKAY aKTUBHBIMHU MO-

JIeKyIaMu. DHEPTrusl aKTUBAIUU SBISICTCSA TJIABHBIM (DaKTOPOM, OTPEACIISIFONINM CKO-
POCTb MPOTEKAHUS XUMUYECKON PEAKIIUU.

2.1.4 TloHsTHe 0 KaTajause

[Ipu moCTOSIHHOM TemIepaType MOBBICUTh CKOPOCTh PEAKIIMM MOKHO IpHUMEHe-
HUEM KaTajlu3aTopoB, T.€. BEIIECTB, YBEIWYUBAIOIIUX CKOPOCTh PEAKIUU — MO3UTUB-
HBIM KaTauu3 WIK 3aMEJIAIONINX €€ — HeTaTUBHBIN KaTalus.

XUMHUYECKHE PEaKIMK, MPOTEKAIOUIUE NMPU HAIUYUU KaTaIu3aTOPOB, HA3bIBAIOT
KatanuTudeckuM. CaM KaTaiu3aTop B COCTaB KOHEUYHBIX MPOAYKTOB PEAKIIMU HE BXO-
TTAT.

PaznyuuaroT roMOreHHbI U TETEPOTeHHbIM KaTtanu3. B mepBom citywae pearupy-
IOIIME BEIIECTBA U KaTalu3aTop 00pa3yloT 0HO(PA3HYIO CUCTEMY - Ta3000pa3HYI0, WIH
KUJKYI0. [Ipy TOMOTEHHBIX KaTaTUTUYECKUX PEAKIUAX 00pa3yloTcs MPOMEKYTOUYHBIC
COCIMHEHHUS KaTajau3aTopa ¢ PearrupyroimM BeleCTBOM, KOTOpPhIE B JajlbHEHIIIEM pa3-
JararoTcs.

[Ipu reTeporeHHOM KaTajiM3e pearupyrolye BelecTBa U KaTalu3aTopbl 00pasy-
I0T CUCTEMY U3 pasHbIX (ha3. B »aToM ciyuae Mexy HUMH CyIIECTBYET MOBEPXHOCTH
paznena. OObIUHO KaTaIU3aTOP SIBJSIETCS TBEPJILIM BEIIECTBOM, a PEarupyromiie Bele-
CTBa — Ta3aMM WM XKUJIKOCTSIMU. Bce peakuuu npu reTeporeHHOM KaTalu3e MPOUCXo-
ISAT Ha MOBEPXHOCTU KaTajau3aTopa, MO3TOMY aKTMBHOCTh TBEPJOIrO KaTalu3aropa 3a-
BHUCHUT OT CBOMCTB €ro MOBEPXHOCTH (BEJIMYMHBI, XUMUYECKOTO COCTaBa, CTPOCHHUSI U CO-
CTOSTHUS ).

MexaHu3M JNEUCTBUS KAaTAIM3aTOPOB MOXET ObITh pa3Iu4yHBIM, HO HauboJjee
pacrpocTpaHEeHHbIH — 00pa30BaHUE MPOMEKYTOUHBIX COCAMHEHUM C OJHUM U3 pearu-

pyronmx BemtectB. Tak, ecnu Meminennyio peakuuio A + B + AB mposoauts mpu
Hanuny Kataauzatopa K, To mociaeqHuii BeTynaer B XUMHYECKOE B3aUMOJEHCTBHE C
OJIHUM U3 UCXOJHBIX BELIECTB, 00pa3ys HECTAHAAPTHOE IPOMEKYTOUHOE COEAMHEHHUE:

A+K+ AK. (2.11)

Peakuust mpoucxoauT OBICTPO, MOTOMY YTO PHEPTHUsl aKTUBAIMU ATOTO Mpoliecca
manas. Jlanee npomexyrounoe coeaunenne AK BszammoneiicTByer ¢ apyrum ucxo-
HBIM BEIIECTBOM, OCBOOOKasi TP 3TOM KaTajanu3aTop:

AK+B=AB+K 2.12)

DHEPrusi aKTUBALIMKU 3TOTO IMPOIECCA TAKKE Majlasg, MOITOMY pEaKUus MPOUCXO-
IUT C JTOCTATOYHOM CKOpPOCTHIO. ['71TaBHOM NPUYMHOW YBEIWYEHHS] CKOPOCTU pEakKIuu
[IPY HAJIMYUK KaTaJu3aTOPOB SIBIIIETCSA 3HAYUTEIBHOE YBEIIMYEHUE XUMUYECKOU aKTUB-
HOCTHU a7copOupoBaHHbIX MosieKyJl. [loa neficTBueM katanu3aropa B aIcOpOMpPOBaHHBIX
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MOJIEKYJIaX 0cl1a0eBaroT CBS3M MEXKIY aTOMaMU, U OHU CTAalOT 00Jiee PeaklMOHHO CI0-
COOHBIMHU.

Hekortopble BellecTBa CHUKAIOT WITM MOJIHOCTBIO YHUUYTOXKAIOT aKTUBHOCTD TBEP-
JIOTO KaTalu3atopa. TU BEIIECTBA HA3BIBAIOT KAaTAIUTUYECKUMHU siapamu. Kak mpumep,
MO>KHO TPUBECTU COEIMHEHUS MBIIIbsKA, PTYTHU, CBUHIIA, IUAHUCTHIE COEAMHEHMS, K
KOTOPBIM OCOOEHHO YyBCTBUTEIbHBI INIATUHOBBIE KATATU3aTOPHI.

CyIIecTBYIOT TaKke BEIIECTBA, YBEIMYMBAIOIINE JICUCTBUE KATaIU3aTOPOB peak-
U, XOTSI CAMHU HE SIBJISIIOTCS KaTalnu3aropaMu. DT BELIECTBA HA3bIBAIOT IPOMOTOPAMHU
(mpoMaunBaHUE MJIATMHOBBIX KaTadu3aTOpPOB J00aBKaMU >Kelie3a, allOMHUHUS U TOMY
oJI00HOE).

JleficTBHE KaTamu3aTOpPOB SIBISETCS BBHIOOPOUYHBIM, TaK KakK, MPUMEHSS pa3HbIC
KaTaJIn3aToOphl, MOKHO MOJIYy4YaTh U3 OJIHOTO U TOTO K€ BEIIECTBA Pa3HbIE MPOYKTHI.

2.2 XumMn4yeckoe paBHOBeCHE TOMOTe€HHOM CpeIbl

['oMOreHHOW Ha3bIBAE€TCS CHCTEMa, B KOTOPOW OTCYTCTBYIOT T'PAHMIIBI pa3jiena,
pa3zeNsIone €€ OT/eIbHbIE YaCTHIIbI, a YaCTU BCEX BEIECTB, COCTABISIONIUX TOMO-
TE€HHYIO CUCTEMY, HaXOIATCS B OJJMHAKOBBIX YCIOBHUSX TEIJIOBOTO JBUKCHUS.

[Ipu mpoTekaHuu OOpaTUMBIX PEAKIUNA BO3MOXKHBI TAKHE CIydad COOTHOILICHHUS
CKOpOCTH peakiuii (2.3):

V1 >V, — peaxius npoTekaer ciieBa HanmpaBo ¢ 06pa30BaHIEM IPOTYKTOB PEAKIINH;
V1 <V, — peakius nporekaer crpapa HaJIeBo ¢ 00pa30BaHUEM HCXOHbIX BEIIECTB;

V1 =V, — peakuus npoTekaeT oJHOBPEMEHHO CJIEBa HANPABO M CIPaBa HaJIEBO, T.C.
IIPOSIBIIAETCS TMHAMUYECKOE PACILIABIICHUE.
B sToMm ciydyae He HaOmOaeTCs M3MEHEHNE KOHIIEHTPAIMM BCEX pearupyrommx
BemecTB. st 9TUX ycnoBuit usMeHeHus aHepruu [ mb0ca db = 0.
Paccmotpum noapoduee 31oT cinyyail. [IprpaBHsiemM npaBble CTOPOHBI YpaBHEHUN

(2.5)
K1CAC = K3 CcCp,
OTKyJ1a
Mo CCik, 2.13
K, CC, © (213)

riae K¢ — nocrosinnas paBHoBecHs!, BRIpaKEHHAs Y€PE3 KOHIIEHTPALIUH.

Takum 00pa3oM, B COCTOSIHUM PABHOBECHUS OTHOIICHHE MPOU3BEICHUS KOHIICH-
Tpalui, COCTOSIIMX B IPABOM YaCTU YPaBHEHHS, K IPOU3BEICHUIO KOHIIEHTPALIUM, CTO-
SIIUX B €r0 JIEBOU YaCTH, SIBJIIETCA BEJIUUYMHOW OCTOSTHHOM.

Hns obmiero ciaydast peakuuii (2.4) onpenesieHUue MOCTOSTHHON paBHOBECHS MPO-
W3BOJUTCS U3 BBIPAKCHUS:

33



ceCe
K.=—2

KoHIeHTparuy pearupyromuyx BeIecTB sl peakiuii, mpeObIBaloOUX B pPaBHO-
BECHH, HA3bIBAIOTCSI PAaBHOBECHBIMH. [IpH MOCTOSTHHOM J1aBJICHUU MTOCTOSTHHASI paBHOBE-
CHs 3aBHUCHUT TOJIBKO OT TemmepaTyphl. OnpeeneHrue BeITUYUHbI TIOCTOSHHONW paBHOBE-
CUs JUIS 3aJlaHHOM TeMIepaTyphl MO3BOJISIET PAcCUMTAaTh PAaBHOBECHBIE KOHIIEHTPAIlUU
pearupyroImx BemecTs.

[TocTosiHHAsT paBHOBECHUSI pEaKIMM MOXET ObITh BhIpaK€HA uepe3 MaplualibHbIC
JABJICHUSI PEarupyOIINX BEIIECTB, €CIM OHU HAXOATCS B Ta3000pa3HOM COCTOSIHUH U
MOAUYUHSIOTCS. YPaBHEHUIO HJICANIbHBIX Ta30B. [l 3TOro BOCHOJIB3yeMCsS 3aKOHOM
JlanbTOHA M 00BbEJUHEHHBIM 3aKOHOM T'a30BOI'0 COCTOSIHUS:

C=—=— (2.15)

n
V RT’
rme N — guciio mosew rasa;

V - o6bem rasa;

P — mapimanshoe gasienue ra3os. JlIs pa3sHbIX ra30B 0003HAYACTCS, COOT-
BeTcTBEeHHO, PA, Py, Pc u Py,

R — I'a30Basd IIOCTOsJIHHAA,

T — Temmepatypa rasa.
Ecnu noncraBute ypaBHeHue (2.12) B ypaBaenue (2.11), To momyuum

_ PeRS (RT)*(RT)

c b o T, 2.16
PP’ QT "QT " (2.16)
WIIN
~Q+b 3 €+d ™
R, =R, @T 3¢ = K, @1 (217)
PP
rae P T papb — MOCTOSHHAS PABHOBECHS, BEIDUKCHHA 4CPE3 MApIHATLHBIC
A'B
JaBJICHUS;
AN — pasHHUIA MEXTy YHCIOM MOJIEKYJ JI€BOi M MPaBOil YaCTH XUMHUe-
ckoro ypasHenms, AN = (a+Db)—(c + d). Ecmu AN =0, T0
KC = KP-
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JIJist peasibHBIX Ta30B U PACTBOPOB 3aKOH XMMUYECKON KMHETHKHU (IEHCTBYIOIIMNX
MaccC) MOXKHO NMPUMEHHUTD, €CJIM BMECTO JABJICHUS U KOHILIEHTPALMi MCIO0JIb30BaTh, CO-
OTBETCTBEHHO, JIETYYECTh M aKTUBHOCTb. TOrja moCTOSTHHbIE PAaBHOBECUSI BBIPA3STCS

xak K nwmm K.
KaTann3aTopbl TOJIEKO U3MEHSIOT CKOPOCTh IPOLECCa, HE CMEIAs PAaBHOBECHSI.

2.3 N30TepMa XUMHYECKUX pPeaKkuni

HCCJ’IGI{OBaHI/IH OHCPI'UH I'n60ca mo3BONSAIOT OIIPCACIINTD HanOoJIee ONTHUMAallb-

Hble (PM3MYECKHE YCIOBHS IS OCYIIECTBIeH s KoHkpeTHoro mporecca — 1, P u C, t.e.
TEMIIEPATYPy, JaBJIEHUE ¥ KOHIIEHTPAIHH.
PaccMOTpYM TpU MOCTOSHHOW TeMIEpaType W JaBJE€HHH BEIMYMHY SHEPIUH

I'n66ca AG s oGpaTimoii XMMHUYECKOi PeaKIMH MeX/Iy ra3000pa3HBIMU BEIECTBA-
MU, B3ATBIMH CO CBOOOJHO BBIOpAaHHBIMU NMapLMAIBHBIMU JaBieHUsIMU. Eciau peakuus

npoTekaet cornacHo ypasHenuio (2.1), To Benmunna AG pasna

n P P°
AG =AH —TAS +RT In—5-& o1

APB

3Hak «0» IIpU KaXXIO0M U3 IIapOUaJIbHBIX ,Z[aBJICHI/Iﬁ O3Ha4acT, 4YTO OHH HC ABJIA-
IOTCA paBHOBCCHBIMMU.
O6038aUNM OTHOH_IGHI/ISI HpOI/IBBe,HeHI/II/I 9TUX HapHHUAJIbHBIX I[aBJIeHI/II/I B ypaBHC-

uuu (2.18) uepes K% re.:
0p0
KO _ I:)C I:)D
- PO PO .
A'TPB
Ompenenum st toit sxe peakuun (2.1) Bemmunny AG, ecnu oma mporekaer B
YCJIOBUSIX PABHOBECHSI:

AG=AH —TAS +RT In——— iclic
P (2.19)
A"PB
Brrurem u3 ypaBuenus (2.18) ypaBuenue (2.19):
AG =(InK’=InKp). (2.20)

DTO ypaBHEHUE HOCUT HA3BaHUE HM30TE€PMbl XUMHMYECKUX PeaAKUMid, WIN H30-
tepmbl Bant-I'oda, u gaeT BOZMOKHOCTH MPOCTICKUBATH BIUSHUE MAPIIUATBHBIX J1aB-
neHu# (KOHIIEHTPAIINIA) Ha YCIIOBUS PAaBHOBECHUS OOPATUMBIX PEAKIIHIA.
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0 — _
B cnyuae, xorga In K* = In Kp, AG = 0. 910 03HAYaeT, YTO peakuus He
MPOTEKAET, KaK ClieBa HAIIPaBo, TaK U CIpaBa HAJIEBO.

B ciiydae OTKIOHEHHs NaplUHaIbHEIX IaBieHuil oT papHoBecHbIX Benuunaa AG
MOYKET U3MEHSTHCS B IIHPOKUX MPEeax — oT «+» 10 «—», mpu atoM 3Hak AG  ompe-
nenser nanpasnenue peaximn. Ecmu AG < 0, To peakuus uner nanpaso, a ecmu AG
< 0, To peakuus uueT HANEBO.

Pasunny In KO — In Kp moxmo Hazsats pPacCTOSIHUEM OT paBHOBecHs. Uem

OoubllIe 3Ta pasHua, TeCM OobIIIe AG N TCM MHTCHCHUBHCC NOJDKHA IIPOTCKATh pCaK-
ous.

0
Jns onpenenenus IN Kp npunumaem, uro In K¥ = 0.
Taxoii ciaydail IBISeTCS BO3MOYKHBIM, €CJIM IaplUalbHbIE JABIECHHS PEArHpPYIO-
IMX Ta30B IPUPABHATH K equHMIe. Torma

AG
InK; = T (2.21)

Ecnu nepeBectu HaTypasibHbIe JOTapu(PMbl B I€CATUYHBIEC U MTOACTaBUTh YHUCIIO-
BO€ 3HAYEHUE ra30BOM IMOCTOSHHOMW, TO MOJIYYUM

« __AG
P 1914T - (2.22)

B cinyuae, ecnau BenmuuunHa sHepruu ['m60ca HEM3BECTHA, MOKHO ONPEETUTH JI0-
rapuM MOCTOSSHHOW PAaBHOBECHS IO MPUOIU3UTEIBLHON (hopMyJie, IJid 4Yero B ypaBHe-

uue (2.19) moacrasum Beipaxenue wiss AG ¢ monpaskoit Viuxa (1.69) u momyanm

Pogg

InK, = -
19147 1914 1914

0 0 AC2 M
AH298 +A8298+ 0 (2.23)

Jlnist rpyObIX pacueToB MOKHO HpeHebpeub MonpaBkoil Yiuxa u HaxoxkaeHue IN
Kp BBINOIHKTE 110 BEIPKEHHIO:

_ AHggs n Asggs
19147 1914°

InK, (2.24)

CrnenyeT UMETh B BUAY, YTO PACUETHI M0 YPABHEHHUIO U30TEPMbI PEAKIIMH JI0CTa-
TOYHO TOYHBI TOJIBKO JIJISL UJICATBHBIX Ta30B WM UCAIbHBIX BELIECTB.
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YpaBHeHHE U30TEPMbI PEAKIIUHU IIMPOKO MCIIONB3YIOTCS B (PU3NUECKOW XUMUH, B
CBSI3U C TEM, YTO OHO IO3BOJIET JEJIATh BBIBOJ O BO3MOYKHOCTU MPOTEKAHUS TOW WIH
VHOM PEaKlNHU.

2.4 PaBHOBecHE B reTepOreHHbIX CHCTEMAaX

['eTeporeHHON HA3BIBACTCSI CHCTEMA, COCTOSIIASI M3 OTACIbHBIX YacTel, OrpaHu-
YEHHBIX (PU3NYECKUMH TIOBEPXHOCTSAMU pasnena, — (a3. ['eTeporeHHple CHCTEMBl MOTYT
OBITh TTOCTPOSHHBIMH M3 OJHOTO (OJHOKOMIIOHEHTHBIC) WJIM HECKOJIBKHUX (MHOTOKOM-
MMOHEHTHBIC) BEMIECTB. UMCIO0 KOMIIOHEHTOB OMPESISCTCS YUCIOM PAa3IMYHBIX BE-
IIECTB, COCTABJISIFOIIUX CUCTEMY, HO B CBSI3M C TEM, YTO OHH MOTYT pPE€arupoBaTh MEXIY
co0o¥, HEOOXOIMMO YUUTHIBATH YHCIIO BO3MOXKHBIX PEAKIIUNA MEXIYy HUMH, T.€. YHUCIIO
KOMITOHEHTOB K paBHO pa3HUIle YHCEN pa3HBIX BEMIECTB B CUCTEME M HE3aBUCUMBIX
peakiuit Mexxay HUMHU. UHCII0O KOMITOHEHTOB HAa3bIBACTCS YUCIIOM Pa3HOTO BHAA MOJIC-
KyJI, HEOOXOJMMBIX M JJOCTATOYHBIX JJIsI TOCTPOCHUS JTaHHOW CUCTEMBI.

OO01ue ycnoBusi paBHOBECHS T€TEPOreHHBIX CUCTEM — PABHOBECHE MEXKYy BCEMU
gacTsMu ((azamu).

VYcnoBust paBHOBECHS OCTAIOTCSI TEMU e, YTO U B TOMOT'E€HHOM CUCTEME, T.€. TIpU

T =const, P=const, AG—> 0, a G— Gy

OnHako YCJIOBHME PaBHOBECHUS I'€TEPOTEHHOM CHUCTEMBlI 3aBHCUT TaKXke OT €€
CTpOEHHsI — yHclia a3 U Yucia KOMIIOHEHTOB. DTO YCTaHABJIMBAET CBSA3b MEXy Iapa-
METpaMU PaBHOBECHS, B TO K€ BPEMs OTAENIbHbIE MMapaMeTPhbl OCTAIOTCS CBOOOIHBIMU,
T.€. MOTYT 3aHUMaTh MPOU3BOJIbHBIC 3HAYEHUS 0€3 W3MEHEHUS CTPOCHUS CHCTEMBI
(uncna a3). OTa cBA3b MEXKIY MapaMeTpaMy PAaBHOBECHUS U CTPOEHUEM CHUCTEMBI BbI-
paxaercs npaBuiioMm (a3 J[x.B.I'mboca u [.I1.KoHoBanoBa, KOTOpble NPUILLIN K 3TOMY
BBIBOJTy HE3aBUCUMO:

C=K+2-0, (2.32)

rne C — gmeno cryneneii cBO6O/BI MM MTapaMeTPhl, KOTOPEIM MOKHO TIPH JIa-
BaTh JIFOOBIC 3HaUeHUs 0€3 u3MeHeHus uncia (a3 B CUCTEME;

K — YHUCJIO KOMIIOHCHTOB;,

@D — yucno a3 B cucreme.

[Ipu cBapke miaBiieHUEM (HUIUKO-XUMHUYECKUE TPOIECChl OOBIYHO MPOTEKAIOT
MEXy Ta30BOM M KUAKON (hazaMu reTeporeHHOM CHUCTEMBI: IUIAKOBOM M MeTajuIhye-
ckoi. OKCcHIbl METAINIOB U ra3bl MOTYT HaXOJUTHCS B PacTBOPE, B METAJLJIE, OKCHAAX
JIPYTUX METAJIIOB, KpOME TOTO, OHU MOTYT HAaXOJUTHCS B BUJIE MMApOB B ra3oBoil ¢aze. B
CBSI3U C OTUM yJIOOHO B XUMHYECKOM YPaBHEHUHU YCJIOBHO OIPEAEIUuTh (pa3y, B KOTOPOi
HAXOJIUTCA METAJIJI, OKCHJ MeTaJljla Wi Ta3. B MeTaqulypruu npuHSTH Takue 0003Ha-
YEHUS:

- BENIECTBO HAXOJMUTCS B METAUIMYECKON (haze — ero xumuueckas ¢opmysia

CTaBUTCS B KBaJIpaTHbIE CKOOKH;
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- BEIIECTBO HaXOJMTCS B IIJIAKOBOU (paze — ero XuMudeckasi opMya CTaBUTCS
B KpYTJIbIC CKOOKWU;

- BEIIECTBO HaXOJUTCS B ra30BOH (haze — ero XxuMmu4ueckas popMyiia 3armuchiBa-
eTcs 0e3 0003HAUECHHUS.

C yyeTom 0003HaUCHUN XUMHUYECKUE PEAKIIMH 3alMMChIBAIOTCS TaK:

- B Tra3oBoH (ha3e (METaI ¥ €ro OKCHI HaXOASATCS B BUC Mapa):

2Me + O, = 2MeO; (2.25)

- B TpexdasHoii cucTeme:
2[Me] = O, = 2 (MeO); (2.26)

- B METAIUIHYECKOi (ase:
2[Me] + [O,] = 2[MeO]; (2.27)

- OoOMEHHas peakiysi MEXJy METANIMYECKON U IUTaKOBOM (hazaMu:

m I/Ie’ + l/le,’( O, =mée’ O:+ n l/le” 229

[Tocnennsist peakuusi MPOUCXOJUT HA MOBEPXHOCTHU pasjieia METAIMYECKOU U
nutakoBoi (¢a3. IIpu 3ToM NpoyKThl peakiuy NEPEeXoiT B METAIMUYECKYIO WIH I1ja-
KOBYIO (ha3y B 3aBUCUMOCTH OT UX PacCTBOPUMOCTH B 3TUX (pa3zax.

3anuiueM BbIpAXKEHHs NI ONpEAeSICHUs] MOCTOSIHHOM PaBHOBECHUS JUIS pa3HbIX
reTepOreHHbIX CUCTEM:

- 11t MoHO(Da3HoM cuctemsl (2.25):

2
R' _ PMeO
P . 2.29
MeP02 ( )
- s TpexdaszHoii cucteMsl (2.26):
2
K. = C(MeO)
P ; 2.30
C["efoz ( )

- I OOMEHHOM pe€aKkuun MCKIAy MCTAJIJIOM M IIJIaKOM:
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_ C‘\/Ielof: I/Ie”:
P m
C(/lenom S: I/Ie’ : (231)

Jlnst ynoOcTBa Hanmucanus oObIYHO 3HaKU KoHUeHTpammu «Cy» (ecian KOHIEeHTpa-

1S BBIPaXKEHA B MOJIIPHBIX 10J1X) B popmynax s onpeaenenns KP ue crasar, a mo-
sTomy BeIpakeHus (2.30) u (2.31) MOKHO 3anucaTh Tak (COOTBETCTBEHHO):

01O’
b 7p, (2.32)

M jo ™ all "
Kp = (JI;’O::{A/IGN %I (2.33)

OnHako ecnv KOHILIEHTPALMU BBIPAXKEHBI B MACCOBBIX MPOLEHTAX, TO MEpPE] XH-
MUYECKHM 3aKOHOM BellecTBa nuiercs 3Hak «%». Hanpumep, Boipaxkenue (2.32) npu-
HHUMAaeT TaKO! BUJ:

K, =

A
- @MeO

K, = :
P [/(’Mejpoz; (2.34)

Okcuapl BCTYNAOT B XMMUYECKHE PEAKIUU TOJIBKO TOrJa, KOTJla OHU HaXOASATCSA
B CBOOOHOM COCTOSTHUU. J1Jisi CBAPOUYHBIX MITAKOB 3TO BO3MOYKHO MPHU BHICOKUX TEMIIE-
patypax. Hanpumep, npu cBapke crajeil TaKUMH TeMIepaTypaMu MOTYT OBITh TEMIIe-
parypsl pacrnasnessoro maka (1 > 1500K). Ilpu moHMKEeHNH TeMmepaTyphl OKCHIBI
oOpa3yroT xuMmudeckue koMiiekesl (MnSiO, — cumukater, CaO Al,O3 — anroMHUHATEI,
MgOTIO, — ThTaHaThl), HE BCTYMAIOIIWE B XUMHUYECKHE peakuuu. JJis TOro 4roObl
BOCIIOJIb30BaThCS 3aKOHOM JICUCTBYIOIIMX MAacc, B JJAHHOM CJIy4ae BBOJUTCS TOHSATHE

aKTUBHOCTU A (MOJIb/TT). AKTUBHOCTD OTIPENIETISAETCS KaK
a= fC, (2.35)

rae | — kodpQHUIMERT AKTHBHOCTH, 3aBUCAIIMH OT IPHPOIBI OKCHIOB, TEMIEpa-
Typbl U ApYTUX (HaKTOPOB;
C — xoHmeHTpanus OKCHIOB B PacTBOPE.

C y4eToM aKTHBHOCTH OKCHIOB MOCTOSIHHYIO paBHOBecHs AJisl ypaBHeHUH (2.31)
1 (2.33) MOXHO 3amucarh Tak:
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aae’o\[/le” :|
K, = aﬂenom; [/Ie’ ﬂ (2.36)

o _ £ (JIe’Oj [/Ie”j
" f,¢elo, e (2.37)

//
rae fl " fz — KO3 GUITUEHTH aKTUBHOCTH OKCHJIOB (MG/O) u Men Om COOTBET-

CTBEHHO.
[TpaBmiio ¢a3 I'n66ca-KonoBanoBa 4eTko MpoOSBISETCS, €CIM B CUCTEME pearu-
PYIOIIMX BEIIECTB UMEIOTCS BELIECTBA, HAXOAUIUECS B TBEPAOM COCTOSIHUM:

(CaCO3)1p = (CaO)s+ CO,T. (2.38)

B oroii cucteme K=1, @ =2, mostomy S=1, a 510 3Haumt, uro Kp =

Pcoo.
AHaHOFI/ILIHO JJI1 peaKHHH:

FeO.l+ B =Fed+cOT. .40

Kp = Py (2.41)

Jl1s1 pacdeToB paBHOBECHS B CBAPOYHBIX MPOIECCAX CICAYET YUYUTHIBATH UX JIE-
TY4eCTh IPU HArpeBaHUM, KOTOpas IS OTJCIBHBIX COCTABOB IIUIAKOB MOJXKET OBITh
3HAYUTEITHLHOMU.

2.5 CreneHb MOJHOTHI PEAKLIMU M COCTAB PABHOBECHOI CMecH

B oOmeM cirydae cuctema B COCTOSSHUM XMMHYECKOTO PaBHOBECHUS MPEICTABIISET
co0Oll paBHOBECHYIO CMECh, KOJJMYECTBEHHOE COOTHOILIEHUE MEXY BEIIECTBAMHU B KO-
TOPOI OMpeseseTcss MOCTOSHHOUW paBHOBecus. Bemmumna Kp onpenmenser crenens
TIOJTHOTHI MJIM 3aBepIIeHHOCTH peakimu. Yem Gosbire Kp, Tem Gosbie B paBHOBECHOM

CMECH BEILIECTB, CTOSIIMX B MPABOM YacTH ypaBHEHHs peakuuu, u upu Kp — o0 B cMme-
CH COAEPHKATCA TOJBKO MPOAYKTHI PEAKIIMHU, T.€. PEAKIUA [OJHOCTHIO 3aBEPILCHA.
Ecin u3BecTeH paBHOBECHBIM COCTAB CMECH, TO, MUMEA COCTAaB HCXOIHOU
HEPABHOBECHOW CMECH, MOKHO PACCUUTATD:
- BO3MOXXHYIO CT€NEeHb IpeoOpa3oBaHus TOTO WM JPYroro UCXOIHOTO BEIIECTBA
B JIJAaHHOM XMMHWYECKOW PEaKIINH;

40



- OTHOLICHHUE KOJIMYECTBA BELIECTBA, BCTYIIUBILIEIO B PEAKLMIO, K TOMY €0 KOJIH-
4eCTBY, KOTOPOE ObLIIO B UCXOAHON CMECH;

- BBIXOJ NIPOAYKTa PEaKUUH — MAKCUMAJIbHOE KOJMYECTBO MPOAYKTa, KOTOPOE
MO>KHO ITOJIYYUTh U3 OIIPENEICHHOTO KOJINYECTBA UCXOJHOM CMECH U3BECTHOTO COCTAaBa
IIPY TaHHBIX YCIOBUSX

CocraB paBHOBECHOM CMECU MOKHO ONPEIEIUTh WIH C IOMOIIBIO BEJIMYHH, Xa-
PAKTEPU3YIOIINX CTEIEHb MOJHOTHI PEAKLINH, WM C UCIIOJIb30BAaHUEM 3aKOHA COXPaHe-
HUSI MacChl 3JIEMEHTOB, B COOTBETCTBUM C KOTOPBIM YHCIIO ATOMOB KaKJI0TO JJIEMEHTA,
BXOJSILIIETO B COCTAB BEILIECTB, IPUHUMAIOIINX YYaCTHUE B PEAKLINH, HE U3MEHSETCS B
mmpouecce peakuuy. T.e. B TEpMOJUHAMUYECKAX CUCTEMAX C IIOCTOSIHHOM MacCou pea-
TUPYIOIIUX BELUIECTB COXPAHAETCS PABEHCTBO YUCE aTOMOB KaKJIOI0 2JIEMEHTA B UC-
XOJTHOW CMECH U B IIPOAYKTAX XUMUYECKOM PEAKIIMU HA BCEX CTAIMSX MPOLEcCa.

CreneHp NMOJHOTHI PEAKLIUN MOKET OBITh BbIpaXK€Ha OJHOW M3 CIEAYIOIIMX Xa-
pPaKTEpPUCTUK: MEPON peaKy, CTENEHbIO0 IPE0OPa30BaHNUs, CTETIEHBIO TUCCOMALINH.

Mepy peakuuu onpeaensoT no GopmyJe

v v (2.42)
rie Nj u Nj — ancio Moneii BetecTBa 1 B paBHOBECHOI M B HCXOHOM CMECH CO-
OTBETCTBEHHO;
Vi — cTeXxuoMeTpuieckui ko3 PUIreHT.
Orcrona
N =N;+An =N, +V,AS (2.43)

Mepa peakiuu CBsi3aHa U CO 3HAYCHHEM CTEXHOMETPUYECKOTO KodhduieHTa B
YpPaBHEHHUM PEAKIIUH.

CreneHpb TpeBpallleHus] MPEACTABISICT cOOOM MO0 JHOOOT0 peareHra, mpeBpa-
HIAOIIETOCSd HA MOMEHT JOCTUKEHHUS PAaBHOBECHS B JAHHBIX YCIIOBHSX. ECliM CTENeHb
MpEeBpalIeHHs], HApUMeEp, BelecTBa A 0003HaYUTh KaK X, TO MOXKHO 3aIUCATh:

N,-n, -An
X — A A — A
4 N, N, (2.44)
roe AN A — U3MEHEHHE YHclIa MOJICH BemecTBa A.
M3 oTHONIEHUS
An An An;
A=—PB - . =—1=Ag=const (2.45)
Va Vg Vi '

HUMEEM
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(2.46)

q_ —
rae i .
Va

CreneHpb qUCCOIMALIMM O TIPEACTABIISICT COOOM OO0 BEIIECTBA, TPOAUCCOITUH-
POBABIIIYIO HA MOMEHT JJOCTHUKEHHUS PAaBHOBECHS:

N, B N, (2.47)

2.6 /locTukeHre paBHOBECHS B CBAPOYHBIX MpPoLeccax

Bormpoc 0 jocTHKeHNN paBHOBECHS B 30HE CBAPKU MMEET MPUHUMIIMAIBHOE 3HA-
YeHUE JJI MPOBEJACHUSA U OLIEHKH JTIOCTOBEPHOCTH METaJUIyprHyeckux pacderos. [Ipu-
MEHUTEJIBHO K CBApPOYHBIM CHCTEMaM HEOOXOAMMO paccMaTpUBaTh PAaBHOBECHE MEXIY
METaJJIOM U IIJIAKOM, B Fa30BOH (pa3e, MEXy METaJJIOM U Ia3oM.

Peakuuu B razoBoil ¢aze mporekaroT npu HaubOosiee BBICOKOW TeMIleparype, B
CBSA3M C YEM CKOPOCTb NMPOTEKAHUS PEAKIUHU Ype3BbIYaiiHO BbICOKA. B ra3oBoii ¢ase pe-
aKIIMM YCIIEBAIOT JOWTHU JI0 KOHIA, M TIO3TOMY MOKHO CUHTATh, YTO PEAKLIHUU TOCTUTAIOT
pPaBHOBECHS, a UX peajbHbIEC MMOKA3ATENN COBIIA/IAIOT C PACYETHBIMH.

Peakium mMexay MeTayioM M IUIAKOM, MEXKIY ra3oM U METauIOM BCIIEJCTBUE
MEHBbIIIEH TEMIIEpaTypbl U MAJIOTO BPEMEHU KOHTAKTA, T.€. MaJOro BPEMEHU MPOXOXK/Ie-
HUS 3TUX PEeaKUuui, OObIYHO HE AOXOIAT A0 COCTOSHHUS paBHOBecudA. B CBA3M C 3TUM
MPUMEHUTENBHO K KUIKUM (ha3aM MOXKHO OLIEHUBATh PACCTOSHUE K COCTOSIHUIO PABHO-
BecHsl. PaBHOBeECHasI TeMIiepaTypa, pacCUMTaHHasl 110 OCTATOYHBIM COIEP/KAHUSIM pas3-
JIMYHBIX BEIIECTB, MOJIYYAETCs PA3JIMYHON JUIsl PEAKLMi, TPOTEKAIOIIUX B OJMHAKOBBIX
YCIIOBHSIX. DTO TAKXKE CBUIETENBCTBYET O TOM, YTO PEAKIMH HE AOXOAAT 10 KoHua. He-
CMOTpS Ha TO, YTO PACUETHI 10 BEIUYMHE OCTOSHHBIX PABHOBECHUS SBIISIFOTCS HEIOCTA-
TOYHO TOYHBIMHU, OHU BCE XK€ JAI0T BaXKHBIN MaTepua JIsl OOCYKICHUS X0/a U Pe3yJib-
TaTOB METAJUTyPTHYECKUX PEAKLIUM.

2.7 1lpvHUHUI MOABUKHOCTH PABHOBECUSA

Ha cocTtosiHne XMMHYECKOTO PAaBHOBECHS BIIMSIET KOHIIEHTPALUS PEArupyroInx
BEIIIECTB, TEMIIepaTypa, a i ra3000pa3HbIX BElIECTB — U AaBieHue. [Ipu nusmenenun
OJHOTO W3 3TUX NMapaMEeTPOB PABHOBECHS HAPYIIAETCS M KOHIICHTpALMsS BCEX pearupy-
IOIIUX BEIIECTB. M3MEHsIeTCa 10 MOMEHTa YCTaHOBJICHUS HOBOT'O PaBHOBECHS, HO YK€ C
JIPYTUM 3HAYE€HUEM PaBHOBECHBIX KOHIeHTpanuid. [1ogo0HbIN mepexon peakinoHHON
CHUCTEMBI U3 OJHOTO COCTOSIHUSI PABHOBECHS K APYrOMY HAa3bIBACTCS CMeEUjeHUemM Xu-
MUYECKO20 PAGHOBECUS.
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Ecnu npu M3MEHEHWM YCIIOBHI YBETMYMBACTCS KOHIICHTpAIMsS KOHEYHBIX IPO-
JAYKTOB, TO TOBOPSIT O CMEIICHUU PaBHOBECHS BIPaBo. ECiM e yBEeTUYMBAETCS KOH-
[ICHTPAIIUs UCXOJHBIX BEIIECTB, TO PABHOBECHE NPU M3MCHCHHU KOHIICHTPAIIUH, TEM-
nepaTypbl M JaBJICHHs ONPEACISICTCS OOIIMM ITOJIOKEHUEM, KOTOPOE HM3BECTHO MO
Ha3zBaHUeM npunyuna Jle—Illamenve, WM TPUHIUIIA TOJABMKHOTO paBHOBecus. Co-
IJIACHO ATOMY MPHHIMUITY, €CJIM Ha CHCTEMY, HaXOJSIIYIOCS B COCTOSIHUM PaBHOBECHSI,
MOJICHCTBOBATh M3BHE (M3MCHHTH KOHIICHTPAIIMIO, TEMIIEpATypy W JaBIICHUE), TO ITO
JCHCTBHE OYIET CIOCOOCTBOBATH TOW PEAKIIMHM U3 JIBYX IPOTHBOIOJOKHBIX, KOTOpAs
OyneT ocnadsITh 3TO ICUCTBHE.

Kak mpumep mpuMeHeHHs pacdy€ToB JUIsl aHAJIM3a TPOIECcCa PACCMOTPUM peak-
I[IUIO TMCCOIUAIIMH MOJIEKYJIBI BOJIOPO/IA:

H, S 2H. (2.48)
I[JISI XAPAKTCPUCTHUKHN PCAKIHUU AUCCOLMAIIMKU OYCHDb y,Z[06HO BOCIIOJIB30BAThCA

IIOHATHUCM CUCTCMBI JHUCCOLIUAIINH, X&p&KTCpPI?:YIOHIGfICH OTHOIIICHHUECM KOJIMYCCTBA MO-
JICKYIJI, paCllaBIINXCA HA MOMCHT JOCTHIKCHHUA PABHOBCCHA, K HCXOOAHOMY HX KOJIHYC-

ctBy. O003HAUMB CTEMEHb AMCCOIMAIMU yepe3 O, oOIiee JaBleHUE yepes P, a xomu-

4CCTBO MOJICKYJI B YCIIOBUH 00BEME acpe3 n, IMOJIy4YHuM:
— KOJHMYCCTBO YaCTHUIl aTOMAapHOI'0 BOAOPO/Ia:

Ny = 20N; (2.49)
— KOJIHMYCCTBO MOJICKYJI, OCTaABIINXCS B O6’béM€ II0CJIC JUuCCouanmn:
Na2 = N—Nx = N—an =n(1-av); (2.50)
— O6H1€€ KOJIMYCCTBO HAaCTHII B UX CMCCH.
Ny = Nao + Ny = N(1-a) + 2an = n(1+o); (2.51)
— MMapoyaJIbHOC AaBJICHHEC aTOMAapHOTO BOJAOpOda:
n, 5 20
p = — = —,
Yong T lta (2:52)

— apuyanbHOE JABJIICHUE MOJIEKYIIAPHOTO BOAOPOAA:
nH , l-«
n, l+o

Py, = (2.53)

OnpenenHM IMMOCTOAHHYIO paBHOBCCHUA PCAKIINU JUCCOUAIINN:

2
_PH2 B 4o’ (1+a) p? B Aot
PP, T rafea)p 1t (2.54)
I/I3 3TOTI'O ypaBHeHI/ISI OHpe,Z[eJII/IM BeJII/I‘lI/IHy CTCIICHU AuUCCOLannn HpI/I paBHO—
BCCHOM IIPOLICCCC:
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KP
ip+ K, - (255)

Ecnu tun peakuuu AMCCOMay TaKOM:

OHS O+H, (2.56)
TO CTCIICHDb JUCCONUAIUN OIMPCACIIACTCA U3 BBIPAKCHUSA
g | Kr
P+K, " (2.57)

CormacHo m3otepme peaxiuu Bant-Todda, Kp 3aBucur or Temmeparypsr u nasme-
HUSI, 2 3HAYUT, PABHOBECHE MOJIBUKHO.

Pacuetsl, BbinonHEHHbIE B.M. [IATIOBBIM, ONpPEAENSIIOT 3aBUCHUMOCTbH CTEIECHH
JUCCOLMALIMY Y MAPUHAIBHBIX JTaBICHUN MOJEKYJSPHOIO U aTOMapHOTO BOJOPOJA OT
TeMIiepatypsl (puc. 2.4).

Kak BugHO U3 pucyHka 2.4, nmpu TeMiepaType CBapOUYHON AyTH, XapaKTePHOU IS
cBapku ctaneit (5000...6000K), Bomopo1 HAXOAUTCS MOJHOCTHIO B @TOMApHOM COCTOSI-
HUHU.

Py,

MTIla 4

0, ) ="

: P”/\ // 1
0,08 \ //\ N 0,8
0,06 \ /

0,04 0.4
0,02 o Z ¥ 0,2
0 J \F 0

0 1000 2000 3000 4000 5000 6000 T,K

»
n

0,6

Pucynok 2.4 — 3aBUCUMOCTbD CTEIIEHU AUCCOUMAIMA Ol U MapIMaJbHbIX JaBICHUN
MOJIEKYJISIPHOTO U aTOMapHOI'0 BOAOPO/Ia OT TEMIIEPATYPhl AUCCOLMALIAN

[Togo6GHO BOAOPOY, B CBAPOUHOM Iyre TUCCOLUUPYIOT U APYTUE ra3bl: a30T, KHC-
JIOPOJI, YTIAEKUCIIBIN ra3, Mapbl BOALI U IpyTHe (puc. 2.5).
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ITpu P = CONSt paBHOBecHe 0OpaTUMBIX peakIMii BHITEKACT U3 BhIpakeHuii (2.32)

u (2.33); eciiu P pactér, To 0L yMeHbIIIaeTest py MOCTOSIHHON TEMIIEPATypeE, T.€. PaBHO-
BECHE CMEIIAETCSl B CTOPOHY MEHBIIIETO YKCIIa Ta30BbIX MOJIEKYJI.

B cBsi3u ¢ BBICOKOW aKTHUBHOCTBIO aTOMApHBIX T'a30B MpPU TEMIIEpaTypax cBapoy-
HOM JYTY yCWJIMBAETCS UX B3aUMOJICUCTBUE C pacIUIaBICHHBIM MeTalioM. s mpeny-
MPEXKICHUS ATOTO B3aUMOJCHCTBUS BBIMOJHAIOT 3alIUTY 30HBI JEHCTBUSI CBAPOYHOU
JyTH 3alIATHBIMU Ta3aMu, QIFOCAMU, DJICKTPOIHBIMH TIOKPBITUSIMHA U JPYTHM.

(1X ///7‘ ~
0,8 H 7/ = H, [~
] 2 N>
06 CO, /\
0
0,4 /
0,2 / //
/

; =

0 1000 2000 3000 4000 5000 6000 7000 T,Kr

Pucynok 2.5 — 3aBucumocts crenenu auccormanuu CO,, Hy, O,, H,O-mapsr u N,
OT TEMIEPaTyphl TUCCOLUALIUN

3 Paznen 3. OCHOBBI TEIUIOBBIX PACYHETOB ITPU CBAPKE
3.1 3agauu pacuyéTa TenJ0BbIX MPOLECCOB MPH CBapKe

[Ipu cBapke B CBSI3M C MPUMEHEHUEM HCTOYHHUKA TEIIa BBICOKOW TEMIEPATYpPbl
MPOUCXOJMUT PACIUIABIICHHE KPOMOK CBapHBAEMOI0 M3ENHs, PACIUIABICHHBIA O0BEM
MeTajula KpucTajimzyercs U o0pasyeT cBapHOH moB. OHAKO TEIJI0 UCTOYHUKA Harpe-
Ba UJIET HE TOJIBKO Ha 00Opa30BaHUE CBAPHOIO IIBA, HO, BCJIEJICTBUE TEILUIONPOBOAHOCTH,
OHO PACIpPOCTPAHAETCA B YYAaCTKE OCHOBHOIO METaJUIa, PACIOIOKEHHOTO PSAOM CO
IIBOM, KOTOPBIN MbI OyJ1eM Ha3bIBaTh 30HON TEPMUUYECKOTO BIIMSHUS.

OTO TEIIOBOE BO3/IEHCTBUE UICTOUYHMKA HATPEBA BBI3BIBAET B 30HE TEPMUUYECKOIO
BIIUSIHUSI CTPYKTYPHBIE MPEBPAILEHUs, a TaKke 00bEMHBIE U3MEHEHHUS, BEAylIe K 00-
pa30BaHUIO TEIIOBBIX AePopMaliiil, 0CTaATOUHBIX HAMPSKEHUH U K MOSIBICHUIO XOJO0/I-
HBIX TPEIIMH.

N3y4yeHue TerIoBbIX MPOLECCOB TAET BO3MOKHOCTH!

1) mpexycMOTpeTh pe3ynbTaThl IIPoLiEcca pacpoOCTPAHEHUS TEIIa B 30HE TEp-
MUYECKOT0 BIIMSHUS U PETYIUPOBATH 3TU MPOLIECCH B OKOJIOIIOBHOM 30HE;
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2) mpowusBecTH pacuéT MapaMeTpoB CBAPHOTO IIBA (30HBI MPOILIABICHUS) IO U3-
BECTHOMY PEKMMY CBAapKU WIJIM, HAOOOPOT, pemats o0paTHyIo 3aaady, T.e. PacCUUTHI-
BaTh PEKUM CBApKU IO 33JJaHHBIM MapaMeTpaM CBapHOTO II1Ba;

3) BBINOJHUTH PACUET MPOIIECCOB IJIABICHUS YICKTPOIHOTO METaJlIA.

Ha xapaxTep mporeccoB, IpOTEKAIOIUX B 30HE TEPMUUYECKOTO BIUSHUS, BIUSIOT
CIICAYIOIINE OCHOBHBIE (PaKTOPHI:

1) TeruioBOE BO3ACHCTBUE HCTOYHHUKA TEILIA;

2) Termnodu3nYecKue CBOMCTBAa METAJlIa U 30HBI TEIUIOTPOBOIHOCTH;
3) reomerpuueckasi Gopma U pasMepbl U3ICIIHs;

4) TerooT/AavYa B OKPYXKAIOIUIYIO Cpey.

3.2 Temy1onpoBOAHOCTH METAJLIIA
3.2.1 TemneparypHoe 1oJe

HepaBHomepHOE paciipefieneHue TeMIeparypsl B CBApUBAEMOM METAIUIE SIBIISACT-
Cs1 HEYCTOMYUBBIM, T.€. I10CJIE NIPEKPALLECHUSA CBAPKU C TCUEHUEM BPEMEHHU TEMIIEpaTypa
30HBl TEPMUYECKOTO BJIMSIHUS BbIpaBHUBAETCA, U OoJiee HArpeThle €€ YacTU OTAAI0T
CBOE TEILJIO MEHEE HArpeThIM BCJIEACTBUE TEIUIONPOBOIHOCTH.

BrIlpaBHMBaHME TemMIEpaTypbl IPOUCXOAUT 3a CYET TEIUIONPOBOJHOCTH CBAapHBa-
€MBIX MaTEepUaIoB. B MeTaiie 3T0 € IMHCTBEHHBIM MEXAHU3M PACIIPOCTPAHEHHUS TEIUIA.

COBOKYITHOCTB TEMIIEPATYP B IIPOCTPAHCTBE HA3BIBAECTCS TEMIIEPATYPHBIM I1OJIEM.
Ecnu peub uaér o0 orpaHHYEHHOM Tele, TO MOJl TEMIIEPATYpPHBIM MOJIEM CIEAYET IO-
HAMATh PACIPEACIICHUE TEMIIEPATYP B JAHHBI MOMEHT BPEMEHH B JJAHHOM TEJIE.

TeMrepatypHO€E 10JI€ ONMCHIBAIOT YPABHEHUSIMH, OTHECEHHBIMU K OIPEIEIEHHON
CUCTEME IPOCTPAHCTBEHHBIX KOOPAMHAT (Yallle MPSMOYTOJIbHBIX):

T=1{X,V,2). (3.1)

Temneparypa BelpakeHa Kak (GyHKIIMS KOOPAUHAT TOYKH.

Tak kak B HEpaBHOMEPHO HArPETOM TeJI€ TEMIIEPATYPHOE IMOJIE HENPECTAaHHO U3-
MEHSETCSI BO BPEMEHHU, TO MPOLIECCHl PACHPOCTPAHEHUS TEIJIa CIEAYyET XapaKTepu30-
BaTh COBOKYITHOCThIO MTHOBEHHBIX TEMIIEPATYP B TCUCHHUE ONPEACIEHHOTO MTPOMEKYT-
Ka BPEMEHH, T.€. MPOILECC pPaCIPOCTPAHEHUS TEIIa JTOHKEH ObITh ONKUCAH YpPaBHEHUEM
TaKoro BUJA:

T=1{X,¥,Z,). (3.2)

TeMneparypHoe mMoJie XapaKTepU3yeTcsl U30TEPMUUECKUMH TOBEPXHOCTIMU.
N3otepmuyeckass MOBEPXHOCTh MPENCTABISACT COOOM TEOMETPHUYECKOE MECTO TOYEK,
MMEIOUIUX OJIMHAKOBYIO TEMIIEPATYpYy.

N3oTepmuyeckre MOBEpXHOCTU MEPECEKAThCA HE MOTYT, T.K. B TOUKaxX HX Iepe-
CEYCHHS UMENH Obl MECTO Pa3HbIE TEMIIEPATYPHI.
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[Ipn mepeceyeHNH U30TEPMUYECKON MOBEPXHOCTH IJIOCKOCTHIO TOIYYUM H30-
TepMHUUECKHE KpuBbIe (puc.3.1).

TA Ti T, Ts
S s
\ -
NY
T3
I ~ T=A(5)
T]_ I : |
an
N _
il

S1S:,S;

Pucynok 3.1 — M3oTepMuueckue kpuBsble | 1 pacripeneneHmue TeMIeparypsl
B TemIieparypHom noJie 11

[InoTHOCTH PACIIOJIOKCHUA 3THX KPHUBBIX XAPAKTCPU3YCT HCPABHOMCPHOCTL pacC-
INpCaACICHUA TCMIICPATYPbI:

_T-T, dT
m—— =g~ grad;T’ (3.3)

rae S — 3aJaHHOE HAIPaBICHUE B TEMIIEPATYPHOM IIOJIE.

['pagueHT Temrieparyp xapakTepu3yeT HEPAaBHOMEPHOCTh PACIIPEIECIICHUS TEMIIE-
paTypsl B 33JJaHHOM HalpaBJeHUH. [ pagueHT no kacateiabHOM paBeH 0, rpaiueHT no
HOPMAJIM MAaKCUMAJIbHBIN, TPAJAUEHT POMEKYTOUHBIN PABEH

grad,T = grad,T cosa (3.4)

rie OL — o MEKIy HOPMAJIBIO U HATPABICHAEM .

Tak xak grad, T =dT/dn, o
— =—C0Sx (3.5)

rae N — HopMalib K TEMmIONpPOBOISAIEH TOBEPXHOCTH
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3.2.2 3akoH TermnonpoBogHocTU Dypbe

B TBEPAbLIX TCJIaX TCIJIOTA HCpCI[aéTC}I MCTOAOM TCILIOIIPOBOJHOCTH.
HpI/I TCIuIonepeaadYc KOJINYICCTBO HGpCHaBaCMOﬁ TCIUIOTBI IIPOIIOPHIHUOHAJIBHO

gradn T, mromaay Temonepeadu u BpEMEHH TEILIONEPEIAYM:

dT
dQZ—ﬂ—dth, (3.6)
dn
IJI€ « — » 03HA4YaeT, YTO TEIUIOTa MepeJaéTcsi B CTOPOHY NOHMWKEHUS TEMIIEPATY-
pBI.
dQ
dt =@  _ rennosoii IIOTOK;

dQ

dEdt O — ynensHbIi TerI0BO# MOTOK;

dT
— )
q an (3.7)

— YPaBHEHHE TeII0NpPoOBOAHOCTH Dypbe, KOTOPOE 3aKII0YAETCS B TOM, YTO
yAEJbHBIN TEMIOBOM MOTOK MPONOPLUHUOHATIEH ITPAAUEHTy TEMIIEPATYP.

KoadduimeHT TemionpoBOAHOCTH XapaKTepU3yeT CIOCOOHOCTh BEIIECTB Mepe-
JaBaTh TEIUIOTY.

Koo HUIHEHT TEMIONpOBOAHOCTH — YAEIbHEIN TermIoBo motok npu grad, T =1.
TennonpoBOIHOCTH 3aBUCHUT OT MPUPO/IbI BEIIECTBA U OT TEMIIEPATYPHI.

3.2.2.1 Dranel Temonepenadn

[Ipu HarpeBe Tena Ayroil 00JacTh MOBBIIICHHBIX TEMIIEPATYP CO BPEMEHEM yBeE-
JUYUBAETCS, 3aT€M OHA JIOCTUTaeT CBOUX MPENIEIbHBIX pa3MepPOB, KOTOPhIE C TEUCHUEM
BPEMEHU OCTAIOTCS HEM3MEHHBIMU. Takoe COCTOsSIHUE Tpoliecca, Korja pa3Mephl Harpe-
TOM 30HBI YK€ HE YBEJIWYUBAIOTCS, HA3bIBACTCS MPEICIbHBIM, WM YCTaHOBUBIIMMCS.
CiienoBatesibHO, B TPOLECCE HATPEBA PA3TUYAIOT 2 IEPUOJA:

1) TemoHACHIICHHE, TIPU KOTOPOM pa3Mepbl HAarpeTol 30HbI YBEIIMYUBAIOTCS,

2) mpeaenbHOe, WK YCTaHOBHUBIIIEECS, COCTOSHHE.

HNHoraa oTan4aroT U TPETUl epuo — MEepHO]l BEIPABHUBAHUS TEMIIEPATYPhI TO-
CJI€ CBApKH.

[Ipy HEMOABUKHOM MCTOUYHHMKE TEIJIa TEMIEPATypHOE MOJIe MPEAEIBHOTO COCTO-
SIHUSI Ha3bIBACTCS CTallMOHApHBIM. [Ipu mepemeleHnn 1yru no u3JeIui0 TeMIepaTyp-
HOE TI0JIE B TIPEICTTLHOM COCTOSIHUU, COXPaHssI CBOIO (DOpMY M pa3Mepbl, CKOJIB3UT BMeE-
CT€ C AyTOM.
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Ecau otHecTn TEMIICPATYPHOC IIOJIC K HOI[BPI)KHOﬁ CUCTEME KOOpAWHAT, TO 3TO
I10JIe OKa3bIBACTCS KaK Obl HCIIOJBHMIKHBIM. HOBTOMY TaKOC TEMIICPATYPHOC I10JIC HA3bI-
BAaCTCA KBAa3UCTAllTHOHAPHBIM.

TGOpCTI/I‘ICCKI/I IpcacsibHOC COCTOAHUC YCTAHABIIMBACTCA IIPU AJIHUTCIIBHOM I[Cfl-
CTBHMHU HCTOYHHKA TCIIJIOTHI. HpaKTI/IIIGCKI/I MpCaAcJibHOC COCTOAHUC YCTAHABJINMBACTCA
CIIYCTA 3...5¢ mocJje Hayaia Imponeccca CBApKH.

3.2.3 Tennodusnyeckue CBOWCTBAa MeTaIa

1 Tennocooepoicanue: [S]= A
2
[Tox TemnocoaepkaHWEM MOHUMAIOT KOJUYECTBO TEIUIA, COOOIMEHHOE TENy TpH
HarpeBaHUM €ro JI0 ONPEAeIEHHON TeMIIepaTyphbl U OTHECEHHOE K €AMHUIIE MACCHI.
B TexHuueckux pacyérax TEIiocoJIep>KaHue OTCUMTHIBAIOT B IIpe/iesiax TeMiepa-
typ (T = 273K) no mkane abcontoTHbIX Temmnepatyp (KeiabBuna).
Hanpuwmep, nns Fe npu nHarpeBanuu ot 273K no 1900K Temnoconepxanue Bo3-

pacraer Ha 1460 2 .
et

Sre1s73 = 1460 e
et
B xpuTHUeCcKMX TOYKax M MPHU TEMIEPAType IUIABIEHUS, COOTBETCTBYIOIIUX aJI-

JOTPONINYECKUM TIPEBPAIECHUAM Xenesa u3 Ol B Y, TEIIOCOACPKAaHUE H3MEHACTCS
CKa‘-IKOO6pa3HO, T.K. OTH IIPOLECCChI COIIPOBOKAAIOTCA TCIIJIOBBIMU ABJICHUAMMU.
— Mo
oK
HOI[ TEeIUIOEMKOCTBIO ITOHUMAIOT npeaci OTHOHMICHHA KOJIMYCCTBaA TCINJIA, c000-
HIEHHOTO TeJy, K COOTBETCTBYIOIIEMY U3MEHEHUIO TEMIIEPATYPHI:

dS

2 Tennoémrxocmy:. [C]

[Ton ynenbHO#N TEIUIOEMKOCTBIO MOHUMAIOT TEINIOEMKOCTh, OTHECCHHYIO K €/TH-
Lic
HUIE Macchl (— ).
e-K

B kpuTHyecKuX TOYKax HE3aBUCUMO OT TEMIIEPATYPHI MOHATUE UCTUHHOM TEILIO-
E€MKOCTH TEPSIET CMBICI, T.K. KOJIMYECTBO TEIJIa MEHSIETCS, a TEMIIEpAaTypa OCTAETCA MO-
CTOSTHHOM. Tak Kak 3aBUCUMOCTbH TEIUIOEMKOCTH OT TEMIIEPATYphl CI0KHAsA, TO B TEX-
HAYECKOM CUCTEME MOJIB3YIOTCS CPENHEN TEINTIOEMKOCTBIO:

c = Sp-S1
cp d
To-T1

JUIs1 HU3KOYTJIEPOAUCTON CTalu B UHTEpBaJie Temrieparyp ot 273 no 1873K:

(3.8)

_ Hore
C, =052
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3 ObvemHas menioemkocms — 3TO TMPOU3BEACHUE YJIETbHOU TEIJIOEMKOCTH U

IUIOTHOCTH BEIIeCTBa (C-'Y). Jmda  Kuakou cranu Tpu T ~ 1800K ”y=7ig,
M

C=101 ﬂ—"”c.
2-K

- 3 y
em” - K

L - e

IPU UCIIOJIB30BaHUN CCP HMEEM:
_ T
FCP7 = 50 .
v’ K
Bm

4 Kosgpdpuyuenm menionpoeooHocmu — A, IL_: —

BenuunHa A 3aBUCHT OT XHMHYECKOrO COCTAaBa METAJlIa, €r0 CTPYKTYPBI H TeM-
nepaTyphl.

[Ipu HOpManbHOU Temneparype Kod(DPHUIIMEHThI TETUIOMPOBOJHOCTH Pa3INYar0T-
Csl, HO 110 Mepe MOBBIIIEHUSI TEMIIEPATyphl 3TO Pa3IU4UE PETYIUPYETCs, U MPU TEMIIe-
patypax Oonee 1873 K koaddUIIMEHTH TEMIONPOBOJHOCTH CTAHOBATCS MPUMEPHO
OJIMHAKOBBIMHU (puc.3.2).

8

( s o
28 \
N
N

o.6

\\
\
o4 ti

al )
I

==

\ l//

/ao Boao Tk

1 — a5ekTpoIUTHYECKOE KeNe30; 2 — Hu3Koyriepoaucras ctaib ¢ 0,1%C;
3 — yruepoauctas ctaib ¢ 45% C, 0,08% Si, 0,07% Mn;
4 — au3kosierupoBanHas ctaib ¢ 10% C, 0,02% Si, 0,4% Mn, 4,98% Cr;
5 —cramb ¢ 1,52% C, 0,38% Si, 0,38% Mn, 13,1% Cr;
6 — xpomMoHHKeneBas CTalb (KOPPO3UOHHO-CTOMKas) Tuna 18-8

PrcyHok 3.2 — TennonpoBoAHOCTh A Pa3INIHBIX MAPOK CTAIIN
B 3aBUCHUMOCTH OT TEMIIEPATYPbI
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5 Koagpduyuenm memnepamyponpoeoornocmu’

3 2
A [t } Iowc-ecm™- K cm
= : 3.9
cy K-cm-c- [lx c (3.9)
KoadduiupeHT TeMiepaTyporpoBOIHOCTH XapaKTEPU3yeT CKOPOCTh BBHIPABHUBA-
HESI TEMIIEPATYPhI B HEPABHOMEPHO HAIPETOM TEJIE; OH 3aBHCHUT OT TEMIIEPATYPHI.

3.2.4 KoHBEKTHBHAS U JIy4HCTas TEIJIONEpeaun

[Ipyn oMBIBaHMM HArpeToro Teja JKUAKOCTHIO WIH T'a30M KOHTAaKTHPYEMBIE CIIOU
HArpeBaloTCs, INIOTHOCTh UX YMEHBINAETCS. DTH CIIOM BBITECHSIOTCS 00Je€ MIOTHBIMU
XOJIOJHBIMU CJIOSIMU. Tako#l Termi100O0MeH Ha3bIBaeTCsi KOHBEKTHUBHBIM. MIHTEHCHBHOCTH
TEIJIONEPEaYH 3aBUCUT OT CBOMCTB OXJAXKJAIOIIECH Cpelbl U MHTEHCUBHOCTHU €€ mepe-
MemeHus. Ecnu cpeny BbIHYKIaTh MepeMelaTbes ObICTpEE, TO HArpeToe Teno OyleT
OoJplIE OTJABATh TEIUIOTHI B €IMHMIY BpEMEHH. B 1e0M cuuTaroT, YTO OTJaBaeMbIi
yJEJbHBIN TeI1oBoi NOoToK (x MponopuuoHaneH pa3HOCTH TEMIIEpATyp HarpeToro Teina
Y OKPYKAIOILEH CPEbI.

-~

o =, €T, _ (3.10)
rae Olg — Ko3(h(UIMEHT KOHBEKTUBHOM TEIIOOTIauH;
R
K= K-eom-c’
T — remneparypa moBepxHOCTH HarpeToro tena, K;
Ty — remneparypa xuaxoctu umm rasa, K.

Benuuuna Olg 3aBUCUT OT (OPMBI M Pa3MEpPOB MOBEPXHOCTU TeJa, OTIAIOIIETO
TEII0, OT (PU3UYECKUX CBOWCTB MOBEPXHOCTHU, T.€. OT KauecTBa OOpabOTKU €ro, ot
CBOWCTB OKPY’KAIOIIEH CPEbI, OT pA3HOCTH TEMIIEPATYP.

3aBUCUMOCTh KO3 (UIIMEHTa KOHBEKTUBHOM TEIJIOOTAAUYM OT YKa3aHHBIX IMapa-
METPOB BBIPAXKAIOT SMIIUPUIECKUMHU (POpMyTIaMU UK TpadrKaMu.

Olg 3aBHCHUT OT NPUPOABI BEMIECTBA U YCIOBUW, MPU KOTOPBIX MPOUCXOAUT TEII-

noo0mMeH. C MOBBIIIIEHUEM TeMIepaTypbl Ol YBEJIMUUBACTCS.

3.2.5 Jly4ucTslil TEIII00OMEH

Harpetsie Tena u3iy4aroT 3J€KTPOMATHUTHBIE BOJIHBI, KOTOPBIE, IPOXOIS YEpeE3
HEMPO3pavyHOE BEIIECTBO, MOTJIONIAIOTCS UM B BHUJE TEIJIOBOM sHepruu. CoriacHo 3a-

koHy Credana — boypliMaHa yJIenbHBIN TEIJIOBOW MOTOK C HArpeThIX TeJ MPOMOPIHO-
HaJIEH pa3HOCTH TEMIIEPATyp B 4-i1 CTENEeHHU:
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T T,

q, = WC | (3.11)

rae  C — koo duimeHT 4epHOTHI:
C =¢(C,y, (3.12)
snech Co— Kod(QULHMEHT YEPHOTHI I aOCOIIOTHO YEPHOTO TEJA;
€ — CTENeHb YEPHOTHI, KOTOPast U3MEHSIETCS B TpeesiaX OT HYJIS 0 eIu-

HUIIBI. I[JDI a0COJIFOTHO YEpHOI'o TeJj1a € = 1.
I[J'ISI YHIPOUICHUA paCuCTOB MOKHO CUUTATD, YTO

q,=c,C-T,_ (3.13)

rae Ol — KOod(PUIMEHT JIy4rCTOro TeII000MeHa.

KOHBEKTUMBHBIA W JYYUCTBHIM TEMIOOOMEHBI MPOUCXOAAT OJHOBpeMeHHO. I[lpum
BBICOKHMX TEMIIEpaTypax mpeodiagaeT JydUCThId, a MPU HU3KUX TeMIepaTypax — KOH-
BEKTUBHBIN TEMI000OMEH.

qn :ant_TO}qk+qﬂ :aK(_TO}aﬂt_T :

3.3 Oomee nupepeHnnaibLHOEe yPAaBHEHUE TEIIONMPOBOIHOCTH
3.3.1 BreIBoja ypaBHEHUS

BbIZeaMM YCIOBHO B IPOCTPAHCTBE OECKOHEYHO MaJIblii Y4aCTOK TENa pazmepa-
vu dX, dY, dZ. Temnora nepenaerca B HeM METOIOM TEILIONPOBOAHOCTU OT GOJIEE

HarpeToi rpaHu K MeHee Harperoi (puc. 3.3). Hanpumep, B HanpaBieHuHd X — OT TpaHu
[ x rpanwm II.

ZA

| g——- Il

v

X X+dx

Pucynok 3.3 — Pacnipeenenue TeniaoThl

VY nenbHbIN TEIJIOBOM MOTOK B HAITPABJIECHUHU OT X cocrassier
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qX — Ox+ax = dOx. (3.15)

CornacHO 3aKOHY TEIUIOMPOBOAHOCTH 00IIee KOJIMYECTBO TEIUIOTHI, MPOIIIEIIIIee
B HampasiIeHnH X uepes mwromaaxy pasmepom dY, dZ sa spems dt, cocrasmser

dg
dQ, = dqg,dydzdt= —= dxdydzdt

Q, =daq,dy dx yazat (3.16)

AHQJIOTMYHO B IPYTUX HANPABICHUSAX:

dq
dQ, = . Y dxdydzdt (3.17)

d0. = gy dz - di
= . . . Z.

z dZ y . (3.18)

CyMMapHO€ KOJIMUECTBO TEIUIOTHI, IIEpeIaBaeMOi BO BCEX HAIIPABICHUSIX

d
dQ=dQ, +dQ, +dQ. = (d‘]x 49, 49, }dxdydzdt_

dx dy dz (3.19)
CornacHo 3aKOHY TEIUIONPOBOAHOCTH Pypbe
dT
dg, =—1, —;
qX X dX
dT
dgq, = -4, —;
dy (3.20)
dT
dg, = -4, —.
qZ zZ dZ

[ToncraBum Beipakenus (3.20) B popmymny (3.19):

dQ: i(_ﬂx £]+i —A ﬂ +i(—ﬂ,z ﬂ] dxddedt (3 21)
dx dx) dy “'dy ) dz dz BN

NI
d’T d*T d’T

2 _ﬁ“y 2 _j’z 2
dx dy dz

dQ = (_ A, jdxdydzdt. (3.22)

KosndecTBO HaKOMUBINEHCS TeruioThl B 0obeMe dV MoxHO MPEICTaBUTh, KAK

Q=cmAT
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NN

dT

dQ = C]/dXddeZ dt _ (3.23)
CpaBnuBas BeipakeHus (3.23) u (3.22), moxyuum:
dT d*T d°T d*f
C7dxdydza dt = —/1( " + 0y + =, ]dxdydzdt. (3.24)
— _/
VT
omneparop Jlamtaca V2T (V - Ha61a)
A
Ecm ¢ J , TO
dT ,
E =—aV'T (3.25)

— obmee nuddepennmanbHoe ypaBHeHue TerionpoBoanoctu (OLAYT).

@uznuecknid cMbica OLAYT - 370 cKOpOCTh M3MEHEHMS TeMIEPaTypbl B KaKOW-
1100 TOYKE B 3aBHCUMOCTH OT HEPABHOMEPHOCTH €€ PaCIpeeIICHUs] B OKPECTHOCTSIX
9TON TOYKH. DTO YpaBHEHHE XapaKTEPHO JUIS HarpeBa OCCKOHEYHO OOJBIIMX TEJ, T.C.
TaKWX, TPAHHIIBI KOTOPBIX HE BIHUSAIOT HAa TEIUIOOTAAYYy.

Eciau B 0IHOM W3 HalpaBJCHHUI TeMIiepaTypa IMOCTOsHHA, Harmpumep 1,=CONSt,

dT d’T
TO E =0 51 e =Y, rtorma g miockux Te) OJYT npuHMMacT BUA
dr  (d’T . d °’T
d  \d? &) (3.26)

Jns crepxuen:
Ty= const u T,=const;

°T _, a1 _ d’T
dy dy’ : dz dz?

=0

B cBs3u ¢ >TUM
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dT d’T
e _a [

dt dx’ (3.27)

Pemenue O/IYT no3BosisieT BBIYUCIUTH TEMIIEpATypy B 1000 TOUKE U B JIIOOOM
MomeHT BpemeHu. s pemenuss OAYT HeoOXoauMbl HadyalbHbIE U TPAHUYHBIE YCIIO-
BUSI, OIIPEJEISIOIINAE HATPEB METAJUIOKOHCTPYKIIMH IPHU CBAPKE.

3.3.2 HayanbHble ycnoBus

HavanbHble yca0BUS — pacnpelereHue TeEMIEpaTypsl B TEIE K Hadaly JeUCTBUS

ncrounnka terna mpu £ = 0, T = Ty. Pactpenenenue TemmnepaTyphl B Tele OMACHIBA-
€TCA MaTEMaTUYECKON 3aBUCUMOCTBIO.

JIns ynpouieHus: pacueToB MPUHUMAIOT, YTO K Ha4ally I€MCTBUS UCTOYHUKA TEIl-
Ja TeMmIeparypa pacrpezaeiieHa paBHoMepHo. OHa MoxeT ObITh paBHa 273K. Havanb-
HYI0 TEMIEpaTypy NPUHUMAIOT 32 Hadajo otcuera. K Heil kak Obl MPUCTpAUBAETCs IMO-
CIEAYIOIINI MPOLIECC PACIPOCTPAHECHUS TEIIA.

3.3.3 I'panuuHbI€ yCIOBUS TEPBOTO U BTOPOTO poja

VYciioBus mepBOro poja 3aKIoyvaroTcsl B TOM, UTO IO BCEW TPaHMIIE TEla TEMIIE-
parypa NMOCTOSIHHA. JTO BO3MOXHO NPU MHTEHCUBHOM TEIUIOOTBOJAE C TPAHUIBI TEIa,
HanpuMep MPHU OXJIAKIACHUHN CBAPUBAEMBIX 3JIEMEHTOB BOoW. C OXJIaXAECHUEM CBapH-
BAaIOTCS ayCTEHUTHBIC KHCIIOTOCTOMKHME CTajau, cTaib I aTduipaa, mpuMeHsemas Mpu
aOpa3vBHOM U3HAIIMBAHMUHM. J[JI1 MOJIETUPOBAHUS YCIOBUM IMIEPBOTO POJia BO3bMEM TEJIO0
C MCTOYHHUKOM HarpeBa B Touke O. B yclioBHOM Teje, pacmnoyio)keHHOM B Touke O,
pa3MeEaeTcd TaKOM K€ MCTOYHUK HArpeBa, HO C MPOTHUBOIIOJIOXKHBIM HAIPaBICHUEM
TEIJIOOTJA4Yl — CTOK TEIJIOTHI. {151 onpeneneHnss HCTUHHOM TeMIIepaTypbl Ha TPaHULIE
HEOOXOJIUMO CIIOKHUTh JEUCTBUS 3THX HCTOYHUKOB. JIIs HaaW4usi M30TECPMHUUYCCKON
I'PaHUIEI HECOOXOIUM CTOK TEIUIOTHI (puc. 3.4).

T Temnepartypa oT peaIbHOTO HCTOYHHUKA

CymMmmapHnasi Temrneparypa

Temneparypa Ha rpaHulle Tena

— Temneparypa OT yCIIOBHOI'O UCTOYHUKA —
CTOK TEILIOTBI

Pucynok 3.4 — Monenp H30TEpMUYECKON TPaHULIBI
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N3otepmuyeckue ycimoBus COOIOIAIOTCS TOT/IA, KOT/Ia OTHOIIICHHE o/h —>c0.
DTO 3HAYUT, UTO OUYEHb BEJIMKA TEIUIOOTAAadya Ha MOBEPXHOCTH TeJla U MaJia TeIIonpo-
BOJHOCTb.

YcnoBust BTOporo poja — aauadaruyeckas rpanuna. [lon aguabatudeckoit rpa-
HULIEWH MOHMMAIOT HETEIUIONPOBOJHYIO TPAHUILy. JTO BO3MOYKHO, KOTZIa BHYTPHU Tell
MPOSBIISIIOTCS. OOJIbIIIME TETUIOBBIE TOTOKH, a Ha TPAaHUIIE - TPEeHeOpeuMo Majbie. Mo-
JNEIUPOBATh ATy TPAHUILy MOXKHO TaK: €CJIM IPaHUlla HETEMJIONPOBO/IHA, TO HA HEW TEM-
neparypa B JiBa pas3a BbIIlIe, YeM Ha TeIIONPOBOHOM rpanulie (puc. 3.5). Anunabatuye-

n
ckue yemosus: O/A —o0; Og = 0 (yaenbHBIA TEMJIOBOM MOTOK C MOBEPXHOCTU Te-

J'Ia). A,Z[I/Ia6aTI/I‘{CCKOﬁ MOXHO CUHUTATh IIOBCPXHOCTH TCJId, COIIPUKACAIOIIYIOCA C BO3AY-
XOM IIpU KPAaTKOBPCMCHHOM HAarpcBc.

Temneparypa OT yClIOB-

ey

-
~ Temneparypa Ha
ICpPaHUIIC Tena

4T Cymmapnas temneparypa
Temnepatypa oT peaib-
HOT0 UCTOYHHKA

@
Qe

Pucynok 3.5 — Mogens agnabaTuueckoil rpaHUIlbl

3.3.4 Mertonasl pemenus o0rmiero nuddepeHInaTbsHOTO YPaBHEHHS
TETIONPOBOJHOCTH

Nwmes nuddepennmaibHOe ypaBHEHHE TEIUIONPOBOAHOCTH U 33J1aBIIUCh TPAHUY-
HBIMH YCJIOBHUSIMH, PEIIAIOT 3aJa4d PACIPEACICHUS TEMIIEPATYPhI B TEILIONPOBOASIIEM
tene. [na pemreHus 3aaa4 NPUMEHSIOT YHWCICHHBIM U aHAIATUYECKUH MeTobl. [lpu
pacyeTrax 1o YHCICHHOMY MeToay auddepeHnuanbsHoe YpaBHEHUE TEIUIONPOBOHOCTH
3aMEHSETCS] COOTBETCTBYIOIIAM YPABHCHUEM B KOHEUHBIX PA3HOCTSX.

Takoe ypaBHEHHME Ta€T BO3MOXKHOCTbh PACCUMTBHIBATh IMPOIECCHI PACIPOCTPAHE-
HUS TEIUIA IIar 3a IIaroM, UCXOJsl U3 HA4aJbHOTO pacCIpeuesieHusl Temieparypsl. Pac-
YEThl MOXHO BECTH TOJBKO JJI JTAHHBIX YCJIOBUU 33Ja4M MPHU ONPEIACIICHHBIX YHCJICH-
HBIX 3HAYEHUSAX BCEX MTOCTOSTHHBIX NTapaMETPOB.

Becr TemoBoii mporiecc pa3OMBacTCs Ha ATaIlbl, U pacueT MPOU3BOJAUTCS IS
Ka)XJI0ro 3Tafna B OTACJIBHOCTH. ITOT METOJ OTINYAETCS TPOMO3JIKOCThIO, HE JaeT 00-
HIET0 PELICHUs 33Ja4¥ U MPUMEHSETCS TOT/1a, KOrJa MOJYyYeHUE aHAJUTHUYECKOTO pe-
IIEHUSI BBUAY CJIOKHOCTH YCJIOBUM 3aJlauyd CTAHOBUTCS TPYJOEMKHUM WJIM BOOOIIE He-
JOCTYITHBIM.

AHQJIUTUYECKUE METOABl COCTOAT B HAXOXKICHUU aJIreOpandecKoro ypaBHEHHS
MpoIiecca, yaoBIeTBopsoniero auddepeHnaIbHOMY YPaBHEHHUIO TEIJIONPOBOJIHOCTH
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U TPaHUYHBIM YCJIOBHUSIM. MBI OyJieM MOJIb30BaThCsl METOJOM HCTOYHUKOB, pa3pado-
TaHHbIM PpixkanmuaeiM H.H.

AHaIUTUYECKUE METOAbI MPUTOJHBI TOJBKO ISl MPOILECCOB, OMUCHIBAEMbBIX JIU-
HelHbIMU U QEepeHITNaTbHBIMUA YPAaBHCHUSIMUA TIPU JTUHEHHBIX TPAHUYHBIX YCIIOBHSX,

T.€. JUIA T€X CIydaes, KOraa KodpQuuuenTsl O, CY, A MOKHO CUMTATh HE3ABHMCLIUMU
OT TEMIIEPATYPHI.

B nacrosiee Bpems perieHue odiiero quddepeHnaibHOr0 ypaBHEHUS TEIIO0-
MPOBOJHOCTH C I0OCTATOYHON TOYHOCTHIO BbINOJIHsETCS HA [I9BM.

3.3.5 MeToag HCTOYHUKOB

MeTon UCTOYHUKOB HanboJiee YIOBIETBOPUTEIHLHO OMKUCHIBAECT MIPOLIECCHI Harpe-
Ba U OXJIQXJACHUS METAJLJIa IPU CBapKe, CBSI3AHHBIE C MECTHBIM BBIJICJICHUEM TEIUIA.

Hcnonp3oBaHne MeToAa BO3MOXKHO B Hambosee mpocToi gopme, ecinu o0IacTh
pacnpocTpaHEHusl TeIJla HEOTPaHUYEHHA, @ UCTOYHHUK COCPEIOTOYEH B BECbMa MajoM
o0BbeMe.

Bo Bcex ciydasix pelieHHue CBA3aHO C HEOTPAaHUYEHHO OOJBIINM TEIJIOM U Mpe-
CTaBJIIET COOOW YacTHBIC pelleHHs 001ero auddepeHnalIbHOr0 ypaBHEHUS TEIUIO-
MIPOBOJTHOCTH C YYETOM TPAaHUYHBIX YCIOBUM (B KaueCTBE I'PAHUYHOTO YCJIOBHS MBbI
IPUHUMAEM, YTO TEJIO He OOMEHUBAETCSl TEIJIOM C OKPY’Kalollel cpeoi).

MeTtoa UCTOYHMKOB MPEAyCMATPUBAET HAIU4YUE 3 BUJIOB UCTOYHUKOB: MCHOBEH-
HO20 COCPe0OmMOYEeHHO20 MOUeYHO20 UCTNOYHUKA, MCHOBEHHO20 COCPEOOMOUEeHHO20 Jil-
HEeUHO20 UCMOYHUKA U MCHOBEHHO20 COCPEOOMOYEHHO20 NII0CKO20 UCTMOYHUKA.

MrHoOBEeHHBIA COCPEIOTOYEHHbIN TOYEYHbIM MCTOYHHUK Harpesa. Jlomyctum,

YTO Mbl UMEEM HEOTpaHWYEHHO OOJBIIOE TEI0: Ol = COonst; Cy = const; A = const;
HadaJibHadg TeMiepaTypa Tena paBHa 273 K. B MecTe HaX0X/I€HUS MCTOYHUKA T, = oo.

B 5TOM HeorpaHu4eHHO GONBIIOM Tesle B HayanbHbIi MoMeHT Bpemenu (I = 0) B Gecko-
Heuno manom snementapaoM ooseme dX, dY, dZ cocpenoroueno xakoe-to kommue-
ctBo Temta Q (Jk). DTy TEmIOTy MCTOYHMK BBIACISET MTHOBEHHO M OIHOPA30BO.
CoBMECTMM HAYaJIO MPSMOJMHEMHOW CHCTEMBI KOOPAMHAT C HAIIUM 3JIEMEHTapHBIM
obbemMoMm (puc. 3.6).

C yyeroM OIMCAHHBIX HAYAJIBHBIX W TPAHUYHBIX YCIIOBHM peIIaeTcss ooIee
muddepeHIanbHOe YpaBHEHNE TEIJIONPOBOIHOCTH. Pelienre mpu 3ToM IoTy4aeTcs B
CIICAYIOIIEM BHJIC:

Q [
4at
<77 € +T0

Ak

T, =
€t cr @ : (3.28)

2 2 2 .
rme R = \/ X°+V°+7Z° — paccrosnHue oT UCTOUHMKA JI0 33JaHHOM TOYKH Te-
na;
t — Bpewms, yepes KoTOpOE MBI ONpesieNsieM TEMIIEPATYPY B 3aaHHOM TOUKe
Tena.
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PucyHok 3.6 — CxeMa MrHOBEHHOTO COCPEIOTOYEHHOT0 HMCTOYHMKA HArpeBa

Temno pacnpocTpaHseTcss CUMMETPUYHO OTHOCUTEIBHO Hadalla KOOpAUHAT, T.C.
TeMIiepaTypa B JI000 TOUKE Teja OMpeNeTUTCs paanyc-BeKTOpoM R W BennumHOM t.
N3otepMuyeckre MOBEPXHOCTU MPEACTABISIOT COO0M chephbl C TOCTOSHHBIM PAIUyCOM

Y [IEHTPOM B TOUECYHOM HUCTOYHHKE.
MrHOBeHHBIH COCPEIOTOYCHHbIN JIMHEHHbIA HMCTOYHUK. TakoW HMCTOYHHK

MOKHO IPEJICTaBUTh KAK TEJIO ¢ OECKOHEUYHO MAJIbIMU pa3MEepaMHU B JIBYX HAINpaBIICHH-
AX U KOHEYHBIM pa3MEpOM B OJIHOM HarpaBieHuu (puc. 3.7). JIMHEWHBIH HCTOYHMK
MOKHO MPEJICTAaBUTh B BHUJI€ TOUYEUHBIX, BBICTPOEHHBIX B psif. IlycTh B nuHelHOM uc-
Tounuke Haxoaurcs Q oKoyeBoi TemnoThl. Toraa KOJIMYECTBO TEMIOTH B €AUHHULIE
mmansl coctaiager Qq/1 = Q, Ix.

Hauanvnvie v epanuunvle yCIOBUA:

1 Bo Bcem HarpeBaemomM tee T =273 K, B ucrounuke T, = 0.

2 ['paHulibl TE€Na HE BIUAIOT HA TEIJIONEpEaavy.

ZA

A

. 30z

RPN R T

) S

Y Sy

Pucynok 3.7 — CxeMa MTrHOBEHHOTO COCPENOTOYEHHOTO JIMHEUHOTO
MCTOYHHKA TETJIOTHI

[Ipu Takux HA4YAJIBHBIX U TPAHUYHBIX ycioBusx pemenue OAYT umeet Buj

58



T(r,t) = &e[“] LT,

Cy4rot ’ (3.29)

rae I’2 = X2 + Zz.

M30TepMUYECKUMH TTOBEPXHOCTSMU TEMIIEPATYPHOIO IOJS OT AEHCTBHMS MIHO-
BEHHOI'O COCPEIOTOYEHHOTO TMHENHOI0 HCTOYHHMKA TEIUIOTHI SABJISIOTCA KOAKCHAJIBLHBIE
LWIMHAPLL ¢ OCBIO, COBIANAIOIIEH C PACHOI0KEHHEM MCTOYHMKA TEIUIOTHI M Pa3jiHy-

HBIMH PagnyCaMH.
MrHoBeHHBIH COCPEAOTOYCHHBIN MJIOCKMHA MCTOYHHMK TeIJIOThl. B Heorpanu-

YEHHO OOJIBIIOM TEIUIONPOBOIAIIEM TEJlE, HMEIOIIEM HavalbHyI0 TeMmrepatypy 1o =
273 K, BblieanM GECKOHEYHO TOHKM IIOCKUiA cioii Tonmuuoi dZ, pacmosnoxkeHHblit
B wiockoctd XOV (puc. 3.8) ¢ koneunsivu pasmepamu B Hanpasiennn OX — D u

oy -1

A

Q

Pucynok 3.8 — CxeMa MTrHOBEHHOTO COCPEAOTOYEHHOTO IIOCKOTO
HMCTOYHUKA TETUIOTHI

MrHOBEHHBI COCPEOTOYEHHBIN TNIOCKUHA MCTOYHUK TEIJIOTHI MOXKHO MPENICTa-
BUTh KaK COCTOSIIIUN M3 MTHOBEHHBIX JUHEWHBIX U TOUYECUHBIX MCTOYHUKOB, PACIIONO-
YKEHHBIX B OJTHOM MJIOCKOCTH.

C y4yeToMm HavajbHBIX U rpaHudHbIX ycmosuii (To = 273K, rpanuia He BIMsAET Ha
Terionepeaady) pemnieHue oomero auddepeHImaIbHOr0 ypaBHEHHS TEIIOMPOBOIHO-
CTH TIPUHUMACT BU]T

T(z,t) = Q, — e( 4"’“] +T,
cy Crat

—

(3.30)
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2 _
3neck bl Q - komuuectso TEIUIOTHI, COJEpIKalieecs B JI0OOM OECKOHEYHO

MaJIoOM TOYE€YHOM MTHOBEHHOM COCPEJOTOUYEHHOM HCTOYHHMKE TEIUIOTHI, BXOJSIIEM B
COCTaB MTHOBEHHOI'O COCPEIOTOUYEHHOTO TNIOCKOT0 HCTOYHUKA TEIJIOTHI.
N3oTepMuyeckue moBEpXHOCTH MPEACTABISIIOT COOOM MIOCKOCTH, yaJeHHbIE Ha

Pa3sHOC paCCTOAHHUC OT MCTOYHHKA TCIJIOTHI 11O OCHU OZ

3.4 Buabl Tesl, NpUMeHsIeMbIX MPH PacyeTax TeIJIOBBIX MPOLECCOB

Bce cBapuBaemble uznenusi paznuyaioT 1no gopme u pasmepam. [lostomy npu
OJINHAKOBOM TEIUIOBOM BO3JICUCTBUM TEMIIEpATypHBIE MOJs OyayT pazaudyHbIMU. YTO-
OBl yIpPOCTHUTH 33/1a4y, HEOOXOAUMO BCE pa3HOOOpas3ue CBAapUBAEMbIX M3ACIUI pa3ze-
JUTH Ha Kakue-To rpymnmbl. PacyeTHbie opMyIbl BEIBEEHBI 711 6 BUAOB TEIl, U Peallb-
HbIE M3/ENIHsI IPUPABHUBAIOTCS K KAKOMY-TTMOO U3 HUX.

3.4.1 beckoHeyHOE TEJIO
DTO Teo, UMEIOIIee HACTOJIBKO OOJIBIINE pa3Mephl BO BCEX MPOCTPAHCTBEHHBIX

HaIlpaBJICHUSX, YTO €r0 Kpas HE BIMSIOT Ha Temionepenadyy. Havano koopauHar pac-
MoJIaraeTcsi BHyTpH Teja. 3afgaHHas Touka A (puc. 3.9) HaxoAuTCs OT Havalla KOOp.IH-

2 2 2
Hat Ha paccrosann R, koTopoe pasro R = \/ X“+Vo+Z°,

Pucynok 3.9 — Cxema O€CKOHEUHOTO Tena

3.4.2 TlomyGeckoHEUHOE TEJIO
DTO Teno ¢ OECKOHEYHO OONBIIMMH pa3MepaMy BO BCEX 3 MPOCTPAHCTBEHHBIX

HAIpaBIEHUIX, OJHAKO MMEIOIIEE OJHY U3 MOBEPXHOCTEH (MKCUPOBAHHOM, HAIPUMED
mwiockocteio XOV (puc. 3.10)
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Pucynok 3.10 — Cxema nony6ecKOHEYHOTO Tena

OTOi cXeMe COOTBETCTBYET BCAKOE MAaCCUBHOE TEJIO, HA OJJHOM U3 MOBEPXHOCTEN
KOTOPOro JEHCTBYET MCTOYHMK HarpeBa. B Tene moTok Temia — MpOCTPaHCTBEHHBIH.
Ecnu MCTOYHMK Teruia SIBJIETCS TOYEYHBIM, TO TEMIIEPATypPHOE IOJE Ha IUIOCKOCTH
umeeT (GopMmy OKpykXHOCTH. Hanuuue rpaHuil HE OKa3blBa€T HMKAKOTO BIIMSHHUS Ha
npoluecc pacnpocTpaHeHus teria. Omubka npeHeOpexeHUs] OrpaHUUYEHHOCThIO pa3Me-
POB TeJla TEM MEHbIIE, YeM OoJIblIe pa3Mephl Tea, YeEM KOpOUe pacyeTHas MPOJ0JIKU-
TENBHOCTDh IIPOLECCA PACIIPOCTPAHEHU TEIlIa, YeM OJIMKE K MCTOYHHMKY 30HA pacueT-
HBIX TEMIIEpaTyp, YeM HIKE KOA(DPHUIMEHT TEMIIEPATYPOIPOBOJHOCTH METaIIA.

3.4.3 Ilnockuit cion

JTO0 Teso ¢ OECKOHEYHO OOJBIIMMU pa3MepaMH B 2 MPOCTPAHCTBEHHBIX HAIpPaB-

nenusx — OX u OV u orpannyennoM pasmepe O B TpeTheM HampasieHuu (puc. 3.11).
CxeMy IMJIOCKOTO CJIOS MOYKHO MPEACTaBUTh KaK JIHMCT, TOJIIMHA KOTOPOTO HE HACTOJIb-
KO BeJIMKa, YTOOBI TEJIO MOKHO OBLIO CUUTATh MOTYOECKOHEYHBIM, U HE HACTOJBKO Ma-
Ja, 4TOOBI TEMIIEPATYPy CUUTATh PACHPEEICHHON PABHOMEPHO 10 TOJIIIUHE.

Z\

X
e

<

Pucynok 3.11 — IInockuii cioii
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3.4.4 IlnactunHa (TOHKAas)

DTO TENO B BUAE IUIOCKOTO CJIOS MAJIOW TOJIIUHBI ¢ HEOTPAHHYCHHBIMU pa3Me-
pamu B Hanpasienun oceii X u Y (puc. 3.12). TemnepaTypa mpeamnoaaraeTcst moJHo-
CTBIO BHIPOBHEHHOM I10 TOJIIIMHE ITACTHHBI.

Z

P

Pucynoxk 3.12 — Tonkas mactrHa

3.4.5 BeCKOHEYHBIN CTEPIKEHB

OTO TEN0 HEOrpaHWYEHHOM IJIUHBI U C OECKOHEUYHO MaJbIMU pa3MepaMu B
OCTaJILHBIX JBYX HampaslieHusx, Hanpumep B Hanpasienun OY u OZ (puc. 3.13).
Temnepatypa pacrpesieneHa paBHoMepHO Toibko B Hampasiennn OX. [lpumepom Ta-
KOIO TeJia SIBJISIETCS apMaTypHBIN CTep’KE€Hb, HA OOKOBOW MOBEPXHOCTH KOTOPOIO JIEi-
CTBYET MUCTOYHUK TEIUIA.

Pucynok 3.13 — beckoHEUHBIN CTEPKEHD
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3.4.6 IlonybeckoHEUHBIN CTEPKEHD

Ecimu oguH m3 TOpIOB 0ECKOHEYHOTO CTEpKHS 3adUKCUPOBATh, TO TAKOH CTEp-
’KE€Hb CTAaHOBUTCS MOIyOeCKOHEUHBIM (puc. 3.14).

Z | X

Pucynok 3.14 — Ilonmy6eckoHEUHBIN CTepKEHb

HpI/IMCpOM TaKUX TCJI ABJIIOTCA apMaTyYPHBIC CTCPKHHU, IIPUMCHACMBIC IIPU KOH-
TaKTHOM CBapK<C BCTHIK. HpI/I 9TOM MaKCHMaJIbHAaA TCMIICPATypa Ha6J'II-0I[a€TCH Ha TOp1eC
CTGp)KHCﬁ u Y6BIBa€T C YAAJICHUCM OT TOpLaA.

3.5 PacuerHble cXxeMbl CBAPOYHBIX IPOLIECCOB

[Ipu cBapke BO3MOKHBI pa3IMYHbIC KOMOWHAIINY CBAPHBAEMBIX TEI M MPUMCHS-
€MBIX HCTOYHUKOB Harpena. J[Jis TOro 9ToOBl MPOU3BECTH pacdeT TEIUIOBOTO MpoIecca,
MBI JOJDKHEL:

1) mpeacTaBUThL CBapUBAEMOE U3/IEIHE B BUEC OJJHOTO M3 4 PACCMOTPECHHBIX TEIT;

2) OTHECTH HAIll UCTOYHUK K OJHOMY W3 HMJICAIHHBIX UCTOYHUKOB (TOYCTHOMY,
JTUHEWHOMY WJIY TIJIOCKOMY MTHOBEHHOMY COCPEI0TOUYCHHOMY).

Jlns obrmeryeHus pacyeToB COCTABIIIOTCS pacueTHhIE cXeMbl (Tabi. 3.1).

Tabnuna 3.1 — PacueTHbie cXxeMbl TPOILIECCOB CBAPKH

[erictBue Tpomece dopma Cxema UCTOYHMKA U
IyTH 3/ICTIHS HarpeBaeMoro Tesia
HamnmaBka  Banu- TodyeyHbId NOIBHKHBIN
KOB Ha TNOBepX-| MaccuBHOE | MCTOYHHUK Ha MOBEPX-
HOCTb TEJI0 HOCTH  TOJIyOECKOHEU-
JlnarensHOE — My- HOTO TeJja

ra nepeMeniaeTcs
10 U3JICJIUIO PaB-
HOMEPHO U Ips-
MOJIMHENMHO

HarmutaBka Bajmka
Ha TOBEPXHOCTh

ToscTeii TUCT

ToueuHbll MTOABMKHBIN
WCTOYHUK Ha TMOBEPX-
HOCTH IIJIOCKOT'O CJIOS

CBapka CTBIKOBBIX

JIMHENHBIT MCTOYHUK B

IIBOB 3a OJIUH . IUTACTUHE C TEIUIOOTHA-
Toukunit mucrt o

POXO0/1 Yyeld B  OKPYXKaIOULYIO
cpeny
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[Iponomxenue Tabdm.3.1

[encrBue [Iporecc ®dopma Cxema UCTOUYHMKA U
IyTH 1763 (S 158 HarpeBaeMoro Tena
3aBapka HeOosb- | a) MaccuBHoe | ToueuHbli MTHOBEHHBIN
IIUX TOBEPXHOCT- | TEJIO UCTOYHUK Ha MOBEPX-
KparkoBpemeHnHoOe | HBIX AehEKTOB HOCTU  TOJyOECKOHEU-
- Jyra mIpakTh4e- HOTI'O TeJla

CKH HCIIOABHIKHA

Toncteiia

6)

JHUCT

ToyeuHblii MTHOBEHHBIHM
WCTOYHHK Ha IIOBEpPX-
HOCTH IJIOCKOTO CJIOS

[IpuxBatka cThI- | TOHKHE TUCTHI | JINHEWMHBII ~ MTHOBEH-
KOB HbIl MCTOYHHMK B IUIAC-
THUHE C TEIUIOOTAAYEN
IIpuxBarka ctbI- | ToHKHE [Inmocknii MrHOBEHHBIN
KOB CTEPKHU UCTOYHUK C  TeIo-
OTHaYen
KpatkoBpemennoe | Onekrpoansie | [Imockuii  MrHOBEHHBIN
TOPEHHE TYT'H CTEPKHU HUCTOYHUK B CTEPIKHE C

TEeTUIO0TaaUEN

KparkoBpemenHoe
— Jyra  Hemno-
JBUKHA

Capka 3J51eKTpo/ia
KJICTIKaMH

a) Caapubae-
MBbI€ JINCTHI HE
HAMHOTO  OT-
JANYAOTCS

JIPyT OT JpyTa
10 TOJIIIIUHEC

ToyeuHbIii MTHOBEHHEIHM
UCTOYHUK B IIJIOCKOM
clo€e

6) CsapuBae-
MBbIC JINCTBI
OTJIMYAIOTCS B
3HAYUTCIILHOMU
CTCHCHU (0]
TOJIIIMHE

ToueynbIt MT'HOBCH-
HbII UCTOYHUK B TOJY-
OECKOHEYHOM TEJIE

3.5.1 AanabaTudeckas rpaHuiia

Annabatrudeckoi Ha3bIBaeTCs TpaHuUIla, HE Mpoiryckaromas Temio. [lycts Takoi

rpanuiei seisercs miockocts XOV nonybeckoneunoro Tena (puc. 3.14).
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V><

Pucynok 3.14 — Cxema pacripocTpaHeHus1 TEIIa IPU HAJTUIUU
annabaTuyecKou rpaHUIlbl

Mo ocu Z B Touxe P’ ¢ koopaunaramu (0, 0, -Z/) pa3MeECTUM MTHOBEHHBIN CO-
CPENOTOUYEHHBIIM TOYEHBII UCTOUHUK, coaepskamuii Q (JIK) TemoBoii sHeprum.

MBICIIEHHO JOTIOJHUM IOIIyOECKOHEUHOE TEJIO TAKUM K€, B 3€PKaJIbBHOM OTpake-
Hud, Boie mwiockoctd XOY. OUKTUBHBINA UCTOYHHK, KOTOPBIH CIIOCOOCH CO3/1aTh BO
BCEX TOYKAaX MOBEPXHOCTHU Pa3jieiia TO )K€ TEMIEPATypHOE I0JIe, YTO U OCHOBHOMW HC-
TOYHMK TEIIOTHI, pasMecTuM B Touke P’ ¢ xoopmunaramu (0,0,Z). B sTom ciaydae na
IpaHule OTCYTCTBYET TEIUIOBOM OOMEH, T.K. pa3HOCTb TEMIIEpaTyp OT 00OMX MCTOYHU-
KOB B JIIO0OW TOYKE OCHOBHOI'O TE€Ja U YCIOBHOTO Teja paBHa HyJ0. i 3TOro Quk-
THUBHBIA UCTOYHMK TEIJIOTHI NOJ00paH TaKUM 00pa3oM, YTOOBI €ro TErIoBasi MOIIHOCTh
ObLIa OIMHAKOBOM C TEIJIOBOM MOIIHOCTBIO OCHOBHOI'O MCTOYHMKA M PACCTOSHUS OT
HEX 10 oci Z 710 Hayaja KOOPAMHAT — OBEPXHOCTH pasjieia ObLIM TAKKE OJIUHAKO-
Bbl. 3a/1a4a CBOJIUTCS K ONPEICIICHUIO TEMIIEpaTyphl B JHOOON TOUKE OECKOHEUHOTO Te-
Ja (COBMECTHO C YCJIOBHBIM) OT OJIHOBPEMEHHOT'O MTHOBEHHOT'O JIEHMCTBUS 2 UCTOYHU-
KOB OMHaKoBoii MomHocTH —P/ O, 0, -Z/) u P//(0,0,Z).

PaccrosiHusa oT mcciaenyeModl TOYKM A 70 MCTOYHUKOB ONpPENEIseTCs paguyc-
BEKTOpaMHU:

/ 2 2 Y2 /
R' = \/ X*+V*+(Z~-2")" - or ucrounuxa temnots B Touke P';

" 2 2 1\2 1l
R = \/ X*+V +(Z-2")" - orucrounuka TerwioTs B Touke P .

Temmeparypa B ToUke A OT 000UX UCTOYHUKOB TEIJIOTHI BHIPA3UTCS TaK:
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_R’ZJ RI?
T(X,V,Z,t) = Q “’“ + Q ot

e e
Cy(lnatjlz C)/(47Z'05t)3/2 . (3.31)

TemnoBoil MOTOK, OTpaxasChb OT TPAHULBI, PACIPOCTPAHSIETCS B OOpaTHOM
HaIpaBJIEHUM 10 TOMY JK€ 3aKOHY, II0 KOTOPOMY OH OBl PaclpoCTpaHsyICs B OECKOHEU-
HOM Te€JI€ IPU OTCYTCTBUU I'PAHUILIBI.

Taxkum oOpa3oM, B 10JyOECKOHEYHOM TeJieé HEMPOHULIAEMOCTh IPAaHUYHOM II0C-
KOCTU I TEIJIOBOIO IIOTOKA IOBBIIIAET €€ TEMIIEpaTypy B 2 pas3a 10 CPABHEHUIO C
TEMIIEPATYPOM TOM K€ TNIOCKOCTH B HEOIPAHUYEHHOM TEJE.

B Tom cimyuae, KOrjja TOYEUHBIM UCTOUYHUK MPUIOKEH K OECKOHEYHO OOJBIIOMY
TEJy HEMOCPEICTBEHHO Y €r0 MOBEPXHOCTH, & IIOBEPXHOCTh HE IIPOITYCKAET TEILIO, T.€.
MMEET MECTO aauabaTHYeCKOe TPaHUYHOE YCIOBHE, TO B 3TOM CIIydae IPOLECC pacipo-
CTPAHEHMS TEIlIa SKBUBAJICHTEH JIEUCTBUI0 MCTOYHHKA, COAEPIKAIIETO YIABOCHHOE KO-

nuuecTBO TeroThl — 2Q B GeCKOHEUHO GOIBIIOM TEIE:

2Q S
T'(R,t) = Cy(lﬂ'oét\su e[ ) - (3.32)

g

3.5.2 WM3orepmuueckas rpaHuna

N30TepMuuecKkor Ha3bIBAETCA IPaHULA C IOCTOSIHHOM TEMIIEpAaTypoM, HE 3aBH-
cslas OT TEIJIOBOTO COCTOsIHUS Tena (puc. 3.15).

Z
T(2)

T°(2) \

N\ N\ro_x
: A(X,Y, 2)
Y/:/

P"  HCTOYHUK TEILIOTHI

P(0,0,2)

Pucynok 3.15 — Cxema pacripocTpaHeHusi TEIia MPU HATUIUU
M30TEPMHUYECKON TPAHUIIBI
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JI1st mosty4eHus: U30TEPMUYECKON TPaHUIbl YCIOBHO YCTAHOBUM (DUKTHUBHBIN HC-

TOYHHUK B Touke P, KoTopsIii Ha rparune, T.e. B mnockoctn XY, obecneunn 651 mo-
Jy4eHUEe TeMIIepaTyp, MEHBIINX WM PaBHBIX MO BEJIMYMHE U OOpPATHBIX MO 3HAKy TEM,
KOTOpBbIE 00pa3yloTCs OT JCUCTBUS OCHOBHOTO MCTOYHHMKA HarpeBa. TakoW MCTOYHHK
paccMaTpUBaOT KaK CTOK Teria. B 3ToMm cilydae cymma Temmneparyp B JIFOOOH TOYKE
MMOBEPXHOCTU PAaBHA IMOCTOSIHHOW JJIi JAHHOTO CTOKA BEJIMYMHE, YTO COOTBETCTBYET
YCIIOBHIO H30TEPMHUYECKON IPAHUIIBI.

Temnepatypa B m000i1 TOUKe Tela B 3TOM CIIy4ae ONpEAeNsieTcs] Kak pa3HOCTb
TeMnepaTyp OT 2 UCTOYHHUKOB: OCHOBHOT'O U (PUKTUBHOI'O — CTOKA TeIia:

Q _(R’)Z Q _(R”)Z
T7(X,V,Z,t)= e t — e 4
( ) o) Qrat ™ o (dmat) ™ . (3.33)

A

/ I .
rac R )51 R - PaCCTOAHUA OT 3aJldHHOU TOYKHU B HOHY6GCKOHC‘-IHOM TCJIC A0 OC-
HOBHOI'O U (1)I/IKTI/IBHOFO HCTOYHHKOB TCILJIA.

Takum 00pazoM, ¢ UCHOJIB30BAHUEM CTOKOB TEIUIOTHI MOXHO MOJIYYHTh MOCTO-
AHHYIO TEMIEPATYpy Ha MOBEPXHOCTH HAarpeBaeMoro Tesa, T.e. H30TEPMUYECKYIO rpa-
HULLY.

Meton oTpaxeHU MOXKHO IPUMEHSTH JIJISl PUBEJICHUS K HEOTPAaHUYEHHOMY Te-
Jy TakuxX TeJ, KOTOPblE€ OTPaHUYEHBI MapaylIebHBIMU (IUIOCKUN CJION) WM B3aUMHO
NEPIEHIUKYISIPHBIMU TUIOCKOCTSIMHU C M30TEPMUUECKUM WM aAMa0aTHYECKUM YCIOBHU-
eM.

3.5.3 Vuér rermooOMeHa Ha TOBEPXHOCTH TUIACTUHBI U CTEPIKHS

[Ipu pacuérax mpolecca pacopOCTPAHEHHs TEIIa B IJIACTUHAX M CTEPIKHSIX
HEOOXOJIMMO YYUTHIBATH BIMSHUE MX TEIUIOOOMEHA C OKPYXKAIOIIEeH cpelor uepes mo-
BEPXHOCT.

ITycTh 3a1aHa MIACTHHA ¢ TOJIIMHOM O, C MOJHBIM KOS (PUIMEHTOM TEMIOOT/AA-

yi O, HaYaJdbHas TEMIIEPATypa MMOBEPXHOCTH IIACTHHLI — 1, TeMIIeparypa OKpYyKaro-
el cpeasl paBHa 0.

Torna Kaaplil S7I€eMEHTAPHBIA 00BEM MIIACTUHBI dXdy, HarpeTbld 10 TeMIepa-
Typsl T, otnaét 3a Bpems dt B okpyxaromyro cpexy konuuectso Temia dQ:

dQ =2T dx dy dt. (3.34)

OTHecéM ATO KOJMMYECTBO TeIlIa K €IWHHUIE 00beMa, K €IMHUIE BPEMEHHU U K
eIMHULe OOBEMHON TEIUIOEMKOCTH M IMOJIyYHUM MTHOBEHHYIO CKOPOCTh H3MEHEHUS
TEeMIIEPATypbl, 00YCIOBICHHYIO MOBEPXHOCTHOM TETJIOOTAAUEH:
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2o T dxdydt  2aT _

——=—DbT
C ¥ o dxdy dt Cyo bt (3.35)

20

rae bl = Cys ~ KO3 PUIIMEHT TeMIepaTypoOTaAaur ¢ TOBEPXHOCTH.

Jiis Toro 9TOOBI MOMYyYUTh AU PEpEeHIInaATbHOE YpaBHEHHE TEIIOMPOBOHOCTH
JUIS TUTACTHUHBI C TEIUIOOTAa4ueH, HYy’)KHO K CKOPOCTU MU3MEHEHUs TeMIepaTyphl, 00y-
CJIOBJIEHHOM TEIIONPOBOJHOCTBIO, alredpandyecku NpuOaBUTh CKOPOCTh, OOYCIIOBIIEH-
HYIO TeTIOOTAAaYeH:

oTl 0T O°T
Eza(axz + ayz)‘blT- (3.36)

Pacuér HOBerHOCTHOI;’I TCILNIOOTAAYN CTCPKHA CTPOUTCA TaK KC, KaK U OJIA
IIJIaCTHUHBEIL.

MBI IMeeM CTepsKeHb ¢ IUIONIAAbI0 HorepedHoro ceuenns F, ¢ mepumerpom P,
¢ ko3(ppuruenTom nojaHoM Ternooraauu Ol.
Kaxx b1t anemMeHTapHbIi 00BEM  CTEPIKHS FdX, HarpeTHIil 10 TemnepaTyps 1,

ornaér 3a Bpems Ot gepes Gokosyro mosepxuocts PAX  kommuectso Temma

dQ=a TPdxdt. (3.37)

OTHECEM 3TO KOJIMUECTBO TeIUia K eauHuIe L, Kk enuaune {, k equHumne 00b8M-
HOHM TEIIOEMKOCTH M MOJYYHMM MTHOBEHHYIO CKOPOCTh U3MEHEHHUs TeMIepaTyphl, o0y-
CJIOBJICHHYIO TETUIIOOTAAYECH.

_ olTPdxdt  oTP

e . YT pT.
cFdxdt cHF 2 (3.38)
rae Dy— Ko UIMEHT TeTI00TAaYH ISl CTEPIKHS,
P
b, = (3.39)

c -

HuddepennmansHoe ypaBHEHHE TETUIONPOBOIHOCTH JIJIsi CTEPXKHS C TETUIOOTIa-

4yeil mosyduM, MpruOaBUB areOpandeck K OMpenesieMOol ypaBHEHHUEM TEIIOMPOBOI-

HOCTH MTHOBEHHOW CKOPOCTH W3MEHEHHS TeMIepaTyphl CKOPOCTh M3MEHEHHUs, 00Yy-
CJIOBJIEHHYIO TETUIIOOTHAYEH:
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oT o0°T
o9 _,

ot ox?

—b,T. (3.40)

3.5.4 YpaBHeHus npoliecca CBOOOIHOTO OXJIaXKACHUS

[Ipeanonoxxum, 4TO B HA4YaJIbHBII MOMEHT BPEMEHHU TeMIepaTypa MIaCTUHBI WX
CTep>KHS [IOCTOSIHHA MO BceMy 00bEMY U paBHa Temrepatype 1. HaumHas ¢ MoMeHTa

t = 0, mracTuna wm CTepKEHb HAUYMHAIOT CBOOOIHO OXJIAXIAThCS 3a CUéT MOBEpPX-
HOCTHOHM TEILIOOTIAYH.

Temmneparypa B mpoliecce CBOOOTHOTO OXJIAKJICHUSI OYJIeT OCTaBaThCsl OJIMHAKO-
BOH 110 BCEMY 00BbEMY TIJIACTUHBI HITA CTEPKHS:

or _or_

=2 -0
ox oy (3.40)

Torna nuddepennmansHoe ypaBHEHHE Mpoliecca CBOOOIHOTO MOBEPXHOCTHOTO
OXJIQXKICHHSI TIPUMET BH/I;

oT
E =T - (1715 TUTACTHUHBL). (3.42)
3Hak “—* 03HA4aET, YTO TEIJIOOTAAYA UAET B CTOPOHY MEHBIIEN TEMIIEPATYPHI.
dT
e ~by dt; InT = —b;dt+Inc. (3.43)

[TocTossHHYIO C OmpeaenM U3 Ha4ajdbHBIX YCIOBUM: €CIIU t=0, o TZTO,

cinenoBarenbro, [nc = InTy.
ITepexons ot morapudma, NOIyUUM:

T=Toe ™'

— 3TO ypaBHEHHE MpoIecca CBOOOIHOTO oxyIaxkaeHuss. @opMyia onpenenser Temnepa-
Typy HEOTPAaHUYEHHOW IUIACTHHBI WIIM CTEPKHS C TEIUIOOTAAYell, paBHYIO MPOU3BEIE-
HUIO TEMIIepaTyphbl, PACCYMTAHHOM JUIsI T€X K€ YCJIOBHMM IJIACTUHBI WM CTEPKHs 0e3
—bqt
TEIJIOOTAUU, U MHOXHTEIS CBOOOIHOIO OXJIaXaeHus € 1
JUTUTEIBHOCTH MTPOLIECCA OXJIAKICHHUS.
C y4€TroM TEmI00TAauM MPOLECC PacHpOCTpaHEHUsl TeIula B IJIACTUHE OyAeT
CIEAYIOIINM:

, 3aBUCAIIICTO TOJIBKO OT
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Q
N 7 S
(r't)_cr47zateXp( ot b). (3.44)

rae Q2 — MOIITHOCTh UCTOYHHUKA.
ITycth B crepkHe B ceueHMH X = () NMPUII0OKEH MTHOBEHHBIM MCTOYHUK, paclipe-
JIEJIEHHBI PABHOMEPHO MO CEYECHUIO CTEPKHs. Toraa moBEpXHOCTHASI UHTEHCUBHOCTH

]
Q=2

[Ipouecc pacnpocTpaHeHuUs TEIUIA CTEPXKHS C TEIJIOOTAAYE OMUCHIBAETCS ypaB-

HCHHCM
Q 2
Z
T(x,t) = Alexp(—él—at) —b,t (3.45)

cy(4rat)?

3.6 IIpuHUMI OJIOKEHUS

Bce peanbHble ICTOUHUKH HarpeBa OTJIMYAKOTCS B TOW WJIM MHOW CTENEHU OT pac-
CMOTPEHHBIX WI€ATM3UPOBAHHBIX MTHOBEHHBIX UCTOYHUKOB TEILIA: TOYEUHOTO, JTUHEH-
HOTO, TUIOCKOTO. PeanbHble MICTOYHUKH HETPEPHIBHO JIEHCTBYIOT B TeUeHUE Oosee Win
MEHEeEe MPOJIOJDKUTEIFHOTO BPEMEHH, SIBIISIIOTCS paclpeie€éHHbIMU B OOJbIIECH WU
MEHbIIEN cTeneHu. J[Jig pacu€ra pacupoCTpaHEHHs TEIjla OT PEalbHbIX MCTOYHHKOB
MOJIB3YIOTCSI IPUHLUMIIOM HAJIOKEHHMS 3JIeMEeHTAPHbIX pelneHuii. CylIiHOCTh 3TOTO
MPUHIUIIA 3aKITI0YAETCS B CIEIYIOLUIEM: meMnepamypa om co8MecmHuo20 0eucmeus co-
BOKYNHOCMU PACHPEOENIEHHBIX 8 NPOCMPAHCINGE UNU 80 BPEMEHU UCHOYHUKO8 NPUHUMA-
emcs pagHolU cymme memnepamyp om 0eucmeaus Kaxrcoo20 UCMOYHUKA 8 OMOelIbHOCU.

T= f(QliQZ;QS;---;Qn); T= T1 + T2 + T3 +...+ Tn, (3.46)

rae T1=11(Q1), T2=12(Q2), ....

[Tonp3ysICh 3TUM TPHHIIUIIOM, MOKHO TPEACTaBUTH ceO€ peabHBI MCTOYHHK
m000#1 (OpMBI KaK COBOKYIMHOCTh COCPEIOTOYCHHBIX HCTOYHHUKOB, COOTBETCTBEHHO
pacnpenenéHHbIX BO BPEMEHHU JEWCTBHS MCTOYHWKA. PemeHus miis KaKaoro 3JeMeH-
TApHOTO MCTOYHMKA MBI UMEEM, TIPOCYMMHUPOBAB UX, HAWIEM PEIICHUS JJIs HCTOYHUKA
000 (POPMBI U IEUCTBYIOIIETO B JIF0O0E BpEMHI.

[Ipu ucnonp30BaHUM MPUHITUTIA HAIOKEHUST HEOOXOIUMO CUUTATh KOAPUIIHCH-
ThI TETUIO(QU3NIECKUX CBOMCTB PaBHBIMHU MOCTOSSHHBIMH, HE 3aBUCSIIMMHU OT TeMIIepa-

TYPBL.
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3.7 Pacuér Temnepatypbl 0T pacnpeeJéHHOro no 00beémMy
HCTOYHHKA HArpeBa

Jlnst onpeneneHus NeiHCTBHUS pacipeAeIEHHOTO UCTOYHUKA TEIUIOTHI UCIIONB3YIOT
HPUHIMI HAJIOXKEHUS, T.€. CJIOXKEHHE TeMIIepaTyp pPa3JIMYHbIX Y4YacTKOB HCTOYHHKA
TEIUIOTHI. PaccTostHMe OT HCTOYHUKA /IO TOUKH, B KOTOPOH OIpeeNsieTcsl TeMIepaTypa,
omnpeaensercs u3 GopMyIIbl

R=€-x"+¢—y +€-2" (3.47)
rac X/, Y/ nu Z/ - KOOpI[I/IHaTI)I TOUYKU HCﬁCTBHﬂ pacnpez{eneHHoro HNCTOYHUKA
Harpesa.
do &X'y €7D
dT(x,y,z,1) = 54 ., (3.48)
cy (4rat)?

2

dQ _R

— Aat
T(R,1) I 3 ¢ (3.49)

2

V cy(4rat)

3.8 IlocTOsIHHO AeHCTBYIOIUMH HCTOYHUK HATPeBa

Bo3spelicTBre Takoro MCTOYHUKA HarpeBa MOXKHO MPEICTaBUTh ce0e KaK BO3JEH-
CTBHE HECKOJIbKUX HCTOYHUKOB, PACIOJIO)KEHHBIX B OJHOM TOUYKE M BKJIIOYAOUIUXCS
4yepe3 onpeiesi€HHbIE MPOMEKYTKH BpeMeHU. [10CKOJIbKY YCIOBHBIE UCTOYHUKHU BKIIIO-

!
4alTCs B pasHbIe NMPOMEKYTKM BpeMeHH, Hampumep [ , To BpeMs AeiCTBHS 3TOro
YCIOBHOTO UCTOYHMKA ONpejiesercss Kak ¢ —1
RZ

R\ Q dad-t
T(R, (-t )= — ¢ et
cy(4ma —t' )2

(3.50)

JInst HaXOXKJIEeHUs TeMIIepaTyphbl OT MOCTOSHHO JIEUCTBYIOIIETO UCTOYHUKA HA/I0
BbIpaxkeHue (3.50) mpouHTErpupoBaTh MO BPEMEHHU:
R2

t _
T(R, (—t'j:j aQ VARG
Ocy(Arad—t' )2

(3.51)

71



3.9 TemioBble CBOMCTBA CBAPOYHOM AyIrH

B anexTpuueckoil CBapOYHOM Jyre MPOUCXOMAST pa3juvHble MpPeoOpa3oBaHUs
ANEKTPUYECKON SHEPIUH B TEIIOBYI0. KpoMme 3TOro, B 1yre NpoTeKaroT pa3invHbIe XU-
MUYECKUE PEAKIUHU, B YACTHOCTH, IIPOLIECCH PEKOMOMHAIIMN, KOTOPbIE HAPYIIAIOT Tell-
JoBoM Oamanc ayru. B oOimiem ciyyae BIMSIHHE 3THUX peakiuid HEOOJbIIOE, U MOXKHO
CYUTAThH OOIIYIO TEIJIOBYIO MOIIHOCTh IYTH HNPONOPIMOHATBHON 3JIEKTPUYECKON MOII-
HOCTH JyTHU:

Qosy= Uyles,

rac Uﬂ — HAIIPsKCHUC Ha AYT'OBOM IIPOMCIKYTKCE,

lcp — Tox myrm.
Jlyra xapakTepHu3yeTcCs BBICOKOM KOHILEHTpaluueu HarpeBa. TOK MpOXOIUT depes
Tak Ha3bIBaeMble "akTuBHBIEC NIsiTHA” (puc.3.16).

AHon

AHOIHOE OATHO
1
T ; \ KaronHoe nisitTHO

~ T Karon
|

dy — muameTp nATHA HarpeBa; dg.— JAMAMETP aKTHBHOTO IISTHA,
(2 — AKTUBHBIN YAEIbHBINA TEIJIOBOU ITOTOK

Pucynok 3.16 — Cxema TENIo0BOTO BO3IEMCTBUS CBAPOYHON TyTH

CBapouHblli TOK MPOXOAUT Y€pe3 aKTUBHBIC ISITHA, HO PACHpPEAESIeTCs M0 UX
IMOBEPXHOCTH HEPABHOMEPHO.
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OH uMMeeT MakKCHMMallbHO€ 3HAY€HHE B IIEHTPE AKTUBHOIO MSITHA U K Kpasm
yMeHbiaercs 10 0.

Teruo cBapo4YHOI yTW BBOJUTCSA B METAN HA HEKOTOPOM Y4acTKE €ro MmoBepX-
HOCTH TuaMeTpoM dy, Ha3pIBAEMOM IATHOM Harpena.

B akTMBHOM MsTHE Jyra pa3BUBAeT TEIJIO 32 CUET HEMOCPEICTBEHHOrO MpeBpa-
HMICHUS] PHEPTUU DJEKTPUUYECKU 3apsDKEHHBIX OOMOApAMPYIOUIUMX YaCTUIl B TEIJIOBYIO
SHEPTUIO TTOBEPXHOCTHOTO CJIOS MaTepuaia 3JekTpoaa. Jlmamerp maTHa HarpeBa Bcermaa
OoJBITIe TUaMeTpa aKTUBHOTO TISITHA.

KonbIieBast 30Ha MATHA HarpeBa, JeKalias BHE aKTUBHOTO IIATHA, HarpeBaeTcs 3a
C4YET KOHBEKTUBHOTO OOMEHA CO CTOJIOOM IIyTH, a TaKXKe 3a CUET JTyUYHUCTOTO TEII000-
MEHa CO CTOJIOOM JIyTH M aKTUBHBIM ISITHOM Ha DJICKTPOJIE U B PE3YJIbTATE TEIUIOOT/IA-
91 METOJIOM TETUIONPOBOHOCTH OT aKTUBHOTO TISITHA.

Yoenwvnuiii mennogoit nomox ((]p) moxaspiBaeT, Kakoe KOJIUYECTBO TeIUIa MPHU-
XOJIUTCS Ha €UHUILY TTIOBEPXHOCTH B €IMHUILY BPEMEHH.

On HaumOoJiee 3HaYMTENICH B IIpeiesiaX aKTUBHOTO MsiTHA. C yAaJleHHeM OT IIEHTpa
MATHA HarpeBa YJEIbHBIN TEII0BOM MOTOK yObiBaeT. Ho B CBSA3M ¢ HarpeBOM KOJIblie-
BOM 30HBI MSITHA HArpeBa 3a CYET KOHBEKTUBHOTO U JIYYHCTOTO TETNIOOOMEHA OH yObIBa-
€T MeJIJIEHHEE, YeM TIJIOTHOCTh TOKaA.

Pacnpenenenue yaenbHOTO TEIJIOBOTO MOTOKA MOBEPXHOCTHOM TyTH O PaiNyCy
MATHA HArpeBa MOAUYUHSIETCS 3aKOHY 8ePOsAMHOCHIU.

_k?
qor =00 € (3.52)
y Mo,
rae (pr — TemnoBol MOTOK B MTHE HArpeBa Ha PacCTOSIHUU OT LIEHTPA, I
. . Lone
(2m — MakcuMaibHbII TEIIOBOM OTOK B LIEHTPE MSITHA HarpeBa, —— !
C
K
Jom = ; q - s pexTuBHAS TEIUI0Bask MOIIHOCTh CBAPOYHOM AYTH;
1
[K] = — KO3 (PUIIMEHT COCPETOTOUCHHOCTH TETIOBOTO MTOTOKA AYTH;
cm

Koaddumment K xapakrepusyer pacnpeneseHue yIAeIbHOTO TEIMJIOBOTO MOTOKA
T10 IIEHTPY Harpena.

UYewm BbI1Ie K, TeM ObicTpee yObIBAET yAEIbHBIN TEMIOBOW MOTOK C YAAICHUEM OT
LIEHTpa MSTHA HarpeBa, TeM OoJjiee KOHIEHTPUPOBAHHBIN MMOJIY4YaeTCsi HarpeB, TeM
MEHBIIIE TUAMETP MATHA HarpeBa.

Jns nyroBoi cBapku K=1+10. McTouyHuk HarpeBa, pacrpeieieHue yAeIbHOTO
IIOTOKa KOTOPOr0 MOJYMHSIETCS HOPMAJIbHOMY 3aKOHY PacCIpeleeHUs BEPOSITHOCTH,
HOCUT Ha3BaHUE HOPMAbHO20 KPY206020 UCHOUHUKA.

73



OpHako COCpelOTOYEHHOCTh TeIjla CBApOYHOM Ayru o4yeHb Benuka. OHa gacT
HACTOJIbKO KOHIIEHTPUPOBAHHBIN HArpeB, YTO B OOJBIIMHCTBE CIy4aeB JJIsl YIIPOIICHUS
pPacyE€THOM CXEMBI JIyTY MOKHO paccMaTpuUBaTh KaK COCPEIOTOUYECHHbIM UCTOUHUK. O-
HAKO MpHU pacy€Tax pa3MepoB 30HBI MPOIUIABICHUS, B Cllydae Jyrd MaJlod U cpeaHei
MOIIIHOCTH, CJIETyeT YUYUTHIBATh PACIPEACIEHHOCTD yI€IbHOTO TEIUIOBOTO MOTOKA.

He Bcé BhImensieMoe ayroit Termio, T.e. HE BCS OOIIasl TEIJIOBask MOIIHOCTh HC-
MOJIB3YETCSl IPU CBAPKE JIJIS1 HATPEBA U3/1EIH.

YacTs Tera 0TAAETCS B OKPYKAIOLIYIO CPENy, a U3/IeJIMe BOCIPUHUMAET TOJIBKO
4acTh OOIIEH TEeIIOBOW MOIIHOCTH, KOTOPYIO MOXKHO ONPEIEIUTh, €CIIU U3BECTEH I¢h-
Gexmuenlii KOIhuyuenm noneznozo delicmeusn Hazpesa uzoenus.

qI/I - nI/I qo6m;

O
T]H B qoﬁu;. ’

rae ( — apdexTrBHAsA TEIIOBasi MOIHOCTD 1yTH;

(oo — 001mas TernoBas MOLUIHOCTD JTyTH.

Ta yvacTe Tema oOmiel TEIIOBOM MOIIHOCTU IyTH, KOTOpas BOCHPUHUMAETCS
u3enueM, Ha3biBaeTcsi dS(PQPEKTHUBHOW TENMIOBOW MOUIIHOCTHIO, T.€. 3TO KOJIHYECTBO
TEIUIA, ITOIYyYaeMO€ U3JEIUEM B €IMHUILY BPEMEHU.

KII/] HarpeBa wm3aenust 3aBUCUT OT BHJIa CBAPKHU.

IIpn py4HOU IYroBOHM CBapkKe, IMPU CBAapKE OTKPBITOM AYrOW IUIABSIIIUMCS JJICK-
TPOJIOM IIPH Majioit u cpeaneit momuoctu ayru 1M,= 0,6...0,8.

[Ipu cBapke MOrpyXEHHOH Iyrod, a TaKkKe B Cilyyae CBapku mox (iarocoM

Nw= 0,8...0,93.
O¢p¢dexruBrbni KIIJ (M) 3aBUCHT TakKe OT PEKUMA CBAPKU: C yBEIUYECHUEM

U A Nu YMEHBIIAETCH, IPU BO3PACTAHHMU I Ny cHadana He U3MEHSETCs, I[10TOM
BO3paCTaeT, 3aTeM CHOBa He uaMensiercst (puc.3.17).

Ao b i}

U les
a 4]

Pucynok 3.17 — Bausinue HanpsbkeHust Ha ayre (a) u

CBapOYHOro Toka (0) Ha My
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To KommyecTBO Termia, KOTOPOE MOTy4YaeT €AUHUIA JJIMHBI 111Ba, HOCUT Ha3BaHUE
NO2OHHOIU IHEp2uU — HTO OTHOLIEHUE IP(HEKTUBHOM TETIOBOM MOIIIHOCTH K CKOPOCTH
9y

CBAPKH: (n =\,
CB

[Ipu cBapke TOHKHX JTUCTOB HEOOXOIUMO YUUTHIBATh TONIIUHY JUcTa. {151 3TOr0
BBOJIMTCS IOHSITUE VOCNIbHOU NO2OHHOU IHEPSULL.

RV
qH_ VCB5’

ryie O — TOJNIIUHA CBAPOYHOT'O JIUCTA.

4 Paznen 4. PACYUET TEIUIOBBIX ITPOIHECCOB CBAPKU

4.1 HaneB H3aeJausl NOABUKHBIM COCPEAOTOYCHHBIM HCTOYHUKOM
NMOCTOSIHHOM MOIIIHOCTH

Yto0Bl onMcaTh MPOLIECC PACHPOCTPAHEHUS TEILJIA MPU HEMPEPHIBHO ABUKYILEM-
Cs1 ICTOYHUKE, TAKKE TPUMEHUM IIPUHLUII HATOKEHUS.

Jlj1st 3TOrO BECh MEpUOJ ACHCTBUSA UCTOYHUKA Pa30MBalOT Ha OECKOHEUYHO MaJlble
JJIEMEHTBl U PACcCMaTPUBAIOT OTHEIBHBIC JJIEMEHTAPHBIC BO3JCHCTBUSA MCTOYHMKA Ha
TEIJIONPOBOJSIIEE TEIO0. DTH BO3ACUCTBUSA NPUIOKEHBI K IIOBEPXHOCTH TEJa B IOCIIE-
JOBATEIbHBI MOMEHT BPEMEHHU B TOYKAX, PACIIOJIOKEHHBIX 10 OCU IIEPEMEILCHUSA HC-
TOYHUKOB. [Iponeccsl pactipocTpaHeHus Telia OT dJIEMEHTAPHBIX BO3JECUCTBUN UCTOY-
HUKa MO>XHO pacCMaTpuBaTh BHE 3aBUCHUMOCTHU JPYT OT Apyra. CyMMHUpPOBAaHHEM TaKHX
TEIUIOBBIX IPOLIECCOB MOKHO IOIYYUTh YPaBHEHUE IIPOLIECCa PACIPOCTPAHEHUS TeIlla
MIPU HENPEPHIBHOM JIEWCTBUM MOJBUKHOTO UCTOYHHUKA (puC. 4.1).

A e

12,

Pucynok 4.1 — PacueTHas cxema npoliecca pacipoCTpaHeHUs Temla
IIpY HAIUIaBKE BaJIMKa HA MACCUBHOE TEJIO MOABUKHOM Tyron
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ypaBHCHI/Ie npeaAcIbHOr0 COCTOSHHUA IpoLecCa paClnpoOCTpaHCHHA TCILJIa TOYCU-
HOTO HUCTOYHHMKA MOCTOSIHHOM MOIIHOCTH, ABHXYIICTOCA C IIOCTOSIHHOM CKOPOCTBIO 11O
IMOBECPXHOCTH HOHY6CCKOH€‘{HOI‘O TCIAa, OTHECEHHOE K HOI[BPI)KHOﬁ CUCTEMEC KOOpAHUHAT,
MOJKHO IIOJIYUHTb, KaK YdaCTHOC PCHICHUC YPABHCHHA TOUYCUHOI'O MIHOBCHHOI'O COCPC-
AOTOYCHHOI'O HCTOYHHKA, CCIIU IIPUMCHUTD ITPUHIMAIT HAJTOKCHUSA:

T — Ay ex _VCBX_VCBR LT
RO = 2 RSP 2a 20 )T (4.)

riae (u — 2 dexTrBHas TemnoBas MOLHOCTb HArPEBA U3ENNS;

A — K09 HUIUEHT TEMIOMPOBOHOCTH;

a — ko3¢ (HULIMEHT TeMIIepaTypOIPOBOTHOCTH;

X — opMHaTa, COBMaAaromas (B JAHHOM Cllydae) C HallpaBJICHUEM CBAPKU;
R — paccrosane 1o 3amanHO#M TOUKY;

TO — pacCCTOAHUC N0 3a,Z[aHHOﬁ TOYKH.

Ananus;
1 Ilyctb V. =0, rorma

~ (
Te,t/:%-FTo (4.2)

N3 dbopmynsl (4.2) BUIHO, YTO MPU HEMOABMIKHOM MCTOUYHUKE TEMIEpaTypa 3a-
JTAHHOW TOYKH 3aBUCHUT OT paccrosinusi R. UeM Oosblie paccTosiHUE, TEM MEHBIIIE TEM-
neparypa.

2 R=x,

- q _chx
u
TEt>ote @ 47, "
27X

Yem BhIIIIE CKOPOCTH CBAPKH, TEM HUXKE TEMIIEpaTypa.

TemnepaTypa BOepeau HCTOUYHUKA PE3KO YMEHBIIIAETCS C YBEIUYEHUEM CKOPOCTH
CBapKH.

B HampapiieHHH OTpHIATENBHOM MOayocH X IOCIIE TOACTAaHOBKU X =-R 510
ypaBHEHHUE TPUMET BU]I

T(Rt)= ZSZR +T,. (4.4)

910 YPAaBHCHHUC TOXACCTBCHHO YPAaBHCHUIO JJII HCIIOABUIKHOTO MCTOYHUKA U
ITOKA3bIBACT, YTO IJId TOUYCK, PACIIOJIOKCHHBIX Ha OTpHLI&TGJ'IBHOfI IMOJIyOoCH X, TCMIICpa-
Typa HC 3aBUCUT OT CKOPOCTH CBAPKHU.
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Jis touex X > 0 u X = R o10 ypaBHenue npumer Buj

V..R
TRy :ZCI??I@XP(_CTB)"'T : (4.5)
V4R
(e * )=<1 (4.6)

Yem Gonbine Vg, TeM MEHbIIE 3TO BHIPAXKEHUE U TeM ObICTpee YObIBAaeT TeMIIe-
paTrypa BIEpeId UCTOYHUKOB, TEM CKOPEE ABHUKETCSI UCTOYHUK, TEM BCE MEHBIIEC TEIUIA
pacmipocTpaHsieTcsl BIIepeId MUCTOYHUKA. ECIM MCTOYHHMK IBHKETCS OY€Hb OBICTPO, TO
MPAKTHYECKH BCE TEIUIO OYJET paclpoCTpaHsITCs Mo3aau UcTouHuKa. [lo3aau nctounu-
Ka TeMIepaTrypa B MOJyOECKOHEYHOM TeJie BCErJa pacIpenessieTcsl OAMHAKOBO, U €€
pacrpeaeneHre He 3aBUCUT OT CKOPOCTH CBapKHU.

Jlinst Touek, pacIloIOKEHHBIX Ha OcH Y, ypaBHEHHE OYIET BBITISAETH CIEIyIO-
UM 00pa3oM:

g V,,R
TRy = %eXp(_CTB) +17. (4.7)

C ynaneHueM OT MOJBHKHOIO MCTOYHMKA Ha3aJ TeMIiiepaTypa yObIBaeT HauOo-

Jee MeJJIEHHO, B OOKOBOM HAaIlpaBJI€HUM TeMIlIepaTypa yObIBaeT ObIcTpee, a BHEpeIn
HMCTOYHUKA HauboJiee ObICTPO, T.€. U30TepMa UMEET BU/JI, TIOKa3aHHbINA Ha puc.4.2.

' Tix)

AN
12, 17

Pucynok 4.2 — Cxema Terionepeayi Ha TOBEPXHOCTH MAaCCUBHOTO TENa
IIPYA HAIUIABKE BAJIMKA MOJABUKHOU TYTOU
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3 R=-X,

~ (q,
TEXt = i (4.8)

HSOTCpMBI TEMIICPATYPHOTI'O IIOJIA IIOBTOPAIOT U30TCPMBI CBElpO‘IHOI?I BaHHBI.

4.2 Biausinve NOrOHHOM YHEPIUM U TEeIJIO(PU3UIECKNX CBOMCTB MeTAJJIA
Ha GopMy TeMIepATyPHOIO MOJISA

[Toronnas sneprus (; npencrasiseT coOOH TEIUIOBYIO MOLIHOCTh HAarpeBa u3je-
TS IyTOH, MPUXOSIIYIOCS Ha KaX/IbIi MOTOHHBIM METp CBapHOTO 1IBa, J[»K/M:

9.
%

c6

9 =

Paccmotpum Biaustaue usmeHenust O 1 Veg Ha GopMy TeMIiepaTypHOIo MoJis J1y-
TU:

1)  Qy Bo3pacraer;
V; = const;
On BO3pacraer.

C nossimennem (; 30HA, OrpaHUYCHHAS M30TEPMUYECKHMHU KPUBBIMH, PacCIlu-
psercs (puc.4.3, a);

2)  Qy = const;
Vs BO3pactaert;

On ymeHbpmIaeTCH.
B sTOM Citydae 30HbBI, OTPaHUYEHHBIE U30TEPMAMM, CYKAKOTCs, a JUIMHA CBApOY-

HOJ BaHHbI HECKOJIIbKO YMeHbaercst. IIpu cymecTBeHHOM yBenuueHun V .z H30TepMBI
CTaHOBATCS NapajuieabHbIMK (puc.4.3, 0);

3) (u pacrer;
V; Bo3pacraer;
(n = const.

B stoM ciydae npeBanupyroniee BiusHuEe okasbiBaeT (,, T.e. 30Ha, OrpaHUYEH-
Has M30TepMamH, pacupsiercs (puc.4.3, 6).

IIpu cBapke MaTepualioB ¢ BBICOKOM TEIUIONPOBOJHOCTHIO 00JACTh BHICOKUX Te-
MIIEpaTyp CYKaeTcsl, a HU3KUX TeMIIepaTyp — paciupsiercs (puc.4.3, 2).
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TEMIIEPaTyPHBIX NOJIEH

Pucynok 4.3 — Bimsaue 3Q(QEeKTUBHON TEIUIOBOM MOIIHOCTH AyTH (1 CKOPOCTH

cBapku Vg M K03 HIHEHTa TEIUIONPOBOAHOCTH A Ha hopMy
TEMIIEpaTypPHOTO MOJIA TyTU

4.3 Pacuér npeaeJibHOM TeMIIepaTypbl IPH ABTOMATHYECKOH HAIUIABKe
BAJINKA HA MACCHBHOE TeJIO

[Ipu aBTOMaTHUECKOW HAIUTAaBKE HCTOYHUK HA3BIBACTCS OBICTPOIBIDKYIIIMCS,
T.K. CKOpOCTh cBapku coctaBisieT 20...40 m/4. [Ipu GonbIMx CKOPOCTSIX CBAPKU U30TE-
pMa BBITSATHBACTCS BJIOJbH HANpaBJIeHUs cBapku. Harperas o6nacth pacronaraercs y3-
KOW TOJIOCKOW BJIOJIb MYTH MEPEMENICHUS, TEIIO PACIPOCTPAHSAECTCS B HAIMPABICHUH,
MIEPIICHIUKYJIIPHOM OCH MEepeMeIlIeHUs] UCTOUHUKA. [l03TOMy pacyeTHbIE CXEMbI, OIU-
CBIBAIOLIME MPOLIECC PACHPOCTPAHEHUS TEIUIA, 3HAUUTEILHO YIIPOILAIOTCS:
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di" _dI' dT dT
>> >>
dy dx ) dZ dx . (49)

HarpeB 6I)ICTpOIIBI/I}KYHlI/IMCH HCTOYHHKOM MOKHO CXEMATU3UPOBATH KAdK I[CﬁCT-

BHE JMHEHHOI0 MIHOBEHHOI'O HMCTOYHHKA HarpcBa Ha HOHY6€CKOHC‘IHO€ TEIJI0 (pI/IC.
4.4):

2

-~ Q o
T"t/—me "+ T (4.10)
Q
me Q=7 | =dx: (4.11)
dx

Q=q,dt=q,

dx q,
u Vcedx B V. (4.13)

V (4.12)

6

Q1=CI

|

Pucynok 4.4 — Cxema paccedeHusl oTyOeCKOHEYHOT0 Tejla Ha TOHKHUE IJIaCTHUHbI
¢ OOKOBBIMHU IIJIOCKOCTSIMHU, HE MIPOBOSIIIMMHU TEILIO
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[ToncraBum ypaBHenue (4.13) B ypaBuenue (4.10):

r2

~_ d. " Zat
TEt = oAV T e +75 (4.14)

Jlns uccnenoBanust 3Tol (GopMyJibl IPH HArpeBe MoJyOeCKOHEYHOro Teja Hazlo

TeMIEPATypy YMHOKUTH Ha JBa:

r2

~ q, “2at
TEt = ANt e @+ 7, (4.15)

2222.

2 _
rne =Y
VYpaBaenue (4.15) npenHaszHaueHo IS pacuera TEMIIEpaTyp B JIFOOOM MacCHUB-

HOM TeJjie, PU HarpeBe €ro MOBEPXHOCTH MOIIHBIM OBICTPOJIBMKYIIUMCS UCTOYHUKOM
TernJa.

4.4 Pacuer npeaebHON TeMIepaTyphbl IPU ABTOMATHYECKO# CBapKe
JIMCTOB BCTHIK € MOJHBIM NMPOIJIABJIeHUEM

Pacuer npenenbHOM TeMIepaTyphl MPU CBApKe MOJABUKHBIM UCTOYHUKOM Harpe-
Ba HaMH HE TIPOBOJIUTCS B CBSI3U CO CIIOXKHOCTBIO penieHus. [Ipu aBTomatuueckoil cBa-
PKE 3TOT pacyeT CYUIECTBEHHO YIPOIIAETCH.

VCII0BHO B CBapPHOM U3JENUM BhIEsAeM Opycok Tomuuoi dX (puc. 4.5). Cxema
Mpoliecca CBapKu — JeHCTBUE MTHOBEHHOI'O IJIOCKOTO UCTOYHHUKA TEIJIa Ha MOoJIy0ecKo-
HEUYHBIN CTEPKEHbD.

™ Qz _ﬁ
T 01t/_ 1 e + TO
cy €rat 2

, (4.16)

rac

O, =—. (4.17)
F =4&dx. Q=gq,dt. (4.18)
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Pucynok 4.5 — CxeMa pacceueHusi TOHKOTO JJUCTa Ha IJIACTUHBI
TonmuHo#i dX monepex HanpapIeHHs CBAPKH

Tak xak
dx
dt = —,
VCB
TO
dx
Q=0q,—
VCB . (4.19)

[Toxcrasmss Beipaxkenus (4.19) u (4.18) B Beipakenue (4.17), momydaum

dx
Q, = g, _q,

V_,a0x V.5 (4.20)
OTO 3HaUECHUE Q2 noJjICTaBjisieM B ypaBHeHHE (4.16)
2
y
~ ————ht
Tt = 9, et 4T w21
V zocy €@rat 2 o
2
rie D1 — kosddurmenT moBepxHOCTHOI TEMIIEpATypOOTIauu, ©~1 — % :

VYpaBuenue (4.21) npegnazHayeHo JUisi pacuera MpeAeabHON TeMnepaTypbl NpH

I[GﬁCTBPIH 6BICTpOI[BI/I)KYH_[eFOC$I MOIIHOI'O MCTOYHHKA TCINNIOTBI C PABHOMCPHBIM IIPO-
I'PCBOM I10 TOJIIHUHC.
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4.5 TepmMuvyeckuidi HMKJ CBAPKHU

TCpMI/I‘{CCKI/Iﬁ IMUKJII — 3TO 3aBUCUMOCTDL TEMIICPATYPhbI TOUYKKU OT BPEMCHH H paccC-
TOSIHUSL OT ATON TOYKHU A0 HCTOYHHKA HArpcBa.

Ot mapaMCcTpoOB TCPMHUYCCKOT'O IUKJIA CBAPKH 3aBUCAT CBOMCTBa MeTalllia CBap-
HOI'o COCIMHCHU.

B mr000# TOuKe Harpe€Ba Mbl HMCCM BCTBb HAaI'p€Ba U BCTBb OXJIAKIACHMA. BeTBb
HarpeBa nNoAHUMACTCA KPYTO, 4 BETBb OXJIAXKIACHUA 1MaJaCT MCAJICHHO. KEDKI[BIﬁ TCPMU-

YECKUU IUKJI CBAPKHU XAPAKTEPU3YETCA Tmax. B TEPMHUYECKOM IIMKIIE CBAPKHU BaXKHEU-

IIMMH SBJISIOTCA MaKCHMMAJbHas TeMIepaTypa U {max — BpeMs JOCTHKEHHsS MaKCHMa-
JLHOU TeMrepaTypsl (puc. 4.6).

—F—

t

Pucynok 4.6 — 3aBUCMMOCTh H3MEHEHUSI TEMIIEPATYPHI B TOUKaX 1...5 cBapHOrO
COEMHEHUS OT BpEMEHU

MakcuManibHasi TeMnepaTrypa TEpMHUYECKOTO IIUKJIA CBAPKHA IPHU CBAPKE 3aKaJIH-
BAIOIIMXCA CTAJICH ONPENEIACTCS BO3MOKHOCTBIO 3aKaJIKU METaJIa CBAPHBIX COEIUHE-
HUW. B TO ke BpeMsl MeTaJll, HarpeThli 10 TeMneparypsl Beie 1173 K, ckinoHeH k poc-
Ty 3€pHa aycTeHHMTa. Bpemsi mpeObiBaHUS NMpU 3aJaHHOW TeMIepaType yBEIUYHBAET
3¢ (}exT BIMAHUS MaKCUMaJIbHBIX Temneparyp. Tak, eciau yBelnuuuTh Bpems mpeObiBa-
HUA MeTajula npu temiepatype Bbiiie 1175K, To aycTeHUTHOE 3epHO MOJIYYHUT OOJIBIIOE
YKPYIIHEHHE, 4TO NPUBEAET K MOBBILICHUIO XPYIKOCTH OCTBIBIIETO METAJIJIa CBAPHOTO
COCIMHEHHS.

45.1 Pacuer T max VI aBTOMAaTHYECKOW HAIUIABKM BajMKa Ha
MAaCCHUBHOE TEJ0

MakcuManbHas Temnepartypa HaxOAMUTCS MO NPaBUIy HAXOXKAEHUS DKCTPEMY-
Ma. DKCTPEMYM HaxXOJMUTCS B TOUKE, B KOTOPOH IepBasi MPOU3BOJHAS IO IEPEMEHHOMY
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napaMmeTpy paBHa HyJO. Ecnu BTOpas mpou3BOAHAS MOJOXKHUTENbHAsA, TO IKCTPEMYM
NPEeICTaBIIAET COOOH MAKCUMYM.
HcxonHoe ypaBHeHUE NSl 33JaHHOTO Croco0a HarpeBa, MO3BOJISIONIEE PACCUH-

TaTh MPEACIIbHYIO TEMIIEPATypy B JIFOOOW TOUKE U3EIUS, UMEET BU:

r.2

ar ) Tt =W gda 47T
20 <’727MVCBt °.

N3meHenune temiepaTypsl BO BpEMEHM B TAHHOM TOYKE TEJa, BBI3BAHHOE JEHCT-
BHEM MOJIBI)KHOTO WJIM BPEMEHHBIM JIEHCTBHEM HEMOJBMKHOTO MCTOYHUKA TEIUIa, Ha-
3BIBAETCS] TEPMUYECKUM IIUKIIOM B JAHHOHM TOuKe. UeM Janbliie pacroioKeHbl TOUKA OT
MyTH MEPEMEIECHUSI UCTOYHUKA, TEM TOPKE HAYMHAET 3aMETHO MOBBIIIATHCS TEMIIepa-
Typa, TEM MEJJICHHEe OHa BO3PACTaeT, TeM HIKE MaKCUMaJllbHasl TEMIIepaTypa, TeM I10-
3’)K€ OHa HacTynaeT. B mporecce oxiaxaeHusi TeMnepaTypbl pa3iTudHOYJaJICHHBIX TO-
YEeK CTPEMSITCSI BHIPABHSTHCA.

MaxkcuMaibpHy0 TeMrepaTypy B JaHHOM TOYKE MOXHO paccUMTaTth, 3Has ypaB-
HEHHUE Tpoliecca pacupocTpaneHus temia. OcoOeHHO MPOCTO paccunuTaTh MaKCHMalb-
HYIO TEMIIEpaTypy B TEMIIEPATypHOM IOJI€ MPEIEIbHOTO COCTOSIHUS, BBI3BAHHOTO JIEHC-
TBHUEM MOILHOTO OBICTPOJIBUXKYILIErOCS UCTOYHHKA.

st ynoOcetBa nuddepeninpoBanus rnpoiorapudmupyem Beipakenue (4.22):

(4.22)

2
~ r
IN(T&€,t —7 :Inq—”—lnt——
(T€t-To) 27V ., Aat - (4.23)
[poauddepenuupyem 310 ypasaenue no { u npusenem k 0:
d ~ ~ 1 1 r2
—In€¢t +7, =————="+—=0
dt =171, t 4dat (4.24)

Orcrona

2
40Ty _T-To ' 5 _¢o
dt t 4at

CKopOoCTh M3MEHEHHSI TeMIIepaTypbl oOpariaercss B 0 B Tpex clydasx:

Dapu T =T( -910 ycnosue cooTBETCTBYET MONTHOMY BEIPABHUBAHUIO TEMITE-
patyp;

2)npu I —> o0 - npu aBTOMaTHYeCKOi CBapKe U HaIIaBKe 9TO HEJOCTHKUMO (B
pacdeTax cBapoOyHas Jyra pacCMaTPHBAETCS KaK MTHOBEHHBIM TOUYCYHBINM MCTOYHHK TE-
ia;

r
—1=0 .50 IIPY JOCTMKEHUU MAKCUMAJIbHON TEMIIEPATYPBL.

dat

N3 ypasuenus (4.24) naxogum U = {ax, Tak xak mepsas mpowmsBosHas paBHa
HYJIIO.

3) npu
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2

_r
Cinax = (4.25)
[ToncraBum BeIpakenue (4.25) B hopmyiny (4.22):
r4a
g, 4a a2
T — Ty = — e 4ar
max 0 27Z'ZVCBF 2 . (426)
Cnemaem ympoineHue:
q, 2 2q,0,368
Tmax o TO — 2 2
CyniV zr°e  CynV ,r
2x0,368 q,
Thax =70 = > . (4.27)
Cynr® V.u

Kaxk BHUJHO M3 MMOCIICAHCIO YPAaBHCHUA, Tmax 1110)51 aBTOMATHYECKOM HaIlJlaBKE Ba-

JIMKa Ha MAaCCHBHOE Teo NponopLroHansaa Beauuune (,/V g, T.e. OroHHOH Hepruu
CBapKH.

4.5.2 Pacuer Tpax 17191 aBTOMATUYECKOM CBAPKU JIUCTOB BCTHIK C TIOJIHBIM MPO-
IJIaBJICHUEM

Pacder BbINOJIHSIEM IO aHAJOTUYHOMN CXEME Ha OCHOBE UCXOIHOU ()OPMYIIBI:

byt
f Aat +T,,

9
T(y,t) = S
(.0 cy~AmatoV ,

(4.28)
_ 2ax
e b = % — KOO PUIMEHT TOBEPXHOCTHOMN TEMIIEPATYPOOTIAYH.
[Tponorapudmupyem dhopmymy (4.28):
In(¢,t - 7,) = In A el Y gy
CyvanmatoV,, 2 4at o (429)
d 11 y*
—Ing €.t > =0
" CQt =T, > >t g =0 (4.30)
Jlst ynpouerust pacueros npumenm By = 0 rorna
d y?
—In(T(y,t)-7,))=-1+—=0
m (T(y,t)-T,)) ot 0 (4.31)
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OTKy/la ONIpejieiseM BpeMs HAaCTYILUIEHHs] MAKCUMAJIbHOM TeMrepatyphbl max:
2
LY
max
24 (4.32)
[ToncraBum BeIpakenue (4.32) B hopmyiny (4.28):

— y’2a vy
qu 2a e_ 4ay2 _b12761

T — 1o =
° Jazaty’ sV, cy - (43
g 1Y
Tm _ — u e 2 2a
T 2wV ey - e
q l+b1ya2

T — 1o = “ e
D V2mev et . @39

byy? 2
2 _0,484. ¢"n _1_ DY
7Tl ’ 2a

OUIO pasjiaracM B psAd U 6epeM IICPBLIC ABA YJICHA.

+...) TO ecThb TOKa3aTENLHYIO (PYHK-

T -7, --30484 () by
R R S VARY o3 (4.36)

HpI/I aBTOMATHYECKOMU CBApKe JIMCTOB BCTLIK C IIOJIHBIM ITPOINIABJICHHUCM Tmax

TaKke mponopruonanbaa Benuuube Op/Vep, To ecTh Benuuube (. Bemmumna T max
3aBUCHUT OT Ha4aJbHOM TeMIepaTypsbl (MIPEIBAPUTEIHHOTO WM COMYTCTBYIOIIETO MOA0-
rpeBa U3JIEIus):

2
28Ny 2a (4:37)

IIpy 3HAYUTENBHON CKOPOCTH OXJAXIEHHSA, IPH TeMIeparype, onmsKoi kK 1 v,
ayCTEHUT MEPEOXJIAKAACTCS U MPEBPAIIAETCS MOJTHOCTHIO WM YACTUYHO B MAPTEHCHUT.
MecTHas 3akanka npu cBapke 0e3 mocienyroueid TepMooOpadOTKH MOBBIIIAET TBEP-
JOCTh U CHHMIKAET TUIACTUYHOCTH 30HBI TEPMHUUYECKOTO BIUSHUA. TeM caMbIM yXyJIIaro-
TCS CBOMCTBa CBOPHOTO coequHeHusi. KpoMme Toro, MapTeHCUTHOE MpPEBpaIlEHUE COTM-
POBOXAAETCA U3MEHEHNEM 00beMa, U MPU HAIMYUM PACTATUBAIOLIUX HANPSXKEHUN MO-
r'yT 00pa30BaThbCsl TPEIIHUHBI.

CreneHp 3aKaJIKu ONPEIETAETCS CKOPOCTHIO OXJIAXKIAEHUS METajula B MHTEPBAJe
TEMIIEpaTyp HAaUMEHbIIEH yCTOMYMBOCTU aycTeHUTa. J1Jig OONBIIMHCTBA YIIEPOIHBIX U
JETUPOBaHHBIX cTaiei 3to 723...873 K.
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IIpu ckopoctsax oxnaxaaercs Wi>W, aycrenur B BepxHeM CyOKpUTHYECKOM

unTepsane Temnepatyp (Teygp =T Ari—1'p) He yCIEBAeT pacnacTbes M IepeoXaxkiae-
TCA JI0 TEMIEPATypbl MAPTEHCUTHOTO MPEBPAILCHHUS], IPU KOTOPOU MepeoXIaKIEHHBIN
ayCTEHUT HAaYMHAET PEBPAIAThCS B MAPTEHCHUT.

[pu cropoctsax oxiaxaenus W4<W3 aycreHuT B BepXHEM CyOKPHUTHYECKOM
MHTEpBAJIe TEMIIEPATYP pacnagaercs ¢ 00pa3oBaHUEM CTAOMIIBHBIX CTPYKTYP TPOOCTH-
Ta, epMTa, PeppuTa Uik KX CMECH, B 3aBUCHMOCTH OT CKOPOCTH OXJIAXKICHHS.

IIpu cxopoctu W3<W<W, npoucxoaut yactuunslii pacnan A B BepxHeM cyo0-
KPUTHYECKOM MHTEPBAJe TEMIIEPaTyp. Mbl MoydaeM CTPYKTYPbl YACTHYHOM 3aKaJKH.
AyCTEHHT, OCTABIIMICSA HE MPEBPAIIEHHBIM B BLICOKOTEMIIEPATYPHOM 00JacTH B HPO-
Ilecce OCTBIBAHMS MeTajlla MPU TEMIIEpaTypax, MEHBIIMX TEMIIEPATyphl Hauajaa MapTe-
HCHTHOTO MPEBPAIIEHHS, TPEBPAIIAETCS B MAPTEHCHT.

JUiist IPaBHIILHOTO BBIOOPA MTAPAMETPOB PEKMMA CBAPKU MBI JIOJIKHBL:

1) cyMeTh OnpeenuTh s HAIEr0 KOHKPETHOTO ClIydas CKOPOCTh KPUTHYECKO-
0 OXJIXKIEHHUS, TIPU KOTOPOH MOJTy4aroTcsi TpeOyeMble MEXaHUYECKUE CBOUCTBA;

2) CyMETh PaCcCUUTaTh CPEAHIOK CKOPOCTh OXJIAXKIEHHS B YCIOBUIX CBAPOYHOIO
HarpeBa.

Kpuruyeckas CKOPOCTh OXJIXKIEHHs ONPENEISETCs MO0 0 KPUBBIM H30TEPMHU-
YECKOr0 MJIM TEPMOKMHETHYECKOTO Paciajia ayCTEHNTa, TM00 DKCIIEPUMEHTAIBHBIM ITy-
TEM MPU MOMOIIY BAJIMKOBOM MJIM TOPILIEBOM MIPOOHI.

4.5.3 Pacuér cpegHel CKOpOCTH OXJIaXKJECHUS ayCTEHUTA
HauGosee mpocTo 3TOT pacy€T OCyIIECTBISETCS MPU HAIJIaBKE BaJIMKa HA MacCH-

BHOE U3JIEJINE WJIU [IPU CBAPKE JIMCTOB BCTHIK 33 OJWH IIPOXOJ.
Pacuér npoBeném napamienbHo.

Aemomamultecmm Hanjiaeka eaiuka Aemomamultecxaﬂ 6AapKa mOHKUX
HA MaAcCCUBHOe meJio JIUCM 06 6CMBIK C NOJIHBIM
nponJjiaejieHuem
Hcxonubie popMyibl 1Jisl HA3BAHHBIX MPOIECCOB UMEIOT BU/L:
q 2 q o 2
T =Ty = Aexp(_r_); -7, = Lexp[— Lo blj
2wicy t 4at JaAricy t 4at

CnenaeM cienyronue J0MyIeHUs:

1) nist cmydasi CBapK TOHKHX JIMCTOB BCTHIK MTpeHeOperaeM TeriooTnauei
¢ nmoBepxHocTH (bst);

2) ¢ HauOOJIbIIIeH CKOPOCTBIO OYIYT OXJIAXKAAThCS TOUYKH, PACIOJIOKEHHBIC
Ha ocH mBa. OcTaabHBIC TOYKU OYIYT OXJIAKIATHCS C MEHBIIIEH CKOPOCTHIO.

C y4eToM JOomyIieHUH ToJTydaeM CIIEAYIOIINE YPaBHCHHUS:

q% WG s
— _ V9
T-Tdy=—_" (438 T-To)o == (449)
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BzsiB ITPOMU3BOAHLIC OT TCMIICPATYPLI IO BPEMCHH, ITOJIIYUUM 3aBHCHUMOCTDH
MI'HOBCHHBIX CKOpOCTCﬁ HN3MCHCHUA TEMIICPATYPhbI OT BpCMCHU!

q% q %
ar _ N, (4.39) aT _ VS (4.46)
OnpenenuM BpeMs U3 NPEIbIIYIINX YPaBHEHUI:
q% Ui s
- L 4.40 Jt = cB . 4.47
27 AT -T,) (4.40) (T-Todz Acy (@47)

310 Bpems 1ojicTaBUM B ypaBHeHue (4.39):
2

q An L~
T _ %CB 27 A (T -T,) aT__ | €Yo -

— = E_ 2\/472'/1C}/ Ay

dt 274 | q 7 V0 (4.48)
Vs (4.41) |  €-T, 2z icy _ —27r/10;/(T_—T°)3,
B 27 A (T —To) : (qﬂv 5) (Q%CB 5)2
qH CB
VCB

3HaK «—» B IMPpaBbIX YaCTAX ITOKA3BIBACT, YTO ITPOUCXOANT OXJIAKICHUC.
CKOpOCTI/I OXJIAKIACHMA OCH IIBAa IIPpUPABHUBACM K MI'HOBCHHBIM CKOPOCTAM
OXJIAXKACHUA U3ACIINA B SaI[aHHOﬁ TOYKC:

~21 (T -T,)? | T-T,)°
We—" (442) W=—2ﬂ/107(qﬁ—°2- (4.49)
%CB VCB5

HpI/I pacducTax BMCCTO TCMIICPATYPhI T IMOACTAaBJIsICM TCMIICPATYPY HaAHMMC-
HbIIICH YCTOﬁqHBOCTH dyYCTCHHUTA U I1IOJIy4aCM:

_ 2m A (Tmin _T0)2 . _ (Tmin _TO)3
W=- q % ' (4.43) W=-2ricy (n )2 * (4.50)
VCB VCB o

[Ipun BeIBOZAE ITUX ypaBHEHUW NPEAINOIAracTCs, YTO TEMIEPATypa MOI0rpeBa

mw3fienus 1o B Ipoliecce CBapKM He M3MEHSETCS. JTO MOJIOKEHHE CIPABENTHBO
JUISL CBAPKU TOJICTBIX JIUCTOB, KOTOPBIE OXJIAXKIAIOTCS CPABHUTEIBHO MEIJICHHO.
Tonkue MUCTHI (10 2...4MM) OBICTPO OXJIXKIAKOTCA Yepe3 MOBEPXHOCTh. VX mHOT1a
BapsAT C COMYTCTBYIOIIMM TOJOTPEBOM, YTOOBI TeMIlepaTypa MeTalljla B Ipolecce
CBapKU CYIIECTBEHHO HE W3MEHsIach. BbiBeleHHbIE (POPMYIIBI MPUMEHUMBI IS
Cily4as CBapKH WJIA HATUIABKH JINCTOB:

0>2,5 MM; 0=5+10 MmMm;
— 272-/7“(-|-min _TO)2 . _ (rmin _TO)3
W= q, © (440 | W =—2micy CVAIRPRNCED
VCB VCB5
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B obmem ciryyae npu cBapKe WM HaruiaBke JMCTOB OT 10 10 25 MM MOKHO
NPUMEHHUTD rpadUuecKruil METO/1 OTpeIeTICHNUsI CKOPOCTHU oxyaxaeHus. /s storo B
11000# TOUKE 3aBUCHMOCTH TEMIIEPAaTypbl OT BPEMEHM IMPOBOAUM KacaTeNbHYIO.
Tanrenc yria HakjioHa ee IMpeJCTaBisgeT co00il MepBYIO MPOU3BOAHYIO CKOPOCTH
10 BPEMEHH, UJIIM CKOPOCTh OXJIAXKJIEHUsI HarpeToro Meramia (puc. 4.7). Otu nan-
HbIE HAHOCSTCS Ha rpauK 3aBHCUMOCTH CKOPOCTH OXJIaXJIEHUS OT BpeMmeHu. Ta-
KHe TpaUKu CTPOATCS I pa3HbIX TOJI MH MeTasuia (puc. 4.8).

W = dT/dt
W = (1)
o
tga =W t t
Pucynok 4.7 — Cxema onpeneneHus PucyHok 4.8 — 3aBUCMMOCTh MTHOBEHHOM
MTHOBEHHOM CKOPOCTH OXJIAKIEHUS CKOPOCTHU OXJIQXKICHHSI TOUKA CBAPHOTO
TOYKH CBAPHOT'O COECTMHEHUS 110 coemunenns ot Bpemenn W = f(t)

xpusoit 1T = f(t)

Jist obnerdenus pacu€roB B oOleM ciydae PrikanuHbIM pa3paboTaHa crienua-
JbHAsE HoMorpaMma. B 3ToM ciydae pacu€r cpeHeld CKOPOCTH OXJIaXKICHUS MPOU3BO-

mures o popmyne: 0 =10/ 25.

w =8 27T ~To)° o 82y, -T,)°

9

rae 6 — 3TO YCPEeIHEHHBIN KO PUIMEHT min 0e3pa3MepHbBI KpUTEPU CKOPO-

CTH OXJIQKICHHUS.
BBIUUCIUTE €ro 04eHb CII0KHO, TIO3TOMY IOJIB3YIOTCS rpad)MuecKoi 3aBHCHUMOC-

1

@ 9

q
1%

a ' 453
© ZCyéz(I'min—To) (4:53)

TBIO €T0 OT APYTroro 0e3pa3MepPHOro KPUTEPHS KOTOpasi BEIYUCIISIETCS TI0 popMmyIie




Homorpamma 3aBucuMocTH TpuBe/ieHa Ha puc. 4.9.

8/01 g
| ToHKkaa nnactuHa 1/0>2,5
10 , [lonybeckoHe4Hoe Teno 1/60<0,4
. .I.‘...'.,.
v ‘=, [nockun cnom 0,4<1/0<2,5
N
\ ~ o tena,
| _— e e el Y Rt e
0.4 1/0
9
Pucynok 4.9 — Homorpamma H.H.Peikanuna s onpenesieHus 6

HpaBI/IJIa ITOJIB30BaHUsA HOMOFpaMMOfI CICOYIOIIHC!:
1) IIPpHU HAIlJTaBKC BaJIMKa WUJIK IIPHU HAJIOKCHUHU IICPBOI'O CJIOA MHOTOCJIOMHOI'O WJIU

9

MHOTOIIPOXOAHOTO I1IBa BEJIMYHUHY 6 CJIeIyeT UCKaTh Ha KPUBOM “TOHKAs TJIacTUHA .

1 9

— > 0,4, HO MeHbIIE 2,5, TO —~ HYXXHO ONpPEACATH MO

® 0

KpUBOU “TIOCKHM coit” ( MiIM “IJIacCTUHA KOHEYHOM TOJIIIUHBIL ).

9
Ecnu ° <04, 10 6 = 1, 4TO COOTBETCTBYET MOJIyOECKOHEYHOMY TEIY;
s ~ 19 ~
2) npu OAHOCJIOMHOW CBAapKe JIMCTOB BCTHIK ® cleAyeT OnmpeAeisaTh 0 KPUBOH
1

“TOHKag IJIaCTUHA HE3aBUCHUMO OT 3HAYCHUS 6

Ecau BpluMcCIeHHAs BEIMYMHA

4.5.4 Cxema pacyeTa CKOPOCTH OXJIAKICHUS MPU CBAPKE MeTaslia
toamuHoi ot 10 1o 25 MM

1 VYcranaBauBalOTCAd 3HAUYCHUS HCXOAHBIX BCJIWYMWH, T.C.. IIOTOHHAsA OSHCP-

TUs q% A — k03¢ dunuenT Termnonposoanocty; CY, Tmin; O u Tak jajee (6 MoJic-
CB
TaBJISICTCS B CAHTUMETpPax).
1 .
2 Tlo ¢opmyne HaxoIUM 6 B dbopmyny miis onpenencHus 6 BMECTO JIEHUCT-

BUTENIbHBIX 3HAYEHUW TOTOHHOW DHEPTUU WM TOJIIWHBI METajUla CJIEAYeT MOJCTaBISATh
WX TIPUBEICHHBIC 3HAYEHUS, KOTOPBIC TMOTYYalOTCS NP YMHOKCHHH JACHCTBUTEIBHBIX
3HAYCHWH Ha TIOMPAaBOYHBIC KOA(DQPHUITMEHTHI, KOTOPHIE YUUTHIBAIOT BIUSHUE (HOPMBI
KOHCTpyKIUu (Tadi. 4.1).
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Tabnuua 4.1 — KoagduumenTs! npuBeaeHust 1751 pa3IMUHbIX CBAPHbIX

COE€IMHEHUU
Koaddunment npusenenus
Bun ITepBblii cnou cThikO- | HamaBka u ogHomnpo- | IlepBblii Ci10# B TaBp
CBAapHOI'O BOT'O COEJIMHEHUSI. XOJIHasi CBapKa BCTHIK W
0 }
coenuHeHus | Yrona pazaenku — 60 BHAXJIECTKY
Ing) 3/2 1 213
CB
6 3/2 1 1
9

3 Ilo rpaduxy HaxoauM o

4 Tlo popmyne (4.52) paccuuTbiBaeM CKOPOCTh OXJIAXKICHUSI.
4.5.5 Pacuér KpUTHYECKON CKOPOCTH OXJIAKICHUS

Pacuér pexxnma cBapku BenETCs, UCXOAS U3 TOrO, YTO IPEBPALICHUE AYyCTEHUTA
JOJDKHO OBITh 3aBEPIIEHO B NEPIAUTHOM obOsacTu. i 3TOro JOJKHO BBINOJIHATHCA
yCIIOBHE:

W < pr 1o rpaduky,

rne W- cpennsis cKOpocTh OCTHIBAHMS B MHTEPBAJIE TEMIIEPATYP HAMMEHBLIEH

YCTOMYMBOCTH ayCTEHUTA MPU CBAPKE HA KOHTPOJIUPYEMOM pexume (puc.
4.10):

TAu

Tmin

\

tmin 1:min

KpuBas 1—- uzorepmuueckuil pacnaj ayCTeHUTA;
KpHBas 2 — pacraj ayCTEHUTA MPU HETIPEPHIBHOM OXJIAKICHUHU

Pucynok 4.11 — I3Menenue B pacnonoxeHn C-KpUBbIX KOHIA TPEBPALICHUS
[P MIEPEX0JI€ OT U30TEPMUUECKOTO K TEPMHUUECKOMY OXJIAXKICHUIO

Wip — cpenHss ckopocTh OCTHIBaHMS B MHTEPBAJIE TEMIIEPATYP HAMMEHb-
1€ YCTOWYMBOCTU ayCTEHUTA, IIPU KOTOPOU ISl CTadd JAHHOTO XHMMHUYEC-
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KOTO COCTaBa OOecreuynBacTCd OKOHYAHHUE MNpeBpalICHusd ayCTCHUTA B IICP-
JIATHOM 00JIaCTH U YCTPAHACTCA BO3ZMOKHOCTD 06pa3OBaHI/IH B OKOJIOIIIOBHOM

30HE 3aKaJOYHBIX CTPYKTYD, {5} :
C

/

W _TArl _Tmin _TAr1 _(Tmin_SSK)
kel K15t .
min 1™~ min

31ech Tmin — TeMmmeparypa HauMEHbIIEH YCTOMYMBOCTH ayCTEHUTA B BEPX-

HEM CYOKPUTHYECKOM HMHTEPBAIE TEMIIEPATYP IIPH U30TEPMUUYECKOM
pacnaac, KOTopasa OoIpCACIIACTCA I10 KpHBOﬁ HN30TCPMHUUCCKOTO pacliia-

Jla 11 JTaHHOM CTallu;

, (4.54)

T'min — TemIeparypa HauMEHbBIIEH yCTONYMBOCTH ayCTEHUTA IIPH HEIpE-
/

PHIBHOM OCTBIBAHUM. JKCIIEPUMEHTANILHEIE JAHHBIE MOKA3BIBAIOT, YTO [ min

Ha 55K mwxe Tip;

tmin — MHMHUMaNbHAs IIPOJOLKUTENLHOCTE ITOJHOTO IIPEBPAIECHHS ayCTe-

HHUTA IIPpHU U30TCPMHUYCCKOM pacCIIaac. OHpGI[GHHGTCH I10 KpHBOﬁ HN30TCPMU-
YCCKOI'0 paciiaga ayCTCHUTA JIA HaHHOﬁ CTalau,

/

tmin — MHHAMaJbHAs MPOJODKMTEIBLHOCTD MTOJHOTO MPEBPAICHUS aycC-
TCHUTA TIPH HEMPEPHIBHOM OXJIAKICHUU. DKCICPUMEHT MOKA3bIBACT, YTO
I _ :
Umin=1,5 Tmin;
K — KkoaQduimenT, yyuThBalOIMA POCT 3epHa ayCTEHUTa. B yCioBuUsx
cBapouHoro Harpesa K = 2.

4.5.6 OHpCIIeJICHI/IG KpHTH‘-IGCKOfI CKOPOCTH OXJIAXKACHNA Ha OCHOBAHHHA
OKCIICPUMCHTAJIBHBIX HAHHBIX

JIJist KaKIIoM cTanu CyIiecTByeT rpaduk 3aBUCUMOCTH: TBEPAOCTh Kak (DyHKIIHS
CKOpoCTH oxJlaxaeHus. Ero serko MmoxxHo noctpouts (puc.4.11).

3agaBmMch MTPUOIU3UTETBLHBIM MPOIEHTHBIM COJEP)KaHUEM MapTEHCUTA B OKO-
JIOIIIOBHOM 30HE, MOKHO CYJIUTh O TBEPIOCTH 30HBI TEPMUUYECKOTO BIUSHUS.

H

H = f(W)

W w

Pucynok 4.11 — BausiHue CKOpOCTH OXJIKICHUS CTaIU, CKIIOHHOM K 3aKaJIKe,
Ha €€ TBEPJIOCTh
3Has TpedyeMyto TBEPJIOCTh OKOJIOMIOBHOM 30HbI H, mo rpaduky onpenensercs
Wip 1t aHHOTO Cily4as, ¥ pacdyeT peXuMa CBapKU BEIETCS, UCXO U3 TOro, UTO pe-
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aJbHas CKOPOCTh OXJIAXIEHHUS JOJDKHA OBITh MEHBLIE ONpPENCIEHHON HAa OCHOBAHUM
rpacduka.
CymiecTByIOT [Ba criocoba noctpoenus kpusoii 3asucumoctu H = f(W).

1 Topuesas npoba (puc.4.12).

OO6paszery 1, U3roToBIEHHBIN U3 OCHOBHOTO METallla, MPeIBAPUTEIHLHO HarpeBae-
TCS B IIEYM JI0 TeMriepaTyphl Tacs. 3aT€M OH YCTaHABJIMBAETCS B 3aKUMbl YCTAHOBKHU 2
U C TOpLIa OXJIAKIAETCS CTpyeu BoJbI 3, MojaBaeMoi M3 €MKOCTH 4 MpU MOCTOSTHHOM
naBiaeHuu u temneparype. [locie 3akperuienust oopasia 1o JiauHe 60KOBOM MOBEPXHO-
CTH yCTaHaBJIMBAIOTCS TEPMOIIAPHI 5 /1JIsi 3aMEPOB U3MEHEHHSI TEMIIepaTyphl OT BpeMe-
HU B K&KJI0M U3 3aJJaHHBIX To4YeK oOpa3ua. [1o 1aHHbIM 3aMepOoB TeMIepaTyphl CTPOSIT-
CsS 3aBUCHUMOCTH TEMIIEPATYphl OT BPEMEHM HaA PA3JIMYHOM PACCTOSHUM OT TOpIA.
MrHOBEHHBIE CKOPOCTU OXJIAXKJICHUS ONPECISIOTCS KaK TAHTE€HCHI YIJI0B HaKJIOHA Ka-

CaTCJIbHBIX K 3aBUCHUMOCTHU T - f(t)
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1 — obpaszerr; 2 — 3axuM; 3 — cTpys BOJIbI; 4 — BOJIa B €MKOCTH;
5 — Tepmoriapa c raTbBaHOMETPOM; 6 — TpyOOBOSI;
7 — KpaH JJ1s1 3aJIMBa BOIBI

Pucynok 4.12 — Cxema yCcTaHOBKM JJIsI SKCIIEPUMEHTAIBHOTO ONPEIEIICHHS
TpeOyeMOl CKOPOCTH OXJIAXKIEHUS METaJlJla CBAPHOTO COEAMHEHUS
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Ha xaxmoM paccTosiHuM OT TOpla JAHHBIE 3aMEPOB CKOPOCTU OXJIAXKIACHUS yCpe-
JTHSUTUCH M HaHOCWIIMCh Ha rpaduk (puc.4.13). Ha Hero jxe HaHOCSATCS JaHHBIE 3aMEPOB
TBEPJOCTH METaJlJIa MPOOBI B 3aBUCUMOCTH OT PACCTOSIHUSL OT €€ Topla

ITo nannbM rpaduka 4.13 crpourcs 3aBucumocts H ot Wep (puc. 4.14).

H H
L
We
p
W

Pucynok 4.13 — 3aBucumMocThb Pucynok 4.14 — 3aBucumoctb
TBEPAOCTHA METAJUIA U CPEHEN TBEPIOCTU METAJIJIA TOPLIEBOMN
CKOPOCTH OXJIQXKIECHHUS OT IpOOBI OT CPETHEN CKOPOCTH

paccTosiHusA 10 TOpLa NpoOkI €ro OXJIAXKICHHS

C Y4CcTOM SaﬂaHHOﬁ KOHCTPYKTOPOM TBCPAOCTU YYACTKaA 3dKaJIKHM B 30HC
TCPMHUYCCKOI'O BIMAHUSA OIIPCACIACTCA IIOTOHHAA DHCPIUA CBAPKH KdK

W, =1, q—O) . WM Wep = | —5
n 4,
V0

Henocratkom TopiieBoil mpoObI SBIISICTCS HEOOXOJIUMOCTh MMEThH CIICIIHATIbHOE
o6opymoBaHue ISl IPOBEACHUS TOPIIEBOM MTPOOHI 1 CIICHAIbHBIE 00pa3IIbl.

2 Banukosas mpo6a MBTY.

JIns1 BBITIOJTHEHUS BaJIUKOBOM MPOOBI HAXOJIUM CBApOYHBIA MOCT M TBEPAOMED.
[IpoOy MOKHO BBITIOJHUTH Ha 00Opas3iie JII000ro pa3mMepa M TOJIIUHBI U TIPSAMO B IEXY.
bepyT o0Opa3zen u3 ucciaeayeMoi cTaiay U HAIUIABJISIOT HECKOJBKO BAJIMKOB TIPH Pa3IHy-
HBIX 3HAYCHHUSX TOTOHHOW dHepruu. PaccTrosHue MexXay BaMKaMu BBIOUPACTCS TaKUM
o0pa3oM, 94TOOBI TEPMHUECKHUE ITUKITBI TTOCISTYIOIINX BATMKOB HE BJIIMSIIA Ha OKOJIOIIIO-
BHYIO 30HY paHEE HAIIABJICHHBIX BAJIUKOB.

ITo monepeunomy nuMdy BaJiMKa W €r0 30HBI TEPMHUYECKOTO BIUSHUS Ha JTUHUN
HanOOJbIIEH TBEPAOCTH, KOTOpas OTCTOMT OT JWHUHW CIUTaBieHHS Ha 1...1,5 mwm,
MIPOU3BOJIAT 3aMEPHI TBEPJOCTH, U VISl KAXKJIOTO BaJIMKa OepeTcs ee CpeHee 3HaUCHUE.
JlanHbie U3MEpEeHUi 3aHOCAT B Ta0II. 4.2.

Tabnuna 4.2 — TBep10CTh BATMKOBBIX MPOO U pacueTHas CKOPOCTh MX

OXJIXKICHUSI
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Howmep Banuka HB¢p o 3amepy W no pacuery
1 HB, W,
2 HB, W,
3 HB; W3
4 HB4 W4

3Has 3HaU€HHE TOTOHHOM APHEPTUM JIsi KaXJA0ro BallMKa, MPOU3BOJAT PacueT cpe-
JTHEN CKOPOCTH OXJIXKICHHsS Kaxaoro Basiuka (puc. 4.15). [Totom ctposT rpaduxk.

H

w

Pucynox 4.15 — 3aBucHMOCTb TBEPAOCTU METaJUIa TOPIIEBOM MPOOHI OT
CpeaHEN CKOPOCTH €ro OXJaXKICHUS

[IpakTuecky, HaAIIaBKy BajldKa MPOU3BOMAST HE Ha LEJIbHYIO IJIACTHHY, a Ha
COOpHYIO, COCTOSIIIYIO M3 OTJEIbHBIX, 3apaHee IMOATOTOBJICHHBIX MPOIUIM(OBAHHBIX
opyckoB (puc. 4.16). Ux 3axumaror cTpyOlUMHONW W MPOU3BOJSAT HAIJIABKY BAJIMKOB.
[ToTom cTpyO1HHa OTITyCKaeTcs, OpyCKu pazoMBaOTCs, NITU(GYIOTCS B MECTaX CBaApPKU U
MIPOU3BOJISTCS 3aMEPbI TBEPIOCTH.

Pucynox 4.16 — Cxema cocTaBHOM BaJMKOBOM MPOOBI
4.5.7 Pacuér pexxuma CBapKu Mo 33JaHHON TBEPIOCTH OKOJIOIIOBHOMN 30HBI

3a1aBasch TBEPIOCTHIO OKOJIOIIOBHON 30HBI M0 MMEIOIMMCS IpadHKaM 3aBHCH-
moctu H=f(W), onpenensem Wiep.
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JlanbIne ecTh aBa criocoba pacuera:
1) meton moadopa;
2) yHnpoOIEHHBIH CIIOCO0.

9

MeTtoa noadopa (puc.4.17). YciioBHO 3a/1aéTcsi BEIMUYUHA 5 u, 31as Wyp, pac-

1

CUHTBIBACTCA qI/I/VCB- ITo paCCqHTaHHOﬁ IIOTOHHOU OHCPIUH BBIYUCIIAOT -~ H IIO HO-

e

9

9

MOI'paMMe€ HaXOAUTCS KPUTEPHUN

Tmin—To=300°K

On [ Ves

Pucynok 4.17 — 3aBucumocts Wep 0T (i 4711 pa3sHbIX TOJIIIMH OCHOBHOIO
MeTasIa u pasHoCTh | min — 1o =300 K

9

Ecmu pT0 1 coBmamaeT co 3HaUYEHUEM, 3aJaHHBIM B Hayajle, TO 3TO NOATBEPIKIa-
@ ’ s

eT TIPaBUIBLHOCTh HaiinenHoro 3Hadenus (yu/Vcp. Eciau Het, To Hamo 3a1aThes MpoMe-

9

JKYTOYHBIM 3HAYCHHUCM 5 H BCCb pacqéT IIOBTOPUTHL CHOBA.

Ynpoménnsiii MeToa. MiMerotcst rpaduky, Ha KOTOPBIX HAHECEHbI KpUBbIE, COO-
TBETCTBYIOILLIME PA3HBIM TOJIIMHAM METAJIA: Oy =0, =053 =0, = 0,.

D1u rpadMKK CTPOSATCS TPH ONPEAEIEHHBIX 3HAUYEHUAX: | min— 1o = 300K mmn,
Hanpumep, T = 100, 200, 400.

3uas ckopocth oxnaxaeHus (Wyp) U ToNIMHY cBapMBaEMOro MeTaiia, Mbl Ha-
XOIUM TpedyeMyIo BeluduHy norouHoi suepruu (On/Veg).

Ecnu moronHast sHeprus OKa3bIBA€TCs YpPEe3MEPHO OOJNBIION Uil MOJyYeHUs Ba-
JIMKA 3aJJaHHBIX T'€OMETPUUYECKUX PA3MEPOB, TO 3TO 3HAYMUT, UYTO HYKHO NPUMEHHUTH
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IIPeIBAPUTEBHBIN TI0JOTPEB ¥ BOCIIOIL30BATECA APYTHM rpad)MKOM ¢ MEHBILEH pa3Ho-
CTBIO TeMIEPATyp | min- T o (puc. 4.18).

Trin—To=200°K Tmin—To= 100°K

On I'Veg dn [ Vg
a o

a- Twin—To=200K;  6- Toin—To=100K

Pucynok 4.18 — 3asucumocts Wep OT qyp U151 pasHbIX TOJIMH OCHOBHOIO
MeTania Oy...04 ¥ PA3HOCTH TEMIIEPATYP

[IpakTryecku MOCTYNAIOT TakK: 3Hasl TpeOyeMoe CeYEHUE BaJIMKa, PACCUUTHIBAIOT
MIOTOHHYIO 3HEPIUI0, TPeOyeMYIO JUIsl MOJTYUYEHUsl BaJIMKOB 3aJaHHBIX napameTpoB. [1o-

TOM Ha OCHOBAaHMM MMEIOIIUXCH rpagukoB cpaBHMBaroT noiydeHHyo Wiyp, paccun-
taunyio (u/Vcp Ha pasHeIX rpadukax ¢ pasauuHON | min-Tg, A8 TOro, 4TOOkI I10-
1acTh HA TPEOYEMYIO TOJIIMHY METAJLIA.

4.6 PeryanpoBaHue TepMHMYeCKOr0 HMKJIA NMPHU HAIIABKe,
a TaAKKe OJAHOIPOXOAHON U MHOTOIIPOXOAHOM CBApPKe BCTBIK

[IpocToli TEpMUYECKUN LUK OKOJIOLIOBHOM 30HBI IIPU OJHONPOXOJIHOU CBApKe
WA NPU HAIUIABKE BAJIMKA 3aBHUCHUT OT MOTOHHOM SHEPrUM AYTH, KOTOpas B MEPBOM
MPUOIMKEHUN TPONOPLIMOHANIBHA TIJIOIIAN TOTIEPEUHOT0 CEYCHUS 30HbI HATUTABKY WU
pa3ieNIKy 1IBa.

C yBEenMYEHMEM CEUYEHHUS 1BA, T.€. C YBEJIMYCHUEM MOTOHHOW SHEPrUHU Teja, yBe-
JIMYUBACTCS JJIMTEIBHOCTh HArPEBA M YMEHBIIAETCSI CKOPOCTh OXJIAXKICHUS.

Ecnu JJIA I[aHHOﬁ MapKu CTaJIn CKOPOCTb OXJIAKACHUA OYCHb BCJIMKA, TO, YBCIIU-

(qn / VCB)1<(qn / VCB)2

TAC;

TAC,




YyBas CEYEHHUE BAJIMKA, MOXKHO 3aMEJIUTh OXJAXKICHUE U ITUM OCIAOUTh WUIIM UCKITIO-
YUTh 3aKasiKy. Ho mpu 3TOM yBeIM4MBAETCS AJIUTEILHOCTh HArPEBA OKOJIOIIOBHOU 30-
Hbl MU BO3HHMKAET OMACHOCTh 3HAYUTEIBHOTO POCTa 3€pHA, KOTOPOE, B CBOI OUYEpE/b,
MO>KET CHU3UTh MTOKA3aTelNH IIACTHUYECKUX CBOWCTB CBApHOTO coerHeHus (puc. 4.19).

1 — mpocToil TepMHUUECKUNA UK, 2 — TEPMUYECKHM LIUKII IPU CBapKe
Ha O0OJIbIIE MOTOHHOW SHEPTUH; 3 — TEPMUYECKUN LUKII [IPU CBApKe
C IIOJOTPEBOM U3JEIUs

Pucynok 4.19 — Tepmuueckuil UK TOYKH CBAPHOTO COEAMHEHUS B 3aBUCUMOCTH OT
BEJINYMHBI IOTOHHOW SHEPIUU CBAPKHU U NOJOTPEBA U3ACIIHS

[Ipy 0gHONPOXOAHON CBApKE MM OAHOCIONHONW HAIUI;"KE€ MOXHO U3MEHHUTh 00-
I1ee 0YepTaHUE KPUBOM M30TEPMHUYECKOTO IMKJIA, HO HENb35 (IE€PEIOMUTH 3Ty KPUBYIO
Ha TpeOyeMOM YpOBHE TEMIIEpATypbl U MPUAATh €l 11eIeCO00Pa3HYI0 XapaKTEPUCTUKY
YCJIIOBHOTO TEPMUYECKOTO LIUKIIA.

Jlyis Toro yToOBl NPUOIN3UTHCS K TAKOMY LIMKITY, HEOOXOJUMO MO0 MPUMEHUTh
JOTIOJIHUTENbHBIN MOJOTPEB, JUOO0 MEPEUTH K CIOKHOMY BO3AEHCTBUIO IYTH, T.€. K
MHOT'OCJIOWHOW CBapKe MJIN HAIUIaBKE.

[Ipr MHOTOCIIOMHOM CBapKe NMPOEKTHOE CEUYCHHE IIBA 3aBAPUBAIOT B HECKOJIBKO
IpoxonoB. I103ToMy OKOJIOIIOBHAS 30HA MOBEPracTCsi MHOTOKPATHOMY HArpeBYy.

Paznuyaror 2 npeaenbHBIX THIA TEIIOBOTO BO3AEHCTBUS MHOTOCIIOWHON CBapKHU:

- MHOT'OCJIOVHAS JUIMHHBIMHU yYaCTKaMH;
- MHOT'OCJIOMHAsI CBapKa KOPOTKUMH yYaCTKAMH.

4.6.1 Tepmuueckuid UKII IPU MHOTOCJIOMHOM CBapKe JTMHHBIMU
y4acTKaMH

IIpyn cBapke MUIMHHBIMHU IIBAMU YYaCTOK Ka)KIOI'O CJIOS MMEET 3HAYMUTEIIbHYIO
mny (o 1...1,5 m).

K Tomy BpeMeHH, KOria yKIaabIBacTCs KOHELL CII0s, HaYajo ero yCIeBaeT [OYTH
IIOJTHOCTBIO OXJIAAUTBHCS, U MOITOMY CIEAYIOIIHANM CJIOW HAKIaAbIBACTCSA HA OCTBHIBLUUN
METAJJI, T.€. €ro TEPMUYECKHM LMKJI HE 3aBUCUT OT YKJIAIKU MHPEABIIYIIUX CIOEB.

IIpn cBapke yriiepoaucTON MM HU3KOJETMPOBAHHOM KOHCTPYKIIMOHHOM CTaju
OKOJIOIIOBHAS 30HA MOET MOJABEPraThCs 3aKAJIKE C MOCIEAYIOIUM OTIycKoM. OKo10-
IIOBHAs 30HA MNPEABIAYIIETO CJIOS MPHU YKJIAJAKE MOCIEIYIOLIETO CIIOS MOYKET Harpe-
BaThCSA J0 TeMmIreparypsl, He npespimaromiedn ACy IIpu 3ToM nponcxoauT OTIycK 3aka-
JIEHHOM 30HBI ¢ 00pa30BaHUEM TPOOCTUTA U COPOUTA.

TemnoBoe BO3IEUCTBUE MOCHEAYIOMIUX CIOEB YIYUYIIAET CTPYKTYPY OKOJIOIIOB-
HOM 30HBI OCHOBHOI'O METAJIIA, & TAK)KE PaHEe HAIUIaBJIEHHOIO METasuIa.

IIpu cBapke BBICOKOYIJIEPOAUCTOM, CPEAHE- W BBICOKOJIETUPOBAHHOW CTaJIEW B
PE3KO 3aKaJeHHOM 30HE MEPBOIO CJIOSI M 30HE TEPMUUYECKOTO BIUSHHUS BO3MOXHO 00pa-
30BaHUE TPEUIUH el N0 HAIOKEHHUS MMOCIEAYIOINX CIOEB.

98



B ocHOBy pacuéra pexuma CBapKu JJIMHHBIMHM y4acTKaMH IIOJIOKE€HA CKOPOCThb
OXJIKIEHHSI OKOJIOILIOBHOM 30HBI MIEPBOTO CJIOSI B BEPXHEM CYOKPUTUYECKOM HMHTEpBa-
JIe TEMIEPATYD.

ITocnenyromue ciou Ipu OJUHAKOBOM IOIIEPEYHOM CEYEHHM OCTHIBAIOT MEIJICH-
HEe NEPIIOT0, U O3TOMY YCIOBHE UX OXJIaXXICHHS MOYKHO HE IPOBEPSATH.

CKOpOCTB OXJIaXKACHHS PACCUUTHIBACTCS 110 U3BECTHOM METOJUKE U B HEKOTOPBIX
CIIy4asx MPOBEPSAETCS MPU MOMOIIN BAJIMKOBON ITPOBOJIOKHU.

4.6.2 TepMuyecKuii HUKII IPU MHOTOCIIOMHOM CBapKe KOPOTKUMHU
y4acTKaMu

Jlimaa ydactka |, HakmameiBaemas 3a 1 pas, cocraBisieT ot 50 1o 400 mMm, 1mos-
TOMY KaXJbIi NOCHEAYIOIIAN CIOW YKIIAJABIBAIOT HA HE YCIEBIIUN OXJIAAUTHCS MPEIbI-
JTYIIUA CJIOM, T.€. TEIJIOBbIE BO3JACHCTBUS KaXOTO CJIOS HAKJIAABIBAIOTCA JIPYT HA JApY-
ra. [Ipu 3TOM CIIOKHBIM TEPMUYECKUN IIUKJ CKJIAJBIBACTCSA U3 TEIUIOBBIX BO3IACHCTBUU
OT/CJIbHBIX CIIOEB.

PaccmoTpum TepMHUYECKUI LIMKII TOYKH OKOJIOIIOBHOW 30HBI IIEPBOTO CJIOSL U MO-
ciennero cios (puc. 4.20)

mo A-A

A

20X
1 S:
2z 5 LT 1
3 l L

o 1 | | I

i ]
5 ' |

A

a 4] 8

a — IOICPCYHOC CCUCHMC IIBA, 0 — IIpOaAOJIbBHOC CCUCHHC IIIBA,
6 — HAJIOKCHHUC IIBOB KaCKaJOM

Pucynok 4.20 — Cxema HaJ0>XeHUs IBOB IMPY MHOTOIIPOXOAHOM CBapKe
KOPOTKHMU IIBaMH

MHorocoiiHas cBapka Jeaercs ClosSMU MM BaaukaMu. 1 g — Temmneparypa Bu-
nepxku (puc. 4.21).

T(l)
T BpeMA Harpesa T
Tac3 Tacs
Toff Mo Te
Th - g NG
/ Bpems BbLIEpKKH t t
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Pucynok 4.21 — Tepmuueckue nukiasl Touek I u Il (cornacuo puc. 4.20),
HAXOJISALIUXCS B 30HE TEPMHUUECKOTO BIUSIHUS

Teruio BTOpOro ciost He JACT METAJUTy OKOJIOIIOBHOM 30HBI IEPBOTO CJIOA OXJia-
XKJAThCS HHXKE ONPEACIEHHON TEMIIEPATYPHL.

[Ipu HanoXXeHWH BTOPOTO CIOSI TEMIEpPATypa OKOJOIIOBHOM 30HBI MEPBOTO CIIOSA
BHOBb NOBbIIIAETCs. [locime 3aBapku BTOPOTO, TPETHETO U T.J. CJIOEB OKOJIOIIOBHAS 30HA
MEPBOTO CJIOS, MCIBITHIBAIONIAS COBMECTHOE BO3JECHCTBUE TEIJIA BCEX HAJIOXKECHHBIX
CIIOEB, OXJIAXKAACTCS BCE MEIJICHHEE.

IIpouiecc cTpeMHUTCS K YCTAHOBUBILIEMYCSI COCTOSIHUIO, ITPU KOTOPOM OKOJIOIIOB-
Hasi 30Ha MEPBOTO CJIO0S MOAJICPKUBACTCS MPU MaJOU3MEHsIoIIEecs: Temmeparype. [loc-
JIe YKIIAJKHU BCEX CJIOEB OKOJIOLIOBHAS 30HA MEJIEHHO OXJIAXIACTCs, T.K. 32 BpEMS CBa-
PKH OBLIO BBEJICHO MHOTO TeIUIa, T.€. TEPMUUCCKUI ITUKII OKOJIOIIOBHOMN 30HBI IIEPBOTO

CII0S XapaKTepU3yeTcsl OBICTPHIM HATPEBOM, OBICTPBIM OXJAXKAEHHEM 10 | H mocie-
IYIOIIEH BBIIEPKKON B TEUEHHE CPABHUTENIBHO JUIMTEIIBHOIO BPEMEHH BBIIIE ATOU TEM-
nepaTyphl.

Pexxum cBapku MOXKHO moo0paTh TaKMM 00pa3oM, YTOObI OKOJIOIIOBHAS 30HA HE

OXJIaKJaJIaCh HUKE TCMIICPATYPhl HaYaJIa MAPTCHCUTHOI'O ITPCBPAICHUA TH HpI/I 9TOM

Ty =473...623K.

Torna nepeoxyiaKAEHHBIN ayCTEHUT, BBLIEPKUBAEMbIN B HUKHEM CYOKpUTHYEC-
KOM MHTEPBAJIC TEMIIEPATYP B TEUECHUE ONPEHAEIEHHOIO BPEMEHU, KOTOPOE 3aBUCUT OT
MapKku CTajM, pacmaaaercs, o0paszysh HTojb4aThlii TPOOCTUT, OOJAJAIONINI BBICOKOMN
IJJACTUYHOCTBIO IIPU BBICOKOM IPOYHOCTU. DTO U30TEPMHUUECKAS 3aKAJIKA.

PexxuM MHOTOCIOMHOM CBapKM KOPOTKUMH Y4acTKaMU 11€JIeCO00pa3eH pu cBap-
Ke cTajel, CioCOOHBIX K PE3KOM 3aKajKe M YyBCTBUTEIBHBIX K POCTY 3€pHA IMpH IMepe-
rpeBe.

Temmeparypa OKOJIOHIOBHOM 30HBI IOCIEIHETO CJIOS MOBBIMIAETCS MOCTEINEHHO.
[Tocnennuii cinoil yKiIagpIlBalOT HA METAJUI, TOAOTPETHIM TEIUIOM MPEABIAYIINX CIOEB.
TeMnepaTypa €ro OKOJIOIIOBHOM 30HBI BO3PACTAET BbIIE Tac3 M 3aTE€M MAAaeT CO CKO-
POCTBIO, 3HAYUTEIIBHO MEHBILIEW CKOPOCTH OXJIaXKACHUS IIEPBOTO CIIOA.

JlnuTensHOCTh HarpeBa { OKOJIOIIOBHOW 30HBI MOCIIEAHETO HArpEBaBIIETOCS

CJIOsI BBIIIE TeMIEpaTyphl T Aps, » OOJBINE, YEM JUIA 30HBI epBoro cios. ITosTomy

pOCT 3epHa B CTaju, YyBCTBUTEIBHOU K MEPErpeBy, 00Jiee BEPOATEH B OKOJOIIOBHOMN
30HE MOCJIETHETO CIIOSL.

[Tocne 3aBapku MOCIEAHETO CJIOSA B IIOB OOJIbIIIE HE MOCTYMAET TEMIo, KOTOPOe
MOIJIO OBl 3aMEIUIUTh OXJIAXIACHUE OKOJIOIIOBHOW 30HBI WJIM MPOJJIUTH NMpeObIBaHUE
MEePEOXJIAKIEHHOTO ayCTeHHWTa BBIIIE TEMIIEPATyphl MApTEHCUTHOTO MpEeBpaIleHUs

Th.
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OXJ'Ia}K,IICHI/IC 30HBI HCCKOJIBKO 3aMCAJIACTCA YKHaHKOﬁ Ha IMOBEPXHOCTH MIBA Tak
Ha3bIBACMOI'0 OTXKHMI'alOIICTO BaJIMKa, KOTOpBIﬁ YBCIIMYHUBACT AJIUTCIBbHOCTDL Hp€6BIBa-

o o /
HHs METaJlJIa OKOJIOIOBHOM 30HBI B aycTeHUTHOU (pase (tB >1B).
4.6.3 Pacu€rbl pe:XMMOB MHOTOCJIOMHON CBApKU KOPOTKUMHU Y4aCTKAMU

HpH MHOTOCJIOMHOM CBApPKC KOPOTKUMU YYACTKAMHU MOKHO BBIACIINTH IBAa OCHO-
BHBIX paCLIéTHI)IX mapameTpa, OIPCACIIAIOMUX BJINAHUC TCPMHUICCKOT'O IIHUKJIA HA CTPYK-

Typy 1lBa:
1) TeMmepaTypa OXJaXISHHS IIEpBOro ciosi 1 g;

2) nmmrensHOCTH Harpesa g (Bemme Tg).
Temnepatypy oXJIaXKIEHUS IEPBOTO CJI0S MPAKTHUECKH YI0OHEH BBIPa3UTh Yepes
JUTMHY €IMHOBPEMECHHO 3aBapUBAcMOro ydacTka |, mpu KOTOpOW OKOJIOIIOBHAs 30HA

IICPBOIoO CJI0A B MCTAJLIIC C HayaJbHOU TCMHGpaTypOﬁ TO OXJIaxKaacTCsa 10 TB:

_ O’7KFK32q;I
NV ey (Tg =T)° | (4:95)

rne  Kp — koaddunment uncroro ropenns ayru: Kr=0,6...0,8 — mis pyunoit
MHorocioiHoi cBapku, Kr = 1 — s aBromaTnyeckoil cBapku 1o (iro-
COM;
K3 — MOMPaBOYHBIA KOIP(GUIIUEHT, YIUTHIBAIOIUN TUIT COCTUHEHMUS:
mst cteikoBoro coequnennst K3 = 1,5, mis taBpoBoro coenuuenns Kz =
0,9, mus kpectoobpasnoro coenunenns Kz =0,8;

Ju — 3¢ dexTuBHAs TEIUIOBAsI MOIIIHOCTh JIyTH;
") — TOJIIMHA METAIIa, CM;
V(B  — CKOpPOCTB CBApKH, CM/C;

Tg  — Temmeparypa BbIIEpKKH, IPUHAMAIOT B COOTBETCTBHH C | | MiH
B COOTBETCTBHHM C TEMIIEPaTypOl BEPOSTHOTO OOpa30BaHUs XOJIOJAHBIX
TPEIIUH;

Ty - mauambHas TemmepaTypa MeTaa.

Tlocie 3TOro MPOM3BOIMTCS pacyen epement TIPeObIBaHUS MeTalla Npu TeMIle-
patype, 6onpmeii 1g:

1) onpeenuM 3HaYeHHE pacueTHON MomHoCTH nyru (p:

qp = Kr Kﬂ g, (4.56)
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rIe KI[ — K03 HUIMEHT TPUBEECHUS MOIIHOCTU JAYTH, YUYUTHIBAIONIUNA THII COE-
TUHEHUSA: K;[ = 1 — I CTBIKOBOI'O COCIMHEHUS, KI[ = 0,67 — w1 coenune-

HUSI BTaBp U BHAXJIECT, KZ[ = 0,6 — my1s1 coemMHEHNs KPECTOBOTO;
2) onpeaeuM OTHOCUTEIbHYIO TeMIIepaTypy:

2400 b

Q= —a(T3 —T), (4.57)

P

e A - KO3 hHUIIMEHT TETIOMPOBOIHOCTH;

a - k03pULIKUEHT TeMIepaTypornpoOBOJIHOCTH;

6 - TOJIIIIKMHA METaljla,
I - IJIMHa CAMHOBPEMCHHO 3aBAPCHHOI'O YUACTKaA,

b- KO3 PUIMEHT TEMIIEPATYPOOTAAUN C TOBEPXHOCTH;
3) ormpeneruM OTHOCUTEIFHOE PAcUETHOE PACCTOSIHAE OKOJIONIOBHOW 30HBI:

, (4.58)

rae X — pacyeTHOE pacCTOSIHUE OKOJIOIIOBHOM 30HBI OT INIOCKOTO MCTOYHMKA,;
X =1/2 — mupuHa pa3ienaKu MoBepxXy (A CTHIKOBBIX COCAMHEHUI), s
YIJIOBBIX HIBOB X PABHO ITOJIOBHHE JUIMHBI KaTeTa I1BA;
4) oripenenuM MPOJO0IDKUTEIBHOCTD ACHCTBHS UCTOYHUKA, KOTOpPAsk IPUHUMACTCS
3a JUIMTEJIBHOCTD MTOJIHOM 3aBapKH pacCMAaTPHUBAEMOTrO 11BA, BKIKOYAs U IEPEPHIBBI:

tc — i(n__:|'_|_1)’

K (4.59)
CB r

rae N - xoJIM4ecTBo CI0eB;
5) omnpezensieM OTHOCUTENbHYIO MPOAOKUTENIBHOCTD JEHCTBUSA HCTOYHUKA bt

6) mo HaiinennsM 3HaueHusM Dt., p1, Q1 Mo HoMOrpamMmMam HaxoaMM OTHOCHTE-

NbHYIO JutHTenbHOCTh Ky HarpeBa OKOIOIIOBHOM 30HBI IIEPBOTO CIIOS BBILIE TEMIIEpa-
TypbI BbIIEpKKH (puC. 4.22).
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Pucynok 4.22 — HomMorpamma jijist onpeielieHus JUIMTeIbHOCTH peObiBanus 1
BBIIIIC OMPEICIICHHON TeMIIepaTypbl 1 g TOUEK OKOJIOIIOBHOW 30HBI
B 3aBHCUMOCTH OT JUTUTEIBHOCTH JCUCTBHUS {c MCTOYHUKA

Haxomgum BPCM BBIACPIKKH IICPBOTO CJIOA:

bt
(t,). = TB: (4.60)

7) IJIATENIbHOCTh HArpeBa OKOJIOIOBHOM 30HBI MOCIIETHETO CIIOS BBIILIE TEMIIEpa-
TYPbI BBIIEPKKHA MOKHO MPUOITM3UTEIHHO PACCUUTATH U3 CJICIYIONIEr0 COOTHOIICHHUS:

(
(t)o~ (ta)i+y %~ e (4.61)

[Tocne sToro momydeHnyro mmarensHocth (Ig), cpaBHMBaeM ¢ IIMTENBHOCTHIO
pacnana ayctenuta tc is maHHO#M Mapku ctanu. Eciu pacueTHas BeIMUMHA OKa3bIBaec-

TCs OOJIBIIE HAWJICHHOW M3 AMarpaMMBbl pacriaja ayCTeHUTa, TO PEKUM pacCUUTaH Ipa-
BUJIBHO.

Ecnu (tg), Menme, yeMm tc, To HyXHO yMeHbIIUT AHHY |.

4.7 Pacyerbl VIaBJIEHUSA OCHOBHOI'0 M NMPHUCAJT0YHOI0 MaTepuasa
NpH CBapKe

4.7.1 CBapouHasi BaHHA. 30Ha MPOILIABICHUS
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Tero cBapoYHOU Oyru MOJE3HO PACXOAYETCS Ha pacIulaBiICHHE AJIEKTPOJOB U
Ha MPOIJIaBJICHUE OCHOBHOT'O METaJNIOU3IEIHSI.

BcenencrBrue BhICOKOW KOHIIGHTpAllMM TEIUIa B MSITHE HarpeBa CBApOYHAs ayra
MTHOBEHHO HarpeBaeT MOBEPXHOCTHBIN CJIOM MeTajla U IeperpeBaer ero A0 TeMiepa-
Typbl kunenus. HemocpeacTBenHo moja ayroit oopasyercs cBapouyHas BaHHa. [lpu aTom
Jyra OKa3bIBaeT JaBJICHUE HA MOBEPXHOCTh BAHHBI KHUAKOTO METaJlla, BCICACTBUE YETO
noj Ayroi oopasyercs kpatep. [ myOuHa kparepa, a, ClieI0BaTeIbHO. U CBAPOYHOM BaH-
HBI, 3aBUCUT OT UHTEHCUBHOCTH JIyThs IyTH, KOTOpas, B CBOIO OYEpPE/ib, OMpPEACISICTCS
BEJIMYMHOIN CBApOYHOTO TOKA, THAMETPOM 3JIEKTPOJa, COCTAaBOM Ta30BOM aTMoc(epshl,
COCTABOM IIIJIaKa U T.JI.

Ha npakTuke BcTpeuyaroTCsi AYTU C Pa3IM4YHON CTETEHBIO MOTPYKEHUS B CBAPOU-
HYIO BaHHY.

Kpaiinnmu tumamu siBisieTcsl moBepXHOCTHas ayra (puc. 4.23, a) u ayra yriay0-
néunas (puc. 4.23, 6).

[Ipu MOBEpXHOCTHOM Ayre KpaTep HEeriyooK, MATHO AYT'H MaJlo YriyOJsseTcst OT-
HOCHUTEJIBHO MOBEPXHOCTU MeTauia. [JyOmHa mporuiaBlieHUsT HEBEJIMKa, >KUJIKUI Me-
TaJIJI IOYTH MOJTHOCTHIO HAXOJIUTCS MO/l AKTUBHBIM TEIJIOM JyTH.

[Ipu morpykeHuu Iyru >KWJKash BaHHA OTTECHSETCS AaBieHHEM nyru. [IaTHO u
CTOJIO JTyTH TOJIHOCTBHIO MJIM YAaCTUYHO TMOTPYKAIOTCS B OCHOBHOM MeTaill u 6oiiee 3¢h-
(heKTHUBHO OIJIABJIAIOT JHO BAaHHBI U €€ MEPEIHIOI0 KPOMKY.

Vcs Vcs
-~ B —
H
7 H <
3 2 1 3 2 1
a 3]

1 — ocHOBHO# MeTasT; 2 — CBapHOM IOB;
3 — KUJKHUI MeTaJlJl CBapOYHOM BaHHBI

Pucynok 4.23 — CBapouHas ayra: MOBEpXHOCTHAS ()
U yriuyOneHnHas (6)

[Tox myroit ocTaércs UL BECbMa TOHKHH CI0M KUJKOTO MeTasa.

Takas myra HaOMrOIaeTCs MPU CBAPKE HA MOBBIMIEHHBIX MJIOTHOCTSX TOKa (TIpU
CBapke 1oja ()JIF0OCOM WJIM B CpPEJie 3alUTHBIX Tra30B), a MPU PYYHOM CBapKe —IpU Tak
Ha3bIBAEMOM CII0CO0E CBAPKHU OMEPTHIM JIESKTPOIOM.

Ecnu pa3pe3ats cBapoUHbIN 1IOB, TO B MOMEPEYHOM CEYEHUU MBI MOJIYYUM 30HY
MIPOILJIABJICHUS, I CJIe]] TIEpEMEICHUSI CBApOYHON BaHHBI.

30Ha MpOIJIABJICHUS], WJIM CBAPOYHAsl BAaHHA, XapaKTepU3yeTCs CIEAYIOINIMMU Ie-
OMETPUYECKUMU NapameTpamu (cM. puc. 4.23, 4.24):

L - qmHa cBapovHOM BaHHBI;
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H - rnyOuna nponnasnenus;

B - mmpuna msa uiay mmprHa 3046l IPOILIABICHHUS;

A - BenmuMHa NPEBBILIEHNS HAIUIABIEHHOIO METAILIA HAJl OCHOBHBEIM METAILIIOM;
Fy; - BeMumHa TUIOMAM HAIUIABKY;

FHP - IUIomaab IIpPOIIaBJICHUA.
OqepTaHHe 30HBI ITPOIIABJICHUA 3aBUCHUT OT PCIKMMA CBAPKU U criocoba BCIACHUA
Ayru. 30Ha IMPOINIABJICHUA XapPAKTCPUIYCTCA U TAKMUMU I10KA3aTCIIAMU

a) - K03hPUIMEHT MOTHOTHI ( —h) KOTOPBIM MOKAa3bIBACT, KaKas 4acTh
H I K=" ) p )

npssMoyrosibHrKa HB 3ansTa cBapHBIM IIBOM.
KoadduimenT moiaHOTH sBiseTcs Hambojee YCTOWYMBBIM IIOKa3aTeleM st

naHHoro crocoda ceapku. Hanpumep, npu pyunoit csapke 4 =06...0,7;

H
0) e OTHOCHTEJIbHAs TTyOHHA MPOILIaBICHNUS;

H
B) ¢@= 3 ko3 pUIeHT GOpMBI I11Ba.

Y

A

_ Fy

I >

Pucynok 4.24 — CBapouHasi BaHHA

Otu K03PGUIIMEHTHI O4YeHb BaxHbI. OHHU OMPEIEISIIOT TEXHOJIOTHYECKYI0 TTPOU-
HOCTb I1IBA, & TAK)KE CXEMY KPHUCTAILIM3AIMU HAIUIABIEHHOTO MeTauia. [loatomy npex-

Jie BCETO HYKHO 3a/1aThcs K0 durrenTom .

4.7.2 Pacuer niuHbBI CBAPOYHON BaHHBI

TeopeTudeckoe ouepTaHue CBAPOYHOM BaHHBI PACIIABJIEHHOTO METaJIIa JIOJHKHO
COOTBETCTBOBaTh MTHOBEHHOMY OYEPTAHUIO U30TEPMBI TUIABJICHUS OCHOBHOT'O METaslia.

IIpssMOM pacdeT Ha OCHOBAHMU MUMEIOLINXCS 3aBUCUMOCTEN MPEACIBHONU TEMIIEe-
paTtypbl OT KOOpAMHAT U BPEMEHU NAET BO3MOXKHOCTH OLIEHUTH pa3MeEpPbl CBAPOYHOU
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BAaHHBI 30HBbI ITPOILIABJICHHA TOJIBKO B CJIy4ac MOIIHOTI'O 6BICTpOI[CI‘/’ICTBYIOHICFO HCTOY-
HHUKa.

JlnvHa cBapOYHOM BaHHBI ompenensieTcss U3 GopMyIl MPOILIECCOB pacHpoOCTpaHe-
HUS TEIUIA B MJIACTUHE U TIOJTyOECKOHEYHOM TeJle:
a) MpY aBTOMATUYECKOI HaIlIaBKe BaJlMKa Ha MAaCCUBHOE TEJIO:

q%
(T_TO)(r,t) ==

2

exp(———);
27 At 4at
0) mp1 aBTOMaTHYECKOM CBapKe JIMCTOB BCTHIK C MOJIHBIM IPOIUIABICHUEM:
Au O s )
(T - TO)(y,t) = ———L_ exp(_y_ —bit).
AdrAch 4at

HauGounblias AjuHa CBapoOYHOM BaHHBI HabmrogaeTcs no ee ocu, .. npu I = 0
u'y = 0. Jlng ynpomenus pacueTos npuaumMaeM, uto by ~ 0.

Torna:
q % d,
V..0
—VCB , (THJZ _To) L

2mtA JArit Cy

OHpeIIeJ'H/IM BpCMs, B TCUCHUEC KOTOPOTO CBAPOYHAA BaHHA HAXOJAWJIACh B pacIljia-

BJICHHOM COCTOsSHHHU:
q 7
VCB

(THJY _TO)(O,t) =

t.,, = .
M2 AT = T,) (4.62)
(g, 5
ty = Ye® 7 (4.63)
472%570-17]1 _To)

JlnvHa cBapOYHON BaHHBI OMPENEISETCS KaK MPOU3BEIECHUE CKOPOCTH CBapKU Ha
BpeMs MpeObIBaHUS METaIIa B 30HE PACIIIABIICHUS.

L = VCBtHH- (4.64)

C yuetom BeipaxkeHuit (4.62) u (4.63), 1yriHa CBaApOYHOUM BaHHBI paBHA:

_ q .
27A(T,,; —T,) (4.65)
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q2
%52

- 472%‘37/0-17/1 _To)2 .

(4.66)

N3 3TX 3aBUCUMOCTEN BBITEKAIOT CIEIYIOIINE 6bI600bL:

— TIpU aBTOMATUYECKOM HaIlJIaBKEe BaJIMKa HA MAaCCUBHOE TEJIO JJIMHA CBAPOYHOMN
BaHHbI NMPONOpPIHOHANTbHA 3()PEKTUBHON TETIOBOM MOIIHOCTH IYyTU U HE 3aBUCUT OT
ckopocTu cBapku. Ha caMoM jelie B peaibHBIX YCIOBUSX HAOMI0IaeTCa HEKOTOpast 3a-
BUCHUMOCTD JIJIMHBI CBAPOYHOM BaHHBI OT CKOPOCTH CBAPKHU. DTO CBSI3aHHO C TE€M, YTO
IPU BBIBOJE UCXOAHBIX (OpMYHI ObUT TPHUHAT UEJbIA P TONMYIIEHUM, KaK U B OTHO-
MIEHUHU (POPMBI U3ICITHS;

— JJIS TOHKOM TJIACTUHBI JIJTMHA CBAPOYHON BaHHBI MPOMOPILMOHATIBHA KBaJgpaTy

. 2
yJIeNIbHOM MOIIIHOCTH Harpena (C]H/ 0)? 1 06PATHO MPOMOPIHOHATBHA CKOPOCTH CBAPKH.

4.7.3 Pacuer nmapaMeTpoB 30HbI NporuiaBieHus (puc. 4.25)

X

T

PucyHok 4.25 — Cxembl CBapHBIX IIBOB JJIs pacyeTa MapaMeTpoB 30HBI
MPOTLIABIICHUS

[[luprHy 30HBI IPOIUIABJIEHUS ONYYUM U3 (OPMYJI MAKCUMAJILHBIX TEMIIEPATY,
npupasuss B = 2ry = 2Y,.

J11st To1y0ECKOHEUHOTO Tella JInst cBapKu BCTBIK
Ay q
2 N 2 % 5
Toax = Tdoy =——“—=2  (To~To)iy) = L
ax 07/(%) . C7r02 : ( max 0)(y0) A 07/2)/0 . (4.67)

JIyist cmydasi CBapKM TOHKHX JIMCTOB BCTHIK MBI MPEHEOperaeM TETUIOOTAaueH C
IMOBEPXHOCTH.

HpuanmaeM | max = T wrasn.
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B=2 RS (4.68)

q
a_ |2 45 .
= —— (4.69)
A Cy(THJY TO)

H=B/2; H=0;
_ﬂf: %6 |
P =8 ey (T, —Ty) (470

(4.71)

Ha ocHOBaHMK MMeEIOIIMXCSI 3aBUCUMOCTEM MOYKHO paccUuTarh U 0ObEM BaHHbI
xKuakoro metaia. [TomydyeHHble 3aBUCUMOCTH OTHOCSATCS K MOUIHBIM OBICTPOJBHKY-
muMcst gyram. [[ist Toro 4toObl UMETh aHAJIOTMYHbIE 3aBUCUMOCTH JIJIsl MICTOYHUKA Ha-
rpeBa JIF000M MOIIHOCTH, ABUKYIIETOCS € IMPOU3BOJIBHON IIOCTOSSHHON CKOPOCTBIO, He-
00X0IMMO BOCIOJIb30BaThCs oHATHEM TepMuueckoro KII/I nponecca nporiaBieHus.

4.7.4 Tennosas 3¢ (HEeKTUBHOCTD NpoOLIECCa MPOIIABICHUS

KonmuecTBo Temmna, pacxogyeMoe Ha MPOIJIABICHHE OCHOBHOTO METalja B €IH-
HUILY BPEMEHU, MOXKET OBITh PACCUUTAHO IO PopMyIie

Qrr = FUPVCBVSHJI : (4.72)
IDI(S VCB — CKOpPOCTh CBapKH, M/C;
Y — IJIOTHOCTB YKMIKOT0 METAJIa, F/CM3;

S - TEIUIOCOIep>KaHNE PACIUIaBICHHOTO MeTalia, Kajiu/r. s Hu3koyr-

JIEPOJIUCTON CTAUIM € YYETOM CKPBITOW TEIUIOTHI ILIABJICHUS Shy -
1358 JIx/T.
KonuuectBo Temma, 3aTpauriBaeMoOe Ha MPOIUIABICHHE METaljla, MPEJCTaBISET
co0oit yacTh 3(PPEKTUBHONM MOIIHOCTH HArpeBa U3MICIU U XapaKTEepU3yeTCs TepMUuUe-
ckuM KIIJI mpouecca nporutaBieHus:
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— qHP

T ,
Qu
Orcrona Qe = NtQu; (4.73)
4 = Mu Yosm = M U le; (4.74)
Qe = Mt Mu Yosu, (4.75)

rae Mt Nu — nonneld Temnosoy KIIJI nporecca miaBiaeHus.

Ecny n3BecTHBI mapaMeTpsl pekuMa CBapKHM U BEIMUYUHA T|[[p, MOXHO paccyu-
TaTh IJIONIA/b MIPOTUIABICHUS OCHOBHOTO MeTauia (13 dhopmyisl (4.72)):

Qrr = NMu Yosi = Noe Jos,

du
FHP =7

CB

78 11 (4-79)

Ecmu cuurath VSHH:COI’]S'[, TO IIOMIaAb IIPOIUIABJICHUS IPOIIOpPLIIHMOHAIbHA TeE-
pmuueckomy KIIJ[ mponecca nporuiaBineHus ¥ MOrOHHOW SHEPTUU CBAPKHU.

4.7.5 Omnpenenenne Bennunabl Tepmudeckoro KIIJ[ npouecca
MPOTUIABIICHUS

Haubonee npocto onpeaenuts Mt B ClIydyae MOLIHOTO OBICTPOJBHIKYILIETOCS HC-
touHrKa. OH PacCUMTHIBACTCS Ha OCHOBAHHWH (POPMYIT /TSl pacdeTa MaKCUMaJIbHBIX Te-
mreparyp — (4.24) u (4.32).

N3 Beipaxenus (4.24) nonyvaem:

L
_ =+ CB
OTKyJa
2
3 1
cy €y =T /7\/(13 = gqn , (4.78)
1/e = 0,368. (4.79)
B ypaBuenuu (4.78) nesas yacts paBHa (ryp, a mpasas 0,368 (y.
Otcrona
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g

HpI/I HallJIaBKC BaJIMKa Ha MAaCCHUBHOC HU3ACIIUC MOHIHOﬁ z:yroﬁ T]t IIPpUHUMACT

MaKcUMalibHOe 3HadeHue - Mt = 0,368.
[Ipu aBTOMATHYECKOM CBapKe JUCTOB BCTHIK 3a OJIMH MPOX0]1 (M0 aHAJIOTHHU C Ha-
TIJIABKOM)

2 q
T, —T,)= A
(Tpr =To) = — N2y
OTKyJa
2
2y06VCBC'Y(THH - To) = th : (4.81)
Jlepasg uacth ypaBHeHusa (4.80) paBHa (p, a mpaBas, ¢ y4yeToM TOro, 4TO
2 q,
% =O,484,paBHa 0,484 Qy. CnenoBatenbHo, 7= - =0,484
u

B ciydyae cBapkH TOHKHMX JINCTOB BCTBIK MOIIHOW OBICTPOABMKYILIEHCSA TyrOu Te-
pmuueckui KII/] npyuauMaer MakcnMmanbHOE 3HadeHue, paBHoe 0,484.

B o01ieM ciydae npu cBapke M HarlaBKe AYroil Jt000il MOITHOCTH BETUYMHA M
ONPENENSAETCS 10 CIIEUAIBHBIM HOMOTpaMMaM.

[Ipu HamyaBKe BajMKa HAa MAacCHUBHOE M3/EJHUE MOJB3YIOTCSA rpapUuecKod 3aBH-

cumocThio Tepmuueckoro KIIJ[ ¢ynkuuen 6e3pa3mMepHOro Kpurepus ig.
N=1(&s), (4.82)
qV
rae C3= 52 ,
S a S,

31ech d — KOA(GUIIMEHT TEIJIOTPOBOIHOCTH;
/ ..
S' 11— 06BEMHOE TemIocoIepKaHNEe PACILIABICHHOTO METAILIA.

BennuuHa Tt nponopuLuoHaIbHA CKOPOCTH CBAPKU U MOIIHOCTH AYTH, T.€., YEM
00J1ee MOITHBIA UCTOYHUK UMEETCS M YeM ObICTpee OH MEePeIBUTACTCS 1O MOBEPXHOCTH
u3nenus, TeM 0osee 3PPHEeKTUBHO UCTIONB3YETCS TEMIO CBAPOUHON AYTH.

3aBucuMocTh (4.82) mpencrasieHa Ha HoMorpamMme (puc. 4.26) mis pa3IundHBIX

ornomennit H/B. Kax Bunno u3 puc. 4.26, oHa n Ta %e KpHBas MOXeET HCIONb30-
BaTbCS JJIs1 PA3JUYHBIX OTHOIICHUI H/B, Hanpumep: 0,1 u 2,5; 0,2 u 1,25; 0,3 u 0,83;
0,4 u 0,625. IIpu yBenuuenuu 1|; BeIMYUHA ?;3 Bo3pacraet. st oTHOLIEHUA H/B =

0,5 makcumainbsHoe 3HaueHue 1)t cocrasiuser 0,368.
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Pucynok 4.26 — Homorpamma st onpeaenenus repmuueckoro KIIJL mpu
HAIlJIaBKE BAJIMKA HA MACCUBHOE TEJIO

Jlnst ciydasi CBapKM TOHKMX JIMCTOB BCTBIK BEJIMYMHA T onpenensercs QpyHKIu-

o o /
el 1pyroro 6e3pa3MepHOTO KpUTEPHs , KOTOPBIA paBeH E)z = Q/ (8 asS Hﬂ_). 3aBucu-
MOCTb Tt OT éz npeacraiieHa Ha puc.4.27. Kak BUHO, C yBEIIMUEHUEM ég BEJIMYMHA

Mt BO3pacTaeT, U MakCUMasbHOE 3HaYeHHe Tt cocraiuser 0,484.

n 1
! 1
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Pucynok 4.27 — Homorpamma niist onpeaenenust tepmuueckoro KITJ[
IIPU CBApKE TOHKUX JIMCTOB BCTHIK
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4.8 Pacyer u muiaBJjieHHe IPUCATOYHOIO (3JIEKTPOJIHOI0) MeTAJLJIA

DEeKTpOJ HarpeBaroT JIBa UCTOYHUKA!

1 — nyra, koTOpas BBOAUT TEIIO Yepe3 IMSTHO HArpeBa Ha pabovyeM TOpLE eJeK-
TpOAa;

2 — pacnpenen€HHbIN 0 00bEMY ANIEKTPOAA UCTOYHHUK, T.€. TEIJIO, BBIAEISIEMOE
3JIEKTPUYECKUM TOKOM IO 3aKOHY JleHna-J/[>Koyis 1mo Bcer JIMHE JIEKTPOAHOTO CTEP-
HS — OT MECTa NOJIBOJSAIIET0 KOHTAKTA 10 IyTH.

Jlyra HarpeBaeT €JIeKTPOJ Ha CPABHUTENBHO HEOONbIIOM ydacTke (2...3 mm). B
OCHOBHOM, Jyra OKa3bIBaeT JEHCTBUE HA TOPLE AIEKTPOA.

Toxk, MpoTeKarIMn Mo 3JEKTPOLY, HArPEBAET €ro Mo BCeW JiuHE BhuieTa. [Ipun
HEOOJIPIIMX BBUIETAX 3JIEKTPOAA W MAJIOM IUIOTHOCTH TOKA HArpeB 3JIEKTPOJa TOKOM
MOHO HE€ yuyuThiBaThb. HO C yBenuueHHEM BBUIETA W IUIOTHOCTH TOKAa HAarpeB TOKOM
CKa3bIBAaeTCs BCE CUIIbHEE.

[Ipu OonbLIMX TUIOTHOCTSAX TOKA, MPU aBTOMATUYECKOM M MOJIYyaBTOMATHYECKON
CBapKe B BBUIETE 3JIEKTPOIa MOXKET BhIACIATHCS 10 25...40% Bcero xonmuecTBa Teruia,
PacxoyeMoro Ha IJIaBJIEHUE MIEKTPOJA.

4.8.1 Harpes anekrpoja TokoMm. TermoBoit OamaHc

IIpy pydHOU IyroBOW CBapKe HEBO3MOXXHO I'OBOPUTH O BOCCTAHOBJICHUM TEMIIE-
paTypHOTO MOJs, T.K. 3JEKTPOJ BCE BpPEMs pacIUIaBIsIeTCs], JUIMHA (BBUIET) BCE BpeMs
YMEHBIIIAETCS, pa3MeEPbl TEMIIEPATYPHOTO IOJISI BCE BPEMSI MEHAIOTCA, HO, T.K. Pa3JIH4-
HBIE CEUYEHUS AIEKTPOAA HATPEBAKOTCA MPOTEKAIOIIMM YEPE3 AIEKTPO TOKOM B Pa3HOE
BpEMsl, TO MOXHO ITOCTPOUTH KPUBYIO 3aBUCUMOCTH TEMIIEPATYPHI 110 JUIMHE JIEKTPOIA

|5 (puc. 4.28).

T =1(l5)

PucyHok 4.28 — 3aBUCUMOCTb TEMIEPATYPhI OT HATPEBA CBAPOUYHBIM TOKOM
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[Ipu aBTOMaTHYECKON WUIIU TMOJYyaBTOMAaTUYECKOM CBapKe MaKCHUMallbHas TeMIIe-
paTypa JOCTUTAeTCs y TOpIia 3JIEKTPOIa, HarpeBaemMoro ayrou (puc. 4.29).

T
111 1| >
A I -
T =1(Lg)
Lg /
Tn=1(Lg)
/

Pucynok 4.29 — 3aBucrMOCTb TEMIIEPATYpHl OT JJIMHBI BBUIETA AJIEKTPOIA
[P aBTOMATUYECKOM CBAPKE

TennoBoit 6anaHC OT HarpeBa AJIEKTPOa TOKOM MPU PYYHOU TYTrOBOM CBApKe MO-
KPBITBIM 3JIEKTPOJIOM OINPEIEISIETCS CIEIYIOIUM 00pa3oM.

B snexrpose Beiaensercs temio Q.

DTO TEIIO0 pacXxoAyeTcs Ha TMOBBIILICHHE TEIUIOCOAECPKAHUS JIIEKTPOIHOTO
crepxus Q1, cnos nmokpeitus Q) 1 Ha TemooTHauy B OKpykaromyto cpexy Qs:

Q=0Q:+Q,+ Qs (4.83)

[Ipu pyuyHOIl 1yroBoii cBapke HEOOXOJAMMO YYHMTHIBATH BCE COCTABJISIOLIUE TEII-
JI0BOrO OasaHca.

IIpu stom Q onpenensercs us 3akona Jxoynsa-Jlenna:

Q =0,241% £r gt

oI

(4.84)

rae PT — YAEIbHOE CONPOTHBIIEHHWE MaTepHalia 3JIEKTpoa MpU TeMIEeparype
HarpeBa 3JeKTpoja TOKOM T;

Fanm — mnomane momepednHoro cedeHWst 3JIEKTPOAHOTO METAITHYECKOTO
CTEPKHSI.
[ToBbIlIEHHE TEIIOCOAEPKAHUS SIEKTPOJHOIO METALNTMYECKOTO CTEPIKHS OIpe-
JensieTcs Tak:

, dT
Q =(Cy)r dt Faladt, (4.85)

1 " "
rie (c7); — oOBEMHAS TEIIOEMKOCTh METAIUIA CTEPXKHS MPH TEMIIEpaType
Harpesa 1.
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Temnoconep:kanue dneKTpoaHoro mokpeitus Q, onpenensercs no Gpopmyie

dT
= (cy )Zu F 1dt (4.86)

rae (C7/ )4 — 00BbEMHAs TETIOEMKOCTh TOKPBITUS MIPU TEMIIEpPAType €ro Harpe-
Ba (pu Tr);
Fg — mromans momepeuHoro ce4eHus MOKPBITUS IEKTPOIA.
Temnooraaua B okpyxaromyio cpeny Qs onpenensercs u3 cooTHOMEHMs

s =0, (T"=Ty)ad 1 ,dt. (4.87)

rae O, — KO3(p(UUHUEHT NOBEPXHOCTHOW TEIUIOOTAAYM MOKPBITUS 3JIEKTPOJa MpU
TeMIIEpaType €ro HarpeBa,
Ty — TeMneparypa okpysKaroreii cpe/isl;
dy - HApYHBIA THAMETP MTOKPBITOTO JIEKTPOIA.

B 3anmcanHbIX YPaBHCHUAX (B COCTAaBMIIOIIIUX TCIIJIOBOT'O 6aJIcha) COACPIKUTCA
6OJII>I]10€ KOJIMYCCTBO IICPCMCHHBIX, KOTOPBIC U3MCHAIOTCA C YBCIIMUYCHUCM TCMIICPATY-
PBI HAarpcBa. HOZ)TOMy, HaxXC CCJIM IIPUHAT HGJIBIP'I pana I[OI'IYHICHI/If;I, PCIOINUTh YPAaBHCHHC
TCIIJIOBOI'O 6aJIcha B O6HICM BHUAC HC y,Z[aéTCH. Ero YIIpouIaroT U pCuiarOoT YK CICHHBIM
MCTOJOM: BCCb HMHTCPBAJI TCMIICPATYP HarpcBa J3JICKTPO1ad pa36I/IBaIOT Ha OTICJIBbHBIC
otpesk; Hampumep 0...50% 50...100% 100...150° u ..

B kaxaoM HHTepBajie TEMIIEpaTyp ONPEIEISIOT EPEMEHHBIE TEIIO(U3NIECKUE

koncrautel: P1; (CY)1; (0th) T
[locme 5TOr0 W3 ypaBHEHHWs TEIUIOBOTO OalaHca pAaCCUMTHIBAIOT IApaMETP

AT/At.

Otcrona onpeaenum At u crpoum rpaduk 3asucumoct (puc.4.30).

boisiee TouHO pemieHue 3Toro ypaBHeHus: ocyuiectsisiercss Ha [IDBM no cnenu-
aJTbHOM IIpOrpaMMe.

Tako# pacyeT Mo3BOJSET CAENATh CICIYIOIINE BHIBOIBI:

1 Tlpu 3agaHHBIX AUAMETpPEe SJEKTPOJa W IJIOTHOCTH TOKAa B HEM CYIIECTBYET
npeaenbHas TeMnepaTypa HarpeBa, T.K. IOTEPU Ha TEIUIOOTAAady B OKPYKAIOIIYIO Cpely
BO3pPACTalOT UHTEHCUBHEE BBIJICICHUS TEIJIa OT MPOX0KICHUS TOKA.

2 UYeM TOHBIIIE JIEKTPO IPU 3aJaHHON MJIOTHOCTH TOKA, TEM HHKE MpeEeIbHast
TeMIlepaTypa HarpeBa U TeM MeJJICHHEEe OH OyJIeT HarpeBaThCsl.

3 C moBblIllIeHHUEM TIJIOTHOCTH TOKA HATPEBAHUE YCKOPSETCS.
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T, K

150

100
50

t,C

Pucynok 4.30 — 3aBUCUMOCTB TeMIEPATypbl HArpeBa MOKPHITUS

OT BPEMEHU CBapKU AJIEKTPOIOM

4 TIoKpBITBIN ANEKTPOJ MPU PABHOW IJIOTHOCTH TOKA HArpeBaeTCs MEIJICHHEE
roJioro. 3Ta 0COOEHHOCTh CBSI3aHA C HAKOIUICHUEM TeIljIa B CJIO€ TTOKPBITHUA.

OTH BBIBOJIbI MOJATBEPKIAIOTCS JAHHBIMU 3aMEpPOB TEMIIEPATypbl HA MOBEPXHO-
CTH WX TIOKPBITUS B 3aBUCUMOCTH OT BpeMeHU ropenus ayru (puc. 4.31). Kak BugHo u3
3aBUCHMOCTEM, HACBIIIEHUE JOCTUTAETCS TOJBKO MPH MaJbIX IJIOTHOCTSAX TOKA.

al, |
/
- lw'cs,z A fumn?
//
IV
/il
7
AREPs
A 2
N LT —T1
7P
/ 7

Q

EY) loo

1,c

Crepxxenb 6 MM u3 Hu3KoyTIIepoaucToi ctam (0,15% C)

Pucynok 4.31 — Harpes 35ekTpo/ia ¢ MOKpBITHEM
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4.8.2 Tlpubnmx€HHBIA METO pacyeTa Mpoliecca HarpeBa MeKTPoia TOKOM

HaunbGonee wuHTEpecCHBIM Ui MPAKTUKU JUANA30HOM TEMIepaTyp SBISCTCS
0...1100 K. B aTom nuamna3oHe HaOJr01aeTCs JUHEHHAS 3aBUCUMOCTh MEXTy TeTuio(u-

3nyeckumu KoHcrtantamu CY, OL u P m Temneparypoit. IlosTomy pemenne ypaBHeHuUs
TEIJIOBOro OajaHca 3HAYUTEIBHO YIIPOLIAETCS.

[Tocne mo/icTaHOBKM BCEX JTIMHEHHBIX 3aBUCUMOCTEN B UCXOJIHOE YpaBHEHUE TeTl-
JoBOro OanaHca W MPOBEACHUS psla MaTeMaTHUYECKHX MpeoOpa3oBaHUM MOTydaeTcs
npuOIMKEHHOE YpAaBHEHHE TETUIOBOTO OanaHca (dhopMmyra AJig pacueTa HarpeBa K-
TpoJa TOKOM):

ﬂ1+T _ ﬂ1+T0 nt
= c (4.88)
TIYP_T TI'[P_TO

rne 1 — mocrosuuas, onpenensemas u3 TaGIUIEL, 3aBUCUT OT TUIIA HIEKTPOJA
U poJia TOKa;
T — pacuernas TemmepaTypa dNeKTpoa, HOTyYeHHAS B PE3yIbTaTe HATpe-

Ba TOKOM;

To - HavampHas TemmepaTypa 3nmeKTpoaa (TeMIepaTypa OKpYKaromeil
Cpenbl);

t — Bpewms Harpesa snexTpona, c;

Trp — npenenshas TemmepaTypa Harpesa, HACTyNAOMmas TpH OECKOHEYHO

JUTATEILHOM JEUCTBUU TOKA, T.€. IPU t—o0:
_ 2
Trp=mdsyj° + Ty, (4.89)

34€Ch M — mocrosiHHas BC/IMYMHA, OIIpcacrAcCMasd 13 Ta6J'II/ILI, 3aBUCHUT OT
THIIA JJICKTPOAa,

] —mnorHOCTH TOKA, A/CMZ.

77——( 7 (4.90)

rme A — MOCTOSHHAS BeNMUMHA, KOTOPAs 3aBMCUT OT THIIA 3IEKTPOIa U POJa
TOKa, ornpeensieMast u3 Ta0auis! 4.2.

Pacyer 3HauMTENBHO  YOPONIAETCSA, €CIU  TOJB30BATHCS  HOMOTPAMMOM
H.H.PrikanuHa, KoTopas cBs3bIBaeT Oe3MepHoe BpeMs Harpesa anektpoaa Ni, Gespas-
MEPHYIO HpelebHyl0 Temneparypy Harpesa Lpp/Il; m Gespasmepnyro Temmeparypy
narpesa ssextpoaa Tokom 1/]1; (puc. 4.32).
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Tabnuua 4.2 — IlocTosiHHBIE MapaMeTphl JIJIs1 pa3HBIX AIEKTPOJOB U poAa TOKa

DnekTpoa A
m
Pon Toka 2 Ol 2 %[1’ 30 )
I[pososo- TokphITHe (Mm”-"C)/(A%c)| C |(mm”-C)/a
Ka
[TocTosHHEBIN 3,1 240 2,65
MeinoBoe
Huskoyr- IlepemeHHBIN 3,7 300 2,65
JIepoIu-
cTad [TocTostHHBIN 2,4 200 2,5
KauecTBen-
HOE
[lepemeHHBII 2,7 240 2,5
5 S N 101
ﬂfg . ~— - < - \\ \‘\: — R TT/D;
NERSEATIRNS NNARRIZEA
i ~ ~J - < g W,
2 \\\"‘\\ﬂ ™ \\\'-:\k\\:\ \\\\\‘.\\::N -6
1,6 P M J IS NN,
16 S SO SN :':\ N NN 4.5
14 S SRR ES
i Sl S = vacS dnaaSuciace N
\ .
| \\ SN \.\\\:\\ N \.ﬂ:\-.__‘ :—21 8
— "'-\\ -..\ \\\ ~ N THHL -..__L'E
0,8 M~ P~ it ""N.\ \\\"ﬂ::-..h. Y n.\‘ N1, 4
’ P~ ™~ ~ TN “;,2
06— “'--'-n-..,_.\-.-_ """-"-..,_‘\ \_\.""q.,..‘ | M "'-..: -:_:_g,g
B T T~ TR 0.7
[y ""h..._ S | I 0,6
0.4 T T Lo 0.5
"--n_._...._____-_- "-—-____-----“-T"-“-.._- N 0'4
“‘--..._____ el 0.3
0z R 0,2
0.1
0 D
1 L1 L2 L3 1L415146(18]2 2226|3354 |5 1o 2050 5 0
L7 19 24 2,8 4,5 100 P21

Pucynok 4.32 — Homorpamma Jij1s1 pacueTa HarpeBa
CTaJIbHBIX JIEKTPOJIOB TOKOM

JIJ'ISI pacdeTa JOJIKHBI OBITH 3aJaHHBbI d3 W THUII IIOKPBITUA, POA TOKA U €ro BCIIN-
YrHa, HadYajJbHasd TCMIICpaTypa 3JICKTPOAa; BPEM:, IO UCTCUHCHHUHN KOTOPOTO HCO6XO,ZII/I-
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MO ONpPEAECIUTh TEMIIEPATYypy, Yalle BCErO 3TO BPEMsl PACIUIABJICHUS CTAaHIAPTHOTO
3JIEKTpoOa.
Pacuer BBINOJIHEH O CHEAYIOMIEN CXEME.

1 13 ta61.4.2 HaxoauM NOCTOSIHHBIE KOA(D(PUITUESHTHI: A, I[l, m
2 OnpenenuM IOTHOCTh TOKa:

— 4 I CB
= —ﬂd ;
C)
rae d, — gauamMeTp dIEKTPoIa, MM.
3 Onpenenum npeneabHYI0 TEMIIEPaTypy Harpena:

Trp =M dy j?+ To; (4.91)

¥ paccuMThIBaeM Oe3pasMepHyro Temneparypy Harpesa Trp/ ;.

4 PaccuuteiBaeM napametp M:

A T,

1=, +1); (4.92)

1 HaxoauM 6e3paszMepHoe Bpems Harpesa Ni.
5 Ilo HOMOTpamMMme HaxoaAuM Oe3pa3MepHYyI0 TeMIIepaTypy HarpeBa 3JIeKTpoaa

T/I[lzK

4.8.3 Pacuer HarpeBa OJJIEKTpPOJa TOKOM TP aBTOMAaTUYECKOW H
MOJIyaBTOMATHYECKON CBapKe

HeoOGxonumo yudecTh, YTO TMOKPBHITHS Ha AJEKTPOJE HET, a TEIJIOOTBOJOM C IO-
BEPXHOCTH NpeHeOperaeM M3-3a MaJod BEJIMYMHBI BBUIETA DIIEKTpoaa, mostomy Q =

Q1.

Takum oOpa3zoM, YNpouIEHHOE YpaBHEHUE TEIUIOBOro OanaHca OyaeT
Q = Qq, T.e. BCE TemWI0 UAET HA MOBBILIEHHE MENIOCOOEPIHCAHUsS CTEPIKHS DIEKTPOIA.

IIpn sTOM

Q O 24| 2 IOT IEbmema dt,

2

(4.93)

dT
Q=(cy), F Lat (4.99)

TerutoBoii OaTaHC UMEET BUJL
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prLe dT

0,2412, dt:c%EFaLBdt_

4.95
= (4.95)
Tak kak
I 2
CB _ j2
2 )
F3
TO TIOCJI€ COKpaIlleHUH paBeHCTBO (4.95) npuHUMaeT BU/T
dT
0,24] ( )r pre (4.96)

Kosddunmentsr P u CY 3aBHCAT OT TEMIIEPATYPBHI.

Ecnu snextpon HarpeBaercs B uHTepBasie Temnepatyp 273...1100 K, to mexny
TUMU KO3 PUuIMeHTaMu Jyisi JaHHOW CTajIM MPU TEMIIEpaType HarpeBa u STUMHU Ke KO-
s unmentamu npu 273 K cyiiecTByeT IUHEITHAS 3aBUCUMOCTb:

(5» = (§)o<1+ T), (4.97)

rie T — remnepatypa Harpesa;

B — mocrosHHas BemmuMHA 11 TAHHOH MApKM CTaJH.
[ToacTtaBuB 3Ty 3aBHCUMOCTh B auddepennmansuoe ypaBuenue (4.96), mMbl mo-
JTydaeM JuHenHoe nuddepeHaibHOe ypaBHEHUE C ITOCTOSTHHBIMEU KO3 GUIIMSHTAMHU:

T—(L4T)edt -1
g

JZ (4.98)

rae K — rocrosiHHas BeJIMUMHA JIJIS TAHHOM CTaJIu.
k=8
Cy
Bpewms cBapku tpaCC‘H/ITBIBa€TC$I [0 YPaBHEHUIO

- V, (4.99)

rae VH — CKOPOCTb TOJIauH dJICKTPOHON TPOBOIOKH;

| — nimna Benera.
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B ypasuennu (4.98) T = T npu ycnosuu, uto t = 0.

4.8.4 PacnnaBieHue dJeKTpoAa

4.8.4.1 Tennosou 6anaunc npoyecca pacniasienus. llpoussooumenvnocms npo-
yecca pacniaenenus. Koagpguyuenm pacnnaenenus

KonunyecTBo Teria, BBOAMMOI0 CBApOYHOUN JIyroM B SJIEKTPOJ, MPEICTABISAET CO-
00# yacTh 001 TEeMI0BOM MOIITHOCTH CBAPOYHOM JTYTH:

0> = N> Yoy, (4.100)

rae 1»— 3¢ dextusublii KI1J[ Harpesa anekrpoaa ayroii, N> = 0,15...0,30.

DTO KOJUYECTBO TETIa 3aTPAYUBACTCS Ha MOBBIIICHUE TETUIOCOICPKAHUS METaJI-
JIa DJIEKTPOJIa OT TEMIIEPATYPHI MOJOTPEBA €T0 TOKOM JI0 TeMITepaTyphl OTPHIBAIOIIAXCS
Karelib:

0>= V5 v F5 (Sk-St), (4.101)

rac V3 — CKOPOCTD PAaCIlIABJICHHUA 3JICKTPOIA,

Y — IUIOTHOCTb METaJlIa 3JEKTPO/a;

F - — mromaes nomepeuHoro ceueHns AIEKTPOa;

Sk — TemnocoepkaHie PacIIaBIEHHOTO METalIa EKTPOAa HPH TeMIie-
patype oTpsiBaronmxcs Kanems (1 k);

St — Temnoconepkanie MeTaIa IEKTPOA IPH TEMIIEpaType MOL0rpeBa

anekTposa nporekaromum TokoM (11);

ngFg — MTHOBEHHAs TIPOU3BOAUTEILHOCTE pactuiasinenus ({p), r/c.

Ecin 6b1 St Oblla MOCTOSHHOMN IO ATHHE JIEKTPOJd, TO MTHOBEHHAs MPOHM3BO-
JUTENBHOCTD PACIUIABJICHUS TOXKE OCTABAIACH Obl OCTOSHHOM.

Takoi €€ MOXHO CUMTATh MPU ABTOMATHUYECKOW M MOJTYyaBTOMATUYECKOW CBapkKe,
€CJIM B IIPOLIECCE CBAPKU HE MEHSETCS BEJIMYMHA BbUIETA DJIEKTPOIA.

Tpu py4HO# TYroBOi CBapKe TEIIOCOAEPKAHNE ST BCE BpPeMs PACTET MO Mepe
pacIUIaBJICHUS AJIEKTPOJIA, U B PE3YJIbTATE PACTET U MTHOBEHHAS MIPOU3BOAUTEIBHOCTD
pacmuiaBieHus aekTpoaa. [103ToMy BBOAUTCS MOHATHE CPEAHEN MPOU3BOIAUTEILHOCTH
pacIuIaBiIeHHs, KOTOPAs IPU PYYHOU CBApKe SBIISIETCA AEUCTBUTEIBHO KAKOU-TO yCpea-
HEHHOM BEJIMYMHOW, & IPU ABTOMATUYECKON U MOJYyaBTOMATUYECKOMW CBAPKE OHA paBHA
MTHOBEHHOW MPOU3BOJAUTEIBHOCTH PACILIABICHUS.

Mexay NpOW3BOIUTEIIBHOCTBIO M CBAPOYHBIM TOKOM CYIIECTBYET CIEAyIOIIast
3aBUCUMOCTb:
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Op = op I, (4.102)

rae Olp — ko3 PHUIUEHT MpONmOPIHOHATFHOCTH, Ha3bIBAEMBIH KO3(PHHUITHIEHTOM
pacIuiaBICHHS.
OHn npencrapisier co00il Maccy JIEKTPOAHOTO METallla, PaciuiaBiIieMoOro B €1-
HUITY BPEMEHH, TTPUXOISAIIYIOCS Ha KaK/IbIA aMIlep CBapOYHOTO TOKa, T/(A-c):

9

“ =10 (4.103)
CB

[IpakTUyecku MOJIL30BATHCS TAKOW 3aBUCHUMOCTHIO HEYI00HO. [loaToMy moms3y-
FOTCA 3aBUCUMOCTBIO.
_ qp
o, =3600—. (4.104)

CB

Benuunna xo3dduirienTa pacriaBieHuss 3aBUCUT OT CHOC00a CBapKH, pekuMma
CBapKH, OT pPOJia U MOJIIPHOCTH TOKa.

ITpu py4HO# cBapKe B 3aBUCHMMOCTH OT THUIIA AIIEKTpona o, = 8...14 r/(A-4).

IIpn aBTOMaTHYECKON M MOJyaBTOMATUYECKOW CBAPKE OTMEYAETCS OYEHb CHIIb-

Hast 3aBUCUMOCTh Olp OT IcB.
ITpy 0OBIYHBIX YCIOBUSIX OJHOIYTOBOM cBapku Ol,= 16...23 1/(A-4) (aBTOMATH-
YyecKas U MOJTyaBTOMaTUYEeCKas CBapKa).

NmeroTcst  pa3inuyHble  CHOCOOBI  MOBBILIEHUS  KOIQOHUIMEHTA O, 10
40 r/(A-9).

YcTaHOBUM 3aBUCHMOCTh MEXKIy MapamMeTpaMmH Ipoliecca CBapKu U KodPhuiiu-
enToM pacrasieHusi. C yuerom Beipakenuii (4.100) u (4.101) momyuaem

:V37’F9(Sk _ST)

e

q, | (4.105)
oTCIOa
_ naUﬂICB
4r = S, —S. (4.106)

[Toncrasus B ypaBHenue (4.103) snauenue (Jp cornacuo (4.106), nomyqaem:
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36007, 1,
" (Sk _ST)IT ' (4.107)

HecMoTps Ha TO, 9YTO B KOHEUHOH (HOpPMYyJIE HET CBSA3U MEXY TOKOM JIYTH H KO-
s dunmrentom pacruiasinenus (Olp), OHU CBA3aHBI MEKIY COOOW TECHO, T.K. C U3MEHE-

HHEM TOKa MEHsSETCs IPou3BeacHue 1 U JI Y TEIIOCOAEPIKAHUE St.
4.8.5 HepaBHOMEpPHOCTb paCILIaBICHUS JICKTPOAA

[Tpu py4uHOIi TyTOBO# CBapKe BCIEICTBHE TOJOTPEBA JICKTPOAA CBAPOUHBIM TO-
KOM CKOPOCTb PacCIIaBICHHS JJIEKTPOIa HE OCTAETCS TIOCTOSIHHOM, a YBEITMUHUBACTCS 110
Mepe pacIUIaBJICHUsI dJIEKTpoAa. s XapaKTepUCTHKU HEPAaBHOMEPHOCTH ILIaBJICHHUSI
AJIEKTPOJIa BBOJUTCS TIOHITHE KO3PPuyuenma HepagHOMEPHOCMU PACNIABIEHUS INeK-
mpooa:

d, Vo
R‘H — max max ’
o V30 (4.108)

rae quaX — MPOU3BOIUTEIIBHOCTh PACIUIABICHUS B KOHIIE TJIABJICHUS DJIEK-
TpOaa;
V5max — CKOpOCTb pacIiIaBIeHHs B KOHIIE IUIABICHHS;

Opo V5, — Npou3BOAMTENBHOCTH PACILIABICHHS M CKOPOCThH Pac-

TJIaBJICHUS JJIEKTPOa B HAYaJbHBII MOMEHT €T0 TIABJICHUS.
C yBeauyeHUEM IIJIOTHOCTH TOKa pacTET KOA((UIMEHT HEPaBHOMEPHOIO pac-
TUTABJICHUS DJIEKTPOIA:

5 = 773Uzz | s = Op (S —S7). (4.108)

N3 ypaBuenus (4.108) cinenyer:

q = 773UﬂICB
Pirax S,,—S, : (4.109)

max

rac STmax — TCINIOCOACPKAHUC IJJIICKTPOAHOIO MCTAJllIa OT HArp€Ba TOKOM B
KOHIIC IIJIaBJICHHA DJICKTPOJA.
AHaJIOTMYHO MOKHO 3aIicaTh IMPONU3BOAUTCIIBHOCTL PACILIABIICHUSA 3JICKTPOJAA B
HayvaJIbHBIN MNEpUOJ IIABJIICHUSA:
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_ 773Ug | s
SHJ] . STO , (4.110)

rac ST() — TCIUIOCOACPIKAHUC BJICKTPOJa B HAYAJIC IIJIABJICHUA SJICKTPO/A.

Ecnu cuutarh mapaMmeTphl pekuMa CBapKd HE HM3MEHSIONIMMHCS B IIpoliecce
IJIaBJICHUS JIEKTPoJia, TO ¢ yueTroM (4.108) momyuum:

e,

K . S —Srg
H = Sy S . (4.111)

DTO 3HAYUT, YTO

Simax =f(Tmax)- (4.112)

Koadduiment HepaBHOMEPHOTO TUTABJICHUS 3aBUCUT OT TEMIIEPATyphl, 10 KOTO-
POl HarpeBaeTcs IEKTPO] TOKOM K KOHITY €TO IIJIaBJICHHUS.

HepaBHOMEPHOCTh pacIUIaBICHUSI 3JIEKTPOJIa M3MEHSET NapaMeTpbl BaJIMKa B
IIPOLIECCE CBApKH.

Kpome Toro, npu 3HaunutensHOM meperpese anekTpoaa (1o 900K u BeIie) pas-
pYLIAETCS ANEKTPOAHOE HOKPBITHE.

Mertain 37eKTpoJa MOKET HaCBITUTHCS BPEIHBIMU ra3aMu €II€ 10 paciliaBieHUs
€ro Qyrou. YXyJuaercs IUIaKoBas 3alllMTa CBAPOYHOM BAaHHBI, U Ka4e€CTBO MeTalia

1Ba pe3Ko magaet. [loatomy skematensHo, uto6s1 Ky 661 6mmke x 1.

JIns KadecTBEHHBIX JNIEKTPOIOB TIPH MACTOPTHBIX 3HadeHmsx Toka Ky ~1,1. B
HEKOTOPBIX CJIy4asX MOKHO IIPUMEHMTH IOBBIIIEHHYIO IIJIOTHOCTb, HO HYXKHO CTpe-

MHUTHCS, YTOOBI BBINMOJHSIIOCH YCIOBHE KH< 1,3. 3amaBasich MakCUMaJIbHO JOMYCTHU-

MBIM 3HAa4YCHHECM KH, MOJKHO OIIPCACIINTh MAKCHUMAJIBHYIO TCMIICPATYpPy HArpcBa 3JICK-
TpOJa TOKOM M Ha OCHOBAHHWH 3TOTO paCCHHUTATL MAKCHUMAJIbHO ﬂOHYCTHMBIfI TOK IJId
JaHHOI'O AaMeTpa JJICKTpOAd, poda TOKA, THIIA ITOKPLITUA U T. 1.

4.8.6 IIpon3BoAMTEIBLHOCTH MPOILIECCA HATIIIABKHA U ITPOTLIABIICHUS

IIpu ayroBoi cBapkKe M HAIUIaBKE OAHOBPEMEHHO MPOTEKAIOT MPOLECCHl MPO-
IJIABJICHUSI OCHOBHOTO METalla M paciuiaBieHUs 3JeKTpoja. COOTHOUIEHHWE MEXIY
HAIUIaBJICHHBIM U TMPOIUJIABJICHHBIM METAJUIOM 3aBUCUT OT paclpelesieHus Tera Ayru
MEXIy AJIEKTPooM u u3aenueM. [Ipu HamaBke 1enecoodpa3Ho, HampuMep, YBEITUIH-
BaTh JOJIIO TEILIa, paCX0JAyEeMOro Ha paciuiaBiieHue 3ekTpoaa. Ho ais 3aganHoro crno-
co0a JTyroBoi CBapKU PETyJIUPOBAHUE PACIIPEACIICHUS TEIUIa MEXIY JJICKTPOIOM U U3-
JIeIeM BO3MOXKHO B BECbMa Y3KUX pejiesiax.

J{nst CyIecTBEHHOT0 M3MEHEHHUS COOTHOIICHUS MEXy HaIlIaBJICHHBIM U MPO-
TJIABJICHHBIM METAJJIOM HEOOXOIUMO PE3KO MEHATh XapaKTEPUCTUKH Mpoliecca.
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HpOI/ISBOI[I/ITeJIBHOCTI) mponecca HYFOBOﬁ CBAPKM M HaIlJIaBKKW OIIPCACIIACTCA
CYMMOﬁ MacCC HAIUIABJICHHOI'O U IMPOILIABJIICHHOTIO METaJljla B €IMHUIY BPCMCHU:

Jc = du * Ooe, (4.113)

rae g — Ipom3BOANUTENBHOCTD IPOLECCA HAILIABKY;

qHP — HIPOU3BOAUTCIIBHOCTD IMMPOLCCCAa ITPOINIABJICHHUA OCHOBHOI'O MCTaJlIa.

O‘-ICBI/II[HO, 4dTO IIPOU3BOJUTCIIBHOCTHU IIPpOLCCCAa HAIIIIABKHU U IIPOILIABJICHUA CBA-
3aHbl C INIOIAIAMU HAIIJTABKHU U IIPOILIABJICHUA!

Ju =Fn Ves v; (4.114)

Orp= Frip Vg 7. (4.115)

C npyroi CTOpOHBI, IPOU3BOAUTEIBHOCTh MPOLECCa HAMJIABKHU 3aBUCUT OT IPO-
M3BOJUTENILHOCTH PACIUIABIICHUS AJIEKTPOAAa U KOI(PPUIMEHTa MOTEPh 3JIEKTPOIHOIO
MeTajula Ha yrap u pa30opbI3rMBaHUE:

qu=dpe(1 - yn), (4.116)

rae P — K03 GHULUUEHT OTEPh MIEKTPOJAHOIO METAjIa Ha yrap U pa3OpbI3ruBa-
HUE.
O10T KO3(PUIMEHT 3aBUCUT OT C0CO0a CBAPKHU U PEKKMMa CBApKH, COCTAaBa ra-
30BOM Cpe/ibl U COCTaBa 3JIEKTPOJIHOIO MOKPBITHS, POJIa U MOJIAPHOCTH TOKA.

ITpu cBapke nox dumrocom Yp< (1...2)%. Ilpu pydnoil ayroBoii cBapke Ais 3a-
JTAHHOTO THUIIA 3JIEKTPOJHOTO TIOKPBITHS ¥ TIPH MPaBUILHO BEIOPAHHOM PEXUME CBapKH

\J[1 ABISIETCS BEIMYMHON NMPUOIM3UTENBHO IOCTOSHHON M HaXOQUTCS B IMpeAenax ot 7
1o 12 %.

[Ipu ra3oBo# 3IEKTPUUECKON CBAPKE pa30pbI3TMBAHUE 3aBUCHUT OT XapakTepa Iie-
peHoca JJIeKTpoAHOro Metamia. Haubonbinee pa3Opbl3ruBaHue HAOMIOMACTCS MPU
KPYIHOKaNeIbHOM MEPEHOCE PACIUIABIEHHOTO 3JEKTPOJIHOIO METalljla Yepe3 pa3psi-
HBIN ITPOMEKYTOK

[To ananoruu ¢ MPOM3BOUTENHHOCTHIO paciiaBieHus (4.102) MoxxHO cBsA3aTh
MPOU3BOJUTENILHOCTD MTPOLIECCa HAIJIABKU ¢ TOKOM IYTH IPU NOMOIIM KO3 puirenrta
HaIlUIaBKHU:

Ou = oy Ics, (4.117)

rae Ol — K03 (ULIHUEHT HaIlJIaBKH.
OH noKa3bIBAET, KAKOE KOJIMYECTBO IEKTPOJHOTO METAIIIA IEPEXOAUT B METAILIT
I1Ba 3a eUHUILy BpeMeHH npu Toke B 1 A. KoaddurmenT HarutaBku npeacTaBisieT co-
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00if MacCy HAIUIABJIEHHOTO MeTa/lla B €AUHHUIYY BpeMeHH (1¢), MPUXOISIILYIOCs Ha Kax-
JBIH amrep cBapouyHoro Toka (r/(Ac)):

o Jy
H —
: 4.118
ICB ( )

OTOM pa3MEpPHOCTHIO MOJIb30BATHCSA HEYA00HO. [103TOMY BEIOpaHO BpeMsl CBapKH,

paBHOE 14, IpHU KOTOPOM MOJTydaroTcs Oosiee yaooHbie 3HaueHust Oy (1/(AC)):

_ M 3600

CB

Oy

ITo ananoruu c BeipaxkeHueM (4.116) MOKHO 3amucaTh:

o = op (1- ), (4.119)

rae Olp — KodhHUIMEHT pacIIaBiICHUS.
KoadduimenT HaruiaBku sBII€TCS TEM MMOKAa3aTEIEM, HA OCHOBAaHUU KOTOPOTO
OCYUIECTBJISIETCS HOPMHUPOBAHUE CBAPOYHBIX PadOT.

4.8.7 Pacuer rmomaaeit HarJIaBKU U IPOTUIABICHUS

N3 BeIpaskeHus 11 Ko puiimeHTa HarIaBKu MOKHO OTPESIUTh TII0IIA b
HaIUIaBJICHHOT'O MeTajlia:

~

= qH — aHICB zap(_WH/ICB
" Ver 3600Vey  3600Vegy (4.120)
| = qOEL[[ F - Op (—wn /qOEU[
T.K. CB — Uﬂ R TO H Uﬂ3600\/CB}/ : (4.121)
FE = qOElL[
Ho Tl : 4.122
Vg (4.122)
— aP “_(//n:
' U ,3600y (4.123)



rae mj; — NOCTOSIHHBIN KOA(PUITUEHT.
Taxum oOpa3om, TUIOMIAIb HATUTABIIEHHOTO METaslIa SIBJISETCS BEIMYUHOM MIPSIMO-

IPOMOPITMOHATIEHONW MOIIIHOCTH yTH M 00paTHO-TPOTIOPIIMOHAITEHON CKOPOCTH CBAPKH.
[Tnomaae nporiaBieHus onpenensercs u3 ypasuenuit (4.73) u (4.73):

Fre Vs Y St = M 0 = Mnp + Josmr:

Otkyna
1 da d
Fup =1 =My 4124
: ' 7/817./7 VCB = VCB 1 ( )
m., = —1
2 — , 4125
= (4.129)

T/i€ My — NOCTOSIHHBIA KO3 PUIIUEHT.

[Imomaae npoIuIaBIeHUs TPONOPLUHOHAIIBHA IOTOHHON YHEPTUH CBAPKH U TEP-
muueckoMy KII/] nmpouecca npormiaBinenus. BaxxHbiM nokasareneM sBiseTcst Ko3pdu-
[ACHT IUIOMIAEH:

= = =mnan, (4.125)
H

OTOT TMoKa3aTeslb XapaKTepu3yeT MPOTUIABIIAIONIYI0 CIIOCOOHOCTh AYru. Yem oH
BBIIIIE, TEM OOJIBIIIE TMPOIJIABICHHOTO U MEHBIIIE HAIJIABJIEHHOTO MeETaula B CBApHOM
mBe. OH nponoprmonaned Tepmudeckomy KITJ[ mporiecca nporuiaBienust U 3¢ HexTuB-
Homy KIIJ[ Harpesa m3nenus nyrou.

4.8.8 IlyTu noBBIIEHHUS MPOU3BOAUTEIHHOCTH TMPOIlecca TyrOBOU
CBapKH ¥ HAIJIAaBKU
Y CIOBHBIM KpUTEPHEM MPOU3BOIUTEIHHOCTH MPOIIECCa CYUTACTCS CKOPOCTh
cBapku. Ha mpakTike BCTpeUyaroTcs MIBBI C Pa3IMYHBIM COOTHOIIICHHEM HAIlJIaBJICHHOTO

U IIPOINIaBJICHHOI'O MCTaJllIa.

I mun weoeé — »>10:
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1) mBbI, 00pazyeMbie MPEUMYILIECTBEHHO HAIJIABJICHHBIM METAJIIIOM:

F

1P
OTHOIIICHUE = _>0;
H

2)  IIBBI, BEIIOJHEHHBIC Pa3/IeIKON KPOMOK OCHOBHOT'O METalIa:

=

Fr

3) Har1aBKa Ha OCHOBHOM METaJlI:

W%W\K

— Fnp

Il mun w606 — >TH MBHI BHIOJIHSIIOTCS 3a CUET IMpOINIaBJICHUA OCHOBHOI'O MC-
Tajajia:
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1) yrioBbIe MIBBI C IITyOOKUM IPOBAPOM:

FFIP

2) CTBIKOBBIC IIBLI, BBITIOJIHACMBIC oe3 Pa3aCiIK KPpOMOK:

Fu

TN

I:I'IP

JUJ1s IOBBIILIEHUS TPOU3BOJUTENIBHOCTH CBAPKU 1IBOB | THIa HEOOXOAUMO yBENH-
YUBaTh MPOU3BOAUTEIBLHOCTh HAIUIABKU AJIEKTPOJHOTO MeTailjia, T.e. HEOOXOAUMO BbI-
OpaTh CBapOYHbIE MAaTEPHAJIBI U PEKUM CBAPKH, YTOOBI O00ECHEYUTh MAKCHUMAJbHYIO
IJIOIIA/b HAIUTABKU NP MUHUMAJIbHOM TUIOIIA/IA TPOILIABIICHHUS.

JIns MOBBIIEHHST CKOPOCTH CBApKHW IMIBOB Il Tuma ciemyer yBeauyuMBaTh NMPOU3-
BOJUTEIIBHOCTh IPOIUIABIEHUS OCHOBHOTO Meraia. KosmuecTBo mpucago4HoOro me-
TaJula JOJKHO OBITh MUHUMAJIbHBIM.

[1yTh NOBBIIEHUSI CKOPOCTH CBAPKH M HAIJIABKU IIBOB OOOMX TUIIOB OYIyT pas-

JIMYHBIMH.

Jlns weos I muna

H3BecTHO, YTO

On = Fu Ve Y.

Orcrona, ¢ yuetom ypaBuenus (4.112), momydaem:

|
VCB — qH _ aH CB
Fry Fry

(4.126)

CKopocTh cBapkH 1mBoB I Tuma 3aBucHT oT Ol 1 Icp.
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IToBbIIIATH TOK AYIr'M BO MHOT'UX CJlIy4asX Mbl HC MOXKEM, T.K. 9TO CBA3aHO C U3-
JIMIIHUM IIPOILIABJIICHUEM OCHOBHOI'O METaJlia. HOE)TOMy OIIpEACIIAIOIINM (baKTOpOM

MOBBILICHUS] CKOPOCTU CBAPKU SABJsIETCS KOA(DPULIMEHT HarmmaBku  Oly.

JIns noBpieHust Ol M3BECTHBI CIEAYIOIINE METOBI:

1) mpu py4HO# cBapKe — BBEICHHE JKEJIE3HOTO MOPOIIKA B AIEKTPOIHOE MOKPbI-
THE;

2) mpu aBTOMaTHUYECKOM U MOJIyaBTOMATUYECKOM CBapKe: UCII0JIb30BAHUE KEIe3-
HOTO IOPOIIIKA, KEJIE3HBIX OKATHIIIEH, KyCKOB pyOJIEHHOMN 3JIEKTPOIHOM MPOBOJIOKH,
IIPOCTO 3JIEKTPOJOB, YKIAJABIBAEMBIX B PA3ACIKY CBAPHOIO IIBA;

3) BBEJICHUE B 30HY yTU JOMOJIHUTEIBHON PUCAJOUYHON ITPOBOJIOKH (HE TOKO-
BEyIIICH);

4) cBapkKa C yBEJIMYEHHBIM BBLJIETOM 3JIEKTPOJIHOM IIPOBOJIOKHU;

5) npuMeHeHue NpsIMO MOJISAPHOCTH.

KoadduimenT HammaBku MOKET OBITh YBETMYEH COOTBETCTBYIOIIMM MOA00pOM
CBAPOYHBIX MATEPHUAIIOB.

Jlns weos Il muna

CKOpOCTB CBApKHU HAXOOUTCA U3 OIPCACICHUA INIOIAIN ITPOILIABJICHUA COIJIACHO
OIIPCACIICHUIO KOB(l)(bI/II_[I/IGHTa ITOJTHOTHI IIPOILIABJICHUS U TEILUIOBOM MOIITHOCTH IIPO-
oeccCa IpOoIlIaBICHUA

KOB(b(bI/II_[HeHT ITOJIHOTHI ITPOILJIABJICHUS PABCH

'u=FHP
HB
Otcrona
H/B H?2
F_ = uHB = . 4.127
w =T s T B ( )

[Ipu cBapke mBoB Il TuIa OCHOBHBIM TPEOOBAHHUEM SIBISIETCS OOECIIEUEHUE Tpe-
Oyemoii riyOuHBI POTLIABICHUS

_ FreNVesS
== : (4.128)
a'ca
Orcrofa HaXO QUM IUIOIIAAb IPOILIABIEHHUS:
_ MY 1 s
ap 18, Vs ' (4.129)

[IpupasusB Beipaxkenus (4.127) u (4.129), nonyuum:
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H2 _ UHPU,ZZICB

H = - 4.130
HIB ™ BuVes (#139)
N3 ypapuenus (4.130) Haxoaum:
H
MY g les B
Ve = 4.131
. wH 27517J7 ( )
Ilycth
wH?y Sy = 1/ms = const, (4.132)
TOT 1A

Ve = m3(H/B) N oy = Mu (H/B) MNu Nt Yosu,

CKOpOCTB CBApKu MIBOB II Tuna IIpOIIOpHOUOHAJIbHA 061116171 TEILIOBOM MOIIIHOCTH

nyru, repmudeckomy KIIJI mponecca npomiaBieHus U M U34enus, T.e. 4eM OoJIblIe
MOIIIHOCTb JAyTH, 4eM d(PPeKTUBHEE OCYIIECTBIISICTCS Nepeiaya Teria Jyry U3IeIuIo U
yeM Bblile Tepmuueckuil KITJI mporaBieHusi, TeEM BbIIIE CKOPOCTh CBAPKHU.
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