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AHAJIN3 DOPEKTUBHOCTHU UCITOJIb3OBAHUSA
PA3JIMYHBIX TUIIOB PEKYIIEPATOPOB B HAI'PEBATEJIbBHBIX
HNEYAX METAJIJITYPITHYECKOT O ITIPOU3BOJCTBA

JloKT. TexH. HayK, npo¢. HECEHUYVYK A. II., kana. TexH. Hayk, nou. KABUIIOB C. M.,
KaHauaaTsl TexH. Hayk MAH/IEJIb H. J1., PBI2DKOBA T. B.,
nnzkenepsl IIKJIOBYMK JI. W, ITHAIJIOBCKHI B. B.

benopycckuii hayuonanvHbili mexHuyecKkuil ynusepcumen

B kxoneunom utore 3¢)(heKTUBHOCTh PETeHEPATHBHOTO TETLIOUCITIONB30BAHMS
MyTeM MOAOTpEBA BO3yXa, HIYIIEro Ha FTOPeHNe OPraHUYeCcKoro TOIIJINBA, Olle-
HUBAETCS YIENbHBIMH 3aTpaTaMH Ha COOpPYKEHHE peKyleparopa M, eCTeCTBEH-
HO, HOPMAaTHUBHEIM CPOKOM €ro okymaemoctd. [Ipu crommoctu 1 T mMaccel Mme-
Tajuia peKkymneparopa (¢ yueToM MOHTaXa):

qyTyHHBIA PEKyIIepaTop —450-525y. e./T;

METAJTMYECKUN TICTICBOM —460-600y. e./T
HOPMATHUBHBIN CPOK OKYIIAEMOCTH COCTABIISET:

qyTyHHBIA PEKyIIepaTop -3,5-5,0 mec.;

METAIUIMYECKUI MTETIAEBOM —5,0-6,0 mec;

TIPH METaII0eMKOCTH Tpy@uaroro 15—17 u 28-40 kr/mM° — 4yTyHHOTO HrONbYA-
TOr0 pekymneparopa (Kak BHIUM, METaNIOEMKOCTh YyTYHHOTO peKyIeparopa
Oonee yeM B JIBa pa3a BBIIIE METANIOEMKOCTH TPyOYaToOro, 4yTo OOBSICHIETCS
0COOCHHOCTSIMH JIUTBSl ¥ HAIMYHEM pedep CO CTOPOHBI MEHBIIIETO 3HAYCHUS KO-
s pumnmeHTa TemI00TAAYN).

OIHaKo HOPMAaTHBHAS OKYIaeMOCTh 3aTPaT BO3MOYKHA TOJIBKO MPH COOIIIO-
JIGHUU OTPECICHHBIX YCIOBHH, JAWKTYEMbIX WHIMBUAYaJbHO KaXIbIM KOH-
KPETHBIM CITy4aeM pealu3alliy PereHePaTUBHOTO TEIIOUCIIONL30BAHUS TEILIO-
BBIX OTXOJOB (TIPOAYKTOB CrOpaHWs Ha BBIXOAE U3 pabovero MpOCTPaHCTBA)
TEPMHYECKUX M HATPEBATEIILHBIX MEYCH.

K TakuM WHIUBHIYadbHBIM YCIOBHSM, TPEXKIEC BCEro, CIEAyeT OTHECTU
TeMIiepaTypy, 10 KOTOPOW MOJOTPEeBACTCS BO3IYX-OKHCIUTENb, WAYLIIMHA Ha
TOpPEHUE OPraHWYeCKOTO TOIUTHBA, KOTOpas, OE3yCIIOBHO, 3aBHCUT OT TeMIlepa-
Typhl TIPOIYKTOB CrOpaHHs Ha BXOJe B pekymneparop. Kak Mmoka3bIBacT OIIBIT,
TeMIiepatypa JpiMa, MOCTYMAIOIIEro B peKyneparop, KojeOleTcs B mpenenax
800-850 °C wu, uto ObiBaeT pexe, {; ~ 900 °C. OObIUHO, KOTAA TEMIIEpaTypa
TAKOTO TOJOTPEeBa JUKTYETCS COOOPKECHUSIMH CHIDKCHHUS YICIBHOTO pacxo-
Jla OPraHMYeCKOro TOIUIMBA Ha OINEpallMy HarpeBa MM TEPMOOOpPaOOTKH, BO3-
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JIyX-OKHCIIMTENb HarpeBaloT a0 Temmeparyp He Boimie 300 °C (kak mpaBuio,
10 200-280 °C) (puc. 1).
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Puc. 1. Temmeparypa mo10rpeBa BO3/1yXa-OKUCIHTEIISL:
1-1t,,=800-850; 2-900°C (mocTpoecHO MO JaHHBIM
A. B. Kazanuesa u Kanzamo Ko3o)

LenecooOpa3HOCTH BEICOKOTO ITOIOTPEBa BO3AyXa, WAYIIErO Ha TOpEHHE, 10
t’ > 300 °C moxeT OBbITh OINpaBJaHa TOJBKO TEXHOJOTHYECKUMH OCOOEHHO-

B.O

CTAMM BEJICHHSI BBICOKOTEMIIEPATYPHOIO Ipolecca (HM3Kas TEIIoTa CrOpaHus
opranuyeckoro tormmea QF < 17 M]Ix/M° 1 np.). Auanus puc. | mokaseiBaer,
4T0 ¢ poctoM t) 10 380 °C 3HAUHTENBHO yBEIUYMBACTCS MOBEPXHOCTH TEILIO-

oOMeHa YCTpPOWCTBA Ui PEreHepPATHBHOIO TEMIOHCIONb30BaHMUsA. Tak, Hpu
t’ =300 °C ona Bo3pacraer Goisee ueM BiBoe (B cpaBHeHuH ¢ t, = 200 °C)

B.O

unpu t!  ~ 380 °C nocturaer mopsaka 600 %. IIpu Takux ycnoBusx (ocoOeH-

HO, KOT/Ia UCTIOJIb3YETCS JOPOTOCTOSIIAS JIETHPOBAHHAS CTANb (MMEETCS B BHIY
CTAIBHOU TPyOUaTHI peKyrepaTop) (PaKTHISCKH CPOK OKYITAEMOCTH YBEIINIH-
BaeTCsl IO NBYX—IIECTH JIET, W TIpUMEHEHHE pPeKyIeparopa, padoTaloliero B
JAHHBIX YCJIOBUSX, CTAHOBHUTCS SKOHOMHUYECKH HEBBITOIHBIM. B MeHbIIeH cre-
MEHU ATO OTHOCUTCS K UyTyHHBIM HTOJIBYATBHIM peKyreparopaMm. Bce 3to maer
OCHOBaHME OTPaHUYUTH [TOJOIPEB Bo3ayxa Temneparypoi B 200-300 °C.

CymMmapHOe THAPOIWHAMHYECKOE COMPOTHBICHWE | 1. M HToIp4aToi dy-
TYHHOW TpyObl (B CpaBHCHHU C COIMPOTHBIICHUEM TJIaJIKON [HUIUHIPHYSCKOM
CTaJILHOW) CyIIecTBeHHO BbIIe. OAHAKO CleqyeT MOMHHUTB, YTO CyMMapHOE
CONPOTHBIICHHE (TMPU PABHBIX CKOPOCTIX) MIOJIbYATOW UYTYHHOU TPyOBI B OC-
HOBHOM COCTOMT U3 Ape, a TNaAKoil TpyObl — U3 Ap;, 4TO 00A3bIBA€T YUUTHIBATH
5TH CO0Opa)keHus!, BHIIIONHAS aHAN3, IPEIIIECTBYIOMNN BEIOOPY THIIA YCTPOH-
CTBa JUIsl PEr€HEPATUBHOTO TEIUIOUCTIONH30BAHHS.

O. PeitHonpac B 1874 1. BriepBbIe BHICKA3AT MBICIIb O TOM, YTO OTHOCHUTEIb-
HbIE KOJMYECTBA TEIUIOTHI M JIBIKEHHs, TIEPEIaHHbIe OJHOMY U TOMY Xe JIle-
MEHTY TIOBEPXHOCTHU TBEPAOIO Teja, paBHbI MeKIy co0oii. [1og OTHOCUTEILHBI-
MU KOJIMYECTBAMHU TEIUIOTH M JBW)KCHUS MOHWMAIOT OTHOIIEHHE KOJHYECTBA,
MepeaHHOTO TeNy, K IMOJHOMY 3anacy (K KOJUYeCTBY, KOTOPOE MOTJIO Obl OBITH
MepesaHo MpH TOJTHOM HCYEPIaHWW JEHCTBYIOUINX Pa3HOCTEH TeMreparyp H
ckopocreit). BriociencTBuu 3Ta MBICIb ObLIA Pa3BUTa COBETCKHMH yUYeHBIMU [1].
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HerpynHo mokasaTb, 4TO KOJIMYECTBO TEIJIOTHI, IEPEAABAEMOE EAUHUIIE I10-
BEPXHOCTU B €UHUILY BpeMEHU (yAENbHBIN TEIIOBOM MOTOK), COTJIACHO 3aKOHY
HsroTona

Ok = oAt (B/m?), @

re O — KO3 PUIMEHT TEeIIO0TIau KOHBEKI[HEeH (MHTEHCUBHOCTh KOHBEKTHB-
HOTO TeIUIO0OMEHa) OT JKUIAKOCTH K MOBEPXHOCTH, BT/(M%K).

B cBoWO ouepeh KOIMYECTBO MBHIKEHUS (IO OTHOMICHUIO K CAMHUIIE MO-
BEPXHOCTH) U3MEPSETCS CHIIOW COMPOTUBIICHHS, OTHECCHHON K CIUHUIC JTOW
MOBEPXHOCTH, T. €. KACATEIbHBIM HAMPSDKEHUEM T y CTCHKH.

[ToHBIi 3amac TEMIOThI U KOJIMYECTBA ABMIKCHUS

Q = cppwFAt (Br) 2

I = (pwF)w (kr), ©)

rje W — abCOJIIOTHAsI CKOPOCTh JKUKOCTHU (CTEHKA CUMTAETCS HETIOABHIKHOM U €€
CKOPOCTh MPUHUMAETCSI PABHOM HYJIIO).

3anuchiBacéM YCIIOBHE PAaBEHCTBA OTHOCHTEIBHBIX KOJMYECTB TEIUIOTHI U
nBrkeHus (o PeliHonbacy)

O _ =
. S 4
01 (4)
IMoacrassist dopmynst (1)—(3) B (4), 3anmmmeM
o At
VEAL pWE ©)
C pW pW
rae F — xxnBoe ceueHne KaHaia.
Bripaxxenue (5) mocie coxpaieHus IPHHAMAET BUJT
o}
s (6)
CPW  pW
Hcnons3ys (1), (2) u (6), IpuX0oauM K HTOTOBOMY COOTHOIIICHHUTO
o}
et ™

C,pw 8

VYpaBueHue (7) ycTaHAaBIMBAeT B3aMMOCBS3b MEKTy HHTCHCHBHOCTBIO KOH-
BEKTHBHOT'O TEIIOOOMEHA Ol U KOA(P(HHUIIMECHTOM THUAPOJINHAMHUUECKOTO COIPO-
tuBnerus Tpernio C. [lpu ananusze (7) BUAUM, 4TO OHO OBLIO MOJTydeHO 0e3 yue-
Ta JJAMHHAPHOTO MOJCIOS MOTOKA U IOSTOMY SBJISETCS MPHOIVKCHHBIM. Y paB-
HeHue (7) ¢ y4eToM JIAMHHAPHOTO TIOJICIIOS IEPETHIIETCS

o _ 1 9
CoPW 14 M (pr) 8
w

(8)

rae W; — CKOpOCTh XKHMAKOCTH Ha T'paHHUIIC pasjcia Typ6YHeHTHOFO TCUCHUSA U
JIJAMUHAPHOTO MOACIIOA.

48



Crnenyer eme pa3 OTMETHTb, YTO BHEIITHHN TEIUIOOOMEH B KaHAJIE MOXET CO-
MOCTABIISITHCS TOJNBKO C CONPOTHBICHUEM TPEHHIO, TAK KaK UMEHHO 3TOT BUJ
COMPOTHBJICHUH 00YCJIOBJIEH MEPEHOCOM KOJMYECTBA JIBMXKEHHS OT JIBHIKYIIE-
rocsi IOTOKA JKUJKOCTH K MTOBEPXHOCTH CTEHKHU. lIpy 3TOM pacdeTsl mokasbpIBa-
foT, 4o mpr Re = 5 - 10* conporuBienue (OTEpH MO MECTy) COCTABISIET Goiee
97 % o0mero CONpOTUBICHUS CHCTEMBI, a CONPOTHBICHUE TPEHUIO — BCETO
okoji0 3 %. DOTu 1UQpPH JalOT NMPEACTABICHUE O KpaiHE HEOIarompUsSTHBIX
YCIIOBUSIX, KOTOPBIE CKIIABIBAIOTCA B TEIUIOOOMEHHBIX CHCTEMaxX C TUI0X0 00Te-
KaeMOH MOBEPXHOCTHIO WJIM HAJIMYUEM PACCIOSHHS MMOTOKa IBMXKYILEHCS KU
KOCTH TIO BBICOTE.

OOpamasch K KOHCTPYKIIMM YYyT'YHHOTO HIOJBYATOTO pPEKyIeparopa, He-
TPYAHO 3aMETHUTh, YTO OpeOpeHHe MOBEPXHOCTH TEIUIOOOMEHA CO CTOPOHBI
MEHBIIIEr0 3HAUCHHUS KO3(PPUIMEHTa TSIUIOOTAaYH HapsIy C €ro YBEIMUCHHEM
CO3/1aeT MCKIIIOUUTEIBHO BBICOKOE CONPOTHBIEHHE Ap: NPH OYEHb MAJIOM 3Ha-
4YeHUH Ap,, U, KaK MpaBuiIo, OpeOpeHre MPUBOIUT TOJBKO K POCTY MOBEPXHOCTH
TemmooOMeHa Ha CTOpoHe Bo3Ayxa (3(QEKT, CBSI3aHHBIA C YBEIMYCHHUEM O,
MOJTHOCTBI0 «CBHEMAETCS» POCTOM DJHEpro3arpaT Ha «IIPOKAaYKy» BO3IyXa-
okucnuTens). J[pyroe meno, Korga Ha CTOpOHE HHU3KOTO KOA((UIMEHTa TETLIO-
0TIa4u 0O (YTO UMEET MECTO y TpyOUuaToro MeTIeBOro PeKyIeparopa) cymmap-
HOE compoTuBieHue XAp = Ap: + Ap; B ocHOBHOM (Ha 90 %) cocTout us Ap;.
B atoMm cnyyae nenecoo0pa3HOCTh BRIOOpa TPyOUaTOro CTAILHOIO PEKyIepaTo-
pa Heocropuma. [Ipenmourenne riaakoi (6e3 opeOpeHUs) HAPYKHOHN MOBEPX-
HOCTH CTajJbHON TPYOBI, KpOME BCETO MPOYETO, YMPOIIaeT OOCIyXKHBaHUE IIO-
BEPXHOCTH PEKyIepaTropa, KOTopasl peraaMeHTHPYETCsL:

e TIpY CKATAHHUH Ta3000pa3HOTO TOILIHBA

— TIajKas MWIMHAPUYIecKas TIOBEPXHOCTH TETICBOTO peKyIepaTopa MmoaBep-
raeTcs OYMCTKE OT 3aHOca oKamuHOU 1 pa3 B 12 MecsIies;

— TpyOa uyryHHas 0e3 Hapy»KHOro opebpeHus — 1 pa3 B 6 MecAIIeB;

e TIPY CKUTAHUH Ma3yTa

— MOBEPXHOCTh TETIIEBOTO pEKyleparopa IMOJABEpraeTcsi OYucTke 1| pas
B 6—9 MecHI1IeB;

— TpyOa uyryHHas 6e3 Hapy>kHOTo opeOpeHus — 1 pa3 B 3—6 mecsies.

OnHO3HAYHO YCTaHOBIICHO, YTO MPUMEHEHHE YYT'yHa M CTallll 00YyCIOBJICHO
TeMIiepaTypaMu CTeHKH pekymnepaTtopa. [lyis ceporo 4yryHa 3Tta Temmeparypa
cocrapiget 500-550 °C, a ma cramm — 450-500 °C (Tabu. 1).

Tabauya 1
Temneparypa meTasnia, odecneunBaOIasi yCTOUMBYI0 padoTy peKkynepaTopa
Marepuan pexyneparopa Temnepatypa meramia, °C
KoHCTpyKIIMOHHAS yIIIEpOHCTas CTajlb O0LIero Ha3HAUYCHHUS 400-600
Yrnepoaucras CTalib aJUTHUPOBAHHAS 800-1100
Jlureiinsiii ceperit ayryn CH 18-32 650-750
Jlureiinblii uyryn ¢ qobaskoi xpoma (Cr = 1-1,5 %) 850-900
JIuTeitHblii 4yryH KpeMHHCTHIH (Si ~ 7 %) 870-1050
KpemHuHucTHIH 9yryH ¢ 106aBkoit xpoma (Si = 5,5-6,5 %; 930-1100
Cr=0,5-1,0 %)
XKapocroiikuii uyryH ¢ no6askoii xpoma (Cr = 10-30 %) 950-12100
XKapocroiikas ctans ¢ gobaskamu Cr, Ni, Si, Ni u mp. 1000-1400
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W3 1abn. 1 BUOHO, YTO WUCIONB30BAHKE IS M3TOTOBJICHUS TETIEBOTO TPYO-
gaTOr0 PEKymepaTopa CICHHATBHBIX JOPOTOCTOSANUX TPpyO, MOAU(HUIMPOBaH-
ueix Cr, Ni, Si, Ti u 1p., qenaet He BBITOJHBIM MX JKCIUTYATAIUIO P BBICOKOM
yACTbHON METAINIOEMKOCTH PEKYIepaTopa M YBEIUYUBACT CPOK OKYIaeMOCTH B
2—-4 pa3a B CpaBHCHHH C HOPMATHUBHBIM.

O00CHOBaHUE ONTUMAJILHOW KOHCTPYKIIUU PEKyIepaTopa Tak)Ke BO MHOTOM
3aBUCHUT OT 3G (HEKTUBHOCTH Teruronepenadn. OCHOBHOW BKIIAJ, OTIPEICIISIFOIITII
3HaUYeHHUE Kod(QHUIMeHTa TeIuonepeiad, BHOCIT TEIUIOOTAa9a K HarpeBaeMo-
My BO3JIyXy-OKHCIIHTEII0 W TEIUIONPOBOIHOCTh OTIIOKEHHH CO CTOPOHBI TPO-
JTYKTOB CTOPaHUS TOIUIMBA (COOTBETCTBEHHO Ra;O"“ u ROL ). Uto xe KacaeTcs

TEIUIOOTJAY OT TPEIONUX METAUTHYECKYI0 CTEHKY TIPOIYKTOB CTOpaHUS
(Ramw U Ra“yw, ), TO OHa TOCTATOYHO BHICOKA M B MEHBIIIEH CTEIICHN OMPEACIIAET
1 1

kodddumment Temmonepenaun k (Br/(mM*K)).

Kak yxe oTMe4anock, 0O4eHb CHIIbHOE (IIOAABIISIONIEE) BIUSHUE Ha TEIIOOT-
Jady K HarpeBaeMoOMY BO3IyXy OKa3bIBacT BeMMYHMHA (; (MOTEPH TaBIEHUS II0
JUTMHE TTOBEPXHOCTH TEIIOOOMEHA B HANPABJICHUH JBHIKCHHUS TCTDIOHOCHUTEIIS).
OJHAaKO TP TOM HY>KHO TIOMHHUTB, YTO C POCTOM ngm,,, YBEITHYUBAIOTCS] SHEPTO-

3aTpaTbl HAa IPOKAYKY BTOPUYHOI'O TCIIJIOHOCHUTCIIA. B monmmanmm 3HEpro3arpar
rJaaKasi BHYTPCHHSA NMOBEPXHOCTH IMETIICBOIO PEKyI€paropa Hauboree BBII'OJTHA,
TaK KaK CyYMMApHOC€ THAPOANHAMHUYCCKOC CONMPOTUBJICHUE COCTOUT TOJIBKO U3 I10-

KOHB

TEPH IO JJINHE pr6KPI U ITOJIOKUTEJIBHO CKa3bIBACTCs Ha TEINIOOTAAYC O,

3HaveHus KO3 GHUIMEHTa TEIIONepeaadn ¢ YIETOM 3arps3Henus K, BHeI-
Hell MOBEPXHOCTU TEII00OMEHHHUKA (peOpUCThIC UyryHHBIC TPYObI Oe3 opedpe-
HUS CO CTOPOHBI POAYKTOB CTOPAaHUSA, TIaJKOCTEHHbIE CTAIbHBIC UJIMHIpHYe-
CKHE TpyObI) OMpPECSIIOTCS B COOTBETCTBUM ¢ Tabm. 2. B dopmyne mst k,, co-

40, K
=k, -

CTaBJIAIOIIAS HavyaJbHBIA TeopeTHdeckuii KkoapduimeHt

oy + 0,
TeIJIoNepeaayt, TA€ O U Ol — COOTBETCTBEHHO KO3()(DUIMEHTHI TEINIOOTAAYH CO
CTOPOHBI TPEIOIINX MPOTYKTOB CTOpPaHUS OPraHUYECKOro TOIUIMBA U K Harpe-
BAaEMOMY BO3/lyXYy-OKHCIUTEIIO.

Koadduuuent 3arpsaznenns y (Tadi. 2, 3) BHEMIHEH NOBEPXHOCTH TEILUI000-
MeHa MPHU CHCTEMATHYECKOW OUYUCTKE MOBEPXHOCTU B COOTBETCTBUH C PEKOMEH-
IyeMOH paHee IMEePHOANTHOCTHIO MMPHHUMACTCS (I TOPIOYEro raza W Ma3yTa)
(puc. 2, 3). 3aech npuBeACHbI JaHHbIE JJIS OIIEHKH TeIUIonepeiadn B peKyrnepa-
TOpE IPH €ro 3aHOCE OTIIOKECHUSIMHU TIPOTYKTOB CTOPAHUS U OKATMHOM.

Tabnuya 2
Kopuagopusie myyku (13 rJ1aIKOCTEHHBIX TPY0)
CKOpOCTb NMPOJYKTOB CTOPaHUS 3HayeHue y
W, = 1-4 m/c 0,6-0,65
W, = 6-12 m/c 0,7
Tabnuya 3

3navenns Ko3GPHIHENTA TemIonepeayn pekyneparopor Kk, Br/(m*K)

Pacnonoxxenue Tonnuso IToBepxHocTh HarpeBa | Pacuernas ¢popmyna
[MaxmaTHOE Masyr, ras I'nagkoTpyOHBIE K - 040,

Iy YKH Yo ta,
Kopunopnoe Masyr, ra3 T'nangkoTpyGHBIC K= 040,

Iy YKH v o,
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40 —— T
w,=8—12m/c(6e3 ounctkn); }/6 w,:=8r12M/c(nepr|[oqueCKax
w,=1—4m/c(6e3 04HCTKH); y=0,7 maxm. 4 Kop. myuKn e M o(6e OYHCTKA 110 HOPMaM);
y=0,6 nronsuatas Tpy6a Ge3 N LA CTATBHEIX pr66€ Ges :}‘gg?ﬁ%ﬂwa o V0,7 Wwaxm. H KOp. ImyuKH
. HApYXHbIX pebep. \< HapYKHBIX pedep. préa 63 HapyKHBIX pebep 1. CTAIIBHBIX TPYS
~ 30 /\ AN AN
o~ =Q—
= w,=8—12m/c(c! HePHOINQUHCTS OH TI0 H\opmam)' N =8 IZM/ %6;3
E y=0,7 maxm. i kop. my4RMAIL CTanBHAY 0,: ?(SLT)KI ));“{VK_“ {-,1];[:2%(
g 20 Tpy6 Ge3 HapysxHbix pebep. \ CTATBHEX TPYG
o 7 N AN N\ O
~ w,=1-8Mm/c(c iepron. oumcTKOi O \kw:"’ % %z w,=1~4w/c (eprion. \ N b=y ——2
HopMam); y=0,6 Hromsuaras Tpy6a Ge3 IR OUHCTKA 110 HOpMaM); Oty
HapYHBIX pebep. y=0,6 yyryn. |uromsaaras
Tpyba 663 HapyKisix pebep
10 S~
< To—
0 3 6 9 t,mec. 12 0 3 6 9 1, mec. 12

Puc. 2. 3aBucumocrs K, = f(t, w;) s Tpy6npix  Puc. 3. 3aBucumocts K, = f(t, w;) st Tpy6-

KOPHJOPHBIX (IIAXMATHBIX), TPyOHBIX CTaJbHBIX HBIX KOPUIOPHBIX (IIAXMAaTHBIX), TPYOHBIX

MYYKOB M UYYTYHHBIX IIaXMaTHBIX ITy4KOB 0€3 CTaJBHBIX IYYKOB M YyTYHHBIX IIaXMAaTHBIX

opeOpeHust co CTOPOHBI NPOIYKTOB CrOpaHHs Iy4dKoB 0e3 opeOpeHHus CO. CTOPOHBI MPOAYK-

(TOIIMBO — MPUPOIHBIA ra3) (0 MaTepuamam TOB cropanus (TommmBo — a3yt M80 u MI00)
B. A. I'puropnesa) (mo matepuainam B. A. [puropnepa)

ITpu ycnoBum, uto Ko U1 TI1aAKOCTEHHBIX TPYOYaThIX HMIMHAPUYECKHX MO-
BEpXHOCTeil M IVIaJKHX YyTYHHBIX COOTBETCTBEHHO paBHO 40 m 30 Br/(M*K),
3Ha4eHUs K, MOKHO BBIOMPATh M3 COOTBETCTBYIOIIMX HOMOTPaMM.

Kpome Toro, aHamm3s, KacaroImmiicsi BEIOOpa peKymepaTopa, B 3HAUUTEITHLHOMN
Mepe AOJDKEH OBITh COCPENOTOYEH Ha €ro. ra3oMjoTHOCTH M MEXaHWYECKOH
MPOYHOCTH. ECIIM OTAENBHBIE 3IIEMEHTBI, U3 KOTOPBIX COCTOUT MOBEPXHOCTH Te-
TI000MEHa YCTPOWCTBA JIsi pEereHepaTHBHOTO TEIJIOUCIONb30Banus (Oyap TO
PEKyIepaTop CTalbHOW TPYyOUaTHIH, UyTyHHBIH HMIONBYATHIA JTHOO KepaMude-
CKHUI) TEIJIOBBIX OTXOOB, 3aIlEMIICHBI TI0 OTHOIICHUIO APYT K JPYTY WJIH He-
MOJIBIKHON KOHCTPYKITMH, TO 00A3aTeIbHO BO3HUKHYT TeMIlepaTypHbIe Harmps-
KEeHHsI, KOTOpbIE€ HapylIaT Ta30MJI0THOCTh KOHCTPYKIMHU, U BO3IYX-OKHUCIUTENb
Oyzer momnajark B IbIMOBOM TPAKT.

[IpuarMas Bo BHUMaHME, YTO TEMIIEpaTyphl B CTEHKax pekymnepaTopa (OoT-
JIENbHBIX 3BEHbAX MOBEPXHOCTH) OyIyT NMPHUHMMATH pa3HOE 3HAYEHHE Kak I10
JUIMHE, TaK U CeUYEHHIO 3JieMeHTa (puc. 4 1 5), B COOTBETCTBUHU C BBIPAXKEHUEM

AL = BAN 9)

OyayT MPOUCXOJUTh YIUIMHEHNS] KOHCTPYKIMH MO BCEM HarnpaBicHUsM. [Iprauem
YIJIMHEHHS OJHOTO 3JE€MEHTa MMOBEPXHOCTH HarpeBa He OyayT paBHBI U3MEHeE-
HHUIO pa3mepa apyroro. B (9) B — koadduuuent nuneitnoro pacumpenus. ns
cTayied, UCIIONb3yeMbIX TIPY CO3J]aHUH TIOBEPXHOCTHU TEIDIO0OMEHa peKyrepaTo-
pa, ¥ YYyTYHOB Pa3HBIX MapOK 3TOT KOA(PPHUIMEHT HAXOJUTCS B HHTEpBAJe 3HA-
qennii B = (14-16) - 10°° 1/K.

EnuHCcTBeHHAs: BO3MOXKHOCTh YCTPAHUTh YTEUKH M Pa3pyLICHHUS] — 3TO CHATh
TeMIIepaTypHble HANPSDKEHHS, CBA3aHHBIC C TIMHEWHBIMU PACIIUPEHUSIMUA KOHCT-
PYKIIMH, & 3TO 3HAYUT, HYXKHO 3aCTaBUTh JIEMEHTHI PaCIIUPATHCS HE3aBUCHMO
OT KOHCTPYKIIMHU U JPYT OT JIpyTa.

Ha puc. 4 u 5 noka3ansl TeMIepaTypHbI€ MOJIsI B METAJIJIE UTOJILYATON Hy-
TYHHOH TPYOBL.
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Puc. 4. TemmeparypHble NOJIsI B MOIYJBHOM YyryHHOM pekyneparope (momyis M-II 230x460x

x860-1,0), B KOTOPOM BCE BJIEMEHThI HMEIOT TPH CTENICHH CBOOO/IBI 110 OTHOIICHHIO K MepeMeriie-

HusiM (ioctpoero 1o qanaeM B. 1. TeGenbkosa): - t.. = 800 °C (mpu t,. = 850 °C); £ — 700 °C
(mpu t;. = 850 °C); () — 600 °C (mpu t, . = 850 °C); []-450-500 °C (mpu t, . = 850 °C)
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Puc. 5. TemnepatypHble TOJII B MOIYJIBHOM YyTYHHOM pekyneparope (Momynb M-Il 230x460x
x860-1,0), B KOTOPOM BCE 2JIEMEHTBI HMEIOT TPH CTEIIEHH CBOOO/IBI IO OTHOIICHHUIO K TIepeMerie-

HusM. Bun ceepxy (mpozonbHbIii paspe3) (moctpoero mo gaHubiM b. I1. TeGenbkosa): Il - te, =
= 800 °C (mpu t,, = 850 °C); - 700 °C (mpm t,, = 850 °C); LA - 600 °C (mpwm t,, = 850 °C);
[[]—-450-500 °C (mpm t, . = 850 °C)

UYro kacaeTcs TeMIepaTypHBIX IOJICH B CTEHKE MIJIUHIPUYECKON TPYyOKHU
METJIEBOTO CTAILHOTO peKyIepaTopa, TO OHU TaK)Ke HEOJHOPOIHBI, KaK U B CIIy-
yae gyryHHoro. OTHaKo pa3HHUIIA COCTOUT B TOM, YTO TPYOKH IO XOIy W TOIIe-
pPeK XoJa TPOLYKTOB CropaHus (KOPUIOPHBIH IYy4OK) CBOOOJHO TIOKOSATCS
(moaBemIeHsl) B MWIMHAPUYIECKUX KOJJIEKTOpaxX IS MOABOJA XOJIOIHOTO U OT-
BOJIa HATPETOTO BO3AyXa M, €CTECTBEHHO, HANPSDKEHUS B KOHCTPYKIUU HE BO-
3HHKAIOT.
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BBIBOJI

Jenast oOkOHYATENbHBIN BBIBOJ 110 BEIOOPY THIIA PEKYIIEpaTOpa, HYXKHO 3aMe-
TUTB, YTO NEPBOCTENICHHOE 3HAYCHNE UMEET €r0 TEIIOBAs IPOU3BOIUTEIBLHOCTD,
WM TPOU3BOJUTENBHOCTh ME4M. Tak, /Ui Medel MeTaulypruuecKkoro Mpous3-
BOJICTBA HET HEOOXOAMMOCTH YCTaHAaBINBATh YyT'YHHBIH peKynepaTtop. Haunnas
C MPOU3BOIUTEIBHOCTH neuH (1o caake) P > 20 T/4 mo MeTaymury JOJKeH ycTa-
HaBIIMBATHCS TPYOUATHIN CTALHOH METIIEBOI peKyIepaTop, KOTOPHIH MO0 CBOMM
JKCIUTyaTallMOHHBIM XapaKTEpUCTUKaM BCETAa IMPEBOCXOIUT HIOJbUATBIA dy-
ryHHbiid. Kak mokaszanu pe3ynbTaTsl CeIaHHOTO aHajn3a, TPyO4aThlil CTalbHOM
PEKyIlepaTop YAOBIETBOPSIET BCEM TPEOOBAaHMAM, MPEABIBIAEMBIM K TAaKOI'O
BUAa TEIUIOOOMEHHOMY ammapaTy. TemmepaTypa momorpeBa BO3AyXa-OKHCIHU-
TeJsl pH 3TOM He AospkHa npesbimaTh 300 °C (3a UCKIIIOYEHHEM CITydaeB, OT-
MEUEHHBIX paHee).
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Benopyccxuii nayuonanvhulii mexHuveckuil yHugepcument

M3HOC OCHOBHBIX MPOWM3BOJACTBCHHBIX (OHIOB bemopycckoi sHeprernde-
CKOW cHCTeMBI B 1eJIoM cocTtaBisier 0oiee 60 %. AKTyalbHBIM CTAaHOBHTCS BO-
HPOC IIOCTPOCHHS TaKUX CUCTEM aBTOMaruieckoro peryiupoBanus (CAP) tem-
TIepaTyphl TIEPETPETOrO Tapa 3a KOTJIOM, KOTOPBIe OBl M3MEHSIIIM CBOU CBOMCTBA
B ITpoliecce paboThl HE3aBUCUMO OT U3MEHEHHS TapaMeTPOB 00bEKTa, OCHOBHBIX
BO3MYIIAIONTUX BO3JACHCTBUI M TPHU 3TOM PabOTAd B ONTUMAIHLHOM PEXUME
B IIUPOKOM JIMAITa30HE M3MEHEHHUS Harpy30K. JTO TO3BOJHUT MOBBICHTH IKOHO-
MUYHOCTbh, HAJIG)KHOCTb U JOJTOBEYHOCTh PabOTHI TEIJIOPHEPTeTHYECKOTO 000-
PYyIOBaHHA TETUIOBBIX 3jekTpuueckux craniuii (TOC) npu nepeMeHHbIX peKu-
Max paboTHL

O0mbekThl yrpasieHuss TOC, Kak ¥ MOIaBIsIONIee OOIBIIMHCTBO TEXHOJIOTH-
YECKUX O0BEKTOB, OTHOCATCS K KJIACCY OOBEKTOB C HEIMOJHOW HayalbHON WH-
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