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1. OKCIIEPUMEHTAJIBHBIE HCCIIEAOBAHUA

1.1. Annaparypa

Arnaparypa I oIpeacjJeHU YCIOBHHM TEIUIOBOroO ca-
MOBO3IrOpaHus BKJIIOUYAeT B CEOS Caeayonme 371€MeHThI:

1.1.1. TepmocTar BMECTUMOCTBIO paboyei! KaMephbl He
meHee 40 aM3 ¢ TepMOpPEryIsSiTOpOM, TO3BOJISIOLIMM JIOLIED-
XHBaTh MOCTOSIHHYIO TeMIiepatypy oT 60 mpo 500 °C c no-
rpeIHOCTHIO He Gonee 2 °C.

1.1.2. KOp3uHOYKH KyOMYyeCKOH WIH UWIHHIAPHYECKOM
¢dopMbl BoicoToit 15, 30, 35, 50, 70, 140 u 200 mMm. Iunamerp
HWINHIPUYECKON KOP3UMHOUKH NOJKEH OBLITh paBEH €€ BBICO-
Te. MaTtepuasioM IUISE KOP3WHOYEK CIAYXHUT Ce€TKa U3 JIaTYHHU
WIH HepXaBelolleld CTald MIA ChINMyYUX MaTepHaIoOB (C pa3-
MEPOM siYeeK He Oonee 1 MM) WIM JHMCTOBass HEpXaBe-
Jolllasi CTaJIb TONIIMHOM He Oosiee | MM — U1d maBALLMXCA

BellIECTB.

1.1.3. TepMoanekTpuueckue npeobpazoBareau (TepMoO-
napel TXA u TXK) ¢ MakCUMaJIbHBIM JHaMeTpoM pabouero
crnast He 6oJiee 0,8 MM.

1.1.4. U3MmepuTesb TEPMOJIEKTPOABYKYLLEH CHWIBI, ITO-
3BOJIAIOIUUMA OCYLUECTBJIATH BHU3YAJIU3ALMIO U3MEHEHUS TEM-
nmepatypsl obpaslla Marcpudasla BO BpPEMEHHM C 3allUChi0 Ha
DyMaXXHOM WU 3JIEKTPOHHOM HOCHTEJIE.
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1.1.5. Becnl nabopatopHbie ¢ HaUOOJNBILUM MpeneIoM
B3BelUMBaHUS 1000 r ¥ ToyHOCTHIO B3BeIMBaHUsA 0,01 r.

1.2. IloaroroBka B NpoBeACHHE RCOLITAHAMN

1.2.1. K KOop3uHKaM KpemnsT II0 TpH TepMO3JIEKTpHUYe-
CKUX TIpeo0pa3oBarteii TaKUM 00pa3oM, YToObl OUH KOHELL
OOHOW TepMOIaphl HaXOAWJICSH BHYTPH KOP3MHKHM B €€ IICH-
TPE, @ BTOPOH — Ha pacCTOSHHUM He Gonee 5 MM OT BHellIHEMH
€€ CTOPOHBI (Ha BBICOTE LICHTPA KOP3MHKH). BTH TepMOINaphl
COCINHAIOT M0 ANP@PEepeHUHAIBHON CXeMe, ¢ TeM YTOObI OHU
U3MEPSUTH pa3sHOCTh TEMIIEpATyp MEXOy oOpa3lioM MaTrepuaa
U TeMmIeparypol pabouell kamepnl. i ¢$UKCUpOBaHHUA
TEMIIEpaTypel B TepMocTaTe paboynit KoHell TpeThei
TepMoOnapsl pacrnosiaralor Ha paccrogsHun (30+1) MM oOT
CTeHKH KOpP3WHKH Ha BBICOTE €€ LICHTpa.

1.2.2. KOp3UHKHM 3aMlOJIHAIOT HCCAEAYEMBIM BELLECTBOM
M B3BelLIMBAIOT Ha Becax. IIpH MCHBITaHHUAX JUCTOBOIO MarTe-
pyasia ero HabHpalT B CTOMNKY, COOTBETCTBYIOLLYIO BHYTPEH-
HUM pa3MepaM KOp3vMHKM. B obpasiiax MOHOJIMTHBIX Mare-
pPUANIOB NpPEABAPUTENBHO BBHICBEPJMBAIOT N0 LIEHTpA OTBEP-
cTue auaMeTpoM (7+5) MM U1 TEPMO3JIEKTPUYECKOIO Tmpe-
oOpa3zoBarens.

1.2.3. CBoboaHble KOHLUBI TepMoIipeodpa3oBaTeieif noa-
COCAMHSAIOT K H3MEPHUTENI0 TEPMOINEKTPOABUXKYIOLIEH CHIBI
IUIS perMcrpauid HM3MEHEHHUSA Pa3HOCTH TEMIIepaTyp B LIEH-
Tpe oOpa3lia U TeMIieparypbi B paboyeit KkamMepe TepMOCTara.
3a TeMIieparypy HMCIbITAHUS NMPHHUMAIOT TNOKa3aHUA TepMO-
INEKTpUUYECKOro npeobpazosareis, pacnolOXEeHHOro Ha pac-
ctossHUHU 30 MM ot obpa3sla.

1.2.4. Kop3uHKY MMOMELIAIOT B LIEHTP TEPMOCTaTa, Ha-
rpeToro 10 3ajaHHoi teMmneparypbl (Hanpumep, 200 °C)
M HaOM01aoT 3a N13MEHEHUEM TeMIlepaTyphbl B LIEHTpe obpa3ia.
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1.2.5. CamoBo3ropaHue oOpasla nposBisieTcsl MpPH pe3-
KOM YBEJIWYEHUN PA3HOCTH TEMIiepaTyp, PUKCUpyeMOu Nu@-

(bepeHUMAIBHONH TepMomnapor, no BeauwduHBl Oosiee 100 °C
WIA IUIABHOM pPOCTE€ TeMIIepaTyphl JO BEJIHYUHBI, IPEBbI-
HIAIOLIEN 3HaYeHHE TEMIIepaTYPhl CAMOBOCIUIAMEHCHMS Be-
ILECTBA.

1.2.6. Ecnu npu nepBOM HMCIBLITAHHH CAaMOBO3IOPaHMeE
HE TNMPOUCXOAMT B TEYEHUE BPEMEHM, YKa3zaHHOro B TaOi. 1,
TO UCIIBITAHKME C HOBBIM OOpa3liOM MaTepvasia TOro Xe€ pa3-
Mepa NMpoBoAAT NpH TeMmriepaType Ha 20 °C OGonblle 3aaaH-
HOH. ECAXM CaMOBO3rOpaHHE IIPOHU3OUUIO, TO HUCIBbITAHHE

[IPOBOOAT NpH TeMIieparype Ha 10 °C meHblle.
Tabauya 1

Pazmep obpasua, MM [1poao/mDKHTEIBHOCTS HCIIBITAHHMH, Y

6
12
24
48
96

192

1.2.7. UcnpiTaHUs NpoaoxamoT ¢ obpa3iiaMyd JaHHOIO
pasMepa NpUd paliMYHON TemIeparype paboyero NMpOCTpPaH-
CTBa TEPMOCTATa A0 HOCTHXECHUSA MUHUMAJIBHOMU TEMIIEpaTy-
PBbI, IPH KoTOopoil o6pa3el] camMmoBo3ropaeTcsl. [Ipyu yMeHblle-
HUHU TeMIlepaTypbl HUXe MUHUMaibHOM Ha 1 °C caMOBO3ro-
paHHUA He JOJIXKHO TpOUCXOAMTH. [IpHM 3THUX TeMIleparypax
BBINTOJIHAIOT MO JBa 3KCIEepHMEHTa. MUHHUMANBHYIO TEMIIE-
pPaTypy, [IpU KOTOpPOU UCCREAYEMBEIA MaTepHaJl caMOBO3ropa-
eTCs, MIPMHUMAIOT 34 TeMIICpaTypy caMOBO3ropaHusi oOpa3ua
JJAHHOIO pa3Mepa.

1.2.8. AHastlorHyHble MUCNBITAHHUSA NPOBOAAT C 0bpa3ua-
MH UCCIIEQyeMOro BellecTBa B KOP3WHKaxX APYrMX pa3Mepos.
Pe3ynbTaThl HCNILITAHHN OQOPMASIIOTCA B BUAE TabII. 2.



Tabauya 2

TeMrcparypa CaMOBO3rOpaHHs
-
C . k

2. PACYET YCJIOBHH TEILIOBOI'O B3PbIBA

2.1. Onpenesenne napamMeTpoB
KHHETHYECKOr0 ypaBHEHHS PeakiiHE OKHCJICHHA

HUcXonHHIMH JaHHBEIMM JJIS OMNpedcsieHUs] NapaMeTpoOB
KHHETHYECKOIO YPaBHEHHUS peaKlIHU OKHMCIICHHUS SABISIOTCS:

e JaHHBIE Taby. 2 Wi KpUTHUYECKOM TeMIlepaTyphl CaMoO-
BosropaHus Ty (K) obpa3uoB pasmepoMm D, M;

o KO3MPHLMEHT TeIUIOMPOBOXHOCTU MarepHaia A, Br/(M - K);

* TEIUIOEMKOCTb HcClIexyeMoro Marepuana ¢, JIx/(xr - K);

e TeruioTa peakuuu Q, JDk/KT.
PacyeT npea3KCNOHEHUMAJIBHOTO MHOXHTENS M 3HeEp-

MM aKTHBAallHK peaKLMU OKMCJIEHMS BRITIOJHAETCS B Clle-
OyIoOleM TOpSiIKe.

2.1.1. Inga xaxnoro pasMepa obpasiia paccuyuTaTh YUC-
no Panes no ypaBHEHHIO

Ra=& p3 20 (1)
va E

Iie g — YCKOPEHHME CWIH TSDKECTH, M/C2; v — KMHEMaTuye-
cKasl BSA3KOCTh BO34yxa Nnpu temneparype T, MZ2/cC; a — TeM-
[epaTypONpOBOIHOCTL BO3AYXa MpH TeMriepatrype Tp, M2/c; D —
BbICOTA OoOpa3lia, M; R — YHHUBEpCaJIbHAsI ra30Bast NMOCTOAHHAasA,
IIx/(Monb - K); 79 — TeMnieparypa pabGoyero IpoOCTpaHCTBA
TepMocTata, K; £ — 3Heprus akTHBallM¥ PEeaKUMH OKUCJICHUS.
B nepsoM TipHGIMOKeHMH OOMYCKAaeTCsl IPUHHAMATb PaBHOM

100 KIX/MOb.
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s obserdeHUsT pacyeToB 3aBHCHMOCTH KOMIUIEKCA
g/va ot TeMnepatypsl B AMamna3zoHe Ty = (350—800) K Moxer
ObITb pacCUMTAHA 110 POPMYJIE

1770

& 12108 T (2)
av

2.1.2. Ing Bcex pa3MepoB 00Opa3liOB BBHIYUCIUTHL KO3(-
(bHUUMEHTHI TEIUIOOTAAYM o 10 YPAaBHEHUSM:

mpu 5-10% < Ra<2-10’

a = 0,54Ra™? }; + 40 To , (3)
npu Ra > 2. 107

o = 0,135Ra%333 "g + 4T3 (4)
rne o =J5,67- 10 — nocTosiHHasA Credana-bonpuMana,
Bt/(M2 - K%).

3aBUCUMOCTb KO3QPHULMEHTA TEIUIONIPOBOAHOCTH BO3-
JIyXa OT TEMIIEpaTypbsl MOXET OBITH oIlpeaeeHa 1o ¢popmyJie

=6,98-107 +6,41-107Tp. (5)
2.1.3. Tlo BeanynHe a, KO3POHUIMEHTY TEILIONPOBOI-
HOCTH MaTepyaja A Y IOJOBHHE BBLICOTHI r = D /2 BBIYMC-
JIIIOT KpUTepUH bHo mis Kaxaoro obpasua:
ar

B1 = T (6)

2.1.4. Oyuxkumio o¢(Bi), YYHTHIBAIOULYI0O HHTEHCHB-

HOCTb TEIIOOOMEHa 00pa3illa C BO3AYXOM, OINPEACHASIIOT IO
YpPaBHEHHIO
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VBiZ + 4 —Bi-2

B (7)

o(Bi) = %}-( Bi’ + 4 - Bi) exp

2.1.5. PacCYUTBIBAIOT MnapaMeTpbl B U y, XapaKTepH-
3YIOLLIMe HHAUBHUAYAJIbHbIE CBOYICTBA pE€aKIIMU OKUCIECHUS

_ KTy
B_ E ’ (8)
= <RIy )
OF

rae ¢ — TeruloeMKoCTh MarepHaina, JIx/(xr-K), a O — ren-

JIOTa peakKlIM¥ OKHCIeHHUs, JIXK/KT.

2.1.6. C yyeToM MHTEHCUBHOCTH TEIUIOOOMEHA U OCOOEH-
HOCTEH peaklMH IS KAXAOro pasmepa obpasla Marepuvaia
PaCCYUTHIBAIOT KPUTHYECKOE 3HayeHHe mnapaMerpa DpaHk-
KaMeHeuxkoro:

Sxp = S0p(Bi)1 + B)I + 2,4y2/3), (10)

rae 8y — KpUTHYeCKas BeIMYHHA IapaMeTrpa & NPH HHTEH-

CUBHOM TeIUI00OMeHe, paBHast 2,52 st obpa3lioB KyOu-
yeckoif ¢dopMmbl M 2,76 g LWIMHApPA C BHICOTOH, paBHOM
IHaAMETPY.

Peaynbrathl BHIlYMCIeHHHA o ¢opmynaM (1)—(10) cso-

oaT B Tabn. 3.
Tabauyal

Paamep | 1o, a, .
LR ] e | 2 v [
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2.1.7. 3aBUCMMOCTE KPUTHYECKOIO 3HA4YE€HHSI MapaMer-
pa PpaHK-KaMeHeUKOro 8y, OT KMHETHYECKMX NapaMeTpOB

peakiluy OKMCJIEHUS

E
Opko E 2 "RT
Oxp = —— rce “°0 (11)
® A RTY
3AIIMCbHIBAIOT B BHAIC
E
M = Ne %o (12)
SxpRT
rae M=—]5p§ 90 . (13)
rep
N =20, (14)

p — TUTOTHOCTb YMAaKOBKM MaTepuana, KI/M3; kg — KOHCTaH-
Ta CKOPOCTH peakuMH, 1/c.

2.1.8. Ilo ypaBHeHuI0 (13) misg Xaxporo pasmepa 00-
pa3iua pacCUMTHIBAIOT BeJUYUHY M . C yyeToM 3HadyeHUU M
M N no ypaBHeHUIO (12) MeTOnqOM HaUMEHbIUIMX KBalpaTOB
WIHA [porpaMM oO0pabOTKH 3IKCHEPUMEHTAIBHBIX HaHHBIX
Ui nepCoHaIbHbIX KOMIbIOTepoB Eureka, Curve Expert 1.3,
Mathematica 3.0, Mathematica 4.0 u gpyrux onpeaensior

YUCAeHHBIE 3Ha4YeHUsT N M 3HEPruio akTuBaluu F .
2.1.9. BboHUCISIOT NPea3KCIIOHEHIMANBHBIA MHOXUTEIb
peakuMH okucieHus Qkg /A nyreM peneHua N Ha E . [aH-

Hble pacyeToB 1o ypaBHeHUsM (12)—(14) cBoadar B Tabu. 4.
Tabauya 4

ﬁmmﬁ M, N,
rwm Io, K fx - M- R Bx-u K IDI(/MOIIB M- K/xr
XT - MOJTB KT - MOJIb
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2.1.10. Ecnu BeJHMYWHA B3HEPruM aKTUBAlLMH, BBIYHUC-
JeHHas B n. 2.1.8, oTinyaercsd ot paHee NPUHATON U paBHOU
100 x/Ix/Monbp 6onee yem Ha 5 %, pacuersl mo mnm. 2.1.1—
2.1.10 He0oOXOOUMO MMOBTOPUTb C HOBBIM 3Ha4Y€HUEM SHEPIUH
akTuBauud. Ilpouecc urepauuit HeoOXoAUMO BBINOJHATH OO
TeX MOp, [M0OKa 3HEPIrUH aKTUBALIMM B Hayajie H KOHIlE pacye-
Ta He OYIYT OT/IMYaThCd MeHee 4yeM Ha S5 %.

2.2. PacYer KPHTHYECKOH TeMIepaTyphl

HMcxonHBIMH JaHHBIMHM IS pacyeTa KpUTHYECKOHN TeM-
neparypsl NP4 XpaHEHUM U TPaHCIOPTHPOBAaHHUH BEILECTB
H MaTepHAIOB SBIAIOTCS:

e (opMa U pa3Mephbl YIIaKOBKHM MaTepUala,
IUIOTHOCTD YIIAKOBKM MaTepuana, Kr/m?;
KOo3(HULMEHT TEIUIONPOBOAHOCTH MaTepyaia A, Bt/(M - K);
TEIUIOEMKOCTh UccieayeMoro Martepuana ¢, Ix/(xr - K);
Terviora peakuuu Q, JDx/Kr;
3HEeprus akKTHBalUMH F peakiiyu okucieHus, K/ MoOb;
Npea3KCIOHEHIMANbHBIM MHOXMUTENDL Oko/A, M - K/KT.
PacueTt BHINOJIHAETCS B CJIEAYIOLEM NOPSAKE.
2.2.1. Jn1a 3agaHHON (OpMEI YIIaKOBKM MaTepHaia M3
TabJi. 5 BLIOpaTh WIM pacCYUTaTh B COOTBETCTBMH C MNpwu. 1
BeTUYUHY KpuTtepuss @paHk-KaMeHelxoro §g.

2.2.2. IloacTaBuB NOMYYEHHYIO BeJIMUMHY B ypaBHeHuUeE (11)
BMECTO 8y, M PEUIMB €r0 OTHOCHTENbHO Tj, HAaWTH HyJIeBOE
npUOJIMXKEHHe IJIA TeMIepaTypbl CAMOBO3IOpaHHs.

2.2.3. ITo dopmyne (1) n. 2.1.1 BHIYMCIUTL 3HAYECHHE
KpuTrepusi Pajsies I 3agaHHOro pasmepa YIIAKOBKHM Ma-
TepHaia.
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2.2.4. Paccyurath KO3(PPHUHUEHT TEIUIOCOTHAYH IIO
ypaBHEHHIO (4) U BeJIMYUHY KpHUTepHUsd buo o ¢gopmye (6).

2.2.5. OnpeaenuTs YUCIEHHOE 3HaYeHUe byHkumud o(Bi)
o ypaBHeHMIO (7).

2.2.6. ITo dopmynam (8) n (9) HallTH BenUYUHY Napa-
METPOB 3 U .

2.2.7. PaccyUTaTh KPUTHUYECKOE 3HAYEHHE IapaMeTpa
PpaHk-KaMeHenkoro no ypaBHeHHKI0 (10).

2.2.8. IloacraBUTh BEJIUYMHY Oy, B YypaBHeHHe (11)
M HAalITU HOBOe 3HAUYEHHUE TeMIlepaTyphl 1j.

2.2.9. Ucnonw3ysa 310 3HayeHUe Ty, MOBTOPUTL pacyeT
rapaMeTpoB 1o nim. 2.2.2—2.2.8.

2.2.10. Yka3aHHyIO MpOUEAYPY pacyera NMpoaoDkaTth A0
Tex op, Moka npeabiayilee H MOCHCAYIoIEe 3HAYCHUS TeMITe-
paTypbl HE OYAyT OTJIHMYATLCA APYr OT Jpyra MeHee 4YeM Ha

1 °C. 3a XpUTHYECKYIO TeMIIepaTypy NPHHUMAETCA pe3y/bTaT
NMoCJeNHero pacyera.

Tabauya S

L S R S

beckoHeyHas rulaCTHHa TOAIMHONA 2r
beckOHeYHbIN HUINBAP PaOUYCOM r
beckoHeYHh XKBaIpaTHRIA CTCpXCHb, CTOPOHA 2r
Cdepa panuycom r

IIuaMHAp paauycoM 7 BHICOTON 2r

Ky®6, BhicoTa 2r

Terpasap, palnyc BIIHCAHHON cEpH 7, CTOPOHA
2a = 2J6r

[Monycdepa

[IpyMeps! pacyeToB NMPUBEACHBI B MPWI. 2.
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2.3. Pacyer KpATHYECKOro pasMepa

HcxongHbIMM JaHHBIMM IS pacyeTa KPHTHYECKOro
pa3Mepa YMakoOBKM IIpH XpaHCHUM MU TpaHCIIOPTUPOBaHHH
BEILIECTB U MaTEPHUAIOB SIBISIOTCS:

e 3HEpPrus akKTHBallUM peaKUuHu okuciaeHnd E , JIx/Monb;
® TIpeA3KCIIOHEHUHAIbHBIA MHOXHUTENL QKo / A, M - K/KT;

TeMIlepaTypa XpaHeHUs, K;

¢dopMa yIIakoBKH MaTepHalia;

IUIOTHOCTb YIIaKOBKM MaTepHaia, Kr/M>;
TEIUI0EMKOCTb MCCIIEMyeMOro Matepuana ¢ , JAx/(kr - K);
Terviora peakuuMu Q, JIX/Kr.

Pacyer BBINIOJHAECTCA B CIECAYIOILEM TOPSIKE.
2.3.1. B cooTBeTCTBHH C I1. 2.2.1 onpeJCAUTb BEJIUYHHY

napaMeTpa 9oy .
2.3.2. Jlns 3amaHHON TeMIeparyphl XpaHEHHA 1o ¢op-
MynaM (8) 1 (9) BEIMMCIUTD NapaMeTpbl B U Y.

2.3.3. PaccyuTaTh napaMeTp Sy, 1o popMyJe

5xp = S0l + BIL + 2,4y%/3). (15)
2.3.4. B nepsoM npubGIMXKEHHH MUHHUMUILHBIA pa3Mep
HAaUTH U3 BBIPAKCHHA

(16)

2.3.5. Ilo ypaBHeHMIO (4) BBIYHCIHUTP KOIQPHUILHUEHT

TEIUIOOTAAYM O .
2.3.6. Haittn BetmuuHy napaMerpa buo no ¢opmyne (6)

M paccyMTaTh 3HauYeHHe dynxumn @(Bi) no ypaBHenuio (7).
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2.3.7. OnpeaenuTh BEIUYMHY NapaMeTpa Oy, MO YpaB-

HeHU1o (10).

2.3.8. Ilo dopmyne (16) BHIYMCIAUTL HOBOE 3HAYECHHUE
pa3Mepa YIIaKOBKM MaTtepHaia.

2.3.9. Ucnonb3ys 310 3HAaYeHUe r, NOBTOPUTH pacyer
napaMeTposB I10 nmn. 2.3.5—2.3.9.

2.3.10. IIpouenypy pacyera npomo/DKaTh 10 TEX IOpP, I1O-
Ka npeabyayllice M Nocjenyimollee 3HAYEHUSI pa3MepoB Oyayr
OTJIMYATBECS APYT OT Apyra MeHee yeM Ha S %. 3a KpUTU4YEeCKUN
pa3Mep IIPUHUMAECTCA pe3yJIbTaT IoCAeJHEro pacyera.

2.4. Pacyer BpeMeHHR AHAYKIHA

PacyeT BpeMEHU MHAYKLIMM INPOU3BOIUTCHA B TOM Clly-
yae, Korja XxpaHeHHe WIM IepeBOo3Ka MAaTepPHAIOB OCYHIECTB-
JISETCSA IIPM TEMIIEpaTrype OKpyXalolleh cpeabl OoJiblle KpH-
THYECKOM.

M CXOOHBIMHM JaHHBIMM IS pacyeTa SIBISIOTCS:
e TeMIieparypa XpaHEeHHWSA WIH NepeBO3KMA Marepuania 1T, K;

e KpHUTHYECKAs TeMIiepaTypa CaMOBO3rOpaHMsti [UJIA 3a-
JaHHOIro pasMmepa U GopMbl YIIAKOBKM MaTepHana 1y .

e (¢akTop POpMBI YITaKOBKHM MaTepHaia j;

e pa3Mep YNIAaKOBKH 7, M;

e JUIOTHOCTb YIIAKOBKU MaTepHaja, Kr/M>;

v KO3(XPHUIIMEHT TEeIUIONMPOBOAHOCTH MarepHaia A, Bt/(M - K);
e TEIUIOEMKOCTb MCClieayeMoro Marepyana ¢, JIx/(xr - K);
e TeEIUIOTa peakuvu (, JIX/Kr;

e DJHEprus aKTUBaAalUMH peaKUMH OKMCIeHUus E, Jx/Monb;
¢ Mpea3KCIIOHEHUHATbHLIA MHOXUTENDb Qkg / A, M - K/KT.
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Pacyer BBITIOJIHAETCA B CJIEAYIOILEM TOPSIIKE.
2.4.1. Ilo remneparype 70 BBIUMCJIUTH INapaMeTpHl P

U y ¢ noMoubio dopmya (8) u (9).

2.4.2. Ilo ypaBHeHHIO (4) onpeneauTb Ko3dbdDUIIUEHT
TEIUIOOTAAYM o M HAWTH BEJIUYHMHY ITapaMerpa buo no ¢gop-
mye (6).

2.4.3. ITo ¢opmyne (11) paccyuurars napamerp &, COOT-
BETCTBYIOILIMA TeMIneparype XpaHeHHs T, M rapaMeTp &y

JUISE KPUTHYECKOH TeMnepaTyphl 1y, .

2.4.4. BEIMUCIUTL OTHOCHUTEABHOE yAAJIEHHE OT Npenesa
BOCIUIAMEHEHHA

Kp
U QYHKIIUH
_4.A2
ﬁ(A,7)=1+0,62-:A—_——40;-5-3—5{—Z-; (18)
i oAy 1 H+L3(1-01-A)/]Bi
f2(J,Bi,A) =1 161+ B) . (19)

2.4.5. Paccuurath ©Oe3pasMepHOe BpeMs HHAYKLHMH
c noMollib ypaBHeHHUH (17)—(19) no BeIpaXEeHHUIO

t = £i(A,7) /20, Bi, A)(1 + 2B). (20)
2.4.6. OnpegenuTh pa3MepHOE BpeMs MHAYKUHMH fy (C)
rno ¢popmyJie
tcRT? £
_ 0 eRTo '

= 2]
OkoE (21)

4
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3. PACYET KPUTHYECKHMX YCJIOBHHA
IJIA OTJIOXEHHNH I'OPIOUYUX MATEPHUAJIOB

3.1. KparAueckas TeMnepaTrypa OTJIOXKEHWH
Ha HArpeToii NOBEPXHOCTH 00OPYAOBAHMSA

HMcxonHBIMHM JAaHHBIMHM VIS pacyeta KpUTHYECKOH TeM-
reparypbl OTJIOXECHHI Ha HarpeTod MNOBEPXHOCTH 00OpyNO-
BaHUS SIBJISIIOTCA:

e TEMIIEpaTypa Cpelbl, B KOTOpOM ODpa3yloTrcsi OTIOXE-
HUA, Ty, K;
e TOJIUUHA OTJIOXKECHUHU A, M;
o KO3PPUILIMEHT TEIUIONIPOBONHOCTY MaTepHaia A, Br/(M- K);
e TCIUIOEMKOCTDh HCCeayeMoro Marepuana ¢, Jx/(xr - K);
e TeruioTa peakuuu @, Jx/Kr;
3HEPIvusa aKTUBAIIMU peakllMM OKMCAeHUs1 E , JIxX/Mob;
Npea3KCNOHEHIMaNbHBIN MHOXMTENE Ok / A, M - K/KT.

3.1.1. Ilpyunumass B nepBoM NPHOJIMXKEHHUU BEIHYUHY
kputepuss Bl =4 u TeMmeparypy HarpeToifi HOBEPXHOCTHU
obopynosaHust 7+ Ha 200 K Gosblie 3a1aHHOM TeMIlepaTyphl

70 , BhIYHCIHUTD CPEAHIO (MEXAY TEMIIEpaTypaMH XOJIOAHOMN
[MOBEPXHOCTH M ra3oBOro MNpOCTPAHCTBA) Temmepatypy Icp
1o popmyie

Ty -To

Ten = To . 22
P 22Bi+l+ 0 (22)

3.1.2. Paccuurarh KOMIUIEKC g /av U KO3dPHUUMEHT

TEIUIONIPDOBOAHOCTH BO3AyXa IO YPABHCHHAM:.
1770

£ -12.108¢ Ter (23)
av
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=6,98-10™ +6,41-10T¢p . (24)

3.1.3. Ilo HallzeHHBIM BbILIEe 3HAYEHUAM OIIPEHCIUTH
APYTYIO BEJIMUUHY KpUTEpUS bHO 1Mo BhIpaXxXeHHIO

. B (T - To) As 3| A
Bi = 25
‘ [vaa To @Bz & o |3 (25)

rne C — xo3dduumeHT, paBHblii 0,27 L1 rOpU30HTANBHOMU
IUTaCTUHBI, oOpallleHHOU ropsiyeit cropoHodl BHM3, U 0,54
IUIS. NOPU3OHTAJIbHOM IUIaCTUHEI, OoOpallleHHON ropsiye CTo-
POHOWM BBEPX.

3.1.4. HaiinenHoe B n. 3.1.3 3HayeHue Bi noacTaBUThb
B popMyny (22) u no BelpaxXeHHsAM (23)—(25) HaHTH HOBOE
3HayeHue Kputepusi buo. Ilpouecc Mrepaudd MNPOAOJXKATh
IO TeX MOop, MOKa MOCJeAHsAs] M Npeabiayluas BEeJIHYUHBI HE
OyayT OT/IMYAIOTCA APYT OT Apyra MeHee yeM Ha 10 %.

3.1.5. Bbluucauth Oe3pa3MEpHBI TEMIIEpAaTYpHBIH
nepernan

E

60 = — (Tr - To), (26)
RTr
napaMeTphbl
a=1+ 2,28e'0’65 % . (27)

2

0 = %(1 +B2iBiJ2{90 + 21n[2(a + \/E(a——l) )” (28)

3.1.6. lna temnepatypnl 1, ornpeaeJuTh NapaMeTphl

. RT,- |
b= E
. cRTrz

QF
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M BBIYUCIHTH KPDUTHYECKYIO BEJIMUMHY O no ¢dopmyie

Sxp = 8(1 + BN + 2,4y73). (29)
3.1.7. TlogcTaBUTh BEIHYUHY Oy, B ypaBHeHHe (11)

M HaNTH HOBOE 3HaYECHHe TeMHepaTrypul 7Tt .

3.1.8. Ucnonw3ysa 310 3HayeHue 7Ty, NMOBTOPUTh pacyer

napaMerpoB 1o . 3.1.1-3.1.7.

3.1.9. Yxa3aHHy10 npoueaypy pacyera INpoOAQIXKATh A0
T€X IOop, ITOKAa INpeablayllice U NOCJISAYIOLIee 3HaYEHHUS! TeMIIe-
paTyphl He OyAyT OT/IMYATHECA APYT OT Apyra MéHee 4yeM Ha 1 K.

3a KpUTHYECKYIO TEMIIEpaTypy INPHHMMAETCS pe3yJIbTaT Io-
CJIGQHEro pacyera.

3.2. KparH9ecKan TeMneparypa
IS OTJIOXKEeHHH MATEpPHAJA HA CTéHKaX Tpybomposona

HCXOMHHNMH HaHHBIMH VIS pacyeTa KPUTHYECKOM TeM-
nepaTtypbl OTNOXEHHH Ha HArpeTod IOBEPXHOCTH 00OpyRo-

BaHUS SAB/ISIIOTCSA:
¢ TEeMIIEpaTypa Cpeabl CHapyXxH Tpybonposoaa Ty, K;
e TOJII{HHA OTJIOXEHHK! A, M;

CKOPOCTb ABIOKEHHS Cpeabl B Tpybornposone V, M/c;
KO3(pOHIMEHT TEIVIONPOBOIHOCTH MarepHana A , Br/(M - K);
TEIUI0OEMKOCTb HcciiegyeMoro Marepuana ¢, Jx/(xr - K);

3HEPIUA aKTMBALIKHM pEeaKlMH OKHUCIeHUS E , JIK/MOoib;
ylaeJbHOe TervioBninesieHue O, JIIK/Kr;

[MpeAIKCIIOHCHIIMAIbHNN MHOXHKTEMb Qkop / A, M - K/KT.

3.2.1. IlpuHuMast B nepBoM TNPHOMDKEHHH BEJIHYMHY
KpuTepuss bHO Ha XonoaHO# CTeHKe ciof Biy =4 H TeMmne-

paTypy cpedbl BHYTpH Tpy9SonpoBoaa 7r Ha 200 K Gonee Tg,

e & o & o
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BbIYUCJIIUTh CPEOHIOI (MeXOy TeMIlepaTypaMHU XOJOIHOMN
H ropsided IMOBEPXHOCTENH CJIOSA OTJIOXCHUN) TeMIlepaTypy

T'.p, 1o Qopmyiie

Tr '—TO
2 2le +1

3.2.2. Paccyurarb KOMIUIEKC g /av H KO3(PDULIMEHT

TETUIOIIPOBOAHOCTH BO3[yXa IO YpaBHEHUSAM (23) u (24).
3.2.3. Ilo HaWaeHHBLIM BBIILE 3HAYEHUSAM OIpPEeNeIUThH
OPYTYIO BEJIUYMHHY KPpUTEPpUSI DHO Ha XOJIOMHOM CTEHKE:

g B> (Tr -To) As 3| A
Biy =10,54 T
X = { vva T B+ 1) kTl (o (31)

3.2.4. HaiineHHoe B 1. 3.2.3 3HauyeHue BinoacraBUTh
B ¢popmyny (30) © mo BelpaxeHUsIM (23), (24), (31) HaHTH
HOBOe 3HaueHue Kputrepust buo. Ilpouecc urepauuit rpo-
IOJDKaTh OO TeX Nop, I0oKa NMOCAECAHASA U MNpeablayliass BEJIH-
YUHB He OyAyT OTJIMYaAIOTCA APYr OT JApyra MeHee UYeM

Ha 10 %.
3.2.5. Onpeneantb 3HaueHHEe KHMHEMAaTHYECKOM BS3KO-

CTH BO3/yXa IO BhIPAXECHHIO
v=787-101172% +501-1078T, -6,4.107°. (32)

3.2.6. BbIYHCIUTD BEIMYHMHY KpUTepUss bHO Ha ropsiuei
CTEHKE CJIOsl 110 Bblpa)KCHHIO

VD h
= 33
Blr (0 018( y ) D + 40’Tr le ( )

3.2.7. Paccuyutary Oe3pa3MEpHbI TeMIIEpaTypHbIM Ie-
pernajx ¥ rnapaMeTp a 1o BelpaxeHUsM (26), (27).

Tcp = + T() . (30)
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3.2.8. Onpeneautb napamMerp & no gopmysie
s 1 [ BiBix ]2 ]
2a\ 2Bi;Bix + Bir + Biy (34)

o0 +21n [2fe + Ja@ =D )]}

3.2.9. lna remneparypsl 1Tr ONpeaeauTh napaMerpsl B
M v; paCCYMUTATh KPUTUUYECKYIO BEJIMYUHY & 1o hopMmye (15).
3.2.10. IlonctaBuUTh BEJIUYMHY Oxp B ypaBHeHHe (11)

M HaliTU HOBOE 3HayeHUe TeMriepaTypnl 71y .

3.2.11. Hcnionb3ysa 310 3HayeHUE T, MOBTOPHTH pac-
4yeT napamerpos mno . 3.2.1—3.2.10.

3.2.12. YkazaHHyIO IIpoLCAYPY pacyera NpoHO/DKATH [0
TeX op, NOKAa Npeabuylliee ¥ IOCHCAYIOUICE 3HaYEHUS TeMIIe-
paTyphl He OyayT OTJIMYaATLCA APYr OT Apyra McHee yeM Ha 1 K.
3a KpUTHUYECKYIO TeMIlepaTypy NPHUHHMAETCs pe3yabTaT Io-
cJegHero pacyera.

3.3. KpAaTHueckni pa3Mep OTIOXeHHH
HAR HArpeTod NOBEPXHOCTH O000OPYAOBaAHMSA

UCXOAHBIMH JaHHBIMHM I pacyeTa KPHTHYECKOTO
pasMepa OTJIOKEHUM Ha HarpeTod MOBEpPXHOCTH OOOpyIOBa-
HUA SIBJISIOTCA:

e TEMIIEpaTypa IMOBEPXHOCTH, HAa KOTOpoH o06pasyrorcs
oTnoxeHust, ITr, K;

e TEMIIEpaTypa ra3oBOM cCpelbl OKOJIO XOJNOAHON INOBEpPX-
HOCTH cnos Ty, K;

e KOP(PHIMEHT TEIVIONPOBONHOCTH MaTepHana A , Br/(M - K);
® TEIUIOEMKOCTh UCClIeQyeMOoro Marepyana ¢, Ix/(xr - K);
e TerutoTa peakuuu Q, JIK/KT;

¢ SHEprus aKTUBALMM PEaklLUK OKHCIIeHU F |, Dhx/Mob;
® TMPEAIKCNIOHEHUHANBHLIA MHOXMUTENb Qky / A, M - K/KT.
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3.3.1. IlpuHuMass B NepBOM NPHUOMIDKEHUH BEIHYHHY
kpuTepus Bi =35, B coorBerctBUM C nm. 3.1.1—3.1.2 onpene-
JUTb TeMnepaTtypy Icp, KOMIUIEKC g /av U KOo3(pPHUUHEHT

TEIUIONIPOBOAHOCTH BO3/yXa.

3.3.2. IIlpynumas 3HadyeHHe h paBHbIM 0,01 M, 1O BEHI-
paXeHHIO (25) pacCcUMTaTh APYroe 3HaueHUe KpUTeEpUsS buo.

3.3.3. HapeHHoe B m. 3.3.2 3HayeHWe Bi NOACTaBHTH
B popMyny (22) u mo BeIpaxeHHAM (23)—(25) HaliTH HOBoOE
3Ha4YeHHue Kpurepuss buo. IIpouecc urepanuit npomonxarts
0O TeX MNOop, NOoKa MOoCAeHAHAS M NpelAbulryiliast BEJIHYUHBI HE
OyayT OTIMYaIOTCS OPYT OT Apyra MeHee 4yeM Ha 10 %.

3.34. B coorBerctBMH ¢ mnm. 3.1.5—3.1.6 BLINHCIUTH

Oe3pa3MepHEIN TeMIlepaTypHbIi mepenan 0y, napaMeTpol a,

0, Ba Ys Sxp -
3.3.5. IloncTaBUTHL BETMYUHY Oyxp B BBIPAXKEHHE

(35)

M HAUTH HOBOE 3HAYEHHE TOJIUHUHB! OTJIOXEHHUHN A.

3.3.6. Ucnonis3ys 3TO0 3HAYeHHE A, BLIYUCJIHUTL 3Haye-
HUe Bi B CoOoTBeTCTBHH ¢ mil. 3.1.3—3.1.4.

3.3.7. C yuyeroM IMOJY4YeHHOH BenuMuyuHBl Bi omnpene-
JINTh B COOTBETCTBUH C mim. 3.1.5—3.1.6 mapaMerphl 8 U dxp,

paccyuTaTth o gopmyne (35) 3HayeHue A.

3.3.8. Yka3aHHY10 npolleAypy pacuyera IpOAOJXATh OO
TeX Iop, INOoKa Npeabiayuiee M Iocieayollee 3Ha4YeHHUA TOJ-
IMUHBI CJI0OA He OyayT OTJIMYATLCA APYTr OT Apyra MeHee 4YeM
Ha 5 %. 3a kpuTHueckKuil pasMep NPHHHUMAETCS pe3yJbTaT
MOCJICAHEro pacyera.
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3.4. KparEyeckas TemMueparypa LS OTJIOXECHHH
MaTepHaja B TEXHOJOraIeCKOM 000pyXOBAHHH

McxooHBIMU JaHHBIMM IS pacyeTra KpUTHYECKOM TEM-
[nepaTtypsl OTNIOXKEHUI Ha BHYTPEHHEH NOBEPXHOCTU 0OOOpY-
DOBaHUsI SABJISIOTCS:

e TeMIlepaTrypa Cpelbl B ITPOU3BOACTBEHHOM IIOMEIIICHUUH
To, K;

e TOJILIMHA OTJIOXKEHUN A, M;
KO3 (PHUIIMEHT TeIUIONPOBOTHOCTH Matepyaia A , BT/(M - K);
TEIUIOEMKOCTDb UcciieayeMoro Marepuana ¢ , Jx/(xr - K);
3HEPIrus aKTHUBAllMM peakKUUH okucaeHus E |, JDK/Mob;
yaeJabHOe TerutoBbiaeneHue Q, Ix/Kr;
MpeA3KCIIOHEHLIMATbHLIIA MHOXUTENL Qkop / A, M - K/KT.

3.4.1. IlpyHaT, B niepBoM IIpUOJNVDKEHHMH BEJIUYHUHY
KpuTtepuss bHo Ha xonoaHoi creHKe Bix = 2, 3HaUueHUe KpHU-

Tepusi bUo Ha ropsiueM creHke Bir = 4, TeMnepaTypy cpeibl
B TexHoJIorHYyecKoM obopynoBaHUM 71r Ha 200 K Ooabiue
To . BBIYACIUTD CPEAHIOIO (MEXIY TEMIlepaTyYpPaMH XOJIOAHOH
MOBEPXHOCTH M IIpWIEralollero rasoBoro HpOCTPaHCTBA)
TeEMIIEpPATYPY 1o ¢opMyle
Ty - T
Tcpx =“—I;2—"£bx +TO, (36)
Bir

2BixBlr + le + Blr .
3.4.2. PaccyuTaTth KOMIUIEKC g/av H KO3(QPULIMEHT

TEIUIONPOBOAHOCTH BO3AyXa OKOJIO XOJOOAHOU CTEHKH 110
ypaBHCHUSAM (23) n (24).

roae by =
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3.4.3. Ilo HalJCHHLIM BbIllIE 3HAYECHUAM OIIPENEIUTE
Opyryio BEJIUYHUHY KPHUTEpHUSA DHO Ha XOJOOHOM CTEHKE IO
YPABHEHUIO

. A (T, To) h
Bix =| C 452371~
ix \[va T by 22 +4GTO o (37)

rne C — ko3dpdpuuueHT, paBHbIA 0,27 IS rOpHU3OHTAIHHOMI
[UTaCTUHBI, oOpallleHHON ropsiye cropoHoM BHHU3, U 0,54
IUI1 TOPU3OHTAJILHOH IUIaCTUHBI, OOpallleHHOH ropsiyey CToO-

POHOH BBEpX.

3.4.4. HalineHHoe B 1. 3.4.3 3HayeHue Biy NoacTaBUTH
B popMyJy (36) ¥ no BeipaxXeHUSIM (23), (24) n (37) HanlTn
HOBO€ 3HadyeHUe KpuUrepuss buo. IIpouecc urepaumil 1po-
NOJIKaTh OO Te€X Mop, IOKa NOCHeaHAS U Ipeablayllasi BEJIHU-

YUHBI HE OyayT OTJIMYaThCA APYr OT JHOpyra MeEHee 4YeM

Ha 10 %.
3.4.5. C yyeToM NnocaeOHHUX 3HAYEHUU KpuUTepuUsd buo

BBIMUCINTL CPEOHIO (MEXIY TeMIlepaTypaMH Topsdyei Io-
BEpXHOCTU M INPWIEraiolIero ra3oBoro IpPOCTPAaHCTBA) TEM-

nepaTtypy rno opmyie
1
Tepr =5 (Tr(2-br) + Tobr), (38)
le
2leB1r + le + Blr

3.4.6. PaccyuTaTh KOMIUIEKC g /av ¥ KO3(D(PHUUMEHT

TEIUIONPOBOJAHOCTH BO3AyXa OKOJIO ropssyerd CTEHKH IO ypaB-
HeHHSAM (23) u (24).

roe br = —
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3.4.7. [To HaliieHHBIM Bbilllc 3HAYEHUSIM OIIPEAEIHUTD
IPYIYIO BeJWYHMHY KpUTepust bHMO Ha ropssyuert CTEHKE IO
BBIPAOXEHUIO

Bir = £ 2 AVr770) +4cTr 27 (39)

3.4.8. HaiinenHoe B 1. 3.4.7 3HayeHUe Biy IIONCTABUTH
B popmyny (38) u no ypaBHeHUsM (23), (24) u (39) HaiTH
HOBOE¢ 3HayeHHe Kpurepus buo. Ilpouecc ureparmit mnpo-
JOJ/DXATh OO TeX IMOop, MOKa IMOCIEIHSAS U YIpeoblaylllas BeJIU-

YUHbBI He OyayT OTAHUYaTbhCH Opyr OT JApyra MeHee 4YeM
Ha 10 %.

3.4.9. IloncraButeh nociegHee 3HayeHUe Bir B dbopMy-
ay (36) 1 nmo ypaBHeHUsIM (23), (24) u (37) HaTH HOBoOE
3HayeHue Kpurepust Bix. Ilpoiiecc urepauui nponosxarb

N0 TeX NOop, NOKa MOCHCAHAS U NpeAblAyllass BEJINYHWHLI HeE
OynyT oTJIMYaThCcs APYT OT Apyra MeHee 4yeM Ha 10 %.
3.4.10. Paccyurarp 6e3pa3MepHbI TEMIIEpaTYPHDbI ne-

pemnaj, mapaMeTpbel a U & o BbeIpaxeHHUsM (26), (27) u (34).
3.4.11. 1na remneparypsl Ty onpenenurhb rnapamMeTpnl 3

M vy, BHIYUCIUTH KPUTHYECKYIO BEIUYUHY & Mo dopMyae (15).
3.4.12. IlogcTtaBUTh BENHYHMHY dy, B ypaBHeHHe (l11)

U HAalTH HOBOE 3HAYEHHUE TeMIiepaTyphbl Ir.
3.4.13. Ucnonp3yss 310 3HayeHHe 7, NMOBTOPHUTbL pac-

4yeT napaMeTpoB 1o mnmn. 3.4.1—3.4.12.

3.4.14. YKa3aHHYIO ITPOLECAYPY pacyeTa IpomorxXaTth A0
TEX IMOp, NoKa NpeAbIOYIICE U MOCIEAYIOIICE 3HAYCHHUS TeM-
riepaTypsl He OyayT OTJIMYATbhCA ApPYr OT JApyra MeHee 4eM
Ha 1 K. 3a KpUTHYECKYIO TeMepaTypy NPUHUMAETCHA PE3YJIb-
TaT MOCJIEAHEro pacyera.
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IIPHJIOXEHHE 1

1. Pacuer kpurepua Ppank-KameHenkoro g
S HEKOTOpHIX (pOpPM YIIAKOBOK MATEPHAJIOB
1. BoIMUCISIOT OTHOIIEHHME KBapaTa XapaKTepHOIo pas-

MEpa Teia pe (HarmpuMep, MUHUMAJILHOINO pa3Mepa TeJa 1o of-
HOW M3 OCEH KOOPAMHAT) K KBAaJpaTy 3KBUBAJIEHTHOM cdephl

PDpaHk-KameHexoro RO2 110 OMHOMY M3 IPUBEIEHHBIX HMXE

COOTHOILIEHUN.
DeCKOHeYHMH NpAMOYIOJbHLIA CTEepXKeHb IornepeuyHbIM

ceyeHueM 2ax2b, p = b/a:

. 2 |

r_a_2 arctgp+-1—-arctgl+—1—'. (I11)
2 2 2

RO RO 3n p P P

XapakTepHblii pa3Mep r — MOJOBHHA HaMMeEHbileH M3
TpEX CTOPOH CTEPXHSA a .
beckoHeunnl KB2ApaTHBLIM cTEpXeHb ( p = 1):

a 2
£ _- 3;[Zarctg1 +1]=0,5455. (I12)

Ry

IpsMOYTONBHALM OHJHHAP pPagUyCoOM I, BBICOTOU 24,

p=rj/d:
ré 1 g 2
.__i.:s{ + 1+p2}. (IT3)

Kpyrosoik nmmHAp ¢ noaycHepHIYecCKHMH IJHMINAMH,
paguyc LUWIMHApPA r paBeH pagvycy OHUIL, JUVIMHA LWIMHIPH-
yeckoit yactM 2d, p=r/d:
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P2 120+ pPl+ p? - p2(1+2p)
S e oSS TE TR (I14)
Ry 3 (1+pY

DIUMNCOKA C NMONYOCSIMU a, b U c¢(a — HauMeHbllIas
M3 MOoJIyoCceH):

2
ER_OZ— = %—[1 + az[};l—i- + —Clz-):l (I15)

YcedeHHLI 3JUIHICONA BpameHHMs BBICOTON 2d , paauy-
COM r, paqUyC CeYeHUs 3JUTHIICOMAA IUIOCKOCTBIO a :

2 2
r _ _l_[f_+__2____:I (116)

R& 3| d \/1+a2/d2

Ectm r/d 51 1 a—> 0, N0OBEpXHOCTb YCEYEHHOTO 3J1-

JIAIICoMaa rnpeobpasyercs B cdepy.
MHoroyroJsnellf NHJHAHAP BHICOTON 2d , paguyc BIH-
CAaHHON OKPYXHOCTH r, YUCJIO CTOPOH n, p=r/d:

2
d k [1: 24 Z[p +cosz—1£)+

_R? 3n|{n n
( )a.rcth ] . (I17)
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beckoneuHbIi MHOTOYTOJbHBLIMN NHIHBEAP, d /r — ©:

2
I—z—l-[1+—~’-z—sin—2}-]. (I18)
Rg 3 21 n
ToRKHH MHOIOYTOJBHLN NWIRHAP, d/r — o
d* 1

Rg =3 (rutockas IUIMTA C MOJYTOoJdIUiMHOoN d).  (I19)
IIpsamoyrosmannii Opyc co cropoHamMu 2a, 2b, 2c,
p=b/a,g=c/a:

2
_?__=§2—arctgt g #.2_}(
Ry % Vi+p?+q

I q
+ — arctg + ¥, (I110)
p’ [,;,/1_4, p* +q2] }

2 2
1 amtg[ p J+_______W_

rne ¥ =— .
g1+ p? + ¢

q2
KBaapamamii Opyc, a=c, g=1, b= pa:

u3 ypaBHeHus (I110):

2
a 2 P
— 2arctg +
Ry 3 [JZ + p° }

2
+'_l§'arctg{-——l—-J+ 2xp } (I111)

P p2+p2 p
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2. HaxopsaT paauyc 3KBHBAJIEHTHONH cdephl CeMeHOBa
1o popMyJie
V

R, =3§’ (I112)

rae ¥V — obbneM ynakoBKM MaTepuana, M3, S — ee BHELUHSA
NOBEPXHOCTD, M-2.

3. OnpenensioT OTHOLUCHUE KBaJpaTOB paguyca 3KBH-
BaJIeHTHBIX cep PpaHk-KaMeHenxkoro 1 CeMEeHoOBA:

c=R}/R?. (1113)

4. Berqucasiior dakrop dopMbl VIS 3aJaHHON IeoMeT-
PUH YIIAaKOBKM MaTepMasa:

j = 30 — 1 N (H14)
5. Haxonar ¢yHkumIo F(J) no gopmyie
N 2/j+6
F{j)= : I115
U)==17 (T115)

6. PaccyuThIBalOT BEIMYMHY napaMerpa OpaHK-~

KaMeHeLKOoro ¢ moMollbi0 (GPOPMYIIHI
2
N 4
30 = 3F(j)-R?. (I116)

2. IlpaMep pacuera mapamerpa OS¢
IS 0ECKOHEYHOro KBaAPATHOIO CTePKHA

1. JU1a KBagpaTHOIO CTEpXHS CO CTOPOHOM a B COOT-
BETCTBUH C popMyaoH (I12)

02
2 _0,5455. (I117)

R
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2. Paguyc 3kBHBaJIeHTHON cdepbl CemeHoBa onpene-
auM 1o ¢opmyiae (I112):

3(2a
4.2a
3. U3 Boipaxenus (I113) ¢ yyeroM dopmyn (I117)

n (II18) Hailmem OTHOlIEHME KBaJApaTOB pPagUyCOB 3KBHBa-
JIeHTHBIX chep PpaHk-KaMeHenkoro 1 CeMeHoBa:

R; = = 1,5a, win R? = 2,25a%. (I118)

2 2
- 55 g - 0815. (I119)
R2  0,5455-2.254%

4. YucieHHy10 BeIMYHHY dakropa PopMbl I OeCKO-
HEYHOI'0 KBaApaTHOI'O CTEPXHS ITOJYYMM C NMOMOILBLIO POp-

My (I114) u (I119):
j=3c-1=3-0815-1=1443. (I120)

S. Boruncaum ¢yHkumio F(j) no ypasHenusm (I115)
1 (I120):

F(j)= 2’ ! 6 =1,051. (I121)

6. Beﬂnqnny rnapaMerpa @Ppank-KameHenkoro 8y ans

KBaIpaTHONO OECKOHEYHOro CTEpXHS HaHAeM C ITOMOLIBIO
dopmynsl (I116) n 3Hauenunit pynkumid (I117) u (I121):

2
80 = 3F(j) = = 3-1,051-0,5455 = 1,72.

R}

ToyHOEe 3HaYyeHHUE ITOro rnapamMeTpa, INoJYYEHHOE YHUC-
JICHHBIM MeToaoM, paBHo 1,70.
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ITPH/IOXEHHE 2

1. IlpamMep pacuera
KHHEeTHIECKHX NapaMeTpoB peaknuHd OKHCJICHHSA

PaccyuTaTh 3SHEPrui0 aKTHBALMHM M MPEA3KCIIOHCHLM-
aJIbHBI MHOXMUTENbh I peaKIIMH OKHCJIEHHUS XJIOIKa IIo
3KCIIEPUMEHTAIBHBIM JaHHBIM, IIDUBCIACHHBIM B IIE€PBBIX
nByx rpadax tabna. I1 2.1.

Ko3adduuuMeHT TemIonpoBOOHOCTH XJIOMKaA A =
= 0,042 Bt/(M - K); TeruioemkocTts ¢ = 1505 JIx/(xT - K); Ten-

JoBoH 3ddexT peakumn Q@ =175 107 IX/Kr;, IUTOTHOCTH
YIIAKOBKM MaTepHaia p = 80 Kr/m->.
Pacyer npoBeneM A obpasua pasMepoM D =35 MMm.

JlaHHbIe ISl APYTUX pa3sMepoB IOJYYHUM, IOBTOPSS TpPUBE-
NEHHYIO HHKE ITOC/IeA0BaTeIbHOCTh pacyera.

1. Ilo ypaBHeHusIM (1) ¥ (2) w11 Kaxaoro pasmepa o0-
pasua BBIYHCIUM 4YHcna Panesa. IlpyHuMas B nepBoM NpH-
OsimxeHun sHeprvio aktuBauuu £ = 100000 Ix/Monb, pnsa

oOpasua pasMepoM D = 35 MM MNOJYUHUM:
1770

Ra=12-108¢ To p3 20 RTo _
E
L7 8.314 - 485
=12.10%¢485 (35.1072) 222272 _ 7978 .
2107 %5 ( Y oo - 078

2. Ko3dppUUMEeHT TEIUI0OOTAaYY o HalaeM IO ypaBHe-
HU10 (3):

a = 0,54 Rg%% }I; + 4:::r7’”0 = 0,54 - 79789:25 0, 033

0,035

+4.567-107%.485% = 314 Br/(M2 - K),
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rie TeIUIOIIPOBOAHOCTDL BO3ayXa oIlpenesicHa 1o popmyie (5):
Ap = 6,98-107 +6,41-10Tp=
= 6,98-107° + 6,41-107° . 485 = 0,038 Br/(M - K).
3. BeiuuciauMm Kputepuit buo, cooTBEeTCTBYIOILUMMA pa3Me-
py ¥ KO3QPUIIMEHTY TEIUIOOTIAYHU IS KaXIoro obpasua:

. ar _ 31,4.0,035
B = 3L,4-0055 _ 5
=T 2002 Pl

4. BenuunHa ¢yHkuumu ¢(Bi), yuuThBalOIEH MHTEH-

CUBHOCTB TeIlZIoOOMeHa obpa3lia ¢ BO3NYXOM, IS TTOJIYYEH-
HOro sHayeHHUs Bi COCTaBHT:

'(p(Bi)=-—B-2—i( Bi +4 - Bl)cxpigl *;l B2

— 2
_ 1-32’—1(\/13,12 +4 - 13,1) exp { VISIT +4 =131 - 2} - 0,863,

13,1
J. PaccyuraeM napaMeTpel B U ¥y

RTy __ 8,314 -485
E 100000

cRTy _ 1505-8314-485> | (0 103
QE  1,75-107-100000

6. Kputnueckoe 3HayeHHe mapaMerpa ®paHK-Kame-
Helxoro Oyaer paBHO:

5xp = S00(Bi)1 + B)I + 2,4y¥3) =
_ 2,52.0,863(1 + 0,04)1 + 2,4-0,00186%3 ) = 2,34,

B = =4.107%;

'Y..—..
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rne o9 — KpHTHYECKass BeJIMYMHA IIapaMeTpa o, COOTBETCT-

BYIOLLIast UHTEHCUBHOMY TEIUIOOOMEHY, IS obpa3loB KybOH-
yecKoil (opMbl paBHas 2,52. Pe3yabraThl BBIUMCICHUM U
Bcex oOpa3loB npencranBicHbl B Tadn. 11 2.1.

Tabauya IT21

Pazmep | Ty, -3
| ® | R, Gix nm-

7978
24599
71161

260650
646034
2016710

7. Tlo ypasHeHHM1I0 (13) Isi KaXxnoro pasmepa obpasua
paccyUTaeM BeJIUYUHY M :

SxpRTy  2,34-8314. 4852___187_103
r20  (1,75-10°%)2.80 |

8. C noMolplo 3TUX 3HAYEHUN U ypaBHeHuUA (12) Me-

TONOM HaUMEHBIIUX KBaJApaTOB OIPEACIIUM UYMUCIEHHBIC 3HA-
yeHUsA N U 3HEepruio akTUBaLUUHU £ .

9. BeIYUCAUM NpPEA3KCIIOHEHUHAIBHBINA MHOXMTEND pe-
akKIIM¥ okMcneHuss Qko /A nyreM npeneHnss N Ha E . aH-

HBIe pacyeToB 1o ni. 7—9 ceeneM B 1abin. IT 2.2.
Tabauya 1122

M, N
Pasmep ’ ” E Qko/A,
To, K Jx-Mm-K Ix-M-K ) . K/

1,38 - 1022 128980 | 1,07 - 1017
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10. IloBTOpsis pacyeT 1o nmn. 1—9 ¢ BeIUYUHONH 3HEP-
r’MM axkTuBauuMu F =128980, HaiimeM HOBble 3HAYEHMUSA

3Heprud aktuBauuMu FE =128 950 JIx/Monb U Inpea3KCIio-

HEHLIMaNbHOro MHOXuUTeNss Qkg/A =1,05-107 M . K/xr. Tak

KaK IMOCJeOHHUE BEIUYUHBI NMPAKTHUUYECCKH HE OTIHYAKOTCH OT
NpeabIAYLIUX, ITpOLUEeCC UTEpallMi CilIeayeT INpeKpaTUTb M 3a
KMHETHYECKHUE MapaMeTphbl peakKLIMH OKHUCICHUS XJIOMNKa TpH-

HATh £ =128 950 JIx/Monb u Qko/A = 1,05-1017 M - K/KT.

2. IIpamep pacyera KpATHYECKON TeMmepaTypsl

PaccyUTare KpHUTHYECKYIO TeEMIIEpaTypy OKpYXaloLiei
cpeabl MPHA TPAHCIIOPTHUPOBAaHHUU KOCTHOM MYKM B Xe€JIE3HO-
OJOPOXHBIX BaroHax. BaroH npeacraBaser coboil napasiese-
IUnen IWUMpUHOHN 2,75 M, IJIMHOHM 15,7 M ¥ BhICOTOM 2,7 M.

HcxonHBIMHM JaHHBIMH IUISE pacyeTa SIBISIIOTCS:

e IUIOTHOCTb MaTepHasa p = 660 Kr/m3;

e KO3d@HUUHEHT TECIJIONPOBOAHOCTH MaTepHaja A
= (0,14 Bt/(M - K);

e TENMJOEMKOCTb HMCCIEeayeMoro MaTepHaja c
= 780 Ix/(xr - K);

e Teruiora peakuuud Q = 350 000 JIx/kr;

¢ 3HCpPrUuss akKTHBalHUH PpPCAKIIHH OKHCIICHHUSA E

= 50 740 JIx/MOnb;
e NMpeA3KCNOHEHUHaJbHHNH MHoOXHTEeNb Qky/A =
= 246108 m - K/xT.
1. 1 3agaHHOM (opMbl U pasMEpOB BaroHa omnpeze-
JIMM B COOTBETCTBMH C Npwl. 1 BeJMYMHY KpUtepusi PpaHk-

KaMmeHelKoro 9.
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2. OTHOLlIEHME KBAJApAaTOB ITOJYBLICOTHl BaroHa K 3KBHU-
BaJIeHTHOU cdepe PpaHK-KaMeHelKOro pacCYUTaeM KakK JUIA
NPSMOYTOJbHOTO 6pyca 1o BeipaxeHuio (I[110):

2 2
rme V¥ = -—1—2- arctg P JNLHPT+G
q q;)l + p* +q° Pq

a, b, ¢ — 10J0OBHHBI CTOPOH Opyca, @ — HaUMEHbIIIasg CTOPOHaA,

p‘-'—'b/d, q=c/a.
IloapcTaBnsisi p, g B 3TH paBEHCTBA, NMOJYYUM:

62

_i- - 0,539
R/

3. CpegHuit paguyc 3KBHBaJIeHTHOM cdepnl CeMeHOBa
pPaBEH:

g _ 3-2,75-15,7-27

= 1,88,
S 2. 12,75 15,7 +15,7-2,7 + 2,7-2,75)

rie V', § — o6beM H NMOBEPXHOCTH IPY30BOI0 MPOCTPAHCTBA
BaI'OHa.

4. Ha ocHoBaHMH (I119) u nBYX nocineaHUX BHIpaXXCHHUNA
OTHOLICHHE KBaJpaTOoB pagMyCOB 3KBUBAJICHTHHIX cdep
PDpaHK-KaMeHeukoro 1 CeMeHOBa COCTaBUT

2 2 2
0=—R.-%=—*———a-———-7='——!'£-——-§=0,962.
R 0,539.188 0,539-1,88
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5. ®Paxktop ¢opMbl npsiMoyroiabHoro 6pyca mno (I114)
pPaBEH:

j=3c-1=3-0962-1=189.
6. CornacHo (I115) dynkuus F(j) 6yner paeHa:

.. _(2j+6)__=2-1,89+6 B
FU)= G+7) 1,89+7 aha

7. B coorBercTBUM C (I116) mapamMeTp 8¢9 COCTAaBUT:

N 2
50 = 3FUB” _3.11.0539-178.

R02
8. IToncraBMM NOJYYECHHYIO BEJIUYHHY 89 B (hopMyy
E
Oxp = Orko _E r‘e RTo
A RT{

BMECTO Okxp U, PELIMB €€ OTHOCHUTEJIbHO 710, MONYYHM HYJIe-

BOC NMPHOIMXEHUe UIST 3TOH TeMIiepaTypbl, paBHoe 260 K.
9. C noMoI1UbIO MTOJYYEHHON BENUYHHBI PACCUUTAEM:

cRT  780-8,314 - 2607
0 ’
QE  35.10°-50740

pPEACIAIOIINUN BhINOpaHHUE BEIIECTBA,

B = RTp _ 8,314-260
~ E 50740
3YIOIUHA peaKIIHIO OKHMCJIEHUA.

10. Tax KaK Wi1st pa3MEPOB YITaKOBOK, MPEBbhIIAIOIMX 1 M,
o(Bi) = 1, Be3pasmMepHoe 3HaYEHHE KPUTHYECKOTO Mapamerpa

Dpank-KaMeHelKoro, yYYUThIBAIOLLETO BHITOPaHUE BeElECTBA
M CBOMCTBa peaKLIMH I'OpeHMs, orpeaeiiuM no gopmysne (15):

= 0,043 — mnapamerp, Xxapakrepu-
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Sxp = 80(1+ 24y73)(1+p) =
= 1,78(1 + 2,4 - 0,025%°)(1 + 0,043) = 2,23.

11. PeuuuB ypaHeHue (11) oTHOCUTENBHO TeMmepary-
pel, nonydyuM 7o =263 K (uiu —10 °C). CrnenosarenpHo,
MIPH IIEPEBO3KE KOCTHOHW MYKH B XEJIE€3HONOPOXHBIX BaroHax
[IpM TeMIlepaType Bo3ayxa, npeBbluamoliein —10 °C, Bo3-
MOXHO CaMOBO3TOpaHHe TPaAHCIIOPTUPYEMOI'O NMPOAYKTA.

3. IlpaMep pacuera KPHTHIECKOro pasmepa

Paccyurate MUHUMaNbHbIA O€30IMacHBIl pa3Mep HacChl-
MU IPA TPAHCIIOPTUPOBAHUU KOCTHOH MYKM B XeJIe3HOHO-
POXHBIX BaroHax.

Pacyer npoBeneM i BepXHeHd IpaHUIbl AHAla30HA
KJIAMaTUYECKOrO Iepenaga TeMIlepaTyp BO31yXxa B CpeaHEl
nonoce Poccuu, paBHoit 40 °C, wiu 313 K.

HMcxomHBIMM JaHHBIMM IS pacyeTa KPHUTHUYECKOIO
pa3Mepa ABRIAIOTCA:

e MUJIOTHOCTb YIIAaKOBKM MaTepHana p = 660 kr/m3;

¢ KOIpOPUMUHEHT TENJONPOBOAHOCTH MaTepHala A
= 0,14 Bt/(M - K);

¢ TEIVIOEMKOCTb HCCIEAYEMOIrO MaTepHana ¢
= 780 Ix/(xr - K);

e Terora peakuuu Q = 350 000 Jx/kr;

e SHEprus akKTHBAllUU peakUHUHU OKuciJeHUs F
= 50 740 JIX/MOJIb;

e NpeA3KCNOHEeHUHaNbHBIA MHOXHUTEeNL Qkg/A
= 2,46 . 108 M - K/KkT.

1. BEINONHHUB pacyeT B COOTBETCTBMHM c mm. 1—7 npe-

ABIAYLLETO NpUMepa, HatimeM, 4to 8¢ = 1,78.
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2. Ina temnepatrypsl 709 = 313 K BLMHCIMM INIapaMeT-
pel B B yno ypaBHeHHsIM (8) ¥ (9):

RTo _8314-313
=820 5200007 10,0513,
b= 50 740

= 03702 _780-8314-313 _ 0,0358.

QE  35.10°-50740

3. Cyuras ¢(Bi)=1, ompenenuM mnapamerp 8xp IO
popmyie

Sxp = 00(1 + BXI + 2,472/3) =

- 1,78(1 + 0,0513)1 + 2,4 -0,0358%3) = 2,36,

4. B nepBoM npuOIUKEHUHM MUHHUMAIBHBIA pa3zMep
HalimeMm U3 BblpaxeHHUs (16):

50740

5. Ilo ypaBHeHusiM (1) ¥ (2) 1A HONYYEHHOIO pa3Mepa
BHIYMUCIIHM YHCJIO Panes:

1770
Ra=12-108e o

Il

= (0,26 M.

3 RTp _
D E
1770

=12-108¢ 313 0523%_247 108.
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6. KoadpduuueHT TeruiooTnaud o HalaeM IO ypaB-
HEeHUIO (4):
0,027 .
0,52

@ = 0135Ra%33 22 4 4T3 = 0135247105

+4.567-107%.313% = 113 Br/(m- K),

e TEIUIONPOBOAHOCTDL BO3AYyXa orpeaeicHa 1mo popmye (5):
Ap = 6981073 +6,41.107°Ty =
= 6,98-107 + 6,41-10™ - 313 = 0,027 Br/(M - K).

7. BeIMUCIHM KpHUTepHit DbHO, COOTBETCTBYIOLLMHA pa3-
MEpPY M KO3DDHUIUIMEHTY TEIUIQOTAAYM AT KaXXKAOoro obpasiia:

Bi - M _ 11,3-0,52

8. BenuunHa ¢yHxkumu ¢ (Bi), yuuTHIBawILEN HHTEH-

CUBHOCTh TEIUIOOOMEHa 00pa3lia C BO3AYXOM, JUIA ITOJYYECH-
HOro 3HayeHMs Bi COCTaBHT:

. .9 -
¢(Bi) = %(JBiz +4 — Bi)cxpl-ﬂﬁiz =
[ 2
1123(J1132+4 113)cxp(—-—1—!’—3—+-4—:1ﬂJ=0,911.

11,3

9. Kputuyeckoe 3HayeHHe mnapaMeTpa PpaHk-KaMme-
Heukoro oyaer paBHoO.

Sxp = Soo(Bi)1 + B)l + 2,4y%°) =
=1,78-0,911(1 + 0,0513)1 + 2,4 -0,0358%3 )= 2,15.
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10. ITo ¢dopmyne (16) BEIYMCIMM HOBOE 3HAaYEHHUE pa3-
Mepa HaChINIM MaTepuajia:

E

ART/ 8 pe RT0
EQkop

50740

2122 . 8314 .313
8,314-313“.215e _ 025 m.

50 740 - 2,46 - 10® - 660

11. CpaBHUBasi 3TO 3Ha4YeHHE r C €ro BEJIUYUHOH, I1O-

JIYYEHHOH B II. 5, BHJHUM, YTO YYET MHTEHCHUBHOCTH TEILUIO-
oOMeHa NnpakKTHU4YeCKM He HM3MEHWI 3HAauYeHHUS] KPUTHUECKOIo

pa3Mepa. IlepeBo3dka KOCTHOU MYKH B XEJIE€3HOHOPOXHBIX
BaroHaX HacChIbIO NMpeACTaRIsIeT OITaCHOCTh CAMOBO3ropaHus

3TOIo INPOAYKTA.

4. IlpaMep pacyera BpeMeHH HHAYKIHH

Paccyutath BpeMsi MHAYKLMH NPH NEPEBO3KE KOCTHOM
MYKH B Barole npu remreparype 20 °C (293 K).
HUcxonHbIMU IaHHBIMU VIS pacyeTa siBISTIOTCS :
e TEMIICpaTypa NepeBo3ku Marepuania To= 293 K

e KpHTHYECKAsl TeMIlepaTypa CaMOBO3IrOpaHHUsl ISl 3aJaH-
HOTIo pa3Mepa H ¢opMbl YIIaKOBKH MaTepHana Typ = 263 K;

e ¢daxTop GOopMHBI YIIAaKOBKH MaTepHana j = 1,11;
e pa3Mep YINakoBKd r = 1,35 m;
e IUIOTHOCTDb YITAKOBKU Marepuaia p = 660 kr/m3;

e KO3(p@PHUILUMEHT TCIJIONPOBOAHOCTH MaTepHala A =
= 0,14 Br/(Mm - K);
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® TCIINOCMKOCTb HCCICAYCMOITO MaAaTCpHaJla ¢ =

= 780 Ix/(xr - K);
¢ Terurota peakuMu Q = 350 000 Ix/xr;

e 3HEPruss aKTHUBALMHU pPeakKUUMU OKHUCIEeHUSs E
= 50 740 JIx/MOb;
e NpPEA3KCNOHEHIIHANbHBIH MHOXUTeNb Qkg/A =

= 2.46 - 108 M - K/kT.

1. Ilo Temnepatrype Ty BLIYHUCIUM NapaMeTpbl U ¥
¢ nomounio dopMya (8) 1 (9):

5 = RTy _8,314-293 - 0,048

"E 50740
cRT{  780-8314-2932

QE  35.10° -50740
2. Ilo ypaBuenusiM (1) u (2) HaigeM yucino Panes:

‘Y: =0,031.

1770 T
Ra=12-108%¢ To D’ ——-REO =
U 8,314 - 293
~12.108¢393 .973 2227472 _ 477.10'0
1,.2-10% 2.7 0740 AT

3. KosdduuMeHT TeIUIOOTAAaYH «a OIpedejiuM I10
ypaBHEHUIO (4):

o = 0,135R¢:z0 333 }B +40T3 =

026
27

+4.567-107%.293° = 10,3 Br/(m - K),

rie TEIUIONPOBOAHOCTL BO3AyXa pacCYMTaHa 1no dopmyne (35):
Ap =698-1072 +6,41-107Tp =
= 6,98-1073 +6,41-10™ - 293 =0,026 Bt/(M - K).

- 0,135{4,77.1010) " &
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4. BuluucauM KpuTepuit buo, cOOTBETCTBYIOLIMI pa3-

Mepy U KO3(hPHULMEHTY TEIUTOOTIaYH I Kaxaoro obpaslia:
ar _ 10,3-1,35

Bi = 99495 _ g9
Y o1

5. IIo dpopmyne (11) paccunraem mnapamerp &, COOT-
BETCTBYIOIIMHA TeMIiepaTtype XpaHeHusi Tp, ¥ mapaMmerp Oy

JUISI KPUTHYECKOH TeMnepaTyphl Tkp:

E
O = Q_F_)k.(.)_._. §2_r23 RTKP —
A RTZ,
50740
_ 246108 - 60—>27 4-0—2- 1,35%2¢ 8314293 _ 189
8314 -293
- E
A RT
50740
= 2.46.108 -60——5—0—7-‘5]—-2-1,35% 8,314-263 _ 718,
8314 -263

6. BouMCIMM OTHOCHUTEJILHOE YyOaJleHHE OT Ipelena
BOCIUTAMEHEHUSA

5 189

A=— = 8,67
Sxp 2,18
U GYHKIUHH
1-4-A"2%fy
1(A,y)=1+0,62——— Y. _
Si& (A -095)"2

~2 /
=] + 0’62.1____-_3.__.8_’_61_______009’031 = 1.1;
(A —0,95)%
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1+1,5(1-0,1A)/]Bi

Bi Ay L+ LSA-01A)j]Bi
J2(J,B1,4) =1 161+ B)
1 +1,501-0,1-867)1,11]99 0924,
16 (1 + 99)

7. PaccunuraeMm 6e3pasMepHOE BpeMS MHAYKLHH:

1= fi(A, 1) 20/, Bi, A)1 + 2B) =
= 1,1-0,924(1 + 2-0,048) = 1,11.

8. OnpenenuM pasMepHoOe€ BpEeMSt MHAYKUUM fi (C) MO

dopMyiie
2 Ee
‘l.‘CRTb RT

QkoE
50 740
_ L11-780-8,314- 2932 08314293 _

" 246-10%.014- 50 740
= 393152 ¢ =109,2 4 = 4,55 cyTOK.

Iy =

5. Ilpamep pacuera KpATRYECCKOH TEMUEPATYPHI
HarpeToli MoBepXHOCTH 00OPYAOBAHAR
IS OTJIOXEHHH BEmecTs

PaccyuTaTh KpUTHUYECKYIO TEMIIEpaTypy Hapy>XHOH No-
BEPXHOCTH 3JIEKTPOOOOpYNOBAHUA IS OTIOXEHHH LUIaMO-
BOM MYKHY TOJILIMHOK 1 CM.

HcxonHBIMU JaHHBIMU IUIA pacyeTa KPUTHYECKOM TeM-
neparypbl OTJOXEHHH Ha HarpeTod NOBEPXHOCTH 0bopyao-
BaHHNS SABISIOTCS:

e TeMIlepaTypa cpelbl, B KOTOpPOl 0ODOpa3yiorcs OTIoXe-
Hust, 79= 300 K;

e TOJIUMHA oTIOXeHUK A = 0,01 Mm;
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e KO3((PHUIIMECHT TENJIONPOBOAHOCTH MaTepHaja A
= 0,055 Btr/(M - K);

e TENJOEMKOCTb HCCJIEAYEMOIo MaTepHaja ¢
= 1550 Ix/(xT - K);

e 3Heprusi aKTHBalUHUHU peaKIMHM OKHCJIeHHUsA FE
= 66 597 Jx/Mons;

o yaeabHOe TernoBbigeseHue Q = 349 637 Ix/kr;

e MpeA3KCINOHECHLUHAAbHBIN MHOXHUTEADb Qko/A
= 2.55.1013 M. K/kT.
1. IlpuHuMaa B nmnepBoM MPHONIMXECHHUH BEJIHYHHY KpH-

TepHA Bi = 4 M TeMIleparypy HarpeTod MoOBEPXHOCTH 0OOpY-
noBaHuA 7y paBHON 500 K, BBIYUCIUM CpEAHIO (MEXAY

TeMIICpaTypaMHd HAarpeToM IOBEPXHOCTH H Ta30BOIo IIpoO-
CTpaHCTBa) TeMIeparypy 7., mo gopmyie (22):

500 - 300

= 0 =31
_(—_jzznu +To = 577y 300 = 311K,

2. PaccuuraeM KoMIUiekC g /av U ko3dpdHUHEHT Tell-
JIOTIPOBOAHOCTH BO3AyXa IO YpaBHEHHAM (23) u (24):

1770 1770
g

£ -12.10% T =12.10% 311 - 35554.10';

I

s =6,98-1072 +6,41-10°Tpp =

-698-10~ +6,41-107-311 = 2,6915.10~2.

3. Ilo Ha¥imeHHBIM BHIIE 3HAYEHHUSIM OIPEACIUM IpPY-
I'YIO BEIMYMHY KpUTEpHsI bHO 110 BRIpaXeHHIO (235):

: h3 (Ir — To) lB h
Bi=|C 4
‘ [ #va To @Bi+1) &k oTp m
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10 3
_ {0’27 4/3,5554-10°" - 0,01°(500 - 300)

300(2-4 + 1)

10—2
. 20915-10 +4-5,67-10‘8-3003]r 001 _ 03,

0,01 2-0,055

rne C — xKoa@dmumeHT, paBHbIi 0,27 11 rOpUM30OHTAIbHOM
IUTACTHHBI, ODOpalliIcHHOMN ropsiyesi CTOPpOHOM BHH3 (NIPUHH-
MaeM B HallleM CJiyyae KaK Hanboiee XeCTKHH BapHaHT).

4. HalipeHHoe B n. 3 3HayeHHe Bioriauyaercd ot npu-
Hsitoro B 0. 1 6onee yueM Ha 10 %. IloncraBuM mnocnegHee
3HayeHHe Bi B ¢opMmynabl (22)—(25) U NOAy4uM BEIUYHUHY
Bi = 1,15. Tak Kak 310 3Ha4eHHE OTIMYACTCHA OT IpeablIyILe-
ro 6onee yemM Ha 10 %, noacraBuM rocaenHee 3HauYeHUE Bi
B dopmysnbl (22)—(25) n nonyyuMm BesuuuHy Bi= 1,14.

Tax xak mnociaeaHss H Npeablaylliass BEJIWYMHBI OTIIM-
4alTCs APYr OT Apyra MeHee yeM Ha 10 %, B JalbHEMIIMX
pacyerax MCNojan3yercsi BeJuyuHa Bi =1,14.

5. IIpousBeneM BuiMUCAEHUS MO dopMynaM (26)—(28):

2 =(Tr - To) = -—6-6—5-91-2-(500 -300) = 6,4113;
RT? 8,31-500

a=1+228e 0600 _ 122806564113 _1 9353
2

5=_1_[ B! _]2{90 +2In[2a+Jala-1) )]} =

2a\ 1 + 2Bi

1 1142
- 2.1,035301+2-1,142

1035300355 )]} =39

B0 =

)2 16,4113 + 21n|2 (1,0353 +
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6. Ina remneparypbl 1 onpeleJuM NapaMeTpsl P, y
M BHIYUCIIUM KPUTUYECKYIO BEJIHYUHY O

_ cRT _ 1550-8,31- 5007
QE  349637-66597

Y =0,138;

Oxp = 6(1 + BXI + 2,472/ 3 ) =

- 3,9326 (1 +0,0624)1 +2,4-0,1383%3) = 6,86,

7. IloacTaBUM BeNUYHHY dxp B ypaBHeHHe (11) M Haii-

IEM HOBOE 3HadeHUe TeMieparyphl: Iy = 544 K.

8. Ucnonb3ys 3To 3HayeHue Ty, MOBTOPHM pacyeT Ia-

paMeTpoB no mn. 1—7. HaltaemM HOBOE 3Ha4YeHHUE TeMIleparTy-
pul: Tt = 549 K.

Hcnonn3ysa 3Tto sHayeHue Ty, IMTOBTOPHMM pacyeT Iapa-

MeTpoB 1o nri. 1—7. HallieM HoBOe 3HayeHUE TeMnepaTyphl:
Tr - 549,5 K.

9. Tak xaK npeapiayllee M NOCACOHEEe 3HAYEHHUS TEM-

nepaTypsl OTNMYAIOTCA APVYr OT Apyra McHee yeM Ha 1 °C,

32 KpHTHYECKYIO TeMIIepaTypy NpUMEM pe3yJbraT MOCICIHE-
ro pacyera.
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6. Ilpamep pacuera KPHTHIECKOH TeMIepaTypsl Cpeabl
B BO3NYXOBO/ie LI OTJIOXEHHAH MATEPHAIOB

Paccuurarth KpUTHUECKYIO TEMIIEpATypy ra3oBOi Cpenbl
BHYTPH BO3AyXoBoJa IUISI OTJIOXKEHMH LUIaMOBOM MYKH TOJI-
IIIMHOM 1 CM.

HNcxooHbIMM JaHHBIMM U1 pacyeTa KPUTHYCCKON TeM-
rnepaTtypbl OTJIOXKEHU Ha HarpeToid MOBEPXHOCTH 0OOpyHo-
BaHHUA ABISIIOTCA:

e TEeMIlepaTypa BHYTPCHHEU MNOBEPXHOCTH BO3AYXOBOIA
7o = 300 K;

e TOJUWIHKHA oTNNOXEeHUN h= 0,01 Mm;

e BHYTpeHHUHN aguameTp BozayxoBonza D = 0,3 Mm;

e CKOPOCTb ABUXEHHUS Cpeabl B Bo3ayxoBoae V=1 Mm/c;

e KO3(®pPULUHUEHT TENJIONPOBOAHOCTH MaTrepuala A =
= (0,055 Br/(M - K);

e TEIJIOEMKOCTh HCCJIEeAyeMOro MaTepHala ¢
= 1550 Ax/(kr - K);

e JHEPrud akKTHBALUUU peaklUHUHU OKMUCIEeHUs E
= 66 597 dx/Moib;

e yaennrHoe tennoBbiAeneHue Q = 349 637 JIx/xr;

® NMPEASKCIOHEHUHAJbHBIH MHOXHTENAb QKkop /A=
= 2.551013 K/m2.

I. [IpyHuMass B NEpBOM NMPUONUXKEHUHU BEIUYUHY KPHU-

Tepusi BHO Ha xonogHoM cTeHKe cnosi Bix = 4 U TeMmepary-

py ra3oBoif cpeabl BHYTPH Bo3dayxoBojga Ir paBHoH 530 K,

BBIYHUCIUM CpeaHiol (MeXAy TeMIepaTypaMHY XOJOAHOH I10-
BEPXHOCTU M ra3oBOro IMpOCTpaHCTBa) TeMIieparypy Ic¢p Mo

dopmyne (30):
Ity —To 530 - 300
Tep = —rX To =
P RBix+1) 0 202 4+1

i

+ 300 = 313 K.
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2. PaccyuracM KOMIUIEKC g /av U KOI(Q@PHUIUEHT Tel-
JIONIPOBOAHOCTH BO3Iyxa o ypaBHeHUAM (23) u (24):
1770 1770

8 _12.108¢ T -1,2.10%313 —34284-10'°;
av

Ap = 6,98-107 +6,41.107°T;, =
- 6,98-107 +6,41-107° - 313 = 2,7043.10"2.

3. Ilo HaMOEeHHLIM BbILIE 3HAYEHWSIM ONIPENE/IMM IpY-

IYIO BEJIMYUHY KpUTepusi BHO Ha X0JOOHOM CTEHKE IO BbI-
paxeHHIo (31):

3
Bi, =|C g B (Tr -To) a3 + 40Ty | A
va To (2le +1) A 27L

10 3
_| 054 3,4284-10"" - 0,01° (530 - 300)
3002-4 +1)

0,01
2 - 0,055

27043 102

~1,53.
0,01

+4.567-1078.300° ]

HalneHHOe 3HayeHHe Bix oTiu4yaeTcs OT IIPUHATOIO
paHee 6onee yeM Ha 10 %. IloacraBuM nocieaHee 3HaAaYCHHeE
Bix B dopmyanl (30), (23), (24), (31) ¥ NOAYYHM HOBYIO Be-
nuyuHy Bix = 1,71. HalineHHoe 3HadyeHHe BilyoTiHnyaeTcs

OT NpHHATOrO paHee 6ojsee yeM Ha 10 %. IloacraBuM 1oO-
cneaHee 3HadeHue Biy B dopmynsr (29), (23), (24), (30)

U NMOJYYHUM HOBYIO BeJIUWYHHY Biy = 1,69.
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Tak kak nociaenHsiss U npeablnylliass BEJIAYUHLI OTIM-

4yaloTcsa ApPYr OT Apyra MeHee 4yeM Ha 10 %, B JaJibHEHIIUX
pacyeTax UCNOJb3yeTCsl BeauyrHa Bi, = 1,69.

4. OnpeneluM 3HayeHUE KHUHEMATHYECKOH BS3KOCTHU
BO3AyXa 10 BbIpaXEHHIO (32):

v="787- 10‘“T§p + 5,01 10"3Tcp ~-6,4- 10-6 _
=787-10711.326% +501.1078 x
x326-64-10° =18296.107°.

J. BrrucauMm BeIUYUHY KpuUTepua buo Ha ropsuyeit
CTEHKE Cj1051 M0 (popMyJie (33)'

Bi, OOIB[VD] Mo 4T3 |
Vv D 27L

0,8
0018 1-0,3 2,7877-107° .
1,8296 - 107> 0,3

+4.567 - 10-8 . 530° 0,01 = 3,43

2.0,055

6. Ilpoussenem BbIuMCIeHUS o dopMynam (26), (27)
H (34):

0p = E =(Tr -To) = —ﬁ§-5—92—5(530 -300) = 6,5619;
RT? 8,31-530
a=1+228e06%0 _1,298065:65619 _ 4 3.
s 1 Bi r Bi x )2 ]
2a 2Birle +Bir +Bix

oo+ 21ple i D)) -
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o 1,69 - 3,43 :
- 2-1,03212-1,69-343 +1,69 + 3,43

{65619+ 2n2(,032 + V1032 {0320} =317

7. lna temmepatypsl 1 OIpedeNHWM INapaMeTpol [, y
K BBIYUCIIUM KPUTHUYECKYIO BEJIMYHUHY O :

_RT; 831530 |
B =g ="ccsar = 006613
2 2
y = CRIF _1550-8,31-5307 ) qq4.

QE  349637-66597
5xp = 501+ P)L + 24723 =

= 3,17(1 + 0,06613)1 + 2,4 -0,1554%3) = 572

8. IloacraBMM BeqUYMHY O8xp B YypaBHeHue (11)

U HallleM HoBoOe 3HayeHMe temneparypbl: 1r = 537 K.
9. Ucnonb3ys 310 3HayeHUe 7, MOBTOPMM pacyeT IIO0
. 1—8 ¥ HaifneM HoBoe 3HayeHHe TeMneparypnl: Tr = 539 K.
Hcnonp3yss 310 3HaueHHUe 71, NMOBTOPHMM pacyeT IIo

mn. 1—8 u HalimeM HoBoe 3HadyeHue TeMIlepatypbl: I+ = 539,9 K.

Tak Kak npeasiayliee U NnocjieaHee 3Ha4YCHUA TeMIlepa-
Typbl OTJIMYAKOTCS APYT OT Apyra MeHee 4yeM Ha 1 K, npuMmem
nocjeaHee 3HaYeHHE 3a KPUTHYECKYIO TEMITEPATypy.
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1. IIpaMep pacuera KPETHYECKON TEMIEpATYpH HArpeBa
TEIUIOBOM H30JAIIHM TEXHOJOrW4ecKoro Tpybonposons

PaccuuTtaTh KpUTHYECKYIO TeMIIepaTypy HapyXHOM ITO-
BEPXHOCTH TE€XHOJOIHYECKOro TpybonpoBojJa il TEIUIOU30-
JITUMHU TOMIMHOH 1,5 cM.

HcXOonHBIMU JaHHBIMHM UIS pacyeTa KPUTHYECKOH TEM-
[epaTyphbl SIBISIOTCA:

e TEeMIlepaTypa okpyxamwuen cpeanl Ty = 300 K;

e CKOPOCTb ABHMXEHHS BO3AyXa BHYTPH TpyOonpoBoja
V=1wMm/c;

e TOJIIMHA Terutou3oasauum A = 0,015 m;

e KO3DODULMEHT TENJIONPOBOAHOCTH MaTepHala A
= 0,055 Br/(M - K);

e TEIJIOEMKOCTb MHCCIEAYyeEMOro MaTepuajga ¢
= 1550 Ix/(xT - K);

e 3HEPIruss aKTUBAaLUU pEaKUHMHU OKUCIEeHUA E
= 66 597 Nx/Moib;

e yIeJibHOe TemnoBaigenaeHue Q = 349 637 JIx/xrT;

® INPEA3KCINOHEHUHMANbHBI MHOXHTEIb Qkop/A=
= 2551013 K/m2.

1. IlpuHUMag B niepBOM NpPHOIHXEHHUU BECIHWYHHY KpH-
Tepusi bUo Ha XosoOHOH CTeHKe cnos Bix = 4 M reMIieparty-
py Harperoil texHosiorudeckoi tpydbel Tr = 500 K (paBHOH
TeMiiepaType cpeabl BHYTpPH TpybonpoBOxa), BbIYMCIUM
cpelHiol (MeXOy TeMriepaTypaMH XOJOAHONH M ropsidet Imo-
BEPXHOCTH CJiost) Temneparypy ¢, no ¢opmyie (30):

|

Tr—TO 500 - 300

Tep = To = 300 = 311K .
= 20Bi, +1) 0T 202-4+1)
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2. PaccuutaeM KoMIUIeKC g /av U KO3(D(PHIIMEHT Tell-
JIONIPOBOMHOCTHU BO3yXa IO ypaBHEHHUSM (23) u (24):
1770 1770

&£ _ 1,2- 108 ¢ Top = 1,,2-.108 e 311 =35554. 1010;
av

Ap = 6,98-107 +6,41- 107 Tp =

=6,98-1073 +6,41-107 . 311 = 2,6915-10~2

3. Ilo HalimeHHBIM BBILIEC 3HAYCHUSAM OIIPEAEIUM ApY-
Iyi0O BEJIUYUHY KpUTEepHsd DHO Ha XOJIOMHOM CTEHKE CJIOA IO
BbIpaXeHHUI0 (31):

3
Bi, ___[ch h® (Ty - Tp) lB 407(‘)3Ji=

va TO 2le +1 h 2A

10
(054 ;,35554 .1010. 0,015 (500 — 300

300(2-4+1)

2,6915-10~2 0015 =112
X —m—mmm ’ ‘
0,015 20,055

HaitnenHoe 3HayeHHe Bilyx OTIHYaeTcsi OT NPUHATOro

paHee 6oJiee yeM Ha 10 %. IloacraBMM nociegHee 3HaAaYEHHE
Bix B dpopmyan (30), (23), (24), (31) 1 nmoaydyuM HOBYIO Be-
JM4uHyY Bix = 2,28.

Tak KaxK nocjeqHsies U NMpEeAbAVIIAA BEIUYHMHBI OTIIU-
4yajOTCA APYr OT Apyra MeHee 4eM Ha 10 %, B majbHeHIIHX
pacyeTax MCIOJIb3yeTcs BeJHMdYHMHa Bi, = 2 28.

4. OnpenesuM 3HaYEHHE KHHEMAaTHYECKON BA3KOCTH

BO3JyXa IO BhIpaxXeHHIO (32):

+4.567-107° -3003J
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v=787-10"1"T2 +501-10°T, -6,4-107° =
=7,87-10711.3192 +5,01.107 x

x319-6,4-10"° =1,759-107>,
5. BelACIMM BeIUYUHY KpUTepuss buo Ha ropsdyei
CTEHKE CJIOS IO q)opMyJIe (33):

Bi, - 0,013(”' Ao aTd | B
Vv h 2).

0.8
1-0,015 2,7428 . 102
-10,018) — =22 | 2f2£0-°0
1,759.1077 0,015

0,015

= 4,86.
2 - 0,055

+4.567- 1078 -5003J

6. Ilpousseaem BuIMCIEHUS no PopMynaMm (26), (27)
H (34):

0 = _E (T -T)- 66 597

RT? 8.31-5002
a=1+2728 e~0:6560 _ 1 4 2,28 e~0:65-64113 1,0353;
s 1 ( BirBix )2 i
2a\ 2Bi;Biy + Bir + Biy
2
X {90 + 2ln[2(a+ ,/aia— 1))]} =

o 2,28 - 4,36 '
-~ 2-1,0353(2-228-486 + 2,28 + 4,86

(500 —300) = 6,4113;

2

«{6,4113+ 21n2(1,0353 + J1,0353(1,0353-1) )|} = 4s65.
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7. lns temneparypel Iy oInpenejiuM napaMerpo B, y
H BBIYUCIHM KPHTHYECKYIO BEIHYHHY O :

B=—=—"——+—=0,06239;

2 2
y = ¢cRTy" _1550-8,31-500 _ 01383
QF 349637 - 66597

Skp =8 (1 + B‘l + 2,472/3)=
- 4,65(1 +0,06239)1 +2,4-0,1383%3)= 8 11.

8. IloacraBuM BEIMYHHY &yp, B ypaBHcHHe (11) U Haii-

IeM HOBOe 3HauyeHHe teMmneparyphl: 7y = S18 K.
9. Ucnons3ys 310 3HaYeHHe T, MOBTOPHM pacyeT IO
. 1—8 ¥ HalreM HOBOe 3HaycHHE TeMiteparyphl: 7. = 521 K.
Hcnonbp3ys 310 3HayeHHe 1, IOBTOPMM pacyeTr IIo

. 1—8 ¥ HailneM HOoBoe 3Ha4YeHHWe TeMriepatypsl: 1. = 521 K.
Tax xak npeabinyilee H nocjeiHee 3HaYEHUS TeMIIEpa-

TYpbl HC OTAHYAlOTCA ApPYT OT Apyra, NpHHHUMAcM NMOC/ICAHEE
3HAYECHHE 3a KPUTHYECKYIO TEMIIEPATYDY.

8. Ilpamep pacuera KpETHYECKOIO pa3Mepa OTJOXKeHRH
BEeIIECTBA HA HAIPETOH NOBEPXHOCTH 00OPYAOBAHHS

HMcxonHBIMM HaHHBIMM VIS  pacyera KpPHTHYECKOIO
pa3Mepa OTJIOXEHHH Ha Harperol ropepxHoOCTH obopynosa-
HUS1 SABISIOTCA:

e TEMIIEpaTypa IIOBEPXHOCTH, Ha KOTOpOH o0Opa3yiorcs
oTiioxeHusi, Ir= 530 K;
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e TeMIIepaTypa ra3oBOH Cpelabl OKOJO XOJIOOHON IOBEpPX-
HocTHU cnost Tog= 300 K;

e KO3(QPHUUHUEHT TEIJIONPOBOAHOCTH MaTepHaja A =
= 0,055 Bt/(M - K);

* TENMNIOEMKOCTh HMCCJEAYyEMOIro MaTepuala Cc=
= 1550 Ix/(xr - K);

e Termaora peakuuu Q = 349 637 JIx/xr;

e J3HEeprusd aKTUBALUU peakKlLUH OKHUCIeHUss F =
= 66 597 IIx/Monb;

e NMPEA3KCNMOHEHUHANbHB® MHOXHUTENDL Qkop /A =

= 2,55-10"3 K/m2.

1. IlppyHuMass B rniepBoM NPHUOJIUXKECHUH BEJIUYUHY KPM-
Tepusi Bi =4, B coorBeTcTBUH ¢ PopMyaamu (22)—(24) on-
peaenuM teMmnepatypy 7cp, KOMIUIEKC g/av H KO3I(PPHULH-

€HT TeIUIONPOBOAHOCTH BO3JyXa:
Tr - To 530 - 300

Tep = To = 300 =313K;
P=o0Bi+1) 2T 20-4+1) "
1770 1770

£ -12.108¢ % 12.108 e 313 =3,4284-10';
av

A =6,98-107 +6,41-10°Tp =
= 698-1073 +6,41-107° .313 = 2,7043-10"2

2. [IpuauMas 3HayeHHe h paBHbIM 0,01 M, o BeIpaxe-
HHIO (25) paccyMTaeM ApYroe 3HaueHHe KpuTepus buo:

3
: 8h (Tr—%)la 3| A
Bj = c#-—a—-— A asT3 | -
! [ vaTy @Bi+1) h = ° 0]2}.
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1

(0 7 3,4284 - 1_0_10 - 0,0 1° (530 ~ 3005 y
\ ’ 300(2-4+1)

[ 2,7043. 102
0,01

0,01
2-0,055

= 0,967,

+4.567- 10°3. 3003]

rne C — xo3dduumeHT, paBHBI 0,27 11 rOpU3OHTaJIbHOM
IUTACTUHBI, OOpalllcHHON ropsiye! CTOpPOHON BHM3 (IIPHHU-
MaeM B HalleM Cly4yae KaKk HauOojiee XEeCTKHMH BapHaHT
B IIPOCTPAHCTBE CYLUIWJIKH).

3. HaltmeHHoe B I1. 2 3HayeHHe Bl oTiIu4yaeTcs OT IPHU-
HATOoro B n. 1 6onee yem Ha 10 %. IloacTaBUM mnocnaenHee
3HayeHUe Bi B ¢dopmyny (22) M o BeIpaXeHUsIM (23)—(25)
HaaeM apyryio BeauyuHy Bi = 1,17.

HalineHHoe 3HayeHWe BioTiH4aeTcss OT IpeAbIAYLUIEro
bosiee yueM Ha 10 %. IloactaBMM nocineaHee 3HayeHUe Bl
B (opMyay (22) ¥ no BblpaxeHUsIM (23)—(25) HaitaeM Opy-
ryio seaxmynHy Bi = 1,157.

Tak kxak nociaeaHsis U npeabiaylias BeJIUYUHBl OTIU-
4yaloTCA APYr OT Apyra MeHee 4yeM Ha 10 %, B JajbHEHIIHX
pacyeTax MCIoab3yercsi BeaudutHa Bi = 1,157,

4. B COOTBESTCTBUM C BhIpaXCHHSAMH (26)—(28) BHIUMC-

UM Oe3pa3MEepHBId TeMmnepaTypHbIA nepernag O, a TaKKE
napaMeTpbl a, 5,8, v, dxp -

(T _Tp) = 66 597

Bp =
RT? 8.31- 5307

(530 - 300) = 6,5619;

a=1+228e06500 _ 1, 298e065-65619 — 1 032
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2

0= %(1 +B2iBi]2{90 +2inpla + Jala-D) )1} -

1 1,157
2-1,032\1+2-1,157

 10320032-1) ) |1 = 4,103

5. Ina reMneparypel 71 OIpeReJIHM NapaMerpol B, v
H BBIYUCJIHUM KPUTHYECKYIO BEIUUYHUHY O

2
] {6,5619 + 21n(2 (1,032 +

RT, 831.530
= —=———"— =0,06613;
P E 66 597
2 2
= ¢RTy" _1550-8,31-530° _ 01554

QE  349637-66597
Sxp = 8(1 + p)(l + 2,472/3) =

- 4,103(1 + 0,06613f1 + 2,4-0,1554%3) = 7,41.

6. IloncraBuM BeMUMHY Sxp B BbipaXxeHHUe (34):

66 597
831-530%. 7,41 e8:31-330
66597 - 2,55 -101°

7. I[TonyyeHHOe 3HaYeHHE TONLIHMHK cilof boJlee yeM Ha
5 % omamyaercs ot npeabiayiuero. Mcnonb3ys nocaeaHee

3HayeHHue A, NMPOU3BOAUM BBIYMCIEHHA no nmn. 1—6 u onpe-
aensieM ciaenyiouiee 3HayeHue: A = 0,0129 M.

= (0,0123 m.
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Tak xak npenwbiaylliee U nociaegHee 3HAYCHUS TOJILIU-

HBI CJIOS OT/IMYAIOTCH APYT OT Apyra MeHee yeM Ha 5 %, 3a
KPUTHYECKHUII pa3mep NPHHUMAETCS pe3yabTaT IOCIEeoHEro

pacyeTa.

9. IlpuMep pacueTa KPHTHYECKOH TeMnepaTyphl
VIS OTJOXKEHHHl BemeCTB B TEXHOJOrHIecKoM o0DoOpyaoBaHHM

PaccyuTaTh KpUTUYECKYIO TEMIIEPATYPY Ia30BOM Cpelbl
BHYTPH TEXHOJIOTHYECKOIrO anmnapara i OTJIOXEHHUH Lia-
MOBOI MYKH TOJILUHON 1 CM.

UcxooHbIMY NaHHBIMU JUIA pacuyeTra KPUTHYECKON TEM-
nepaTrypbl OTJIOXEHHIA Ha BHYTPEHHEH IMOBEPXHOCTH OOOpY-
NOBaHHUSA SIBISIOTCA:

e TeMIlepaTypa cpedbl B IPOU3BOACTBEHHOM IOMEILIEHUH

Ty = 300 K;

e TOJUIMUHA oTJIOXEHHHA A = (0,01 Mm;

e KO3(pdPHUUHEHT TEIUIONPOBOAHOCTH MaTepHaia A
= 0,055 Br/(M - K);

e TENNOEMKOCTh HMCCJIEeAYyeMOro MaTepHanga ¢
= 1550 Ax/(xr - K);

e SHepruss akKTWUBALlUKM peaKLMH OKHUCIAEHUA FE
= 66 597 JIxx/MoIb;

e yaeabHOe TenjaoBeIeNeHe Q = 349 637 JIx/Kr;

e NMpen3KCNOoHEeHLHAaJbHBIH MHOXUTEeNb Qkop/A
= 2,55-1013 K/m2.

1. IlpyHuMmas B NEpBOM NPUOIUXKECHUHN BEJIUYUHY KpPH-
Tepusi Buo Ha xonogHoi creHke Bix = 2, 3HayeHUE KpuTe-
pusa buo Ha ropsguei creHke Bir =4, TeMnepatypy cpeabl
B TeXHojJormyeckoM obopynoBaHuu 7y paBHoit S00 K, BbI-
YUCJIUM CpedHIoI (MEXIOy TeMIieparypaMH XOJIOOHON ITO-

|
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BEPXHOCTH Y IIPWIEralolIero radoBoro NMpoOCTPaHCTBA) TEM-

neparypy mno dopmyne (36):

Ty - T To
2

- 500-300 4

T2 4424242

2. PaccuuraeM KoMIUiekC g/av U Ko3(pdHULHMEHT Ter-

JIONMTPOBOAHOCTU BO3AYXa OKOJIO XOJIOOHOM CTEHKH IO YpaB-
HeHUSAM (23) U (24):

1770 1770

& —12.108¢7» -1,2.10%8¢318 ~31368.10'7;
av

Ap =698-107 +641.107T, =
- 6981072 +6,41-107 -318 = 2.7364-1072,

3. Ilo HallACHHBIM BBIILIE 3HAaYEHHUSM OINpeEAcIHUM ApY-
VIO BEJIUYUHY KPUTEpUS BHO Ha XOJNOOHON CTEHKE IO BbI-
paxeHHIo (37):

. if g b’ (T - Th) h
Bl)( —[C v To bx +4GT0 le

10 3
_ [0,27 4/3,1368-10" - 0,01° (500 - 300) .

+7T9 =

Tcpx —

+ 300 = 318 K.

300
273641072 67.10-8
LRV 4.567-1078.300°
Hmz 42+2 o1 T4l g
0,01 = 1,084

X b
2-0,055
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rae C — xkoadpdrumneHT, paBHbii 0,27 WIS ropU3OHTAIBHOMN
IUIaCTUHbI, OOpallleHHOU ropsiyeil CTOPOHOH BHM3 (IIPHHH-
MaeM B HalleM cjJy4yae KaK Haubojiee XEeCTKUil BapHaHT
B NPOCTPAaHCTBE armnapara).

4. HaitmpeHHoe B 1. 3 3HayeHue Biyxy oTiH4yaeTcsa 01

npuHATOro B . 1 Goyee yeM Ha 10 %. IloncraBuM nociaen-
Hee 3HayeHUe Bix B dopmyny (36):

Tr —T
Tcpx I‘2 Obx+T0—
_ 500 - 300 4
T2 4+2-4-1084+1084 K
1770 1770
£ _1,2.108¢ T =12.108¢329 = 2,6041-101°;
av

A'B = 6,98 ' 10_3 + 6,41 . IO_STcp =
- 6,98-107 +6,41-1075 .329 = 2,8069 - 10™2:

: h3 (It — TO) 3 h
Biy =|C 4 T
'X [ U va To bx +do 2?L

10 3
___[0,27 2,6041-10"" . 0,01 (500-300)x

300
y 4 2.8069-1072 X
4+2-4-1084+1084 001
_ 0.01
4.567-10"8 .300° | —= =1.137.
* ]2 0055 !
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Tak Kak NocleaHsis U npeabiayluass BeJIUYUHBI OTIU-
4alOTCS Opyr oT apyra MeHee yeM Ha 10 %, B manbHeHIIMx
pacyeTax UCrojb3yeTrcs BeJudyuHa Bi, = 1,137.

5. C yyeTroM rmnocCieqHUX 3HaAYeHUN kputepust buo Bbi-
YUCJIUM CpeIHIOK (MeXIy TeMIlepaTypaMH ropsiyeil nopepx-
HOCTH U NMPWIEraollero ra3oBoro NpoCTpaHCTBa) TEMNepaTy-

py nno ¢opmyne (38):
Tepe = (Tr (2= br) + Toby) =

1,137 J

=( o2 -—m
’5[50 (2 4+2-1137-4+1,137)

3 300——-51-37_—] - 492 K.

4+2-1,137-4+1,137

6. PaccyuraeM koMIUIeKC g/av ¥ Ko3(PPHULMEHT Ten-

JIONIPOBOAHOCTH BO3/lyXa OKOJIO ropsiyeil CTeHKH IO ypaBHe-
HUSIM (23) u (24):
1770 1770

-fv—=1,2-108€7‘°p =1,2.1083492 =4,3311-109;

A'B = 6,98 ' 10—3 + 6,41 ' IO_STcp =
= 698-1073 +6,41-107° . 492 = 38517-10~2.

7. Ilo HaneHHBLIM Bbillie 3HAYECHUSIM ONpencIuM OpPY-
I'yI0O BEJIMYHHY KpUTepuss buo Ha ropsiueil cTeHKe o Bbipa-

XeHu1o (39):

. i, g B (Tr - Th) h
Blr —{C G Tr br +40’Tr le
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107 .0.,01° _
_ 0,274,4,3811 10” -0,01° (500 - 300)
300
: :{_ 1,137 385171072
4+2-4-1137+1137 0,01

_ 0,01
& 6 Il 8 L | 03 - , S ——— :
+4.567- 10 50 } 20055 2947,

roe C — xko3@oduuueHT, paBHbi 0,27 IS ropU30OHTAIBHOHN
IU1IaCTUHBI, OOpallleHHON ropsiueil CTOpOHOK BHHM3 (IIPHUHH-
MaeM B HalleM ciy4dae Kak Haubojiee XECTKHMH BapUaHT
B [TPOCTPAHCTBE allrapara).

8. HailineHHoe B 1. 7 3HayeHUe Bir OTINYaETCH OT

npuHsaToro B n. 1 6osee yem Ha 10 %. IlogcraBUM mnocinen-
Hee 3HayYeHUe Bir B dopmyny (38):

Tep, = %(Tr (2 - br) + Tobr) =

1,137
-0,5/500{2 - ——2"
[ [ 2,947+ 21,137 2,947+1,,.137]+

\ 1,137
2,947 +2-1,137- 2,947 + 1,137

PaccuntaeM KOMruUiekC g /av KU Ko3dDPHUHUEHT Teruio-

[IPOBOJHOCTH BO3IyXa OKOJIO MOpsAYE€H CTEHKH IO YpaBHEHWU-
M (23) u (24):

+ 30 J=489,5K.

1770 1770

fb‘ =1,2-108e T = 12108 %895 - 4,4623.10°;




61

Ap =6,98-1072 +6,41.10 T, =
- 6981077 +641-107-489,5 = 3.8357-1072.

[lo HaliAeHHBIM BbIllI€ 3HAYCHUAM OIIpEencaUM APYIYIO

BEJIUYUHY KpUTEpUA DMO Ha ropsAyer CTEHKE IO BhIpaXe-
HUI10 (39):

| T, - Tp) A
Bi. c# K (T - To) 4 T
T ( va T br - +4o r}zx

9 3
=(0,27 4,4623 10 *26%1 (500 - 300) _

113/ 38357 - 102 .
2947 +2.2947-1137+1137 0,01

0,01
20,055

Tak kKak nocaenHsss M nNpeabiayllias BeJUYHUHBI OTIH-
YaloTcs ApPYr OT Apyra MeHee dyeM Ha 10 %, B manbHeHIIMX

pacyeTax UCHoJjib3yercss BeHYnHa Bi. = 2,973,

9. IMoacrarnsseM mnocneaHee 3HayeHUE Bir B ¢opMyny
(36):

= 2,973.

+4.567-10"8 -5003]

Tcpx =Tr_Tobx+T0=500_300X
2 2
2973
— O 1+300=327K;
2973+2 2973.1137 + 1,137
1770 1770

-f; =12-108eTr =12.108¢327 =26912.1010;
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Ap = 6981073 +6,41-107T¢;, =
= 6,98-1073 +6,41-107 - 327 = 2,7941-1072;

3
: g h” (Iy - Tp) An 3| A
Biy =|C4-&Z T~/ p 2B 46T | = =
X [ vvaTo b"hJ’GOsz
10 3 (enn  Annl
_ 0,274,2,6912-10 -0,01° (500 - 300)
300
y :f 2.973 279411072 X
2973+2.2973-1,137+1137 0,01

0,01
2-0,055

Tak kak nociaegHsis U nOpeablaylliasd BeJIUYHUHbBI OTJIU-
YalOTCS ApPYTr OT Jpyra MeHee yeM Ha 10 %, B HajibHEHILIMNX
pacuyeTax HCIOJb3YETCA BeIUYUHa Biy, = 1,131.

10. IIpon3Benem BbIluMUCIeHHUS Mo GopmynaM (26), (27),
(34):

+4.567.1078 -3003J = 1,131.

E 66597

00 = ——=(Tr - Tp) = —=22"_(500 - 300) = 6,411:
RT? (7 - To) 831 - 5002 ( )
a=1+2728 e~ 06300 _ 1, 2,28 e~0:65-6411 _ 1,035;
s_ 1 ( BirBix )2 .
2a 2Birle + Blr + Bix

x{90+21n[2(a+m )]}2 =
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1 1,131-2,973 2 )
2-1,035(2-1131-2973+ 1131 + 2973

x {6,411+ 21n[2(1,035 + J1,035(1,035-1) }2 = 3,135,

11. Jnst teMnepaTtypul Ty ONpenedM napaMeTphbl
RT, 831-500

—— = ——;———— = °
B 3 66597 0,06239 ;
2 <02
, - CRT _1550-831-500° .0,

 QE  349637-66597
U BHIYHUCJIMM KPHUTHYECKYIO BEJIMUUHY O

5xp = 81+ P)l + 2,473 ) =
=3,135(1 + 0,06239*1 +24-0,]1383% 3)= 5,468.
12. llomcraBuM BeIHUYHHY 8y, B ypaBHeHHe (11)

U HallgeM HOBOE 3HauyeHue TeMmnepatypsl Iy
66 597

0,005° e 831-T; : (11)

66 597

5468 = 2,55 1013 .
831. T

orkyaa Ir = 535 K.

13. HUcnonnzys 310 3HayeHue 7T, MOBTOpSieM pacyer
fnapaMeTpoB mno mnmn. 1—12 ¥ mnosyyaeM HOBYIO BEJIUYMHY:
T. = 540 K.

HUcnonb3ys 310 3HayeHue 71, IMOBTOPSEM pPacyeT rapamer-
poB o mi. 1—12 ¥ noiyyaeM HOBYIO BeMuMHy: 7. = 540,6 K.

Tak kak npeaniayiliee ¥ nocieaHee 3HaYCHHsE TeMIepa-

TYpPHbl OTJIMYAIOTCH JPYT OT Apyra MeHee yeM Ha 1 °C, npHHH-
MaeM MOCJICIHIO BEJIMUUHY 32 KPUTHYECKYIO TEMIIEpaTypy.
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