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1. SKCIIEPUMEHTAJIBHBIE HCCIIENOBAHUSA

1.1. Ammapartypa

Arnnapartypa M1l ONpefeNeHHUs YCIOBHIt TEIUIOBOro ca-
MOBO3IOpPaHMs BKJIIOYAET B CeOSl CIEeAYIOIIME IIEMEHTBI:

1.1.1. TepMocTaT BMeCTHUMOCTBIO paboyeit KaMephl He
menee 40 M3 ¢ TEpMODETYISTOPOM, TIO3BOJISIIOLINM JIOINIED-
XHWBaTh MOCTOSIHHYIO TeMIepatypy oT 60 po 500 °C ¢ mo-
rpelHocThIo He Gonee 2 °C.

1.1.2. Kop3uHOYKH KyOHYeCKOi WIH IIWUTMHIPUYECKOM
¢opmel BricoTol 15, 30, 35, 50, 70, 140 u 200 mm. Quamerp
LWIMHAPAYECKON KOP3MHOYKH AOJIXKEH OBITh paBeH €€ BBICO-
Te. MarepuajioM I KOp3HHOUYEK CIYXHT CETKa M3 JIaTyHH
WM HepXaBellled CTalM I CHIMYYUX MaTepHaioB (C pa3-
MEpOM siyeeK He Gonee 1 MM) WIM JIMCTOBastk HepXaBe-
jolllasi CTaIb TOJILHMHON He Oosee 1 MM — MUId maBAIMXCHA
BELECTB.

1.1.3. TepMmoanekrpuyeckue npeobpa3oBaTenn (TepMoO-
napsl TXA u TXK) ¢ MakCMMaJibHbIM AMaMeTpPoM paGodero
cnas He 6osee 0,8 MM.

1.1.4. U3mepuTensb TEpMOJIEKTPOABMXKYILEN CHIBI, NO-
3BOJISIIOIIMIA OCYUIECTB/ISTh BU3YAIM3AUMIO M3MEHEHHMS TEM-
mepatypel obpasiia MaTepHajla BO BPEMEHH C 3alMChi0 Ha
GyMaXHOM WIM 3JIEKTPOHHOM HOCHTeJIe.
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1.1.5. Bechl snabopaTopHble ¢ HaWOONBIIUM HpPEAEIOM
B3BeluMBaHuA 1000 r ¥ ToyHOCTHIO B3BewMBaHus 0,01 r.

1.2. IoaroroBka H NpoBeACHAE RCULITAHAK

1.2.1. K KXop3auHKaM KpemsiT TIO TPH TepMO3JIEKTpHue-
CKMX Npeo0pa3oBaTeNsi TaKUM o6pa3oM, YToObl OWH KOHELL
OTHOM TepMoOIaphl HaXOHWICS BHYTPH KOP3MHKHM B €€ LieH-
Tpe, a BTOpPOH — Ha paccTOSHMH He Gomee 5 MM OT BHELUHE#H
€€ CTOPOHHI (Ha BBICOTE LIEHTPa KOP3HHKHM). OTH TepMoOIaphbl
COCIMHSIOT o AudhepeHUNANBHON cXeMe, C TeM YTOObI OHM
M3MEPSUIM Pa3sHOCTb TEMIIepaTyp Mexny obpa3LioM MaTrepuaia
U TeMmmeparypoit paboueit kamepn. ng ¢uxcupoBaHus
TEMIIEpaTypel B TepMocTaTe pabouymit KoHell TpeTheit
TepMOMnaphl pacnojaralor Ha paccrosHuM (30+1) MM oOT
CTEHKH KOP3MHKHM Ha BBICOTE €€ LIEHTpa.

1.2.2. KOp3MHKH 3aMoHAIOT HCCAEAYEMBIM BELIECTBOM
H B3BELMBAIOT Ha BecaX. [Ipy MCHBITAHUAX JJUCTOBOIO MaTe-
pUaia ero HabHPalOT B CTONKY, COOTBETCTBYIOLLYIO BHYTPEH-
HMM pa3MepaM KOp3vHKM. B oOpa3nax MOHOJMTHBIX MaTe-
PUAIOB NPEABAPUTE/IbHO BHICBEPJIMBAIOT AO LCHTpPa OTBEP-
cTe auaMeTpoM (7+5) MM IS TEPMO3JIEKTPHYECKOTO Ipe-
obpa3zoBarens.

1.2.3. CpoboaHbie KOHLM TepMorpeobpazoBareiel moa-
COEIUHSIOT K M3MEPHUTENIO0 TEPMOIEKTPOABIXKYIOILEH CHILI
IUIS PeTHCTpallMM M3MEHEHHs Pa3sHOCTH TEMIepaTyp B LiEH-
Tpe obpa3slia M TeMnepaTypnl B paboueil xaMepe TepMocCTara.
3a TeMneparypy MCNBbITAHUSA NPUHUMAIOT NOKa3aHUA TEpMO-
3NIEKTPUUYECKOTO npeobpa3oBaTensi, pacCnoloXEHHOro Ha pac-
crossHuH 30 MM ot obpasna.

1.2.4. KOp3HHKY NOMELIAIOT B LIEHTP TEPMOCTaTa, Ha-
rperoro OO 3aflaHHOW TeMmneparypbl (Hanpumep, 200 °C)
¥ Habmoalo0T 32 U3IMEHEHHEM TeMITepaTyphl B LIEHTpe o0pasua.
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1.2.5. CamoBosropanue o0pasla NpOSBISeTcA NMPH pe3-
KOM YBEJIWYEHMM Da3HOCTH TeMIepatyp, puxcupyeMoit aud-
tdeperumanbHoi TepMomapoit, N0 BeawuMHEL Gonee 100 °C
WIH IUIABHOM DOCTE TEMIIEpPaTypbl OO BEJHYMHBI, NPEBHI-
waroulef 3HaYeHHe TEMIIEpaTypsl CaMOBOCIUIAMEHEHMS Be-
mecrna.

1.2.6. Ecmu npu nepBOM HMCIBITAHHM CaMOBO3ropaHHe
HE NPOMCXOAMT B T€YEHUE BPEMEHHU, YKa3aHHoro B Tali. 1,
TO UCIBITAHME C HOBBIM O0pa3LOM MaTepHajla TOTrO Xe€ pa3-
Mepa MNpoBogsAT Npu TeMmmeparype Ha 20 °C Gonbllie 3agaH-
Ho#t. Ecmu caMOBO3TOpaHHWE NPOH3OULIO, TO HCIILITAHUE
MPOBOIAT NpH TeMrieparype Ha 10 °C MeHblue.

Tabauya 1
Pa3smep o6pasua, MM I poRomXHTEIBHOCT HCTIBITAHHA, Y
35 6
50 12
70 24
100 48
140 96
200 192

1.2.7. VcnbiTaHust NpOAOIXAIOT ¢ ofpa3liaMH AaHHOIo
pasmepa Npd Pa3IMyHOM Temmeparype paGoyero NMpocTpaH-
CTBa TEPMOCTATa A0 HOCTMXXEHHUS MUHMMAIbHOM TeMIIEpaTy-
PBl, NIPH KOTOpOH obpasen camoBosropaercs. [Ipu ymeHblue-
HUM TeMIlepaTypbl HHXe MUHUMalbHOM Ha 1 °C caMoBO3ro-
paHHsl He JOJDKHO TIpOMCXOAMTh. TIpH 3THX TeMIeparypax
BBHITIOJIHSIOT MO AB3a 3KCNEPHMEHTa. MUHMMAILHYIO TeMIIe-
paTypy, NpH KOTOpo# MccheqyeMhliii MaTepHajl caMOBO3ropa-
ercs, NMPMHUMAIOT 33 TEMIIEPATYpy caMOBO3ropaHus o6pa3ua
JIaHHOI'O pa3Mepa.

1.2.8. AHanoru4YHble HUCIBITAHHSA MPOBOAAT ¢ Obpas3lia-
MM HCCIIENyeMOrO BelIeCTBa B KOP3MHKAX APYrMX pa3MepoB.
PesynbsTaThl HCNIBITAHHK odopMiisioTcss B Buae Tabi. 2.



Ta6auya 2

Temmepatypa caMOBO3IOpaHHA
Pasmep obpasua, MM o= X

2. PACYET YCJIOBMH TEILIOBOI'O B3PBIBA

2.1. Onpenenenne napaMerpos
KHHETHY€CKOI0 YPABHEHHS PEAKIHA OKHCJICHAN

HcxonHuIMM NaHHBIMM IS ONpeleieHusl NapaMeTpoB
KHHETHYECKOTO YPaBHEHUS PeaKLMK OKMCICHHSA SBIAIOTCS:
e JhaHHBIEe TabJy. 2 Uil KDUTHYECKOM TeMIlepaTyphl CaMo-
Bosropanua T (K) o6pasuoB pasmepom D, M;
¢ K03(pULIMEHT TEIUIONMPOBOXHOCTH Marepuaia A, Br/(M - K);
® TEIUIOEMKOCTb MCCIIeAyeMoro Matepuana ¢, Jx/(kr - K);
e Terutota peakimu Q, JIXK/Kr.
PacyeT NpeadKCNOHEHLMAILHOIO MHOXHTENS H JHEp-
MM aKTHBALMM peaklMM OKHCJICHHs BHINIOJIHSETCS B Cle-
IYIOLEM TIOpSIAKeE.
2.1.1. Ina xaxmoro pasmepa obpasuia pacCYMTaTh YHUC-
J0 Panes no ypaBHeHHIO

RT;

e g — YCKODEHME CWIH TSDKECTH, M/c2; v — KMHEMaruye-
cKasi BA3KOCTb BO3XyXa Npu temneparype Tp, M2/c; a — TeM-
NepaTyporpoBOTHOCT BO3AyXa NpH Temneparype T, M2/c; D —
BhICOTa OOpa3ua, M; R — yHHMBEpCaJIbHasA ra3soBas IOCTOSIHHasd,
x/(mons - K); Tp — Temmeparypa paGoyero IpOCTPaHCTBa
TepMocTara, K; E — 3Heprus aKTHBAlMM PEaKUMH OKMUCJIEHMS.
B nepBoM TNpHOGIMDKEHHH AOIYCKAeTCs MPHHHMMATb DPaBHOM

100 x/Ix/Moub.
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Hdna obGrerdeHHss pacyeTOB 3aBHCHMOCTH KOMILIEKCA
g/va or Temnieparypsl B auanasone Tp = (350—800) K Moxer
6bITH paccuuTana no gopmyne

1770
£ 12108 . 2
av

2.1.2. Ina Bcex pa3mMepoB o6pa3lioB BRIYMCIUTH KO3(-
GUUMEHTHI TEMUIOOTAAYM o 110 YPABHEHMAM:

mpu 5-102 < Ra <2107

o = 054Ra"5 22 1 40T, 3)
npu Ra >2.107

o = 0,135Ra%3% % +40T3, “)
e o=567-1008 — mocrosmuas Credana-bonbumana,
Br/(M2-K*%).

3aBucUMOCTh KO3¢dULIMEHTA TEIUIONPOBOXHOCTH BO3-
JyXa OT TeMIepaTypbl MOXeT ObITb onpeaeneHa mo dopmyne

Ap =6,98-1073 + 6,41.1075Tp. (5)

2.1.3. Ilo BenuyMHe o, KO3(PGDHUMEHTY TEILIONPOBOA-
HOCTH MaTepuaja A U TOJOBMHE BBHICOTH r = D /2 BhIYMC-
JISIOT KpuTepuu buo mns kaxaoro o6pasua:

. ar
= — 6
Bi X 6)

2.1.4. Oynxumio ¢(Bi), yYHTHIBAIOWYIO HHTEHCHB-
HOCTb TeIUIooOMeHa o6pasiia C BO3AYXOM,. OIPEHENSIOT MO
YPaBHEHH1IO
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Bi2+4 -Bi-2

Bi @

o(Bi) = ——( Bi%+4 - Bi) exp

2.1.5. PacCUMTBIBAIOT NapaMeTpbl B M y, XapaKTepH-
3ylollMe MHAMBUAYAIILHBIE CBOICTBA PEaKIMM OKMCIEHHS:

B= RTo ®)
_ CRTo
=0F ®

Ie ¢ — TeIUlIoeMKocTb Matepuana, Ix/(xr-K), a Q — ren-
JIOTa peakliuy oKHcieHus, JIx/Kr.

2.1.6. C yyeToM HHTEHCHBHOCTH TEILIOOOMEHA ¥ OCOBEH-
HOCTel peakUMM IS KaXIoro pasMepa obpasua MaTepuaia
PacCYUTHIBAIOT KPUTHYECKOe 3HayeHHe napamerpa PpaHk-
Kamenenkoro:

Sxp = Soo(Bill + B)l + 2:4¢2/3), (10)
rae 8y — KpWMTHYECKas BeIMYMHA NapaMeTpa § NpPU HHTEH-
CHBHOM TeIUIooOMeHe, paBHasi 2,52 jisi o0pasloB Ky6u-

yecko#t ¢opmel M 2,76 s UWIMHOpPA C BHICOTONH, PaBHOM

HaMeTpy.
Pesynbrathl BhiuMCieHHH no dopmynam (1)—(10) cso-

agT B Tabu. 3.
Tabauyal

Pasmep

" Bi o(Bi) ] Y Syp

a,
Br/(2-K)

re!
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2.1.7. 3aBHCHMOCTb KPHTHYECKOIO 3HaYCHHs MapaMer-
pa ®pank-Kamenenxkoro dxp OT KMHETHYECKMX IapaMeTpoB

PeaKiiMi OKHUCIIEHUA

E
Oko E 2 "RT
Syp = =y 0 11
Kp X RTozr e an
3aIIMCBhIBAIOT B BUIC
E
M = Ne %o (12)
RT?
e M =3PT'°“; (13)
rp
_ ok a4)

k ’
p — IUIOTHOCTB YNIaKOBKM MaTepuaa, Kr/M3; kg — KOHCTaH-
Ta CKOPOCTH peaKuuH, 1/c.

2.1.8. Ilo ypaBHeHuo (13) g Kaxaoro pasmepa 06-
pa3ua pacCYMTHIBAIOT BeMyMHY M . C yyeToM 3HauyeHUHd M
U N no ypaBHeHuio (12) MeTOIOM HaHMEHBILUMX KBalJpaTOB
HAM nporpaMM oO0paGOTKH 3IKCHEPHUMEHTAIBHBIX [JaHHBIX
U1l epCoHaNIbHbIX KoMmnbioTepoB Eureka, Curve Expert 1.3,
Mathematica 3.0, Mathematica 4.0 u Apyrux onpeaensior
YUCEeHHBIE 3HaYeHUs N ¥ 3HEPruio aktupauu E .

2.1.9. BpUCIAIOT NPEeNIKCNOHEHUMATLHBIA MHOXHUTED
peaxumu okucnenus Qkg /A nyreM aeneus N Ha E . [dan-
HbIE pacyeToB 1o ypaBHeHWsM (12)—(14) cBoasT B Tabi. 4.

Ta6auya 4

M, N,

Pasmep " E, Qko/A,
To, K Ox-m-K Ox-m-K ’

nM KT - MOJTb KI - MOJIB A/ u- K/
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2.1.10. Ecnu BelMYMHA 3HEPrMM aKTHBALMHM, BbLIYHC-
JieHHas B 1. 2.1.8, oTiMYaeTca OT paHee NMPUHATON U paBHOMU
100 xIx/Monb Gonee yem Ha S %, pacyersl no mm. 2.1.1—
2.1.10 Heo6XOOUMO MOBTOPUThL C HOBBIM 3HAYEHMEM SHEPTMHM
akruBauuy. Ilpouecc urepauuit HEOO6XOMUMO BBHINOJIHSATL IO
TeX Mop, ITOKa 3HEPrUM aKTHBALMH B Hayaje M KOHIIe pacye-
Ta He GYIyT OIMYaThCSl MeHee YeM Ha S5 %.

2.2. Pacuer KpATHYECKOH TeMIepaTypnl

HcXonHbIMM JaHHBIMHU JUIS pacyera KpUTHYECKON TeM-
nMeparyphl NpA XpaHEHHMM U TPaHCIOPTHPOBAHWM BELLECTB
H MaTEepHAJIOB ABJIAIOTCS:

e (dopma ¥ pa3Mephl YIIaKOBKH MaTepHaa;
TUIOTHOCTS: YHAKOBKW MaTtepuana, Kr/m3;
K03 dHIIMEHT TEIUIONPOBOAHOCTH MaTepuaia A, Br/(M - K);
TEIUIOEMKOCTB MccliexyeMoro Marepuana ¢, Jx/(xr - K);
TervioTa peakuuu Q, JIx/xr;
3Heprus akKTUBalUMH E peaklIMM OKMCIeHHs, [K/MOib;
NMpea3KCIIOHEeHUHATBHBIA MHOXHTENb Qko/A, M - K/KT.
Pacyer BBINIONHAETCH B CJIEAYIOLIEM MOPSAKE.
2.2.1. na 3amaHHOM (POpMBI YIIAKOBKA MaTepHala U3
Tabn. 5 BHIOpaThL WIM PacCUMTaTh B COOTBETCTBMM C mpwi. 1
BenuunHy Kpurepusi dpaHk-KameHeukoro .

2.2.2. IloncraBuB NOITYYEHHYIO BeJIMUMHY B YpaBHeHMe (11)
BMECTO 8,p M PELIMB €0 OTHOCHTENbHO T, HAlTH HyNeBoe
NMPHOIIKEHHE VIS TEMIIEPaTyphl CAMOBO3IOpAHMSL.

2.2.3. ITo dopmyne (1) n. 2.1.1 BEINKUCIUTL 3HAYEHHE
xputepusi Pajiess mis 3aaHHOro pa3Mepa YNaKOBKM Ma-
TepHaia.
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2.2.4. Paccyurath KO3QPHUMEHT TEIUIOOTHAYH IO
YPaBHEHHIO (4) M BeIMuMHY Kputepus buo no dopmyie (6).

2.2.5. OnpegennTts YUCACHHOE 3HaYeHUe GyHKIMH ¢(Bi)
o ypasHeHuI0 (7).

2.2.6. ITo dopmynam (8) n (9) HaifT BeIHYMHY MNapa-
METPOB B H y.

2.2.7. PaccuutaTh KPMTHYECKOE 3HAYEHHME TiapaMeTpa
®pank-KaMmeHelkoro no ypaBHeHuio (10).

2.2.8. TloacTaBuTh BENMYMHY Jyp B ypaBHeHHe (11)
U HaliTH HOBOE 3HaYeHHe TeMrepaTyphl Tj.

2.2.9. Ucnons3ys 310 3HayeHHe I, MOBTOPUTH pacyeT
napaMeTpoB o nim. 2.2.2—2.2.8.

2.2.10. YKasaHHYIO NMpoUEeAypY pacyera MpoAaoKaTh A0
Tex Mop, [0Ka Npeapiayliee H MOCACRYIOWEe 3HaYCHUA TEMIIE-
paTyphl He OYIyT OTIMYATLCS APYr OT APYra MeHee 4eM Ha
1 °C. 3a KpHTHYECKYIO TeMIiepaTypy NPUHUMaeTcsa pe3y/bTaT
MOCJIEAHEro pacyera.

Ta6auya S

dopma Tena 8

BeckoHeyHas MniacTHHA TOMMHOM 2r 0,88
BecKOHeYHBI WWIKHAP PAAHYCOM r 2,00
BeckoHeyHRt KBaIpaTHRI CTCPXCHDb, CTOPOHA 2r 1,70
Cdoepa panuycom r 3,32
Lnannap panuMycom r BHCcOTOM 2r 2,76
Ky®6, Bucora 2r 2,52
Terpasap, paavyc BIHCAHHOM CEpH 7, CTOPOHA

2a = 2J6r L
Monycdepa 6,27

IpyMeps! pacyeToB MPUBEAEHH B NPHUI. 2.
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2.3. Pacyer KpHTHYECKOIO pa3Mepa

HcxomHbIMM JaHHBIMM IJISI  pacyeTda KPHUTHYECKOro
pa3Mepa YNMaKOBKH TpPH XpAaHEHMM M TpaHCIOPTHPOBAHMH
BELLECTB U MAaTEpPHAIIOB SABJISIOTCS:

® 3HEPrUs aKTUBAlMM peakluuu okucienns E, Ix/Mob;
® NpPeAdKCIIOHEHUMAIBHBIN MHOXUTENL QKo / A, M - K/KT;
TeMIepaTypa xpaHeHus, K;
¢opma ynakoBKH MaTepHaia;
IUIOTHOCTDb YTIAKOBKHM MaTepHala, Kr/m%;
TEIUI0EMKOCTb MCClleyeMOoro Matepuana ¢ , Jx/(xr - K);
TervioTa peakuuu Q , JIx/xr.
Pacyer BLINOMHACTCA B CIIEAYIOIUEM MOPSAKE.
2.3.1. B COOTBETCTBHMH C II. 2.2.1 ONpefeaUTh BEIUIHHY
napaMerpa &g .

2.3.2. [ina 3agaHHO#M TeMIeparyphl XpaHeHus no ¢op-
MynaMm (8) u (9) BRMMCINTL MapaMeTphl B U 7.

2.3.3. Paccynrath napameTp Sy, 1o popMye

Sxp = So(1+ BYL + 242/3). (15)

2.3.4. B nepBoM npubIMXeHHH MUHMMAIbHBIA pa3Mep
HaNTH U3 BHIPOKECHMS

(16)

2.3.5. Ilo ypaBHeHu10 (4) BBIYMCIHTL KOI(PPHLUMEHT
TEIVIOOTHAYM o .
2.3.6. Haittu BenmuuHy napamerpa buo no ¢opmyne (6)

M paccyuTath 3Havenme dyniayn ¢(Bi) no ypasHenuio (7).
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2.3.7. Onpenenuts BeMYMHY NapaMeTpa Sy, MO ypaB-

HeHuio (10).

2.3.8. ITo dopmyne (16) BHLIYMCIUTH HOBOE 3HAYECHHE
pasMepa yrakoOBKH MaTepHaa.

2.3.9. Ucnone3yss 3T0 3HaYyeHwWe r, IOBTOPUTH pacyer
napaMeTpoB 1o mm. 2.3.5—2.3.9.

2.3.10. Ipouenypy pacyera IpoAoXaTh A0 TeX MOp, MO-
Ka npefpyiylliee M Jochaemylomlee 3Ha4eHUsi pa3MepoB OymyT
OTJIMYATHCS APYT OT Apyra MeHee YeM Ha 5 %. 3a KpuTudecKuit
pasMep NIpUHMMAETCS pe3y/bTaT NOCAeJHErO pacyeTa.

2.4. Pacyer BpeMeHH HHAYKIHA

PacyeT BpeMeHM MHAYKLMH NPOU3BOLMUTCA B TOM CIy-
Yyae, KOrja XpaHEHUE WIU NepeBo3Ka MaTepUaIOB OCYIIECTB-
JISIETCS1 IIpM TeMIlepaTrype OKpyxamwlei cpenbl 6osblue Kpu-
THYECKOH.
HcxomHBIMU JaHHEIMH VIS pacyera SIBISIOTCS:
e TeMIlepaTypa XpaHEeHHs WIM NepeBo3ku Matepuana T, K;
e KDHUTHYECKas TeMIlepaTypa CaMOBO3rOpaHMs i 3a-
HJaHHoro pa3mMepa ¥ GPopMbl YIIaKOBKM MaTepHana Ty ;

e (axrop PopMHI YITaKOBKM MaTepHuaia j

e pa3Mep YIaKOBKH 7, M;

e TUIOTHOCTb YIIAKOBKM MaTepuana, KT/M3;

« K03 HHIMEHT TeIUIONPOBOTHOCTH Marepuana A, Br/(M - K);
® TEIUIOEMKOCTb MccieayeMoro Marepuana ¢ , Jk/(xr - K);
e TeruioTa peakunu Q, JIX/KT;

e D3HEprus aKTUBaUMM peaKUuH okucneHus E, [x/Moinb;
¢ Mpea3KCIOHeHIMaTbHBIN MHOXMTENb Qkg / A, M - K/kT.
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Pacyer BLITIONHAETCS B CIIEAYIOLLEM TOPSIKE.

2.4.1. Ilo temneparype 70 BBIYMCIMTbL MapaMeTpsl B
¥ vy ¢ nomouusio popmyi (8) u (9).

2.4.2. Tlo ypaBHeHuIO (4) onpenenuts Ko3dduiueHT
TEIVIOOTHAYM o M HaWTH BelMYMHY napamerpa buo no ¢op-
myne (6).

2.4.3. TIo ¢dopmyne (11) paccyutaTh nNapameTp &, COOT-
BETCTBYIOIIMI TeMIepaTrype xpaHenuss T, U IapaMerp dup

JUIS. KpUTHYECKOM TeMIepaTyphl Txp.

2.4.4. BEIMHCIUTb OTHOCHTEIBHOE YIAJIEHHE OT Mpefena
BOCIUIAMEHEHHUSA

A= si a”n
Kp
1 QYHKUMK
— . _2
ﬁ(A,y>=1+o,62:Af—oA95;0,‘/—g; (18)
ey y 1+15(1-01-4)/]Bi
ﬁ(.’aBl,A) _l_ 16(1+Bi) . (19)

2.4.5. Paccyurarh Oe3pa3MepHOe BpeMsi HHIYKLMH
C noMollb ypaBHeHHU# (17)—(19) no BeIpaXeHHIO

© = (4, 1) /2(), Bi, A)(1 + 28). (20)

2.4.6. OnpefenuTh pasMEpHOE BpeMs MHAYKUMM Iy (C)
no ¢opMyne

Ee
_IRTY 7 Q1)
OkoE ’

H



15

3. PACYET KPUTMYECKHUX YCJIOBHUHA
JUIA OTJIOXEHHUM 'OPIOYNX MATEPHAJIOB

3.1. KpATHUecKAs TEMIEpaTypa OTJIOXCHWH
HA HATPETOH NOBEPXHOCTH 00OPYAOBAHAA

HcXonHBIMM JaHHBIMH UIS pacyeta KpUTHYECKOMH TeM-
nepaTypbl OTIOXEHMIA Ha HArpeTod IMOBEPXHOCTH 0BOpYyRO-
BaHUs SIBJISIIOTCA:

e TEMIIEpaTypa Cpelbl, B KOTOpOii 00pa3yloTcss OTIOXe-
Hug, Ty, K;

e TOJIUMHA OTIIOXEHUN h, M;

o KO3(XPULMEHT TEIUIONPOBONHOCTH Matepuana A , Br/(M- K);

TEIUIOEMKOCTDb MCCllenyeMoro Marepuaia ¢, Ix/(xr - K);
Teruiora peakimu Q , JIx/xr;
SHeprusi akTHBAllMK peakuun okucireHust E , Jx/Mois;
TNpe3KCIIOHEHIMABHBIN MHOXuTeNs Okg / A, M - K/KT.
3.1.1. IlpuHuMasi B MepBOM TNPUGIKEHHH BEIHYNHY
kputepuss Bi =4 u TemmepaTypy Harperoil NOBEPXHOCTH
o6opynoBanusi Ty Ha 200 K Gonblue 3agaHHOM TeMIlepaTyphl
T, BBIYHCIHUTD CPEAHIO (MEXIY TEMIIEPaTYpaMH XOJIOAHOM
MOBEPXHOCTH M Ta30BOro MPOCTPAaHCTBA) TeMIepatypy Icp
o opmyne

Tep = XTerai—ﬁ) +To. 22)

3.1.2. Paccuurath koMIuieXC g/av K Ko3dpPHUHEHT
TEIUIONPOBOAHOCTH BO3yXa IO YPaBHEHMSIM:

1770

£ _12.108¢ T ; (23
av
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Ap =698-1072 +6,41.10T¢p. (24)

3.1.3. ITo Hai{ieHHBIM BbILIE 3HAYEHHSIM OIPENCIUTH
JIPYIY10 BEIMMMHY KpUTEpUA BUO MO BBIpAXEHHIO

3
. g P (Ir-To) As 3| h
- #—— As 4 25
Bi [C vaTy @Bi+1) h +4°T°sz’ (25)

rae C — xoabbuument, paBHui 0,27 11 ropu3oHTaIBHON
IUTaCTUHBI, OOpallleHHOH ropsiyeil cropoHoil BHM3, U 0,54
JUIS TOPU3OHTAIBHOM IUIaCTHHBI, o6palleHHoM ropsyeit cro-
pOHOM BBEpX.

3.1.4. HaitnenHoe B n. 3.1.3 3HayeHue Bi noacrasuTh
B ¢opmyny (22) U mo BelpaXeHusM (23)—(25) HaliTH HOBoe
3HayeHue Kpurepust buo. Ilpouecc urepaunit mpoaonxarb
O TeX Mop, MoKa TMOCNeAHAS W TNpeablaylas# BEIHYMHBI He
GYZYT OTAMYAIOTCA APYT OT Apyra MeHee yem Ha 10 %.

3.1.5. BeluMciuth Ge3pa3MepHBIi TEMIIEPATYpHBIA
nepenan

E
80 = —=(Tr - ), (26)
RTi'z ( r )
napaMeTphl
a=14+2,28e0:65 . 27)
. \2 2
1 Bi
=— - 28
H] 2a(l+2Bi) {eo +21n[2(a+,/aia l))]} (28)
3.1.6. Ina temneparypsl T, onpeaeauTb NapaMeTphl
_RT; .
B" E ’
ye cRT?

QOF
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U BBIUMCIHTH KPHTHYECKYIO BEIMYMHY o dopmyie
Sxp = 8(1 + Bl + 2.4¢7%3). (29)
3.1.7. TloncraBUTh BEAMYUHY &, B ypaBHeHHe (11)

M HalTH HOBOe 3HaYcHHEe TeMHepaTypn Tr.

3.1.8. Ucnonp3ys 310 3HayeHue Tr, MOBTOPUThL pacyeT
napaMeTpoB no . 3.1.1-3.1.7.

3.1.9. Vka3aHHyI0 NpOLIEAYPY pacyera MpOAO/KATh A0
Tex nop, Noka NMpeAbiaylliee U TNOCJERYIONIiee 3HAYEHUS TeMIle-
paTyphl He GyRYT OT/TMYATECS APYT OT Apyra MeHee yeM Ha 1 K.
3a KpUTHYECKYIO TEMIIepaTypy NPHHMMAETCsi pe3yJIbTaT No-
CJIEAHEro pacyera.

3.2. Kparaueckas TemMmepaTrypa
IS OTJIOKEHWH MATEPHAA HA CTeHEax TpyGomposoja

WCXOOHHMH JaHHHMH JUIS pacyeTa KPHTHYECKOM TeM-
nepaTypl OTNOXEHHH Ha HarpeTodl NOBEPXHOCTH obopyro-
BaHMS ABISIOTCS:

* TeMIepaTypa cpehl CHapyxu Tpybonposozaa T, K;
TOJIIIHHA OTJIOXEHUN A, M;
CKOpOCTB ABHDKEHHS CpeRnl B Tpybornposoae V, M/c;
K03 HIIMEHT TErIONPOBOHOCTH Matepuana A , Br/(m - K);
TEIUIOEMKOCTDb HCCJIEAyeMoro Matepuana ¢ , Jbx/(xr - K);
3HEPrus aKTUBALMK peaKimK okucieHus E , Jx/Mons;
yaenapHoe Terviosmaenetue Q, Jx/xr;
MpeA3KCIIOHEHIHANLHIEN MHOXHTET> Okop / A, M - K/KT.
3.2.1. TlpuHMMAsT B NEpBOM MPHOMVDKEHMM BEJIHUYMHY
KpHTepust BHo Ha XonomHo# creHke cios Bix =4 M Temne-
paTypy Cpeis BHYTpH TpySorposoga Tr Ha 200 K Gonee To,

e O e o o o o



18

BBIYMC/IUTh CpEAHIO (MeXAY TeMIlepaTypaMH XOJOJHOMN
U ropsiyei IMOBEPXHOCTEN CJOSI OTIOXCHMIA) TeMIlepaTypy
T, no ¢opmyrne

Ty -To

Tep = To. 30
°® = 2@Biy+1) ° (30)

3.2.2. PaccyuraTth KOMIUIEKC g/av M Ko3dHULIHEHT
TETUIONPOBOAHOCTH BO3AyXa MO ypaBHeHHAM (23) u (24).

3.2.3. Ilo HaiimeHHBIM BhIlIe 3HAYEHHUSIM OIIPENENIUTH
APYTYIO BEJIUYNHY KpuTepust BHO Ha XoJI0qHOM CTEHKe:

3
. g h (Tr-Th) A 3| h
=lo #__ As 4sT3 |2
Bix [’54 vaTo @Big+1) 000 |3 Gh

3.2.4. HalineHHoe B 1. 3.2.3 3HayeHme BinoacraBuTh
B ¢popmyny (30) ¥ mo BoipaxeHusm (23), (24), (31) Haittn
HoBoe 3HaueHue Kputepus buo. Ilpouecc urepauuit rmpo-
JOJDXaTh OO TeX IOp, MOKa MOCHEAHSAA M Mpeanlaylas Belq-
YMHB He OyAyT OTIAMYAIOTCA IpPYr OT Jpyra MeHee 4YeM
Ha 10 %.

3.2.5. Omnpenenutbh 3HaYeHUEe KMHEMATHYECKOM BSI3KO-
CTH BO3/yXa I10 BhIPAXEHHIO

v=787-10"117% +501-108T,, - 6,4.1075. (32)

3.2.6. BoluuciuTe BeNMYUMHY KpuTepus buo Ha ropsiyeit
CTEHKE CJIOf 110 BHIPaXEHHIO

0,8
. VDY A h
Blr=[0,018(7) —D£+46T,3]a. (33)

3.2.7. Paccuyntarp Ge3pa3MepHbiii TeMIepaTypHhIii ne-
pernajn ¥ napameTp a Mo BeipaxeHusM (26), (27).
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3.2.8. Onpenenurs napamerp 8 no popmyie

s_ L BiBix J’ §
2a 2BirBix + Blr + Bix

2

x {eo +2In [2(a+,/aia-li )]} ;

3.2.9. Mna remneparypsl Tr onpeaeluTh mapameTpsl
U y; pacCUMTaTh KPUTUYECKYIQ BenTUYMHy & 1o ¢dopmyne (15).

3.2.10. MoncraBuTh BeMTHMYMHY Sxp B ypaBHeHue (11)
M HaliTH HOBOE 3HayeHUe TeMmnepatypsl 7r.

3.2.11. Ucnonn3ys 310 3HayeHue Tr, MOBTOPUTH pac-
YeT nmapaMeTpoB no mm. 3.2.1-3.2.10.

3.2.12. Vka3aHHyI0 TIpDOLIEAYPY pacyera IIpOJOJDKATH /IO
TeX MOp, NMOKa NpeabUIylllee U TMOCIERYIoLIee 3HaYeHNs TeMITe-
paTypsl He GYIYT OT/IMYATECS APYT OT Apyra McHee YeM Ha 1 K.
3a KPUTHYECKYIO TeMIlepaTypy NPUHHUMAETCSI pe3ylbTaT IO-
ClIeHEero pacyera.

(34

3.3. KprTAveckmii pa3mep OTIOXKeHHAH
Ha HarpeToH NOBEPXHOCTH 000PYyAOBaHAS

HcxomHBIMH HaHHBIMH I pacyeTa KPHTHYECKOTO
pa3Mepa OTJIOXEHUN Ha HarpeTo NMOBEPXHOCTH 006opymoBa-
HMA SIBJISIOTCS:

e TeMIlepaTypa IIOBEPXHOCTH, Ha KOTOpoit o6pasyiorcs
otnoxeHus, Tr, K;

e TeMrepaTypa ra3oBoil Cpefhl OKOJIO XOJIOAHON IOBepX-
Hoctu cnos Ty, K;

e  K03(pHLMEHT TeIUIONPOBONHOCTM Marepuana A , Br/(M - K);
TEeIJIOEMKOCTDb HcciieayeMoro Matepuana ¢ , Ik /(kr - K);
TeruioTa peakunu Q, JDK/xT;

SHeprusi aKTUBALMKM peakiu okucieHust E , IH/Moib;
NPEAIKCIIOHEHUMATBHBIN MHOXMUTENL Qky / A, M - K/KkT.
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3.3.1. IIpuHumas B nepBOM NPHOMIDKEHUM BEIMYHHY
kputepusi Bi =5, B coorBerctBuM ¢ nm. 3.1.1—3.1.2 onpene-
nuTh Temmnepatypy Tcp, KOMIUIEKC g /av M KodbdHUMeHT
TEIUIONPOBOIHOCTH BO3MyXa.

3.3.2. Ilpunnmas 3HayeHue h paBHbiM 0,01 M, Mo BhI-
paXeHHMIO (25) paccyuTaTh ApPyroe 3HaYeHHe Kputepusi buo.

3.3.3. HaitnenHoe B m. 3.3.2 3HayeHHe Bi NMoacTaBHTH
B popMyny (22) u no BeipaxkeHHsAM (23)—(25) HaliTH HOBoe
3HayeHHe Kpurtepus buo. [Npouecc urepaumit npomonxarh
[0 Tex nop, NoKa MOCHAeNHAA M TMpeAbLIylas BeIHYMHBI He
OyayT oTIMyaloTCs ApYr OT Apyra MeHee yeM Ha 10 %.

3.3.4. B coorBercTBMM C mm. 3.1.5—3.1.6 BEMNHMCIUTH
6e3pa3MepHEHIif TeMIepaTypHBIN mepemnan 6y, napameTpHl a,

8) B! Y’ 5Kp .
3.3.5. IToncTaBUTD BENMYUHY Oxp B BRIPRXEHHE

(395)

U HaflTH HOBOE 3HaYEHHE TOJIUMHBI OTIIOXEHHUH A.

3.3.6. Ucnonp3yst 310 3HayeHHe A, BLIYHUCIUTL 3Haye-
Hue Bi B coorBercTBuM ¢ mm. 3.1.3—3.1.4.

3.3.7. C yyeroM MOJyYeHHO! BenMYMHH Bi ompene-
JIMTh B COOTBETCTBHM C minl. 3.1.5—3.1.6 mapaMeTphl § U Syp,
paccuuTaTh o ¢opmyne (35) 3HayeHue A.

3.3.8. Yka3aHHy10 NpoLleAypY pacueTa IPOAOIXATH A0
Tex Nop, NMoKa NpeablayHiee M MOCieayiollee 3HaYeHHsA TON-
ILMHBI CJI0s1 He OYAyT OTIMYAThCA JPYT OT Apyra MeHee 4YeM
Ha 5 %. 3a KpUTHYECKHA pasMep NPMHHUMAETCS pe3y/bTaT
MOCJICAHEro pacyera.
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3.4. Kparaueckas TeMuepaTypa Ais OTJIOXEHHi
MaTepHAJIA B TEXHOJNOrAIeCKOM 000pyI0BaHAH

HcxomHBIMM JaHHBIMU IS pacyeTa KpUTHYECKOH TeM-
nepaTypsl OTIOXKEHMHM Ha BHYTpEHHeEH MOBEpXHOCTH obopy-
JOBaHUsI SBJIAIOTCS:

e TeMIlepaTtypa Cpefibl B ITPOM3BOACTBEHHOM MOMEILEHUU
To, K;

e TOJUIMHA OTJIOXEHHUH A, M;
K03hhHUUMEHT TEIUIONPOBOIHOCTU MaTepuaia A , Br/(M - K);
TEIUTOEMKOCTb MCCIIeAyeMoro Marepuana ¢ , Jx/(kr - K);
3HEprus aKTMBALMU peaKuMH okucieHusa E , Jk/Mornb;
yAeabHOe TerutoBbiaeneHue Q, Ix/xr;
TIpeAKCIOHEHLIMATLHEI MHOXUTENL Qkgp / A, M - K/KT.

34.1. IIpyHATL B NEPBOM IPHOIMXEHUH BEIMYUHY
Kputepus buo Ha xonoxHoit creHke Bix = 2, 3HaueHMe Kpu-
tepusi buo Ha ropsiyeit creHke Bir = 4, TeMnepaTypy Cpeant
B TexHojorHyeckoM obopyposanun Tr Ha 200 K Goublue
To . BeraucnuTh CpeaHIo0 (MEeXAy TeMIepaTypaMH XOJOZHOMN
MOBEPXHOCTH M IPWIEralolero ra3oBoro MpOCTPaHCTBA)
TEMIIEPATYpy 1o ¢GopMmyie

Tr - T

Tep, =152 b +To, (36)
Bir

2BixB]r + le + Blr )

3.4.2. PaccuuraTh KOMIUIEKC g/av H Ko3bPuumeHT

TeILUIONPOBOAHOCTH BO3AyXa OKOJO XOJIOQHOM CTEHKH IO
ypaBHEHHMSAM (23) u (24).

roe bx =
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3.43. [lo HalileHHLIM BBIlIE 3HAYEHHUAM OIIPEIEIUTH
IpYyryio BeJIUYUHY KpuUTepusi BHMo Ha XoJloZHOM CTeHKe IO
YPaBHEHMIO

. B (T, -Ty), h
Biy = c‘{%%(—r—"—)bx—h*imorg )

rae C — xo3dduumeHT, paBHbIA 0,27 1S rOPHU3OHTAIBHOMR
IU1aCTHHBI, OOpallleHHON ropsiyeil cropoHoit BHU3, u 0,54
IUIS1 TOPH3OHTAJIBLHON IUIaCTHHBI, OOpallleHHON ropsiyeit cTo-
POHOH BBeEpX.

3.4.4. HalinenHoe B 1. 3.4.3 3Hauenue Bix moacraBUThL
B opmyny (36) u no BeipakeHHsM (23), (24) u (37) HaittH
HoBoe 3HauyeHHe kpurepuss Buo. Ilpouecc urepaumit mpo-
JIOJIXaTh JO TeX IOp, MOKa NOCNEAHASA W MpeAblayllas BeIu-
YUHH He OydyT OTIMYaTbCs ApPYr OT Jpyra MeHee 4YeM

Ha 10 %.
3.4.5. C yyeToM nocneAHHX 3HaYyeHHH KpuTepus buo

BLIMMCIIATh CPEAHIO (MEXIy TeMIepaTypaMH ropsiyeil Io-
BEPXHOCTH M MPWIEralolero ra3oBoro MPOCTPAHCTBA) TEM-

nepatypy no ¢opmyie
1
Tep, =5(Tr(2-br)+Tobr), (38)
Bix
2BixBi; + Bix + Bir

3.4.6. Paccuurath KOMIUIEKC g /av 4 KO3(DHULUEHT

TEIUIONPOBOAHOCTH BO3[yXa OKOJIO ropsiyefl CTEHKH MO ypas-
HeHusM (23) u (24).

rae b =



23

3.4.7. [To HalileHHBIM BhHILIIC 3HAYEHUSAM OIIPEACIUTH
IpYTylI0 BeNWYMHY XKpUTepuss BHO Ha ropsueil creHke IO
BBIPaXEHHIO

Bir—{C‘i{g B (T - T°)br“ 4T3 | (39)
va Tr 2

3.4.8. HaitnenHoe B 1. 3.4.7 3HayeHue BiymoxcraBuTh
B opmyny (38) u mo ypaBHeHUAM (23), (24) u (39) HaitTH
HOBoe 3HayeHHMe Kpurepus buo. IIpouecc urepaumit mnpo-
JDOJIKaTh A0 TeX MOp, NOKa NMOCIeAHAS W TMpenbiayllas Beau-
YUHBl He OyoyT OTIMYAThCH APYr OT Jpyra MeHee 4YeM
Ha 10 %.

3.4.9. IloacraButh mociaegHee 3HayeHUe Bir B dopmy-
ay (36) u mo ypaBHeHMsM (23), (24) u (37) HaitTH HoBoe
3HayeHue kputepusi Bix. Ilpouecc urepauuit npomoyxarsb
JO TexX Iop, NMOoKa NOCICAHAS M NpeAblaylliasi BEMIUYMHBLI He
OyoyT OoTIMYaThCS APYT OT Apyra MeHee 4eM Ha 10 %.

3.4.10. PaccyuraTh Ge3pa3MepHBIN TEMIEPATYPHLIH ne-
penaj, napaMeTpbi @ U 8 Mo BeIpaxeHusM (26), (27) u (34).

3.4.11. Ana temneparypsl Ty onpeaeauTh napaMmerpsl 3
M Y, BBIYMCIUTL KPUTHYECKYIO BeIMYMHY dno dopmyne (15).

3.4.12. IlogcTaBUTh BETHYHHY dxp B ypaBHeHue (11)

Y HaiTM HOBOE 3HayeHMWe TeMrepaTypbl Tr.

3.4.13. Ucnonab3yss 310 3HaueHHe Tr, MOBTOPHTH pac-
4yeT rmapameTpoB no mi. 3.4.1—3.4.12.

3.4.14. Yka3aHHYIO NPOLEAYPY PacyeTa IpoJO/IXaTh A0
Tex Mmop, NMoka Npeaslaylliee M Mocienyouee 3HaYeHUs. TeEM-
nepaTtypbl He OGyoyT OTIMYaTbCs OpPYr OT ApPYra MeHee 4eM
Ha 1 K. 3a kpuTH4ecKylo TeMfepaTypy IPMHUMAETCS pe3y)ib-
TaT NOCJIeHEro pacyera.
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IIPHJIOXEHHE 1

1. Pacyer kpurepus Ppank-Kamenenkoro 5
I HEKOTOPHIX (JOPM YNAKOBOK MATEPHAJIOB
1. Ber4UCHSAIOT OTHOWIEHHE KBAIpaTa XapaKTepHOIO pas-
Mepa Tea r2 (HanmpuMep, MUHMMAILHOIO pa3Mepa Tela Mo Ofl-
HOIl M3 oCell KOOpAWHAT) K KBaApaTy SKBHUBAIEHTHOM cdepbl
®Ppank-KameHeuxoro Rg MO OAHOMY M3 NPHUBEJEHHBIX HIXE
COOTHOLLIEHUH.
BecxkoHeuHblif NPAMOYTOJMLHBIA CTEpKEeHb MONEPEYHBIM
ceyeHueM 2a x 2b, p = bja:

2 2

r a 1 1 1

— =— =—|arctgp + —-arctg — + — | . I11)
R? R 3n R

XapaKTepHblif pa3Mep r — IOJOBMHA HaMMEHbILEH M3
TpeX CTOPOH CTEPXHSA a.
BeckoHevynbilt KBaApaTHbIH CTEpXKeHb (p =1):

a 2

—5 = =—[2arctgl + 1] = 0,5455. (112)

RO 3n

IpsamoyrombaLl NUIMHAP PagHycoM r, BbICOTOH 2d,
p=r/d:

2

r 1| 2 2

— == p°+ . (I13)

R 3{ Vi +P2}

Kpyropoii nmmmap ¢ noiychepHIecKHMH NHHUIIAMHA,
pafMyC LWIMHApPA r PaBeH paguycy AHUIL, JUIMHA LWIMHAPH-
yeckoit yact 2d, p=r/d:



25

_rf__ 1 2(1+p)2\/1+p - 2(1+2p) (114)
R} 3 (t+pP
DUHICORA C NONYoCsAMU @, b U ¢(a — HauMeHbluas
U3 noJyocei):

@ _ 1[1 + az(—l— + Lzﬂ : (T15)

VYceueHHblli 3/UICOR] BPAMIEHAN BHICOTON 2d , pamMy-
COM r, PaIMyC CeYeHUS IJUTMIICOMAA TUIOCKOCTBIO @ :

2
i=1[-’—+ 2 } (116)

R& 3| 4 ;}l+az/d2

Ecmu r/d - 1 u a — 0, MOBEPXHOCTh YCEYEHHOTO 31~
Jurncousa npeobpasyercs B chepy.

MpHuoroyronsaeiti mwmBap BhicoTOM 2d , paguyc BIHM-
CaHHOMN OKPYXHOCTH F, YHCJIO CTOPOH n, p=r/d:

2

':Ez:;"[ P +Z(p2+cos2%)+
( )arcth], (rn7)
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Beckonetnbiit MHOTOYTOIbLHBIH IWIHEAP, d /r — ©

2
I—:—l-[l +-—'—1—sinﬂ]. (I18)
Rg 3 2 n
ToRKmit MHOTOYTOJILEBIN MAHBAP, d/r —
2
-47 = 1 (Tutockast TUIMTA C MOJYTONIUMHON d ). (I19)
R; 3
Ilpsamoyromsaeii  Opyc co cropoHamm 2a, 2b, 2c,
p=b/a,g=c/a:
2
a 2 pq
— = —(arctg| ———— |+
R} 31:[ [/1+p2+qz]
+L2arctg — 9 v , (1110)
4 p\/l + p2 + q2
[ 2, 2
roe ‘P-Larctg + 1+p°+q .
q\/:p +q pa
Kmulpmuiﬁpyc, a=c,q=1, b=pa
U3 ypaBHeHus (I110):
2
» )

12__—_.2. 2arctg

RO 3n {2+p2
2

L ¥2*p } (i)

1
+ —arctg
\[2+p P
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2. Haxopar paguyc 3kBHBaJieHTHOU cdephl CeMeRoBa
o ¢popMmyne

R =37, (T112)

S

rae V — o6beM YIakoBKM MaTepHana, M3; § — ee¢ BHEIIHsS
NOBEPXHOCTH, M2.

3. OnpenensioT OTHOLUCHHE KBaJpaToB DPafuyca 3KBH-
BalleHTHBIX cpep Ppank-KameHnenxoro u CemeHoOBa:

o=RZ/R}. (T13)

4. Boryucnsiior daxkrop ¢GopMbl WA 3alaHHOW reoMeT-
PUM YIIaKOBKM MaTepMaa:

j=3-1. (I114)
5. Haxopar dynxumo F(j) no dopmyne
N 2j+6
- ‘ 15
Fi)==75 (I115)

6. PaccymrhiBalor BeqMuMHy napamerpa PpaHk~
KaMeHenkoro ¢ nomMolusio GopMyssl

B l'2
80 = 3F(1)E. (T116)

2. Ilpamep pacueTa mapamerpa 5o
s GeCKOHEYHOro KBaAPATHOIO CTEPEHS

1. [Ina xBafpaTHOIO CTEPXHS CO CTOPOHOM @ B COOT-
BETCTBUM C dopMmysnoit (I12)

=0,5455. (Im7)

Y%
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2. Paguyc skBuBajieHTHON ceprl CemeHoBa omnpeae-
auM 1o dopmyne (IT12):
R = iﬁ‘% - 1,50, win R? = 2,250%. (T18)

3. U3 soipaxenus (I113) ¢ yyeroM dopmyn (I117)
u (I118) HaijneM OTHOlUEHHWE KBaJpaTOB PagUyCOB 3KBHBa-
neHTHbIX cdep Opank-KameHnenkoro u CeMeHoBa:

2 2
c=ﬁ5=“—2=o,815. (T119)
R2  0,5455.2,25a

4. YucneHHyio BeJuuMHy ¢akropa $hopMsl Wi GecKo-
HEYHOTO KBaApPaTHOIO CTEPXHS ITOJYYHM C ITOMOIUbIO (op-
Mmyn (I114) u (I119):

j=306-1=3.0,815-1=1443. (1120)

S. BeumciuM dynkumio F(j) mo ypapuenusim (I115)
u (I120):

N 2j+6
F(j)= 77 =1,051. (121)

6. Bennuyuny napamerpa ®Ppank-KameHeuxoro 8y ans

KBaIpaTHOrO GECKOHEYHOIo CTEpXHS HaHaeM C IOMOLUBIO
dopmynmn (IT116) 1 3HayeHnit bynkumit (I117) u (1121):

2
8o = 31«‘(,')% =3.1,051-0,5455 = 1,72.

ToyHoe 3HayeHHe 3TOro MapaMeTpa, NMOJYYEHHOE YMC-
JIECHHBIM METOOM, paBHO 1,70.



29
TIPHIIOXEHHE 2

1. Ilpamep pacvera
KHHETHIECKHX NApaMeTpPoB PeaknHd OKHCJICHHS

PaccuMTaTh SHEPruI0 aKTHBALMHU M NPeA3KCIIOHEHLM-
QIbHBIA MHOXUTENb IJIS peakKuMH OKHCIEHMsl XJIOIKa IO
3KCIIEpUMEHTANLHLIM JaHHbIM, TPHBEJEHHBIM B IEPBBIX
IByX rpacgax tabn. IT 2.1.

Ko3dduuueHT TEemIONpOBOAHOCTH XJIONKA A =
= 0,042 Br/(M - K); TeruioeMkoctb ¢ = 1505 Ix/(xr - K); Ten-
JoBoit addexr peakumn Q = 1,75-107 JIX/Kr; TUTOTHOCTH
YIaKOBKM MaTepuana p = 80 xr/m3.

Pacuer npoBeneM mis obpasua pasmepoM D =35 MM.
IaHHble LIS APYTMX pa3MepoB NOJYYMM, TNOBTOPSiS NpUBeE-
INEHHYIO HIDKE ITOCJIEA0BATEIbHOCTD pacyera.

1. ITo ypaBHenusM (1) u (2) wisg Kaxgoro pasmepa o6-
pasua BeIYMCIMM 4Hcna Pames. IIpHHHMass B nmepBOM NpH-
OJIMXKEHUH SHepruio aktuBauuud E = 100000 dx/monb, mis
o6pa3ua pasMepoM D =35 MM nony4yum:

1770

Ra=12.108¢ To D3-l%=

1770

100 000
2. KoappuuueHT TEIUVIOOTAaYM a HalAeM IO ypaBHe-
uuio (3):

_ 025 2?8 3_ ) 0,25 0,038
o =0,54Ra D +40Ty =0,54-7978 ———0’ 035 +

=7978.

+4.567-1078 . 485% = 31,4 Br/(M2 - K),
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i€ TEIUTOIIPOBONHOCTh BO3ayXa omnpeaeseHa o dopmyne (5):

Ap = 6981073 + 6,41.10°Tp=

= 6,98-1073 + 6,41.107° . 485 = 0,038 Br/(m - K).

3. BoraucauM Kputepuit bro, coOTBETCTBYIOLIMIA pa3Me-
py U K03 PHILMEHTY TEIUIOOTHAYH I KaXAOro obpasia:
ar _ 31,4-0,035 _
A 2.0,042
4. Bennunna ¢ynkuuu ¢(Bi), yuuThIBalOmER MHTEH-

CHBHOCTb TeruioobMeHa obpa3lia ¢ BO3AYXOM, IUIS IOJYYeH-
HOro 3HayeHMsl Bi cocTaBHT:

Bi=— =13,1.

Bi2+4-Bi-2
Bi -

2
1;1 (\/1312 +4- 131)exp[‘“3’l +4-131 - 2] = 0,863,

Q)(Bl)———( BiZ +4 —Bi)exp

131

5. PaccyuTaeM napaMeTphl B M y:

E 100 ooo
_ cRT? _ 1505-8314.4852
QE  1,75-107 -100000
6. Kpuruueckoe 3HauyeHMe mnapamerpa Ppank-Kame-
Heukoro 6yieT paBHO:
Sxp = S09(Bill + BNl + 2,473 =
= 2,52-0,863(1 + 0,04)1 + 2,4-0,00186%3) = 2,34,

=1,68-1073
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roe 89 — KpHUTHYeCKass BelMYMHa mnapaMmeTrpa &, COOTBETCT-
ByIOLIasi MHTEHCUBHOMY TeIUIOOOMeHY, ISl 06pa3LoB KyOM-
yecKoil ¢opMbl paBHasi 2,52. Pe3ynbraThl BLIMMCIEHHH JUIA
Bcex oOpa3uoB npeacrasieHs B Tabn. IT 2.1,

Ta6auya 21

P‘:f"':" fg Re g /(:«’Z.K) Bi | o(Bi) | 102 | 103 | 5
0,0175 | 485 7978 31,4 13,1 10,863 | 4,00 | 1,68 | 2,34
0,025 | 475 24599 29,4 17,5 (0,895 | 3,95 | 1,61 | 2,42
0,035 | 466 71161 27,6 23,0 | 0918 ( 3,87 | 1,55 | 2,48
0,05 456 | 260650 25,9 30,8 {0,938 3,79 | 1,49 ( 2,53
0,07 445 | 646034 24,0 40,0 | 0,952 | 3,70 | 1,42 | 2,56
0,10 436 | 2016710 22,4 53,3 10964 | 3,62 | 1,36 | 2,59

7. Mo ypaBHeHmo (13) M Kaxpmoro pasmepa obpasua
paccuMTaeM BeTHMUMHY M :

Mo 5!(pr02 _ 2348314, 24852 187168,

r'p (1,75-107°)~ - 80

8. C moMolbIo 3TUX 3HaYeHMIt W ypaBHeHus (12) me-
TOIOM HaWMEHbIIMX KBaJPaTOB OIPEAECHMM YMCICHHBIC 3HA-
yeHHs1 N U 3Hepruio akTupauuu £ .

9. BolyucnIUM NMPEA3IKCIIOHEHUMATLHBIA MHOXHUTEIDb pe-
akuun oxkucneHuss Qko /A nyrem neneuns N Ha E. Jan-
HbIe pacyeToB 1o nmn. 7—9 ceexeM B Tabi. I1 2.2.

Tabauya 1122

M, N,
: ' E, Ok,
T, K | Ix-m-K Ix-m-K ,
KT - MOJIb KI' - MONIb nx/"m "K/xr
00175 | 485 | 187 10%
0,025 | 475 | 9.08.107
. 107
002 | s | 410 | 1s.10m | 128980 | 1,07 107
007 | 446 | 1.08.107
000 | 43 | 52108

Pasmep
M
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10. IToBropsis pacyer nmo nm. 1—9 ¢ BeIWYMHON 3Hep-
ruM aKTMBauyu E =128980, HalineM HoBBIE 3HaYEHHS
SHeprMH aktuBauMu E =128 950 [x/Monp M NpeasKCIo-
HeHUManbHOro MHOXHTeNs Qko/A = 1,05-1017 M - K/kr. Tak
KaK TOCJeAHHE BEJIWYMHBI NMPAKTHYECKH HE OTIHYAIOTCH OT
MpPeAbIIYLIMX, MPOLIECC UTEPALMil CIenyeT NMpeKpaTUTh ¥ 3a
KMHETHYeCKHe NTapaMeTphl peaklMKU OKMCIEHUs! XJIOMKa IpH-
Hate E =128 950 x/momb u Qko/A = 1,05-10'7 m - K/xr.

2. Ilpamep pacuera KPATHIECKOH TeMmepaTypsl

PaccudTarh KpPUTHYECKYIO TEMIEpaTypy OKpyXaloLiei
cpenbl NpY TPaHCIIOPTHPOBAHMM KOCTHON MYKH B XeJIE3HO-
JIOPOXHBIX BaroHax. BaroH mpeacraBnsier co6oii maparene-
nunes WKHpHHoi 2,75 M, IyiMHOM 15,7 M ¥ BeICOTOM 2,7 M.

HcxonHbBIMHM TaHHBIMM ISl pacyeTa ABISIOTCS:

e IJIOTHOCTb MaTepHana p = 660 xr/m3;

e KO03(®OHULHEHT TENJONPOBOAHOCTH MaTepHajaa A =
= 0,14 Br/(M - K);

® TEIIOEMKOCTb MCCIeNyeMOoro Marepuana ¢ =
= 780 Ix/(xr - K);

e Terutora peakuuu Q = 350 000 dx/xr;

e JHeprus aKTHBAaLMU peakUUU okucineHusa E =
= 50 740 Jx/Monb,

e MpeAdKCINOHeHUHalbHHNI MHOXHUTENDb Qko/A
=2,46-10% m - K/xr.

1. Jns 3agaHHO# (popMBI M pa3MepoB BaroHa oIlpeae-
JIUM B COOTBETCTBMM C Mpwi. 1 BenuuMHy Kpurepus PpaHk-
KameHeukoro 8¢.

I
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2. OTHOLIICHME KBAaJpaTOB IOJYBRICOTHI BaroHa K 2KBU-
BaJIeHTHOM cdepe PpaHk-KaMeHelnxoro paccyntaeM Kak JUist
npsMOYToJibHOrO 6pyca no BuipaxeHuio (I110):

2
_a._ = ._2_ arctg[—pq—] +

R02 3n \/1+p2+q2

q

+—12-arctg +¥i,
p p;]1+p2+q2

{ 2, 2
rae ‘P--l—arct + 1+p"+q ;
q«fﬂf +q Pa

a, b, c — NonoBHHBI CTOPOH Opyca, a — HAaMMEHbIlIasd CTOPOHa;
p=bl/a,q=c/a.
IloacraBnsst p, ¢ B 3TH PaBEHCTBA, INONYYHUM:

2
25 =0,539.
Ry
3. Cpennuil paguyc 3kBMBaJeHTHOM chepn CeMeHOBa

PaBeH:

&_3V 3.2,75-15,7-2,7

B 2-(275-157 +157- 2,7+ 2,7-275)

rge V', § — 06beM H NMOBEPXHOCTh IPY30BOIO MPOCTPAHCTBA
BaroHa.

4. Ha ocHoBaHuH (I119) u aByX nocjeaHUX BhIpaXXeHHH
OTHOLCHHME KBAJPaTOB paJMyCOB SKBUBAIEHTHHX ctep
®pank-KameHeukoro 1 CeMeHOBa COCTaBUT

R 2 135
RZ 0539-188%2 0,539-1,3882

188,

=0,962.
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5. ®akrop dopmbl npsMoyroibHoro 6Gpyca mo (IT114)
paBeH:
j=3c-1=3.0962-1=189.

6. Cornacho (I115) pynkuusa F (j) Oyzer paBHa:

N (2j+6)_2-189+6 _
F(j)= (G+7) 189+7 =11

7. B coorBerctBuM ¢ (I116) mapameTp 89 COCTaBMT:

3,2
5o = °F 3“ ~3.1,1.0,539 = 1,78.
Ro
8. IToacTaBMM IONYYEHHYIO BETUYHHY 809 B GOPMYITY
E
= g@_ﬁé‘_’Je_-R_Tg
A RT?
0
BMECTO Sxp M, DELIMB €€ OTHOCHTENBHO T, MOMYYHM HyJe-
BOe NMpUOIKEHUE IS 3TOI TeMIiepaTypsl, paBHoe 260 K.
9. C noMoIlbio MOJYYeHHOU BeIMYHUHBI PACCYHTAEM:
, -~ CRTY _ 780-8314.260”
QE  35.10°-50740
pEReNIONIMY BHINOPaHHE BELIECTBa;

=0,025 — napametp, omn-

=200 5220 U 0043 — -
B E 50740 X TNapaMeTp, Xapakrepu

3YIOIIMHA peaKkiui0O OKHUCICHUS.

10. Tak KaK yist pa3MepoB YIaKOBOK, MpeBbILAIONMX 1 M,
¢(Bi) ~ 1, 6eapasmepHoe 3HaYeHHE KPUTHYECKOTO Mapamerpa
®pank-KaMeHelKoro, y4MTHIBaIOIIEr0 BHITOpaHUE BelECTBA
M CBOMCTBa peakLIMH IopeHus, onpeaeauM no ¢opmyne (15):



35

Sxp = 80(1+24y7°)(1+p) =
= 1,78(1 + 2,4 - 0,025%3)(1 + 0,043) = 2,23.

11. PewuB ypapHeHue (11) OTHOCUTENLHO TeMnepaTty-
pel, noayyuM Tg =263 K (wm —10 °C). CrnemoBareibHO,
TIpH TIepeBO3Ke KOCTHOM MYKHM B XeJIe3HOAOPOXHKIX BaroHax
MpH TeMIlepaType Bo3ayxa, npesbinuaionieit —10 °C, Bo3-
MOXHO CaMOBO3TOpaHKe TPAHCIIOPTHPYEMOTO IIPONYKTa.

3. Ilpamep pacuera KPHTHYECKOTO pamepa

Paccyutath MUHUMaNbHBIA Ge30MacHbIi pa3Mep HacChl-
MU IPU TPAHCIIOPTUPOBAHMHM KOCTHON MYKH B XeJIE3HOHO-
POXHEIX BaroHax.

Pacyer nmpoBeaem IS BepXHeW TIpaHWUBl AWAla30HA
KJIMMAaTHYECKOTO Mepenajia TeMIlepaTyp Bo3ayXxa B CpeaHei
nojnoce Poccuu, pasuoit 40 °C, wiy 313 K.

HMcxogHBIMM [NaHHBIMM VIS pacyeTra KPUTHYECKOIO
pa3Mepa ABIAIOTCA:

e IUIOTHOCTb YNaKOBKH Marepuana p = 660 xr/m3;

¢ K03pOHUIHEHT TENNONPOBOJHOCTH MaTepHana A =
= 0,14 Bt/(m - K);

¢ TEIJIOEMKOCTb MCCIEAYEMOro MaTepHana ¢ =
= 780 Ix/(xr - K);

e TemnoTa peakuun @ = 350 000 JIx/Kr;

e J3HEpPrusf aKTHUBALMM peakKUUMHM OKMUCIEeHUHu E
= 50 740 Ix/monb;

® MNpPEA3KCNOHEHUMANbHBIH MHOXHUTENbL Qky/A =
= 2,46 - 108 M - K/kT.

1. BeimonHMB pacyeT B COOTBETCTBMM c¢ nm. 1—7 mpe-
JOLIIYILIEro NMprUMepa, HaijgeM, yro 8o = 1,78.
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2. Ina temnepatypsl To =313 K BprumciauM napamer-
pHl B ¥ ymno ypaBHeHusiM (8) 1 (9):
RTy 8314-313

=—_——_—=0 .
B="F ~so7a0 0013

_cRT} 780-8314-313% _
T QE  35.105-50740
3. Cuuras o(Bi)=1, onpefenuM napamerp dxp IO
bopmyne
5xp = Bo(1 + BY1 + 2,47%3) =
- 1,781 + 0,0513)1 + 2,4-0,0358%3) = 2,36.
4. B nepBoM nNpuOMIMKEHUH MHHUMAJIBHBIA pa3Mep
HaliieM U3 BolpaxeHus (16):
£
MRT5xpeRT0
EQkop

0,0358.

50740
8,314-3132 . 2,36¢8314 313
50740 - 2,46 -10% - 660
5. ITo ypaBHeHusiM (1) ¥ (2) WA nony4eHHOro pa3Mepa
BHIYHCIIMM YHClio Panes:
1770
Ra=12-10%¢ To D’%T_°=
1770

212.108¢313 .0.523 8314-313 _ 5 47 108
1,2-10% 0,52 50740 2,47-10°.

= 0,26 M.
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6. KoaqduumeHT TeriooTsayd o HaigeM no ypas-
HeHMIO (4):
)o 3330027
052

a = 0135k 22 1 4073 ~01350,4710°
+4.567.10°8.313% = 11,3 Br/(m-K),

IZie TeTUIONPOBOAHOCTL BO3AYXA oIpefesieHa o dopmyse (5):
Ap =698-1072 +6,41.107°Tp =
=698-10 4+ 6,41-1075 - 313 = 0,027 Br/(m - K).

7. BeruucnuM xpurtepuit buo, cooTBeTCTBYIOIMI pa3-
Mepy ¥ Ko3bdUIUMEHTY TEIUIQOTAAYH AL KaXxaoro obpasua:

_ar_ 113-0,52 _

8. Benuuuna dynxumn ¢ (Bi), yuuTniBasoment uHTEH-

CHUBHOCTb TeruioobMeHa obpa3na C BO3XYXOM, IUISL IOJy4YEH-
Horo 3HayeHHst Bi cocTaBHT:

. 2 .
o(Bi) = %—(,,Biz +4 - Bi)exp———Bl ha ;i— Bi-2_
2
“23 (,/11 32,411 3)exp(-”_’3_+4_:‘-ﬂ] =0911.

11,3

9. Kputuyeckoe 3HayeHHe mnapamerpa Ppank-Kame-
Heukoro 6yaer paBHO:

8xp = Soo(Bi)l + B)l + 24¢%3) =
= 1,78-0911(1 + 0,0513)1 + 2,4 -0,0358%3) = 2,15.
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10. ITo dopmyne (16) BLIYMCIUM HOBOE 3HaYEHHE pa3-
Mepa HachiliM MaTepuaia:

E
2

ARTy S pe RT0

EQkop

50740

2122 . 8314313
_|8314-313 2,15e8 025 m.

50740 - 2,46 - 108 - 660

11. CpaBHUBas 3TO 3HaY€HHE r C €ro BEJIMYHUHOM, MO-
JIY4eHHOH B II. 5, BUAMM, YTO Y4€T MHTEHCHBHOCTH TEIUIO-
o6MeHa NMpaKTHYECKX He M3MEHWI 3HAaYEHHMS] KPUTHYECKOro
pasMepa. IlepeBo3ka KOCTHOH MYKH B X€JE3HOHOPOXHBIX
BaroHax HacCHINBIO MPEeICTARISAET ONACHOCTh CAMOBO3rOPaHMUS
3TOro NpPOAYKTa.

4. IIpamep pacyeTa BpeMeHH HHIYKIHH

PaccyutaTh BpeMst HHAYKUMH TNPH NEepeBO3KE KOCTHOM
MyKU B BaroHe npu temmneparype 20 °C (293 K).
HMcxopHbeIMM JaHHBIMM VIS pacyeTa sIBISIOTCS:
e TeMIepaTypa nepeBo3ku Marepuana 7= 293 K
e KPHUTHYECKas TeMIlepaTypa CaMOBO3IOpaHMS ISl 3aaH-
HOro pasmMepa H ¢opMBbI YIIakoBKH Marepuana Typ= 263 K;
¢akrop opMsI ynnakoBKH MaTepuana j = 1,11;
e pa3Mep YNakoBk# r = 1,35 M;
e IUIOTHOCTB YIIAKOBKM MaTepuana p = 660 xr/m3;

e K03pPUUHEHT TEIIONPOBOAHOCTH MaTepHaia A =
= 0,14 Bt/(M - K);
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e TEIJIOEMKOCTb HCCIEIyeMOro Marepuana ¢ =
= 780 JIx/(xr - K);
e TeruioTa peakuun Q = 350 000 Ix/xr;
e 3HEpIrMs aKTHBAaLlHH peaKUUM OKHUCJIeHUs E =
= 50 740 Ix/Monb,
e MpEeJ3KCINOHEHIHANBHHNA MHOXUTENb Qko/A
= 2,46 - 108 M - K/kr.
1. ITo Temnepatype T BLIYMCINUM MapaMeTpsl B M ¥
¢ nomousio dopmyn (8) 1 (9):
B= RTy _ 8,314-293 - 0,048:
E 50740
2 2
y= cRT - 780-8,314-293 - 0,031
QE  35.10°.50740

2. Ilo ypaBuenusam (1) u (2) HaitneM yucio Panes:

mo
Ra=12-10% T D3£E_°=
i 8314.293
=12.10%¢393 .73 2227272 _ 477.1010,

50740

3. KosadpbuuMeHT TeIIooTHayd o OIpeAeIuM Mo
ypaBHEHMIO (4):

a = 0,135Rq%3% % +40T} =
3330026 |
27

+4.567-107%.2933 = 10,3 Br/(m - K),

Iie TEIUIONMPOBOAHOCTbL BO3AYXa paccyuTaHa no ¢opmyne (5):
Ap =698.1073 +6,41-107°T =
=6,98-1073 +6,41-1075 . 293=0,026 Bt/(M - K).

= 0,135 (4,77 -1010



40

4. BuiyuciauM KpuTepui BHo, COOTBETCTBYIOILIMI pa3-
Mepy ¥ Ko3(pPULIMEHTY TEIVIOOTAAYHM I KAXAOro obpasua:
ar _ 103-1,35_ 99

Bi=-%=
A 0,14

5. o ¢opmyne (11) paccyuraeM mapamerp &, COOT-
BETCTBYIOIMI TeMIiepaTtype xpaHeHusi T, ¥ mapamerp Syp

JJIsi KpUTHYECKOM TeMnepaTyphl Txp:

E
5 = ko E2 26 Rl _
» RIS
50740
- 2461086022740, 352, 78314293 _ 18,
8314-293
__E
o = ko E2 12¢ Kl
 RIZ
50740
= 2,46-108.60—0T40 1352, 8314263 _ 98,
8314263

6. BeUMCIMM OTHOCHTEJNBHOE YNIEHHE OT Ipelena
BOCIUIaMEHEHHS:

5 189

=2 =% 867
A 5ep 2,18
H GyHKUMH
1-4-82Jy
Ay)=1+062———XL -
A (4 -095)%°

-2
-14+0621 4867001 _
(a-095"
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A 1+1,5(1-0,14)]Bi
B,y -1-
72,8, 4) 16(1+ Bi)
o1 B+150-01-8671,11]99
16 (1 +99)
7. Paccunraem 6e3pasmepHoe BpeMsi HHAYKLINHM:
©= fi(A,1) 20, Bi, A)(1 + 28) =
=11-0924(1+2-0,048) = 1,11.
8. OnpegenuM pasmepHoe BpeMs MHAYKUMH fy (C) TO
dopmMmyie

=0,924.

2 £
t" - TCRTb eR7b _
OkoE
2 50740
_ 111-780-8314-293% g37a393 _
2,46-10% .0,14 - 50740
=393152¢ =109,2 4 = 4,55 cyToK.

5. Ilpamep pacueTa KPHTHIECKOH TeMIIEPATYpPH
HArpeToli MOBEPXHOCTH 00OPYAOBAHESA
MJIsi OTJIOKEHHH BemecTs

PaccuMTaTh KpUTHYECKYIO TEMIIEpaTypy HapyXHo# Io-
BEPXHOCTH 3JIEKTPOOGOPYAOBaHUA [UIS OTIOXKEHHH LUTaMO-
BOM MYKM TOJINIMHOM 1 cM.

HMcxooHBIMM JaHHLIMHM IS pacyeTa KPUTHYECKOH TeM-
nepaTypbl OT/IOXEHUI Ha HAarperoil noBepxXxHocTH obopyno-
BaHMS SABIAIOTCA:

e TeMIlepaTypa cpeibl, B KOTOpoil ofpa3yiorcs OTioxe-
Hus, To= 300 K;
e TOJIIIMHA OTJIOXeHMH h = 0,01 M;
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e K03(QPHUHEHT TEIIONPOBOAHOCTH MaTepuaua A
= 0,055 Br/(M - K);

® TENJOEMKOCTb HCCJEAYEMOro MaTepHaja ¢ =
= 1550 Ox/(xr - K);

e 3Heprus aKTUBAlUHH peakKUHMM OKucieHus E =
= 66 597 Ix/Moins;

® yAeJbHOE TEeIUIOBhiAeNneHHe Q = 349 637 JIx/Kr;

e NpPeA3KCNOHEHUUAJbHBIKH MHOXHTENs Qky/A
=2,55.1013 m - K/k.

1. IlpuHuMas B nepBOM NPUOTMXEHUH BETHYHHY KpH-
Tepusi Bi =4 M TeMmnepaTypy HarpeToil IMOBEPXHOCTH 060py-
poBaHuA Ty paBHoi 500 K, BRIYMCIMM CPEAHIOD (MEXIY
TeMIepaTypaMyd HarpeToif NMOBEpXHOCTH H [a30BOIO IpoO-
CTpaHCTBa) TeMrepatypy T, mo gopmyie (22):

5(513__5 %’20—4@5 +300 = 311K.
2. PaccyuraeM KOMIUIEKC g /av ¥ Ko3(PdUUHMEHT Tern-
JIOTIPOBOAHOCTH BO3AyXa Io ypaBHeHUsIM (23) u (24):
1770 1770
% =12-10% T@ =12.108¢311 = 35554.10'9;

Ap =698-1073 +6,41.107°Tp =

=698-1073 +6,41.107°.311 = 2,6915-1072.
3. ITo HaliieHHBIM Bhillle 3HAYEHUSIM ONpEICNIUM ApYy-
IyI0 BENHYMHY KpUTepusi BHo o BuIpaxeHHIo (25):

. :{ gr T -To) As 3| h _
B“[C vaTy @BieD) h T |55 "
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_[ 0,97 4f3:5554-101% -0,013(500 - 300) _
Y 300(2-4 + 1)

L 26915 102 0,01
0,01 2-0,055

rne C — xoadduumeHT, pasHblii 0,27 LIS rOpU3OHTAIBHOM
IUTaCTHUHBI, OOpallleHHON ropsiyeit CTOPOHOW BHM3 (IPHHHU-
MaeM B HallleM Cliydyae KaK Hauboxee XeCTKHH BapHaHT).

4. HaitneHHoe B 1. 3 3HayeHHe BioTiHyaerca oT npH-
HaTtoro B 0. 1 Gonee yeM Ha 10 %. IloocraBuM mocineaHee
3HayeHHe Bi B dopMmynbl (22)—(25) ¥ nmonydyuM BEIHYUHY
Bi= 1,15. Tak Kak 3T0 3Ha4eHHE OTIMYAETCA OT IpeabIAyILE-
ro Gonee yem Ha 10 %, moacTaBMM rocaefHee 3HadyeHue Bi
B ¢opmysbl (22)—(25) u nomyyuM BeanyuHy Bi= 1,14.

Tax xak MocjeaHsis W Npeabaylias BeIWYMHBI OTIH-
yalTCs APYT OT Apyra MeHee 4eM Ha 10 %, B HajJbHEHIIMX
pacuyeTax MCNonb3yeTcs BenuyuHa Bi =1,14.

S. [pousBeneM BriuUcHeHUs Mo dopmynaM (26)—(28):

E 66 597
80 = — (T; = 500 - 300) = 6,4113;
0 RTE(r To)= 831-5 2( )=

a=1+228e065%0 _q, 2,28e -0.65-6,4113 _§ 0353;
. 2 2
8=_12;[1+B21Bi) {90+21n[2(a+,/aia—li)]} =

1 ( 1,142

+4.567.1078 -3003] = 1,03,

2
R (et 1’142] {64113+ 21n[2 (1,0353 +

2
+ L0353 0,033 -1) )]} =393,
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6. Ins temneparypsl It OIIPENENMM IapaMeTphl B, y
U BBHIYMCJIMM KPUTHYECKYIO BEIMYNHY & :

==L =2~ -0,0624;
B E 66597 ’

2 2
y - CRT? 15508315007 5.
QE ~ 34963766597

Sup = (1 + B)l + 24v%°) =

= 39326 (1.+ 0,0624)1 +2,4-0,1383%3) = 6,86.

7. IloncTaBMM BeTMYMHY dxp B ypaBHeHHe (11) M Haii-
JleM HOBOe 3Ha4ueHue TeMmnepatypbl: Tt = 544 K.

8. Ucnonbays 310 3HayeHue Tr, MOBTOPHUM pacyeT Ia-
pamerpoB no mn. 1—7. HaiineM HOBoe 3Ha4YeHHE TeMIlepaTy-
pu: Tt = 549 K.

Hcnonbays aro sHaueHne Tr, NMOBTOPMM pacyeT Iapa-
MetpoB no nn. 1—7. HalineM HoBoe 3HayeHUE TEMIIEPATYphI:
T, =549,5 K.

9. Tax Kak NpeabiIyliee M NMOCHeaHee 3HAYEHHUS TeM-
MepaTypbl OTIMYAIOTCA APYT OT Apyra MeHee yeM Ha 1 °C,

3a KPHTHYECKYIO TEMIIEpaTypy NpHMEM pe3y/bTaT MOCHeIHe-
ro pacyera.
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6. IIpamep pacuera KPHTHIECKOH TEMIEPaTyphi CPeIbl
B BO3QYXOBOJ/I€ /I OTJIOKEHWH MATEPHAIOB

PaccuntaTh KpUTHMYECKYIO TeMIIepaTypy ra3oBOi Cpenbl
BHYTPM BO3AyXoBoJa ISl OTJIOXKEHHHU LUIaMOBOH MYKHM TOJI-
LLMHOK 1 cM.

HMcxogHBIMK DaHHBIMM UISL pacyeTa KPUTHYECKON TeM-
repaTypbl OTJIOXKEHUI Ha HarpeTtoi MOBEpXHOCTH oOOpyHO-
BaHUSA SABISIOTCSA:

e TeMNepaTrypa BHYTPEHHEH INMOBEPXHOCTH BO3JyXOBOJAA
To = 300 K;
TOMUWMHA OTNOXeHUH A= 0,01 m;
BHYTpPEHHU1 auameTp Bo3ayxoBona D = 0,3 M;
CKOPOCTb ABUXEHUS cpeanl B BosgyxoBoae V= 1 M/c;

¢ K03QOdHUUHUEHT TEMJONPOBOAHOCTH Marepuana A =
= 0,055 Br/(M - K);

® TEIUIOEMKOCTb MCCJeAyeMOro Martrepuana c
= 1550 Ox/(xr - K);

e DHEPruUs aKTHBAaLUMKU peakKUUH OKHUCJeHUs E
= 66 597 Ix/Moib;

e ynenpHoe TerioBbiaenenue Q = 349 637 Ix/xr;

e Mpen3KCNOHeHUHaJbHbI MHOXHTENb Qkop/A=
= 2,551013 K/m2.

1. [IpuHUMas B NEpBOM NMPUGIMXEHUH BEIHYUHY KPH-
Tepusi BHo Ha xoymogHO# cTeHke cnosi Bix = 4 ¥ TeMmepary-
py rasoBoii cpefibl BHYTpM BosayxoBoga Tr paBHoit 530 K,
BBIYHCITHM CPEAHIO (MEXOY TeMIlepaTypaMU XOJOAHOH Io-
BEPXHOCTH H ra3oBOro INpOCTPaHCTBA) Temneparypy Icp IO

¢dopmyne (30):
Tr-To 530 - 300
Tep = To = 300 =313 K.
T 3@Bix+1) 0 2@.4+1)

]
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2. PaccuntaeM KoMiuiekc g/av ¥ Ko3pdHUHMEHT Ten-
JIONIPOBOAHOCTH BO3yXa Mo ypaBHeHUsIM (23) u (24):
1770 1770
=1,2-10% "o —12.108¢313 =34284-10'°;

Ap =6,98-1073 +641-107Tp =
=698-1073 +6,41-1075 .313 = 2,7043-10°2.

3. Ilo HaliieHHLIM BbIllIE 3HAYEHUSIM ONPENECTIUM IpY-
IYIO BEJUYMHY KpuTepusi BHO Ha XOJNOOHOW CTEHKE IO BbI-
paxeHuio (31):

m (Tr -To) s h
Bix C{Jg r Ao 46T,
[ va To (2Bix +1) h O]zx

10 3
=[0 o4 43,4284-10 0,01 (530 - 300)

3002-4+1)

L 27043 1072
0,01

0,01
2-0,055

+4-567-107% .300% ] =153

HalineHHoe 3HayeHue Bix oTIMyaeTcd OT NPUHSATOrO
paHee Gonee yeM Ha 10 %. IloacTaBuM nociefHee 3HAYEHHe
Bix B dopmyns (30), (23), (24), (31) 1 noay4yum HOBYIO Be-
nuuuHy Bix = 1,71. HailineHHoe 3HayeHue Biyornuyaercs
OT NpHMHsATOro paHee Gojnee yem Ha 10 %. IoxcraBum mno-
cnenHee 3HaueHwe Bix B dopmynst (29), (23), (24), (30)
U NONY4YHMM HOBYIO BenuuuHy Bix = 1,69.
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Tak kak nocnefHsis ¥ TNpeAbaylUass BEJIUYHHLI OTIM-
YaloTcs APYT OT Apyra MeHee 4eM Ha 10 %, B AanpHe#IInX
pacyeTrax UCMOJb3YyeTCs BeAMYMHA Biy, = 1,69.

4. OmpenenuM 3HayeHUE KHUHEMATHYECKON BA3KOCTU
BO3lyXa 1O BbIpaXeHHIO (32):

v=787-10"17% +501.108T, - 6,4-107° =
=787-10711.326% +501.10°8 x
x326-6,4-10° = 18296.1075.

5. BorucauM BeauyuHy Kputepus buo Ha ropsdeit
CTEHKe cjiosl 1o popMmyie (33)'

VD
Bi; =
ir = [0018( ] D 4T,-]2x

1.03 ™ 27877.10-2
=10,018 -0, 2,7877 -
1,8296-1073 03

0,01
20,055

+4.567.1078. 5303] =3,43.

6. Ilponssenem BbluMcieHus no dopmynam (26), (27)
H (34):
E 66597
== (T} -Tp) = —2
(7 -To)= 8,31-5302
a=1+228¢ 0650 _ 1427806565619 _ 03,

-L( BiBix )Zx

(530 - 300) = 6,5619;

2a\ 2BirBix + Bir + Bix

«foo + 2mpla+ a1 )]} -
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1 1,69.3,43 2 )
T 2.1,03212-1,69-3,43 + 1,69 + 3,43

« {65619+ 212 1,032+ JT032 032D} = 317.

7. Ons temnepatrypbl It ONpenenuM mnapaMmeTphl B, y
Y BBIYUCIIMM KPHUTHYECKYIO BEJIMYHHY & :

RT; 831-530

E " 66597 - 006613

B=

_cRT? _ 15508315307

= = 0,1554;
QF 349637-66597 554;

Bxp = (1 + BXI + 2,472/3) =

= 317(1 +0,06613)1 + 2,4 0,1554%3) = 5,72.

8. TloncraBuM BeqHYMHY Jxp B ypaBHeHHe (11)

M HalineM HoBoe 3HayeHue Temmnepartypul: Tr = 537 K.
9. Ucnonb3ys 310 3HayeHUe T, MOBTOPUM pacyeT Io
m. 1—8 u HaifieM HoBoe 3HayeHue Temrepatyphl: T+ = 539 K.
Hcrnons3yss 310 3HayeHue Tr, MOBTOPUM pacyeT Mo
. 1—8 ¥ HalfieM HoBoe 3HayeHue Temriepatypsl: Tt = 539,9 K.
Taxk kax npeabiayliee U MocjieaHee 3Ha4YEHUS TEMIlepa-

TYpHl OTJMYAIOTCA APYT OT Apyra MeHee yeM Ha 1 K, npumem
nocjeaHee 3HaYeHHE 3a KPUTHYECKYIO TEMIIEPATYpy.
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7. Ilpamep pacueTa KPETHYECKOH TEMIIEPATYPH HArpeBa
TeIUIOBOM H30JIAIHE TEXHOJOTHIECKOTro TpyOonpoBoaa

PaccYHTaTh KPUTHYECKYIO TEMIIEpaTypy HApYyXHOH IMmo-
BEPXHOCTH TEXHOJIOTMYECKOTro TPYGONpoBoaa il TEIUIOU30-
JIALMHA TOMIMHOM 1,5 cM.

HcXOnHBIMU JaHHBIMU JUIA pacyeTa KPUTHYECKOH TeM-
nepaTyphl SABASIOTCA:

e TeMIepaTypa okpyxaioweit cpean Ty = 300 K;

® CKOpPOCTb ABMXEHMs BO3AyXa BHYTpPHM TpybGonpoBoaa
V=1 wM/c;

® TOJIIMHA TeIUTou3onAuMu A = 0,015 Mm;

¢ K03(bIHUMNEHT TEIIONPOBOAHOCTH MaTepHaa A
= 0,055 Br/(M - K);

® TENJOEeMKOCTbh MCCIEAYyeMOTro MaTepuana ¢
= 1550 JIx/(xr - K);

e DHEpPrus aKTHUBAaLUMH pEaKUMH OKHUCIeHUsA E
= 66 597 dx/mons;

e yaenbHOe TemioBuiAeacHue Q = 349 637 Ix/xT;

® Npea’KCNOHEHUUANbHBN MHOXHUTENb Qkgp /A=
= 2,551013 K/m2.

1. IIpuHKMas B niepBOM NMPHOGIMXKEHUM BEIHYHHY KPH-
Tepuss Buo Ha xononHolt creHke ciosi Bix = 4 ¥ reMnepary-
py Harperoit TexsHosoruyecko#t Tpyést Tr= 500 K (paBHOH
TeMIlepaType Cpeabl BHYTPH TpYGONpPOBOAA), BBHIYUCITHM
CpPeHIOI (MeXAy TeMrepaTypaMM XOJIOAHON M ropsyel rmo-
BEPXHOCTH cliost) Temnepatypy T, no ¢popmyne (30):

_ 500300

Tr—TO
Teo = To = 300 =311K.
P TI@Bix+1) 0 20.4+1)
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2. PaccunTaeM KOMIUIEKC g /av ¥ KO3QPHIHUEHT Ten-
JIONPOBOIHOCTYU BO3[yXa IO ypaBHEHHsIM (23) u (24):
1770 1770
% =1,2-108e T =12.10% ¢ 311 =35554.10'0;

A =698.107 +6,41-10°T;p =

=6,98-1073 +6,41-1075 . 311 = 2,6915-1072.

3. Tlo HaliIeHHBLIM BBIILIE 3HAYCHUAM OINPENETHM IpY-
IyI0 BeIMYMHY KpUTepusi BHO Ha XONOMHOM CTeHKe cios IO
BhipaxeHu10 (31):

3
_ t}ih_(Tr-To)Ln 3|k _
Bix —[C va To (2Bix +1) & +4°T°]2x"

10 3
=[0’54 #3,5554-10 0,015° (500 -300) |

300(2-4 +1)

0,015 2-0,055

HalineHHoe 3HaueHue Biy omiMyaeTcsi or npUHATOro
paHee Gonee yem Ha 10 %. IloxcraBuM mocieaHee 3HaYeHHe
Bix B dopmynn (30), (23), (24), (31) ¥ noAyYHM HOBYIO Be-
amunHy Bix = 2,28.

Tak Kak mocnegHsss U MPEABAYIIAA BEIUYMHBI OTIM-
YaloTCA APYT OT Apyra MeHee yeM Ha 10 %, B JajabHeHLIMX
pacyeTax MCIoJb3yeTcsl BenmuuHa Bi, = 2,28.

4. OmpenenyM 3HaYeHHE KMHEMAaTHYECKOH BA3KOCTH
BO3/YXa IO BHIpaXeHHIO (32):

.10-2



1

v=787-10"1"T% +501.10 8T, -6,4-107° =

=7,87-10711.3192 4+ 5,01.1078 x

x319-6,4-107 =1,759.1075.

5. BBYMCIMM BeIHUMHY KpuTepusa Buo Ha ropsueit
CTeHKe cJiosi 1o ¢opmyie (33):

0,8
. 2% h
Blr—(O,OIS(TJ s 4T’]2x

1.0015 )% 27428.10°2
=0,018[ -9,01 ] 17428 -1

1,759.1073 0,015

_ 0,015
4.567-1078 . 500% |2 -4
* 5 }2 . 0,055 86

6. INpoussenem BuuMcaeHUs no dopmyinam (26), (27)
u (34):

60 =

E 66597
= 500 — 300) = 6,4113;
RTR( To) = 8315002 315007 )=

=1+228¢706%0 _ 1, 228,7065-64113 - 9353,
_1 ( BirBix )2 §
2a 2Berlx + Blr + le
2
x {eo + 2ln[2(a+ ,/aia— 1’)]} =
1 2,28-486 )2 5
T 2.1,0353(2- 2,28 4,86 + 2,28 + 4,86

x {64113 + 21n[2(1,0353 + J1,0353(1,0353-1) ) |} * _ass.
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7. dns temneparypbl Tr omnpeleldM IapaMmeTpei B, y
M BBIYMCIIHM KPHTHYECKYIO BEJIMYHHY & :

== =2~ -(,06239;
P E 66 597 0,06239;

_ cRT? _1550-8,31-5007
VY="0F ~ 349637-66597

Sxp =8 (L+ YL+ 24¢7)=
- 4,65(1+0,06239)1 + 24-01383%%) =g 11.

=0,1383;

8. ToncraBum BeMYMHY 8y, B ypaBHeHue (11) U Haif-

JileM HOBoe 3HauyeHue Temnepatyphl: 7 = 518 K.
9. Ucnons3ys 310 3HayeHHe T, MTOBTOPHM pacyeT Mo
m1. 1—8 U HalireM HoBoe 3Ha4eHHe TeMmneparyphl: 7 = 521 K.
Hcnonp3ys 310 3HayeHue T, MOBTOPHM pacyer Mo
mm. 1—8 u Halinem HoBoe 3Ha4YeHHe Temneparyphl: T = 521 K.
Tak xak npeabiayllee W nociefHee 3HAYEHUSA TeMIepa-

TYpHl HE OTIMYAlOTCA APYT OT Apyra, NpHHHUMaeM IocjeaHee
3HaYEeHHUE 32 KPUTHYECKYIO TeMIIeparTypy.

8. Ilpamep pacuera KPETHYECKOIO pa3Mepa OTJOXKEHMH
BEIIECTBA HA HATPETOM HOBEPXHOCTH 06OPYOBARES

HcxomHbIMM HaHHBIMH IS pacyeTra KpPHWTHYECKOIo
pa3Mepa OTJIOXEHHMH Ha Harperoll NnoBepxXHocTH OGOpYyROBa-
HHUS ABIAAIOTCA:

e TEMIlepaTypa ITOBEPXHOCTH, Ha XOTOpoi oGpa3yiorcs
omoxeHus, Tr= 530 K
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e TeMIlepaTypa [a30BO# CpeAbl OKOJO XOJOOHOM NoBepX-
HoctH cnost To= 300 K;;

¢ K03(GODHUIHMEHT TEILUIONPOBOAHOCTH MaTepuajga A =
= 0,055 Br/(M - K);

e TENMJIOEMKOCTb MCCJIEAyeMOro MaTepuana c=
= 1550 Ix/(xr - K);
e Teruiota peakuuun Q = 349 637 Ix/xr;
e 3Heprus aKTUBAaLUUU peakUHUH OKHCIeHus E =
66 597 Ix/Monb,
e NMpPEeA3KCNMOHEHUHUaNbHHK MHOXMUTENL Qkop/A =

2,55-1013 K/m2.

1. IIpyHumas B nepBoM NPUGAMKEHHUU BEIHYUHY KPH-
Tepusi Bi = 4, B coorBercTBUM ¢ dopmynamu (22)—(24) on-
penenuM temnepatypy Tcp, KOMIUIEKC g/av H KoabpHUM-

CHT TEIUIONPOBOAHOCTH BO3ayXa:

T: - To 530 - 300
Tep = =L To = 300 = 313K;
PERBi+l) 0T 202.441)
1770 1770

% =12.108¢Tr 12.108 €313 = 34284.10'0;

Ap = 6,98-107 + 6,41-10°T¢p =
=698-1073 +6,41.1075.313 = 2,7043-1072,

2. NNpunuMas 3nayeHue h paBHbiM 0,01 M, no BrIpaxe-
HuIo (25) paccuuraeM Apyroe 3HauyeHMe Kpurepusi buo:

3
i = #;&L(Tr—ToH_ 31 h _
B"[C vaTy (@Bi+1) h +4oTy 152
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10 3
{027 &4284 10'° .0,013(530 - 300) _
3002-4+1)

0,01
2-0,055

27043.1072
X [————— =0,967,

-8 3
001 +4.567-107°.300 ]
rie C — xo3¢ddULMEHT, paBHLIA 0,27 11 rOpU3OHTAILHON
TUTaCTHUHBI, OOpAlllEHHON ropsiyeit CTOPOHON BHU3 (MIPHHM-
MaeM B HalleM Ciyyae Kak Haubojiee XeCTKHii BapMaHT
B NPOCTPAHCTBE CYLIWIKH).

3. HalineHHoe B 1. 2 3HayeHHe BioTiMyaeTcs OT npu-
HATOrO B M. 1 Gonee yem Ha 10 %. IloacTaBMM mocienHee
3HaueHue Bi B dopmyny (22) u mo BeipaxeHuam (23)—(25)
HaliieM Apyryio BenuyuHy Bi = 1,17.

HailineHHoe 3HayeHMe BioTIHMYaeTCs OT MpeABIAYLLErO
6onee yeM Ha 10 %. ITonctaBMM mnocnendee 3HayeHue Bi
B (opMyny (22) u no BblpaxeHusM (23)—(25) HaiineM Apy-
ryio senuyudy Bi = 1,157.

Tak Kak nocjaeaHsii ¥ Npeabiaylias BEJIUYMHBI OTIM-
YaloTCs OpYr OT Apyra MeHee 4eM Ha 10 %, B JanbHeAmmx
pacyeTax MCTioab3yeTcs BennymHa Bi = 1,157.

4. B COOTBETCTBMM C BhIp@XCHUAMH (26)—(28) BhIUMC-
JuMm Ge3pa3MepHBIf TeMIlepaTypHbIii neperan 0p, a TaKkke

napameTpsl a, 5,8, v, dxp -
66597
00 =2 —— (I -T)=

3 31530 —22=— (530 - 300) = 6,5619;
r

a=1+ 2,288_0’6590 =1+ 2,28 e—0,65 -6,5619 . 1’032’
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2

1 Bi J2{90+2ln[2(a+m)]} =

8= Z(nzBi

o1 1,157
T 2-1,032{1+2-1157

«Jiomen-1) )] - a0

5. ina temneparypbi It OMpenenuM mapaMeTphl B, y
M BBIYUCIMM KPUTHUYECKYIO BETHYUHY §:

2
] {65619 + 21n[2(1,032 +

E = 66597

_cRT? 1550.831.5302 _ ,
Y="0F " 349637.66507 ~ “1%

axp = 8(1 + ﬁxl + 2,472/3)=
=4,103(1+ 0,06613X1 +24. 0,15542/3) =741.
6. IToncraBuM BelMYMHY Sxp B BbipaxeHue (34):
66 597
2 8,31.530
) 8,31-530”-74le =0,0123 u.

66597-2,55-1013

7. IMonyyeHHOE 3HaYCHHE TOMUMHK CJIOA Goslee YeM Ha

S % ornuyaercs orT npeabiaywero. Mcmonssys nocnemuee
3HayeHue A, TIPOM3BOAMM BHIYMCIEHHA mno mnn. 1—6 u ompe-

mensieM ciegyioluee 3HaueHue: h = 0,0129 M.

h
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Tak Kak npebiiyliee ¥ NOCHEAHEE 3HAYEHMUS TOJNIIM-
HBl CJIOSl OT/IMYAIOTCSl APYT OT Apyra MeHee 4YeM Ha 5 %, 3a
KPUTHYECKMI pa3Mep TNPHHHUMaeTcsi pe3yibTaT MOCIEOHEro
pacuyera.

9. IlpuMep pacueTa KPATHYECKOH TeMOepaTypsl
JUISL OTIOXKEHHH BENIECTB B TEXHOJOIHIECKOM 0DOPYAOBaHHH

PaccuuTaTh KpUTHUYECKYIO TEMIIEpaTypy ra3oBOi Cpelbl
BHYTPH TEXHOJIOTHYECKOIrO anmapara i OTJIOXEHWH uua-
MOBOI1 MYKH TOJILHMHOMN 1 CM.

HcxoqHbiMy AaHHBIMM AJIS1 pacyeTa KPUTHYECKOM TeM-
nepaTypsl OTJIOXEHMA Ha BHYTPEHHEH MOBEPXHOCTH obopy-
JIOBaHUsl ABJISAIOTCS:

e TeMIlepaTypa cpelbl B IPOU3BOJCTBEHHOM NOMEILIEHHH
Ty = 300 K;

e TONIIMHA oTIOXeHHH A = 0,01 M;

e K03¢pIHUMEHT TEMJIONMPOBOAHOCTH MaTepuasa A
= 0,055 Br/(m - K);

e TENNOEMKOCThL MCCIENyeMOro MaTepuaga ¢ =
= 1550 Ix/(xr - K);

e 3HEprUsi aKTWBaUMM peaklMH oKucileHus FE
= 66 597 Ix/Mons;

e yaenbHoe TeruioBhieneHue Q = 349 637 Ix/kr;

e MpPEN3KCHOHEHUHANbHBI MHOXHTeNb Qkpp /A =
=2,55-1013 K/m2.

1. IlpuHKMas B NepBOM NPUOTHXEHUHM BEIUYHHY KPH-
Tepusi Buo Ha xonogHoM creHKe Bix = 2, 3HaueHHe KpuTe-
pus Buo Ha ropsaueit creHke Bir =4, Temneparypy cpeabl
B TexHoJormyeckoM obopynosanun Tr paBHo#t 500 K, BbI-
YHCIIMM CPEAHIO (MEXIY TeMIleparypaMH XOJIOMHONW mno-
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BEPXHOCTH ¥ IIPWIETAIOLIEro ra30BOro NpOCTPaHCTBa) TEM-
nepatypy mo dopmyne (36):

Tcpx =Tr;Tobx+T0 =

_500-300 4
T2 4+2.4.242
2. Paccuuraem KoMIUieKC g/av U Ko3ddHLMeHT Temn-
JIOTIPOBOIHOCTH BO3[yXa OKOJIO XOJIOAHOM CTEHKH MO ypaB-
HeHuaM (23) u (24):
1770 1770
f; =12-108¢ 7> -1,2.108¢318 = 31368.-10'°;

+300 =318 K.

Ap = 6,98-107 +6,41.107T, =
=698-10 +6,41.107° .318 = 2,7364-1072.

3. Ilo HaliieHHbIM Bbllle 3HAYEHUSM OMNpEAENIUM IpYy-
IylI0 BeJUYMHY KpUTepHss Buo Ha XONOOHO! CTEHKe IO Bbi-
paxenuio (37):

Bi, {C{{g R @ -T0), 1 40T03JL=

a Tp 22

10 3
) [0’27 </3,1368 100.0,01% (500 - 300)

300
27364-102 g
[ﬂuz 4.2+2 001 +4-567-107300° | x
0,01

7 0,055 = 1084,
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rae C — xo3dbduumnent, pasusiit 0,27 I rOpU3OHTAILHON
IUTaCTMHBI, OOpallleHHOH ropsiyeil CTOPOHOH BHHU3 (ITPHUHH-
MaeM B HallleM cjlyyae KaK Haubosee XECTKMii BapHuaH1
B [IPOCTPAHCTRBE anapara).

4. HaiineHHoe B 1. 3 3HayeHHe Bix oTiuyaeTca o1
npuHsToro B 1. 1 Gonee yem Ha 10 %. IloncraBuM mociten-
Hee 3HayeHWe Bix B dopmyny (36):

Tep, = Tr;Tobx+T0 =
500 — 300 4
= 0 = K,
3 4724108471084 T 00=3¥
1770 1770

£ _12.108¢ T =12.108¢325 =26041-10'0;
av

Ap = 6981073 +6,41-10°T; =
=6,98.1073 +6,41-107° - 329 = 2,.8069-1072;

1{gh (T - Th) 3|k _
Bix [C aTo bx 4T]27L

10 0012 (500
=[0,27V(2,6o41.10 0,01* (500 - 300)

300

Y 2,8069-1072
“V4+2.4-1,084+1,084 001

-8 2003 0,01 ~1137
+4.567.1078 .300 )———2'0,055 1,137.
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Tak kak nocnemHsii ¥ NpeAblAyllass BETMYMHBI OTIH-
4aloTCsl OpYT OT Apyra MeHee 4yeM Ha 10 %, B JanbHeHIIMX
pacyerax HCronb3yercsl BequyuHa Biy = 1,137.

5. C yueToM nocjegHUX 3HaYeHUR kputepus Buo BbI-
YUCJIUM CPefHIOI (MeXIy TeMIepaTypaMH ropsyeil nopepXx-
HOCTH Y NpUIEraiolero ra3oBoro NpocTpaHCTBa) TeMNepary-
py no ¢opmyne (38):

Tep, = %(Tr - br) + Toby) =

1,137
= 0,5[500(2 T 45211374+ 1,137) "

x 300 1437 ) =492 K.

4+2.1,137-4+1,137

6. PaccunraeM KoMIUleKC g/av ¥ K03GE UUMEHT Tem-

JIONMPOBOAHOCTH BO3AYyXa OKOJIO I'Opﬂ‘leﬁ CTCHKH ITO ypaBHC-
HUsM (23) un (24):
1770 1770
£ _12.108eTe —1,2.10%¢492 - 43811-10°%;
av

Ap =698-1073 +6,41-10°T, =
=698-1073 +6,41-107° .492 = 38517102

7. Ilo HalneHHLIM BbIILUE 3HAYEHUSM ONpENEIHM Ipy-
rylo BeIHYMHY KpHTeprss Buo Ha ropsiyeit cTeHke no BbIpa-
xeHuIo (39):

. ya h (Ir -T)
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9 3
=[0,27§/4,3811-10 10,013 (500 - 300)

300
) # 1,137 385171072 .\
4+2.4.1137+1,137 0,01
_ 0,01
4.567-1078 .5003 | - = 2947,
* 50 ]2-0,055 2

raie C — xo3ddunuenTt, papHbiit 0,27 Ui rOPU3OHTAILHON
TUIaCTHHbI, OOpalleHHON ropsiueil CTOPOHOK BHM3 (IIPUHHU-
MaeM B HalleM cjy4ae Kak Haubonee XECTKMH BapHaHT
B MIPOCTPAHCTBE armnapara).

8. HaiineHHoe B n. 7 3HayeHHe Bir oTiMyaercsi ot
npuHsiToro B 1. 1 6onee yem Ha 10 %. IlogcraBuMm mocnen-
Hee 3HaueHUue Bir B dopmyny (38):

Tep, =%(Tr @ - br) + Toby) =

1,137
=05 (500(2 T2947+2-1,137. 2947+ 1,137) *
1,137
300— , - 4895K.
* 047+ 211372947 + 1] 37)

PaccuntaeM KoMrutekc g/av ¥ Ko ULHMEHT Teruio-

MPOBOAHOCTH BO3yXa OKOJIO TOpsiYedl CTEHKH IO ypaBHEHH-
aM (23) u (24):
1770 1770

£ _12.108eTe —12.10%e495 - 4,4623-10%;
av
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Ap =698-107 +6,41.10°T;, =
=698-107 +6,41-107°.489,5 = 383571072,

ITo HaliAeHHBIM BbIllIC 3HAYCHHUAM OIIPENCTHM APYTYIO
BEJIMYMHY KpUTEpUs DBuO Ha ropsyeit cTeHKe IO BbIpaxe-
Hulo (39):

i’ 5 (I - To) KB h
=|c4E r
Bl [ va Tr bf 4 Tr JZK

9 3
] [0’27 {{4,4623-10 10,013 (500 - 300)

300

1,13/ 3,8357.1072
“V2947+2-2947 1137+ 1,137 0,01

0,01
2.0,055
Taxk Kak nocienHAs ¥ Npeablayllias BEJIWYHHB OT/IH-
YaloTcsl ApYr OT Apyra MeHee yeM Ha 10 %, B DanpHeHIIMX
pacyeTax UCrnojab3yercs BeM4nHa Bip = 2,973,

9. Ioacrarnsem nocnegHee 3HayeHue Bir B dopMmyry
(36):

+4.567.1078. 5003] = 2973.

- 00
T, =Tt Tobx To _50023
2,973
300 =327 K;
*2973+2.2973 1,137+ 1,137 377K
1770 1770

% =12-108e T =12.108¢327 - 26912.101°;
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Ap =6,98-107 4 6,41.10T;, =
=698-107 +6,41.1075 . 327 = 2,7941-107%;

. B (T Ir-Th), A h
Bi, =|C4-E r B
x [ i/va To by 40Ty ] o

10 0.0 (500 -
=(0,27</2,6912 10 ;)(;(())1 (500-300)

V( 2,973 2,7941-1072 s
2973+2-2973-1,137+ 1,137 0,01

- 0,01
+4.567-1078.300% | —1,131.
2-0,055

Tak kaxk mociegHsas M NpeAblaylUas BeNXWYHUHB OTIIM-
YajoTcs APYT OT Apyra MeHee yeM Ha 10 %, B AajlbHEHLIUX
pacyerax UCronb3yercs BeanyuHa Biy = 1,131.

10. ITponsseneM BbruMcaeHus 1o dopmynam (26), (27),
(34):

E 66597
80 = —= (It - To) = ————— (500 - 300) = 6,411;
RT? (7 -To) 8,31- 5002 ( )
a=1+228e06500 1,228,065 6411 =) o35,
5oL BirBix )2 )
"~ 2a\ 2Bi;Bix + Bir + Bix

x{eo+21n[2(a+m )]}2 =
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1 1,131-2,973 ?
T 2.1,035(2-1,131-2,973 + 1,131 + 2,973

« {6411+ 21n]pf035 + L0305 -1) )} = 3135,

11. Jns teMnepaTypnl Ty ONpeENHM MapaMeTphl

_RT; _831-500 _ ,
P="F ~~egso7 ~ 0062

_ cRT? _1550-831-5002
QE ~ 349637-66597
M BBIYUCIMM KPUTHYECKYIO BeJIMYMHY §:

Sxp = 81+ Bl + 2,497 =

= 3,135(1 + 0,06239)1 + 2,4 -0,1383%°) = 5,468.
12. TlogcTaBUM BETHYHHY Sxp B YypabHenue (11)

=0,1383

¥ HaiileM HOBOe 3HaueHue Temmnepatypsl Ty :
o5 66597
5,468 = 2,55.1013 8899700952, 83T | an
83112

orkyaa It = 535 K.

13. HUcnonw3yss 310 3HaueHwe T;, MOBTOpSEM pacyeT
napaMeTpoB mno mm. 1—12 ¥ moixyyaeM HOBYIO BEJIHYHHY:
7. =540 K.

Hcnionbayst 310 3HaueHue T, MOBTOpSiEM pacyeT napamer-
poB 1o . 1~12 ¥ nomyyaeM HoByio BenumHy: 71 = 540,6 K.

Tak Kak npemkyIyilee W NociefHee 3HaYEHHs TeMIepa-
TYPBl OTVIMYAIOTCSL APYT OT Apyra MeHee yeM Ha 1 °C, npHHm-
MaeM IIOCJIEHIO BEIMYMHY 32 KPUTHYECKYIO TeMIIepaTypy.
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