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MEXTOCYJJAPCTBEHHEB I CTAHIAPT

I'MJIPOJINHAMHWYECKNE PAITMAIBHBIE ITOJOINMUITHUKHY CKOIBXKEHNA,
PABOTAIOIIME B CTAIITMOHAPHOM PEXMME.
KPYTIIOIIMINHAPNYECKHWE ITOJIMTHUITHUKH

Jacte 1l

Metoa pacueTa

Hydrodynamic plain journal bearings under steady-state conditions. Circular cylindrical bearings.
Part 1. Calculation procedure

Jara seeaenns 2002—07—01

1 ObmacTh npuMeHEeHHSA

Hacrosmuii cTaniapT ycTaHaBIUBACT METO/ pacyeTa TMIPOTHHAMHYCCKHX OAIIHITHAKOB CKOMBXE-
HHA C MACTIHOH CMa3KOH W IIONHBIM pa3IciICHHEM ITOBEPXHOCTEH CKONBKCHHA Bala H TOIIIHITHHKA
CMA30YHEIM CJI0EM, WCIONB3YEMBIH TPH KOHCTPYUPOBAHUW TMOTIMIAMHWKOB CKOTBXKEHWS, HANCKHEIX B
SKCILTYATATTHH.

Hacrostumii crannapr pacnpocTpaHsIeTes Ha KPYIIOMIMHIPHYCCKHE TTONIIAITHAKHA ¢ TYTOH OXBara £2,
pagHOit 360, 180, 150, 120 u 90°, u nMpH IeHTPANEHON HATPY3KE Ha ceT™MeHT. I'eoMeTpHs 3a30pa MOIITHII-
HHKOB [IODKHA OBITH MOCTOSHHOM, 38 MCKIIYCHHEM HE3HAYHTEIBHEIX Ne(hOpMalliii, BO3ZHHKAIOIIHX B
PEe3yIRTATE BORICHCTBUS JABMTEHWS U TEMIIEPATYPH CMA30THOTO CHOS.

MeTom pacteTa MpeTHA3HAYEH I ONMPEISTeHAS PA3MEPOB M ONTHMU3AIIAHN MAPAMETPOB TOTITHII-
HHKOB CKOJIEKCHMSA, MPHMCHICMBIX B TYPOMHAX, FeHEpaTOpax, 3MEeKTPOIBUTATCIIX, 3y0UYaTHX Nepenavax,
MPOKATHHX cTaHaX, HAcocaX U IPYTHX MeXaHH3Max.

PacueT orpaHuMeH YCIOBUSAMH CTAITMOHAPHOTO PEXUMA SKCIUTYATAIINH, T. €. YCIIOBUSIMU HEMPEPHIB-
HOTO IBHZKCHHS IPH MOCTOSHHOM I0 3HAYCHHI) H HAMPABICHHIO HATPYXXCHHH H MOCTOSHHEIX YITOBBIX
CKOPOCTSX BCEX BPAIANIINXCS HICMEHTOB.

MeTom pacyeTa MOXET OBITh TAKKE TIPUMEHEH 71 CIUIOIIHBIX IMOIIITHITHUKOB CKONBXECHHAS, TIOTBEPT-
HYTEIX IIOCTOSHHOM HarpysKe BpalCHUA C JTIOD0H CKOPOCTEIO.

MeTom He pacnpoCTpaHsSIETCsT HA YCIOBUST THHAMHIECCKOTO HATPYXKEHWSI, KOTIA 3HAYCHUE W HATIPAB-
JIEHWE HATPY3KH H3IMEHSIOTCS B 3aBACHMOCTH OT BPEMEHH, KOTOPEIC MOTYT OBITh PE3YILTATOM BIWSTHHS
BHODPAAH W HECTAOWJIBHOCTH OBICTPOBPAINAKIIHAXCA BAIOB.

TIpunmeprt pacvera NpUBETEHB B MPHIOXKEHUH A.

2 HopMaTuBHBIE CCBUIKH

B HacTOgIeM cTaHTAPTE MCIIOIB30BAHE CCHUIKH HA CISOYIONIHE CTAHTAPTEL:

TI'oCT UCO 7902-2—2001 T'mapoguHAMHYECKHE pATHANEHEIE TIOIITUITHUKHA CKOIEKEHHS, padboTao-
IIHe B CTATMOHAPHOM pexnMe. KpyrmonmTHHIPpHYECKHE MOTIAITHAKNA. (DYHKITHH, HCIIOTL3YeMEIS IS
pacdera

TOCT UCO 7902-3—2001 TugpomuHAMHYECKHE pATHATEHEIE MMOTIIHITHUKHA CKOMRKEHH, paboTao-
K¢ B CTAITHOHAPHOM pexXiMe. KpyTmolMInHIpIIecKie MOTIMMMIHIKN. JJonyCcTHMEE padodie MapaMeTphl

NCO 3448—92* TIpoMBEIIIIEHHBE CMA30YHEEe MaTepuansl. Knaccugukanmsa saskoct o MCO

* Mexayvaaponnerii crarmapr — 8o BHHMKI T'occrarmapra Poccnm.

Hananue ounmansnoe



3 OcnoBbl pacucTa, 10nyncHuA H npeapapuTejbHbIC YCTOBHA

3.1 PacueT OCHOBaH Ha PEIICHUH JTHIMbepeHIMANIBEHOTO ypaBHeHHsT PelHOmbIca IS KOHEYMHOMH
TITHHL TOMMIATHHKA ¢ YIeTOM KOPPEKTHBIX TPAHWUTHEIX YCITOBHUH 00pA30BAHUS TABICHUS:

R R »

Obo3HAUYeHHUI NPHBEISHH B pasgene 5. BrBon auddpepeHITHATEHOTO ypaBHeHHsS PefiHompoca mpH-
pemeH B [1] —[3], [11] — [14], pemenne ypapHennus — B [4] — [6], [12], [13].

3.2 Ilpnu pemicHMM ypaBHCHHA (1) ORI NMPHHATH CICOYIONIHC TOMYIICHHA M IPCIBAPHTCILHEIS
YCIOBHSL, TIOIYCTHMOCTh KOTOPBIX IIOITBEPXKICHA 3KCIIEPUMEHTAILHO H NPAKTHICCKH:

- CMAa309HHIH MAaTepHaN COOTBETCTBYET HRIOTOHOBCKOH XKHIKOCTH,

- peXHuM TEUeHHS CMA30YHOTO MATEPHANA TAMHHAPHEIM,

- CM430YHBLIH MaTepPHAT ITOJTHOCTLIO OMBIBACT MOBEPXHOCTH CKOIBXCHHS;

- CMAa30YHEIA MaTepHanl HeCXKMMAEM;

- CM4304YHBLIH 34830p B HAIPYXKECHHOHM OGJIACTH IMOTHOCTHIO 34M0IHEH CMA30YHEIM MATepPHAIOM. 3d-
MMOTHEHHE HEHATPYKEHHOM 00MACTH 3aBHCHT OT criocoda MONady CMa3KH B ITOAIIMITHHK;

- HMHepIHOHHKE, TPABUTAITMOHHEE W MATHUTHRIE CHIIKl CMA30YHOTO MATEpHANA HEe3HAYHWTEHHE;

- BIeMEHTHI, 0DpPa3YIONHE CMA3Z0UHEIN 3430D, ABIAIOTCA KEeCTKHMH WIH WX TedopMaItig He3HATH-
TEIbHA; HX MOBEPXHOCTH HACAIBLHO KPYIIIOMMIHHIPHYECKHE;

- palMyChHl KPUBH3HBI B3aMMHO BPALIAKOLIMXCS ITOBEPXHOCTEH BEJIMKH 110 CPABHEHHUIO C TOJIIMHAMH
CMA309HOTO IO,

- TONIMHMHA CMA3Z0YHOTO CIIOS B OCEBOM HATIPABICHWH (KOOPIHHATA Z) MOCTOSHHA,

- KoneDaHWS TABINEHHI B CMA30YHOM CIIOe B HATIPABICHUH, TIEPTIEHTHKYISPHOM K TIOBEPXHOCTSIM
CKOJEKCHHA (KOOPIHHATA '), HC3HAYATCIRHEL,

- IBHJKCHHC, HATIPABICHHOC IICPIICHINKYIAPHO K MOBSPXHOCTAM CKONEXCHHA (KOOPIHHATA ), OT-
CYTCTBYET;

- CMA30YHHKH MATepHAaT UMeeT OJMHAKOBYIO BAZKOCTE 10 BCEMY CMAZ0OTHOMY 3430DY;

- CMAa30YHHKH MaTepHan TOJAeTcs Yy HAYANA BKIAMHINA WIW TaM, TJIe CMAZOUHHI 3a30p SBIgeTCS
HAMOOIBIINM; JTABISHHE MOIAYH CMA3KH HE3HAYMTEIBHO 110 CPABHEHHIO C JABICHHEM CMA30MHOIO CIOS.

3.3 I'paHudHBIC yCJIOBHS 00PA30BAHME HABJICHHSA B CMA30YHOM CJIOC TOJDKHEL YIOBJIETBOPATDL ClIE-
TYIOIAM YCTOBHIM HETPEPRIBHOCTH:

- B MepenHeil KpoMKe Npodns gapneHus: p (¢, 2= 0;

- ¥ TODPIR TMONMUIMIHMKA: p (p, 7=+ B/2)=0;

- B 3aIHCH KpoMKe NMpodivid IaBiIcHHAS: p (¢, (2), 2] = 0;

- Op/0p (9, (2), 2 =0
I[JIE[ HEKOTOPHBIX THUIIOB W PASMEPOB MOITITUITHUKOB T'PAHUYTHEIC YCITOBHA MOTYT 6HT]3 YTOTHCHEI.
HJIH HECITIIOITHBIX HNOOIMHITHHK OB, CCIIN YIO0BJICTBODACTCA CACOYIOHICS BBIDAKCHHC!

T
L (t— B )< z, — 3aJHAH KpOMKa HpO(bI/IJIH HABJIICHHA JICKHT B KOHIC BBIXOIHOIO OTBCPCTHA IMOJIITHII-

HUKA: p(p=¢,, 0=0.

3.4 WHTterpupoBaHue MU hepeHITHATEHOTO YpaBHeHHS PeliHOMEACA MPOBOIAT, MCHOMBIYS TpaHC-
hopMALMIO JaBICHMS, KaK IpennoxeHo B [3], [11], [12], nyreMm npeobpa3oBaHud B THQPMEPEHIHAILHOE
ypaBHEeHHE, KOTOpPOE IMPHMEHSIIOT K CHCTEME CETOK OITOPHHX TOYEK M KOTOpOe TIPHBOIHT K CHCTEME
THHEHHBEIX YPaBHeHHH. T TOYHOCTH HMHTETPHPOBAHHMS BAKHO KOMHYECTBO OIMOPHBEIX TOYEK, MO3TOMY
MIPeINOITHTESIRHO IIPHMEHAT: HESKBHIACTAHTHYIO CETKY, KaK 3TO TIpeanoxkeno B [6], [13].

ITocne momcTaHOBKH TPAHWYIHEIX YCIOBHIL I 3aTHEH KPOMKH TIPOIUIA TaBIeHWsT HHTETPHPOBAHHE
MO3BOJSET HAWTH paclipefeleHne TABICHUH B OKPY:KHOM H OCEBOM HATIPABICHHSIX.

IIpuMeHeHWe TPUHITHNA TOTO0HS B TEOPHH THIPOTHHAMHISCKHX TTOTIITHITHHKOB CKOMLKEHHUS TIPH-
BOITHT K Oe3pasMepHEM 3HAYESHHIM MTOTOOHS Mg TaKHX IapaMeTpOoB, KaK Hecylllas cIocoBHOCTh, Xapak-
TCPHCTHKH TPCHHA, pacxod CMas3ovHOTO MaTepHata dYepe3 MNOOINHNIHHK, OTHOCHTSILHAS INIHHA
MOTUIMITHAKA H T. 1. IIpuMcHeHHe 3HAYCHHH MOJO0HA YMEHBIIACT KOMHYCCTBO YHCICHHEIX PEIICHHH,
HeOOXOTUMEX 17 ardxbepeHITHATEHOTO ypasHeHNs Pefinonpica (TOCT HMCO 7902-2). Moryt OHITH
HCIIOJIB30BAHE H APYTHE PEIICHHS, SCAH OHH yIoBIeTBOpAIOoT ycilobuaM 1'OCT MCO 7902-2 m maroTr
MOZOGHYI0 TOYHOCTD.
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3.5 BIoCT UCO 7902-3 npHBEICHE JOIYCTHMEIE PADOYHE ITapaMETPR, HA KOTOPEIS TOJKHEI OBITh
OPHCHTHPOBAHE PE3Y/IBTATH PACYCTOB I KOPPEKTHOTO (YHKIIHOHHPOBAHHSA MOTIIHITHAHKOB CKOILKCHHS.

B oTHenbHEBX ciyuagx s CIeHAaIbHOTO IPUMEHEHMS MOTYT BRIOHPATHCH IpyrHe pabodne napamer-
PHI, OTIMYAOIIHeCT oT yKazaHHeX B TOCT FMCO 7902-3.

4 Metoa pacueTa

4.1 Tlom pacdeTOM MOHHMAIOT OIPEICICHHS KOPPEKTHRIX OIMCPAIlHi BEMMHCICHHEM, HCIOIb3YA pe-
ATBHEIE pado9He MapaMeTPH (PHCYHOK 1), KOTOPEIC MOTYT ORITE CPABHCHEL C PACYCTHEIMH NMApaMeTpPaMH.

Paboune mapaMeTprl, YCTAHOBICHHEIC IIPH M3MEHSIOIIMXCA PA0OIHX YCIOBHSX, TOJCKHE HAXOIHTRCS
B JOMYCTHUMEIX TIpeenax IIpH CPABHEHHH C PACUSTHHIMH TapaMmeTpamM#. [T 5ToH IenTH TOMKHE ORITH
HUCITOMB30BAHE BCe PAbOUe VCIOBHs, BOSHHKAIOIINE B MPOITecce HETPEPHBHOM SKCIDTYATAITHIL

4.2 OTCYICTBHE H3HAINWBAHHA TAPAHTHPYETCH, SCIIM CMA309HEIA MAaTepHA OOCCIICYHMBACT IOJIHOE
PA3IEICHUC COMNPsSCKEHHEIX NMoBepxXHOoCTel. HenpephlBHasA padoTa B YCIOBHAX CMEIHAHHOIO TPEHHS IIPHBO-
INT K NPEXICBPEMEHHOM 0oTepe padoTocnocodHOCTH. HelpoooixuTebHaA paGoTa B YCIOBHAX CMEIlaH-
HOTO TpPeHHd, HAIIpHMEp, MPH ITYCKE HAM OCTAHOBKE MAIIHH C TOJIIHIHHKAMH CKOTBXEHHS IBISETCI
HeN30¢KHOM U He TIPHUBOINT, KaK TIPABHIIO, K MOBPEKICHHIO NOTMTHITHAKOB. EcIn DOoTIIIMIHAKA paboTaloT
¢ DOJIBIION HArPY3KOH, TO IJIS IIVCKA WIH OCTAHOBKH Ha MAJIBIX CKOPOCTSIX MOXKET NMOTPedOBAThCH TOTION-
HHTEIIEHOE THAPOCTATHYCCKOS YCTPOHCTBO. JdoIycKaeTca NMpHpadoTKa HA HAYUIBHOM 3Tane padoTH, KOM-
MeHCHPYIOIAad OTKIOHEHHE TeOMETPHH MOBSPXHOCTH OT HIeATLHO, MoKa 5T0 M3HAITHBAHHAS OTpaHHIeHO
MECTOM 1 BpeMeHeM H MPOMCXOTUT 6e3 IBTeHHA Meperpy3Kil. B HEKOTOPEIX CIyIasaxX MOXKeT OBITE MOIe3HA
onpeIeneHAA TIpolleaypa IpHpadoTKH, KOTOpad 3aBHCHT OT BHIOOpA MAaTepHATA.

4.3 IIpenenbl MEXaHMYECKOH HATPY3KH ABILI0TCA (DYHKIHEH IIPOYHOCTH MOIMIHITHHKOBEIX MATEPH -
aJI0B. J1OIYyCTHMEI CIIA0BIE NMOCTOAHHEIE Ie(hOpMAIIHH, eCIIM OHHA HEe HAPYINAKOT MPABWIBHOIO (DYHKITHOHH -
POBAHHS MOIIIMITHHKOB CKOIBXKCHI.

4.4 TIpeaeanl TEILTOBRIX HATPY30K 3aBHCAT OT TEIDIOCTOMKOCTH MOMITUITHUKOBLIX MATEPHATOB, 4 TAKKE
OT H3MEHSHHI BA3KOCTH TIPH U3MEHESHHH TEMIICPATYPH H OT TSHICHITHI CMA30THOTO MATe PHANA K CTAPSHHIO.

4.5 PacUeT IpaBAIBHOTC (QYVHKITMOHHPOBAHHUA MOTIIMITHHKOB CKOIBXKEHHS MPEenNonaraeT, Iro H3-
BECTHHL paboune YCIOBH I BCEX CAVIASE HEeIPepHBHOH padoTH. (THAKO Ha MPaKTHKE YACTO BCTpeda-
1OTCS TOTIOTHHATSIBHEIE BPeTHEIE BO3ICHCTRIA, HEH3BESCTHRE Ha CTAIHH IIPOSKTHPOBAHHS, KOTOPEE B CBA3H
C 9THM HEJB3d IIPEIYyCMOTPETE IIPH pacdeTe. PeKoMeHIYETCH IPEIyCMATPHBATE COOTBETCTBYIOIIMM 3aI1ac
0Oe30IMACHOCTH MeXKAY PA00UNMH MApAMETPAMH B JOMYCTHMBEMH 3HAYeHIAMHE. K BpeTHBIM BO3AEHCTBHAM
OTHOCAT, HAIIPHMED:

- JOXHHE CHIH (MHcdATaHC, BHOPATINT M T. 11.);

- OTKJIOHEHHS OT HWIEATHHON TreoMeTpHUecKod (GoOpMEl (JOMYCKHM HAa MeXaHHIeCKyio obpaboTKy,
OTKJIOHCHHS TIPH cOOpKE H T. 1.);

- 3arpg3HeHHC CMA309YHOTO MarTepHata (Tpg3b, BOIA, BO3IYX H T. I.);

- KODPPO3HH, ICKTPOIPO3HSL H T. 1.

B 6.7 npuBesieHB! TaHHBIE O IPYTHX BO3MEHCTBYIONNX (haKTOpax.

4.6 Ilpaveramocts F'OCT MCO 7902-2, HeoOXOTHMEIM YCIIOBHEM KOTOPOTO SABILETCH TAMUHAPHEBIH
MOTOK B CMAa30UHOM 3430D€, TIPOBEPSAIOT ¢ MOMOIIBI0 YHcTa PeifHonnmca:

CR eff

pU; %Lﬁ mDN =5 D 2)
Re=——=— = <413/ o

(HampuMep B pesyiabTaTe BEICOKOH

IS TIOMIIATITHAKOB CKOJMBXEHWS ¢ YruciIoM Re > 41,3\ C
R, eff

MepruGepUHHOR CKOPOCTH) TIPENIMONATAIOTCS O0Tee BEICOKHE KO3MMHUIMEHTE MOTEp: W TeMTEpPATYPH
THOTUIHITHHKA. PacueTH MOMIIHITHAKOB ¢ TYPOYICHTHEIM MOTOKOM HE MOTYT OBITEH TIPOBCICHE! IO HACTOA -
IeMY CTaHIapTy.

4.7 Pacuer MOOIMIUNHUKOE CKONEXKEHHS VIHTHIBACT CHeOVIONIHE (haKTOPhl, HAMHHAS ¢ H3BECTHHIX
Pa3sMepOB MOIITANMHHKA H paboINX YCIOBHIA:

- COOTHOIIEHHS MEXIY HeCyllleH CIOCOOHOCTBIO M TOMIIHHOM CMAa30MHOTO CIIOS,

- TIOTEpPH MOIIHOCTH Ha TpeHHE,

- pacxol cMa309HOT0 MaTepHana depes MOIIINIHEK;

- TRIUIOBOH HalaHc.



( Hauano pacveta )

¥

BxopHble pasMepbl U NapameTpbi:
A, B, ¢, C, D, Dy, D D Dimaser Dimire

F, kA! Pen RZB, RZJ, Tambl Tem u'1,]3’ al,.lr
£, o, @y, NeMeHTOR noAa4u, napa-

METPOB BAIKOCTHA CMa3K1

HeT

Her - MepecMaTp
Benu4vH

epemeHHan
e < 41,3VD/G

Pabounid napamerp
PPy

OxnaxpaeHue

o

CMazKoi
nof AaeneHnem

KOHBEKLMOHHOS

—

]

vy

f

lNepemeHHbie
Tot ngﬁ' Yefh

0
hmin' Plh,f' Q-B

OxnaxpeHne
KOHBEKLIMOHHDE?

|
f

OxnaxpaeHue
KOHBEKLMOHHOS

Pabounii napamerp
TB' Tex = T|| ]

MepecMotp
BENW-H

[

PaBouwii napamerp
Prnin 2 Py

pe3ynbTaThl
( KoHey pacyera )
ObecneyeHne OXNDKASHUA
CMa3koi Noa naBneHuem
1

MepecmoTp
BEenM4UH

c:aau?):;l“e | MNepecmomp |
BENW4MH
BO3MOXHO?

Pucyrnok 1 — Cxema pacaeTta



Bce 3tn (I)HKTODH ABJAKOTCA B3aHMO3dBHC HMBIMH.

Perrienne TMOJIYIAK0T C MOMOIIBK METOIA UTEPAITHM, d CXEMA TTOCIETOBATCIEHOCTH PACICTA IIPDHUBCICHA
Ha pI/IcyHKﬂl. Z[HH ONTHMHM3AIHAN OTACIBHBIX NMAPaMETPOB MOXKET OBITH IIPHMCHCHA BapHanyg 1mapamMeTpOB
H BO3MOXKHA MOI[I/I(l)I/IKElHI/IH IOCIICIOBATCIBHOCTH DACYCTd.

5 OQbdo3navenus

O003HaYeHHS H CIHHHUILI H3MEPEHHA NPHUBEISHE HA PHCYHKE 2 W B Tabmune 1.
MUHMMAIBHYIO TOXIHMHY CMA3049HOTO CIIOS A, ONPEASIIOT CASIYIOIHUM 0Gpa30M:

D-D
hmi_n_ 2 erzo,S_Dw(l_g),

a TpH YCIOBHH ¢ ; — (T— ) < % oxyvaem

Poin =0,5D ¢ (1 +£cos ¢,).

7 —tit7

Prcyrnok 2 — MmrocTpariis 0003HAYe HII



Taonuual — OCO3HATCHNUA U EAHHHUILI H3MEPEHIS

Obo3HaYEHMIE IMapamerp HE;!;;H;E;;
A TerorooTEONAMAS MOBEPXHOCTE KOPIYCA ITONNTAITHHKA a2
bg IMupura cMazoaH0l KAHABKI M
B HowmuHaneHAS MTAPITHA TIOAIIVITHHKA M
¢ VieneHast TEIIOeMKOCTh CMA30THOTO MaTepHata Ix/(kr - K)
C HowmuHanpHei 3830 MOAIIHITHIKA M

CR,eff DOGeKTHBHEIA pamHaIbHEN 3230p TONIIHITHIKA M
dr. JuamMeTp CMA30IHOIO OTBEPCTIs M
D HomuranpHeili BEVIPSHAHT QHaMeTp HOAMHITHIKA M
Dy HoMuranereiii fuaMerp sajia M

Dy max MakcuManpHOe 3Ha9eHue Dy M

Dy min Munumanbaoe 3ravenne Dy M

Doax Maxkcnmaneroe 3Ha9eHue D M

Drnin MunumanbHoe 3raueHme D M
e ABCOMOTHBIN 3KCIIEHTPUCHTET M
E Moayne ynpyrocti —
¥ KosddummenT Tperis —
F Harpy3ka ma mogmiinHuK (FOMEHANGHAT Harpy3Ka) H
Fr CHna TpeH¥s B HArpy:XeHHOM 30He CMa30YHOI0 CI0q H
F; CHna TpeHHA B HEHATPYXEHHOH 30HE ¢CMA309HOTO CIIOH H

Monyns cnsrra —
h JloxanpHAs TONMMHA CMA30YHOTO CIOS M

P Kprringeckas TONIITHA CMA30IHOIO CII0A M

Arnin MuAHMATBEHAS TONNEHA CMA30THOIO CII0S M

Py BoAKCTOCTE HOBEPXHOCTH CKOJIBXEHI M

Py, eff DO GeKTHBHAS BOTHHUCTOCTh MOBEPXHOCTH CKOIEXEHHS M
Huyay off lim MakcuManpHO nonyeTuMasa 2QeKTHEHAA BOTHHCTOCTE M
ky Kospdunpment Termmonepenay  HAPYRHONW  TMOBEPXHOCTH — KOPIIyca Br/(v? - K)
TTOAITATTH KA
Iz JnvHa CMa304HON KaHABKH
Ip JTvHa CMAa309HOTO KapMaHa
LIy JtirHa KOPIIyea MOMIIHITH KA
Np Yacrota (CKOPOCTH) BPAMEHHS OMIHITHITKA ¢!
N YactoTta (CKOpOCTH) BpaIleHHs HATPY3KH HA MTOANTHITHIK ¢!
Np YacTtoTa (CKOpOCTH) BpaligHs Bana ¢!
JloxanpHOE AABICHNE B CMA30YHOM CITOE TIa
n ViaenbHag Harpy3ka Ha. MOAIIATHHEK TTa
Pen Jasnerrie TOAAYH CMA30YHOTO MATEPHAITA TIa
Plim MaxkcHMaNnEHO OOIYCTHMOS HABNEHHE B CMA30YHOM CJIOe Ila




IIpodoaxcenue mabauuyor 1

Obo3HauYeHe ITapamerp Hm;
Pim MakcHManbHo AOIMyCTIMANA YASTHHAA HATPY3KA HA TMOMIIHITHHK Tla
P MonHoCTh TpEHMA Br
Py HMHTeHCHBHOCTE TEIUIOBOTO MOTOKA Br
P amb HMHTeHCHBHOCTE TEILIOBOTO MOTOKA B OKPYKAIOIIYIO Cpeay Br
Py r HMATEACHBAOCTS TEMIIOBOTO MOTOKA 3-33 MOTMHOCTH TPEHTSA Br
Pyt W HTeHCHBHOCTE TEMNOBOIO MOTOKA B CMA30OYHEIT MaTepuan Br
Q Pacxon cmaszouHOro Matepuana M/c
O Pacxon cMa3z0ogHOro Marepwana Ha BXOJE B OTBEPCTHE 3a30pa M3/c
[0, Pacxon cMa3z0gHOTO MATEPUANTA HA BLIXOJE W3 OTBEPCTHA 3a30pa M3/c
Qs Pacxon cMa309HOTO MaTepuana W3-3a THAPOAHHAMHYSCKOTO JABICHHS M3/c
o; Tlapamerp pacxoma cMa30YHOTO MATEPHATA W3-33 THAPOAUHAMHYECKOTO —
OABIEHIIS
s Pacxon cMazoqHoro Marepuana w3-3a JABIEHNA TOoNATH M/
05 llapamerp pacxona cMa30THOIO MATEPHANA W3-34 JABICHISA TOAYN —
Rzp Cpenasas BLICOTA HEPOBHOCTEH TIOBEPXHOCTH CKONBXKEHMA TTOMIIMITHHKE
Rz Cpenfsis BEICOTA HEPOBHOCTEH CONPAKENHON NOBEPXHOCTH Baa M
Re Yueno Peifinonpaca —
So Yncno 3ommepdensaa —
Tamb TemriepaTvpa oKpyKarIeil cpenst C
T8 TemmepaTvpa NOAMMAITHIKA C
Tpo TIpennonaracMad HaYanbHAH TEMTIEPATYPA TIOMIIIHITHIKA °C
Tp Pacuetrras teMmneparypa HOOIIMITHHKA, MOTVICHHAA METOLOM HTEPALIH °C
Ten TemmepaTypa cMa304HOTO MATSPHATA HA BXOAC MTOAIIMITHHKA °C
Tex Temneparypa cMa30qUHOTO MATEPHATA HA BLIXOJE TTOMIIHTTHIKA °C
Tex 0 Tlpennonaraemas HAYATBLHAS TEMTIIEPATYpPA CMA30YHOTO MATEPHATA HA C
BBIXOLE TIOQMINITHIKA
Tex,1 PacaeTHan TeMIeparypa CMA309HOIO MATEPHANA HA BEIXOIE MOAIMMITHHKA C
17 Temmnepatypa Bana C
Nim IlpenensHo JomyCeTHMAaA TEMIIEPATYPA MOAIIHITHHKA C
}L Cpenagad TeMTepaTypa CMa30qyHOTO MATEPHAa. °C
Uy JvHeiiHas (OKPY:KHAA) CKOPOCTH MOIITHTTHIKA. M/c
U Jurefinas (OKpyKHAd) CKOPOCTDL Baad M/C
Vg CKOpoCTh BO3AYITHOTO OXTEXASHW M/c
x Koopaurara, napannensbras MTOBEPXAOCTH CKONBXKEHHA, B KPYrOBOM M
HANPABIEHIH
v Koopounara, nepneHANKYIAPHAL K TIOBEPXHOCTH CKOTBKCH A
Koopanaara, napauienbHas IOBEPXHOCTH CKONBXEHHS, B OCEBOM
HATMPABIEHHH
KoaddwimenT TuHeHOro TErIOBOTO PACIIFIPEHHS TTONIITATTHHKA K!




Oxonuanite matnuys 1

ObosHaTeHNE ITapamerp Hm;;
o1 g KoadduomenT nuAefiHOro TEMIOBOrO paciuipeHus Baia. K1
B Vrom nWMHHM [eHTPOB (YI7IOBas KOOPAWHATA SKCICHTPHCHTETA BaNa :

OTHOCHTEIHHO HAIIPABICHHH HATPY3KH)
&y ‘Vron necoocHOCTH Bajia pan
£ OTHOCHTENBHBIA 3KCLEHTPHCHTET —
n JAMHAMIYeCKasA BA3KOCTh CMA30YHOTO MAaTepHana Tla - ¢
N eff DdpexTHBHAA THHAMHICCKAS BA3KOCTE CMA30UHOT0 MATEPHANIA IIa - ¢
v KuHeMaTnyeckas BI3KOCTh CMA30YHOTD MaTepHana Tla - ¢
£ KoadqhuiinenT cOnMpoOTHBIEHWS BpaIlleHWID B HATPYXEHHOH  30HE —
CMA30YHOTO CIIOS
L KosdduireHT COnpoTHBICHNHS BPAICHHID B HEHAPYKCHHON 30HE —
CMA30YHOTO CIIOS
&g KoadhguimeHT cONpOTHBISHMS BPAMEHUID B 30HE KONBIICRONH KAHABKI —
d n Kos@drimueHT COMPOTHRICHNS BPAICHIIO B 30HE KApMaHa —
p IroTHOCTE CMA309HOI0 MaTEpHaa Kr/n?
0 VTioeas KOOpAWHATA B KPYTOBOM HANPABICHHH pan
ol Vrnoeas KoopAWHATA TepeaHel KpoMKHA PO JaBIeHs pan
Q2 Vrnoeas KoopAWHATA 33AHe T KPOMKH TTPOQIITS ABNEHMS pan
Y OTHOCHTETRHBIN 3330 TOAIITAITHIKA —
Y CpenHuii OTHOCHTENbHEIR 3330 TMOAITHITHHKA —
Y ooff DQPeKTUBHBI OTHOCHTENBHBIA 3230p NOAIUTHHUKA —
Y e MaxkcHMaIBHBLIT OTHOCHTEIBHBI 3330p HOMIIMITHHKA —
¥ min MUHHMATBHEI OTHOCHTETHHBIH 3330p TOAIIMITHIKA —
W B Vrinoeast CKOPOCTH MOJITIFITHIKA. ¢!
(3N TanponHaMITecKas VIioBas CKOPOCTh ¢!
w7 Yrnogas cKOpOCTh Baja ¢!
o Jyra oxBara cerMeHTa TMOANTHITHHIKA rpan
Qg Hdyra oxpara cMa3z0qHON KaHaBKH rpan
O, Hyra oxpara cMa309HOIO KapMaHa rpan
6 OnpeneneHie 0003HaTeHHIT
6.1 Hecymaga cnocodHocTh
IlapamerpomM, XapaKTECPH3VIOIMIMM HECVYIIYIO CIIOCOOHOCTE IIONINHMITHHKA, ABIsSeTcH Oe3pasMepHOoe
yrcno 3JomMepdenbia So:
2
So= #j@h=&(a,%,ﬂ). (3)



JHadeHud So Kak (GYHKIMKA OTHOCHTEIIBHOTO 3KCHSHTPUCHTETA €, OTHOCUTEIBHOM IMHBI IMOIIIHII-
HHKa B/D m yrma oxpata Bmagwema 2 mpusegeHs B TOCT MCO 7902-2. IlepeMeHHBIE BETITIHHE
Oy, Mot U W o VIUTHIBAIOT TETIOBEE MPhHEeKTH W YIIOBEE CKOPOCTH Bana, TOANMWITHUKA W HATPY3KHW HA
TTOIIHITHAK (6.4 1 6.7).

OTHOCHTEIBHEIH DKCIIC HTPHCHTET € YIHTRIBACT BMECTe ¢ yIvioM THHHH TieHTpoB [ (TOCT UCO 7902-2)
3HAYCHHE W PACHONOKCHHE MHHMMAILHOM TONINMHEL CMa304HOTO ClofA. JJs CIDIONIHOIO NOIIIHUITHUKE
(Q =360°) MacIo CIeayeT MOITABaTh B MECTEC HAHOOJBIICTO CMA309YHOTC 3a30pa WIIH B 3aBHCHMOCTH OT
HAIIPaBICHUS BPAIEHKA B HEIIOCPESACTBEHHOM OJIM30CTH OT 3TOH TOYKH. C 3TOH 1eIbI0 HEOOXOIMMO 3HATD
YTOJI THHHAK IIEHTPOB .

6.2 Tlorepun MOIMHOCTH HA TPeHHE

Tpenue B rHIpOIHHAMHYECKOM NOINIHITHHKE CKOJBKCHHUS H3-3a BA3SKUX HANPSKEHHH CIBHId YIU-
THIBAIOT KOXPOUIMEHTOM TpeHNA f = F; /F W TIPON3BOIHEIMHA Ge3pasMepHBEIMH XapakTe PUCTHKAMH TIOTEPH
MOIIHOCTH HA TPEHHE { W fAY

o EfWeﬂ' .

8= Dhnsa @
f_5
Wer S0 )

YpaBHeHHS MPHMEHSTIOT, €CIIM TIOTEPH MOIMHOCTH HA TPeHHE BCTPEYAIOTCS TONBKO B HATPY:KEHHOH
30He cMazoTHoro crmosd. HeoBxomumo pacCUWTATE MOTEPH MOIHOCTH HA TpeHHe B HATPY:KeHHOM W HeHa-
IPYKeHHOI 30HaX U 3aTeM 3HAYCHUS f, Fp, £, /W o 3aMeHHTE 3HadeHUAMH f , F{, {, /W . B YDABHCHHSIX
(4) u (5). Ilpym TOoM MOIPa3yMEBaIOT, YTO BCS OTBSPCTHE 3a30pa 3AII0THCHO CMA30YHEIM MaTCpPHATIOM.

SHaUCHUS f/ W . W f/W o IS PASTUMHEIX 3HAUeHHTH ¢, B/D 1 Q mpusenensl 8 TOCT UCQO 7902-2.
JaHBI TAKKe IPHOIHXKEHHBIC YpaBHEHHA [15], KOTOphIe HCIIONB3YIOT I8 ONpEIeIcHHA 3HAYCHUH 1I0TEph
MOITHOCTH Ha TPEHHE B NOIIITHAITHUKAX, YYMTHIBAS BIMSHHUE CMA309HBLIX KAHABOK M KAPMaHOB. MOIIHOCTD
TpeHHUS B MOTIIUITHAKE WIH TeHepHPYeMOoe TeTUIO OTIPEHeNIioT 1o YPABHEHHIM

Py = Py = fF, (6)
Pr=fF (7)

6.3 Pacxoa cMa30uHOrO MaTepHaia

CMa309dHEIH MaTepydal, IOJABACMBIA B TIOMIIMITHHK, O0pasyeT CMa304YHBIH CIOH, pasgelsionai
MOBEPXHOCTH CKOTEXeHUS. PazBHBAIOINEECS B CTOC TABTIEHWE BHITATKHBAET MACTO M3 TOPITOB MOTITHITHIKA.
JTa BEIWYHHA Maca SBILeTCS YaACTHIO PACX0Id CMa309HOro Marepruania {J, o0yCIOBICHHAS Da3BHBAKOIIAM--
CA TUAPOTUHAMMWYECKUM TABIEHHEM.

Q=D yegom 03, (8)

rme %= 05 (e, B/D, Q), sHAYEHAS KOTOPHX mpuseneHsl B TOCT UCO 7902-2.

Kpome Toro, MeeTcs MOTOK CMAas3KH B IIepHMEPHIAHOM HAIIPABICHHH Uepes3 HAuboIee Y3KHI 3a30p
B HCHATPYXKEHAYIO 30HY. OIHAKO NPH OOJILINOH HATPY3KE H MAIOM 3a30p¢ 2T YACTE IIOTOKA CMa309HOTO
MaTepHana MpeHeOPeKIMO Mana.

B ¢cBa3M ¢ HATWYMEM NABIEHMS MOJIdYH CMA309HOTO MATEPHANA Py, M3 TOPIOB MOIIMITHUKA CKONb-
JKCHHA BHITCKACT IOMOTHHTCILHOS KOMHYCCTBO CMA30YHOTO MaTeprana. Pacxon cMa3odHOro mMarepHana
(J,, OBYCIIOBICHHOTO JTABICHHCM IOIAYH, ONPEICIAIT 110 YPABHCHHUIO

D i Do 9

Q= —= 9>

e ,= 0, (, B/D, Q), 3HaueHHS KOTophX IpueencHE B I'OCT MCO 7902-2.



6.3.1 BieMeHTAMH BBOIA CMAa304HOI0 MATEPHAIA SBIAIOTCH CMAa304HBIE OTBEPCTHH, CMa304HBIC
KdHABKH M CMA304HEIE KapMaHE!L. HaBIeHne 004491 CMa309HOI0 MATEPHATA Py, HOKHO OBITE 3HAYUTEIBHO
MEHEIIIe YAeNLHOM HATPY3KHW Ha TMOJNIMITHWK p B0 H30CKAHWE NOMONTHWATENBHBIX THAPOJIHHAMHYCEC KHX
Harpy30K. OOBIMHO p,, Haxomurcs B mpexernax oT 0,05 mo 0,2 MIla. TnybnHa cMa309HEIX KAHABOK W
CM4304HBIX KAPMAHOB 3HAYMTEILHO OOJIbIIE 3HAYCHHS 3a30Pa TOIIIHITHHKA.

6.3.2 CMazouHKe KAHABKH — 3TO 3IEMEHTH, TIpeTHASHAYEHHEIE I pacTIpeneleHud CMa30YHOTO
MATCPHAIA B OKPYXKHOM HanpabicHHM. Ha IOBEPXHOCTH CKOJBXCHHS MEXaHMYSCKHM IMYTEM Hapesaior
meprudiepAYeckie KAHABKHW, Y3KHE B OCCBOM HampapieHHH. Ecin cMa30dHBIe KAHABKHM PACTIONOXSHE
BOTH3M 30HH MOBHINEHHA JABIESHWS, TO pPACTpedeleHHe JABNEHUd PACTIATAETCS HA JABA He3aBHCHMEIX
«XOJIMa» TABTCHHUA, H HECYIIAd CITOCOOHOCTE 3aMCTHO YMCHBINIACTCS (PHCYHOK 3).

B »Tom ciydae pacdeT MpoBOJAT A8 MOTOBHHKE HATPY3KH, TIPHIOKEHHON K KAKTOMY BKJTATHIINY.
OMHAKO B CBA3H C PABHTHEM THAPOIMHAMHYECKOTO JaBlIeHHT (J; CledyeT VIUTHIBATE TOTEKO TIONOBHHY
PACX0Ta CMA30THOTO MATEPHANA JJId faanca MmoTeph Teria (6.4), TaK KaK BO3BPATHRI TTOTOK B CMA309HYTO
KaH4BKY He VUACTBYET B JUCCHMAITHMH TeTla. I CIUIONTHOTO TOMIITHITHUKE TIoTe3Hee TeTaTh CMAZ0THYIO
KaHABKY B HCHATPYXCHHO 30HC HOMIIMITHUKA, KOTTA BECh PACXOI CMA309HOTO Mareprana (), BXOIHT B
TETIOBOH HamaHc.

1 6.3.3 CMmasouHBIe KAPMAHBE — 5TO 37IEMEHTH, CITYKAlIlHe

OIS pacTpeelcHud CMa309HOT0 MarepHaia 1o IHHEe TOM-

]-,/E MUAMHAKA. CMa309HEE KapMaHbl, HAHECEHHEIE MeXaHIeCKIM

i /_ CTOCOOOM HA TIOBEPXHOCTH CKONBEXEHWS, TODKHE OBITH OpH-

< CHTUPOBAHK! B OCEBOM HAIIPABICHHM, 4 B OKPYXHOM HallpaB-

JMEHHW JOIDKHE ORITH MO BO3MOXKHOCTH HoJee KOPOTKHMI.

f \ OTHOCHTENBHAS TTHHA KAPMAaHOB JODKHA YIOBIETBOPITE CO-

OTHOIEHHIO bp/ B < 0,7. X0oTa MpH BONEBINITX 3HAYSHHIX PACXOT

MACTA YBETWIHBACTCS, HO MACTO, BHITEKalolllee Uepes Y3KHe

OrPAHHYHBAIOIIHE TICPETOPOIIKH B TOPIIE MOIMMITHUKA, HE yda-

| | |1 I CTBYET B OTBOME TeMna. DTo ellle Boiee CMPABETTHBO, €CITH

\ J TOPIIEBEIE TIEPETOPOIKH MMCEIOT OTBSPCTHS B OCEBOM HAMpaB-

neHuH. B cIomomHex nmommunHAKax (Q = 360°) BEIpesaoT

CMA30MHBIH KapMaH B CTOPOHE, IIPOTHBOIOICXHON HAIIPABIIE-

HHIO JeHCTRHS HATPY3KHW, W TBA CMA30YHEIX KApMaHa B YIACT-

Kax, IePHeHIMKYISPHBIX K HAIIPABICHUIO I¢HCTBUS HATPY3KH.

Tak Kak pacxosd cMa30vHOTO MATepHaTa JIakKe B HEHArpyKeH-

HOMH 30He TIOTITHMHNKA CIOCOOCTRYET THCCHIIAITMHT TeTlTa Tpe-

HHA, BO3HHKAIOWIEIO IIPH CIOBHMIC, CMA304YHBIC KaApPMaHB

CTeTyeT MOTHOCTHIO YINTHBATE B TeTTOBOM Oatadce. B cnyuae

\r ‘/ | CEeTMEHTHHBIX BEAameIIeit (Q < 360°) pacxon cMaz0IHOTO Ma-

\Y/ \l/ TepHana, obyCIOBICHHEIH JaBICHHEM MOTAYH Yepe3 CMa30u-

HbIE¢ KAPMAaHBb! ¥ BXOJd HJIM ¥ BRIXOIA CSIMEHTA, IIPAKTHYECKH

He TIPUHUMAET YIACTHS B TUCCHIAITHH TETINA, TAK KaK CMAa301-

HbIE KAPMAHBI ¥ BRIXOIA CEIMEHTA IIOYTH OTKPBITH, ¥ GOIbIIas

Pricyrok 3 YaCcTh CMA309HOTO MaTepuata cpasy Xe BBITCKAcT.

IIpn ycimoeW# 3aMOMHEHNST CMA30YHEIM MATEPHATIOM Ha-

IPYAKCHHOM 30HB OIUIMITHUKA W OTCYTCTBHS CMA309HOTO Ma-

TEpHAld B HEHAIPY:KEHHOM 30HE MTHCCHIIAIMIO TEIUIA PACCUHMTHIBAIOT 110 PACXOAY CMA30YHOI0 MaTepHani
TOJIBKO B HAIPYKEHHOH 30HE.

Brugnue THITA 1 yCTPOHCTBA 3IEMEHTOB 1101491 CMa304MHOTO MATSPHUaiIa Ha PACXOI CMA3KHM PACCMOT-
pero B 'OCT MUCO 7902-2.

O0uMiA pacxoi CMa30MHOTO MATEPHAIA OIPEICIAIOT:

- IIPH 33II0JHCHMH CMa30YHEIM MATEPHAIOM TOJIBKO HATPYXEHHOM 30HKI IOJUIHITHHKA 110 (GOPMYIE

Q=0 (10)

I — cMaszounoe OTBEPCTHE; 2 — cMasouHas
KaHaBKa

- IIPH 3aII0MHSHHH CMa309HEIM MATEPHAIOM BCETO KONBIEBOTO CMA309HOTO 3a30pa, BKIIKOUAd HeHa-
TPY:KEHHYIO S0HY, M0 (hopMyTe

Q=0+ 0, (11)
10



6.4 Temmopoii dananc

TemroBee yeiIoBHA paboTH IMOTUIMITHUKOB CKOIEXKCHHS OIIPSICISIOT M0 TEeIUIoBoMY Oamamcy. Temn-
TOBOH TOTOK Py, r, BOSHHKAIOIIHI B PE3YIbTaTe MOMIHOCTH TPEHHA B NMOANIMIHHKE Fr, nepegaercd B
OKPYXKAIOIIYID Cpedy 49epe3 KOpHyc HNONIIHIMANKE, a TAKKE CO CMa30YHBEIM MAaTECPHANIOM, BEIXOIAIINM H3
nomuitHuKa. Ha npakTike npeobinagaeT 00BYMHO OIWH WIH APYIOH W3 IBYX THIIOB TUCCHNAONH. Ecin
OIHHM H3 THIIOB TUCCHMIAITHH MPeHeOPeraT, TO HA CTATHHA IPOEKTHPOBAHNS TTOIYIalOT JOMOTHUTEILHET I
3a11ac MPOYHOCTH.

IIpu pacuere MOryr OBIThH CHCIAHEI CHEIYIOIHAS JOIIYILECHHS:

a) B MOTIIHITHAKAX CO CMAa3KoH 0c¢3 mapicHnd (HaIpHMep B IOTIIMIMHHKAX CO CMa3K0H KOIBIIOM)
TEIIO PacCeHBACTCHA TTABHHM 00pa3oM NYTEM KOHBCKTHBHOH TEIHIOIICPEIAYH B OKPYKAIOIIYIO CPEIY:
Pas= P, amvs

0) B TMOAMHUMHUKAX C TIPHHYTATENEHON CMA3KOH paccerBaHMe TETIA MPOUCXOINT TTABHEIM 00pazoM
4epes cMasky: Poy 1= Py, L

6.4.1 PacceMBaHHE TEIUla IMYTeM KOHBEKIIHH

KoHBeKTHBHEIH OTBOI TEIUIA MPOMCXOIHT H3-3a TCIIONPOBOTIHOCTH B KOPITYCE MOIINHIIHHKA, H3Iy-
YeHNd W KOHBEKTHBHOH TeIDIONEepeladd OT MOBEPXHOCTH KOpPIyca B OKpy:Kawinyw cpermy. CrIoxKHEBIE
MPOLECCH, IPONCXOIAIINE IIPH TEIDIONEepenade, MOIyT OHTE NPEICTABICHE (GOPMYIOH

Pth,amb =ky A (T — Tyup), (12)
rne k, = 15 — 20 Br/(m* - K),

WITH TpH BEHTHIAIMH KOpPIIyca MOMIIMITHHKA BO3IYXOM IPH CKOPOCTH BO3myxa v, > 1,2 M/c cop-
MYIIOH

k=74 12+, (cm. [3] u [14]). (13)

Ecim Terrootsoagmasg HOBCPXHOCTE KOpIIyCd INOOIIHITHHKAD A To4HO HCH3BCCTHA, TO MOI'YT OBITE
HUCIIOJIB30BAHEI CICOYIONIHE AMIIPOKCHUMAITUH
- I8 DTAWTHHIPHYCCKHX KOPIIYCOB ITONIIHITHHKOB

A:2§(D${—D2)+nDHBH; (14)
- HOId MMOTIMAIMTHUKOB HAa J1arax
A= H (B4 ); (15)
- A NNOOJMKWIIHHKOB B KOHCTPYKIHAX MalllHH

A=(15—20) DB, (16)

rae B, — JUIMHA KOpIyca NOINIMITHUKA B OCEBOM HAIIpABICHHH;
D, — HapyXHHT THAMETp KOpTyca TOTIMUITHUKA;
H — obimag BeIcOTa MOTUIMITHEKA Ha IaTax.
6.4.2 PacceHMBaHHE TEIUIA Yepes3 CMA30YHEIH MaTepHal.
B ciyvae NogImANHAKOB ¢ NPHHYIATCIEHOM CMA3K0H THCCHOAIIAA TSIDIA IPOHCXOIUT Yepe3 CMal30d-
HEIH MaTepHAal 0 (hopMyIe

-Pth,L =p CQ (Tcxf Ten)- (17)
B CIyvdac MAHEPAITBHBIX CMA30THEIX MATCPHATIOB obveMHad YIOENBHAI TEIIMTOCMKOCTE PDABHA
pe=18" 10 /(v - K). (18)

M3 Tenmmosoro fanaHca CISMYET, 9TO Prh,f = Prh’ amb LT TIOTITHOHHKOB CO CMA3KOH 6e3 MaBIcHUS U
Py ¢ = Py L 14 NOMIUMNHKMKOB ¢ NPHHYIUTEIBHON CMA3KOH.
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OnpenensoT B COOTBETCTBHU ¢ [15] TeMreparypy NONIUMIHHKA 1 H TeMIICpaTypy CMAa304HOTO
MaTeprana 7, Ha pexode. DddeKTUBHAS TeMITepaTypa CMA30THOTO CI0S OTHOCUTETBHO BS3KOCTH CMA3KH
COCTABTSIET B CIyUae:

- YHCTOW KOHBeKIWH T, = T5; _

- IHCCHITAIMH TIIIA epe3 cMa3ouHuIi Matepuan .= 11 = 0,5 (T + 1)

1Ipu BEICOKHX e pH(be PHITHEIX CKOPOCTSX BMECTO STHX CPSIHHUX 3HAYEHHIH MOXHO BEIODATE 3HAYCHHE
TEMIIEPaTYpEL, Dosee DIM3KOE TEMIIEPATYPE CMA30YHOIO MATEPHALA HA BEIXOLE.

Jta IpOBepKA MIPHEMIIEMOCTH DACYCTHEIX 3HaUeHW Ty W T, WX cIemyeT COMOCTABHUTH C JOTYCTH-
MEIMH DabOIUMH TapaMeTpaMu Ty, npencraemeHHsMu B TOCT UCO 7902-3.

B mocnenoBaTenbHOCTH pacdeTa TPEXkKIe BCETO M3BECTHH padovuHe mapaMeTphl 7o, wiu 7T, a He
adekTnBHAL TeMieparypa 1., TpeOyeMas B Hadale pacderd. IlosToMy B Hadale pacdeToB IIPHHHMAKOT
PAaCYCTHOC MOBHIICHHE TEMIICPATYPHL, T.¢. Tp ¢ — Loy = 20 K, 11, ¢ — T, = 20 K, H cOOTBETCTBYIOIINE
paboume TeMIepaTyprl T Ha ocHOBaHMHM TEILTOBOrO BalaHca ONPEeNeIT COOTBETCTBYIOUINC CKOPPEK-
THPOBAaHHEIC TeMIEPaTypel I | Min 1., |, KOTOPEIE YCPEOHEHUEM C paHee NPHHATHMH (T o mmm T, o)
HTEPATUBHO YIYYIIATHCE IO TEX MOpP, MOKA PA3HHLA MEXIY 3HAYCHUSMM, MMEIHMHE HHICKCH 0 u 1,
CTAHOBWIACE He3HAUWTeNEHOH, HanpuMep 2K. HailneHHEEe TAKHM 00pPa30M YCIOBHS COOTBETCTBYIOT CTa-
UHOHApHOMY pexuMy. LIpH cTylleH9aTol uTepaluu cledyeT NPHHAMATE BO BHUMAaHUe (QaKTOPHL, IIPHBE-
neHHBEe B 6.7. Kak mpaBmmo, TpW WTEParuy  HADMIomaeTcss OBICTPAs CXOIUMOCTh PE3yIBTATOB.
HrepartnoHHbIf pacteT MOXeT OBITh 3aMeHeH rpadiieckoil HHTePIONIeil, MPU KoTOpoH Is paciera
Po s ¥ Py gpp WK Py | IPHHAMAKOT HECKOIBKO DA3TWYHEIX PASHOCTEH Temueparyp. Ecin Hanectw Ha
rpa¥K TOTOKM TeTNa Py, oy, = f () wmm Py, 1 = f(Tix), TO YCIOBHSA CTAIMOHAPHOTO PEXKAUMA OTIPEIETTIOT
TOUKOH TIepecevdeHHs JBYX KPHBEIX (PUCYHOK A.1).

6.5 MuHuMaabHAS TOMIMHA CMA30YHOIO CIOA U YACILHAS HACPY3KA HA NOJNHIHUK

3aBHCHMOCTh 3HAMEHHS 3330pa # B KPYTIOUMIHHIPUIECKIX PATHATHHEIX TOTIMTUITHHKAX OT CMelTe-
HHS BT BHIPAKAIOT CICIYIONIHM YPABHCHHCM

n=0,5Dwyg(l+ecosg), (19)

HAa9MHAS € ¢ = ¢; B HaHbOIee MIMPOKOH 30HE 3a30pa (PHCYHOK 2).
MUHHMATEHYIO TONIUHY CMA30YHOTO CIOS ONPEAEISIIOT 0 YPABHEHHUIO

finin = 0,5 Dweff (1-¢ (20)

W COMOCTABISIIOT C JOTMYCTUMHBIM PabouMM MapaMeTpoM hyy,, yeranoneHHEIM B TOCT MCO 7902-3, B
PE3YIBTATE YETO OIMPEASIACTCS NPHEMIEMOCTD HOJIYYEHHOIO 3HAYCHHMS .
YIeNbHYI0 HArPY3KY Ha HNOIUIMITHUK OMPESISIOT 110 YPABHEHHIO

PO i (21)
=78

W CONOCTABIAIOT C IONYCTHMEIM DPA0OYMM ITAPAMETPOM P, YeTaHOBIcHHEIM B I'OCT MCO 7902-3, B
PE3YIALTATE UETO OIpedeNsIeTcs MPHEMIEMOCTh NOMYIeHHOTO 3HATCHM.

6.6 Padoune ycnopHs

IIpyu mrurenpHOl padoTe NMOMIHIIHHKA CKOILXCHHA IPH PAXIHYHBIX MEHAIOLMXCA PEXHUMAX I
pacdeTa cieayeT BHIOpPATE TakWe padodHe YCIOBHS, MPH KOTOPHX 3HAUSHHA p, Ay, W T, Haubomee
HeOnmaronpugaTHe. Ilpexkae Bcero HEOOXOIMMO OIMPCICTHTh, MOXKET JIH HONIIHMIHHAK padoTaTh ¢ Iomavcii
CMa3KH Oe3 IaBIcHHs M IOCTATOMHO JIH OTBOJA TEIUIA IyTeM KoHBeKIHH. ClelyeT HeclIeIoBark Hauboiee
HEOMATONPHATHEIH B TEIUIOBOM OTHOIICHHH CIy4al, KOTOPHH COOTBSTCTBYET YCIOBHAM pPabOTH NPH
BEICOKHX CKOPOCTSAX BPAICHHS B COYCTAHMH C TAKEI0H HArpys3koi. Ecm npu 9McTol KOHBEKIHH BO3HH-
KAaeT BHICOKAS TEMIIEpaTypa H YBEeIHUeHIE pasMepOoB MOMIIHITHUKA WK IUIOMATH MOBEPXHOCTH KOPITYCa
IO HAHOOJIEE BO3MOXKHOTO 3HAYCHHA HE CHIDKACT TEMIICPATYPY NOIIIHITHAKA 10 MPHEMICMON, TO HeobX0-
ITAMO TIPUMEHHTH CMAa3Ky Mo JaBTeHHeM M MACISTHOE OXTAKICHHE.

Ecim nocie paoTh ¢ BEICOKOH TCIIIOBOH HArpy3Ko#H (HI3KOH ITMHAMHYCCKOH BA3KOCTREIO CMA309HOTO
MAaTepPHANA) HelocPeICTBEHHO CIieTyeT paboTaTh B YCIOBHAX BEICOKOH yIebHOM HATPYSKH HA TTOJINANHAK
M HH3KO0H CKOPOCTH BpallleHHd, TO HOBHE pabodie YCIOBHS CIENyeT HCCAeTOBaTh, COXPAHHEB TEIIMOBOI
PEKHM NPEIBEIOYIIAX PaGOo9HX YCIOBHH.

12



Ilepexon K cMeIIAHAHOMY TPEHHIO CBA3aH ¢ KOHTAKTOM MpodHIcH MEpOX0OBATOCTH BAIA H ITOIIIHII-
HHK4 B COOTBETCTBHM C KPHTEpHEM A fy;,, onpefdeineHHEIM B I'OCT MCO 7902-3, cormacHo KOTOPOMY
HeoDXOTHUMO IPHHUMATE BO BHIMAHHE TaKXkKe MedopManiio. [TepexomHbIi SKCIIEHTPHCHTET €, OIIPEIeITIOT
o hopMyme

.
&= - i, (22)
EWC&'

a MepexoHoe 3HaYeHHe Trcaa JoMMepdensna o gopmyre (TOCT UCO 7902-2):

Pyl B
So, = m—f( ,559)- (23)

TakuM 00pazomM MOTYT OHTE ONpeneleHE MHIHBHIYATRHBE MEepeXOaHbe YCIoBHAS (HATPY3Ka, BA3-
KOCTh, CKOPOCTh BPalIcCHHA).

TIepexoHBIE YCIOBHS MOTYT XapaKTEPH30BATECS COBOKYITHOCTRIO STHX TPEX B3aMMOCBA3AHHEIX MMapa-
MeTpOB. J71s orpenenecHus OIHOTO U3 HAX IBA APYTWX CIEOYET 3aMEHNATE COOTBETCTBEHHO STHM YCIOBHAM.

TIpu OBICTpOl OCTAHOBKE MAIMWMHE TETNIOBOM PEXHMM BONBIIeHl YACTHIO COOTBETCTRYET PEKHMY
MpeTIecTROBARIINE I HeTPePRIBHOM PadoTH MPH YCIOBHAX GONBINON TeMMOBOH HATPY3KH.

Ecnu oxnaxineHue IpeKpallaloT cpa3y K& MOCHe OCTAHOBKM MAIIMHBL, TO 3TO MOXET HPHBECTH K
HAKOIDIEHHIO Tellla B HOJIIHITHUKE, TTO3TOMY IS PACUETA CAeIyeT MPUHATE ellle Hoee HeBOIaToIpUsITHOS
3HAYEHHE T ECTH MAITHHA OCTAHABIHBAESTCS MEINEHHO, TO TIPENMONaraeTcs TOHMKeHHe TeMTIepATYPH
CMa3KH MM TIOTIITMTTHUKA.

6.7 Jipyrue piasomue hakTopbl

PaccmarpuBaeMblit MeTOI pacdera NPMMEHHM K IOJINMITHMKAM, DADOTAKONIMM B CTAIHOHAPHOM
PEKUME, B YACTHOCTH MPH IOCTOSHHOH 110 3HAYCHWIO M HAIPABICHWIO HAIPY3Ke, IIPH 3TOM Bal H
TTOIITHITHAK MOTYT BPAIIATECS ¢ OJMHAKOBOMH CKOPOCTRIO. T HIPOIMHAMHIECKYIO YTTOBYIO CKOPOCTE OTpe-
TeNAIOT TI0 opMyIe

Wy, =W+ og . (24)

Merox pacyeTa IpHMEHHM H IS cIydad, KOTOa ITOCTOSHHAA IO 3HAYCHHIO HArPY3Ka Bpallaercs C
YIIOBOH CKOPOCTBIO @p. B 5TOM CIydac oy, OMPEIeIIioT Io GopMyc

(l)h:(DJ'f'O)B—Q,(DF. (25)

g HArpy3KH, BEI3BAHHOH IUCOATAHCOM H BpaIlalOcHca BMECTC ¢ BAIOM (@p = ), HCIOMB3YIOT
thopmyy

O, =—m;+tog. (26)

ABCOMIOTHOS 3HAYCHHE (O, HCMOMB3YIOT B PacUeTe THCIA 30MMepheabIa, TIPH 5TOM CIeIyeT HMETh
B BHILY, ITO TIPH oy, < () SKCHEHTPHCHTET BAJIA OTIPENEISTIOT TIPH YTle MIHYC [} (pHCYyHOK 4).

11 PUMCYAHHNC — Bee BpAINATCIbHEIC ABM2KCHWA W YITIOBLIC HATIPABICHWA TOJTOXKWTCIBHBI IO OTHOINCHHIO K
HAIpapiIcHHO BpameHia Baia.

JuHAMIYecKas BA3KOCTh SHAUHTETRLHO 3ABHCHT OT TEMIIEPATYPH, TIOSTOMY HEOOXOIMMO 3HATE 3aBH-
CHMOCThH CMA30YHOTO MATepHANa OT TeMIEpaTyphl M ero xapakTtephcTHku (MCQ 3448). BdhdeKTHBHYIO
THHAMHYECKYIO BA3KOCTE T|,p ONPeIelsioT 1mo >hdeKTHBHON TemIieparype cMasodHoro ciod Ty, T.e.
M HAXOIAT 110 YCPESIHSHHBIM TeMIiepaTypaM 1., 1 T, a He [yTeM YCPEIHEHUS THHAMHYECKHX BA3KOCTeH
N(Len) mN(Tey).

JuHAMIYeCcKas BI3KOCTh 3ABHCHT TAKXKE OT JABIEHHUA, HO B MEHBIIICH CTeleHM!.

s MONIIMITHUKOB, PafOTaIONIMX B CTAIMOHAPHOM PEXHMME M IIPH OOBIYHBIX 3HAYCHMWSX YICIBHOMH
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W, >0 @, <0

+B . B

Pucynox 4

HATPY3KH HA TIOAIHUITHUK p, 3aBHCHMOCTRIO JTHHAMHYECKOH BA3KOCTH OT JABICHHS MOXHO TpeHebpeds,
qT0 00eCNeTHBAeT HEKOTOPEIH TOMOMTHNATETLHEIH PACYSTHEII 3a1ac TPOIHOCTH.

19 HCHBIOTOHOBCKHX CMA30YHEIX MATCPHANOB (09¢HD BI3KHX MACCH, MACC U pabOTH B Pa3IHIHEX
MHATTA30HAX) HADTIOMAITC 0DpaTHMEIe H HeOBPATHMEIE H3MEeHEeHHI BI3KOCTH B 3aBUCHMOCTH OT HATPY3KH
COBHTAa B CMAa30YHOM 33230pP€, 4 TAKKE B 3aBHCHMOCTH OT CPOKA CIYKOBL. DTH 3(hheKTH HCCICIOBAHE JTHIIL
IITsT HECKONIBKMX CMA30THBEIX MATEPHANIOB H B HACTOSIIEM CTAHIAPTE He TIPHHHUMAIOTCS BO BHAMaHHe [7].

PaGoumii 3a30p B NOJIIHIHHKS 3aBHCHT OT MMOCAOKH M XAPAKTCPHCTHK TCIIOBOTO PACIHIHPECHMS Bana
H MONMHAMANKA. B padodem nonxoxennn (20 °C) OTHOCHTENBHEI 3230p B HOIUTHIHHKS OMPEICIIIOT TI0

hopMyTIaAM:

_ ‘Dma.x - DJ, min ,
Wmax = T H (27)
Drm'n -D max
Yinin = (28)
G = 075 (Wmax T Wmin) - (29)

PemaommM (pakTopoM IS pacyeTa SBIHeTcS 3(M(MEeKTHBHBIH OTHOCHTEIBHBIH 3330D B MOMIIHITHHKE
Yor TPH 5(beKTUBHOH TEMIIEpaType CMa30qHOrO cnos 7.5, KOTOPYIO CIeOyeT PACCMATPHBATEH B COOTBET-
CTBUH € 3.5 KaK cPeTHIOK TEMIEPATYPY MOTIIAITHAKA U Bana. Ecii Kos(g:hMIne HTH TMHEITHOTO TETIOBOTO
PaclIMPeHNs Bala ¢ 7 W NONIIHIHUKA O, 3 HE PA3IHYaloTcs, TO 3a30p IPH HU3KoH TeMneparype (20 °C)
paBeH 3a30py MpH BHcokoi (T.x). Ecam Ban M MOAIMMIHUK (BKIAAEIT W KOPIYC MOMIIMMTHHKA) B
PE3YIRTATC BHCIMHHX BO3ICHCTBHI IMIPHOOPETAIOT Pa3THYHBEIC TeMneparypel (1 u 1,), TO 3TO ciIemyer
YIUTHBATE MPH pacdeTe [cM. dopmyny (31)]. JInHeliHOe pAcIUpPeHHe TOHKOTO TOITHITHUKOBOTO CIOS
MOXHO HE YYWUTHBATh.

14



Mg Koo HUITHEHTOB THHSHHOIO TSIDIOBOTO PACIIHPSHEL, KOTOPHE PAsIHUHb 114 Bajia M MOTIIHII-
HHKZa, OTHOCHTEIBHEIM 3a30D IMONIIHIIHHKA B 3aBHCHMOCTH OT TSIDIOBOTC PACHIHPSHHS ONPSACIIIOT I10

chopmyIram:

Ay = (o g0 (Lg—20°C); (30)
Ay=oa,5(T5-20°C) - oy5(T5-20°C); (31)
Weir = W + A . (32)

HomycTuMEIe pabodHe 3HAUeHHS 3a30pa mommunHuka o T'OCT UCO 7902-3.
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IIPHIOXEHHE A
(pexoMerIyeMoe)

IIpumepm pacdera

A.1 TIpumep 1

TpeGyeTcs necne0BaTh CIIOMHOA moAmHITHEK (@ = 360 °C), umetonmii pasmepsr D = 120 mm u B = 60 mwm,
KOTOPHIH padoTtaeT mpu Harpyske F= 36 000 H u npu ckopocti Ny = 33,33 e L TlpennonaraeTcs, 9T0 3TH padoyve
YCIOBHA ABNAIOTCA KPUTHICCKUME JIS TENNOBoro Gamamca. Kopnye MOAmMMmAMKa, WMEOMud niomanhb
nosepxrocTi 4 = 0,3 M7, ¥ Hepaspe3sas BTYIKA IONIITANKA H3IOTORICHBL M3 ATIOMIHIEBOr0 Ciiiasa. Bar iaro-
TOBNEH M3 cTamu. CUMa309HOe MACI0 TOAAKT Yepes OTBEPCTHE PA3MEPOM d, = 5 MM, PACTIOI0OKEHHOE IHAMETPATLHO
TPOTHBOMONOXHO HAMPYXKEHHOW 30HE BTYIKH MOANIMMHWKA, KAK MOKA3aHO HAa pucyHKe 3. B kagecTBe cMaizku
HCTIONB3YIOT MACIO CO CTelennio B3kocTH VG 100 (MCO 3448).

TIpexzae BCero MCCAEAYIOT BO3MOXKHOCTH PaboThl MOAMMITHUKZ Oe3 CMa3Ku Mo7 AasneHueM. B 3ToM ciyyae
JUCCHITANKS TETIA TPOHCXOANT TOIBKO TMYyTeM KOHBeKIMH. OKpyRam@as TeMrepaTypa cocTasisieT T, = 40 °C,
MAKCHMAIBHAA MOIYCTHMAS TEMIIEpATYpa HogmwHnka T, = 70 °C.

Ecnn TeMnepaTypa MOLMIMIHNKA OPEBLICUT )iy, TO CACAYET NPEAYCMATPUBATL IIO4AYY CMA30THOIO MAaTepHana
TOJ AABTEHUEM ¢ BHEIIHWM MACTAHBIM OXTAXACHUEM. B TAKMX CIydadx MpeArnonaractcs, 9YTo CMa30uHbIA MaTepHan
NOLAIOT B IOLUIAITHIK ¢ M3GEITOTHEM JABICHHEM oy — 5 » 10° [la, a TeMIIeparypa Macia Ha BXOLE COCTABIAET
Ten = 58 °C.

Pasmepsr 1 paboure mapaMeTphl

Harpyska Ha 110 IIHTTH K F=36 000 H.
CKopocTh Bana Ny =13333c L
CKOpoCTE NOAMHITHHKA Ng=0c L
Vron oxeara Q = 360"
MakcnMansHBIH BHYTPEHHWH AHAMETP TIOAITHITHHKA Dipax = 120,070 x 1073 »
MuHHMATBHEIA BHYTPEHHNI HHaMeTp MOAMNITHHKA Dipin = 120,050 x 1073w
JAraMeTp cMa309YHOTO OTBEPCTHS dp=5x1073m
MakcumManeHEI nuaMeTp Bana Dy nax = 119,950 x 103w
Munumanerbill fHaMeTp saia Ds in = 119,930 x 1073 ar.
OTHOCHTENLHAS IIHHA TOIIIITHHKA B/D=10,5.
Cpenrss BLICOTA HEePOBHOCTE TOBEPXIOCTI CKOMBKEHT MOMIIIITINKA  Reg = 2 % 1076 u
CpenHsia BRICOTA HEPOBHOCTEH ITOBEPXHOCTH CKOJIBXEHWS Bala Ry =1x 1076w,
KosddunmenT quAefinoro pacimmpedns MoAMMATHIKA o= 23 x 10—6 K1,
Kosdqdunpent nuaefinoro pacmipenis saia o= 11x 106 KL,
CMa30YHBI MATEPHAT VG 100.
Tegr, °C Neff (Tef), Ila -

40 0,093

50 0,057

60 0,037

70 0,025
TeroiooTBOIAMAS TOBSPXHOCTE KOPITYCA MONIIHITHIKA A=0,3m2
KoaddmnpeHnTt Tennonepesaan ky= 20 Br/(m? - K).
Temreparypa OKpyXawImiei cpeas Tomp = 40 °C.
Temneparypa cMa309HOI0 MATEPHANIA HA BXONE IOMIIMITHIKA TIPH
CMA3Ke IO HaBJieHHeM Ten = 38 °C.
H30LITOTHOE MABIEHYIE TOJATH CMAZ0THOTO MATePHATA TIPH CMA3Ke
TIOZ ABJIEHIIEM Pen, = 5% 105 Ta.
O0BeMHas VOeIbHAS TEIIOEMKOCTh CMA30UHOI0 MaTepHaia pc=18x 106 Ix /(v - K.

Ilpenenprreie 3HAYCHNS

MakcumanbHas AOTMyCTHMAs YAeIbHAA HATPY3KA HA TMOAMMITHAK Plim = 10 % 106 ITa.
TIpenenpro monmycTHMAas TEMTEPATYPA MOAIIMTHAKA. Thim = 70 °C.
Kpurinueckast TONIHAA CMA30YHOIO CIOA Mim = 9 % 1076 .
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Pacaer B cootBeTCTBIH ¢ OITOK-CXeMOi (prcyAOK 1)
Ilposeprm naMrHAPHEN HOTOK HO YpaBHeHNIo (2) Npy npearoraraeMoii TemnepaType Hogmunanka Iy o =
= 60 *C v npeanonaraeMoil MIOTHOCTH CMA309HOTO Marepuana p = 900 Kr/M3:

Re=

-3 -3 3 -3
T 120% 107 % 33,33x 1,48 x 1077 % 120 % 10~ X900=27,l4<4l,3\/ 120 x 10 _1073.5;

250,037 1,48 x 1073 % 120 % 1073
Re=27,14< 1073,5.

IloTok siBNAETCS JIAMIHAPHBIM, IIO3TOMY HACTOSINMN CTAHNAPT VA HAHAOTO CIVIAS IIPHMEHHM.
B cooteercTErn ¢ ypapHeHweM (21):

36000
120 1073 % 60 x 1073

= =35 106 TIa.

ViembHAs HAPY3KA HA TOAMIMTHIK p JOIYCTIMA, TAK KaK P < Plim-
OTBOI TEIUIA IIyTEM KOHBEKIIII
IlpemionaraeMas TEMIIEPATYPa MONIIAITHIKA

TE It} = Teff = 60 °C.
DddexTrrRAA THAAMITIECKAS BA3KOCTh CMA30THOr0 Matepiana npi Tog = 60 "C B COOTBETCTBHI C BXOLHBIMH
MApaMeTpamu

Negr = 0,037 I1a - c.
OTHOCHTENBHBI 3230p B MOJIIHITHAKE B COOTBETCTBHHM ¢ ypasHeHUaMH (27), (28) u (29) cocTtarnseT:

B -3
_ (120,070 — 119,930)10 _ 1,1667x10’3;

120 x 1073

max

(120,050 — 119,950)10~

T = 0,833 107 ;
>

min

¥ =10,5(1,1667 + 0,833)107 = 1073

HM3merernie OTHOCHTEILHOIO 3a30pa B Pe3VIIbTATE TEIUIOBOTO BO3ICICTRAA COCTABIACT B COOTBETCTRIN C YPaB-
nerrem (30):

Ay =(23-11)107 (60 —20) = 0,48 x 1073,
AddpexTHRHBIT OTHOCHTENLHEIN 3330p B MOANIMITHHKE B COOTBETCTBHM ¢ ypaBHeHHeM (32) cocTasnseT:
Yo = (1 +0,48)103= 1,485 107,

AddexTHRHAS YIIOBAS CKOPOCTH COTMACHO YPaBHEHHIO (24) COCTARIAECT:
Yrnosag cKopocTh Banma oy =2 xmx Np=209,42¢ 1.
YInopast CKOPOCTh NMOIIIHITHIKA wg=0;

op = 209,42+ 0= 20942 ¢ L,
Yucno 3ommepdensaa cormacHo ypagHeHUO (3):

36000 x 1,482 » 10°°
So= — - 1,408,
120% 1073 5 60 > 1073 % 0,037 209,42
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Otrocurensrbiii skenenTpucuret cornacxo 'OCT UCO 7902-2:
B
g:f(So, 5.0 )-0.773.
MuHHMATBEHAS TONIIMHA CMA309HOTO CIOS COTIACHO ypapHeHHO (20) i pucyHky 1:
By = 0,5 % 120 % 1073 % 1,48 x 1073 % (1 — 0,773) = 20,2 107% ur,
Vienbreit KoaddrpesT Tperis corracio ypasrerio (4) u TOCT MUCO 7902-2 cocrasnser:

q{;ﬁ - f(so. %, o )=3.68.

Koaddumuent Tperus

A 3 3
fr= o Vet = 3,68 x 1,48 x 1077=5,45x 107>,

Pacxon tera, oGYCIOBICHHBIH MOIMHOCTRHIO TPEHIS, COTIACHO YPABHEHITO (6):

120 % 1073

Py p= 5,45 1077 36000 >

209,42=2465,3H - m/c=2465,3Br.

Pacxoa terna gepes KOPIyc MOAMMITHIKA M BAT B OKPYKAIOMIYID Cpedy COMNMACHO YpaBHEeHHK (12) cocTasnaeT:
Pth,amb =20 x 0,3 x (TB,I — 40)
W3 coorromierna Py, = Py amp CIEOVET, 9TO

2465,3
T51=3p% 0.3

+ 40 = 450,9 °C.

Tak kak Tg_ | » T g, TO CHEAYET, ITO TEMIEPATYPA HOLIHTHIKS Th 9 = 60 °C pomxHa OBITh CKOPPEKTHPOBAHA.
CKOpPPEKTHPOBARHOE [PEITOIOKEHIIE O TEMIIEPATYPE MIOIIITHIKA :

Tho+l=The+0.2(Th, - Th=60+02450,9-60)= 138,18

Pesynbrarsl pambrelimell wrepanny npusenerst B8 tabnuie A.l. Ha marom srame pacyera pasHoOCTh MEXAY
HPENIoIArAe MOl TeMIepaTypoll IONIHITHAKA T} 5 ¥ PACIETHON TeMIEPaTyPOi MONIIHITHIKA TR | COCTABISAET MeHee
1 *C. Temmneparypa NOAMMITHHKA Tp paccyWTaHa € JOCTATOYHOH CTeneHbrd TOYHOCTH. Tak kak Tg > Ty, TO
JPICCHIIALNS TENIA IMyTEM KOHBEKIINH OKA3EIBAETCS HEZOCTATOYHOM. TIoaToMy MOMINIHIIK CIEAYeT CXIAXAATE CMa-
30UHBIM MATEPHATOM (CMAa3Ka I10L NaBICHHEM).

Tabamma Al
Iapanerp Emmnma STar pacdera
1 2 3 4 5
Tao = Tor °C 60 138,2 135,3 134.4 1338
Teff Ia ¢ 0,037 0,0036 0,0039 0,00395 0,004
Weff — 1,48 > 1073 2,392 % 1073 | 2,386 % 10—3 | 2,373 % 103 2,36 % 1073
So — 1,408 37,95 34,85 34,04 33,24
£ — 0,773 0,977 0,974 0,9738 0,973
Prnin M 20,2 x 10—¢ 3,3 % 10—6 3,72 % 1076 3,73 »x 106 3,82 x 106
I Wegr - 3,68 0,47 0,501 0,508 0,52
P Br 2465,3 508,35 540,7 543,3 558,18
Tz °C 450,9 124,8 130,1 131,2 133
Tg.0 °C 138,2 135,5 134,4 138,8

D HpC,I[HOJ'[O)KEHI/IE MOKET OBITh NpeaCTaBICHO dNbTCPHATHUBHBIMH MCTOOdMMH.
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OteOn TEIUTA CMA30YHEIM MATEPHAIOM (CMEIBK& MO HABICHHEM)
Ilpeanonaraemas TeMIIepaTypa CMa30YHOr0 MATEPHANA HA BHIXOIE:

T = Top T 20°C =78 C.
DddexTHBHAS TEMIEPATYPa CMA30THOIO CII0S CODTAcHo 6.4:
T.p=0,5(38 +78) =68 °C.

DddexTrpRas KHHAMITECKAT BIIKOCTh cMaszoqHoro marepuana npii T.y = 68 °C Aa OCHOBAHWN 3ANAFHFBIX
TAPAMETPOB COCTABIISAET:

Negr= 0,027 TIa - c.
H3meHeHHe OTHOCHTENLHOTO 3330pa B PE3YILTATE BOFICHCTBHH TEMIIEPATYPEI COTTACHO ypasHeHHO (30) cocTanmseT:
Ay = (23— 11) »x 1076 (68 —20) = 0,576 » 1073,
DdPpexTHRHBIT OTHOCHTELHBIN 3830p COTTACHO ypasHeHwo (32):
Yor = (1 + 0,576) 1073 = 1,576 % 10
Yucno 3ommepdensaa (3):

E 36000 x 1,576% x 10°¢
o= =
120 % 1073 % 60 x 1073 » 0,027 x 209,42

2,196.

OTrHocHTeNnbHBIA 3KCHeHTprcHTeT cornacho TOCT UCO 7902-2:
e=f(s0. 2., 0 )-0.825.

MTHIMATBHAS TONIITHA CMA30YHOTO CITos CoTTacHo ypasrero (20) v pucysky 1:

B =0,5x120 x 1073 % 1,576 x 1073 x (1 — 0,8250) = 16,35 1076 m.

i

Yaenprei kKoadduimment Tperis conracko ypasrenio (5) u TOCT MCO 7902-2 cocrapiser:

‘f;ﬂ - \{;f(SO,E,Q):ZJS.

KoaddupenT TpeHua cocTaBisaeT:

f!

F7= Ve = 2785 1,576 5 103 =4,881x 10°3,
[+

Pacxon tera, oGYCIOBICHHBIH MOIMHOCTRHIO TPEHIS, COTIACHO YPABHEHITO (6):

120 % 1073

Py, = 4.881 x 107 » 36000 5

% 209,42 = 1981,7 H.m/c = 1981,7 Br.

Pacxon eMa30wHOTO MATEPHaNa BCIESOCTRIE PA3BHTHA BHVTPESHHSTO NABICHHS CODACHO vpasHenmio (8) u
TOCT ACO 7902-2:

Q5 = 120° x 1077 % 1,576 x 1073 x 209,42 x 0,0968 = 55,21 » 107 s’/c.

Pacxon cMAa304YHOr0 MarepHana, OOYCIOBIGHHOTO IaBJIeHHeM IIOJAYM, COMIACHO YpaBHeHHI (4)
TOCT ACO 7902-2 cocTapuseT:

5 5 5 ,
gL= 1,204+ 0,368 — 1,046 (ET + 1,942[5]1 =1,228;
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(1 +0,825)°

Q= 7=
48 In 6—50 1,228

- 0,1304;

120% % 1077 1,576% % 1077 x 5 x 10°

= —6 ., 3
? 0,027 0,1304 = 16,33 x 10°¢ m3/c.

Pacxon cMazogHOIO MaTepHaia cornacHo ypaerenmio (11) cocrapiser:
0 =(55,21 +16,33) - 1076 = 71,54 % 1076 m/c.
Pacxon terna gepes cMas0THBNT MATEPHAT COITACHO ypasreHio (17) cocrassier:
Pup=1,8x10°x 71,54 % 1078 (Ty— 58).
W3 coorronreris Py, ¢ = Py, 1 HOTYIAEM:

T 1981,7

_ 1+ 58=73,4°C.
el 65106 % 71,54 ¢ 1076

Tax kak Ty | < Ty o, CNEOYET NPEATIOIOKEHIAE, YTO TEMIEPATYPA BEIXOLA CMA30YHOT0 Matepuana T, o = 78 "C
JOJDKHA OBITh CKOPPEKTHPOBAHA.
CKOppeKTHPOBAHHOE MPEIIIONIOKEHNE O TEMIIEPATYPE BEIXOAA MAcia:

T,

ex,0— 0,5(78 + 73.4) = 75,7 °C.

JanpHenmme aTansl HTePaliHi YKa3aHer B Tadame A.2.

Ha TpeThem 3Tane pacyeTa PasHOCTh MEXAY MPEArNONaracMoil TeMnepaTypoil BLIXOAA CMA30YHOTO MaTepuana
Tex,0 W PACCUMTAIHON TeMIIEpaTypoil Bhixona Ty | cocTanmna meree | °C.

CneaoBaTenbHO, TEMTEPATYPA BHIXOAA CMA309HOTO Martepuana 1, paccynTaHa C JOCTATOYHOH CTENEHBI TOY-
HOCTH.

Tak xak Ty < Tjjm, TO TEMIIEPATYPA BEIXOIA CMA30THOIO MATEPIANIA HAXOOUTCA B JOIYCTHMBIX [IPEICIax.

Taxk xax g, > Mjm, TO MUHAMAIBHAS TOJNIIUHA CJOS CMA30YHOTO MATEPHANA HAXOAWTCH B JOMYCTHMBIX
npenenax.

BMeCcTo WTEpAllMOHHBIX PACYETOB MOXHO BOCTIOTL30BATLCS METOAOM Tpadwyeckoil uHTEpnomsun. JIna storo
MIPOBOIAT pacyeT ind pAxa NpeanonaracMex TeMmreparyp Ig i 7.y, KOTOPHIE OXBATHIBAIT NHANA30HEL OXHIAEMBIX
PeENeHIA.

B tabnnuoe A.3 mpuBeneHBI NMPOMEXYTOYHBIE PE3YABTATHL ANA CIy4as AMCCHIIALNN TEIUIA 4Yepe3 CMAa30YHBLH
MaTepuan (cMasky nogn nasnenuenm). Ha stane 4 pacueTa mo tabnune A.3 yKa3aHbl pe3yabTATH rpadiryeckoTo pereH s

B COOTBETCTBHH C PHCYHKOM A.l.

Tatmuna A2
Iapaverp Emrnma DTam pacuera
1 2 3
Ten °C 58 58 58
Tex o °’C 78 75,7 74,9
Toir °’C 68 66,85 66,45
Mefr Ma- ¢ 0,0271 0,0283 0,0287
Vet _ 1,576 » 10~ 1,362 x 10~3 1,557 x 1073
So - 2,196 2,057 2,023
£ . 0,8254 0,8246 0,818
Ponin M 16,55 % 1076 16,87 x 1076 17 > 1076
LAY o . 2,78 2,84 29
P Br 1981,7 2006 x 65 2 038,96
0. Mje 55,21 » 1078 54,49 > 106 54,09 » 10~¢
G w /e 16,33 x 10~ 15,04 % 10~ 14,64 % 106
0, M e 71,54 x 10~ 69,53 % 106 68,73 107®
Tex1 °C 73,4 74 74,5
Texp °C 75,7 74,9
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Tadonuma A3

Hapaverp E a STar pacdera
1 2 3 4
T °C 58 58 58 58
T, °C 62 82 102 74,87
Tegr °C 60 70 80 66,44
Neff Ma-c 0,037 0,025 0,018 0,0287
Wi _ 1,48 x 103 1,6 > 1073 1,72 x 1073 1,557 % 103
So — 1,408 2,429 3,934 2,023
3 — 0,771 0,8383 0,8801 0,818
Bin M 20,34 x 10~ 15,52 » 10— 12,37 x 10—t 17 % 10~
I Vepr — 3,65 2,572 1,89 2,895
P Br 2443 58 1861,5 1470.,49 2038,96
Q mi/c 57,54 % 106 75,46 x 10— 99,05 x 106 68,73 106
Py Br 4142 3259,87 784476 2087,06
P, Bra
8000
6000
Pq
4000 /
~J Ps
2000
\
0 1 .
45 50 60 70 80 T.°C
66,5
Pucynok A.1
A2 TIpamep 2

TpebyeTcs wccnenoBaTh YACTHYHBIH MOMIMUNIHUK ¢ yroioMm oxparta 130 °C, umeromuii pasmepsr D= 1010 mm
W B = 758 MM, B KOTOpPOM CMAa3Ky HPOBOIAT Yepe3 CMA30OUHDLIN KapMmad, KaK 3TO MOKA3aHO HA pHeyHKe A.2, Tipi
HeOONMBIIOM M30BITOYHOM AaBneHHH. CornacHo 6.3 pacxos MOTOKA Macna Qp He BXOJWT B TermoBoil Gamarc. Juccr-
TS TEIUIA B 3TOM CIIYYae IIPOHCXOINT TONEKO C PACXONOM CMA30THOIO MATEPHANA Yepes NONMNUIHIK (5, 00ycnoB-
JNEHHBIM TOIBKO TeHEpalnuel BHYTPeHHEro AaBieHus. Temmeparypa Bxoga macia coctasuser T,, = 24 °C. Paznnans
MEXAY TETTOBLIM PACITMPEHUEM BaJd, BKIAIHIIA TMTOAIIUITHIKA M KOPITYCa TIOAIIHITHIKA OTCYTCTBYIOT.

Pasmepsr u paboane mapaMeTpsl

Harpy3ka Ha 110 QIHITHIK

CKopocTb Bana

Vrnosas cKopocTh Bana

Vron oxsata

BuyTpeHHW AHAMeTp TOAMIHITHHKA

CpeaHuii OTHOCHTENBHBIA 3330P B TIOMIIHITHIKE

HMameHeHHe OTHOCHTEIBHOTO 3330pa B TMOANAITHHUKE B PE3YNBTATES
TEIJIOBOTO BO3NEHCTBISA

OTHOCHTENRHAS JUTHHA ITOIIITHHKA

CMA30YHBIA MATEp VAT

F=10°H.

Ny = 1,4283 ¢,
oy = oo = 8,974 ¢,
Q- 150°.

D=1010 » 1073 m.
=103

Ay=0.

B/D = 0,75.

VG 46.
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7

Q
Pucynox A.2
Ters, °C MNett (Tem), Ia-c
20 0,1324
30 0,0721
40 0,0430

Temneparypa Bx0Aa cMA30YHOTO MATEPHATIA TIpH CMAa3Ke noa AasieHueM  Top = 24 °C.
YaenvHas o6beMHAS TEILTOEMKOCTE CMA30UHOTO MATEPHATIA pc= 1,8 x 106 /(v - K).

IlpenensHbie 3HAYCHHS

MakcumansHas JOMVCTHMANA YASIbHAA HATPY3KA HA MOOIMITHIK Plim = 10 x 105 Ila.
TIpeaensro AomycTUMAs TEMIEPATYPA MOAMMUITHHKA. Tim = 70 °C.
Kpurinueckast TONIHAA CMA30YHOIO CIOA Mim = 9 % 1076 .

Pacyer B COOTBETCTBHM C PUCYHKOM 1

TpeGyeTesl MPOBEPUTL TAMHHAPHOCTE TOTOKA CMA30YHOTO MATEPHANA B COOTBETCTBUM C YpaBHeEHWeM (2) mpH
npeanonaraeMoil 3ddekTneroil Temmneparype cmazownoro cnod Ty = 40 °C w mpu npeamonaraeMoi TIIOTHOCTH
cMA30YHOTO Marepraia p = 900 ICF/MSf

-3 -3 -3 -3
Reznxl()l(]xlo % 1,4283> 107 > 1010 > 10 ><900:47’9<41’3 10 1306 :
2x0,043 1

Re = 47,9 < 1306.

TIoTOK CMa309HOTO MATEPHATA ABIAETCH TAMUHAPHBIM, TO3TOMY HACTOAIIUA CTAHAAPT MPUMEHHM AT TAHHOTO
CITyYas.
CornacHo ypasaeHHIo (21):

108
785 5 1073 % 1010 < 1073

p= — 1,306 x 106 TTa.

YroenpHas Harpy3ka Ha MOAIMNIHUK P OOIYCTHMA, TaK KakK P < Bip-

JIHCCHTIAIIIA TeTa MPOUCXOIUT Yepe3 CMAa30uHbIi MaTepHAI.

B Tabnure A4 IpencTaBIeHBl IPOMEKYTOUHBIE PE3VIBTATEL OTAENBHLIX FTanop pactera. Ha werseprom nrame
pacyera pazHOCTh MEXIY IPeIeIaraeMoll HavanbHO M TeMIepaTypo it BEIXOIA CMA30YHOTO MaTe Piaa 15y o ¥ pacyeTHOM
TEMIIEPATYPOit Bhixona 14y | cocTarmsier meree 1 "C. CnenosarelbHo, TeMIEPaTypa BHX01a CMA30THOTO MaTeprana Toy
pPACCYUTAHA ¢ HOCTATOYHON CTeNeHEBIO TOTHOCTH.

Tak kak Tz < Bim, TO TEMIEPATYPA BHIXOAA CMA30YHOTO MATEPHANTA HAXOOWUTCH B JOIIVCTHMEIX IIpeaeiax.

Tax Kax Apin > Aim. TO MHHIMANBHAS TONIIHHA CIOS CMA30THOIO MATEPHATd HAXOLWTCH B HOIIYCTHMBIX
npemenax.
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Tadnunmoa A4

Iapaserp E o 3Tar pacdera
1 2 3 4
1., °C 24 24 24 24
Tex o °C 44 38,5 36,2 35,1
Toir °C 34 31,3 30,1 29,55
Neff Ha-c 0,058 0,07 0,074 0,077
So — 2,507 2,079 1,967 1,89
£ _ 0,798 0,767 0,758 0,75
Binin M 102,01 % 10—¢ 117,67 x 10¢ 122,21 % 10¢ 126,25 % 106
I et — 1,65 1,822 1,87 1,92
P Br 7477,6 8248 8338,6 8701,2
0, M /e 46,04 x 1073 46,60 x 107> 46,69 x 1073 46,88 x 1073
Tex 1 C 33 33,83 34,08 34,31
Texo °C 38,5 36,2 35,1
A.3 Tipumep 3

Tpebyercs HCCIenoBaTh YACTHYHEIN MOAMIKITHUK ¢ yroM oxeata Q = 150°. Cma309Hbli MaTepuan nonaeTcs
B HATPYXAIIVID 30HY TOAIMWITHAKA NPH H30BITOYHOM AABNEHHH Yepe3 BepXHIOK IMONOBHHY TMOAIMWITHHKA, KaK
TOKA3AHO HA PUCYHKE A.3, KOTOpas MMeeT KPYTOBYK) KAHABKY.
JIBa CMA30YHBIX KAPMAHA PACIIONOXEHEI B TOPIE COeMMHEHHI oA YImoM + 907 K NpHIoKeHHOR HATPY3Ke.
Temno paccenBaeTcd 4Yepe3 CMA30YHBI MaTepHan W cOrmacHo 6.4 obIuil pacxo] CMA309HOTD MATEpHana

paccanTbsaT 1Mo ypasaersy (10) u (11).
Pazvraiis Meskny TEIUIOBEIM PACIIMPEHHEM BaJId, TOMIFITHIKA ¥ KOPIIYCa HMONMIHITHIKA OTCYTICTBYOT.

A-A
bg

7727

Fyeyd

bp

2

B

Pasmepsr u paboanie mapaMeTphl

Harpyaka Ha 10N IK

CKopoCTb Bana
Vrnosasdg cKopocTb

Yron oxsara

I A o
=T | 1

@

Q

A
Pucyrnoxk A3

F= 18000 H.
Ny=25¢"L.
op=op=157¢ L
0 = 150°.
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Bryrpennuii nuamerp D=7200 x 103 m.

Cpenauil OTHOCUTEIBHEIN 3330p HOAIIHITHIKA y =2x 1073
HMzMeHeHHe OTHOCHTEIBHOTO 3330pa TOAIMIIHUKA B Pe3yiIbTaTe
TETIOBOTO BO3ACHCTBHSA Ay =10.
OTHOCHTENLHAS IIHHA TOIIIITHHKA B/D=10,5.
ITInpraa cMA30THON KAHABKH oI yroroM 180° bg = 30 x 103 m.
I'my6rra cMazourol KaHABKH ho=2,5%1073 m
HTuprAa cMa309HOTO KapMaHa bp = 60 » 1073 »e.
I'my6rra cMa309HOTO KapMaHa hp = 2,5 1073 a.
CMa30YHBI MATEPHAT vG 32
Terr, °C Megr (Tem, Ma-c
40 0,031
50 0,022
60 0,014
70 0,0054

Temneparypa Bx07a CMa30YHOTO MaTepHaia Ipy cmaske nog gasnernem T, = 40 *C.
H30proaroe gasienie Mo4aYl CMA30UHOI0 MATepHAaia IIPH CMa3Ke
TIOJT TABEHWEM Pen = 0,5 % 10° Ta.
YaenvHas o6beMHAS TEILTOEMKOCTE CMA30UHOTO MATEPHATIA pc=18x 106 dx/ (M3 - K).

HpG,E[CJ'[BHBIB JHAYCHUA

MakcHMaIEHO JOMYCTHUMAS VACIbHAS HATPY3KA HA MOAITHITHIK ;J]m, =10 x 10% ITa.
IIpengenpro domycTUMas TeMIEPATypa MONMNITHHKA Tiim = 80 °C.
Kputnyeckas TonmuHa cMa309HOI0 CIOS By = 20 > 1076 m

PacyeT B COOTBETCTBHH ¢ PUCYHKOM 1

TpeGyeTcst MPOBEPUTH TAMHHAPHOCTE TIOTOKA CMA30YHOTO MATEPHANA B COOTBETCTBHW C YpaBHeHWeM (2) mpu
npeanonaraeMoi TemnepaTtype nopmunuuka g ¢ = 60 "C » npeanonaraeMoil NIOTHOCTH CMA30YHOTO MATEPHATA
p = 900 kr/m>.

Re

-3 -3 3 -3
:71:><200><10 X 25 %2 %1077 %200 107° x 900 201,96<41,3\/ 200 x 10 9235

20,014 2% 107 %200 1073
Re = 201,96 < 923,5.
TIoTOK CMA30YHOTO MATCpHANa ABNACTCA JAMWHAPHBIM, ITOSTOMY HH.CTDHH_[I/Iﬁ CTAHAAPT NPUMEHWM A4 AdHHOTO
CITYYasl.

CornacHo ypasaeHHIo (21):

18000
0,5 % 200 > 1073 % 200 x 1073

p= =0,9 % 10 TTa.

VraenpHas HArpy3Ka Ha MOAITUMHHK @ AOMYCTHMA, T. K. P < Pim-

JIHCCHITALIIS TeIlia MPOHCXOIUT Yepe3 CMAa30uHbIi MaTepHAIL.

B TaGnuiie A.5 mpeacTapieHbl MPOMEXYTOYHEIE Pe3YIbTATH OTACTBHBIX STATIOB pacyeTa.

XapakrepHoii 0COOSHHOCTBIO 3TOr0 PACYeTa ABNASTCA ONPEHeIeHHe MONIHOCTH TPEHMA M PACX0La CMa309HOI0
MAaTEepHaa, OCHOBAHHEIX HA PACXOME B CMA30YHBIX KAPMAHAX W KAHABKAX.

Kak mpumMep NpHBeaeH MepBbIi 3TAN pacyeTa.

MOoOnHOCTD TPeHHA B CMA30IH B Kapmanax i karapkax (cv. TOCT MCO 7902-2):

T 9003¢ 157 x 2,5 x 1073 % 200 x 107
CP=2><O,SE[4+ 00012 5005 )0.94]= 274
900 x 157 x 2,5 > 103 x 200 x 1073
QG=0,5n[4+0,0012( 0.0 )0,94]= 8,22.

24



Tadonuma A5

Hapaverp E a STar pacdera
1 2 3 4
Ten °C 40 40 40 40
Texo °C 60 52,1 48,6 47,3
Toir °C 50 46,1 44,3 43,7
MNeff Ma-c 0,022 0,024 0,0275 0,028
So _ 1,042 0,9554 0,8338 0,8189
£ _ 0,734 0,725 0,7 0,698
Ponin . 53,2 1076 55 % 107 60 > 10—¢ 60,4 x 1076
P _ 4,6 4,8 5.4 5,45
P Br 1966,3 2229 2519,9 25356
0, w3/c 109,27 x 10~¢ 109,02 > 10~¢ 108,52 » 10~¢ 108,55 106
Q; w/e 153,72 > 10—¢ 139,84 x 10—¢ 119,49 > 10—¢ 117,15% 10~
0 M3/c 262,99 > 1076 | 24886 x10°¢ | 228,01 x10°¢ 225,65 1076
Zex,1 °C 442 45 46,1 46,3
Texo °C 52,1 48,6 47,6
Cina TPEHUA BO BCEM CMA30YHOM CJI0E!
-3 -3 -3 -3 -3
F,:0,022><157><100><1_2 2005 10 [ 1042546 60><10_3( T 210775200 >_<310 2,74J
2x 10 1001077 \3 .« 24120, 7347 2x2,5x10
-3 -3 -3
~ 30x103[ T _2x10 x200>j310 8322]]213”{‘
100> 107 \ /1 20,7347 252,5%10

HMATEHCHBHOCTE TEIUTOBOTO MOTOKA H3-33 MOIIHOCTH TPEHUS B MONIIHITHUKE:

200 > 1072

Py g= 125,24

157=1966,3 Hm/c= 1966,3 Br.
Pacxo cMa309HOTO MATepHana H3-3a THAPOIMHAMIYECKOTO JABNeHNs [cM. ypasHeHwe (8)]:
O; = 200% % 1077 5 2 > 1073 > 157 x 0,0435= 109,27 » 107 m/c.

Pacxoq cMAa30YHOTO MAaTepuana W3-3a JaBneHud mojaund [cM. ypaeaenus (9) w (10) TOCT HCO 7902-2]
CYMMIIPVETCSA 3 PACXONA MATEPHANA M3 KAPMAHOB H KAHABOK!

60 % 1073 60 1073 60 > 1073

= 1,188+ 1,582 ——— )- 2,585 [ ——— | + 5,563 | ———] = 2.4082;

p ( 100 » 107 ) ( 100 x 1073 )2 (100 x 10—3)3
L+ 1x5x0,738) + 60,734+ 1 x33x 0,734
Q;:E 1 - +i nil+1x3x0, )+3>< R +3>< x 0, _1,0568

6 100 x 107 100 % 1073 - 30 % 107

ln(—3)2,4082 -

60 % 10~ 200 % 10~

- 200% 5> 107 % 23 5 107 x0,5 x 10°
»- 0,022

1,0568 = 153,72 x 1070 /e
Pacxon eMazogroro mMatepuana [em. ypasraenws (10) u (11)]:

Q= (109,27 + 153,72) = 1076 = 262,99 x 10~ m*/c.
HHTeHCHBHOCTD TEIIOBOTO IOTOKA B CMA30UHEI MaTepran [eM. ypasHenwe (17)]:
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Py = 1,8 % 10 % 262,99 x 1075 (T, | — 40).
W3 coornomenns Py r= Py, 1, ceayet:

B 22221
1,8 % 106 % 262,99 = 10°°

1+ 40=44,7°C.

ex,l

B TaGmie A6 IpeNcTABNEHE! PE3VIBTATEL PACIETA, VIMTHIBAIOIINE PACXOD CMA30THOTO MATepHaia wepes

CMA30YHEN Kapmar. [Ipeqronoxeno, 9T0 ¢MA3Ka 3al0ONHSST HATDYRKEHHBIE H HEHArPYRKeHHBe 30HE CMA30THOTO
3a30pa.

B ztoMm CIIyyac Ha NCPBOM 3TAINC pacyeTd pacxon CMA30YHOTO MATCpHATId M3 KapMdHd COCTABIACT:
gp = 2,4082;

1
m( 100 x 1072
60 x 1072

*® TC .
0;-% = 0,4254 ;

)2,4082

- 200° < 1077 % 23 %107 x 0,5 103

Q, X7 0,4254=61,88 x 1076 »’/c.
Tadonuna A6
Mapaverp E a 3Tar pacdera
1 2 3 4
Ton *C 40 40 40 40
Tox.0 °C 60 53,9 51,1 50
Totr °C 50 47 45,5 45
- Ma c 0,022 0,0233 0,0252 0,0263
So _ 1,042 0,9757 0,9099 0,8819
£ _ 0,734 0,727 0,717 0,71
B ” 53,2 % 107° 54,6 > 10~° 56,6 x 10~¢ 59 % 10~¢
£ Vet _ 4,6 4,75 5 5,18
P, Br 2419,7 2494 6 2625,8 2722,9
0. w3/c 109,27 » 106 109,15 % 10—¢ 109,02 % 10—¢ 108,77 x 10~°
0, /e 61,88 x 10~¢ 57,93 > 10—¢ 54,02 » 1076 49,86 » 10—¢
0 M3/ 171,15 % 106 167,08 x 1075 163,04 % 10° 158,63 % 106
Tex.1 °C 47,9 48,3 48,9 49,5
Texo °C 53,9 51,1 50
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