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M E XT OCYJIJAPC CT BEMHH DB " CTAHIOAUPT

I'MAPOANHAMNYECKUE PAAUAJIBHBIE ITIOAIINUIITHUKNU CKOJIbAKEHWA,
PABOTAIOIIIUE B CTALHUOHAPHOM PEXUME.
KPYIVIOUWINHAPUYECKUE INOAILIUIIHUKHA

YHYacrp 1

Meton pacdera

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

JlaTa sBeaennsg 2002—07—01

1 O0aacTh npuMeHeHus

Hacrosimiuil ctanaapT ycTaHaBIMBAEeT METO/] pacyeTa TMAPOANHAMUYCCKUX IMOJIIUITHUKOB CKOJIBXE-
HUSI C MacJISTHOM CMa3KOM M ITOJHBIM pa3dcjicHHUeM ITOBEPXHOCTEU CKOJIBKCHUS Bajla M ITOAIIUITHUKA
CMa304YHbIM CJIOEM, HUCITOJIL3YEMbIM IPU KOHCTPYUPOBAHUU IMOALIUITHUKOB CKOJLXKCHUS, HAACXKHBIX B
SKCILTyaTalluu.

Hacrostituuil ctannapTt pacrnpocTpaHseTcs Ha KPYJIOWIMHAPUYECKMC TTOAIIUITHUKM C AYyroi oxsara €2,
papHoil 360, 180, 150, 120 u 90°, u rmpu LcHTPaAJIbHON HArpy3Ke Ha cerMcHT. [ coMeTpus 3a30pa ITOJIIIUIT-
HUKOB JJO2KHA OBITH ITOCTOSIHHOM, 3a MCKIJIIOYCHMUEM HE3HAYUTCJIBbHBIX JAcopMalivii, BO3HUKAIOUIUX B
pPe3yIbTATC BO3ACHCTBUS JaBJICHUS U TeMIlepaTypbl CMAa304YHOIO CJIOS].

MeToa pacuyera InpeJHasHadceH T OINPEAesICHUS pa3MepoOB M OINTUMU3ALMU TTapaMeTpPOB ITOAILIUII-
HUKOB CKOJILXECHUS, NMPUMCHSICMbBIX B TypOMHax, reHeparopax, 3JeKTPOJABUTaTe/IsIX, 3y0oUaThIX repejadax,
MMPOKATHBIX CTaHaX, HACOCaX M APYIrUX MeXaHU3Max.

Pacuyer orpaHudeH yCJIOBUSIMHU CTALIMOHAPHOIO peKUMAa 3KCIUIyaTalluU, T. €. YCJIOBUSIMHU HEIIPCPhIB-
HOTO ABWKCHUS TPU IMOCTOSHHOM IO 3HAYCHUIO U HAIIPABJICHWUIO HATPYKCHUU M IMOCTOSHHBIX YIJIOBBIX
CKOPOCTSX BCEX BpAILAIOIIUXCS 3JIEMCHTOB.

MeTo pacdera MOXET OBITh TAKXKE IIPUMEHCH TS CIUTOLHBIX MOJIIUITHUKOB CKOJIBXKEHUS, TTOABEPT -
HVYTBIX ITOCTOSTHHOU Harpys3Ke BpalllcHUS C J1I000M CKOPOCTHIO.

MeToa He pacIipocTpaHseTcsl Ha VCIIOBUST AMHAMUWYCCKOTO HarpyXeHUs, Koraa 3HadyceHUe W HalpaB-
JeHUE HArpy3KM U3MEHSIOTCS B 3aBUCHUMOCTU OT BPEMCHU, KOTOPBIC MOI'YT OBITb PE3VJIBTATOM BIIUSIHUS
BUOpallMy U HECTAOUIILHOCTU OBICTPOBpAILAIOILIMXCS BATOB.

[Ipumepsl pacuera MPUBEACHBI B ITPUITOXCHUU A.

2 HopmatusHbie CCBLIKH

B HacTtosiieM ctaHaapTe UCIIOJAb30BAHbI CCHIJIKM HA CJICAVIOLIUE CTAHAAPTHI:

[OCT UCO 7902-2—2001 T'mapoanHamMudeckue pagraabHbIC MOAILIUITHHUKHA CKOJIbXCHUS, padoTalo-
[1I¢ B CTAllMOHApHOM pexuMe. KpyrmouuyiuHApUIeCcKUe MOAIMUITHUKU. PYHKIIMU, HUCIIOJIb3yeMbIe IS
pacyera

[OCT UCO 7902-3—2001 T'vapoanHamMudycckue pagruaabHbIC MOAIIUITHUKHA CKOJIbXEHUS, padoTalo-
[I{e B CTALlMOHAPHOM pexXuMe. KpyrmouuamHApUYeCKUe IMMOAIIUITHUKU. JdomycTuMble pabodue rmapaMeTrphbl

NCO 3445—92* [lpombiliicHHBIE cMa304YHbIe Martepuainbl. Kinaccuduxkanuug saskoctu 1no MCO

* MexxayHapoansll ctavgapt — o BHUKMKW [occranpapra Poccun.

U3nanne opuuuaibHoe
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3 OcHoBbI pacueTra, AONYLIEHUS W NpeaBapuTe/bHbIE YCIOBHUSA

3.1 Pacyer ocHoBaH Ha pellcHUU AUG@epcHUMUATBHOrO ypaBHeHUS PeuHonbiaca 1151 KOHCYHOU
NJIUHBI MTOAIIUITHMUKA C YYETOM KOPPCKTHBLIX M'PAHUYHBIX VCIIOBUIT 00pa30BAHUS JAaBJICHUS:

LB L)+ (1 L)=6n @+ w5 (1)

Q0o03HauYcHUS IMTPUBEACHBI B pasacie d. BoiBoa nudgdepeHIMalIbHOTO ypaBHeHUS PeilHobaca NTpH-
BeaeH B [1] —[3], [11] — [14], peiuecHue ypaBHeHuss — B [4] — [6], [12], [13].

3.2 Ilpu pemienun ypaBHeHUs (1) ObLTM IIPUHSITBHI CJACAYIOLUIUC JOIYIUCHUS U ITPCABAPUTEIIbHBIC
YCJIOBUSI, JOITYCTUMOCTD KOTOPBIX IMOATBCPXKICHA AKCIICPUMCHTAIBHO U ITPAKTUUYCCKU:

- CMAa304YHBIN Marepuall COOTBETCTBYET HBIOTOHOBCKOM XUAKOCTH;

- PEeXUM TCUCHUS CMA304YHOIo Marepuasia JaMUHAPHBIN;

- CMAa304YHbIN Marepyall IMOJHOCTbIO OMBIBACT IMOBEPXHOCTU CKOJBXCHUS,

- CMAa30YHBIN Marepuall HeCXKUMAaCM;

- CMAa304YHbIN 3a30p B HAIrPYXKCHHOU 00J1aCTH ITOJTHOCTBHIO 3aITOJTHCH CMa304YHBIM MaTcpUaIoOM. 3a-
MMOJIHCHME HEeHATrpyKeHHOM 00JIaCTU 3aBUCUT OT CITocoba 1mojadyy CMa3KM B IMOJILIUITHUK;

- MHCPUMOHHBIC, I'PABUTALIMOHHBIC U MArHMTHLIC CUJIbI CMA30YHOTO MaTepuaa He3HAYWUTCIIbHBbI;

- 3JICMCHTBI, 0O0PAa3VyIOLLUEC CMA30YHbIU 3430D, IBISIOTCS XKCCTKUMU MU UX AedopMalivs He3Hadyu-
TEJIbHA; WX ITOBEPXHOCTU UACATIBHO KPYIITOUUIWHAPHUYCCKNUC,

- pPaanuyChbl KPMBU3HBI B3AMMHO BpalIAlOIIUXCS ITOBECPXHOCTEH BEJIUMKU IO CPABHECHUIO C TOJMLLIUMHAMU
CMa304YHOTO CJIO;

- TOJILLIMHA CMa304HOI'0 CJIOS1 B OCCBOM HaIllpaBJICHUHM (KOOpAMHATA 7) MMOCTOSIHHA;

- KOJICOaHUM JaBJICHUS B CMAa304YHOM CJIOC B HAIIpPaBJICHWHU, ICPIICHIAUKYJISIPHOM K ITOBEPXHOCTIM
CKOJIBXCHUS (KOOpAWHAaTa y), HC3HAYUTCIIbHbI;

- JIBMJKCHHE, HAMPaBJICHHOE TICPIICHAUKYISIPHO K MMOBEPXHOCTIM CKOJBXCHUS (KOoopAuHAara y), OT-
CYTCTBYCT;

- CMAa304YHbIN Marepyal UMeeT OAMHAKOBYIO BSI3KOCTb I10 BCEMY CMA30YHOMY 3a30DY;

- CMA30YHBIM MaTepual IToJacTcsd yV Havajla BKIAAbILIAa WJIM TaM, IIC CMa304YHBIM 3a30p SBISICTCS
HAWOOJIBbILIMM; JABJICHHUC ITOJAYM CMAa3KKU HE3HAYMUTCJIBHO I10 CPABHCHMIO C AABJICHUEM CMA304YHOTO CJIOSI.

3.3 I'panuyHbic VyCITOBUS 0OOpa30BaHUS JABJICHHUS B CMAa30YHOM CJIOC JOJ/IKHbI VAOBJICTBOPSTDH CJIC-
AVIOIUMM YCJIOBUSIM HEIIPCPBIBHOCTU:

- B repeaHeit KpoMmke npodunst napiacHus: p (@, 7 = 0;

-y Topla noammmHuka: p (o, 7=+ B/2)=0;

- B 3aJHCU KpOMKe IMpouiIs JaBacHUL: p ¢, (2), 7| = 0;

- 0p/ 09 [0, (2), 7| = 0.

J119 HeKOTOPBIX TUITOB U pa3MepoOB IMOALIUITHUKOB I'PAHUYHLBIC YCIIOBUS MOTYT OBITH YTOUHCHHI.

Jag  HEeCIIoIIHBIX  MOJINUMITHUKOB,  €CIAW  YAOBJICTBOPSCTCS  CICAVIOIIEC  BbIPAXCHUC:

s
0> — (TE — B ) < 5_, — 34 HMM KPOMKAd HpO(bHHH HABJICHHMA JICKWT B KOHUC BbIXOJHOI'O OTBCPCTHUA [TOALHMIT-

HUKA: p (@ = >, 7) = 0.

3.4 WMurerpuposanue auddepeHumantbHoro ypaBHeHusa PelHobAca MPOBOJST, UCITONb3YS TPAHC-
(popMallMio JaBJIcHUS, Kak npemitoxeHo B |3], |11], [12], myreM npeobpa3oBaHusg B AU@depeHUIUATBHOC
ypaBHEHUEC, KOTOPOC IPUMECHSIOT K CUCTCME CETOK OITOPHBIX TOYEK M KOTOPOEC IMPUBOAUT K CUCTEME
JIUHEHUHBIX ypaBHeHUU. 19 TOYHOCTHM MHTETPUPOBAHUS BAXKHO KOJIUUYCCTBO OITOPHBIX TOYCK, [MO3TOMY
MPCAMTOYTUTCIIBHO ITPUMECHSITD HEOKBUIUCTAHTHYIO CETKY, KaK 3TO IpeyioxeHo B [6], [13].

[1ocne moacTaHOBKU 'PaHUYHBIX VCIIOBUU TS 3aJJHCH KPOMKHU ITPOMUIII JaBJICHUS UHTETPUPOBAHUC
[TO3BOJISICT HAUTHU pacIIpeAejICHUC JaBJICHUN B OKPYKHOM M OCCBOM HAITPABJICHUSIX.

[IpuMeHeHue IIpUHLIIUIIA ITOA00US B TCOPUU TMAPOAMHAMUYECCKUX ITOALLIUITHUKOB CKOJIbXEHUS TIPU-
BOJIUT K Oe3pa3MepHbIM 3HAYCHUSIM ITOJ00OUS AJISI TaKUMX ITapaMeTpoOB, KakK Hecyllasl CITIOCOOHOCTh, Xapak-
TEPUCTUKKU TPEHUSI, pacxoJ CMa304YHOIro wMarepuaja 4epe3 IMOAINUITHUMK, OTHOCHUTEIbHAsl IJIUHA
MOJIUUITHUKA U T. 1. llpuMeHeHHE 3HAYCHUI IMTOJOOMS YMCHbBINACT KOJMYCCTBO YMCIICHHBIX PCILUCHUI,
HeoOXOAUMBIX L1 auddepeHumanbHoro ypasHeHus Peinnonbaca (1 OCT WMCO 7902-2). Moryr OBITH
WCITOJIb30BAHbl U ApYrue pelicHus, eciid oHU vaoBiaeTBopsioT veiaosusaM [OCT UCO 7902-2 v nator
MMOJJOOHVIO TOYHOCTD.
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3.5 BT OCT UCO 7902-3 npuBecHbI A0ITYCTUMBIC padoyue rmapaMeTpbl, Ha KOTOPbIC JOJIXKHBI ObITH
OPUCHTUPOBAHbBI PE3VJILTATHI PACUCTOB 15 KOPPEKTHOrO PYHKUMOHUPOBAH WS MOJAILIUITHUKOB CKOJIBXCHUS.

B oTaenbHBIX ciydyasax A8 ClieHMaaIbHOro IMpUuMeHEeHU MOTYT BBIOUPATHCS JIPYyryue pabouyue rnapamer-
pbI, oTiiyaronivecsd ot ykaszaHHsix B [ OCT UCO 7902-3.

4 Metoa pacuera

4.1 Ilon pacderoM MOHUMAIOT OIIPCACIICHUC KOPPCKTHBIX OIlepallMil BBIYUCIICHUCM, UCIIOIb3YS pPe-
A/TbHBIC pad0OYUe rapaMeTpbl (PUCYHOK 1), KOTOpbIC MOTYT OBITh CPABHCHBI C PACYETHBIMHU ITapaMcTPaMU.

Pabouue nmapaMeTpsl, VCTAHOBJICHHBIC ITPU U3MECHIIOILIMUXCS pad0OUYUX VCITOBUSIX, JOKHBI HAXOAUTHCS
B JOITYCTUMBIX IIpelesax IIPpUM CpaBHCHUU C pacyeTHBbIMM TapamMerpamMu. st 3ToOM LW JOJIKHBI ObIThH
MCITOJIb30BAHbI BCC paboyue YCIOBUS, BOSHUKAIOILME B ITPOLICCCe HEITPEePbIBHOW 3KCILTVaTallUHu.

4.2 OtrcyTcTBUC MU3HAIUWBAHUS rapaHTUPVYETCS, ¢CJIU CMAa304YHBIM Marepuall o0eCIICUMBACT ITOJTHOE
pasciieHue COMPSKEeHHBIX ITOBEPXHOCTeH. HernpepblBHAs padoTa B YCIIOBUSIX CMEILAHHOTO TPEHUS ITPUBO-
AUT K IIPEeXKIEeBPEeMCHHOU 1oTepe padoToCIIocoOHOCTU. HernmpoaokureibHas padboTa B YCIIOBUSIX CMELLIAH-
HOT'O TPCHUSI, HAIIpUMEDP, TNPU IYCKEe MJIU OCTAHOBKE MAalllMH C ITOAINUMITHUKAMU CKOJILXKCHUS SIBJISCTCS
HEeU30CKHOU U HE ITPUBOJIUT, KAK IIPABUIO, K ITOBPCXKACHUIO MOAIUUITHUKOB. ECIM MOAINWITHUKM padoTatoT
C OOJIBILLION HATPY3KOU, TO I ITyCKa WKW OCTAHOBKHM Ha MaJIbIX CKOPOCTIX MOXET ITOTPeOOBATHCS AOITOJI-
HUTCJIBHOE TUAPOCTATUYCCKOE VCTPOUCTBO. JdoryckacTces mpupadoTka Ha HadyaJlbHOM 3Tare padoThbl, KOM-
MMCHCUPYIOLIAs] OTKJIOHCHUE TCOMETPUH TTOBEPXHOCTU OT MACAIBHOM, IMOKA 3TO U3HALIUBAHUE OrPAHUYCHO
MECTOM U BPEMECHEM U ITPOUCXOAUT O€3 SIBJICHUU IIeperpy3Kid. B HEKOTOPBIX ClyyasiX MOXET ObITh ITOJIC3HA
oIpcaciicHHAas Ipoleaypa IpupadoTKM, KoTopast 3aBUCUT OT BbIOOpA MaTepualla.

4.3 llpenensl MeXxaHUUCCKONM HAPY3KU SBISIOTCS (DYHKLIUCH ITPOYHOCTH MOAIUMUITHHUKOBBIX MATCPU -
a710B. JlonycTumsbl ciaoble IMOCTOSIHHbBIC AeopMaly, ¢CJIM OHM HE HapylLIaloT IMIPABWIbLHOTO (PYHKUMOHHU -
POBAHUS IMOALLIUITHUKOB CKOJbXCHMUS.

4.4 Ilpecaensl TEIUIOBBIX HATPY30K 3aBUCST OT TCIUIOCTOMKOCTH ITOAIUUITHUKOBBIX MATEPHUATIOB, 4 TAKXKCE
OT UBMCHECHHUS BI3KOCTU IIPU UBMECHCHUHW TeMIIEpaTyphbl U OT TCHACHLIMHU CMA304YHOI0 Marepuasia K CTapcHUIO.

4.5 Pacyer npaBUIbHOTO PYHKIIMOHUPOBAHUS TTOALIUITHUKOB CKOJBXCHUS MPECAIONIAracT, 4YTo MU3-
BECTHbI paboyue YCIIOBUS AJISI BCEX CIVYACB HEIIPEPBIBHOM padoThl. OAHAKO Ha MPAKTUKE YACTO BCTpeUa-
IOTCS JOITOJHUTEIbHBIC BpeAHbIC BO3ICUCTBUS, HEU3BECTHbIC HA CTAIUU ITPOCKTUPOBAHUS, KOTOPBIC B CBSI3U
C 3TUM HCEJb34 IPCAYCMOTPETh ITPU pacyere. PeKoMeEHAYETCS IpeaycMarpyMBaTh COOTBECTCTBYIOLIUI 3aI1ac
OC30ITACHOCTH MCXKIY pabOuYUMHU I1apaMeTpaMy U JONMYCTUMbBIMU 3HAYCHUIMU. K BpeIHBIM BO3ACHUCTBUSM
OTHOCST, HAIlpUuMep:

- JIOXKHBbIC CUJIbI (McOaTaHCc, BUOpalud U T. 1.);

- OTKJIOHCHUS OT HACATBHOU TreoMeTpUYecKOi (POpMbBI (AOIMYCKM Ha MeEXaHMYCCKYIO 00padOoTKy,
OTKJIOHCHUS ITPU COOpPKE U T. 1.);

- 3arpsi3HcHUe CMa304yHOro Marepuana (rpssb, BOJa, BO3AVX U T. 1.);

- KOpPPO3Usl, BJICKTPO3PO3USI U T. 1.

B 6.7 nmpuBeacHbI JAHHBIC O JPYIUX BO3ACUCTBYIONIUX PaKTOpax.

4.6 IMTpumcuumocts [OCT MCO 7902-2, HCOOXOAUMBIM YCJIOBUCM KOTOPOTO SIBJISICTCS JJaMUHAPHbIN
[TOTOK B CMA30YHOM 3a30pe, IIPOBEPSIOT C MMOMOILLBIO Yyuciaa PeillHobIACA:

Co v Gy o

. pU, Ri oft DN, Rj eft . 3\/‘ D (2)

Re = _ = . <4]. 3\ . |
i v | CRE eff

ﬂﬂ'ﬂ' I[MTOAIHHUITHHUKOB CKOJIbXKCHKMAH C HHUC/TIOM Re > 41 53 \/ C (HHH’DHM@D B PC3VJIbTaTce BBICOKOU
R eft

CDI/I(E)CDI/IHHOH CKOPOCTH) [TPCHAITONAI dAIO0TCH 00JICC BBLICOKMC KOE)(})Q)HLLHGHTEI [TOTCPDL KU TCMIICPATYPDI
IMMOAIIMUITHHM KA. PacyeTsl IMMOALLIMITHHMNKOB C TY[)6YH@HTHEIM' [TOTOKOM HC MOI'VT ObITH [TPOBCACHDLI ITO HACTOH -
HICMY CTaH14apTy.

4.7 Pacuer [TOAHIWUIIHHUKOB CKOJIbKCHW! VHUTDLIBACT CJICAYIOUINC (})HKTODBI& HAYUHAd C HM3BCCTHDLIX
pPasMCpPOB ITOAIINMITHKUKA U pa60q'ﬂx YCII'OBHﬁ':

- COOTHOLIUCHHWA MCXKIAY HCCYLL[CI/I CITOCODHOCTBHIO U TOJILIUHON CMAa304YHOTO CJTOS] .

- TTOTCPHU MOIIHOCTHU H4A TPCHHC,

- PAaCXod CMA30HYHOI'O MATCpUAaJida HCPE3 IMTOAIIUITHHMK,

- TEIUIOBOW OasaHC.
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Ha4yano pac4eta

BxoaHble paaMepbl U napaMeTpbl:
A B ¢ C, D, Dmax= Dmin’ DJ= DJmaxr D.Iminl

F, kA= Pen: RZB= RZJr Tamb! Ten= al,B= al,J!

Q, mg, Oy, SNEMEHTOB Noaayu, napa-
METPOB BSI3KOGTU CMa3Ku

HacToAwu cTaHaap
HenpUuMeHUM
[ lepecMoOTp
BENUYUH

epemMeHHas Her

Pabo4yuin napameTp Her

P <Py
Ha
OxnaxaeHue
KOHBEKLMOHHOE no;;:ﬁ::nem
Tao Tex.0

[lepeMeHHble
B o | SO Tex.0
| hmin' Pth,f= Q=[3

HeT

OxnaxaeHwue
KOHBEKLIMOHHOe?

OxnaxneHwe
KOHBEKLIMOHHOE

PaboJyuin napameTp
T Tex< I

Her [epecMoTp
BEMNWYUH

Pabo4yun napameTp

Pin 2 Mgy

OxnaxpeHue
CMa3Koun
BO3MOXXHO?

Her [epecMmoTp
BEeNUYUH

SbIXOAHbIE
ne3vnbTaThl

KoHeL, pac4yeTa

ObecnevyeHue oxnaxaeHust
CMa3Kon nog gaBneHnem

PucyHok 1 — Cxema pacuera
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Bce stu (i)aKTOpr ABJIAIOTCH B3dMMO3aBUCHUMbIMI.

Penienue [TOJIVHAIOT C ITOMOIIBLIO MCTO/da UTCPALNI, a4 CXEMA [TOCJICHOBATC/ILHOCTH pPaCHCTA ITPUBCIACHA
Hd PUCYHKC 1. HHH OITTUMHW3AIIUK OTAC/IbHbBIX ITAPAMCTPOB MOXKCT OBbITH [TPUMCHCHA BApHALlUA TTapPpaAMCTPOB
M BO3MOXKHA M'Oﬂ.'Hd)HKaLH/IH [TOCJICHOBATCJ/IbHOCTH PACHCTA.

5 O003HaYeHnd

O0o03HaYeHUd U eJMHUILB] U3MEPeHUS TMIPUBEACHBI Ha pUCYHKe 2 U B Taoaulle 1.
MUHUMaIBbHYIO TOJIUMHY CMA304YHOTO CJIO0S /., OMPCACIISIOT CICAYVIOUIUM 00Pa30oM:

D-D,
2

e=0,5Dwy(l—g,

hm%n —

e OTHOCUTEIbHBIU DKCHCHTPUCUTCT € PABCH

D-D,°

a IIpU YCIIOBUU @ , — (T — B) < g MoJy4yacm

h...=0,5D¢(1+¢cos,).

-7 - >/

PucyHok 2 — Mmmoctpanius o00o3HaAUYCHU N
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Taoawuuyal — O003HaAUCHUS U €AUHWLIBI U3MEPEHMUSI

O0o3HaueHue [TapameTtp ]fjﬂmmqbi
N3MEPCH N

A TerooTBoasiiasg MOoBepXHOCTh KOpITyca IMOANIUITHHUKA M
b Llvpyuna ¢cMa3ouyHON KaHaBKU M

B HomuHanbHas mupyHa rnoairuIiHuKa M

C YaenbHas TerjioeMKOCTh CMAa30uYHOro Marepuana /(KT - K)

C HoMuHaabHBIN 3a30p MOAILIUITHUKA M
CReff DPOOEeKTUBHBIA paauaibHbBIA 3a30p MOALIUITHUKA M

dy JlnaMeTp CMa304YHOIr0 OTBEPCTHS M

D HoMuHaabHBIA BHYTPEHHWUN JUAMETP MOAILIUITHHUKA M

Dy HomMmuuanbHbBIN JUaMeTp Baja M

Dy max MakcuManbHOE 3HauYeHue D M
Dy min MUHUMATBHOE 3HAaYeHue Dy M
Do MakcuManbHOE 3HauYeHue [ M
Do MuHHUMAaJIbHOE 3HauYeHue ) M

e ABCOJIIOTHBIN 3KCUEHTPUCUTET M

E Monayiab yripyroctu —

I KosdpduumeHT TpeHusl —

I Harpy3ka Ha nmoamuvnuHuK (HOMUHAaJIbHAs Harpyska) H

Fy Cuia TpeHUS B HATPYKEHHONM 30HE CMAa304YHOTO CJI0 H

Fy Cuiia TpeHUS B HEeHArpy>KeHHOM 30HEe CMa30UYHOI'0 CJ0s H

G Monayiab caBura —

/1 JlokasnbHag TOJMMIMHA CMA304YHOI0 CJ04 M
im Kpurnyeckast TOJIMKMHA CMa304YHOI0 CJIOS M
Rein MuHumMaabHas TOJMIMHA CMA304YHOI0 CJI0S M
Ryay BOIHUCTOCTL MOBEPXHOCTH CKOJBKEHUS M

Awav. eff DPPeKTUBHAY BOJHUCTOCTDL MOBEPXHOCTU CKOJIBXKEHUS M
Pyav. eff.lim MaKcUMalbHO JonyctumMas 3p@PeKTHBHAA BOJTHUCTOCTD M
K 4 KoadgpdpunuueHt reruionepegadyd  HapyKHOU  [OBEPXHOCTU  KopIiyca Bt/ (M? - K)
MOJAIIHUITHUKA

Ic; JIJIMHa ¢CMa304YHOM KaHABKH M
Ip Jl1MHa cMa304HOro KapMaHa M
Ly JlmMHa Kopriyca InoAlIumHuKa M
Ny HactoTra (CKOpOCTh) BpalllcHUS TMOAIIUITHUKA ¢
Ng HactoTa (CKOPOCTHL) BpallleHUS HAIrpy3KU Ha ITOAILNUITHUK ¢

Ny HactoTa (CKOpOCTH) BpalllcHUS BaJja ¢!

b JlokanbHOE JaBjieHUE B CMA30YHOM CJI0€ [1a

p YaenbHas Harpyska Ha IMOAILIUITHUK [1a
Pen JlapjieHue Mmojgayu cMa3zouHoOro marepuaia [1a
Pim MakKCUMAIBHO JOIMYCTUMOE JABJCHHE B CMA304YHOM CJ10€ [1a
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[poodoaxncenue madauust [

O003HaucHUC [HapameTtp ]?HHHHL[ZM
NSMEPCH A
})m[}‘m MakcHUMaJIbHO JOITYCTUMAas yIeJAbHAY HArPy3Ka Ha MOAIHUITHUK [1a
P MOIIHOCTb TPEHUS Br
P MHTEHCUBHOCTB TEILJIOBOTO IMOTOKA Br
P amb MHTEHCHUBHOCTD TEIJIOBOTO IMOTOKA B OKPYXKAIOIIYIO CPEAy BT
Pt MHTEHCUBHOCTDL TEIIOBOTO IMOTOKA M3-3a MOILHOCTU TPEHUS Bt
P L MHTEHCUBHOCTE TEILIOBOTO IMOTOKA B CMA304YHbBIU MarepHal Br
g, Pacxon cMa3zoyHOro Marepuasina M> /C
O Pacxon cma3zoyHoro mMarepuajia Ha BXOJE B OTBEPCTHUE 3a30pa M3 /C
() Pacxon cma3zoyHOro Marepuajia Ha BbIXOJE U3 OTBEPCTUS 3a30pa M /C
(O Pacxon cma3zoyHoOro marepuaia u3-3a r’mApoaruHaAMUYEeCKOTro JaBJICHUS M?/c
O [lapameTp pacxona cMa3zo04dHOroO Marepuaia H3-3a THUIAPOJIUHAMHMYECKOTO —
NaBJICHUS
O, Pacxon cMa3zoyHoOro Marepuaia U3-3a JaBjJcHUY MMoJadu M3 /C
0, [lapameTp pacxoaa cMa30yHOro Marepuaia M3-3a JaBJIeHHS TT0Jauyu —
Rzp CpeHss BbICOTA HEPOBHOCTEHN IMOBEPXHOCTHU CKOJBXEHUS TMOALLIUITHHUKA M
Rz) CpeHss BBICOTA HEPOBHOCTEU COTIPSIKEHHON TTOBEPXHOCTU Baja M
Re Hucno PeliHonbaca —
So Yucio 3ommepdenbaa —
f J TemMrieparypa oKpyKawuieil cpeabl C
Iy TeMmeparypa rnmoamiunHuKa C
5.0 [Ipeamnonaraemasg HavajgbHas TeMrieparypa noaniunHuKa C
I 1 PacueTtHag temMrieparypa noAllUITHUKA, MTOJyYeHHAas METOJ0OM UTepalluu C
f . TemMrmeparypa cMa304HOIr0 Marepuaja Ha BXOJE TOAILUITHUKA C
f TeMrmeparypa cMa304HOI0 Marepuasa Ha BBIXOJE IMOAIIWUITHUKA C
Teox 0 IIpenrnonaraemasgd HadajdbHasg TeMIlepaTypa CMa30yHOro Marepuaja Ha C
BLIXOJE IMOAIINITHUKA
Tex 1 PacueTHag teMrieparypa cMa304yHOI0 Marepuaja Ha BbLIXOJE IMOAIINITHUKA C
1) Temrnieparypa Bana C
T im [IpenesibHO DOIMyCcTUMAas TeMrieparypa rnoaurnHnka C
Iy CpeJHss TeMrepaTrypa cMa3ouHOro Marepuasia C
Un JInHelHag (OKPYKHAY) CKOPOCTh IMOAIHUITHUKA M/C
U JIMHelHag (OKpyXKHas) CKOPOCThL Baja M/C
Va CKOpOCTb BO3AVILIHOIO OXJIaXKAeHW S M/C
X KoopauHara, rapajjieabHass IIOBEPXHOCTU CKOJIBXEHUS, B KpPYroBOM M
HarlpaBJIeHUU
% KoopauHara, rnepricHIUKyIsIpHasg K ITOBEPXHOCTU CKOJBXKEHUS M
Z KoopauHara, rmapaieiibHasl TIIOBEPXHOCTU CKOJIBXKECHUSI, B  OCEBOM M
HaripaBJIeHUU
O 1B KoadhduiumeHT JMHENHOIO TEIUIOBOIO pacliupeHUs IOAILNITHUKA K~
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Oxonuanue madbauubt 1

O003HauYeHUC HapaMmeTp ]fjﬂmmu:bi
N3MEpEeHNS
oy J KosadpduuueHT JUHENHOIO TEIUIOBOTO paclliupeHUd Bajla K~
3 Yroa JuUHMU UEHTPOB (yIJIOBasg KOOpAMHATA 3KCUHEHTPUCUTETA Bajla ’
OTHOCUTEJIBHO HAIIpaBJICHUN HATPY3KU )
Of YTroj1 HeCOOCHOCTH Baja paj
e OTHOCUTEJIBHBIN 3KCLUEHTPUCUTET —
M JlnHaMMUYecKas BSI3KOCTh CMA30UYHOro Marepuana [Ia - ¢
N eff DdpdekTuBHASI IMHAMUYECKAs BI3KOCTb CMa304YHOIo Marepuasia [Ia - c
vV Kunemarunyeckast BSI3KOCTb CMa304YHOr0 Marepuasia [Ia - ¢
C KoadpduumeHT COMNPOTUBICHUS BpallleHUI® B  HArpyXeHHOW  30HE —
CMa304YHOI0 CJ104
C KoadpduumueHT COMPOTUBICHUS BpalllcHUI B HEHATIPYXEHHOW 30HE —
CMa304YHOI'0 CJI04
Ce KoshpuuueHT CONnpoOTUBICHUS BPAILCHUIO B 30HE KOJIBLEBON KaHABKU —
Cp KosdhduuueHT COnpoTUBICHUS BpalllcHUIO B 30HE KapMaHa —
D [ [lToTHOCTE CMA30YHOr0 Marepuasia KT/M-
0 YrioBas KoopAuHATA B KPYTOBOM HaIlpaBIC¢HUHN paj
¢ YrioBast KoopauHara riepeaHeil KpoMKU Mpoduiist JaBICHUS paj
¢ > YrioBasg KoopAauHarta 3aJHe KPOMKH MPpodiIsa JaBiaeHUS pan
\f OTHOCUTEBHBIN 3a30p MOJAILIUITHUKA —
Y CpeIHUNH OTHOCUTEJBHBIN 3a30p MOAILUITHUKA —
W off DM PEeKTUBHBIA OTHOCUTEBHBIN 3a30D MOALLIUITHUKA —
W max MakcUMabHBIN OTHOCUTEILHBIN 3a30p MOAILIUITHUKA —
W i MuUHUMaAILHBIM OTHOCUTEIBHBIN 3a30p MMOALLIUITHHUKA —
O R YrioBast CKOpOCThL NMOAILIUITHUKA ¢!
O | napoanHaMuyeckas yriioBasl CKOPOCTh ¢!
o) YrioBag CKOPOCTh Bajla ¢!
Q /lyra oxsara cerMeHTa IMOAMNITHHUKA rpaj
Q Jlyra oxBsara CMa304HOI KaHaBKH rpaj
Q2 Jlyra oxsara CMa304HOI0 KapMaHa rpaj

6 Omnpeaesienne 0003HaAYEHNI]

6.1 Hecymas cnocoOHOCTD
[TapamMeTpoM, XapaKTepU3VIOUIUM HCCYILYIO CITOCOOHOCTL ITOJIIMITHUKA, SBISICTCS Oe3pa3MepHOC
yuciao 3oMMmepdebia So:

Fy oy B
. — < — —_— 3
So DBy o So (&, 7 Q) . (3)
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3HaueHUd So KaK PYHKUMHU OTHOCUTCILHOTO 3KCLCHTPUCUTCTA €, OTHOCUTCIIBHOW JIUHBI ITOAILAII-
HUKa B/D u vyrina oxpara Bkiaabiina £ mnpuseacHsl B [OCT UCO 7902-2. IlepeMeHHbIe BETUYMHBI
Oy, Ner U W op VYUTBHIBAIOT TEIUIOBBIE 3(PQEKThI M YIJIOBBIC CKOPOCTHU Basla, MOAIUMITHUKA U HACPY3KU Ha
MOAINUITHUK (6.4 1 6.7).

OTHOCUTETbHBIM S3KCIICHTPUCUTET € YUUTHIBACT BMECTE C yIyIoM JTMHUU HeHTpoB 3 (I'OCT MCO 7902-2)
3HAYeHUE M PaCIIONOXCHUEC MUHUMAIBHOU TOJILMWHBI CMa304YHOIro cjios. s CIUIOIIHOTrO MOAIIMUITHUKA
(2 = 360°) Macio cieayer IroaaBarb B MECTe HAMOOJIbIIECIO CMAa304YHOI'O 3a30pa WM B 3aBUCUMOCTHU OT
HaIIpaBJICHHUS BpallCHUS B HEITOCPEACTBCHHOM OJIU30CTH OT 3TON TOYKHU. C 3TOM LE/IbI0 HCOOXOAMMO 3HATh
YroJl JJMHUU LCHTPOB [3.

6.2 llorepu MOIIHOCTH HA TpEeHHUE

TpeHue B ruipoAMHAMUUYCCKOM ITOAIIUITHUKE CKOJIBXCHUS U3-3a2 BIA3KUX HAIPSDKECHUN CIBUTA VUU-
ThIBAIOT KOS(PPUUMECHTOM TpeHUS [ = Fr /F 11 TPONU3BOAHBIMHI O€3pasMCPHbIMU XapaKTCPUCTUKAMHU TTIOTCPH
MOIITHOCTU Ha TpeHue { U /Y ..

- vy
- D Bn.;o, ()
[ _ G
oo B So . (5)

YpaBHeHUS NMPUMCHSIOT, €CJIU ITOTePU MOLIHOCTHM HAa TPCHUC BCTPEYAIOTCS TOJIBKO B HATPYXKEHHOU
30HE CMAa304HOro ¢ios. HeodbxoaumMo paccyuTaTh MOTepU MOLIHOCTU Ha TPCHUE B HATPYXKCHHOW U HCHAa-
FPYKEHHOM 30HAX W 3aTeM 3HaueHus £, £y, {, f/W « 3aMEHUTD 3HaYeHUsIMU [, F ¢, L', /W .+ B yPABHEHUSIX
(4) u (5). Ilpu sTOM noapasymMeBaroT, YTO BCE OTBEPCTUC 3a30pa 3alTOJHEHO CMa30YHbIM MaTepualoM.

SHAUYCHUS [/ o U [/ o U1 pa3IUUHbIX 3HaUCHUU €, B/Du Q npuseacHsl B [OCT MCO 7902-2.
Jlaubl TakKe NpUOJIMXKeHHbBIC ypaBHeHUS [15], KOTOpbIe UCITONB3VIOT LIS ONpCAcIcHUS 3HAYCHUM TTOTEPh
MOILUHOCTU Ha TPCHUEC B IMOJMIUITHMKAX, VYUTHIBAS BIUSHUEC CMA304YHbIX KAaHABOK M KapMaHOB. MOIIHOCTb
TPCHHUS B IMOALIUITHUKE WU FeHEePUPYEMOEe TEILIO OINPEAeIsaiOT M0 YypaBHEHUSIM

£y = Pny = JF, (6)
P:=fF (7)

6.3 Pacxoa cma3zouHoro marepuaia

CMa304HbBIl Marepuas, rojaBacMblil B IMOJAINUITHUK, 00pa3yeT CMAa304YHbIM CJI0M, pa3aeisTiolinui
[TOBEPXHOCTU CKOJIbXKeHUS. Pa3BuBalolieecs B CJI0€ JJaBJICHUC BLITAJIKMBACT MacJIO U3 TOPLLOB ITOJAIIMITHUKA.
DTa BeJIMYUHA MacJa sIBJISIeTCS YacThIO pacxoja cMa30dyHoro Marepuasia (J, ooycioBiIcHHas pa3BUBaIOIINM -
Csl TUAPOJUHAMUYCCKUM TaBJICHUCM.

O =D yeroy, 05, (3)

rne Q5= 053 (e, B/D, Q), 3nauenus koropoix npuseiacHsl B [OCT UMCO 7902-2.

KpoMme Toro, umeercs IMOTOK CMa3KM B INepUPEepruHOM HAIpaBJICHUN 4yepe3 Haubosiee y3KUU 3a30p
B HEHATPYKCHHYIO 30HY. OJIHAKO NMPU OOJMBIION HArpy3Ke M MajlOM 3a30pe 3Ta 4acThb ITOTOKA CMa304YHOTO
Marepuaia IpeHeoOpeXXuMo MaJa.

B ¢cBg3UW ¢ HalIuuueM JABICHUS MTOJAYM CMA30YHOTO MaTepuala p., U3 TOPLOB MOAUIUITHUKA CKOJIb-
JKeHUS BBITEKACT JAOIIOJHUTCIBHOE KOJUYECTBO CMA304YHOro marepuana. Pacxon cMmaszouyHoro marepuana
(J,, OOYCJIOBJICHHOIO JaBJICHUCM ITOAAYU, OIPCACIISIOT 110 YPaBHCHUIO

D X y Sﬁ“ Pes (9)

0,= — 0

rae Q,=Q, (e, /D, Q), 3naueHus Kotopbix npuseacHsl 8 [OCT MCO 7902-2.
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6.3.1 DneMeHTAMUM BBOJA CMA304YHOIO MaTcpuaia SIBJISIOTCS CMAa304yHBbIC OTBCPCTUSI, CMa3O4yHbIC
KaHaBKW U CMAa304YHbIC KapMaHhbl. JlaBIeHUe MoJayu CMa30uHOro MaTepraa p,,, 10JKHO ObITh 3HAYUTECIIHHO
MCHBbIIIE VIEJIbHOU HArpy3KM Ha IMTOAINUITHUK p BO M30CXKAHUE AOIOJTHUTEIIBbHBIX T'MAPOAMHAMUUYECCKUX
Harpy3ok. OObIYHO p., Haxoautcd B rnpeaenax or 0,05 go 0,2 MIla. InydbuHa ¢cMa3o4yHbIX KaHABOK M
CMAa304YHbIX KapMaHOB 3HAYUTEIbHO OOJIbIIC 3HAYCHUS 3a30pa IMOAIIUITHUKA.

6.3.2 Cwma3ouyHble KaHaBKM — 3TO 3JIEMCHTBI, IpeJIHA3HAYCHHbIC AJIS1 paclipelesicHUsT CMa30d4HOro
MaTrepuaia B OKPYKHOM HarpaBilcHUMUM. Ha MmoBepXHOCTHU CKOJBbXCHUS MeXaHWUYCCKUM ITYyTeM Hapes3aloT
rnepueprudcckrue KaHaBKM, Y3KME B OCEBOM HaIpaBlicHUU. EcayM cmazouyHble KaHAaBKMU PacIloIOXKCHBI
BOJIM3M 30HBI MOBBIILCHUS JABJICHUS, TO PACIIPCACICHUC JABICHUS pPACIIaacTCs Ha JABa HC3aBUCHUMBIX
«XOJIMa» JaBJICHUS, U Hecylliasl CIIOCOOHOCTh 3aMCTHO YVMCHBIIAECTCS (PUCYHOK 3).

B sTOM ciy4dae pacyeTr IMpOBOIAAT IS ITOJOBUHBI HATPY3KHU, IMPUIIOXKCHHON K KaXXIOMY BKJTAAbIIIY.
OJ1HaKO B CBSI3M C pa3sBUTHUCM TMAPOJMHAMUYCCKOTO AABICHUS (Jy CIICAYET YUUTBHIBATH TOJIBKO ITOJTOBUHY
pacxojia CMa304yHOro MaTepuaia a1 danaHca rmoreps teruia (6.4), Tak Kak BO3BpaTHbIN ITOTOK B CMa304yHVIO
KaHaBKy HC y4aCTBYET B AMCCUITAlIMU Telrta. AJ1g CITOIHOTO MOALIUITHMKA ITOJIe3Hee AeTaTh CMAa30dHVYIO
KaHaBKy B HCHarpy>XXCHHOHW 30HC ITOJALIMITHMKA, KOTJa BECh pacXxoj CMa30yHOro marcpuaia (), BXOAUT B
TEIUIOBOU OajtaHc.

1 6.3.3 Cma3ouHble KApMdHbl — 2TO JICMCHTDI, CJIYVKALIINC
HJA pacClIpCiAC]ICHNMY CMA304YHOTO MAaTceprald 110 AJIMHC T10H-
2 munauka. CMaszouHbIe KdpMdHbl, HAHCCCHHDLIC MCXadHHNYCCKHUM

CITOCOOOM Ha [TOBCPXHOCTHU CKOJIbAKCHNWA, HOJI2KHDI OBITH OpH-

_II- CHTUPOBAHbI B OCCBOM HaITPABJICHHWU, a B OKPY>XXHOM HallpaB-

JCHUUW AOJIKHBI OBITH IO BO3MOXHOCTU 0OO0Jee KOPOTKUMII.

| | | | | OTHocuUTeIbHAasl AJTUHA KapMaHOB JOJIXKHA YIOBICTBOPSThH CO-
| 1 | OTHOLICHUIO bp/ B < 0,7. XOTd 1pu OOJbINKX 3HAYCHHUSIX pacxo
::I:::{:i:lpzzlzz Macjga YBEJIMYMBAETCSI, HO MAacJIO, BBITEKAalollee 4epes3 Y3KUEC
| | | | | OrpaHUYMBAIOLLIMC ITICPETOPOAKH B TOPLIC ITOAINUITHUKA, HE yda-
I I | I I CTBYET B OTBOJIE TeIUIa. DTO elile Oosiee CIIpaBe/IUBO, €CIIHU

TOPLECBBIC IICPErOPOJAKU MMCIOT OTBEPCTHUS B OCCBOM HAIIpaB-
aeHuu. B cromomueix noamumnaukax (Q = 360°) BeIpe3aloT
CMAa304YHbIM KapMaH B CTOPOHE, ITPOTHUBOITOJIOXKHOW HAITPABJIC-
HUIO JCUCTBUS HArpy3KU, W IBAa CMa304YHbIX KapMaHa B y4acT-
Kax, MepIricHAMKYISIPHBIX K HallpaBICHUIO ACUCTBUS HATPY3KH.
Tak Kak pacxon cMa3odyHOro Marepuasia JaxXKe B HCHATPYXKCH-
HOM 30HC MOAIUMITHUKA CITOCOOCTBYCT AMCCUTTIALIUMHN TCIUIA TPE-
HUS, BO3HUKAIOLICTO IIPU CABUIC, CMAa304YHbIC KapMaHBbI
CJICAVET IMOJIHOCTBIO YUUTHIBATL B TEIIOBOM OastaHce. B ciyuae
cerMeHTHBIX BKutaapiieil (Q < 360°) pacxon cMa3zoyHOro ma-
Tepuaia, OOVCIIOBJICHHBIM AABICHHUCM [M0Ja4y 4epe3 CMas0u-
HBIC KapMaHbl Yy BXOJa WJIM Y BbIXOA4 CeIMCHTA, MMPAKTUYCCKU
HE ITPUHUMACT y4acTUs B JUCCUITALIMU T4, TaK KaK CMa304-
HbIC KapMaHbl YV BbIX0/1a CECIMEHTA IMOYTU OTKPBITHI, U O0JIbIIA
PucyHoK 3 4aCcTb CMAa304YHOI'0 MaTepuasa cpasy K¢ BBITCKACT.
[1pn yCc1oBUU 3aITOJTHECHUS CMA304HBIM MaTCpUaIOM Ha-
rPY>XKCHHOM 30HbI IMTOAIIUITHUKA U OTCYTCTBUS CMA304YHOI0 Ma-
TepUaa B HCHATrPY>XXKCHHOW 30HC JUCCUITALIMIO TeIUla pacCYMTBLIBAIOT I10 pacXoy CMa304yHOIo Marcpuasa
TOJIBKO B Harpy>XcHHOM 30HE.
BiusgHue TUia M yCTpOMCTBA 3JIEMCHTOB ITOAAYYU CMAa30YHOI0 Marepuraa Ha pacxol CMa3KU paccMOT-
pcHo B [OCT NCO 7902-2.
OO011MI pacxol CMa304YHOro Marepuasna OIpeaesIsioT:
- 1P 3aITOJTHCHUU CMA30YHbIM MaTepUaATIOM TOJIbKO HATPYKCHHOM 30HbI IMOALIUITHUKA I10 (popMVyJIe

0= 0 (10)

! — cMa304HoOe OTBCPUTUC, 2 — cMa304Hag
KdHdBRKd

- TIPU 3aITOJITHCHUU CMa304YHbBIM MaTepUuaIOM BCEro KOJIBIIEBOIO CMa304HOTI0O 3a30pa, BKJIIoyasl HeHa-
IPY>KEHHYIO 30HY, MO (POPMYVIIC

Q=05+ 0, (11)
10
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6.4 TennoBoi 0ananc

Ternnosbie yCIOBUS padOTHI MOAIIMITHUKOB CKOJBXCHUS OMPEACIISIOT 10 TSILIOBOMY danaHcy. Ter-
JTOBOU TIOTOK £}, y, BOSHUKAIOIIMM B PE3YIbTATE MOIIHOCTU TPEHUS B TOAINUTTHUKE Py, mepeaactcsl B
OKPYXAIOIILYIO CPEly Yyepe3 KOPITYC MOAIIUITHMKA, a4 TAKXKE CO CMAa30YHBIM MATePUATIOM, BBIXOISIIUM M3
MOJAIIUITHMKA. Ha mnpakTtuxke npeodsajzact oObIYHO OJUH WX APYTOM M3 ABYX THUITOB Auccunanuu. Eciau
OAHWUM U3 TUITOB AMCCUTIALMH TIPEHEOPEralT, TO Ha CTAAMN MTPOCKTUPOBAHUS ITOTYYAIOT JOMOJHUTEIbHbBIN
3arac MMpoOYHOCTH.

[Tpy pacuere MOTyT OBITH CACTAHBI CICAVIOIIME JOTIYIICH S

a) B ITOJIUMITHMKAX CO CMA3KOM Oe¢3 JaBjcHUd (HanpuMmep B MOAIIMITHUKAX CO CMAa3KOU KOJIbIIOM)
TCIJIO PACCCUBACTCS TJIABHBIM 00Pa30M IMYyTEM KOHBCKTUBHOM TCIIONCPCIAUYd B OKPYXAIOUIVIO CPCIY:
-R‘.h;f‘“ =P th, amb>

0) B ITOAIIUITHUKAX C NMMPUHYANUTCIBHON CMA3KO0 paccerMBaAHUC TCIIA MTPOUCXOJIUT INIAaBHBIM 00pa3oM
yepe3 eMasky: Py = Py |

6.4.1 PacceuBanue Teruia myreM KOHBEKIIUU

KOHBEKTUBHBIN OTBOJ TEILIA MTPOUCXOJIUT U3-3a TCIUIONPOBOAHOCTU B KOPIIYCE IMOAINUIIHUKA, U3JY-
YeHUS U KOHBEKTHBHOM TEIIOIIEPE/Iaud OT ITOBEPXHOCTHU KOPIIyca B OKpyXKalliyio cpeay. CII0XHBIC
MTPOILICCCHI, TTPOUCXOALAINUEC TIPU TEILIONEPEaade, MOTYT ObITh ITPEACTABICHBI (DOPMYITOMN

-PI'.h,_a.mb — kA A (TB o Ta.mb)a (I 2)
rne k, = 15 — 20 Br/(m* - K),

WJIA TIPH BECHTUJISILIAM KOpITyca MOJAIIUITHMKA BO3JIYXOM IIPU CKOPOCTU BO3ayxa v, > 1,2 M/c dop-
MVYJIOU

k,=7+ 12~v, (cm. [3] u [14]). (13)

Ecnu TermmoorBoasIiLas [TOBCPXHOCTL KOPIIYCa ITOALLIMWIIHKMKA A TOYHO HCHU3BCCTHA, TO MOI'VT OBITH
HUCITOJIb30BdAHbI CJICAVIOHINWE alllIPpOKCUMAIINN.
- JJA HWJINHAPHUYCCKKX KOPITYCOB ITOAHIHUITHHUKOB

A=2 g (D2-D%+n D, B, : (14)
- HJIM TTOAHIHUITHHWUKOB H4 JIdlldX
L H. (15)
A=n H (Bﬂ - )
- AJA ITOAHIWNITHUKOB B KOHCTPYKUMAX MAUIWH
A= (15—20) DB, (16)

rae B, — AJIMHA KOopIlyca MOJAIIMITHHUKA B OCCBOM HallpaBJICHUU;
D,, — HapyXHbIU AuaMeTp KopIiyca IMOAIIMITHUKA;
H — ol11asg BvICOTA MOAINUITHMKA Ha Jlarax.
6.4.2 PacccuBaHue TeIla yepe3 CMa304dHbIN MaTepuall.
B ciyyae moauMImHMKOB ¢ MIPUHYIUTEIBHOM CMA3K0M JUCCUIIALMS TEIUIA TTPOUCXOINUT Yepe3 CMa304-
HBIU MaTrepuasl 1mo opmyJsic

-Pth_,_L — P CQ (TCX — Tezf) (17)
B CJavHac MUHCPAIbHLIX CMA30YHbLIX MATCPHUAJIOB 00BCMHAS VACIbHAA TCITVIOCMKOCTDL paBHAa
pe= 1,8 10° Ix/(m - K). (18)

M3 TerroBoro daslaHca cieayer, 4To Py = P gmp 4181 TOAUIUITHMKOB CO CMa3Ko 0€3 J1aBJICHUS U
Py = Py, U1 TOALIUITHUKOB C MTPUHYAUTEIBHON CMa3KOil.

11
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OrnpeaensitoT B COOTBCTCTBUM ¢ |[1D]| Temrieparypy NOAIMUIIHUKA [p U TEMIICpaTypy CMAa304yHOIO
Marepuana /., Ha BbIXOJC. D(PMeKTUBHAS TEMIICpaTypa CMa304HOTr0 €108 OTHOCUTEIIBHO BI3KOCTHU CMAa3KH
COCTABJISICT B CJIY4ac:

- YUCTOU KOHBeKIMU 1.4 = Ty _

- JUCCUTTIALIMU TEeIUIa yepe3 cMaszounbiid marepuan .= 1, = 0,5 (1., + 1.,).

[1pu BBICOKMX IepU@EpUNHBIX CKOPOCTIX BMCCTO 3THUX CPeJIHNUX 3HAYCHUM MOXHO BbIOpaTh 3HAYCHHEC
TeMIIepaTypbl, OoJjieec OJIM3KOE TeMIlepaType CMa304YHOro Marepuasia Ha BbIXOJE.

J11s1 TIPOBEPKU TIPUECMIICMOCTH PACUCTHBIX 3HAYCHUU [T U 1., UX CICAYET COMOCTABUTDL C JOTIYCTU-
MbIMU pabouyuMu napamerpaMu 7., npeiacrapieHHbiMU B [ OCT MCO 7902-3.

B nocnenoBaTebHOCTU pacyera IMpexX/ie BCEro M3BECTHBI padbouue napamerpsl /.., WIA 1., a He
3(p(peKTUBHAA TeMmIieparypa 1.4, TpeOyemas B Hayalie pacyera. [losToMy B Hauyane pacyeToB IMPUHUMAIOT
pacyeTHOE IMOBBIILICHUE TeMIlepaTypsl, T.c. Ig g — Iynp = 20 K5 1o o — 1.y = 20 K, 1 cooTBeTCTBYIONINE
pabouue Temreparypbl 7.p. Ha OCHOBAHMM TEIUIOBOTO OanaHCca OMPEACNSIOT COOTBETCTBYIOIINE CKOPPEK-
TUPOBAHHBIC TeMIlepaTypbl /g | Win 1., |, KOTOpbIC YCPEeAHECHUEM C paHee MPUHATBIMU (1 o WK 1oy )
UTEPATUBHO VIVUIIIAIUCH 10 TEX IMOp, TOKA pasHUIlA MEXIY 3HAUYCHUSIMU, UMEIOIIMMU UHACKCH O U 1,
CTAHOBWJIACh HEe3HAYUTEIbHOM, HanpuMep 2K. Halaenubie Takium oOpa3oM yCJIOBUS COOTBETCTBYIOT CTa-
HUoHapHOMY pexumy. Tlpu crymeHyaTol urepaiyy ciaeayer MpPUHUMAThL BO BHUMAHUE (PAKTOPBI, ITPUBE-
aeHHble B 6.7. Kak npasuio, MNpu uTepallMy HaOmoaacTtcsd ObIcTpass CXOAUMOCTb PE3VJIbTAaTOB.
MTepalilMOHHBIM pacyeT MOXKET ObITb 3aMCHCH IpaduuecKoil MHTEPITONSILMEeH, ITPpYU KOTOPOH ISl pacuera
Ph ¢t M Py oamp W By | IPUHUMAIOT HECKOJIBKO Pas3IMYHbIX pasHOCTeH TeMnepaTtyp. Eciam HaHecTu Ha
rpak MOTOKU TeIa Py, 4mp = (1) it Py, | = f (1.y), TO YCITOBUS CTAIMOHAPHOIO PEXUMAa OTIPEACIISTIOT
TOUYKOU TEpeceUeHUs ABYX KPUBBIX (pUCYHOK A.1).

6.5 MuHuMajbHas TOJMMHA CMAa309HOrO CJI0A M yIeJIbHas HATPY3Ka HAa MOJIIUITHUK

3aBUCUMOCTDb 3HAYCHUS 3a30pa /1 B KPYTJIOUMIUHAPUUYCCKUX pAdUaIbHbBIX MMOAIIUITHUKAX OT CMCILC-
HUS Bajla BbIpaXaloT CJIeAVIOIIUM YpaBHEHMEM

h=0,5Dvy.g(l +ecos ). (19)
HaUMHAasg ¢ @ = @; B Haubosiee IUUPOKOU 30HE 3a30pa (PUCYHOK 2).
MuUHUMANbHVIO TOJLHUHY CMa304HOI0 CJ0S OIPECIACSIOT 10 YPaBHCHUIO

hm%n = 0.}5 D Ve (I — €) (20)

M COTIOCTABJISIOT C JOIYCTUMbBIM padbOuYuM IapamMeTpoM A, yecraHoBJI¢cHHBIM B [OCT UCO 7902-3, B
PE3VIbTATE YCro OIPEACISICTCS IIPUEMIIEMOCTD ITOJTYYEHHOIO 3HAUYeHUSI.
YaenabHy0 Harpy3ky Ha IMOAIUUITHUK OITPCACIISIOT 110 YPABHCHUIO

—F (21)
P="DB

M COITOCTABJISIIOT C JOITYCTUMbBIM pPadOUYUM I1apaMEeTPOM Py, YCTAHOBICHHBIM B [OCT MCO 7902-3, B
pe3yJIbTaTe 4ero OIPEACSICTCS IIPUEeMIIEMOCTD IMOJYYEHHOro 3Ha4YeHUS.

6.6 Pabouue yciaoBus

[Ipu naurenbHOil paboTe MOALIMITHUKA CKOJBXKCHUS IPU PA3/IMYHBIX MCHSIOIIMXCS peXUMax s
pacyeTra CJIe/iyeT BbIOparh Takue pabouyue YCIoBUS, IMPU KOTOPbIX 3HAYCHUA p, A, U 1, Haubosee
HebsarornpudaTHbl. [lpexnae Bcero HeoOOXOIUMO OIIPEASINUTb, MOXKET JIU IMOAIMUITHUK padoTaTh ¢ roaadyei
CMa3Ky 0e3 JaBICHUS W JOCTATOYHO JIM OTBOJA TeIula IMyrTeM KoHBeKUuMU. CreayeT Mcciae10BaTh Haubosee
HCOJIArOMPUATHBIM B TEIUIOBOM OTHOILUCHUUM CIydad, KOTOPBIM COOTBCTCTBYET VCIOBUSIM paOdOThl ITPpHU
BBICOKMX CKOPOCTSIX BpalllecHUSI B COUYETAHUU C TSKEJIOU Harpy3koil. Ecinu rmpu 4yucToil KOHBEKIIMU BO3HU -
KaeT BbICOKasl TeMIleparypa U yBEJIUMYCHUEC pa3sMEepoB IMTOALIMITHMKA WY TUIOINAJAM ITOBEPXHOCTU KOpITyca
10 HauboJIee BO3MOXKHOTO 3HAUYCHUS HE CHUXKACT TEMIIepaTrypy IMOALIMITHUMKA 10 [TPUEeMJICMOU, TO HEODXO-
AUMO IIPUMCHUTDH CMAa3Ky IO/ AABJICHHUEM M MACJSTHOC OXJIaXKICHUE.

Ecnu rmocnie padoThI ¢ BLICOKOU TEILTOBOM HArpy3KOH ( HU3KOU JMHAMUYCCKOU BI3KOCTBIO CMA304YHOI0
Marepuasa) HelToCPEeACTBEHHO ClIe/iyeT padboTarTh B YCIIOBUSIX BBICOKOUW VAESJIBHOM HArPY3KU Ha IMOJIUUITHUK
M HU3KOU CKOPOCTU BpallcHUS, TO HOBbIC pabodyuc yCJIOBUS CJIEAYCT MCCICAOBATh, COXPAaHUWB TCIJIOBOU
PEKUM TIPCABIAYIIMX padOYUX YCIIOBUU.
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[Iepexon K cMCIIAHHOMY TPEHUIO CBSI3aH C KOHTAKTOM ITpOdUIIci 1LIEPOXOBATOCTU Bajla U ITOAILIUII-
HUKA B COOTBCTCTBUU C KPUTEPUCM JIII Ay, OnpencicHHbIM B [ OCT MCO 7902-3, cormacHO KOTOpoMy
HCOOXOJIUMO MPUHUMATH BO BHUMAHME TakKe Aedopmalinio. [lepeXoaHbiil 3KCHECHTPUCUTET €,, OTNPEALIISIOT
o popmyiic

| /- -
e, =1 D] _1 (22)
5 Werr
a TrepexogHoe 3HaycHUe yuciaa 3omMepdensaa no gopmyrae (1 OCT MCO 7902-2):
]Plf;ﬁ‘ B ' .
T — et _ 2 23
0= S, /(B D), (=)

Takum o0pa3zoM MOTYT ObITH OITpeAcICHbl MHAUBUAVAIbHBIC IIEPeXOJAHbIC YVCIIOBUS (HaArpys3kKa, Bs3-
KOCTb, CKOPOCTb BpalllcHUSI).

[lepexonHble VCIIOBUSI MOTYT XapaKTePU30BaThCS COBOKYITHOCTBIO 3THUX TPEX B3aUMOCBSI3aHHbIX ITapa-
MeTpoB. A1 onpenereHUS OAHOTO U3 HUX ABA APYIUX CIECAYVET 3aMEHUTh COOTBETCTBCHHO 3TUM YCIIOBUIM.

[Ipy OBICTPOM OCTAHOBKE MAalWMHBI TEILTOBOM pPEXUM OOJbIIEHM 4YaCTbIO COOTBETCTBYET PEXKUMY
MPEAIICCTBOBABIICH HEIIPePbIBHOM pabOThHI TIPU YCIIOBUSIX OOJIBIION TEIJTOBOW HATPY3KMU.

Ecnu oxytaxzaeHue MnpekpaliaroT cpa3y XKe ITOC/Ie OCTAHOBKM MalllMHbI, TO 3TO MOXCT ITPUBCCTU K
HAKOITJICHUIO TEIUIA B ITOAIUUITHUKE, [TOSTOMY LIS pacyera CJICAYeT ITPUHSTD elle 00J1ee HeOJIArornpUusaTHOC
3HAUCHUEC M. ECIM MalMHa OCTAHABIUBACTCH MCAJICHHO, TO TPCAIIONATACTCH TMOHUXCHUE TCMITCpaTyphl
CMAa3KHW MUJIU TTOALIUITHHKA.

6.7 /Ipyrue Bausmomme (hpaKTopbl

PaccmarpuBaeMblil MCTOJ pacyera IIPUMCHUM K IMOALIUITHMKAM, padoTarollMM B CTAMOHAPHOM
peXXUMe, B YACTHOCTU IIPU TMOCTOSITHHOM 110 3HAYeHHWIO W HallpaBJICHUIO Harpyi3ke, IMPU STOM Bal U
MOJIITUITHUK MOTYT BpallaThbCs C OJJMHAKOBOU CKOPOCTHIO. [ MApOAMHAMUYCCKYIO VIJIOBYIO CKOPOCTD OITpe-
eS0T 110 (hOpPMYVIIC

M, = O + My . (24)

Meton pacHlTa IMpuMCEHKMM KM JAJIX ClIyHasl, KOI'dd ITOCTOAHHAM 10 SHAYCHUWIO HAI'PpYi3ka BpallldCTCsH C
ym()Boﬁ' CKOPOCTBIO (. B sTom cJiydac @y, OITpCACIIAIOT ITO @ODMY.HE

W, =Wy + 0 — 2 Of . (25)

J11s1 Harpy3ku, BbI3BAHHOM AMCOAIAHCOM M Bpalllalolieiicsd BMECTE C BAJTOM (Mp = (), UCITOJIB3YIOT
(popmyry

W, = — O + Op . (26)

AOCOJIIOTHOC 3HAUYCHUC (O, MCITOIb3VIOT B pacyeTe yuciaa 3oMMmepdenbaa, Mpyu 3TOM CICAYET UMCTh
B BUAY, UTO ITPpU 0y, < 0 3KCUCHTPUCUTET BaJa ONPECACIISIOT ITPU YIJIC MUHYC [3 (pUCYHOK 4).

[IpuMeuyanue — Bee BpamarejibHble IBUXKEHUS U YITIOBbIE HAIIPABIEHUS MMOJTOXKUTEIBHBI 110 OTHOILEHHUIO K
HATIpaBJICHUIO BpallleHUs Baja.

JdrHaMuyeckast BI3KOCTb 3HAYUTEIIBHO 3ABUCUT OT TEMIIEPaTyphl, ITIOS3TOMY HCOOXOIMMO 3HATh 3aBU-
CUMOCTb CMAa304YHOI0 Marcpuana oT teMmiieparypbl U ero xapakrepuctuku (MCO 3448). SPOdOeKTUBHYIO
AUHAMUHYCCKYIO BSI3KOCTb Mo OINPCACISIOT 110 3(M@PEKTUBHOMU TeMIICPATYypPE CMA30YHOTIO cinosd 1.q, T.C.
Neir HAXOJSIT 110 YCPEAHECHHBIM TeMIlepartypaM 1., 1 1., a HE ITYTEM YCPEAHCHUS IMHAMUYECCKUX BSI3KOCTECH
N(Zen) 1 N(Ley).

JlnHaMuyeckas BSI3KOCTb 3aBUCUT TAKKe OT AABJICHUS, HO B MCHbIIICH CTECIICHMU.

J1IT TTOAIIUITHUKOB, padOTAIOIUMX B CTALIMOHAPHOM peXKUME U ITPU OOBIYHBIX 3HAYCHUSIX VACIbBHOU

13
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W, >0 0, <0

-Q}h

PucyHox 4

HArpy3ku Ha MOAIUUITHUK p, 3aBUCUMOCTBIO JUHAMUYCCKOW BSI3KOCTU OT JABJICHUS MOXKHO ITpeHeOpceyb,
yTO OOCCIIeYMBACT HCKOTOPBIN JOIIOTHUTEIBHBIN pacuyeTHBIM 3arac MpoYHOCTH.

J111 HCHBIOTOHOBCKUMX CMAa30YHbIX MAaTepHUATOB (OUCHb BSI3KUX MACEJT, MAceJ IS padOThI B pA3JIMUHBIX
Avara3loHax) HabdJiroaarTcs o0paTUMBbIEC U HEOOPATUMBbBIC U3MEHECHUS BI3KOCTU B 3aBUCUMOCTU OT HATPY3KU
CABUTA B CMAa30YHOM 3a30p¢, a TAKXKE B 3aBUCUMOCTHU OT CPOKa CIIY2KObI. DTU 3(PMCKTHI UCCIICA0BAHbI JTUILD
NJIST HECKOJIBKMX CMA30YHbIX MATEPUAIOB U B HACTOSILEM CTaHAapTe He INMPUHUMAIOTCS BO BHUMaHue |7].

Pabouuil 3a30p B MOALIUITHUKE 3aBUCUT OT ITOCAJAKH M XapaKTepUCTUK TEIUIOBOrO paclliMpeHUs Bajla
v noamuiHuka. B padouem nosoxeHu (20 "C) OTHOCUTEIIBHBIN 3a30p B IMOALIMUITHUKE OIPEACIISIOT IO
(bopMyJ1aMm:

Dmax o [)J, min _
llfmﬂj}{ o [) y (27)

[)mirz o DJQ) max . -
Wmin = D ’ (28)
E — 0:5 (Wmax T Wmin) - (29)

Peiaromiyum akropoMm 118 pacyera aBaseTcs 3(P@MEeKTUBHBIM OTHOCUTECIBHBIU 3a30p B ITOALLIUITHUKE
W [TPU 3(PMEKTUBHOU TEMIICPATYPE CMA304YHOTrO CJ10S 1., KOTOPVYIO CIICAVET pacCMaTPUBATh B COOTBET-
CTBUU C 3.5 KaK CPEAHIOW TeMIIepaTypy MOAIIUITHUKA U Bajla. Eciiu Kos@@OUUMEHTHI JUHCHHOTO TEIJIOBOTO
paclIMpeHUs Bajla o |y YW MOALIUITHUKA ¢ | g HE PaslInyaroTCs, TO 3a30p IMpU HU3KOHU Temrieparype (20 "C)
PABCH 3a30py IIPU BBLICOKOU (7/.¢). ECaIuW Banm W MOAIIMUITHUK (BKJIAJABIIL M KOPIIYC ITOALIMITHUKA) B
PE3YJIbTATC BHCIIHMUX BO3JACUCTBUU IMPUOOPETAIOT pas3jIMuyHbIC TeMmIiepartypsl (/; 1 7,), TO 3TO CIeAyeT
VUYUTBHIBATH ITPU pacyeTe |cM. dopmyay (31)]. JIMHeHOEe paciiUpeHHUE TOHKOTO IMOAILIUITHUKOBOTO CJI0S]
MOXHO HC YYUTBHIBATD.
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JI1s1 KO3MOULUEHTOB JUHCHHOTO TCIUIOBOIO pacIuUpPeHUsI, KOTOPBIC PA3JIMYHBI J1J1 Baja U ITOALLIUII-
HUKA, OTHOCUTCIIBHBIN 3a30D MOJIIUITHUKA B 3aBUCUMOCTU OT TCIUIOBOTI'O PACLUIUPECHUS OINPCALIISTIOT IO
(bopMVyJIaMm:

Ay = (o =01 y) (T — 20 °C): (30)
Ay=op (1520 °C) - oy (15 —20°C); (31)
Werr =W + Ay, (32)

JlormyctuMbie pabouue 3HaycHUY 3a3o0pa noamwunauka no [ OCT UCO 7902-3.
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A.1 Ipnmep 1
Tpebyerca MccaenoBaTh CIIOIHON moAuHUK (Q = 360 °C), umerormini pasmepsl D= 120 MM 1 B = 60 MM,
KOTOpbIN paboTtaeT nipu Harpy3ke F= 36 000 H u npu ckopoctu Ny = 33,33 ¢ 1 [Ipearionaraercs, 4TO 3TU paboyue
VCJIOBUS SABIASIIOTCHY KPUTUYECKUMMU [JsI TEIJOBOro 0ajaHca. Koprnyc noamunHukKka, UMEIOMIMUK T1oMladb

noBepxHocTu A= 0,3 M

2

[TPNJIOXKEHWE A
(pEKOMEHIYEMOE )

IIpumepsn1 pacuera

, 1 HCDA3IDPC3HAA BTVJIKA [MTOAHIMITIHHUKA U3TIOTOBJICHBI M3 AJIKOMHUHHWUCBOI'O CILIdBA. Ban mn3ro-

TOBJIEH W3 cTai. CMa30yHOEe MACIO TMOJAIOT Yepe3 OTBEPCTUE pasMeEpOM dy = 3 MM, PacCIIOIOXKEHHOE AUAMETPATIBHO
[MPOTUBOIIONOXHO HArPY;KEHHOU 30HE BTYJIKM MOANIUITHUKA, KaK IMOKa3aHO Ha PHUCYHKe 3. B KadecTBe cMasKu
HCITOJIB3YIOT Macyio co crereHblo BsI3KoCcTH VG 100 (MCO 344%8).

[Ipexxne Bcero UCCAEAVIOT BO3MOXKHOCTH padOTHI IMOAINUITHKMKA 0€3 CMAa3KU I10J JaBileHUeM. B »3ToOM ciyuae

HAUCCHUITANA TCI

JTa TTPOUCXOOUNUT TOJIBKO T

MAdKCHUMAJIbHAM [

yTeM KOHBeKLHMU. OKpyxKawouiasg temreparypa cocrasiasiet /.., = 40 "C,

OITyCTUMasl TeMIieparypa .

ToamunHuka fi, = 70 "C.

Eciu TeMIICpaTypa MOANIMNITHUKA TMPCBLICUT Tlim: TO CJICAVCT MMpeaycMarprBarb 1nogavdyy CMa3OuiHOro Marcepudia
[oJ JaBJACHUEM C BHEILIHUM MACSHBIM oxjaxJeHueM. B takux CIIyHAAX MPCAnoaaracTeid, 4YTo CMAa30YHBIN MATCPDHA
MOoJAIOT B MOJIIUITHHUK C U30BITOUHBIM JABJICHUEM Pen — 5 x 103 ﬂ'a, d TCMIICDATYPDA MACJld Hd BXOJAC COCTABJIACT

l., = 38 "C.

Pazmepbl U paboyue rmapamMeTpsl

Harpy3ka Ha nmoaiunHuk F =36 000 H.

CKOpOCTh Baja Ny =3333¢ 1.

CKOpOCTh MOAMIUITHHUKA Ng =0 c 1.

Yron oxpara Q= 360°.
MakcuMaJbHbI BHYTPEHHWN IUaMeTP MOAILIUITHUKA Dy = 120,070 X 103 m.
MuUHUMAJIbHBIA BHYTPEHHUN IHaMETp MOAILIUITHUKA Din = 120,050 X 1073 wm.
JlnaMeTp CMa304HOro OTBEPCTHS di = 35X 1073 m.

MakcUuMAaIbHBIN

auaMeTp Baja

MUHHUMAJIBHBIN JUAMETP Baja

Dy max = 119,950 x 107 m.
Dy min = 119,930 x 10~ wm.

OTHOCHUTENBbHAS UIMHA TTOAMIUITHUKA B/D = 0,5. |
CpeaHss BbICOTA HEPOBHOCTEN IMOBEPXHOCTU CKOJNIBKEHUS MOAMUITHUKA  Rzp = 2 X '10_‘_3 M.
CpeaHss BbICOTA HEPOBHOCTEHN IMOBEPXHOCTHU CKOJBXEHUS Bajila Rzp=1x 10" M.
KosdpPuuueHT JUHENHOro paciliupeHUs MOAIINITHUKA op = 23X 1070 K1,
KoshpduuueHT JUHENHOro paciiupeHus Baja oy =11x 100 K1,
CMa304YHBINA MaTepual VG 100.
fefr, C Neft (7eff), 11a - ¢

40 0,098

50 0,057

60 0,037

70 0,025
TerutoorBoasIiag rMOBepXHOCTL KOPITyca IMoAILUITHHUKA A=0,3Mm2
KoapPuuueHT Teruionepesadyu ks= 20 Br/ (m? - K).
Temrniepatypa oKpyzKaroIliel cpe/bl I.mp = 40 "C.
TeMneparypa cMa304HOro Marepuaja Ha BXOJE IOAIUIIHUKA T1pU
CMasKe IoJ JaBJICHUEM lon =358 C.

M30bITOUHOE JaBJCHUE MMOJAYHU CMA304YHOTro MATCPpHUAJTIA TTPHU CMaA3Ke

[Mo4 AdBJICHHUCM

Pen = 3 10° Ta.

OO0beMHag yaesbHas TeIUI0eMKOCTh CMAa304YHOIro Marepuaa pc =1,8x 100 s/ (M - K).

[IpenenbHble 3HAYEHM A

MakcuMaabHas JOIMyCTUMAasl yiaeJbHas Harpy3ska Ha MOAIIWUITHUK i = 10 x 10° Ta.
[IpenesibHO gonycTuMas TeMrieparypa rnoaliunHuKa Iim = 70 "C.
Kputnueckas ToJAIMHA CMa304YHOIO CJIOS

16
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PacyeT B COOTBETCTBUHU C OJIOK-CXeMOM (pUCYHOK 1)
[IpoBepuM JaMHUHApPHBIN TOTOK 10 YpaBHEHUIO (2) MpH npeﬂm}ﬂdmeMOH TeMIIepaType MOAMUITHUKA T o =
= 60 "C n npeamnogaracMol IJIOTHOCTU cMa304yHoro marepuana p = 900 KF/M

Re =

) L _ L P N A3
n 120 x 1077 x 33,33x 1,48 x 1077 x 120 x 1077 x 900 _271'14{41?3\/ 120 x 10 _1073.5:

2 x0,037 1,48 x 1073 x 120 x 1073
Re = 27.14 < 1073.5.

[loTOK gBasieTcsl JaMUHAPHBIM, TTO3TOMY HACTOSIHUIUN CTAaHAAPT AJIS1 JAHHOIrO cjydasl IPUMEHUM.
B coorBeTcTBUU ¢ ypaBHeHUEM (21):

36000
120x 103 x 60 x 1072

p= =5 % 10° Ia.

YaenbHas HArpy3Ka Ha MOAIIUITHUK p JOOIMYCTUMA, TaK KaK p < Ppim.
OTBO/J Teria ImyreM KOHBEKIIUH
[Ipeanonaraemas temMrieparypa nmoamninHuKa
I'g o= Tegp = 60 °C,
DPpdekTBHAA ITMHAMHUYECKAs BI3KOCTb CMa3ouHoro Marepuana rnpu /.4 = 60 °C B COOTBETCTBUU € BXOIHBIMU
rnapamMeTpamMu
T]C.frfﬁ — 0.}037 na O

OTHOCUTEJIBHBIN 3a30p B IMOAIIUITHUKE B COOTBETCTBUU € YpaBHEHUSIMU (27), (28) u (29) cocTaBisieT:

(120.070 = 119,930)10~"
120 x 1073

TR =1,1667 x 1073 ;

(120,050 — 119,950)107* o
L= =0,833x 1077 ;
Wmm 1 20 ¢ 1 0_3 .

v =0,5(1,1667 +0,833)10 = 10~°.

M3MeHeHe OTHOCUTEILHOTO 3a30pa B Pe3yJjbTare TEIUIOBOIO BO3ACHUCTBUS COCTABJSIET B COOTBETCTBHUU C YPaB-
HeHUeM (30):

Ay =(23-1D107°(60-20)=0,48 x 107,

DPpPeKTUBHBIA OTHOCUTEIBHBIN 3a30p B MOAMIMITHUKE B COOTBETCTBUHU C ypaBHEHHEM (32) COCTaBJISICT:
Wop= (1 +0,48)107 = 1,48% 107,
D dekTuBHAY YIJIOBasE CKOPOCTh COMTACHO ypaBHEHUIO (24) COCTABJISIET:
YrinoBasg CKOPOCTh Bajla oy =2x71x Ny=209,42 ¢l
YrinoBag CKOpOCTh MOAMIMITHUKA wp = 0;
o, =209,42+0=209,42 ¢ .

Hucino 3omMmepdenbia coriiacHO ypaBHEHUIO (3):

36000 x 1.482 x 10°°
So= - e aa — 1,408,
120 x 1073 x 60 x 1072 x 0,037 x209.42
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OTtHocutebHbIN 3KcueHTpUucuTeT corjiacHo [ OCT NMCO 7902-2:

¢ :f(So, —f) Q)=0773

MuHuUMaJbHAY TOJILUHA CMA304YHOT0 CJI0S COIJIaCHO ypaBHeHUIO (20) U pUCYHKY 1:

b =0,5%x120x 1073 x 1,48 x 1073 x (1 — 0,773) = 20,2 x 10~° m.

min
YaeavHbld Ko hULMeHT TpeHUs corjacHo ypaBHeHUIO (4) u [OCT MCO 7902-2 cocraBiderT:

/
ll'[ C .f.‘i}."‘

= /(0. % O ): 3.68.

KosdduureHT TpeHUsI

= \{ﬁ W= 3,68 x 1,48 x 10 =5.45% 107,
o

Pacxon teria, oOycioBIeHHBIM MOIIHOCTBIO TPEHU S, COMIACHO YpaBHEHUIO (6):

120 1073
P

Py = 3,45 % 107 x 36000 209,42=2465,3H - M/c = 2465,3 Br.

Pacxon teruia yepe3 Kopriyc MOANIUITHUKA M Bajl B OKPYXKAIOIIVIO Cpelly COIIAaCHO ypaBHEHMIO (12) cocTaBisieT:

PI‘.h_,_a.mb = 20 x 0,3 x (TB,_I — 40).

W3 cootHomienust Py, = Py gmp CACOYET, UTO
- 2465,3 B .
I = 20 % 0.3 + 40 =450,9 °C.

Tak kak /g | > Iy o, TO ClieAyeT, UYTO TEMIIEpaTypa MOAMIUITHUKA TB!](; = 60 °C no/KkHa OBITh CKOPPEKTUPOBAHA.

CKO{){)@K‘T‘H{)OB&HHO@ [MTPCATTOJIOKCHHMEC O TCMIICPATYpEC MNMOAHIMITHHUKA .
f IBU ‘|'1 = IB{) + 0.}2 (TIB] - i?gj[ﬂ — 60 + 012 (450.}9— 60) — 138.}18

PesynbraTthl JanbHelllie uTtepalivuu rpuBelcHbl B tadoauue A.l. Ha mgarom srtare pacuera pasHOCTb MeEXKIV
[IPEAIOIaraeMo TEMIIEPATYPON MOAMIUITHUKA [ o M pACUETHOMN TEMIIEPATYPOU MOAIIUITHUKA {5 | COCTABISIET MEHee
1 °C. Temneparypa NOAIIKUITHUKA TR paccyMTaHa € JOCTATOYHOI cTerneHblo ToyHocTU. Tak Kak Ty > Tjip, TO
AUCCHUIIAlM Tervla MyTeM KOHBEKLIWHM OKa3bIBaeTCs HeJZoCcTaTOUHOMN. [1o3ToMy MOAIIMIIHUK CAeAyeT OXJIaXKJIaTh CMa-
30UHBIM MaTepUajioM (CMa3Ka IMoJ JABJICHUEM).

Taonuma A.l

[apameTtp Envnnna JTan pacera
1 i 3 4 5
T30 = Tory °C 60 138.2 135,5 134.4 133.8
Neff [Ma - ¢ 0,037 0,0036 0,0039 0,00395 0,004
Wofp — 1,48 x 103 | 2,392 x 103 | 2,386 x 10—3 | 2,373x 103 | 2,36 x 10
So — 1,408 37,95 34,85 34,04 33,24
£ — 0,773 0,977 0,974 0,9738 0,973
i M 20,2 x 10°© 3.3 x 10—6 3,72 x 1070 3,73 x 10°° 3,82 x 10°
£/ gy — 3,68 0,47 0,501 0,508 0,52
P; Bt 2465,3 508,55 540,7 5453 558,18
Ty °C 450,9 124.8 130, 1 131,2 133
3.0 °C 138,2 135.5 134.,4 138,8

) [IpeanonoxkeHe MOXKET OBLITh TPEACTABICHO AJbTEPHATUBHBIMU METOLAMMU.
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OTBOJ TeI1a CMa304YHBIM MaTepuajoM (CcMa3Ka [0/ JaBJICHNEM )

[Ipeanonaraemas teMreparypa cMa3odyHOro Marepuana Ha BBIXOHE:
& I & : 'S . 'S
Toxo = 1oy 20 °C =78 °C.

SddexkTuBHAg TEeMIiepaTrypa ¢cMa30dHOro ¢aog corjaacHo 6.4:

T.o=0,5(58 + 78) = 68 °C.

DPpdeKTUBHAA IMHAMMUYECKAS BA3KOCTb CMAa30yHOro marepuana rnpu l.q = 68 "C HA OCHOBAHMM 3aJaHHBIX
rapaMeTpoB COCTABJSIET:

Neir = 0,027 Ila - c.
M3MeHeHre OTHOCUTEILHOTO 3a30pa B PE3YJIbTATE BO3ACHUCTBUS TEMIIEPATYPHI COIMTACHO YpaBHEHMIO (30) COCTABIISIET:
Ay =23 —11) x 10°° (68 —20) = 0,576 x 10,
DPPeKTUBHBIA OTHOCUTEJIBHBIM 3a30D COIJIACHO YpaBHEHUIO (32):
v = (1 +0,576) 1077 = 1,576 x 10,
Hucio 3ommMmepdenbaa (3):

36000 x 1,5762 x 10°°
120 x 107 x 60 x 107 x 0,027 x 209,42

So = 2.196.

OTtHocuTtenbHbIN 3KcueHTpUucuTeT coriacHo 1 OCT MCO 7902-2:

e= /(5o % @ )=0.825.

MuHuMasbHas TOJILUHA CMA304YHOTO CJI0S COrIacHO ypaBHeHUIO (20) U pUCYHKY 1:

b =0,5%120 x 1073 x 1,576 x 1072 x (1 — 0,8250) = 16,35x 107 .

YaeabHbld Ko3@hULIMeHT TpeHUs corjacHo ypaBHeHUIO (O) u [OCT MCO 7902-2 cocraBiderT:

fr

. B

(_So, 5.0 ): 278,

KoadpduuueHT TpeHUS COCTABIISIET:

pr= L
- ll"C .f'!f‘

Vo = 2,78 % 1,576 x 1073 =4,881x 1073,

Pacxon ternna, oOycaoOBIeHHBIM MOIIHOCTBIO TPEHUS, COIJIACHO ypaBHEHUIO (6):

120 x 1075

P r= 4,881 x 107 x 36000 >

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

Pacxon cMazouyHOro marepualia BCICACTBUE PA3ZBUTUA BHYTPEHHETO JABJIECHHS COTJIACHO YPaBHEHUIO (8) U
[OCT NCO 7902-2:

0y = 120° x 1077 x 1,576 x 1072 x 209,42 x 0,0968 = 55,21 x 107 m’/c.

Pacxon cmazodyHoro marepuajja, OOYCHOBJIEHHOrO JaBJIeHUEM IOJayUu, COMJACHO ypaBHEHHIO (4)
[OCT NCO 7902-2 cocTapjdeT:
5 Y (N3
gy = 1,204+ 0,368@— 1.046 |=—=| + 1.942|—| =1,228:
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(1 +0,825)°
1,228

i

=28 (60"
In|—
=

= 10,1304

0 1203 % 1077 % 1.576° x 1077 x 5 x 10°
<P~ 0,027

0.1304 =16.33x 10°° m3/c.

Pacxon cmazouHoro marepuana coriacHo ypaHeHuto (11) cocrapmser:
0= (5521 +1633) - 10 °=71,54x10"° m/c.
Pacxon Teria yepes cMa30uHbIM Marepual CorlacHO ypaBHeHHUIO (17) cocTaBisier:
P = 1,8 x10°x 71,54 x 1070 - (T, — 38).
M3 cootHomieHus Py, ¢ = Py | TIOJTyYaeM:

. 1081.7
X 1 8% 100 % 71,54 x 1076

+38=73,4°C.

Tak Kak 7oy | < Ty g, CACOYET MPEATIONOKEHHUE, YTO TEMIIEPATYpa BbIXOJA CMAa304YHOro Matepuana /o, = 78 'C
NOJIKHA ObITh CKOPPEKTUPOBAHA.
CKOPPEKTUPOBAHHOE MPEATNOJIOKEHUE O TEMIIEPATYPE BbIXOJA Maca:

Tueo=0,5(78 + 73,4) = 75,7 °C.

JlanbHeIIMe »Tarbl UTepalvuy yKasaHbl B Tadaune A.2.

Ha tpetbeM aTarne pacyera pa3sHOCTb MeEXKAY TMpeArojaraeMoi TteMIiepaTtypoil BbIXOJa CMa30yHOro mMarepuasia
loy o M paccHYUTAaHHON TeMIlepaTtypou Boixona /., ; cocraBuaa MeHee | "C.

- CrnepoBaTeJIbHO, TeMIIepaTypa BBIXOJA CMa30uyHOro marepuana 7., paccuuTaHa ¢ JOCTATOUHON CTEIeHbIO TOU-
HOCTH.

Tak kak 7., < 1., TO TeMIeparypa BbIX0Ja CMA30YHOr0 Marepraia HaXOAUTCS B JOMYCTUMBIX Mpeaesiax.

Tak Kak f.,:n > Apy, TO MUHUMAJIbHAS TOJIMIMHA CJI0S CMA30YHOTO MaTepuaia HAXOOUTCY B JOMYCTUMBIX
rnpejaeaax.

BMecTo uTepallMOHHLBIX PACUYE€TOB MOXKHO BOCIIOJB30BATLCS METOAOM IpadpHUUeCcKON UHTEPIOMSALUA. s 3TOro
[POBOAMIT pacyeT MJId psaa MpearojaraeMbix teMreparyp /g Wik /.., KOTOPbIE OXBATBHIBAIOT HUATIA30HbLI OXKUIAECMBbIX
peIlecHUMN.

B Taonuue A.3 npusBedeHbl MPOMEXKYTOUHBIE pe3yabTaTbl IJISg Caydasl IUCCUIALIMKU Terlla dyepe3 CMa30UYHbIi
MaTtepuaa (cMas3Ky rnoa gapjiaeHueM). Ha stare 4 pacyera o tadsune A.3 yKaszaHbl pe3yabTaTbl rpapUuyeCcKoro pericHus
B COOTBETCTBUU C PUCYHKOM A.l.

lTadbnuna A2
IapameTp FnvHnna JTan pacyera
1 2 3
I., °C 58 58 58
Tox.0 °C 78 75,7 74.9
Tugy °C 68 66,85 66,45
Nefr [Ma - ¢ 0,0271 0,0283 0,0287
Wy _ 1,576 x 10— 1,562 x 10— 1,557 x 10—
So — 2,196 2,057 2,023
£ _ 0,8254 0,8246 0,818
oo M 16,55 % 10° 16,87 x 10~° 17 x 1070
£/ oy _ 2,78 2,84 2,9
P; Bt 1981,7 2006 x 65 2 038,96
0, M7 /c 55,21 x 10°° 54,49 x 10~ 54,09 x 10
0, M3 /c 16,33 x 10~° 15.04 x 10~—° 14,64 x 10~°
0 M3 /c 71,54 % 10° 69,53 x 10~ 68,73 x 10
Tex. 'C 73,4 74 74.5
[‘ex,_{) C 75.7 74,9
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Taonuooa A3
| | - 2Tar pacuera
[HapameTp Enunnnna
] 2 3 4
T.. C 58 58 58 58
T.. °C 62 82 102 74 .87
Topr °C 60 70 S0 66,44
Nefy [Ta - ¢ 0,037 0,025 0,018 0,0287
Wefp _ 1,48 x 103 1,6 x 103 1,72 x 103 1,557 x 103
So _ 1,408 2.429 3.934 2.023
¢ — 0,771 0,8383 0,8801 0,818
i M 20,34 x 1070 15.52 x 106 12,37 x 106 17 x 10~
J7 Wen — 3.65 2.572 1.89 2.895
Py Bt 2443,58 1861,5 1470,49 2038,96
O M°/c 57.54 % 106 75.46 x 106 99.05 x 106 68.73 x 106
Fo Bt 4142 3259.87 7844.76 2087.06
P, Bt
) I..'
) I..A‘
) I. ' .
B I.ii
‘ _
45 50 60 70 80 °C
66,5
PucyHok A.l
A.2 llpumep 2

TpedyeTcs uccaeagoBaTh YaCTUYHBIN MOAIIMUMITHUK ¢ yriaoM oxsara 150 "C, umeromini pasmepsl D = 1010 mm
u B = 758 MM, B KOTOPOM CMAa3Ky IPOBOJSIT Yyepe3 CMa30UYHbLI KapMaH, KakK 3TO IMOKa3aHO Ha pUCYHKE A.2, Tpu
HeOOJIbLIOM M30bITOYHOM JaBiieHUH. CortacHo 6.3 pacxol noroka mMacia (J, He BXOAMT B TEIIOBOI OanaHc. Jluccu-
Mmarusl Terjia B 3TOM Cydae MPOUCXOAUT TOJBKO € PACXOJOM CMA30YHOTO Marepuaia yepes NOAUIHUK (Jy, O0YCJIOB-
JIEHHBIM TOJIBKO TeHepalrel BHYTPEHHETO JaBicHud. lemrieparypa Bxoga mMacia cocrasusieT f., = 24 "C. Pasznuuug
MESKAY TeIJIOBBIM paclliipeHueM Bajla, BKJaAbllla MOAILIUITHUKA U KOpITyca MOANIUITHUKA OTCYTCTBYIOT.

PasMepsl 1 pabouue rnapamMeTphl

Harpy3ka Ha nmoammnnHmk

CKOpOCTB Baja

YrioBasi CKOpOCTb Bajia

Yroa oxara

BuyTpeHHMI guaMeTp MOALIUITHHUKA
CpeaHUUN OTHOCUTEIBbHBIN 3a30p B MOJIIUI
M3mMeHeHHe OTHOCHUTEIBHOIO 3a30pa B IO

TEIJIOBOTO BO3JEHUCTBUY

OTHOCUTEIBHAY TJIMHA MOANIUITHMKA
CMAa30YHbIN MAaTepHrail

IHMUKC

HIMITHHWUKE B DC3VJIBTATC

F=10°H.

Ny = 14283 ¢ 1
;= o = 8,974 ¢!
Q= 1500,

D= 1010 x 103 m.
v=1073.

Ay =0,

B/D = 0.75.

VG 46.
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Q
PucyHok A.2
feff, 'C Neft (e, 1la- ¢
20 0,1324
30 0,0721
40 0,0430

Temreparypa BXojga CMa304yHOIo Marepuazna rnpu cMaske rnoa gapieHuwem 1., =24 "C.
YiaenbHas 00beMHAas TEIUIOEMKOCTE CMA30UYHOIo Marepuasia pc =18 x1 0% i/ (m° - K).

[IpenesibHble 3HAYECHUS

MakcuMaabHas JOIyCTUMasl yiaeJabHas Harpyska Ha MOAIIHNITHUK i = 10 x 10° Ia.
[IpenesibHO gonmycTuMas TeMrieparypa rnoaiiunHuka Iim =70 "C.
Kputnueckas ToJaIIMHA CMa304YHOIO CJIOS hi =9 x 1070 M.

PacueT B COOTBETCTBUU C PUCYHKOM |

TpedyeTcsd nmpoBepUTh JaMUHAPHOCTL [OTOKA CMA30YHOI0 Marepuaja B COOTBETCTBUU C ypaBHEHUEM (2) IpHU
npearojaracMoi 3@@EKTUBHON TeMIieparype CcMaszoyHoro cinos f.ee = 40 "C U npu npearnosaraeMoi IIOTHOCTU
cMasouHoro marepuana p = 900 I{I"‘/M'3 :

1 A3 _ 3 an A3 A3
_ X 1010 x 107 X 1,4.2.83>< 1077 x 1010 x 107 x 900 _47.9 <413 10
2 x 0,043

Re

Re = 47.9 < 1306.

[loTOK cMa304YHOro Martepraia IBasieTCs JaMUHAPHBIM, [TOATOMY HACTOSIIIMN CTAHAAPT MPUMEHUM JISI JAHHOTO
cjiydasl.
CornacHo ypaBHeHHIO (21):

- 108

p= ————————=1,306 x 10° Ta
785 % 1073 x 1010 x 10~

YienbHag HArpy3ka Ha IMOJALIMITHUK p AOIMYCTUMA, TaK KAk p < Piim.

Jluccunanug Terwia MporuCXoInT Yepes CMa30uHbIM MaTepuall.

B tabnuie A.4 npeacTtaBieHbl ITPOMEXKYTOUHBIEC Pe3VJIbTAThl OTACABHBIX 3TAaroB pacyera. Ha yeTtBeproMm arare
pacyeTa pasHOCTb MEXAY MPearnojaraeMoi HayaabHOM TEMIIEPATYPOI BBIX0OA CMA30YHOTO MaTepuaia /., o U pacueTHON
Temreparypoii Beixona 7, | coctapisietT meHee 1 °C. CienoBaTebHO, TEMIIEpaTypa BbIX0a CMAa30YHOTO Matepuana 7,
PACCYUTAHA € JJOCTATOYHOW CTEIEHbIO TOUHOCTH.

Tak kak 7., < 7}, TO TEMIIEpPATYPA BbIXOAA CMAa304YHOIO Marepuajla HaXOAUTCA B JOIYCTUMBIX Mpeaeaax.

Tak Kaxk hin > Ay, TO MUHUMAJIBHAS TOJNIMIMHA CI08 CMAa304YHOrO Marepuaja HaxXOIOUTCHI B JOMYCTUMBIX
rnpejaesax.
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Tadonuuna A4
| | 2Tar pacyera
[HapameTp Enunnnna
1 2 3 4
{on C 24 24 24 24
Tox 0 C 44 38,5 36,2 35,1
1oy C 34 31,3 30,1 29,55
Neff [Ia - ¢ 0,058 0,07 0,074 0,077
So — 2,507 2,079 1,967 1,89
3 — 0,798 0,767 0,758 0,75
- M 102,01 x 10° 117,67 x 100 122,21 x 10° 126,25 % 100
JAVAN — 1,65 1,822 1,87 1,92
Ps Bt 7477.,6 8248 8338.6 8701,2
0, M> /C 46,04 x 1075 46,60 x 10 46,69 x 10> 46,88 x 10>
Loy C 33 33,83 34,08 34,31
Tex 0 "C 38.5 36,2 35,1
A.3 llpnmep 3
Tpedyercsa uccieaoBaTb YACTUUYHBIN MOAIIUITHKUK C VIJIOM oxBarta Q = 1507, CMa304YHbIA Marepuas rmogaeTrcs

B HArpyKAlwIMIYIO 30HY TMOAIUWUITHUKA TIPU U30BITOUHOM JABJICHUU 4Yepe3 BEPXHIOW I[TOJIOBUHY IMMOAIUIUITHKUKA, Kak
MMOKa3aHO Ha PUCYHKE A.3, KOTOpas UMEET KPYroBylO0 KaHAaBKY.
JIBa CMa304YHBIX KapMaHa PacriojioXKeHbI B TOPLE COCIUHEHMS Mo yIJIoM £ 907 K NpUIToKEeHHOU HArpysKe.

Terno pacceuBaeTcs 4yepe3 CMa304YHBIM MarepHal U corjlacHo 6.4 olOmMi pacxol cMa30dyHOro mMarepuasia
pacCUUTHIBAIOT 110 ypaBHeHUSIM (10) u (11).
Pasznuuug mMexxay TervloBBIM pacllivpeHreM Bajsa, MOAUIUITHHUKA U KOpITyca MOAILHUITHUKA OTCYTCTBYIOT.

PasMepbl 1 padboyne rnapamMeTphl

A-A
bg

7

772

B

Harpy3ka Ha MmoammnInHmk

CKOpOCTh Baja
YrioBas CKOPOCThH
Yron oxsarta

Vyoy+s I

PucyHok A.3

= 18000 H.
Ny=25¢1
wy=o,=157c .
@ = 150°.
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BHyTpeHHUNI aUaMeTp D =200 x 10— wm.
CpeIHUN OTHOCUTEIBHBIN 3a30p IMOAILIWUITHUKA v o=2x10".
M3MeHeHHEe OTHOCUTEBHOIO 3a30pa MOAINITHUKA B pe3yJbTare
TEIJIOBOr'O BO3ICUCTBUS Aw=0.
OTHOCUTEJIBHAS AJIMHA TMOAILIUIIHUKA B/D=0,5.
LHiupyuHa cMa30uyHOM KaHaBKU I101 yrjioM 180° be; = 30 X 1073 ™
[ 17yOMHa ¢CMA304HON KaHAaBKU he; = 2,5%x 1073 ™M
LHiupuHa cMa30yHOro KapmMaHa bp = 60 X 103 m.
| 1yOMHa cMa304YHOro KapmMaHa hp = 2,5 % 1073 ™
CMa304YHBIA MaTepual VG 32
Tefr, °C Net (leny, Tla-c
40 0,031
50 0,022
60 0,014
70 0,0094

Temreparypa BXoga CMa304yHOIo Marepuaia rnpu cMmaske noja gapieHuem  T., = 40 "C.
M30bITOYHOE AaBJIEeHUE [MTOJAaYl CMAa304YHOro Marepuaia I[pHu cMasKe ]
1o JaBJICHUEM Pern = 0,5 x 10° Ia.
YiaenbHast 00beMHAas TEIIOEMKOCTE CMA304YHOro Marepuasia pc=18x 10—° J1x/ (m° - K).

[IpenesibHbIC 3HAYCHUS

MaKkCUMabLHO JOMYyCTUMAY YIeIbHAY HATPYy3Ka Ha MOAIIMUITHUK i = 10 x 10° IMa.
[IpenenbHO gonmycTuMas teMrieparypa roaiiuinHnKa Iim =80 "C.
Kpuruueckas ToJMMHA CMAa304YHOIO CJI0S B =20 x 107° m.

PacueT B COOTBETCTBMU C PUCYHKOM |
TpedyeTca NpoOBEepUTH JJAMUHAPHOCTL IMOTOKA CMA304YHOI0 Marepuajla B COOTBETCTBUHM C ypaBHEHUEM (2) MpH

npeﬂno.naraemoﬁ TCMIICDATYDC TTOAHIMITHHMKA TB?{) — 60 GC M npeﬂno.naraemoﬁ [IJNIOTHOCTH CMA30HHOTI'O MATCPDHUAJIA
0 =900 kr/m>. |
% 200 x 1073 % 25 x 2 x 1072 % 200 x 10> x 900 200 x 1073
Re=""""C S T 2201,96 < 41,3 - =9235;
2x0,014 2x 1077 x200x 10~

Re = 201,96 < 923.5.

[loTOK cMa304yHOro Matrepuana sIBaseTcsl JaMUHAPHBIM, MTO3TOMY HACTOSIILIWU cTaHAAPT MPUMEHUM 151 JaHHOTO
cjyyasl.
CornacHo ypaBHEeHUIO (21):

- 18000

0.5 x 200 x 107 x 200 x 10~

YaenbHas HArpyska Ha IMOALIMITHUK p JOIMYCTUMA, T. K. p < pPr:..

Jluccunauus teria rMporucXoanuT Yepe3 CMa304YHbIM MaTepuall.

B tabnuue A.5 rnpeacraBiieHbl [IPOMEKYTOUHbBIE Pe3YyabTaThbl OTAEJBHBIX 3TAIIOB pacyeTa.

XAPAKTEPHOU OCODEHHOCTBIO 3TOrO pacyeTa IBJISIETCA OIpPeIe/JeHUEe MOIIHOCTU TPEHUY U pacxoJa CMa30yHOro
MaTepuajla, OCHOBAHHBIX HA pacxole B CMa304YHBIX KapMaHax U KaHaBKax.

Kak nmpumep rnpuBeJcH MEPBLIN HTAll pacuyera.

MoriHOCTb TpeHU B cMa304YHbIX KapMaHax U KaHaBkax (cM. [ OCT NCO 7902-2):

900x 157 % 2.5 % 1073 x 200 x 1073

Cp=2x0.5¢] 4+0,0012( S 00D )0.94]=2.74
G =0.5m[ 4+0,0012 (2520 22*550182; <200 107 )0.94 |=8.22,
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Taonuua AD
| | - 2rar pacyera
[HapameTp Enunnnna
1 2 3 4
T C 40 40 40 40
Tox 0 °C 60 52,1 48,6 47,3
ot °C 50 46,1 44.3 43,7
Neft [a - ¢ 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
B M 53,2 x 1076 55% 107 60 x 10~° 60,4 x 10~
v _ 4,6 4,8 5,4 5,45
P By 1966,3 2229 25199 2535,6
0, NP 109,27 x 10~° 109,02 x 10~° 108,52 % 10° 108,5% 10—¢
0, M3 /c 153,72 x 106 139,84 x 10~ 119,49 x 10~° 117,15% 10=°
0 M3 /¢ 262,99 x 107 | 248,86 x 107¢ | 228,01 x 10~° 225,65 1070
Tex.) 'C 44,2 43 46, 1 46,3
Tex.0 °C 52,1 48,6 47,6
Cuna TPCHHU! BO BCCM CMA30HHOM CJIOC!
~ | P _3 1n=3 / _ 1n-3 1 =73 \
]¥w,:0ﬁ022><157><100><£2 x 200 x 10 [ 1,042 4.6 60><103 n ) 2><.1o. ><200><310 )74
2% 10 100 107 \ 3« 2 120,734 2 %x2,5 % 10 ,
03 7 o 103 o 13 \
_30><10_3 s _2><10 ><2OO>EBIO §.2 ]:137 H
100107 o\ — 0,734 2x2,5x10 /

MHTEHCUBHOCTD TEIUIOBOrO IMOTOKA U3-34a MOOIHOCTH TPCHHMA B IMOAINUITHUKCEC:

Py p= 125,24

Pacxon cMa3zoyHOro mMarepuaia u3-3a ruapoJuHaMUYeCcKOoro JaBjaeHUs |CM. ypaBHeHUE (8)]:

200 x 1073
P

157=1966.3 Hm/c =1966,3 Br.

0y = 200° x 1077 x 2 x 1073 x 157 x 0,0435 = 109,27 x 10~° m’/c.

Pacxon cMaszoyHOro marepuana H3-3a gapiaeHUd ronayu |cM. ypaHeHus (9) u (10) 1OCT MCO 7902-2]
CYMMHPYETCH U3 pacxoja Marepuana U3 KapMaHOB U KAHABOK:

60x 1077

go=1,188+ 1,582.(

100 x 103

60 x 1073

)_ 258> ( 100 x 1073

)2+ 5,563 (

] m{l+1x5x O,73@)+ 6x0,734+ 1 x 33 % ()_.,,734—3

60 x 107

100 x 10~

0= | +
“P6 100x 1077 48
In (————)2.4082
60 <1077

0,

2007 x 1077 x 28 x 1077 %0,5 x 10

100x 103 =30 x 1073

200 x 1073

0,022

Pacxon cmaszouyHoro marepuana [cM. ypaBHeHus (10) u (11)]:

1,0568 = 153,72 x 107 v’ /c.

0= (109,27 + 153,72) x 107 = 262,99 x 10~ m?/c.

MHTEHCUBHOCTD TEILJIOBOTO IMOTOKA B CMAa304YHbIM Martepuain |cM. ypaBHeHue (17)]:

= 2,4082;

=1,0568 ;
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Ppp = 1,8 x 10° x 262,99 x 1070 (75 | — 40).

M3 cootHonieHusa Py, r = Py, | cnenyer:

Ty =———==2l ____ ,40=44.7°C
1,8 x 10° x 262,99 x 10~

B Tabnuue A.6 mpencTaBieHBl pPe3yJbTaThl pacyeTa, YYUTBIBAIOIIUE pacxol CMa304yHOro marepuana yepes
CMa304yHBIM KapMaH. [lpeanonoxeHo, 4TO cMa3Ka 3arojiHigeT HarpykKeHHbIe M HeHarpysKeHHbIE 30HBI CMa304YHOTO
3a30pa.

B sTOM cilyyae Ha repBOM 3Tarlle pacyeTa pacxol cMa30yHOro Marepuaia U3 KapMaHa COCTaBIIsIeT:

gp = 2,4082;
. T ]
0= = 0,4254
6 100x 107
In (————)2.4082
60 x 107

200° x 1077 x 2% x107? % 0,5% 10

0, 902 0,4254=61,88 x 107° m’/c.
Tadonuma A.6
IlapameTp Ennruna JTan pacyera
1 , 3 4
T.p °C 40 40 40 40
Lex.0 C 60 53,9 51,1 50
Tt °C 50 47 45,5 45
Meff [Ta - ¢ 0,022 0,0235 0,0252 0,0263
S0 _ 1,042 0,9757 0,9099 0,8819
¢ _ 0,734 0,727 0,717 0,71
B M 53,2 x 1070 54,6 x 1070 56,6 x 1070 59 x 1070
S Weir _ 4,6 4,75 5 5,18
P; Bt 2419,7 24946 2625,8 2722,9
0. M3 /c 109,27 x 10~° 109,15 % 10~° 109,02 x 10° 108,77 x 10°
0 M3/ 61,88 x 1076 | 5793x107° | 54,02x10°6 | 49,86 x 10~¢
0 M3 /c 171,15 % 10— 167,08 x 10— 163,04 x 10~° 158,63 x 10~
T 1 °C 47,9 48,3 48,9 49,5
Té}{;{) C 53,9 S1,1 50
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