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Mpeaucnosune

Llenu n npunuvne cranpaptusaumu B Poccuiickon ®enepaunn ycraHoRNeHs! deaepanbHbIM 3aKOHOM
ot 27 gexabps 2002 r. Ne 184-93 «O TexHM4ECKOM pErynupoBaHUny, @ NPaBuNa NpUMEeHEHUA HAUMOHATbHbBIX
craHpapTos Poceuitickoin depepaunn — FOCT P 1.0—2004 «Cranaaptusauus e Pocenitckoin Gepgepaumm. Oc-
HOBHbIE NONOXEHWAY

CBegenus 0 cranpapre

1 PABPABOTAH OTKpbITLIM aKumOHEpHbIM oBecTaoM «HayuHo-UCCnenoBaTeNbCKUn U KOHCTPYKTOP-
CKMIA MHCTUTYT XuMKUHeckoro MawmHocTpoerus» (OAO HUNXMMMALLY, 3akpbiTbiM akumoHepHeIM 06LLecTBOM
«MeTpoxum UnxuHupuHrs (3A0 MNeTpoxum MHKXUHUPUHS), OTKPBITLIM akuMoHepHbIM obulecTaoM «Bcepoccuid-
CKWA HayyHO-UCCNeaoBaTensCckuili U NPOEKTHO-KOHCTPYKTOPCKUIA MHCTATYT HEMPTAHOIG MAWUHOCTPOSHUA»
(OAO BHUMHEGTEMALY); ®enepansHoih cnyX60oi No sKonoru4ecKomy, TEXHONOrMHECKOMY W aTOMHOMY Haa3o-
py (PoctexHapnsop)

2 BHECEH TexHu4ecknm KOMUTETOM No cTakaapTusaunn TK 260 « OBopynosaHue xumudeckoe 1 Hedbrera-
3onepepabartbiBaloleen

3 YTBEPXEH Y BBEQEH B QEMCTBUE lMpukazoM GesiepantHOro areHTCTBa NO TEXHUHECKOMY pery-
NIAPOBAHWUIO U MeTponoruu ot 27 gexkatps 2007 r. Ne 503-ct

4 B HacTosLLeMm CTaHAapTe Y|UTeHbl OCHOBHbIE HOPMATHBHBIE NONOXKEHWSA CNEAYIOLLINX MEXAYHAPOAHLIX 1
eBporneickux crtaHaapTos: OQupektvebt 97/23 EC Eeponeickoro NapnamenTta u Cosera ot 29 Mas 1997 r. no
cONWKEHUIO 3aKOHOAATENLCTB FOCYAAPCTB-YNEHOB, kacawwencs obopynosarus, paGoralowero Noa Aasrne-
Huem; EH 13445-3:2002 «Cocygel, paboTalowme nog aasnequem. Hactb 3. Pacuet» (EN 13445-3:2002 «Unfired
pressure vessel — Part 3: Design»)

5 BBEJEH BIEPBbIE

Urghopmayusi 06 uameHeHUAX K HacmosawemMy cmaHdapmy nybnukyemcs @ exez00H0 u30asaemMom UHpOp-
MayuOHHOM yKazamerie «HayuoHansHbie CMaHdapmb:», @ MEKCIM UMEHEHUU U MONPaBOK — € eXEMECIHHO
u3dasaembix UHCHOPMAUUOHHBIX ykazamenax «HauuoHansHeie cmandapmsi». B cnywae nepecmompa (3ameHni)
LU OIMMEHBI HACMOAWE20 cmaxOapma coomeermcmayrouiee yeedomneHue bydem onybnuKo8aHo 8 eXeMecsy-
HO u30aeaemMomM uHEhoOPMaULOHHOM ykalamene «HayuoransHbie cmandapmet». Coomeemcmeyiowas uHghop-
mauus, ysedomneHue U MeKcmbl PaSMEeLUAIOMCH MakKe 8 UHHOPMayuoHHOU cucmeme obuie20 Nonb3oeaHUs —
Ha oghuyuansHom cadme PedepanbHozo azeHMCEmsa NO MEXHUYECKOMY Pe2ynuposaHuio U Memponozuu 6
cemu MnimepHem

© Cranpaprundopm, 2008

HacToAWwMit CTaHAAPT He MOXET BbiTk NONMHOCTEIO NKW HACTUYHO BOCNPOM3BEAEH, TUPaXUPOBAH U pacnpo-
GTpaHeH B KauecTse odmunansHoro naganus Gea paspeluervs PeaepansHOTO areHTCTBA Mo TEXHWYECKOMY pery-
NUPOBAHMIO ¥ METPONOMMK
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HALWOHAMNRBbHBIA CTAHAAPT POCCUUCKOMN QEQEPALUMN

Cocyabi v annapatb!
HOPMbI U METOOLI PACYETA HA NPOYHOCThL
TennooBMeHHble annapatsi

Vessels and apparatus. Norms and methods of strength calculation.
Heat-exchangers

DNara ssegenna — 2008—04—01
1 O6nacTb NpUMeHeHus

HacTosIMA CTaHAaPT YCTaHaBIMRAET HOPMbI Y METOABI PACHETa Ha NPOYHOCTL 3NEMEHTOB KOXKyXoTpy6ua-
ThiX TennooGMEHHbIX annapaTtos ¥ annapaTos BO3GYLHOrO OXNZX/AEHUSA, NPUMEHAEMBIX B XUMUHECKON, HedpTexu-
MUuecKon, HedpTenepepabaThiBaloLLER U CMEXHBIX OTPACNAX MPOMLILINEHHOCTH, PaBOTalOWMX B YCNOBUAX OAHO-
KPaTHbIX M MHOTOKPATHbIX HArpy30K 04 BHYTPEHHUM M3GLITCUYHBIM AaBNEHVEM, BaKyyMOM v HAPYXXHbIM AaB-
fieHuem, HopMbl U METOAbI pacHeTa Ha NPOYHOCTL MPUMEHVMBI, €CV OTKIMOHEHNE OT FEOMETPUHECKON (IOPMb! U
HETOYHOCTW M3rOTOBNERWA PACCUMTLIBAEMLIX ANIEMEHTOB COCY0B He NPEBLILIANT AONYCKOB, YCTAHOBNEHHBIX
HOpMaTUBHLIMW AOKYMEHTamy, HacToawmii crangapt npumetsieTca coemectHo ¢ FTOCT P 52857 .1.

2 HopmaTMBHbIe CCbITKU

B HacTosweM CTaHAapTe UCNoMb3oBaHbl HOPMAaTUBHBIE CCbINKW Ha Crieayowve CTaHaapTL:

FOCT P 52857.2—2007 Cocyabl M annapatsl. Hopmbl U METOAB! pacieTa Ha NPOYHOCTL. Pacuer uunnHapu-
4YeCKUX U KoHMYeCcKknX abeyaek, BbiNyKbiX ¥ MNOCKAX AHWULYL

FOCT P 52857.3—2007 Cocyabl 1 annapaTtel. HOpMbl 1 METOL! pacHeTa Ha NPOMHOCTL. YKpertneHue
oTeepcTyid B obevaikax v AHULIAaX NPYU BHYTPEHHEM U BHELUHEM flagNeHun. PacueT Ha NpoMHOCTL obevaek u
AHULL NPU BHELUHUX CTATHMECKUX HATPY3Kax Ha WTyLiep

IFOCT P 52857.4—2007 Cocyaut v annapatbl. HopMbt 1 MeTOAibt pacHeTa Ha NPoYHOCTL. PacyeT Ha
NPOMHOCTL W FePMETUMHOCTL (ONAHUEBbIX COEAUHEHW

TOCT P 52857.5—2007 Cocysbt v annaparsl. Hopmbl 1 MeToabl pacyerta Ha NPO4HOCTL, Pacyer obevaex
¥ AHKLL OT BO3AENCTBUSI ONOPHbIX HArpy3oKk

'OCT P 52857.6—2007 Cocyak! 4 annapatel. HOpMb! 1 METOLb! pacyeTa Ha NPoYHOCTL. Pacuet Ha npouy-
HOCTb NPY MANOLMKNOBLIX Harpy3Kkax

NMprnMeyadune—pn NoONL30BaHWN HACTORLLWMM CTaHAAPTOM Lienecoohpa3sHo NpoBepuTL AENCTBAS CCbINOY-
HbIX CTaHAAPTOB 8 MHCOPMALMOHHON cncTeme obLLero nosib3oBaHUA — Ha ouUMantHOM caiite PegepanbHoro areH-
TCTBA N0 TEXHUYECKOMY PEryNUPOBEHWIO N METPONOrMW B CETH VIHTEPHET MNK N0 ©XEFOAHO U3flaBaeMoMy WHGOpMaym-
OHHOMY YKa3zatenio «HauuoHanbHLIe CTaHAapPTLY, KOTOPLIA ONYGIMKOBaH 110 COCTOAHMIO HA 1 AHBAPA TEKYLWEro roaa, U
M0 COOTBETCTBYIOUIUM EXEMECAYHO U3[ABAEMbIM UHCIOPMAUMOHHLIM YKa3aTensam, onyGnUKoBaHHLIM B TEKYWEM rogy.
ECnm cCoiNoYHLIN CTaHAApT 3aMeHeH (M3MeHeH), TO NPY NONL30BAHUU HACTORWMUM CTAHAAPTOM CheayeT PYyKOBOACTBO-
BATLCA 33MEHAIOWUM (MIMEHEHHLIM) CTAKABPTOM, EcnK ceeinodHblit CTaHAapT oTmeHeH 6e3 3aMeHbl, TO NONOXEHWE, B
KOTOPOM ZlaHa CCbINKa HAa Hero, NPNMEHAIETCR B YacTW, Ke 3aTparvBalowen 3Ty CCbINKY.

Mananne ohuumansHoa
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3 0603HauyeHun

B HacToslem cTaHaapTe NpUMEHeHb! cneayiouine 0603HaveHms:

A— KO3(DPILUMEHT AR ONPEAENEHNA MBKCUMANBHOIO U3MMBaIoLLEro MOMEHTa 6 fIepdioPPOBaHHOI HacTH TpYG-
HOW peLleTku;

Ap— CyMMapHas nnowaae cedenns 6onros (LuNunek) No BHyTPEHHeMY inaMeTpy peabbbl M HarpyxeHHomy

CEYEHWIO HAMMEHDLLIETO AUAMETPA, MM2;
Avom— K03hpurLmMeHT chopMbl KOMNEHCATOPA;
Ay, A — BCTIOMOF aTeNbHbIE KO3hhULIMENTLI, UCNONB3YEMbIE NPU PacieTe TennooBMeHHsIX annapaTos C pac-
WUpHTENEM Ha KOXKYXE;

A, — KO3XPULIMEHT ANS ONPEAEEHNA MBKCUManLHOro npormGa TpyGet, Mm;

a — BHYTPEHHUW paANYC KOXyxa, MMm;

d,— PaccTosHve oT acu ny4ka 4o acv Hanbariee yaaneHHon TpyGet, Mm;

a, — paccTosHNE OT OCH KOXYXa [0 ocv Hanbonee ynaneHHON TpyBbl, Mm;

B— koathpuumrenT AN onpeaeneHns MakcumanbHoro uarbatowero MomeHTa B nepthoprupoBaRHON HacTh Tpy6-
HOIA peLueTiv;

Bn — LLIMpUHa KaHABKM NOA NPOKNaAKY B MHOroxoA0B0M annaparte, Mm,

Bep — WMPUHA NEPErOPOAKU B TPYBHOM NPOCTpaHCTBE, MM,

By, By, — BCNOMOraTenbHele Ko3hhULMEHTL, UCnonb3yemble NPy pacyeTe TennooGMeHHbIX annapaTos ¢ pac-

WMPUTENEM HA KOXYXE;

By — BHYTPEHHWI pasMep Kamepbl annapata BO3AyLUHOTO 0XNaXAEHUA B NONEPEYHOM HaNPaBIIEHNN, MM;

B; — wimMprHa 30Hb! petueTku KaMepbl annapara Bo3AywHOro OXNaxaeHUs, B Npeaenax KoTopoi TonwmHa pewer-
KU PaBHA Sq, MM,

B, — HapyxHbii pasMep NpoKnaaky B NONEPEUHOM HanpasneHuy AN KamMepbl annapara Bo3fyWHOro oxnaxae-
HWA NO pUCyHKam 15—18, Mm;

By — paccrosHue mexay ocaMmu GoNToB (LLIWMEK) 8 NONepesHOM HanpasRexun ANA KAMepbl annaparta 8o3ayiu-
HOTO OXNAaXAEHUS M0 PUCYHKAM 15 —18, mm;

B, — HapyxHbIi paamep B rlonepeyHOM HanpasReHUy AN KaMepb! annapara BO3AYLWHOro OXNaXASHUA No pu-
cyHkam 15—18, mm;

B, — pacqeTHbIA nonepeuHsIi pasMep PeLeTkY KaMmepb! annaparta BO3RYUIHOrO OXMaXOEHNR, MM,

By — pacdeTHas wvpuHa nepgopupoBaHHON 30Hb] PELLETKW KaMepbl annapaTa BO3AYWHOro oxXnaxaeHus, Mm,

b; — WNPUHA NPOMEXYTOHHBIX MPONETOB Kamep (CM. PUCYHKW 23, 24), MM;

b, — tWUpUHa NNOCKOW NPOKNARKK, MM;

by — achtheKTUBHAR LLUMPUHA NPOKNAAKKM, MM;

by — wrpuHa Tapenku dnaHLa KoXyxa, MM;

b, — WKPVHa Tapenky onaHua KaMepkl, MM;

Cr — napameTp KoMneHcaTopa;

¢ — pacHeTHas npubaska K TonwiuHe TpyBHOM pelueTky, KpbllLKe NnasatoLien rofloBky, 3NeMeHTaM annapartos

BO3AYLUHOIO oXnaxaeHus, Mm. [1py HazHaueHUM BeNMYiHbI «C» ANst TDYOHON pelueTky W KpbILWKW Nnasaio-
UAEW FONOBKWN CIEAYET YSUThIBATL KOPPO3UKO KaK CO CTOPOHBI TPYGHOO, Tak v MexXTpyYGHOro npocTpaHeTea;

C,— pacyeTHan NpuBaeKa K TONLLMHE CTEHKM KoXyXa, MM;

Cp— pac4eTHas npubaska K ToNwVHE Neperopoaxn TenncobMeHHOro annapara unu annapara BO3AYyLWHOro 0OXx-
NAaXACHNSA, MM. [1pW Ha3HAYEHUN BENWMUHD! «C,» CeAYeT YHUTbIBaTh, YTO NEeperopoaka noABepraeTcs Asy-
CTOPOHHEN KOPPO3uy;

¢, — fMyBu1Ha kaHaBsKK NoA NPOKNaaKy NoA NPOBiKy B 3aAHeR CTEHKE HEPAILEMHOI KaMepbl, MM,

D — BHYTPEHHMWIA QWaMeTp KOXYXa UMW NnasarLLiei ronoBKK, MM;

Dpg— HauMeHbLWiA AnameTp YTOHEHHOR YacTu peLleTKu, MM;

Dg— AvMameTp OKpYHOGTH, BIKCAHHON B MakCUmanbHyio 6ecTpybHyto nnoLiaab, MM;

D, om — HAPYXHBI AramMeTp KOMNeHcaTopa, MM;

D,,— HapyHbiA anameTp hnaxua, Mm;

D, — priameTp cedeHWa NONyKonbLa NNasaloileil ronoBKNY, MEIOLLLETO HAUMEHBLLYKO TONLLINHY, MM,

D, ,— cpenHwi anameTp NPOKNaaku, MM;

Dy — BHYTPEHHWIA AUaAMETP PACLUAPUTENS, MM;

Ue— 3thhekrnBHLIN AnaMeTp oTBEPCTUS B TPYGHOM peLueTKe WK 3aaHe CTEHKE, MM;
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Uyop — BHYTPEHHWM AUAMETP KOMNEHCATOPA, MM;

d;— paamep aTBEPCTUNA B -1 NEPETrOPOAKE, MM,

dyp, — AvameTp pe3bOot NpoBOoK B 3aHUX CTEHKAX KaMEep annapaTos BO3AYWHOO OXNAXAEHNR, MM;

d, — HapyxHbl guameTp Tpy6Gol, MM;

d, — AavameTp OTBEPCTUA B PELLETKE, MM;

E — moayne npoaoNnbHON yNpyrocT Matepuana KpbiLKy KaMeps! annapata BO3RyLUHOro oxnaxaenvs, MMa;

£, — monynb NpogonsHOR ynpyrocTu matepwana peweTku, Mila;

£,y — Moaynb NPOACNLHOR YNpYrocTy Matepnana 1-i peweTku, 8Cn MoRymM ynpyrocTi ABYX TpyBHbIX peuie-

TOK OTANHAIOTCA APYr OT apyra, MMa;
£,, — MoRynk NPOLONLHON YNPYrocTU MaTepuana 2-1 PELIETKW, eCnin MoAYNM ynpyrocTy Asyx TpyBHbIX pewe-
TOK OTNUHAIOTCA ApYr oT apyra, MlMa;

Ep — MOaynb NPOAONLHOR ynpyroctTu MaTtepuana kamepst, MMa;

E, ~— mMoaynb NpoaonbHON yNpyrocTu Matepvana koxyxa, MMa;

£, om — MOAYNL NPOOOALHOW YNPYracTM Matepuana komneHcartopa, Mla;

E, — Mogynk npoaonbHoM ynpyrocTy Matepuana npoxknagku, Mia;

E, — mopynb npoaonsHow ynpyrocTy matepwana Tpy6, MMa;

E, — moaynb NpofonbHOM yNpyrocT MaTepuana dornasua koxyxa, MMa;

E, — moaynib npogoneHoit ynpyroctu matepuana doriaHua kamepsl, MMa;

F— CymMMapHas ocesasi chna, [eVicTRYIOWARA Ha KOXYX, H;

F — ycunue Ha npoKnagke nnasawwed ronosku, H;
— ycunue B bontax (Lnunbkax) kaMepel annapaTa BO3AyLLIHOIO OXI1aXAeH!s B ycnoauﬂx aKcnnyaTauuu, H,

F — yeunue B bontax (WNunbkax) kamepbl annapaTta Bo3gywHOre OXNaxaeHns B YCNOBUSIX WCNbITAHUS UNu
MoHTaXa, H;

F, — ycunue ot 6oNTOBOM Harpy3ky Ha e4UHNLY ANUHBI PELUETKK UIK KPLIKW KaMeps! annapata BO3AyWHOro
oxnaxgaenus, H/mm;

fr — k03P DULMEHT, 3ABUCALLINA OT COOTHOLIGHUA CTOPOH NEParopoaKM No TpyGHAMY NPOCTpaHCTey;

fo— KOIHPULIMEHT, 3aBUCSILUMA OT COOTHOLLIEHWS CTOPOH NEPHOPUPOBAHHOM 30HbLI PEWLETKM aNNapaTa BO3yLLIHO-
r0 OXNaxgeHus;

f; — k03thPULMEHT, 3aBUCALUMIA OT COOTHOLUEHWA CTOPOH KPbILLIKU aNNapaTa BOaayuHOro OXNaXAEHMS,

I, — k03 uLVEHT, 3aBUCALLMIA OT COOTHOLUBHWS CTOPOH KPbILUKIA 8RNapaTa BO3AYLLHOMO OXNaXAEHNS,

F3 — KOO PULIVEHT, IABUCALLMIA OT COOTHOLUEHNS CTOPOH 3afiHEN CTEHKU KaMeps! anfapata BO3AYLIHOM oXmax-
AEHNS,

4 — K03 OULMEHT, 3aBUCAUIMI OT COOTHOLUEHWA CTOPOH BOKOBOI CTEHKY KAMEpPL! aNNapaTa BO3AYLLIHOMO OXNAX-
AeHNR;

H— rnyBuna kpbilukm kaMepb! annapaTa BO3AYLIHOIO OXNaXAEHNs (CM. PUCYHKM 15—18), MM;

h— pbiCTynarowLas 4acTb OTGOPTOBKW ANMMNTUMECKOTC AHULLA NNABAKOLLEN FoNOBKY, MM;

hy— TONWMHa NPOKNaaKK, MMm;

hy — TonwmnHa Tapenku dnaxya KoXyXa, MMm;

h, — TonwWMHa Tapenky (hnaHua Kamepsb!, MM;

i—wyucno Tpy6;

Ko — KECTKOCTL KoMneHcaTopa, HiMm;

Ky — K0P DOULMEHT N3MEHEHS XECTKOCTH GUCTEMbI TPYBbl — KOXYX NPU AEHCTBUM OCEBON CHMLI;

K, — oTHoLLIeHNEe 0CeROro NepeMeLLIeHA KOMNEHCaTOpa MU PaclKpUTeNs Npu AeNCTBUK pacTsVBaloLen

CWSIbl K OCEBOMY NepemeLLieHIo Kpaes Kopnyca MexTpyGHOro npoctpaHcTea 6ea komrieHcaTopa M paclum-
pUTensi oT AeWCTBIUS TOW e CUMbl;
K, — ka3thprLMEHT MIMEHEHMS IKECTKOCTI CUCTEMBI TPYBBI — KOXYX NPU AEACTBIUM AABNEHUR;

Kp — OTHOWEHNE 0CEBOI0 NepeMeLLieHNA KOMNeKcaTopa Unv paculnpurena npy AeUCTBUI AABMNEHWUS K OCEBOMY

nepemeLLeHIO KpaeBs Kopnyca MeXTpYBHOro npocTpaHcTaa 6e3 KoMileHcaTopa u pacluuprTens oT aeicT-
BN TOrO Xe NaBnenus;

Kpac— XECTKOCTb paciumpurens, Himm;

K, — MoAynb ynpyrocTi ocHOBaHNs (cucTembl Tpy6), Hmm3,;

K, — agpdrextuaHbIn KOSDPULIMEHT KOHLEHTPALMM HaNPSKEHUS;

K — KOIOULMEHT IKECTKOCTH DnaHLIeBOro coeavHeHns npn narnbe, H - mm;

Ky1 — KoathbuUmMeHT KecTKoCTH thnaHLia koxyxa npmn narmbe, H - mm;
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K pz — X03(hUMEHT KECTKOCTH hnaHua kamep! npu uarube, H - mm;
Ky — Ko3hhULMEHT XECTKOCTH BTYNKW dnanua koxyxa npyn uarnbe, H - Mm;
Ky — KO3(hhUUMEHT XKECTKOCTM BTY/IKM donaHua kamepb! NpW narnbe, H - mm;
K, — xoathhuumeHT yenosuii paoTe! Npu pacyeTe Tpyb Ha YCTONUMBOCTL,
Lyac — ANVHa pacluipuTens, MM;
L, — pacueTHblii paaMep pelLeTkv annapaTta Bo3AyLWHOr OXaxaeHus B fPOACNEHOM HANPABIIEHWUN, MM;
Loep — BNMHA Neperopoaky B TRYOHOM NPOCTPAHCTRE, MM;
Ly— BHYTpeHHWU} pa3mep kamepbl annapaTa BO3AYLIHOMO OXNaxAeHNs B NPOACNBLHOM HANPaBNEHUU, MM;
L, — HapyxHbIi paamep NpoKNagkv B NPOAOALHOM HANPABNEHUM AN KaMeps! annapaTta BO3AYLIHOTO OXnaxae-
HMA No pucyHkam 156—18, mm;
{ — nonosuHa pnHLI TpyBLI TENNOOBMEHHOro annapaTta uny annapara BO3AYLUHOMO OXMaXAEHNS, MM;
Ihp — npuBeneHHan anvha Tpy6Geil, ncnonsayemas npu pacyere npornba Tpy6 v uarubatouiero MoMeHTa, neAcT-
BYIOUIETO Ha TPYOy, MM;
I, — rnybuna passansuoeku Tpy6, MM;
I, — PACCTOAHME OT pewWweTkn A0 NEPErOPOAKMN, MM;
I, — PACCTOSHUE MeXOY OTBEPCTUAMN B /- NEPEropoaKe, MM;
lr— pacueTHan gnuHa Tpy6 npy npoaonsHOM uarnbe, mm;
{; — nneyo n3rnbanLLero MOMEHNTa, [eACTBYIOLLEro Ha PeLLIETKY annapaTa Bo3AyUIHOro oxaMneH!s, MM;
I, — nnevo narnbaoluero MOMeHTa, AeRCTBYILWEro Ha dnarey KpbIWKY annapara 8030yLWHoro oxnaxae-
HUS, MM;
I r — MaKkcuMansHbIA NponeT Tpybbl Mexay peleTKon U NepercpoaKon, Mm;
lp— MaxkcumanbHbIid NnponeT Tpybbl MeXay NeperopoaKkaMu, Mm;
M .ax — MaKCUManNbHIR aruBGarowini MOMEHT B NepopUpOBaHHON YaCTH TPYGHON peLueTiv, H - Mm/ivm,
M — pacueTHbI narnbarowmii MOMEHT, AeCTBYIOWMIA Ha KPbLILLKY NNasalowen ronosky, H - MM;
M, — varubaioluin MOMEHT, pacnpegeneHHbld No nepuMeTpy NepthoprpoBarHHO YacTy TPYBHORA pelueTku,
H - mm/mm;
M, — narubatoLinin MOMEHT, pacnpeaeneHHbIi No NepuMeTpy Koxyxa, H - MM/MM;
M,, — varnBaioWwmin MOMeHT, pacnpefeneHHbii No nepuMeTpy TpybHoN petueTku, H - MmiMM;
M, — n3rnBaLwmit MOMEHT, aecTBYIOWLMIA Ha TpyBy, H - MM;
[M] — ponyckaembif narnbatounin MOMEHT ANS hnaHua KPbILKY NNasaloLen ronosku, H - Mm;
[M),, -~ onyCKaembli narnbaloLmMii MOMEHT AN AHULLA KPbILLIKW NAaBalowe ronosku, H - Mm;
M — NpOKNaAoHHBIN KOIPULMEHT,;
m, — Ko3phULMEHT ANS onpeaeneHns MakCUMankHOI 0 narvbaroLlero MomeHta B nepoprpOBaRHOI HacTU Tpy6-
HOW peleTin;
M, — KOIHPULIMEHT BNUSHVS AABIEHUS HA NPOAONBHYIO fiedropMaLmio Tpyb;
m,, — OTHOCWTeNbHanA xapakrepucTuka BecTpyGHoro kpasn TpybHoi peLleTky;
m; — kodhdUUMEHT BAMAHWA naeneHna Ha narub 1-ro conaxua, Mm2
m, — KO3 PUUMEHT BRMAHNA AaBnenns Ha narvb 2-ro cnaHua, Mm2;
J; = MOMEHT NHepUWM NONEPEYHOTO CeHEHNUS TPYDbI, MM*4;
N — KonnuecTeo UMKNOB HarpyXXeHus 3a pacuyeTHbIi CPOK ciyxbb! (€CAK KONYECTBO LIMKIMOB HE OFOBOPEHO,
pexomeHayeTca NpnHumate N'= 2000);
N, — ocesas cuna, gencrayiouias Ha Tpyody, H;
[N].p— AoNyckaeman Harpy3ka Ha coefimHeHne Tpybbi ¢ pelteTkoi cnocoBom passansLoBky, H;
Nyom— YMCIO MMH3 (BONH) KOMNEHCaTopa;
ng— Ko3hdhuLmenT ANs onpefeneHns MakcMManbHOro Mambalulero MoMeHTa B nepdoprpoBaHHGR YacTy TpyG-
HO# peLleTku;
p — pacyHeTHoe AaBneHue 8 Kamepe annapara BodayWwHoro oxnaxgennn, MMa;
Prp — NPOGHOE AaBneHne NPy UCTILITaHWY B kamepe annapara BO3AyLHOro oxnawgaeHns, MiMa;
p,, — PacyeTHoe aasnexve B MexTpybHom npoctpaHcTee, Mla;
p, — pacyeTHoe aasneHve B TpybHom npocTpaxcTee, MlMa;
P, — PACHETHOE AaBNeHue, ABUCTBYKLEE HA PELIETKY KOXyXoTpybuaToro TenncobmenHoro annapara, Mia.
MpyHUMaETCH paBHLIM MAKCUMarbHO BO3MOXHOMY Nepenagy AaBNeHui, AeCTBYIOLMX HA PELUETKY;
Po — NpUBeAEHHOE AaBneHve Ha pewweTky, MIMa;
Py — NpuBeaeHHoe aasneHue Ha dnaxubl, MMa;
{p,] — ponyckaemoe 1abLITo4HOE AaBneHne 1Ua yCnoBui NPOYHOCTY KpaeBoi 30HLI CPepuieckoro HeoTBopTosan-
Horo gHuwa, MMa;
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Pg — ycvnue s wnunoKax nnasatowei ronosku, H;

Pt — ycunue B WinnLKax NNaealowein ronosky B yCNoBuax MoxTaxa, H;

P§ — ycusve 8 WinunbKax nnasaioulert ronosku B pabounx yenosmsx, H;

Q, -—— nepepeaniaalowan cuNa, pacnpeaerieHHasn no NepUMeTpy NnepgopupoBaHHON 30Hb! peLeTKN, H/MM;

Q, — PaBHOAENCTBYIOLLEN AABNEHUR, ASVCTBYIOWIErO Ha KPLILLKY NNasalowen ronoakm, H;

Q,— ycunve, pacnpeneneHHoe No NepuMeTpy koxyxa, H/mm;

Q, — nepepeabisaowiasn Cuna, pacnpepeneHHasn nNo kpaw TpyoHoW pewweTky, H/imm;

[¢)— nonyckaemasn Harpy3ka Ha eauHULY NNOUIAAM CeHeHUs TPYGHOro ny4ka U3 ycroaus npoyHocTu Tpy6, MMNa;

[q)s — Aonyckaemasn Harpyaka Ha eauHWLY NNOWaau ceveHnn TpyBHOTo Nyuka U3 yCnosua NPoYHOCTM Kpenne-
HUA TPy6ul B pewetke, MMa;

R — pagauyc rnba B yrny Kpbllku kamepbl annaparta BO3AYLLIHOTO OXNaXAeHUA (CM. puUcyHKu 16 —18);

R; — paauyc UeHTpa TAXeCTU Tapesku pnaHLia Koxyxa, Mm;

R, — panwyc ueHTpa TAXeCTH Tapenki (bnaHua kKamepbl, MM;

o — Pagnyc rnba npu BepLIMHE BONHLI KOMNEHCATOPA, MM;

S, — TONWWHA CTEHKN KOXYXa, MM;

S, — TOAWMWHA TPYOHOI peLLEeTKU B CEYEHUN KAHABKWN, MM;

S, 3KBUBANEHTHAA TOMUMHA BTYNKK (PNAHLA, MM;

§p, — TONWMHA TpyBHOM pelueTkn, Mm;

S1p — TONWMHA 1-i peleTKn, ecrniv Ase TPyBHbIe peLeTky OTNUNAEI0TCA APYT OT Apyra, MMm;

Szp — TONWMHA 2-7 PELIETKW, ecrvn f1Be TPYOHbIe PeLIeTKM OTIIMUAIOTCA APYT OT BPYra, MM;

Spr — TONWWHA TPYBGHON PEWETKM B MECTE YNNOTHEHUS NOA KONbUEBYIO NPOKNAZAKY, MM;

Sh — pacueTHas TONLUMHA TPYGHO PeeTKin, MM;

S; — TOrKHa CTEeHKU TPYObl, MMm;

§; — TONWMKHA CTEHKW KOXKYyXa B MECTE COEANHEHUSE C TPYOHOW pelueTkon unu ¢ pnaHuem, Mm;

S, — TONWMHA CTEHKN KAMEPbI B MECTE COEAVHEHA C TPYOHOI peLueTkon unn ¢ hnaHuem, Mm;

S1p~= TONUWMHE PELLETKN B 30HE KONbLEBON KaHABKK, MM;

Spep — TONWMUHA NEPErOPOAKM NO TPYGHOMY NPOCTPAHCTBY, MM,

S4nn— TOMUWMHAE AOHbBILIKA MNABaoLLER FONOBKY, MM; .

S14—TONWMHA TPYOHOW peLieTkn kamepbl annapaTta BO3AYLIHOMO OXNaXAEHWUA B NpeAenax 30HL! Nepdopa-
LAK, MM;

S, — TONWMHA TPYGHOI pelseTkv kKamepbl annaparta Bo3AYLWHOro OXNKAEHUA B MECTE YNIIOTHEHUR, MM;

S35 — TONUWWHA TPYBHOWM PELLIeTK KaMepbl annapaTa 803AYLIHOro OXNaXAeHNS BHE 30Hb! YINIOTHEHNS, MM;

S44 — TONLMHA JOHbILIKA KPbILLKM NS KAMep Mo pyucyHxkam 15 —18, TonwmHa 3afHeit CTeHku ANns Kamep no
pucyHkam 19—23, Mm;

S54— TONUWMHA CTEHKM KPLILKK B MECTE NPUCOBANHEHURA K PraHuy — AN Kamep No pucyHkam 15—17, Tonum-
Ha BEPXHEW ¥ HKHEW CTEHOK — Ans xamep no pucyHkam 20—23, Mm. [Ina kamep No pucyHkam 18 —19:
S54 = Ssa

Sga— TONWMHA chNaHLa KPbILUKW KaMEPbI annapaTta Bo3AYLWHOTC OXNaXABHUS, MM;

874 ~— TONLWMHA GOKOBO CTEHKM KaMepbl aNNapaTa BO3AYLHOro OXNAXAEHUS!, MM;

S, — TONWWMHA /- Nleperopoaky KaMeps! annaparta Bo3AYLIHOrO OXNAaXAEHWUN, MM;

T — obuwas TonwmHa NoNyKkQnbLa, Mm;

Ty — WUPKHA Wuna, mm;

Ty, Ty, Ta— koadbcpnumenTsl, yuuTelBaloWwme anuaHne 6ectpybHOro kpas v noanepxusatoLlite BriuaHue Tpyo;

t— BespaamepHslil napamerp;

t; — Liar pacnoroxeHusi OTBEPCTUN B pelueTke annapara BO3OYLHOro OXNaxAeHVs B NPOACILHOM Hanpasne-

HAK, MM;
tp — War pacnonoXeHna OTBEpPCTUH B pelleTke annapaTa BO3AYLIHOrO OXNaxXAeHUs B NONEPEYHOM Hanpasne-
HUK, MM;

t, — paccTosHWE MexXay OCAMU PAROB OTBEPCTUI, pacnONOXeHHbIX C 1BYX CTOPOH OT 11a3a, MM;

I — wiar pacnonoXeHUsA OTB)CTNA B pELLETKE, MM,

t, — CpeaHsas TeMnepaTypa CYeHku Koxyxa, °C;

t, ~— cpeaHnana Temnepatypa creHok Tpyb, °C;
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{, — Temneparypa c6opku annapara, °C (t, = 20 °C);
W — MmakcumansHbi npornG 1py0OHon petueTn, Mm;
[W] — ponycTumbiii nporud TpyGHOM peweTku, Mm;

Y — npornb Tpybuni, Mm;

Xiow Yiow— 0€3pasmepHble NnapameTpsl hopMet BONHLI KOMNEHCATOPA;

yf: — yrnoeas NnogaaTNMBOCTL KPbILWKY OT AEUCTBUA BRYTPEHHEro AaBnenus, 1/ H - mm2;
y“f — YrnoBas NOAATNIMBOCTL KPLILLIKK OT AeicTBUA 6onTosoro uarnbarowero momerTa, 1/H - Mm;
¥ — yrnoeas nonatNnBoCTb PeWeTkI T AEUCTRMA BHYTPEHHero AasneHus, 1/H - mm2;

y",: — yrnoBeas NoAaTNVMBOCTL peLleTky oT aercreun 6onTororo narnbaowera momerTa, 1/H - mm;

Vg — NuHeitHas nodaTriueocTs wWnnnek (Bontos), MM/H;

Yo — NUHENRHAR NOAAaTAIMBOCTL NPOKNAAKN, MM/H;

Y — Yrriosas nofaTiMBoCTk thiaxua (NonykonsLa) nnasatowed ronosku, 1/H « Mm;

Z — 4ncno psgos Tpy6 B NONEPEYHOM Hanpasnexny;

O —- KOIHPULMEHT KECTKOCTH HNAKLEBOTO COSANHERWS NNABAIOLLEIN FONOBKN NPX HAIPYXEHUW BHYTDEHHAM AaB-

neHnem;

o, — KOOdh MLMEHT NMKENHOro pactipeHus MaTeprana Koxyxa npu remnepatype t,, 1/°C;

0., — KO3hPULIMEHT NUHEAHOrO pacluMpeHna MaTepmana Tpyb npu temnepatype t,, 1/ °C;

B — Ko3thULMEHT crcTeMbl pelueTka — TpyBhl, 1/MM;

5 — yron HakoHa CTeHKv pacluputens (cm. puc. 6) ... °;

81 — KOO PULMEHT CUCTEMBI KOXKYX — peLueTka, 1/Mm;

{3, — koachdbuLmeHT cucTemsl obevanka -— dnaHey kKamepsl, 1/Mum;

By — pacueTHblA KO3hDULIMEHT, 3aBUCALUMIA OT COOTHOLLEHWS pa3Mepos GriaHLLa KpbILLKY NAaBaIoLLIEN FOSI0BKH,

Brom — CTHOLLIEH1E BHYTPEHHEro AuameTpa KoMrieHcaTopa K HapyHOMY uameTpy;

B, — OTHOWeEHWE AnameTpa KoXYXa k AMameTpy paclumpunTens,

B, — xoadbpnuMeHT hopMbI AHULLA KPBILIKW NaBalowed ronoskw;

¥y — XECTKOCTb (hN1AHUEBOT0 COBAMHEHNS NNasaoLLen ronosky, H/Mm;,

& — BbICOTA CBAPHOTO LWBA B MECTE NPYBAPKK TPy Dbl K peLueTke, Mm;

801 — TONLLMHA CTEHKW KOMNEHCATOPA, MM

Sp — TOMUWMHE CTEHKW PACLWNPUTENA, MM,

Ao, -— pasmax Nepsbix rnaBHbIx HanpsxeHud, MIMa;

Ao, — paamax BTOpbIX FFIAaBHbIX HaNpsxeHuA, MMNa;

Acy— pa3Max TpeTbux rMasHbIX HanpskeHuid, Mia;

Ap — nepenag AaBneHyin Mexay Xofamn no TpybHoMy npocrpaHcTsy, MlMa;

N — OTHOCUTENbHANA XapaKTepUCTUKA NNOWaaN peLLeTKIs annapara BO3AYLWHOIO OXNaxaeHUs!;

Ny Ty — KOIDDULNEHTBI BAIUSIHUS AABNEHWA Ha TRYOHYIO PeLLIeTKY CO CTOPOHBbI MEXTPYBHOro v TpybHoro npocT-

paHCTBa;
Np — K03(hPUUMEHT NOAATNNBOCTH dINAKUEBOro COEMHEHUA KPLILLKM W peLeTKU annapaTta BO3AYLLIHOMC OXNax-
LEHWs,

Ay — Be3paamepHan xapakTepucTUKa HarpyXeHus KpolLuKY annapara BO3AyuHOro oXnaxyeHns 60NToBbIM Naru-
BaroLLm MOMEHTOM;

A, — Be3pasmepHan XapakTepnCTHKA HArPy)KeHWA PELLETKM annapaTa B03AYLIHOMO OXNaXAEH!S GONTOBLIM U3rK-

6310WNMM MOMEHTOM;

A — napameTp, UCNOMNbL3YEMBIA PV pacyeTe Ha MPOAONbHbIA U3rns:

A, — OTHOCKTENbHAR WwnpuHa 6ecTpyBHOro Kpan pelleTkW annapata BO3AYWHOTO OXNaxAeH!s;

A, — napameTp, UCnonb3yemblit Npw pacyeTte npornba Tpy6bI,

 — NPUBEAEHHOE OTHOLLEHUE XECTKOCTW TPYE KIKECTKOCTH KOXYXa,

1 — NpvBeEHHOE OTHOLLEHWE KECTKOCTU TPYD K XKECTKOCTU (PraHLeBOro COeAUHEHMS;

Ot — n3arnbHble HaNpsXeHus B TPYBHON peleTke B MECTE COAUMHEHUS C KOXYXoM, MIa;

Tpp — MAMBHBIE HANPSIKEHVA B NepcopnpoBaHHO YacTn TpySHOM pelweTkn, MMa;

Oy — MEMOPAHHLIE HANPIKEHUA B KOXKYXE B MECTE NPUCOSAUHEHUS K PeLIETKE B MEPUAUOHANEHOM Hanpaane-
Huu, MMa;

Oy — N3TMBHbIE HANPAXEHUA B KOXYXE B MECTE NPUCOEAMHEHUN K peleTKe B MepnavoHanLHOM Hanpasne-
Huy, MMa;
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Opp — MEMBPaRHDBIE HANPSKEHUS B KOXYXE B MECTE NPUCOEINHEHURA K PELUETKE B OKPYXHOM HanpasneHwu, MMa;
Cup™— N3rMBHLIE HaNPRXEHNS B KOXYXE B MECTE NPUCOBAWHEHUA K DeLLETKE B OKPYXXHOM Hanpasnewuu, MNa;
01— CYMMapHbie HanpsxeHus B TpyBax 8 ocesom Hanpasnenny, MMNa;

on — MembEpaHHbie HanpskeHWs B Tpybax B oceBOM Hanpaanexun, MMa;

Oz — MEMEpaHHbie HanpsbkeHns B TpyBax B OKPYKHOM Hanpasnexun, Mlia;

[0] — Aonyckaemoe HanpsXeHve ANk MaTepuana kamepst annapara BO3AYLWHOIO OXnaxaeHus, Ma;

[0a] — RONyCKaeMan amMNNUTYAA yNpyrux Hanpsike Hna, MMa;

[o]x — RONyckaeMoe HafpsikeHue ANs MaTepuana Koxyxa TennoobGmeHHoro annapara unu Kpeuk annaparta

BO3ayWHOro oxnaxaenvs, MMNa;

(o] — AOnyckaeMoe HanpsikeHe 4NA MaTepuarna pelweTki TeNNooGMeHHOro annapata wrn annapata BoagyLuHO-

ro oxnaxneHusi, Mia:

(c]y— AONycKaemoe Hanpsikexue ANA maTepuana Neperopoaky, MMa;

[0); — AonyckaeMoe HanpsbkeHve AnA matepuana Tpy6, MMa;

fal; — Aonyckaemoe HanpsbxeHue Ans hnaHua KpbILLKY NNaBaloiLen ronosku, MMa;

[6]4 — Aonyckaemoe HanpsxeHWe ANs AHULLA KpbILKKM Nnasatoulen ronoeku, Mia;

[o]§° — flonyckaemoe HanpskeHue ans 6017108 (LWnunek) npy 3atskke, MMa;

[o]{; — [Aonyckaemoe HanpsbkeHue ana Gontos (wWnunek) B pabouux ycnosusix, MMa;

1,1 — KacaTenbHbIe HanpsiKeHus B TpyGHOW pelieTke B MeCTe CoeauHeHs ¢ koxyxom, Mila;

Tpz — KACATENbHLIE HANPAXEHWS B nepgopupoBaHHON YacTi TpyBHon pewwetku, MMNa;

¢— HanNpPRXeHHA CPe3a 8 LWBe npuBapku Tpybul K pewerke, MMa;

1 — OTHOCUTEeNbHanA XapakrepucTuka nnoulagn ceveHns TpYﬁbl annapaTta BO3aywWHOro OXNaXxaeHun;

&4, Oy, 3 — ko3pbuLMEHTHI, yUNTLIBAKDIWME NOAREPXUBAIOLLEE BNUAHVE TPYG;

» — KO3 PULMEHT NPOHHOCTM CBAPHOTO LLIBA;

©1- P — K03 PUUNEHTH POPMBI KpLILIEK KaMEP aNMapaTos BO3AYWHOM OXNaXAEHNA (CM. pyucyrkm 15 —18);

§c— KO3 DULMEHT NPOHHOCTH WIBA NPUBAPKK TPYGL K peLueTke;

@p — ¥03hchruMeHT ocnatinenns peweTok KoKYXoTPYBHaTLIX TENNOoGMEHHBIX aNNAPaTos C HENOABWKHLIMUA TPYB-
HBIMW PELLIETKaMMN 1 KOMMEHCATOPOM Ha KOXYXeE;

o —adexTvBHLIA KoahUUMEHT ocnabneHns peLeTok KOXyXoTpyEHaTbix TennooGmeHHBIX annapaTtos ¢ nna-
Batouleir ronoskon 1 U-06pasHbimu TpybaMu 1 peweTku v 3anHei CTEHKK kamep annapaTtos BO3AYWHAro
OX/1KACHUR,

@1 — KOIMDMUNEHT YMEHbLIBHUA QONYCKAeMOro HaNPRXEHNA NPy NPOACABHOM Harnbe;

Y Ao — KOIPPULMEHT CONPATUBNEHUA (PNAHUEBON HACTV KPbILWKA annapata BO3AYLUHOIO OXNaKAEHNS,

¥yp — Be3pasMepHan XxapaKTepucTuKa HarpyXeHnsi KpbIlUKY annaparta BO3AyWHOr0 OXNaXAeHWA AasneHreM,

AEWCTBYIOLWMM Ha ee hnaHLEeBYIo “acTb,

Yp— bespazmepHas xapakTepucTvka HarpyXeHUs pelieTkv annapara BO3AyLWHOr0 OXNaXOEHUS NaBNeHUEM,

pencTaylowmm Ha 6ecTpybHyto 30HY;

W — Yron Mexay kacartesfnsHon K ChepudeckoMy CErmMeHTy B KPaeaoii 30He AHMLLLA KPbILIKW NNaBalouiei ronoBku
¥ BEPTUKANLHON OCbio, rpaf.;

Yo — KOAPDULMEHT KECTKOCTH NEpPHOPUPOBEHHON NNUTb,

Q — koadhcyumeHT Hecyulen cnocabHocTy TpyGHOro Nyyka annapaTta BO3AYLWHOIO OXNaKAEHWA,

o — 6eapaamepHbiil napaMeTp cucTeMb! peweTka — Tpybbl.

4 O6uwme NONoOXeHUs

B HacToAweM CTanaapTe pacCMOTPEHb! CNEeAYIoLNe KOHCTPYKLUKA KOXYXOTPYGHATLIX TennoobMeHHbIX
annapartos: ¢ HENOABWKHBIMU TPYOHLIMY pelieTKamu, KOMNEHCATOPOM HA KOXYXE, annapartbl ¢ NNasalowen ro-
nobkoit, U-o6pa3Hbimu TpyGamu, a Take annaparb: BO3AYLUHOMO OXNaXAeHun C KAMePaMun PasLEMHOM 1 He-
Pa3sbLEMHOIN KOHCTPYKLUU.

Cranpapt no3sonser onpeaeniTb AonyckaeMelie Harpyki Npu rNoseposHOM PacyeTe U UCNONHUTENbHble
pasMepb! SNemMeHTOB annaparos Py NPOeKTUPOBaHUM,
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5 PacueTt 3neMeHTOR KOXYXOTpybOUaTbiX TennoobMeHHbIX annapaTos

5.1 PacyeTHbIe CXeMbl
OCROBHBIE TUNbI KOKYXCTPYBUaTbIX TennoobMeHHbIX annaparTos NpuBeaeHs Ha pucyHkax 1—6.

ALt

PucyHok 1 — Annapat ¢ HenoABWXKHbIMK TPYGHLIMY pelteTkamu

n iy

U 2l Bt

PuUcyHoK 2 — ANnapar ¢ KOMNEHCATOPOM Ha KOXyXe

xS 1

) e g

PucyHok 3 — Annapat ¢ paciuputenem Ha koXyxe
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PucyHok 4 — Annapar ¢ U-abpa3sHeimu TpyGamu

2l IS

Pucynok 5 — Annapat ¢ nnasalouleil ronoBkon

]
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PhcyHOK 6 — Annapar c KOMNeHCaTopoM Ha NNasalcLien ronoBke

5.2 TennooGMeHHbIe anNnapaThl C HEMOABWKHLIMKA TPYOHLIMU peleTKkami, KOMNEeHCaTOPOM MM
pacwmMpuTenem Ha Koxyxe

TonLMHB! TPYGHLIX PeLUETOK TENNOOBMEHHbIX annapaTos C HENOABYKHLIMA TPYGHLIMM pELLIETKAMM, KOMNEH-
CaTOPOM V1M PacLLMPUTENEM Ha KOXYXEe Ha3HayqaloTcs KOHCTPYKTUBHO C nocneaylowed NpoBepKoii no hopmynam
HaCTOALLEro pasfena craKaapTa.

5.2.1 BcnomMorartenbHble BeNIUYUHL]

5.2.1.1 OTHOCUTENLHYI0 XapaKkTepucTuky BecTpyBHoro kpas TpyGROR peLueTkM BeIMMCNAKDT NO opmyne

my =":T' (M

5.2.1.2 KoachpuumeHTb BAMSAHUA AaBneHus Ha TPYGHYIO peLleTky BLIMUCTISIIOT No diopMynam:
~ CO CTOPOHbI MEXTPYBHOro NpocTpaHcTBa:

Ny=1-—=5 (2)
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- CO CTOPOHB! TPYBHOr0 NPOCTPaAHCTBA:

. 2
i{d;~2sy)
=1 Mhr22s)
nr 4321 (3)

5.2.1.3 OcHOBHbIE XapaKkTepPHUCTUKN KECTKOCTV anemMeHToB TennoobmMeHHOro annapara.
Mopaynb ynpyroctv ocHoBaHuA (cvctemet TRy6) BoigucnsaT no diapmyne

szEyg"hl-'\u)‘ (4)

(p1BEAEHHOE DTHOLIEHME XECTKOCTH TPYG K MECTKOCTH KOXYXa BLIMUCARIOT NO hopMyne

Ky aql
pag. (8)

KoathpmLpeHTbI naMeHEHNS IECTKOCTU CUCTEMBI TPYDbI — KOXYX BLIMHCNRAIOT 110 (hopMynam:

Ky =1+Kg; (6)
Ko=1+K,. 7

Hns annaparos ¢ HenoABWKHbLIMKY TPYGHLIMKM pelueTkamu K ,; =K‘; =0.
Ans annapaTtos ¢ KOMNEHCATOPOM Ha KOXYXE, PaclivpUTENeM Ha KOXyXe U KOMREHCATOPOM Ha pacumpure-

ne K‘; " K; ONPEeAENAIOT NO NPUNOXKEHMIO A,
KoahuLMEHT CUCTEMBI PELWETKa — TPYDbl BRIMUCARIOT N0 (PopMyne

_182 AI_KVSD
B= s VVoE, - (8)

[ns TennooBMeHHbIX annapaTos ¢ ABYMS OTFMYAIOWNMIUCS APYF OT ApYra NO TONUIMHE KA MOAYSIO YNpy-
roCTH peLeTkaMu Ko MULUMEHT 3 BLISUCNAIOT NO hopMyne

K,
B=1,534ﬁ[-1—3—+ 1 ) (9)

3
Ep1spr EpaSp2

Beapasmephbii napaMeTp cucTembl peluetka — Tpybsl BBMUCHIAIOT No hopmyne
o = Pay. (10)
KoadhpuumeHTst ocnabnenus TpybHOI peLIeTkY ¢, g, HECTKOCTU NephopMPOBAHHOR NINTL) Yy, 8 TalKe
KOIIOULIMEHTLI CUCTEMbI KOXYX ~— pelueTka B4, obevaiika — thnaney kamepsl B, 1 KoadhLMEHTL XXECTKOCTH
dnaHLeBoro coeavHenus Npu uambe Ky, npusesieHs 8 npunokesnsix 5—E.

5.2.2 OnpegenexHne YCUIiii B aneMeHTax TennoobMeHHoro annapara
5.2.2.1 MNpusepeHHOe gasneHue py BLIMUCTISIOT No hopmyne

Po = [au (tu - tO) -0y ('1 - to)] Ky I+ [’]r ~1+ mcp +my (mn + 0'59 Kq)] Pr—
~Mu =1+ mg, + m, (m, +0,3p K,)l by, (11)
TAe My, -— KOI(PTOULIMEHT BAMAHNSA AABNEHUA Ha NPOAOALHYIO gedopMatmo Tpy6:
it e \2
mep =015 (12)

ay
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%o 5.2.2.2 MNpuseaeHHOE OTHOLLEHUE ECTKOCTU TDYG Kk )eCTKOCTV (PNaHLIesoro COSAUHEHUS BLISMCTIAIOT O
pmyne

_ K, aa,

Py= .
1 BEKQ,R, (13)

5.2.2.3 KoadhpnumenTsl, ynuTbIBaIOLIUE BUSHUE GecTpyBHOO kpas M NOAAEPKMBAIOLIME BAMsIHUE TPYE
®,, ¢,, O, onpenensior no vabnuue 1.

Tabnwuua 1— Koadhbduunentsl d,, d,, O,

w 0 05 10 1,5 2,0 2,5 30 35

@,y 2 2,0 2,06 2,28 2,79 358 45 5,39
@, 0 0,02 0,19 0,62 1,32 2,16 2,94 3,59
@, 0 0,19 0,76 1,65 2,75 3,76 4,65 5,36

Oxonvanue mabnuys! 1

(0] 4 5 6 7 8 9 10 >10
Q, 6,18 7,65 9,08 10,51 11,94 13,36 14,78 V20
P, 4,13 5,13 6,15 7.17 8,19 9.2 10.21 W
¢, 6,03 7,38 8,81 10,24 11,66 13,08 14,5 V26

5.2.2.4 3Hayenvs T;, T), T3 ONPESEnsioT N0 NPUNOXEHNIo XX B 3aBUCUMOCTH OT @ U 11, UAM BLIYUCASIIOT
no popmynam:

Ty=®,[m, +0.5(1+m,t)(t-1); (14)

T,=®,t; (15)

T3 =<D3m,,. (16)

e t=1+ 1,40 (m,—1). an

5.2.2.5 Uarnbaloumin MOMEHT ¥ NepepeasbiBaloulyto cuny, pacnpeeneHHse no kpaio TpyGHowW peweTku,
BLINMCAISIIOT N0 hopmynam:
- Ans narubarouwero MomerTa:

Mn=(a’) pi(Ti+oKo)-PoTe

3 (T1+qu)(T3 *P1)~T§! (18)

- ANA nepepe3biBaowWen cun.t:

po(Ta+py)- 11Tz
'(reoy ) (rs+en)-T3

h =

(19)

K
e Pr=FRS (P -moPr): (20)

14840y

m= 2ﬂ21 ' (21 )

i 1+By 1y
27 op3
1 202

(22)
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5.2.2.6 Narmbatowinit MOMEHT U NepepesbIBaloLLe CWbl, PACTIPEAENEHHbIE No NepuMeTpy NepdopupoBaH-
HOWM 30HbI PeLLETKY, BEINMCNAKT NO opMynam:
- Ans narnbaowero MoMeHTa:
MB=Mn"'(a—‘a1)Q; (23)
- ANA NepepesbIBaoWe CUbI:

Qe =m, Q. (24)

5.2.2.7 Ocesylo cuny n MarnBaiouuii MOMEHT, AeNCTBYIOLLnE Ha Tpy6y, BLIMUCNAIOT No hopMynam:
- ANA 0CeBoA CunbI:

T
Ny =" (nw aa =1 1)1+ ®1Q, + ,BM, | (25)
-ann HSrMGaIOLLlefO MOMEHTa:

E,JpB
M,=K51’1;(¢2 Q+ B3pM, ). (26)

[np — BBLINMCAIAIOT NO thopMynam, NpueeaeHHsIM B 5.2.7.4.

5.2.2.8 Ycunns B Koxyxe BbiuMCNAIOT N0 hopMynam:
- yeunve, pacnpegeneHHoe no repuMeTpy Koxyxa:

Q=5 p:-Qu (27)
- M3rnbAOLUNIA MOMEHT, PacpeneneHHbIN N0 NEPUMETPY KOXKYXa:
M= okep (T2 Ct TsbM ) 2 28)
- CyMMapHan OCEBan CUMa, AERCTBYIOWIAA HA KOXYX:
F =nDQ,. (29)

5.2.3 PacyeTHble HaNPSAXMEHNA B 3NEMEHTAX KOHCTPYKLIMM
5.2.3.1 PacqeTHbie CXeMbl NPUCOEANHEHNS PELLETKU K KOXYXY NPUBEAEHLI Ha pUCyHKaX 7—10.

hy
hl

— T k=12
ToA Ke=17 o= 1
7 Ve 2 !
/Z ' 781,, K=12}
E

A s s .

_D,-D. , D,+D. D,-D D,+D

bl_ 2 Rﬁ‘ 4 ' b1="T, R1=—HT.
S1p= Sy

PucyHok 8 — petueTka,

PucyHok 7 — pelueTka, npyea-
pexHas 8rasp K obevarike
KoXyXxa

26°

npuBapeHHas BCTbIK
K obevadike KoXyxa
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13

D
( K= 1,7
o a
D,-D. D,+D
b1 =T R1 = 4
8, =8, b, =0, R2=R1;h1=sp; $15= S,
PucyHoK 8 — pelueTka, BBapeHHan PucyHok 10 — peweTka, BBapeH-
BO thnaney HasA B KOXYX

5.2.3.2 PacyeTHble HaNPsKeHNA B TPYGHLIX peLueTKax.
HanpsxeHus B TpyGHOI peweTke B MeCTe COBAMHEHNS C KOXKYXOM BLINUCTISIOT NO (hopMynam:

- 3MMbHbie;
oyl .
(s10-¢) (30)
- KacaTencHble:
.. lai
p (sw—c)' (31)

HanpsokeHus B nepgopuposaHHON YacTH TPYOHON PELIETKU BbIMUCAAIOT No OpMynam
- narububle:

Opp= 6Mmax .

% oo 2
- KacarenbHbie:

-

2 olen=o) (33)

rae Mo — MaKcMmarikHbIN pacueTHLIH MarmBalouwmin MOMEHT B nepchoprpoBaHHOMN HacTW TPYGHON pelleTkit.
M
Mpnu -1,0 S%a‘l £1,0 M, BbuMCnsIOT No hopMyne
Mm=AL%-I, (34)
rae A— koadbuument, onpeaensemelil No NPUIOXeHWio I B 3aBUCUMOCTVA OT W U My

My
me=Te, (35)

npu % <-1,0 u ﬂgﬂ >1,0 Mpya, BbluucnsioT No hapmyne
a a
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Miax = B\'Ma{- (36)

rAe B — xoaththuLmeHT, onpenensiemstii NO Npunoxermio I, B 3aBUCUMOCTV OT 0 W Ng:

e =Far-. @37

5.2.3.3 HanpskeHWA B KOXyXe B MECTE NPUCOBAMHEHUS K PELLIETKE BLIMUCNSIOT NO hopMyriam:
- B MEPUAMOHANLHOM HanpaBneHnn:

MeMBpaHHbIe:
__la|
Opy = (81~c.()' (38)
U3rmbHble:
oSl o
ux (5'1—6,()2, (

- B OKPY)KHOM HanpasneHuu:
mMeMBpaHHbIe:

GM“’—(S1—CK). (40)
NarubHble:

Oup =030 41)

5.2.3.4 Hanpsxenva 8 Tpybax Bbl4UCNSAIOT N0 doopmynam:
- B OCEBOM HanpasneHuu:

membpaHHbie:
— 2
" n(d, ~s,)s, ¢
cymMmapHbie:
M.
o1=ay,+ 0. (43)
- B OKPYXHOM HarpasneHuu:
Oy —S; }maxy |y, |Puli 1or — Pu
oy, = rmsdnex{pt o pl}, (44)
5.2.4 Nposepxa npouHocTy TpyBHLIX pelieTok
5.2.4.1 MNpoeepKy CTaTU4ECKOK NPONHOCTW NPOBOAST NO hopmyne
max{tp: 1,,}$0.8[c),. (45)

5.2.4.2 Mposepky TpyBHO peLLeTk Ha ManouWKosyto npoMHoOCTL nposogaT no FOCT P 52857.6.

B cnyuae, ecnv B pacdeTe AOMKHA YHUTLIBATLCA NON3YHECTL MATEPUAsNa, AOFYCKaeTCsl NPOBOAUTL NPoBep-
KY Ha ManoumWKoByIo NPOYHOCTE NO npunoxeHuto [1.

MNpwv npoeepke TpyBHOA pelleTku Ha MANOUMKAOBYIO NPOYHOCTL CNEQyeT NPUHUMAT!

- 8 MeCTe CoeiuHEHUA C KOKYXOM

AO’1 = Tp1» (46)
AGZ = A0'3_ = 0, (47)

K, — cMm. pucyHku 7—10;
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- B nepoprpoBaHHOiA 4acTu

A0'1 = Upz, (48)
AG, = Aoy =0, (49)
K, =1. (50)

5.2.4.3 [N MHOFOX0A0BbLIX MO TPYGHOMY NPOCTPaHCTBY TENNOOGMEHHBIX aNNapaTos NPOYHOCTL TPYGHLIX

peweToK B 30He Na3a Nnoa Neperopoaky NPosepsioT no opMynam, NpUBeaeHHbIM B 5.6. Mpy aTom cneayeT
NpUHUMAT:

. o

5.2.5 NposBepka xecTkocTH TPYBGHLIX peleTok

NpoBepky NPOBOAST B CYHAnX, KOMAA K XECTKOCTU TPYGHLIX pelueTok NpeabaanAoTcA kakue-nubo aonon-
HUTenbHbie TpebobaHua, Hanpumep A9 aNnapaToB CO CTEKAOWEN NNEHKON, © Neperopoakammu No TpybHomy
NPOCTPAHCTBY, €CNU HEAOMYCTUM NEPETOK MEXAY XOAAMU.

Ycnosue xecTkoctu:

W=g i IT Qur TeBM|< W] (52)

PexoMeHayeMbie A0nNyCTHMbIE BEfTMuuHBI NPornBoB TPYGHLIX peweTok (W], MM, B 3aBUCMMOCTH OT AUaMeT-
pa annapara npyeeneHst B Tabnuue 2.

Ta6nnya 2 — [JonycTuMble BenvynHL Nporu6os TPyGHLIX pelteTok

D D206m 06M<D<1M 1M<D<2m D>2wm

W] 0,7 mm 0,9 MM 1,1 Mm 1,2 MM

5.2.6 Pacuet npouHOCTH U YCTOHYUBOCTH KOXYXa

MpoBepKy NPO4HOCTH KOXYXa B MECTE NPUCOEAMHEHMSI K PBLIBTKS CNeayeT NPOBOAWTE TONBKO AN KOHCT-
PYKLMIA, NPUBEAEHHbLIX Ha pucyHKax 7, 8 u 10.

5.2.6.1 Ycnosue cTatnyeckoi NPoYHOCTI KOXKyXa B MecTe NPUCOSAUHEHMS K pelueTke:

Oux < 1,3 [0}, (53)

5.2.6.2. NpoBepky KOXyXa Ha MNOLMKNOBYIO NPOYHOCTL B MECTE NPUCOBAWHEHWA K PBLLBTKE NPOBOAST NO
TFOCT P 52857.6. B cnyvae, ecnu B pacyeTe 4OIHKHA Y4MThiBaTbCA NOA3YYECTL MaTepuana, A0MycKaeTcs Nposo-
AUTL NPOBEPKY Ha MANOLIMKIOBYIO NPOYHOCTL NO NpURtoxeHuio [1.

Mpv nposepke koxyxa Ha ManoLMKNOBYIO NPOMHOCTL CINEAYET NPUHUMATD!

A0y = Oy + Oy (54)
Ao'z = GW + Uu(p; (55)
Aoy = 0; (56)

K,— cM. prcyHkn 7—10,

5.2.6.3 Ecnu ycrioBve NpOYHOCT KOXyXa B MECTE COIMHEHNA C peLleTkon o 5.2.6.11 5.2.6.2 He akinor-

HAETCH, MOXHO YCTAHOBUTL NepexoaHbii NOAC yeeNuueHHOR TONWUHL ANWUHOW He MeHee 2 ,jDs1 .
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5.2.6.4 B cnyyae, ecnu oceBas cuna B Koxyxe F < 0, cnegyer nposecTy NPOBEPKY KOXYXa HA MECTHYIO
YCTOMHUBOCTL OT AEHCTBMUA CxXumaloweit cunel F no FTOCT P 52857.2.

5.2.7 PacueT Tpy6 Ha NpOMHOCTb, YCTOWMMBOCTL M KECTKOCTL M pacueT KpenneHus Tpy6
B pelsetke

5.2.7 1 Ycnosue craTnueckai npouHOCTV TpyG:

max{o.; o2 }<lol.. (57)

5.2.7.2 Nposepky TPY6 Ha Manouuxnoeyio NnpoYHOCTL nposoast no MOCT P 52857.6. B cnyyae, ecnus npu
pacyeTe AOMKHE Y“MTLIBATLCA NONAYHECTE MaTepUana, RoNYCKAeTCs NPOBOANTL NPOBEPKY H3 MANoLMKIOBYIO
NPOYHOCTBL MO NpUoxeHWio fi.

{pw npoBepke TpyD Ha MaNOUMKNOBYIO NPOMHOCTL CNEAYET NPUHAMATL

Ag, = ay; (58)
AUZ = A0'3 = O, (59)
K, =1. (60)

5.2.7.3 Mposepky TPyD Ha yCTOMUMBOCTL NPOBOAAT B cryqae, ecim N, < 0. Ycnosane yCTORYMBOGTU:

S1r S ¢ (o), (61)

rae @, — Ko3tpDULIKEHT YMEHBLUEHUS A0ONYCKAEMOTO HaNpskeHNs Npy NpoAonbHOM Uarvbe, onpeaensie-
Mbit NO rpaduky Ha pucyHke 11, 8 3aBUCUHMOCTI OT A.

[k
A=K, JF ,
VE (- (62)
tae K. = 1,3 — ans pabounix yenoswi,

K,=1,126 — anst ycnosvid TMAPOUCnbITAHRNS,
Iz = 1— annA annaparos 6e3 rieperopoAok;

Ip = max {/zRIO-7/1R} — N§ annapaTos ¢ NeperopoKamy.

Pr

08

0,7

06

i -

03 —
02

0.1

10 15 20 25 30 35 40A

Pucyrok 11 — koapULUNEHT yMEHBUIEHUA AONYCKAEMOro HANPSKEHNA
npu NpoAoONBHOM M3rmbe

5.2.7 4 Npoeepka wecrkocTv Tpyd

MpoBepky NpoBORAT B CNYuANX, Korda KXXECTKOCTU TPyD NpedbsBnsAioT Kakue-NuBo A0NonHuTesIbHble Tpe-
©GoBaHus], HanpumMep Ans annaparoBs CO CTeKalteld nnexHKoit. Nposepky xecTkocTu TpyD NPOBOAAT TONLKO NPY
N, <0.

Mporv6 TpyBl BoMMCNSIOT NO dopmyne

|N7|' (63)

1ae A, — koabrumenT, onpegensiemblil no rpatbyky, NpUBEAEHHOMY HA pUCYHKe 12, B 32BMCUMOCTH OF Ay
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I}

I

5 I

=B (64)

3

<

rae Iy = /— ans annapatos 6e3s neperopoaoK B KOXyxe.

1
o= «1:;3 — ;NS annapatoa ¢ NeperopoAkamy,
A

Y
0.8
0,7 /
0,6
0,5
0.4
0,3 7
0,2
0,1

o 02 04 06 08 10X

Pucynok 12 — KoahdmumeHt Ans onpepenedva MakcuMansHoro nporuba TpySul

Bo Bcex cnyvasx nporu6 TpyGbt He AOMKEH NPEBbLILIATL 3a30p MeXAy TpySamu B nyyke U NPUBOANTL K NX
COMNPUKOCHOBEHWIO.

5.2.7.5 Nposepka NpouHOCTU Kpennexun Tpyobl 8 petueTke

Ecnu TpyBbt KpensaTea 8 peLueTKe C NOMOLLLIO Pa3BanbLOBKMY, AOMKHO BbINONHATLCA YCNOBUE:

Ny <IMp - (65)

fonyckaeman Harpy3ka Ha coefunHenme Tpy6el ¢ peweTtkoii [N, onpeaenseTcs Ha OCHOBAHWN UCTbITAHWA
WU MO HOPMATUBHLIM JOKYMEHTaM.

{1pv OTCYTCTEUU AaHHLIX O NPOHHOCTH BanbLOBOYHOO COGANHEHMSA ONYCKAETCH NPUHUMATS [N, no npuy-
noxenvio E.

Ecnu tpybhl kpenaTces K pewweTke cnocoGoM Npusapku NN NPUBapku ¢ NOABANLLOBKOW, ONXHO BLINON-
HATLCA YCIIOBHE:

INTI d, +4JM‘I’I

T S0 min{(c]:: [o}, (66)
e 0. = min {0,5; (0,95 0,2 Ig M)}. (67)

B cnysae kpennexus Tpyb k pewleTke cnocobom passansbLoskv ¢ 06Bapko AOMKHO BLINOAHATLECA YCNOBUE:

nax [%min{(ch: (o],,}w’ 6 Mo NIy }21_

1 N TN (68)
5.3 Tennoo6MeHHble annNaparthl C NNAgawwieR ronoBKoM
5.3.1 TonwwuHa Tpy6Hoi pelueTky B 30He nepthopaLim AOMKHA OTBEYATL YCIOBMID

s,2 s+, (69)

Den | P
-5 (et o

(g — dthcheKTUBHBIN KO dMUMEHT ocnabnetis pelleTki ONPeaensIoT NO NPUoXeHuo b.
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5.3.2 PacqeT aN1eMeHTOB nNasalolwen ronoesku (CM. pucyHok 13).

T
o ‘rn.k
N

NN NN

NN J
Manyxonsuo o .
a wl =
Q Qla

PucyHok 13 — 3nemeHTws nnasatouieit ronoskm

5.3.2.1 Yeunua, AefcTBYIOWINE Ha LUNUNLKY, U YCUnue Ha npoknagke. INposepka NPOHHOCTY LWNUAeK v
MPOKMNaAK1
MpoeepKy NPOMHOCTY LWNUNEK W Npoknaaku Beincnysiot no FOCT P 52857.4. Yeunus, neficTByloluue Ha

WINWMBKA NNABAIOLUE FOMNOBKM NPU MOHTaXe P 1 B paboumx yCnosnsax PE, U paBHOABHCTRYIOWLYI0 BHYTPEHHE-

ro pasnenus Q, enpepensiot no FOCT P 52857.4. Tipu a10M K03 b LIMEHTBI KECTKOCTH (hNAHLEBOro coeavHe-
Hua o v ¥ onpeaensioT no FTOCT P 52857 4, kak ans coegunerns chnaHua ¢ KpobiLUKo#, yrnoeas nogaTnueocTs
¢nanua (nonykonba) yg NPUHUMEETCA PABHOR HyNIo.

Yrnoeyk nopaTRMBOCTL Ciheprieckux HeoTbopToBaHHLIX Kpkillek onpeaensior no FOCT P 52857 4.

YINoByo NOAATNABOCTb KPbILEK C 3MIMNTUHECKUM AHVLLIEM, OTBEHAIOLWX YCNOBUIO h2,/Ds;, onpeaensiot
no FOCT P 52857.4, kak ans nrnockvx onaHLes ¢ NpsMOrA BTYRKOM.

Vrnoeylo noaaTNBOCTL KPbILWEK C 3ANUNTUYECKUM OHULLEM, OTBEHAIOWNX YCNoBUK h<"Ds1 , onpeaennioT

no MOCT P 52857 4, kak Ans cdepryeckon HeoTEoPTOBaHHOM KPLILLKK G PaARYCOM KPMBM3HLI, PaBHbLIM PagUycCy
KPUBU3HbI, B BEPLUMHE SNUNTUHECKOTO iHWILA B cooTeeTcTenK ¢ TOCT P 52857.2.

B cny4ae ncnonk3oBanvs NPUBaNoYHON NOBEPXHOCTY € LKMOM LWNPUHOW Ty, M NNOCKOR METANMINYECKOM
NPOXNaAKN LUMPHHON b, 3dPERTVBHYIO LIMPUHY NpOKNARKKU by BRINUCNRIOT No dopMyne

by =200 (71)

CpeaHvi aguameTp NNOCKON Npoknaaku O, | B cnyvae Kenosis30BaHua NPUBRANOYHON NCBEPXHOCTH C W=
NOM MPUHIMEETCH PaBHbLIM MOMTYCYMME HaPYXKHOIO M BHYTPEHHEr0 AWameTpos LWnna.

MNpoBepKy NPOMHOCTY WIWNEK W NPOKNaAkK NAaBaioLlen ronoskv BeinonwsioT no FOCT P 52857 4.

Ycunne Ha Npoknaake NnasatoLLEe roNoBKy B YCIOBUAX MOHTAXa PagHo:

F=P%. (72)
Ycunue Ha npoxnaaxe nnasawlen ronosky B paboyux yCnoBusix:
F=PE-Q, (73)

5.3.2.2 PacyeT Ha NpouHOCTE NPW AERCTBUY BHYTPEHHErO AaBNEHNA KDbIUIEK NNaBatoLLuX rofJoBOK co cdhe-
PUHECKMM HEOTEGOPTOBAHHBLIM AHULLEM BuinonHsitoT No FOCT P 52857.2 (NyHkT 6.5).

B cnyuae, ecnv ycnosve M<[M]npy pacyeTe Ha NPOMHOCTE KPbILLEK NNaBaloLuX ronoBok co cdepuyec-
KM HeoTBopToBaHHbIM AHrem no MOCT P 52857 .2 He BLINONHAETCA, AONycKaeMoe uabbiTouHoe AaBneHue w3
YCNOBWW NPOYHOCTW KpaeBoi 30HbI [p4] BbIMMCNAIOT NO chopmyne

] 2(sim-c)oloh [T+l
il {DBn+(S1nn"c)] Whe 7

ﬂD(Smn-‘C)z 75
Mlp=——5—"lols (75)

27—1559 209 18
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B = 0,5+———————th

D!Sm-m -—c) .

cosy

(76)

M, (M} v ¢ onpepensioT no MOCT P 52857.2 (nyHkr 6.5).

Pacuert chepuieckoro HeoTEOpTOBAHHOMO OHDLILLKA KPbILIKW HA AGACTBNE HAPYKHOTO A2BNEHNSA BLINOMN-
HaoT no MOCT P 52857.2 (nyHkT 6.5).

5.3.2.3 PacueT fonyckaemoro usbbiTo4HOro AaBNEeHUA W3 YCAOBUIA NPOYHOCTY KPAEBOMN 30HbI KPLILIEK C
IANNNTUYECKNM OHNLLIEM, OTBEHAIOWMX YCNOBUIO h <., /Ds, , BbIMOMHAIOT TaKXKe, KaK M AR KPbiLLEK NraBalowmnx

rONOBOK CO ChepuieckuM HEOTGOPTOBAHHLIM AHULLEM C PAAMYCOM KPUBU3HLI, PABHLIM P3ANYCY KPUBU3HL, B
BepLIMHE COOTBETCTRYOWETO INNAUNTUINEcKOro Anmwa no FOCT P 52857 .2 (nywkT 6.5). Mpw 3TOM W NpuHUMAOT
pasHbim 0.

PacyeT hnaHueBoi “acTh ¥ NPUMBIKAIOLIEN K HEW OTGOPTOBKW KPLItLIEK C 3NIMNTUHECKUM AHULLIEM, OTBE-

YaWMX yenosmio h < \}Ds , Boinonnsiot no TOCT P 52857 .4, kak nnockoro ganaluya ¢ NPsiMoi BTYNKOW.

PacyeT annunTU4EeCcKoro AHVWLE Ha BHYTPEHHee N HapyHoe nasneHus BoinonHaT no MOCT P 52857.2
(nyHT 6.3). |
5.3.2.4 Tomwuwny nonykonbtia (CM. pucyHok 13) onpeAensiioT U3 ycrnoeui uarvba no chopmyne

Dn . —
T> P_'s(ig?_).ﬂ_‘ﬂ +C, 7
2D,[0k

rae By onpepensiot no FOCT P 52857 4.
5.3.2.5 TonuumHy HauMeHbLLIEro CeveHUs NONYKONLLIA ONPeEeNsIoT na YCNOBUA Cpe3a no dopmMyrie

= L T
o= max{m, Zsmm}+ C. (78)

5.3.2.6 Pacuer no 5.3.2.2—5.3.2.5 cneayeT BLINONHATL Kak Ans paboyux YCNOoBWiA, Tak ¥ 4NA yCnoBui
MOHTaXa 10 NoAauv BHyTpeHHera aasnexus. [Npu pacyere B paboumnx yenoeuwsix criegyer npuHuMate Pg = Pg )

anpu pacqeTe B ycrioauax MoHTaxa Pg = Pg.
5.4 Tennoo6GMeHHbIe annapaTbl ¢ U-06pasibimu Ypydamu
5.4.1 TonwwHa TpyGHOW pelweTkn B 3oHe nepdopatimm AOMKHa 0TBEYATE YCrOBMIO:

Sp2sh+¢, (79)

D,
rne sh=2f e (80)

3]

@ ahexTnaHbIi KoadxpuLreHT ocnabneHns peweTiy, onpeaensoT no npunoxexuio B,

5.4.2 B cnyqae, ecnu K xecTkoCTV TpyBHbIX peleTok annaparos ¢ U-06pasrHbiMu TpyBaMu npeabasnsior
cnewpansHbie TpeGosaHUA (HEAONYCTUM OCTATONHLIA NPOTUE peLeTkn), PACHETHYI0 TONLMHY BbMUCAAICT NO dop-
myne

DC."
Py 23 +1,5”51—(Dc, n —281) Pp
p_ J___ .
Sp 0,8231 ‘PE[U]p maxi{1; J Dc' 28, 1—(06) (01 +¢E [Olp . (81)
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5.5 lononHuTenbHble TpeboBaHUs K TONWWHAM TPYBHLIX pelleTok

5.5.1 Mpw Hannuuv 6ecTpyBHON 30HbI (CM. PUCYHOK 14) NpuUHsTasn ToNWUHa TPYBHOMN pelueTkv A0nKHa ao-
NONHUTENLHO YOBNETBOPATL YCNOBWUIO

Sp> 0,50 —[gf]!; +C. (82)

/
H /
N /
\ -
| /
‘--l-"@ Dg=max{D{ ; DF)

PucyHok 14 ~— LuaMeTp OKpYyXHOCTH, BNUCAHHOW B MakcuMankehyo BectpyBHyo nnowaab

5.5.2 Tonwu+a pelleTok annaparos ¢ nnasaiouwlen ronoskoi 1 U-oBpasHbimMu TpySamu B MECTE YNNOTHEHUA
1104 KOJibLIeBYHO NPOKMAAKY AOMKHA OTBEYATD YCNIOBUIO

2, De. P
sp,Zmax{O.'MJ ‘Eo]: n (Dc-" —DB) ; 0'5D°~"TE%;]+C' (83)

5.5.3 [Ins MHOroxoa08BbIX No TPYBHOMY NPOCTPaHCTBY annapaToB TORWMHA TPyOHOW petueTkn B Ce4eHUNn
KaHaBku QOrmkHa buITs HE MeHee

S Z(SP—c)max{P - %(—%— 1)]: Jo }+c. (84)

5.5.4 ina Tpy6HbIX peLlIeTOK, BLINOMHEHHbIX 3204HO0 ¢ ONaHLEeM, NPUHATAN TONLMHE JOMKHA BhiTb He Me-
Hee TONUMHLI KOSbUa 0TBETHOro chriaHua. flonyckaeTes YMEeHbLUEHWE TOMNLMHBI PELIETKM MO CPABHEHIIO C TONLW-
HOW OTBETHOTO (hNaHLa NPy YCNOBUK NOATBEPKAEHNA NACTHOCTH U NPOYHOCTY (HrIaHLLE BOTO COEAUHEHUR CneLn-
anbHLIM pac4eToM.

5.6 NMeperopoakm mexay xonamm no ToYSGHOMY NpocTPaHCTBY KOXKYyXOTPYB4aTbiX TENN00GMeHHbIX
annapartos

TonwwmHa neperopoakut AOIPKHa OTBEHATL YCNOBWIO

Suep2071Bog, ‘?f,’]: +c, (85)

e fnz_%—i_ﬂn—z_ (86)
Buep , (Bhep
1+ Loep +(Lnsp)
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6 PacueT aneMeHTOB annapartoB BO34QYLWHOIO OXNaXAEHUA

6.1 Ycnosus npuMeHeHnA pacieTHbIX opmyn

6.1.1 PacueTHsle hopMyrbl NPUMEHSIIOT, ECNWU PacHETHAA TEMNEepaTypa He NPEBLILLAET 3HAYEHUIA, NPY KOTO-
pbix BO3HMKaET nondywecTb marepuanos (FOCT P 52857.2, nyHkr 5.2.2).

6.1.2 PacueTHble hopMynbl NPUMEHAIOT, ECAN PA3HOCTL TEMNEPaTYP MeXAY CMEXHLIMU fIOTOKaMU B MHOTO-
XOA08LIX CEKUUAX He npestiaer 100 °C.

6.1.3 PacueTtHbie hopMynbl APUMEHSIOT NPU BLINOCIHEHWU CReayiolnx YCIOBUA:

3A7C g4
S4A—C
<04, (88)

6.1.4 PacueTHbie hopMyribl NPUMEHSIIOT, Cn 0Becnerero caobodHoe NepeMelLeHe nyyKka B peaynerare

TeMnepartypHbIX YANMHeHWA.
8.1.5 JonyckaeTcs UCNoNbL3oRaTh pacieTHbIe hopMyIbl AN aHANOrUUHEIX CXEM KaMep anfnapaTos Bo3-

AYWHOro OXNaxaeHus, He NPUBeAeHHbLIX Ha pUCyHKax 15—23.

V \ AN

L

S24 .
ZENN S34 F_»L Saa o
|

S4A

By
By
8,
B,
»
SOSVISSIN NS
N | AN
By
LA L
-{ y
N
3

C
< — 7 o \\\
nﬁ Q d’ dﬂ m 777, m \\\
$4 %i - S14
N ,! {/
-E R
T Y
. X
: R
#, Sga S [S54,
S24 -
PucyHok 156 — Kamepa pasbeMHOW KOHCTRYKUMK PucyHok 16 — Kamepa pa3neMHOW KOHCTPYKumn

CO CBApHOW KPbILUKOM C NWTOW KPBILIKOW
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S24
fﬁﬁ Sga SoA
Q N
71 \\—\‘F P \
2 N
- [ -
T 7
1777 | e 1
{ 7,
&7/ R ;tzz ,,Béll
r. 4 844 t ’
T H || o[ o5 |5 -
< ol o | o| A Y74
RUNRLE N DR 4] / 7 A N =
{ R éﬂ/; 314
(3 P | L) A
A N 7 .
77 < 4A
{{ S5A v \
[/ \
—
s. S
Y 3A 6A,
PucyHok 17 — Kamepa pasbemHoi PucyHok 18 — KaMmepa paibeMHOR KOHCTPYKLUMM
KOHCTPYKLWWU € NNTOM CO CBAPHON NONYLUWTUHOPUYECKOA KPbILIKOW

MK LITAMNOBAHHOW KPBLILLIKOA

6.2 PacyeT kamep pasbeMHOW KOHCTPYKLUU

6.2.1. CxeMbl kamep pasbeMHOM KOHCTPYKUMW NIPUBEAEHbI HA pyucyHKax 15—18.

6.2.2 Pacuert 3nemMeHTORB Kamep pa3beMHONW KOHCTPYKUUU

6.2.2.1 DopMynbl 4N onpeaeneHA BCNOMOTaTESNbHBIX BENAYMH AMNs pacyHeTa KamMep Pa3beMHON KOHCTPYK-
UWU NpyBeAEHsI B NpUNoxXeHuu XK.

6.2.2.2 Younue B GonTax (winunbkax) B yCnoBUAX axcnnyarauuy:

Fa=p[L,By+ 2bym (L, + B,)). (89)

6.2.2.3 Yevinue B bonTax (LWnunbKax) B yCNOBUAX UCNLITAHWS UK MOHTaXa
Fy =max{ 2% Fg: pog [npLs8y +260m (L, + B,)
o =Maxy=-=Fgi Pag Tt Sy +<00M Ly B )t- (90)

6.2.2.4 BenuumnHul L, u B, onpeaensiot no NPUNOXEHMIO K. Xapakrepuctvky npoknagku by v m— no
TOCT P 52857.4.

KoadbduumerT n, anna dnaHuesbix coeAUHEHNN C IKCUESHTPHHHO PACTIONOKEHHON NPOKNA[KOA B NEPBOM
NPUBNVIKEHNM NPUHUMAIOT PaBHbBIM 2. Y TOHHEHHOE 3HaYEeHNe ), ONpeaensioT no npunoxexuto W. Ecnn npeayc-
MOTpPEHbI CneunasnbHble KOHCTPYKTMBHbIE MEpb!, NO3BONAIOLINE Pa3rpy3vTh ANEMEHThI PAILEMHDIX KaMep OT AeN-
cTemns 60ATOBOro NarnbalwLLero MoOMeHTa, 10 Np MPUHUMALOT PABHEIM 1.

6.2.2.5 Ycnoave npoyrocTty wnunek (6ontos)

<ol (©1)
F
e < [olg. (92)

rae [6]%; [0]) — nonycraembie Hanpsokenns Ans MaTepuana wnnnek (GonTtos) no MOCT P 52857.4.
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6.2.3 Pacuer Tpy6GHoOM pewerku
6.2.3.1 Tonwwra TpyGHOW peiwseTku 8 npeaenax 30Hbl Nepdopauvn A0MKHa OTBEYATL YCIIOBUIO

5,420,718y [G] ‘KA +¥ +Qfo)+15‘p5(0] +cC. (93)

Be3apasmepHylo XapaKxTeprCTUKY HarpyXeHuUs pelleTKn 6onToBbiM MrMBatoLLIMM MOMEHTOM Ay BEIMUCIINIOT
no ¢opmyne
A= 4Bk
p(p+8,)87 4)

BespasMepHYIO XapaKTepUCT UKy HarpyXeHUs pelleTkn AaBneHueM, AeiCTBYIoUMM Ha BecTpyBHYIO 301y
W, BBIMMCTIAKOT N0 QopMyne

W, = Ay (A + 2). (95)

KoacbhmumeHT Hecywiei cnocobHocTH TpyBHOrO nyudka Q BeIMUCNSIOT No opmynam
npu pn < o7 [q)r!

p_
C=[h+pn (%6)
nps pn > @7 [l
2 - —p(2-
o en-ortair oy -p2-m} o7

plalr(1+or)

KoadbhrLMEHT, 3aBUCALLMIA OT COOTHOWEHUA CTOPOH NEpOPUPOBAHHON 30HLI PELLETKH fy, BLIMUCNAIOT NO

¢hopmyne

f =-—1~"~—2-.
Br [BTJ
1+ 27+ 7 (s8)
L
I, By, Ay, m w[qly onpegensioT no npunoxenmio XK, addextusHbi koadduumerT ocnabneHms ¢z —no
NPUNOXEHNIO B, KoabUUMEHT yMEHBLIEHWS 4ONYCKAEMOTO HARPSHKEHNRA NPY NPONOSbHOM narnbe ¢r—no 5.2.7.3.

Mpwn Q > 1 cnenyeT yBenuunearh TONLWMHY TPYD AN BbINONHEHUN yenosua Q<1.
6.2.3.2 TonuwHb! TpYOHOI peLueTkn B MECTE YISIOTHEHWS So4 W BHE 30HLI YNNOTHEHUA S34 JOSDKHBLI OTBEYATL

YCIOBUAM:
32A20,71 ‘# [G] "411 +1 5 [0.] +C' (99)
5342071 1’[0] 4y +1, 5[ o (100)

Yennue oT 6onTOBON Harpyakn Ha eAMHULY ANVHbI PELLIETKU Wk KPLILLKY F; BRIuUCNsIOT no chopMyne

“Tig R (101

6.2.3.3 Ycnosue NpoyHOCTUM KpenneHus Tpy6 B pellietke

[qls2p|ze —M+2zy (Ap+‘!’p)]. (102)
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KoatbpuumerTht Zp W Zy ONPEaensioT no rpacduky, NpUBEAEHHOMY Ha pucyHke 19 B aaBucvMMoCTH OT

BESM4MHDI
4 Br alusia
ws16 o (103)

ZF, ZM
40
3.0 //
Ze
20 Al /
» -
— 7
1,0 ¢
Zpm
0
08 16 24 32 ©
Pucysok 19

KoathduumeHTsin 1 v BoMncnsioT no XK.2 npunoxerns X.

6.2.4 Pacuer KpbilKH
6.2.4.1 TonwmuHa AOHBILKA KPBILLKK (CM. pUCyHKKM 15 —17) fomKHa OTBEHATE YCNOBUID

’ p Ayp + Pp +14 P
s4A20.71BOV[0Lp max ""Hx:'; Hy [+1570 e (104)

EeapaamepHyto XapaKTEPUCTUKY Harpy>KeH1A Kpbilik annapara Bo3AYLWHOIo oXnaxaeHusn 6onToBLIM N3ru-
6a0lLMM MOMEHTOM A, BBIMMCIAIOT MO hopmyne

oLt BB (105)

Be3paaMepHyto XapaKTepPUCTUKY HarpyXeHUs KobILIKK aBMeHeM, AENCTBYIOWMM Ha ee dNaHLeBylo YacTb

Wy BBIMMCASIOT NO (hopMyre
2 2
5] -] Lo H
‘i’xr[(',g; Niger, M5B ) - (106)

Koadphuunentel, 3aBUCALLNE OT COOTHOLIEHNSA CTOPOH KPLIWKK fy U £, BIMUCAAIOT NO (hopmynam:

f’;1+[§'3)1+(%]2: (107)
f,=0,5f,. (108)

KoatpcpuumeHT conpoTHRReHNs haHuUesoih yacTy KDbILLKK ,, BLINMCANIOT No hopMyne

Ko =—OL§{[1-5(B:1 ‘BO)‘SBA](:z_:)2+ [ (H—s“)+zs“J(:_:)z}' (19

6.2.4.2 TonmHa AOHbILIKA KPbILKA (CM. PUCYHOK 18) AOMKHA 0TREYaTHL YCNOBMIO

p
+0,5 +C.
% o)k (1)
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KoathdmumeHT CoNpoTHENEHWUS hnaHUEBON HaCTH KPLILLIKK %, BLMUCNAIOT No diopmyne

2
1, =28 [1'5(83‘80)‘36A}(§M') : (1)

Lpac S5A

6.2.4.3 TONWWHA CTEHKV KPbILWKWA B8 MECTe NPUCOEAMHERWUA K ChNaHLY A0MKHA OTBEYaTE YCNOBUIO,

’_FL 4l
542071 oL Vor 1o (112)

rae Fy — pacyeTtHoe ycunue, Boiumcnsemoe no popmyne (101);

X — KOBMAMUMEHT ANA KpbiweK (CM. pucyHKn 15 —17), Boivcnsemelid no opmyne (111);

Yip — KOSDDULMENT BEIMMCNMIOT NO hopmyne (109).

6.2.4.4 TonwmHy naHua KpbILUKM Sg, BLMMCISIOT NO dhopmyne (99) npu (o], = [o),.

6.2.4.5 TonuuHa GoKOBON CTEHKN Sy, KpbiLLek (CM. pUcyHku 15—17) QonmkHa oTee4aTh YCNoBuIio.

S74 2 Ssa, (113)
a Kpbilek (CM. pucyHok 18) — ycrnoeuio:
s7A2max{354; 0258, -[:—]Km}. (114)

6.3 PacueTt kamep Hepa3IbLEeMHON KOHCTPYKL UM
6.3.1 CxeMbil kaMep HepaIbeMHO| KOHCTPYKLIMM NpUBEAEHB! HA pUCYHKax 20—24,

S14

HEHEH
DA RN

Sia

PucyHok 20 — Kamepa Hepa3bemHOW KOHCTPYKUWK
C TIONYYMANHAPUIECKONH 3aHEN CTEHKOW
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l\\\:x,

1)

IS
\jn:
’

Ss54

O\t
B

By

T
NINVINN
1l

! - AN
S NN

Pucyrnok 21 — CeapHan xkamepa Pwvecynok 22 — UltamnocsapHas
6e3 neperoponok kamepa 6e3 neperoponok

NN

b 3
o £
<)
=) 1 /1 N
1 B
%)
&
S44
x\
> =l - &
S1a -
- - T777A
- [
2] =l _ (/,E -n*
SN Qk <\ N '
i NANNN
H S4a H SiL
PucyHok 23 — CeapHan PucyHok 24 — LitamnoceapHan
Kamepa C neperopoaKkamm KaMmepa ¢ neperopoaxamm

6.3.1.1 TonwwmHa 3agHen CTeHKN KaMmepsl A0IMKHa 0TBENaTL YCAOBNIO!

2
34,120,58”/@’)[—0—] ‘/;35’3[—01[1,5{—5:} }+c+cp. (115)
7

28—1559 21

26
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KoathhuumeHT f;, 3aBUCSLUMIA OT COOTHOLUEHNA CTOPOH 3a[iHeN CTEHKN KaMEPLI, BLIMMCHRIOT NO hopMmyne
2

2+[%]+(%]2' (116)

f3=

[1ns kamep C neperopofkamMu (CM. pucyHku 23, 24) f,=1.
PacueTHbIA nonepevHblit pamep kameput B, onpepnensioy no npunoxennio XK, achcpekrnsHbin koaddon-
umMeHT ocnabneHust pgz— no npunoxexnio b.
ToNWMHY PELETKN Sy 4 CRIEAYET NPUHUMATD
51 = S4a- (117)

6.3.1.2 TonwuHs BepxHen v HWKHER CTeHOK ANIR KOHCTPYKLWM, NPUBEAEHHDBIX HA puCyHKax 21 u 23, nonx-

Hbl OTBe4aThb yCNOBUO:
1l 4Pl 2H_ 1
Jtp lf3 +[c][¢ +1'5((P B2 ¢JEH}

H2
25, .
Jrs-s

a KOHCTPYKUMWIA, NpUBEAEHHBIX HA PUCYHKaX 22 U 24, — YCroBUIO;

+C,

+L(1+ 1§) (118)
o o

S5420,58, J%max

Ssn = Saa: (119)

6.3.1.3 TonLMHbI yeunusaioLnx Neperopoack 8 kKamepax (M. pucyHku 23, 24) AOMKHEI OTBEMATL YCNO-
BUIO!

" 2[a]min{(p;1—g,-ﬂ"'-} . (120)

6.3.1.4 TonwmHa 6okoBON CTEHKW AOMKHA OTBEYETL YCMOBMIO!

s7A20,71H\/% /an,sﬁam (121)

KoadpcpuumeHT f,, 3aBUCALLA OT COOTHOLLIEHWA CTOPOH BOKOBOI CTEHKU, BLIMMCNANT MO hopMyne

B0y =

6.3.2 PacyeT KaMep HepasbeMHOW KOHCTPYKLMK C NOMYLUMNUHAPUMECKON 3aHeR CTEHKOMN (CM. pucyHOK 19).

6.3.2.1 ToruuuHy TPyGHON PeLUeTkN S1,4 BbIMUCIAIOT N0 hopmyne (93) npu A =0.

6.3.2.2 TonumHy NonyuunMHaPUHECcKon aanHen CTEeHKN S, onpeaensiot no MTOCT P 52857.2, kak uununa-
puyeckoy obevainku, BHYTpeHHW AUaMeTp KOTOPO paBeH By.

6.3.2.3 TonwuHy BokoBOIl CTEHKU §;, onpeaensioT no dopmyne (114).

6.3.3 Ycnosvie npo4HOCTH KpenneHus Tpyb B pelietke:

fs

min{lg}; [q)s }2p (1-7), (123)
KoachbcbuumeHT N BuiuucnaioT no XK.2 npunoweHus XK.
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fIpunoxesne A
(o6sazarensroe)

Onpeaenexne ko3(ppnUUEHTOB NIMEHEHHNS KECTKOCTH K‘; ] K,; ANR annapaToB C KOMITEHCATOPOM
HA KOXYXE, paclipUTenem Ha KOXyxXe U KOMNEeHCaTopoOM Ha pacwupurerne

A.1 KoatbdpuuveHt K, onpenensioT Kak OTHOLLIGHWE OCEBOTo NEPEMeLLIEHNA KOMNEHcaTopa (pacwupurensl) npu

[ecTBUN PaCcTArMBaIoWER CUNbI K 0CEBOMY NEPEMELLIEHWIO KPaeB Kopnyca MexTpybHoro npoctpaHcTea 6e3 komneHca-
TOpa (pacwMpuTens) 01 AERCTBUA TOW Xe CUfibl.

KoadhpuumeHT K, onpeaensioT kaxk OTHOWEHWE OCEBOTO NepeMeLLeHnA kKoMNeHcaTopa (paclumpuTens) npu Aei-

CTBUW BHYTPEHHErO AaBREHWS K OCEBOMY NEpemMelleHnIo Kpaes Kopnyca MeXTpyOHOro npocTpaHcTea 6e3 koMneHcaTo-
pa (pacuvpwntena) oT AENCTBUA TOFO Xe AaBMNEHUA.

KoadhbruneHTbi K; u K;, ANA annapaToB ¢ KOMNEHCATOPOM Ha paclumpuTene AoNycKaeTcs onpenenstb, Kak
CYMMEI COOTBETCTBYIOLLMX ANA anNnapaTosB ¢ KOMMNEHCATOPOM W pacluMpUTernem.

Mpwn onpeaenenvu koadpduyneHToB K; | K;, He YUMTLIBAIOT BhUAHUE TPYOHOro nyuyka u paBHOAEACTBYHOLLYIO

BHYTPERHEro AaBNEHWSA, eACTBYIOLLYIO Ha Kpas kopnyca B OCEBOM HanpasBneHn.

Fonyckaetcs onpeaensate Ko v Kp © NOMOWIBIO YHCTIEHHBIX METOZL0B TEOPUN NNACTUH u oBonovex.

. -
A.2 [1nA annapaTtoe ¢ KOMIIEHCATOPOM Ha KOXyxe KO3DMUNEHTbI Kq n K, ponyckaerca BbYNCHATL NO hOPMY-

nam:
- nakEs
K _—_.—!_“:
9™ T Ko (A.1)
2
K= n(Diom “dxou)Exsx (A2)
P 48/aK,, ’
YKecTkocTh komneHcaropa K,,,, CNeAyeT onpenensnth 0 HOPMATUBHBLIM [OKYMEHTAM.
NS HeHOPMAanNM3oBaHHLIX KOMMNEHCATOPOB JONYCKAETCS BHIMMCNATL OCEBYI0 XECTKOCTL No opmyne
Evomdo
Koo —00m 4 (A3)
yom Fkom
_68Buon(1+ Beow)
me koM~ 3 A4
Cf (1 - ﬁmu) ( )
d
Brom= DWM . (A.5)

KOM

MapameTp xecTkoctu komnexcaropa C, onpeaensioT no rpaduky, NPUBEREHHOMY Ha PUCYHKE 25, B 33BACUMOCTH

oT
XKOM = 4rK0M BKOM
dxou (1 - ﬂxou) (A'S)
2]
Yion = 257 om o
R (e (a.7)
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<
40

0,15

0.1
0,09
0,08
0,07
0,06

0,05

A.3 [Ina annapaToB ¢ pacluMpUTEreM Ha koxyxe npu By = 90° koadbMumeHT K, ponyckaeTcs

topmyne

e

29

\

02
oy
N- 0.6
0.8

10

/)
/V/

N\

\\

N\
N\,

0 01 02 03 04

05 06 07 08 O

9 10X

N
N—- 3,0
AN

AN

3.5

4.0

KOM

PucyHok 25 — lMapaMeTp XecTKOCTH KoMneHcatopa C,

P) TE, pac
Kpac ﬁpD1 '
_D.
o= 3
E.S)
Kpac -'—"—B—z'“Ap.

A, — OnpepensioT no vabnuue A.1 B 3aBucumocTy OT 5;,‘

220

Bbl4WCNATL NO

(A.8)

(A.9)

(A10)

(A1)
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Tabnuua A1 —KoathcbuumeHtsl Ay

B, 0,51 0,52 0,53 0,54 0,55 0,56 0,57 0,58
. 234 26,0 29,0 32,3 35,9 40,1 44,8 50,0

B, 0.59 0,60 0,61 0,62 0.63 0,64 0,65 0,66

A, 56,0 62,7 70,3 78.9 88,8 100 113 128

B, 0,67 0,68 0,69 0,70 0,71 0,72 0,73 0,74

A, 145 164 187 214 245 281 324 375

B, 0,75 0,76 0,77 0.78 0,79 0,80 0,81 0,82

A, 436 509 597 704 834 996 1197 1451

B, 0,83 0,84 0,85 0,86 0,87 0,88 0,89 09

A, 1770 2190 2740 3460 4450 5820 7770 10600

A.4 ins annapaToB C pacluupuTENeM Ha Koxyxe npun 15° < i < 60° koadiprumeHT Kq' AOMNYCKAeTCH BbIYUCNATL NO

chopmMyne
D\
al Agy+A o =1 1-05(1-B, )L
. ("’ "WSKJ (1-85)L (A.12)

Ky = 1 ,

. [B"”B”z J%}a (A.13)
I B

a koahpuunent K ,; — no gopmyne

Kp =~
KoathepuLineHTs Ay, Ag2 Byt B, onpeAensiotcs no Tabnuue A.2 B 3aBncumocTy ot By (c. pucyHok 3) v ﬁp,
Tabnuua A.2 — BcnoMorarenbHble K03hPUUNEHTbI
B, B ﬂ“. Any A B By
15° 8,695 0,204 -1,452 0,488
30° 5,600 0,899 -7,650 2144
0,35 45° 5,939 2,436 --20,866 5813
60° 9,698 6,145 —60,596 14,664
15° 8,462 0,205 -1,825 0,457
30° 5,449 0,903 -7,278 2,010
0,36 45° 5,779 2,449 ~19,675 5,450
60° 9,438 6,177 -56,996 13,748
15° 8,235 0,207 -1,586 0,429
0.37 30° 5,303 0,908 -6,932 1,887
' 45° 5624 2,461 -18,575 5116
60° 9,185 6,209 -53,677 12,906
15° 8,014 0,208 -1,636 0,403
0.38 o 30° 5,160 0,913 —6,608 1,774
45° 5473 2,474 -17,557 4,808
60° 8,938 6,241 -50,609 12,129
15° 7,799 0,209 -1,677 0,380 B
0.39 B 30° 5,022 0,917 —6,306 1,669
' 45° 5,327 2,486 -16,612 4,524
60° 8,698 6,272 —47,768 11,412
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222

BD ﬁ(l Apt Apz Bpl sz
15° 7.589 0,210 ~1,709 0,357
0.40 30° 4,887 0,922 —6,022 1,572
45° 5,183 2,498 ~15,733 4,260
60° 8,464 6,303 -45,130 10,747
1§° 7,384 0,211 -1,733 0,337
0,41 3Q° 4,755 0,926 5,755 1,481
45° 5,044 2,510 _14,914 4,016
60° 8,236 6,333 42,678 10,131
15° 7,185 0,212 -1,751 0,318
0,42 30° 4,627 0,930 -5,504 1,398
45° 4,907 2,522 —14,149 3,789
60° 8,014 6,363 —40,393 8,558
15° 6,090 0,213 —1,762 0,300
0.43 30° 4,501 0,935 -5,267 1,320
45° 4774 2,534 ~13,434 3,577
60° 7,796 6,393 ~38,260 9,024
15° 6,800 0.214 -1,768 0,284
0.44 30° 4,379 0,939 ~5,043 1,247
45° 4,644 2,546 —12,764 3,380
60° 7,584 6,422 -36,266 8,527
15° 6,613 0,215 _1,770 0,268
30° 4,259 0,943 -4,831 1,179
0,45 45° 4,517 2,657 ~-12,135 3,196
60° 7,376 6,451 —34,399 8,062
15° €.431 0,216 ~1,767 0,254
0.46 30° 4,141 0,947 —4,631 1,115
45° 4,393 2,568 11,544 3,023
60° 7,173 6,479 ~32,647 7,627
15° 6,253 0,216 1,760 0,240
047 30° 4,027 0,952 4,440 1,056
' 45° 4271 2,580 ~10,987 2,862
60° 6,975 6,508 ~31,001 7,220
15° 6,079 0,217 -1,750 0,227
048 30° 3,914 0,956 4,258 1,000
’ 45° 4,152 2,591 ~10,463 2,711
60° 6,780 6,536 ~29,453 6,838
15° 5,008 0,218 ~1,737 0,216
30° 3,805 0,960 4,085 0,947
0,49 45° 4.035 2.602 9,967 2,568
60° 6,590 6,563 _27,995 6,479
15° 5,741 0,219 —1,721 0,204
0.50 30° 3,697 0,964 ~3,920 0,898
45° 3,921 2,613 —9,499 2,434
| 60° 6,403 6,591 -20,619 6,141
15° 5,577 0,220 -1,702 0,194
0.51 30° 3,591 0,968 ~3,763 0,852
45° 3,809 2,623 8,055 2,306
60° 6,220 6,618 -25,320 5,823
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- __ﬂp _B_Q Aot _ Apz Byt BPZ—_,
15° 5,416 0,221 1,682 0,184
0.52 30° 3,488 0,972 ~3,612 0,808
45° 3,699 2,634 8,635 2,190
60° 6,041 6,645 ~24,091 5,524
15° 5,258 0,222 1,659 0,174
053 30° 3,386 0,976 ~3,468 0,766
45° 3,591 2,645 8,236 2,077
60° 5,865 6,672 22,927 5,241
15° 5,103 0,223 -1,634 0,165
0.54 30° 3,286 0,979 -3,330 0,727
45° 3,486 2,655 ~7.856 1,971
60° 5,692 6,698 -21,824 4,973
15° 4,951 0,224 ~1,608 0,157
0.55 30° 3 188 0,983 ~3,197 0,690
45° 3,382 2,665 7,496 1,871
60° 5,523 6.724 ~20,778 4,720
15° 4,802 0,225 ~1,581 0,149
0.56 30° 3,092 0,087 ~3,070 0,655
45° 3,290 2,676 ~7,152 1,776
60° 5,356 6,750 ~19,784 4,481
15° 4,656 0,225 -1,552 0,141
0.57 30° 2,998 0,991 ~2,947 0,622
45° 3,180 2,686 —6,825 1,686
60° 5,193 6,776 —18,839 4,254
15° 4,512 0,226 —1,522 0,134
0.58 30° 2905 0,995 ~2,829 0,591
45° 3,081 2,696 -6,512 1,601
60° 5,032 6,801 -17,939 4,038
15° 4,370 0,227 -1,491 0.128
0.59 30° 2,814 0,098 ~2,716 0.561
45° 2,985 2,706 -6,214 1,520
60° 4,874 6,826 —17.082 3,834
15° 4,231 0,228 —1,459 0,121
0.60 30° 2,724 1,002 2,606 0,532
45° 2,890 2,716 5,929 1,443
60° 4,719 6,851 ~16,264 3,639
15° 4,094 0,229 1,426 0,115
30° 2,636 1,006 ~2,500 0,505
0,61 45° 2,796 2.726 5,656 1,369
60° 4,566 6,876 15,484 3,454
[ 15° 3,959 0,230 1,393 0,109
30° 2,550 1,009 —2,398 0,479
0.62 45° 2,704 2,736 5,394 1,300
B 60° 4,416 6,901 ~14,739 3,278
15° 3.827 0,230 ~1,359 0,103
0.63 30° 2 464 1,013 —2,299 0,455
45° 2,614 2,745 5,144 1,233
60° 4,268 6,925 ~14,026 3,111
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Bo Po Aps A B Bra
15° 3,696 0,231 -1,324 0,098

0,64 30° 2,380 1,016 ~2.204 0.431
45° 2,525 2.755 —4.903 1,170

60° 4,123 6,950 ~13,344 2.951

15° 3,568 0.232 ~7.289 0,093

0.65 30° 2,298 1,020 —2.111 0,409
45° 2,437 2,764 22,672 1,109

60° 3,979 6,974 ~12,691 2,798

15° 3,441 0.233 21253 0,088

0.66 30° 2216 1,023 —2.021 0,388
45° 2,351 2,774 74,451 1,051

60° 3,838 6.997 —12,065 2,652

15° 3317 0,234 1217 0,084

30° 2,136 1,027 21,035 0,367

0.67 45° 2265 2.783 4,237 0,996
60° 3,699 7.021 11,465 2,593

15° 3104 0.234 ~1.181 0,079

. 30° 2.057 1,030 21,850 0,348
0.68 45° 2,182 2,792 4032 0,943
60° 3.563 7.045 10,889 2380

15° 3.073 0.235 1,144 0,075

0.65 30° 1.979 1.034 _1,768 0,329
' 45° 2,099 2,802 23.834 0,893
60° 3.428 7.068 710,336 2,253

15° 2,954 0,236 ~1,107 0,071

30° 1,902 1,037 1,689 0312

0,70 45° 2.018 2,811 ~3.644 0.845
60° 3,205 7.091 29,804 2,131

15° 2.837 0,237 ~1.070 0.067

30° 1827 1,040 ~1.611 0.204

0.71 45° 1,937 2.820 23,460 0,798
60° 3,164 7.014 29,203 2.014

15° 5721 0,237 —1,033 0,063

30° 1,752 1044 1536 0,978

0,72 45° 1,858 2,829 --3,283 0,754
60° 3,035 7.137 —8,801 1,902

15° 2606 0,238 0,995 0,060

30° 1678 1,047 _1,463 0,262

0,73 45° 1,780 2,838 ~3.112 0,711
60° 2,907 7.160 8,327 1,794

15° 2,494 0.239 20,958 0.056

074 30° 1,606 1,050 ~1,391 0,247
45° 1703 2,847 —2.946 0,670

60° 2,782 7.182 7,870 1,691

15° 2383 0,240 0,920 0,053

0.75 30° 1534 7,054 1,320 0.233
45° 1,627 2856 2,786 0,631

60° 2,658 7,204 ~7.430 1,592
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Bp =L By ﬁn Apz Bp1 Bp:z

15° 2,273 0,240 ~0,882 0,050

0.76 30° 1,464 1,057 1,254 0,219

45° 1,552 2,865 2632 0,593

60° 2,635 7,227 _7.005 1,497

_ 15° 2,165 0,241 —0,845 0,047

0.77 30° 1,394 1,060 1,188 0,206

45° 1,479 2,873 _2,482 0,557

60° 2,414 7,249 6,595 1,406

15° 2,058 0,242 0,807 0,044

0.78 30° 1,325 1,063 1,123 0,193

45° 1,406 2,882 2,337 0,522

60° 2,295 7,271 6,199 1,318

15° 1,952 0,243 0,769 0,041

30 1,257 1,066 1,060 0,180

0.79 [ a5 1,333 2 891 2,197 0,489

60° 2,178 7,292 5,817 1,233

15° 1,848 0,243 0,732 0,038

0.80 30° 1,190 1,070 0,998 0,168

45° 1,262 2,899 2,060 0,456

60° 2,061 7,314 5,447 1,151

15° 1,745 0,244 0,694 0,036

0.8 30° 1,124 1,073 0,938 0,157

45° 1,192 2908 1,928 0,425

60° 1,047 7,336 5,090 1,073

15° 1,644 0,245 0,656 0,033

082 30° 1,058 1,076 -0,879 0,146

45° 1123 2,916 1,800 0,395

60° 1,833 7,367 4,743 0,997

15¢ 1,543 0,245 0,619 0,031

0.83 30° 0,994 1,079 0,822 0,135

45° 1,054 2,925 1,676 0,366

60° 1,721 7,378 4,408 0,924

15° 1,444 0,246 0,581 0,028

0,84 30° 0,930 1,082 0,766 0,125
45° 0,986 2,933 1,555 0339 |

60° 1,611 7,399 _4,084 0,854

15° 1,348 0,247 0,544 0,026

0,85 30° 0,867 1,085 0,710 0,115

45° 0,919 2,941 1,437 0,312

60° 1,501 7,420 3,769 0,786

29—1558
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MpunoxeHue b
(o6s3aTensHoe)

KoadduuueHTsl BNMAHKA nepcopauynn Ha napaMeTpbl TpYGHOU peweTkn

b.1 Koacppuymenr ocnabneHmna TpyGHOW pelseTkk npu pacyeTe KOXyxoTpyBuaTbiX TenroobMeHHLIX annapaTtos ¢
HENOABUXHLIMN TPYOHLIMM pelleTKamMn N KOMNEHCATOPOM Ha KOXYyxe BbINUCNRIOT No hopMyne

dy
(pp=1 - -f—

N (6.1)

B.2 3bhexTUBHLIA KOIPUUNEHT 0CNABNEHNA (g NPU PACHETe KOXYXOTPYBHaTLIX TeNNCOBGMEHHLIX annapaTos ¢
nnasaoiliei ronoexkol, U-o6pasibimu Toy6amu 1 annaparos BO3QYWIHONO OXNAKAEHWA BEIMKUCRAIOT no thopmyne

de
Pe=1- T (6.2)

voe dg = dy— 25, — AanA pelwerok ¢ Tpy6amy, 3aKpenneHHbIMy Ha BCIO TONLUWHY peLIeTtky;

dg = dy~ s, — AnA peweTok ¢ TpySamu, 3aKpennexHsIMN B YacT¥ TONLLWHBI PeLeTKM;
U= d; — AnA CTanbHbIX PEETOK C TPYGamu U3 LBEeTHBLIX METANNOB;
dz=d, — ana nepdopupoBaHHON 3afHed CTEHKW 8NNapaToB BO3AYLUHOTO OXNAXAEHWA.
B.3 KoadhbuumenT KecTkocTy nepdoprupoBaHHO NNuTLE Wy B 38BUCHMOCTH OT 11, NPpMBEAEH B Tabnuye B.1.

Ta6nuya B.1— KoadibuumeHr xecTkocT nepdopupoBaHHOi NNnTL! Yy

n, 0.4 0.45 0.5 0,55 0,6 0,65 07 0,75 0.8 0.85

Yo 0,12 0,15 0,2 0,25 0.3 0,37 0,44 0,51 0.59 0,68
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Npunoxerve B
(o6a3arenbHoe)

Onpepenenune KoathhUUMEHTOB CHCTEMbI KOXYX — pelleTKa, oGevanka — pnaHel kamepbl
# koadbuumneHTa XeCcTKOCTH (PNAHLEBOro CoRAUHeHUR Npu N3rnbe

KoadhprumenThl cucTembl koxyx — pelueTka, obedyainka — dnaHeL kamepbl W K0ADULIMEHT KECTKOCTH (DnaxLe-
BOTO COEAMHEHUR Nph uarnbe BbIMMCNAIOT Mo hoPMynam:

Bqi= L
oo (8.1)
1
B2 a5y (B.2)
_ByaEs]
Ki="55r, (8.3)
_PraEpsi
Kp=PeieEtz, (B.4)
Eih3B, [ Bih
Ko = -+K 1+———1 1). '
*1=TRE 1 5 {B.5)
Eph3B, ( By h
Koz = +K. 1+~3—2), B.
®2 12R2 2 5 (B.6)
Ko =Ko1+Kqz- 87)
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Mpunoxexue I
{o6n3aTenbHoe)

Koadpuumenrs 7y, Ty, T3, A 1 B, ncnonsayemsle 8 hopmynax Ans onpefenesns CUn ¥ MOMEHTOB
B 3NeMEeHTaX KoXyXoTpyGuaThix TennoobMeHHLIX annaparos

Koatbcpuumentt Ty, 7,, T 6 328MCHMOCTY OT @ M M, NpuseneHs: 8 Tabnuue M1, koatbhuimeHT A B 3aBMCUMOCTH
ot w um, — 8 rabnuue 2, koadbuunenT B B 3aBMCMMOCTU OT W W Ng — B Tabnuue 3

Ta6nuua 1 —Koadhuumentsl 7y, T Ty

m,

n o [os ] 10 15 [20 [ 25 Ia,oml 35 [ 40 [50 |60 | 70 [80 | 90 [ 100

1,0 | 2,00 | 2,00 | 206 | 2.28 [ 2,79 ] 3,58 | 4,50 ] 5,39 6,19 7,65 (9,08 | 105 (11,9 | 13,4 | 14,8
1,1} 2,20 | 2,35 | 2,59 | 3,07 | 4,02 | 551 |{7,39 | 944116 | 16,2 | 21,6 | 28,1 |35,6 | 44,3 | 54,3

1,2 | 240 | 2,73 | 3,21 | 404 | 561 (8,14 [ 11,5 | 1565|19,8 [ 30,2 [ 43.4 | 60,0 [80.4 | 105 | 134
1,3 | 260 [ 314 | 392 522|764 11,6 |17,1]| 239|316 | 50,8 | 76,3 | 109 [151 | 202 ) 263
14 | 280 | 3,59 | 474 | 6,65 [ 10,2} 16,0 [ 24,4 | 35,0(475 [ 792 | 122 | 179 |251 | 341 | 450
15| 3.00 | 407 | 567 | 835|133 | 21,6 [337(493]68,0 [116 | 183 | 273 {387 [ 529 | 703

T

1,0 | 0,00 | 0,02 | 0,19 0,62 ) 1,32 | 2,16 | 2,94 3,59/4,13 {513 }6,43 | 7,17 |8,99 ) 9,20 | 10,2
1,11 000 | 002022 075169292 4,18|5,36|6.46 |8,75| 11,3 | 14,2 117.4]| 209 | 24,6
1.2 | 000 [ 002 |0724| 088|206|368 |543(7,13{8,79[12,4 [ 16,6 | 21,3 [26,7| 325 | 39,0
1,3 ) 000 | 002 ] 0,27 | 1,01]244 | 444 | 6,67 |890(11,1 [16,0 [ 21,8 [ 2844 |35,9( 44,2 | 534
14 | 000 | 0,03 | 0,30| 114281521 |791|10,7|13.4 ] 19,6 | 27.0 | 355 |45,1 | 55,9 | 67,8
1.5 | 0,00 {003 )032)| 128318597 (916 ] 124|158 | 23,2 | 32.2 | 425 |54,4 | 67,6 | 82,2

1,0 | 0,00 | 0,19 ) 076 | 1,65 | 2,75| 3,76 | 4,65 | 5,36 6,03 { 7,38 | 8,81 | 10,2 |11,7 | 13,1 | 14,5

11| 000 | 021 |084] 1,81]302]|4,14 511590663 8,129,609 | 11,3 |12.8 | 144 | 159
12 | 0,00 | 023 | 0,97 | 1,98 | 330 | 451 | 5.58 | 6.43 |7 24 8,86 | 10,6 | 12,3 [14.0 | 157 | 17,4
1,3 [ 0,00 ; 0,25 | 0.99 | 2,14 | 357 | 4,80 [ 6,04 [ 6,97 7.84 | 9.50 | 11,4 | 13.3 |15.2 | 17.0 | 18,8
1.4 | 000 | 027 | 1,08 | 2,31 | 385|526 | 6,51 | 7,50 (8,44 | 10,3 | 12,3 | 14,3 |16,3 [ 18,3 | 203

16 | 000 1028 | 1,14 | 247 | 4,12| 564 |6,97 | 8,04{9,04 | 11,1 | 13,2 | 154 |175 [ 19.6 | 21,7
[ | 419 "
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Ma
0.5 1,0 1,5 2,0 3.0 4,0 5.0 >10
-1.0 0,726 0,754 0,783 0,813 0,858 0,878 0,885 0,898
-0,9 0,656 0,683 0,712 0,740 0,781 0,797 0,802 0,811
-0,8 0,586 0,613 0,641 0,668 0,705 0,716 0,720 0,724
-0,7 0,516 0.543 0,570 0,596 0,628 0,636 0,637 0,637
~0,8 0,446 0,473 0,500 0,524 0,551 0,555 0,554 0,550
—0.5 0,376 0,403 0,429 0,451 0,474 0,474 0,471 0,463
-0,4 0,306 0,333 0,358 0,379 0,397 0,393 0,388 0,376
~0,3 0,236 0,262 0,287 0,307 0,320 0,313 0,305 0,289
-0,2 0,166 0,192 0,274 0,355 0,305 0,273 0,289 0,308
—0,1 0,096 0,216 0,338 0,408 0,337 0,319 0,338 0,359
0 0,144 0,284 0,402 0,461 0,376 0,370 0,392 0,414
0,1 0,214 0,353 0,466 0,514 0,420 0,426 0,450 0,474
0.2 0,284 0,422 0,530 0,567 0,470 0,485 0,511 0,537
0,3 0,354 0,491 0,593 0,620 0,523 0,546 0,575 0,603
0.4 0,424 0,559 0,657 0,672 0,580 0,610 0,641 0,671
0,5 0,494 0,628 0,721 0,725 0,639 0,677 0,709 0,742
0,6 0,564 0,697 0,785 0,778 0,701 0,745 0,779 0.814
0,7 0,634 0,766 0,849 0.831 0,765 0,814 0,851 0,888
0.8 0,704 0,834 0,913 0,884 0,830 0,885 0,923 0,963
0,9 0,773 0,903 0,977 0,937 0,896 0,956 0,997 1,040
1,0 0,843 0,972 1,041 0,991 0,964 1,030 1,071 1,117
Ta6nuya N3 — Koachdwymnent B
w
Ng
0.5 1,0 1,5 2,0 3,0 40 5,0 >10
1,0 0,843 0,972 1,041 0,991 0,964 1,029 1,071 1,117
09 0,829 0,943 1,000 0,949 0,940 1,000 1,040 1,083
0,8 0,815 0,914 0,960 0,908 0,910 0,971 1,009 1,051
0.7 0,800 0,886 0,920 0,871 0,884 0,944 0,979 1,020
06 0,786 0,858 0,880 0,836 0,860 0,918 0,951 0,990
0,5 0,771 0,829 0,840 0,804 0,839 0,894 0,925 0,963
0,4 0,757 0,801 0,799 0,777 0,819 0,871 0,900 0,938
0,3 0,742 0,773 0,761 0,754 0,802 0,852 0,878 0,915
0,2 0,728 0,744 0,732 0,737 0,789 0,835 0,860 0,896
0,1 0,714 0,716 0,714 0,727 0,780 0,823 0,846 0,882
0 0,700 0,702 0,709 0,725 0,776 0,816 0,837 0,874
0,1 0,703 0,707 0,716 0,732 0,778 0,815 0,835 0,873
-0,2 0,705 0,712 0,723 0,741 0,787 0,821 0,841 0,876
-0,3 0,708 0,717 0,730 0,750 0,796 0,828 0,846 0,879
-0,4 0,711 0,722 0,738 0,759 0,805 0,835 0,852 0,882
-0,5 0,713 0,728 0,745 0,768 0,814 0,842 0,857 0,884
—0,6 0,716 0,733 0,753 0,777 0,823 0,850 0,863 0,887
-0,7 0,718 0,738 0,760 0,786 0,832 0,857 0,869 0,890
-0.8 0,721 0,743 0,768 0,795 0,841 0,864 0,874 0,893
-0,9 0,723 0,748 0,775 0,804 0,849 0,871 0,880 0,895
-1,0 0,726 0,754 0,783 0,813 0,858 0,878 0,885 0,898
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fipunoxerue [
(obaszaTenbHoe)

Onpeaenexue AONyCKaeMoH aMNNUTYOb! YCNOBHbLIX YNPYrUX HanpskeHun
npu paboTe MaTepnana B yCNOBWAX NON3yvecTn

Mpu Temnepatype paccuMTLiBagMbix INEMEHTOB TENNOOGMEHHDIX anNaparos U3 HA3KONErNPOBAHHBIX M KOppo3n-
OHHO-CTOMKUX XpOMUCThIX cTanei ot 420 °C no 500 °C fonyckaeTcn onpeaensTb [o,) no rpacbuky, npueeneHHomy Ha
pucyHke .1,

10 e

5

3
2

10*3

2
?lr.:;\ 450 °C

+1

1023 5 10223 5 10023 5 10%23 5 1023 5 10%23 5 107

PucyHok [.1 — PacueTHble KpUBbIE YCTAnocT ANK HU3KONErMpoOBaHHLIX U KOPPOIUOHHO-CTONKMX XPOMUCTLIX CTanei
NPY ANUTENBHOCTH HarpyxeHus 2 . 105 y

Tlpn TeMnepaTypax paccuUUTHIBAEMbIX 3N8MEHTOR U3 ayCTEHWTHLIX cTanen ot 525 °C po 600 °C ponyckaercs
onpenensiTe [o,] o rpacouky, NPUBEAGHHOMY Ha pucyHke [,2.

10 o

T

N WO
o+
-
9

/ =
C Nane
600 °C/f

+1 1 |
10''2 3 5 10223 5 10%23 5 10235 1023 5 10%23 5 10"

PrncyHok [1.2 — PacyeTHLIE KpUBbIe YCTANOCTH XOPPO3IUOHHO-CTONKUX CTaneh ayCTEHUTHOFO KNacca Npu ANMTENbHOCTM
Harpyxexns 2 - 105 4
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Ecnu TeMnepatypa paccmarTpuUBaeMblx GNEMEHTOB U3 YrNepoanCTLIX CTanew npessiwaet 380 °C, U3 Huskonermpo-
BaHHDBIX KOPPO3UOHHO-CTONKUX XPOMUCTBIX cTaned — 500 °C u 13 aycTeHuTHeix cranei — 600 °C, cnegyeT npy esinon-
HEHWUW pacyeTa 3NEeMEHTOB TeNNOOOMEHHbLIX annapaTtoB Ha ManoLMKNOBYIO YCTanocTb NPUHAMATL:

[0, =0,65[c}, (a.1)

rae [o] — AonyckaeMoe Hanpsxenne no FOCT P 52857.2 gnA paccuUTHIBAEMOrO aneMenTa Npr pacyerHol Temnepa-
TYpe.

Mpunoxenune E
(cnpasounoe)

Honyckaeman Harpyaka Ha BanbLOBO4YHOe CoeAnHeHne Tpybbl € peleTkol
MNpu oTcyTcTBUM Gonee TOUHBIX AaHHBIX AONYCKAETCA BbINUCNATL AONYCKAEMYI0 HArPy3Ky Ha BankLOBOMHOE COeLv-

HeHue Tpybsl C pewseTkon no dopMmynam:
- ANS rNaAko3aBanbLOBaHHbIX TPY6:

.| .
[Nl =0.51 5, (0 - 5y )min { ﬁ; 1.6} min {{c],: (c], }; (E.1)
- ANR TpYB, 32BaNLLOABAHHLIX B NA3LE NPU HANMYMA ONHOIO NA3a:

[NYip =0.6n 5, (dr ~ 57 )min {[o];: o)}, E2)

HO HE MeHee, YeM NS TaKoro e COBAVHEHNS IMagx03aBanbyoBaHHbIX TPy,
- Ann TpyB, 328aNbUOBAHHbIX B Na3bl C ABYMA MK Gonee nalamu:

[N),, =08, (d; - s;)min {[a],; [o]p}. (E3)

231 40



rocT P 52857.7—2007

Mpunoxexue X
(06a3aTennHos.)

Onpenenenne BCNOMOraTenbHLIX BENUUKH
BJIA pacyeTa annapaToB BO3AYWHOro OXNaXAeHUs

X.1 NeoMeTpr4ecKue XapakTepUCTUKN POILETKH

MH.1.1 PacueTHbili nonepeydHsill pa3Mep pelseTky BRUMCNSIOT No hopMynam:
- ANA KaMep PasbeMHON KOHCTPYKLMW (CM. pUCYHKU 15—18):

Bp = 82 - bo: ()K1 )
- ANA Kamep HBPaILEMHOK KOHCTpYKUvn 6e3 neperoponiox (CM. pucyHkn 20—22):
B,= By; (MK.2)
- ANR KaMep HEePAILEMHOW KOHCTPYKUMM C Neperopoakammn (Cm. pucyrkn 23—24).
B, = max {b). (HK.3)

K.1.2 PacyeTHblit pasMep peleTkn B NPOAOALHOM HANpPasNeHnn BLIYUCNRAIOT No OpPMyNnam:
- ANA KaMmep pa3bemHON KOHCTPYKUMK (CM. pucyHku 15—1B):

Ly=Ly— by (K4}
- ANA Kamep HepaIbeMHOoN KOHCTPYkumn 6e3 neperopoaok (CM. pucyHkn 20—24):
Ly=Lo. (K.5)
2K.1.3 PacteTHyio LuMpnHy NnepcopypoOBaHHON 30HBI PELIETKU BhIMUCAAIOT No dhopmyne
By =min {2t,; B}, (K.B)

rne L, —cm. pucymkn X, 1 n XK.2,

fh

Fan
\J/

d

PucyHox X.1 — Pacnonoxenne oT8epcTit No BEPWINHAM NPAMOYIONLHNKOE
2
1

bat o

PucyHok XK.2 — PacnonoxeHne 0TBepCTui NO BepluvHam TpeyronsHUKoB

41 232



FOCT P 52857.7—2007

H.1.4 OTHOCUTENBHYIO LIKPUHY GecTpyBHOra Kpas BLIMUCNAINT NO ¢opMyne

-8B
Ag= B"Br . (K.7)
.2 BenomoratenbHble KoahMUNEHTE! BHINMCNRIOT NO hopmynam:
~(dy—s,) S
v= i, . (K.8)
2
n (d,-2s;)
Kkl Sy W 0K.9)

rae fy — oM. pucyHion X1 u K2,
X.3 flonyckaeman Harpy3ka Ha eAVHHLY NNOWARU CEHeHUA TPYGHOro nyyka
X.3.1 lonyckaemyio Harpy3ky U3 ycnosnsa npoYHocTy Tpyb BuivMcnsaoT na dopmyne:

[q]=0(1 - d'z:‘ -&JIUL. (K. 10)

(o)

X.3.2 fonyckaemyo Harpysky 13 ycrnosus NPOYHOCTY KpenneHus Tpybel B pelleTke BLIHMCRAIT Na GopMynam:
~ ANA pa3eanbLOBKW:

N
f9ls= l01;1=%1-]{;a: 0K.11)

~ QNS NpMBapkK:

<min{[c],: (o], }nd? &
[as = [glez =~ {0,1,2% ; (K.12)

- ANA pa3panbUosky ¢ 06BapKON:
lq]s =max{[qls2 +0.6{q1sx {9ls1}. 0K.13)

rAe §, — KO3tUUNEHT NPOYHOCTA WBa NPUBApkM TPybk K peweTke, orpefensemsiit no 5.2.7.5.
X.4 Nneuun uarnbaoUx MOMEHTOB B KaMepax (CM. PUCYHKN 15— 18) BLIMUCNRIOT NO hPOPMYnam:

l;=05(B;—8,). OK.14)
l,= 05 (By - B,). 0K.15)
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Nipunoxenne ¥
(oGaszatensHoe)

KoadprumenTsl NOgaTnMBoOCTH 3NEMEeHTOB annapaTtoB BO3AYWHOro oxXnaxaeHus

W.1 Yrnoetle ROAATAMBOCTU KPLILWKW OT AEHCTBUA BHYTPOHHEro AAaBNEHUR U OT AedcTeua BonTororo WarGarowero
MOMEHTa BLIMMCNNIOT NO Gopmynam:
- OT AEWCTBUS BHYTPEHHEr0 NaBNEHUS:

83 3 ’
P _ 0 4A 4A .
Y —10,9?“2{[ 1+((P2 (Pa)( SA) }11'*—[ 4+((P5 QB)(SSA) JWKPA'Z}' (n.1)

- OT pencTens 6onNTOBOro narnbaloero MOMeHTa:

3
M By (SM)
=109 —ge)| A A,
Y —_7——_—26;(52/4 e B,)[% +(05 -96) Sex J 2 M.2)

rae koahpuUNeHTH @, — (g BHIYNCHARIOT N0 hopMynam:

=1+0858 -1255ﬁ+137o HR

1 Bz BO B% (M‘3)
HER2 R
@r=8t 12 L B4R na
5 BBy 8 M)
[0 =12’i§. iﬁd_4_sg_"

*C8g s, B M)
o4 =1-114 K, (W.6)
05 =2%—2-§?. w7
06 =2 %—f (.8)

B chopmynax (K1.3), (U.4), (W.6), (1.7) ans kpbiwek N0 pUcyHky 15 cneayeT noacTasnsiTh ‘é%=0-

Ay — KoappuumeHT, onpenensiemMoid B 3aBUCUMOCTH OT Ly / By U m, no rpadmky, NPUBEABHHOMY Ha pucyHKe W.1,
A — Kko3hhuLeHT, onpeaensiemMsI B 3aBUCUMOCTH OT L, / B W, no rpachmky, NpuBeAEHHOMY Ha pucyHke U.2,

4 4
_aaSsa|( BB S5A H+S50—SpA S54
me =447 [[-——28“ 0,63)(S4AJ +( SA8A-063)( 24| | n.9)

— koaphrumeHT, Boidncnsemblit no copmyne (106).
M’E Yrnoeble NOAATIMBOCTM PelleTk: OT ABUCTBUR BHYTPEHHErO NaBneHWA U GoNTOBOro MarnBalowero MoMeHTa
BBIYUCNRIOT NO hopmynam
- OT 1eIKCTBUA BHYTPEHHEro NaBNEHWA;

g3
yB=023—"%
pS1A

3
[k (2w9+k )[;—:J +1.7(wpa1 +4az)]; (1.10)
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- 0T AehcTBUA GONTOROro MArNGatoLLEro MOMeHTa:

BT S14 )3
= 27— ——— | 2A | ] 110y,
Z 255‘,5?,,(Lp +Bp)[2 "(Sa.« ' a‘] n1)

rae oy — Ko3PPULMEHT, onpeaensemsii B 3aBncUMOCTH OT () Mo rpacbuky, NPUBBAEHHOMY Ha pucynke U.3,
0y — KO3IDUUMEHT, ONPEAENAEMbINA B 33BUCMMOCTH OT () NIO rpacbirky, NPUBEAEHHOMY Ha pucyHxe N.4.

o

y

A ]
T=0 |0.25 05 |0,75 A
" j —\\ 0,; “!=° 025 [05 9\,_7§
R s e
/& gl //' =
] /\Q ,\'L‘O/ ] 0,4 A p. /%// ]
111/2455 8P 7 /7 [
0,03 ///7 /:Lg //’ = A //A} ;A
W ] WY AN
V / 2 \as| 22 111 7 A > Nao
s At %S
0,02 / 1775 70 / '/ ¢ .
e e
" 17
"4
O 3 a5 & 7 LB 2 3 4 5 6 7 L8
PucyHok ¥1.1 — Mpachuk koadihmumenta A, Pucyrok U.2 — padmk xoadpchmumenta A,
(l-| uz
20 ~ 0,40
1.9 \\ 0,35
18 \ 0.32 N
17 0.28 \\
16 0,24 \
15704 12 20 280 0 a7 2028 0
PucyHok U.3 — padmk Pucyxok 1.4 — MNpacbmk
xoachpuimenTa o, KOADPULMEHTD o,

Ap. Y 0 — KOIPPUUMENTEI, BLIMMCNABMBIE NG hopmynam (K.5), {(95) u (103).

1.3 Muneinyio nopatmeoccTs twnunek (Gonros) y; onpegenstor no FOCT P 52857.4.
1.4 NnHedHyo noAaTNMBOCTL NPOKNAAKK BLIYMCNAIT NO dopmyne

h
Ya= . .
n *T—_ZEan+Bp)bn n.12)
V.5 KoatbhuumenT NoaaTRMeocTu hNaHUeBoro coeAMHEHMA KPLILLIKK U PELLeTKY BRIMUCRADT NO dhopMyne

PP
Yxty
vy e g) - HELE

(V1.13)

ye+ya+{yM+ %)
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Npunoxexue K
(cnpaeouHOoBs)

PacyeTHble 3aBUCMMOCTH ANR ONpefeneHnA BeNuYnH,
npuaeaeHHbix B Tabnuyax n Ha rpacdukax

vo=ny";

[ber w +beitw + == Ou)7 (ber/w beiw -bei’w ber m)];

S

s er*le

2 (ber wber' w +beiw bei w);

D5 —Tﬁ(ber’zw +bei ’Zw);

e

091
T4

—_

A= {f, (0)bel’x —f, (w)ber x+my (be rwber’/x +bei'w bei”x)};

e

B=—rg—{ne [I,(m)be»” I;(m)ber”x]+ber wber’ x +bei’ wbel”x}

rae Ty =1, (w) bei'w ~f{w)ber w:

(m)—ﬂber wtbeiw;

f (m)-glbeu w-ber w);

X — BeriniWHa, NpiHannexallas otTpeaky x € [0, w] npu w <3 unu otpeaxy x € [0, (® - 3)l npuw > 3, Buibupaeman
Takum obpaaom, 4Tobet xoathduUMEHT A Unyu B COOTBETCTREHHO NPUHUMAN MAKCUMAnbHOE 3HaYeHUe
ber”, be¥, ber/, bei, ber, bei — chyHkumm Beccens.

1

(91:7“7;

A _1-005‘/_
Y cos‘/_

p3(1- 63)

Ay =92 —— .
(1_55) "4531"(3,; npu B,<09;

A,,_1£__[ 5 (1- py)+ B3t - p, - 1 ﬁp)]np" B,>0.9;

A‘=__.2_]n..1.;
P! sinBg cos?By  Pp

Ap2=1£ginz%(1 + By )

(cosPyo)2

~1,086
m{l Bp {B 1}(03(‘.05 Bo+15sin? By — 05 cos? Ry+ sin? ﬁn)}
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0.965sin
ey
(cosBo)2 \Pp

chw+cosw
Zp=t0 ——————
sh®+sinw

L w2 shw-sinw,
M~ 4 shw+sinw’

[t ~{@m thom +)the, | x
n,([am~(am th ot =) thoty 1 Si””n'ém‘-'

2+ 1, Gt — (i th o ~the ]

hy=0,0206 [g%)a y

m=1,273.M \X

[am —(o.m tho, —1)thon,,,,]sinlt-2,E

Lo
Ao =0, .
2 040630 mu,z;,ﬁ... m2{2+mnx[am——(<xmth0tm-1)tham]}

m'ﬁBo
rae Om = 2L

_Y-YoYi-4vY,
wlyv,-v3)

0t
Y.Ya+Y; -Y2

oy =133 2,
(%Y, -v3)

rae Y, = ch w cos w;

yzz%(chwsinm+shmcosm);
Y3=7 shosine

\7] =%(Ch wsinw-shwcosw).
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YAK 66.023:006.354 OKC 71.120 ro2 OXKn 36 1500
75.200

Knioueable cnoBa: cocyas! M annaparsl, TennooBMEHHUKY, annapaThl BO3AYLUROrO OXNaXaeHu s, HOPMb! U MEeTO-
[bl PACHETa Ha NPOYHOCTL
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