Hopmbl pacyeTa Ha NPOYHOCTb TPYOGONPOBOAOB TENJIOBLIX CETEN
PO 10-400-01
(yTB. noctaHoBneHuem ®PeneparnbHOro ropHOro U NPOMbILLSIEHHOrO Haa3opa
Poccum
oT 14 dbeBpans 2001 r. N 8)

[ata BBegeHus 1 anpensa 2001 r.

1. O6wme nonoxeHus

1.1. ObnacTb npumeHeHUA

HacTosiwme HOpMbI pacnpoCTPaHAKTCA Ha cTalnbHble TpybonpoBoabl BOASHbIX
TennoBblX ceTen ¢ paboyunm aasneHnem ao 2,5 MlMa n paboyen TemnepaTtypon Ao
200°C (kateropusa lll, rpynna 2), a Takke naponpoBOAOB 3a npegenamMmu TennoBbIX
MCTOYHMKOB C paboyum gasneHnem go 6,3 Mla n paboyen Temnepatypon go 350°C
(kateropwus Il, rpynna 2).

Paboyee paBneHve u paboyas TemnepaTtypa npu pacyetax MNpPOYHOCTU U
onpegeneHnn Harpy3ok Ha ornopbl U CTPOUTESbHbIE KOHCTPYKUUW MPUHUMAOTCA B
cooTBeTCcTBMM ¢ TpeboBaHusamu CHull 2.04.07-86*.

Hopmbl obecnedmnBatoT cobnogeHne 3anacoB NPOYHOCTU AN CTanbHbIX TPyO U
COeaMHUTENbHbIX AeTanen He HUXe yCTaHOBMEHHbIX HopmMamm pacyeTa Ha NPOYHOCTb
cTauuoHapHbIX KOTMIOB U TpybonpoBogos napa v ropsden sogbl (PO 10-249-98). Ha
OTAESbHbIE NOMOXEHMS N NMYHKTbl 3TUX HOPM B TEKCTE al0TCs NPSIMblE CCbISIKN.

Hopmbl pernameHTUpyoT onpeaeneHve TOoMwMHbl CTEHKM Tpyb, OTBOLOB,
TPOMHWKOB N BPE30K U3 YCroBUA obBecneyeHmnst nx HecyLen cnocobHOCTN OT AEeNCTBUSA
BHYTPEHHErO JaBMeHUs.

[MoBepoyHbIN pacyeT nNpedycMaTpuMBaeT OLIEHKY CTaTUYeCKOM WU LUKINUYECKOMn
npovyHoctTn TpybonpoBoga. OueHka CTaTU4ECKOW MPOYHOCTM  MPOU3BOLUTCS
pasfgenbHO Ha OencTBMe HecaMOypaBHOBELLEHHbLIX Harpy3ok (BeC M BHYTPEHHee
AaBIIEHME) N C YY4ETOM BCEX HarpyxawLwmx akTopoB, B TOM YMCIie TeMNepaTypHbIX
nedopmaumn. Ecnm ycnoBust  CTaTUYECKOWM MPOYHOCTUM OT  OEeWUCTBUSA  BCEX
Harpyxatwowmx ¢akTopoB He BbIMOMHAKTCHA, AeNaeTca AOMNOSHUTENbHLINM pacyeT Ha
LIMKITMYECKYHO MPOYHOCTb (BbIHOCIIMBOCTD).

1.2. OCHOBHbI€ NONOXEHNA pacyeTa Ha NPOYHOCTb

1.2.1. PacyeTHas cxema TpybonpoBoga OOfKHa OTpaXaTb AENCTBUTESbHbIE
ycroBusi ero paboTbl, a MeToq pacyeTa - y4uTbiBaTb BO3MOXHOCTb UCMOSb30BaHUS
KOMMbOTEPHOWN TEXHUKN.

B kayectBe pacdeTHOM cxembl TpybonpoBoda crnefyet paccMmatpuBaThb
cTaTU4ecKku HeonpeaenumMble CTPEXHEBbIE CUCTEMbI NEPEMEHHOMN XECTKOCTU C Yy4EeTOM
B3aMMoeuncTems TpybonpoBoga C onopamu, NpucoeguvHeHHbIM obopyaoBaHMEM U



OKpy>XatoLen cpeaon.

1.2.2. Bbl6op OCHOBHbIX pa3mepoB Tpyd ¥ aeTanen oOcCyLecTBRAseTcd Mo
pacyeTHbIM OaBfIEHMIO M TemnepaType C y4eTOM KOPPO3MOHHOW aKTUBHOCTWU Cpenpbl.
PacueTHoe gaBneHwe cnefyet NPUHUMATbL, Kak NpaBuio, paBHbIM MakCcMMasribHOMY
paboyemy [OaBneHW0, a pacyeTHyl TemnepaTtypy - MakcumarnbHOW paboyen
TemnepaTtype no NPOEKTHOM AOKYMEHTaLUN.

1.2.3. PacyeTHble 3Ha4YeHUs1 Harpy3oK Npu OLEHKEe NMPOYHOCTU U YCTONYMBOCTU
cornacHo pasgenam 5 n 6 Hactoawmx Hopm cneayeT onpenenaTb Kak Npov3BeneHne

NX HOPMATMBHOIO 3HAYEHUS Ha KOIPPUUNEHT Neperpysku ] (cm. n. 2.1).

1.3. OCHOBHbIE YCNOBHbIE 0603Ha4YeHUA

2 2
A\O - NNowaab NonepeYHoro cevyeHnd, M M
B - pacyeTHasa wupuHa TpaHLwewu, Mm;
C - CyMMapHas npubaBka K pac4eTHOM TONWMHE CTEHKU, MM;

D . HapY>XHbli AVamMeTp, MM;
Do . HapyXXHbIi AnMameTp KoXyxa u3onsumm (Npy OTCYTCTBUM KOXyXa -

HapPYXXHbIN AvamMeTp U30NALUn), MM;
D - BHYTPEHHUI AVaMETP, MM;

di HapPY>XHbIN AnamMeTp OTBETBIEHUSA TPONHMKE, MM;
d - BHYTPEHHWIA AMaMeTp OTBETBINEHMS TPOWHUKA, MM;
E - Moaynb ynpyroctu matepuana, Mla;

Epas MOAYIb YNpYyrocTn npn padboyen temnepartype, Mla;

Box MO4YyNb YNpyrocTu marepuana npu TemnepaTtype OKpyxatlen cpenbl,
MMa;

g - Bec TpyObl C usonauMen n NpoaykToM Ha eauHuuy AnNvHbl TpybonpoBoaa,
H/m;

H - BbicOTa 3acbiNkM OT BepxHelh obpasylllen Koxyxa wusonaumm [o
NOBEPXHOCTM 3EMMN, M;

4 4
| - MOMEHT MHEpUUN cevyeHna npu narnbe, M M

i y y
b b KO3 PULMEHTLI KOHLEHTPAL MU HAMNPSXKEHWIA NPY AEUCTBUN N3rmbatoLero
MOMEHTA U3 MSIOCKOCTU U B NSIOCKOCTU AeTann COOTBETCTBEHHO;

5 . pacueTHbIt koacpuLmeHT nocteny, H/ m° ;

Kow KOS PULMEHT NOCTENN N30NALMOHHOIO MaTepmana, H/m® :
Korp - koacppuLMeHT nocTenu rpyHta, H/ m° ;

K KOS PULNEHT KOHUEHTPALUKN KONbLEBBLIX HAMPSXKEHWUN,;

Kn KO3 PULMEHT KOHLIEHTPAL MM HAnNps>XeHun narnoba;

k. KO3(PPUUNEHT KOHUEHTPaUMU HanpsXKeHU Mpu OUEHKe LIMKITMYEeCKOMn



NPOYHOCTY;

MX, My - un3rmbarolme MOMEHTbl M3 MMOCKOCTM M B MNNOCKOCTU AeTanu

cooTBeTcTBEHHO, H'M -
N - oceBasa cuna, H;

N
P - oceBasi cuna oT BHYTPEHHero AaBsneHus, H;

N
kp - KPpUTNHECKad oceBad cuna, H;

N .
0 - yncno NonHbIX LMKINOB I-ro Tuna,

[N
oli . A0MNnyCctuMmoe 4Y1Cro NoJiHbIX LUKIOB -0 TUMaA;

nj - KO(pPULMEHT Neperpy3kn OT Harpy3ku ¢ LLINpOM j;
P - n3bblTo4HOE BHYTPEHHee aasneHne, Mla;

P
pab - N30bITOYHOE BHYTpeHHee paboyee aasneHne, Mla;

Gp - Harpyska OT MOKpbIBalOLWEro rpyHTa Ha eanHuuy AnuHbl Tpybonposoaa,
H/m;

% - uHTeHcuBHOCTL CMN TPEeHUs, OEeNCTBYWOLWMX BOOMb OCU Tpybbl npu
OeckaHanbHom npoknaake, H/w;
R - paguyc ruba otBoga, MMm;

RP°2 - Npegen Tekyyectun npu padoyven TemnepaType;

r - paguyc CKPYrfeHus roproBWHbI  LUTAMMNOBAHHOMO (LUTaMMNOCBapPHOro)
TPOMHUKA, MM;

S - HOMUHaNbHAaA TOMLWMHA CTEHKU, MM;

S . pacyeTHasa TOSMLINHA CTEHKU, M;
T - TemnepaTtypa Harpesa, °C;

Thas - paboyas Temnepartypa, °C;
Tyom Temnepartypa MoHTaxa, °C;
AT . remnepatypHblit nepenag, °C;

3 .3
W - MOMEHT CONPOTUBIIEHNS CEYEHMUs n3rmby, M M -
Z - pacCTosiHMe OT ocu Tpybbl 4O NOBEPXHOCTU 3EMIU, M;

Q@ - koadbpUUMEHT NHeHoro paclumpenuns, 1/°C;
3
"p - nnoTHocTb rpyHTa, H/M™;

o - KoadbdMUNEHT BOKOBOro AaBNEHNSA FPYHTA;
H - KoahbdUUNEHT TpeHUS;
V - k03ahPULMEHT OTHOCUTENBHOM NnonepedHon aedopmauun (MyaccoHa);

20
[0], [o] - HOMUHanbHOe [JofyckaemMoe HanpsbkeHne npu paboyeit
Temnepatype u npu Temnepatype 20°C;

9
]HHV - Joryckaemoe HOpMaTuUBHOE HanpsXXeHue B MneHononuypetaHe npu
pabouen Temnepatype, Mlla;



(9 o
[ ]H9 - OOonyckaemMoe HOpMaTUBHOE HanpsXeHue B MNOJINITUNIEHE BbICOKOW
NNOTHOCTM Npu paboyen Temnepatype, MlMa;

% - CyMMapHoe cpegHee KonbueBoe HanpshkeHne, Mra;

%p - konbLeBoe Hanps)XeHue OT BHyTpeHHero gasnenus, Mla;
%u - onbLiEeBOE HanpsxeHne narmba ot Beca rpyHra, Mlla;

®y - oceBoe HanpsikeHvie, MMa;

%y - oceBoe Hanps>XeHne OT BHYTPeHHero gasnenus, Mra;

%ym - oceBoe HanpsbkeHne oT AencTBus nsrmdarwiero MmomeHnTa, Mlla;
%y - ocesoe HanpsXXeHne oT geucTema oceson cunol, Mla;

% - aKkBUBANEHTHOE HanpsxeHue, Mla;

(AG) - pa3max HanpsxeHuu, Ml1a;

T o
[ ]HHV - [ONyCcKaemoe HanpsikeHue casura B neHononuypeTtaHe npu paboyen
TemnepaTtype, Ml1a;

¢ - KoathDUUNEHT CHUXKEHNSA NPOYHOCTU;

Pw - koadHMLMEHT CHIKEHMSI MPOYHOCTM CBAPHOTO COEAUHEHUS NPY AENCTBUN
oGO Harpysku, Kpome 13rnbaroLLLero MOMeHTa;

Pow - kOadDULIMEHT CHIKEHWSI NPOYHOCTM CBAPHOTO COEANHEHUS MPY ACTBUM
M3rnbaroLLLero MOMeHTa;

Pd - koathpULMEHT CHKEHUSI MPOYHOCTH SIEMEHTA MPU HAMUYUN OTBEPCTHSI;
Ps . KOO MOULNEHT CHUXKEHNA LIMKITMYECKON NMPOYHOCTN CBAPHOIO COEAUHEHUS;

P - yron BHyTpeHHero Tpexus rpyHTa.

2. Harpy3ku u Bo3gencrTeus

2.1. Knaccudcukauma Harpy3ok u Bo3aencTBumn

YuntbiBaeMble B pacyeTax Ha CTaTUYECKY U LMKITMYECKY NPOYHOCTb HarpysKku
M BO3OEUCTBUS, a TakkKe COOTBETCTBYWLUME UM KOIPPUUMEHTbI Neperpysku
npuBeneHsl B Tabn. 2.1.

2.1.2. NoBepo4HbIn pacyeT TpybonpoBoaa OCYLLECTBSAETCA Kak HAa MNOCTOSIHHbIE
N onuTenbHble Harpysku ¢ wudpamm 1 - 11 (pexkum MNOH), Tak 1 HA AONONHUTENbHbIE
BO3OENCTBUSA KPATKOBPEMEHHbIX Harpy3ok ¢ wudpamu 12 - 15 (pexum [10K).
CooTtBeTtctBytowme pexumam MNMOH v MOK kputepun cratudeckon NPOYHOCTU AaHbl B
n. 5.4.



Ta6nuua 2.1

Harpyska n Bo3gencreune Cnocob npoknagku Koadppuume
Bug Wndpp | Xapaktepuctuka | beckaHanb Ha HT
j HbI B ornopax neperpysku
rpyHTe n_j
1 2 3 4 5 6
lMocTOsiHHbIE 1 CobCcTBEHHBIM  BEC + + 1,1 (0,95)
Tpyo, jgertanew,
apmaTypbl n
obycTponcTts
2 Bec nsonsuuu + + 1,2 (0,9)
3 Bec wn paeneHwue + - 1,2 (0,8)
rpyHTa
4 [MpenBaputennHaga + + 1,0
pacTshkka
5 Cunbl  TpeHuss B + + 1,0
onopax
CKOSMbXeHUs nnu
npu
B3auMoOenCcTBun C
rPYHTOM (Npwm
BeckaHanbHOM
NpoKnazake)
6 Hatar ynpyrnx onop - + 1,0
OnutenbHble 7 BHyTpeHHee + + 1,0
BPEMEHHbIe AaBneHune
8 Bec + +
TpaHcnopTnpyemomn
cpeabl:
BOAbl 1,0 (0,95)
napa 1,1(1,0)
9 TemnepaTypHbIN + + 1,0
nepenag
10 CwmeleHmnsa + + 1,0
KOHLIEBbIX
3awiemMneHnmn  npu
Harpese
npucoeguHEHHOro
obopyanoBaHus
11 PacnopHble ycunus + + 1,0
OCeBbIX
KOMMNEHCaTopOB
KpaTkoBpemeH 12 | CHeroBas - +- 14
Hble 13 lononegHas - +- 1,3




14 | BetpoBas - +- 1,4
15 OT noaBWKHOro + +- Cm.n. 2.2.9
cocTaBa
MpumeyaHums:

1. 3Hak "+" 03Ha4aeT, YTO Harpysku 1 BO3OENCTBUA crnefyeT yunTbiBaTh, 3HAK

- He yunTbiBaTb. 3HaK "+ " 03HayaeT, 4TO B HaA3eMHbIX TPy6ONPOBOAAX Harpy3ku W
BO34EMCTBUA YYUTBIBAKOTCS, @ B NOA3EMHbIX, NPOKaAbiBaeMblX B KaHasnax, TOHHEssIX,
- HeT.

2. 3HadveHus koapdpuUMEHTa neperpys3ku, YykKasaHHble B CKOBOKax, AOJTKHbI
NPUHUMATBCA B TeX CrydasX, Korga YyMeHblLleHMe Harpysku yxyguaeT YcrnoBus
paboTbl Tpybonposoaa.

2.2. HopmaTuBHbIe Harpys3ku

2.2.1. HopmaTumeHble Harpy3km OT coObBCTBEHHOro Beca TpybonpoBoga W
N30M1ALNN OOSMKHBbI ONPeaensaTbCs Ha OCHOBaHMM CTaHO4ApPTOB, paboyunx yepTexen u
NacrnopTHbIX AaHHbIX NO HOMUHAMbHBIM pasmepam.

2.2.2. HopmaTuBHOEe [OaBfieHMe TPaHCMoOpPTUPYEMOro npoAyKTa paBHO
pac4yeTHOMY JaBNeHuo.

2.2.3. HopmaTumBHble Harpy3km OT TemnepaTypHOro nepenaga onpenensawTcA
NPOEKTOM.

2.2.4. HopmaTuBHbIe Harpysku oT pacTshkku Tpybonposoaa (cm. n. 5.2) n HaTAra
ynpyrmx onop, o6ycrioBreHHOro nx perysimpoBKOn, onpeaensatoTCca NPOEKTOM.

2.2.5. HopmatuBHytO Harpysky OT Beca T[IpyHTa Ha eguHuuy ASIUHbI
TpybonpoBoaa, yknagbiBaemoro B TpaHLlee, cregyeT onpeaensTtb no popmyne

qrp:nhYFpBH , (21)

roe B - pacyeTHas lWunMpmHa TpaHLLEeN Ha YPOBHE Bepxa U30onsaumu;

3
21 ;.2

h . KOS(pPULUMEHT BepTMKaNbLHOrO [aBfieHUs rpyHTa, onpegensembii no
Tabn. 2.2.

Tabnuvua 2.2
H/B KoadhdpmumeHT BepTuKanbHOro gasneHus ata_h gnga tunos
rPYHTOB
1 2 3 4 5
0 1,00 1,00 1,00 1,00 1,00




1,0 0,82 0,84 0,86 0,89 0,91
2,0 0,68 0,73 0,76 0,80 0,82
3,0 0,59 0,63 0,66 0,70 0,74
4,0 0,52 0,55 0,58 0,64 0,66
5,0 0,45 0,48 0,51 0,56 0,60
6,0 0,40 0,44 0,46 0,50 0,54
7,0 0,35 0,39 0,42 0,45 0,50
8,0 0,32 0,35 0,38 0,42 0,46
9,0 0,29 0,32 0,35 0,39 0,44
10,0 0,27 0,30 0,34 0,37 0,42

NMpumeyaHue. Tunbl rPyHTOB:

1 - neckn manoBnaxHble N PacTUTENbHbLIN MPYHT;

2 - Meckn n pacTuTerbHbI TPYHT BNaXHble W HacbllEeHHble BOAOW, Cyrnechb
TBepAas, TyronnactuyHas u nracTuyHas; CyrnnmHoK TBepabiv N TYronnacTuYHbIN;

3 - cynecb MArkonnacTuyHasa 1 Tekyvas; CyrfMHOK MracTuUYHbIW, rMnHa TBepaas
N TyronnactnyHas;

4 - CYMMWHOK MATKOMMACTUYHbIN U TEeKyyYuu, [NuHa nnactudHaa U
MArKonsacTuyHas,

5 - rMuHa Tekyyas.

PacuyeTHas wupuHa TpaHwen (MM) Npu OOHOTPYOHON MpOKNagke He [AOImKHa
NpeBbILLATh:

D <7
npwn 3Ha4eHnAaAx x— 00 MM

B= 2(DK+ 100)tg(90—0)+ D,+300 1 (2.3)

D>7
npwn 3Ha4eHnAax 00 MM

3HayeHus yrna KpyTusHbl otkoca V' npuHMmatroTcs no tabn. 2.3.

Tabnuua 2.3
PYHTbI Yrosn KpyTu3Hbl OTKOCa 3MCUIOH, rpag, npu
rnybuHe TpaHwen h, m

<=15 1,5<h<=3,0 > 3,0
[MecyaHble 1 rpaBuUHbIE 63 45 45
Cynecu 76 56 50
CyrnunHKu 90 63 53
[ NIVHbI 90 63 63




Mpwn oByxTpyGHOM Npoknagke B hopmyny (2.1) BMecTo B cnenyeTt noactaensThb
B/2.

2.2.6. HopmaTmBHYIO CHEroByl Harpysky Ha eguHuuy AfWHbI FOPU3OHTarbHOM
npoekumnn HagsemHoro TpybonpoBoaa crnenyet onpeaensatb no gopmyne

GCH: O’4SODK , (25)

rae % - Bec cHerosoro MOKPOBa Ha eAuHWLY NroLwaau.

2.2.7. HopmaTuBHy0O BETPOBYIO Harpy3ky Ha eauHuLY ONMHbI HaA3€MHOro
TpybonpoBoda, [LENCTBYHOLLYD MNEpPrneHAVKYNsIpHO €ero OCeBOW  BepTUKanbHOW
MIOCKOCTK, CneayeT onpeaensTs no hopmMyne

qB: (WCT+WIIH)DK , (26)

rae WCT, WHH - CTatunyeckad w”n AOunHaMnyeckas CcocCTaBldlolmne BeTDOBOIZ

Harpyskn, kotopble cnegyet onpegenats no CHull 2.01.07-85, npuyem Wa
HaxXoOUTCH, Kak ONA COOPY>KEHUSA C NOCTOSHHOW LUMPUHOWN HaBETPEHHOW NOBEPXHOCTMW.

2.2.8. HopmaTtumBHyto Harpysky oT obnefeHeHus Ha eanHULYy ONUHbI HAA3EMHOro
TpybonpoBoaa crnegyet onpeaenats no gopmyrne

Gos = 1,94V, L (2.7)

roe 5. TOmMLMHa CIos;

Vi - 0BbeMHbIit BeC rononega, Heobxoaumo npmHumMmaTtb no CHull 2.01.07-85.

2.2.9. HopmaTuBHble Harpysku n KO3dPUUMEHTbI neperpyskn OT MNoaBMXKHOIO
cocTaBa, yuntbiBaeMble npu pacyeTtax B pexume MNOK, cnegyet onpegenstb cornacHo
CHwuIT 2.05.03-84.

3. JlonyckaeMble HanpsHXeHus

3.1. [lonyckaemble HanpsXXeHust Ans ctanbHbiX TPyO M getanen npuHMMaroTcA
cornacHo P[] 10-249-98.

3.2. XapaKTepuUCTUKN MPOYHOCTU U AO0MyCKaeMble HanpsXeHus matepuanos u
KOHCTPYKUMIA MPOMBILLSIEHHON NOSIMMEPHON MU3ONSAUMN NMPUHUMAKOTCS B COOTBETCTBUM
c nn. 3.3 - 3.5 HacToqawero pasgena. [1na Tex matepuanoB U KOHCTPYKLWUW, KOTOpbIe
He yKasaHbl, AaHHble crnegyet MpuMHMMAaTb MO CNPaBOYHbIM U AKCMEPUMEHTasNbHbIM
AaHHbIM.,

3.3. Ana nonuatuneHa BbiCOKOW MnoTHocTu (M13J) npegenbHoe OTHOCUMTENbHOE
yonvHeHne coctaBnset 3%. lNpu koapduumneHTe 3anaca 2 M 3Ha4YeHUU MOAYNS
ynpyroctu E = 800 MlNa gonyckaemoe Hanpsi»keHue coCcTaBuT



(6] ,,,=800=—— =12

2-100 MMa.

Mpn penctBum  mn3rmbaroero MOMEHTA pacveTHOE HamnpsbkeHue MOoXeT
npeBblwaTte gonyckaemoe Ha 40%

o= 1,4[0] -

3.4. Ana neHononuypetaHa (MIY) gonyckaemble Hanps>XeHUs pacTsKeHUs -

CcXKaTunsa COCTaBNAKT:
. c =04
Npwu KpaTKOBpEMEHHOM AEeNCTBUN Harpy3Kku [ ]nny MMa;
. o} =0,15

npwv ANUTENBHOM AeUCTBUN Harpy3Kku [ ]nny MMMa.

Mpn oueHke KomneHcupyowen cnocobHocTn TpybonpoBoga, Kak npasuIio,
cnegyet NpMHUMaTb BTOPOE 3HaYeHue.

3.5. [Ansa Tpy6 ¢ neHonosniMypeTaHOBOM U30MsLUMEN B MONNATUIEHOBON 060N0YKe
npegen npoYyHocTn Ha casur (Npu paboven Temnepatype) coctasngaet 0,08 MMMa. Mpwu
KOahpuLmeHTe 3anaca 2 gonyckaemMble HanpsXKeHUs coCTaBIsAloT

[t] =004

Mla

4. OnpeneneHue TOMWMUHbI CTEHKU

4.1. KoadbpumumeHTbl CHUXKEHUSA MPOYHOCTHU

4.1.1. lNpwn pacyeTe 3MNEMEHTOB, UMEKLWMUX CBaApPHblE€ LUBblI UM OTBEPCTUL,
cnegyeTr yuutbiBaTb KOIMMMPUUMEHT CHMXKEHMUSI MPOYHOCTU, KOTOPLIA MNPUHMMAaeETCA
HaUMEHbLUMM U3 ABYX 3HAYEHWUM:

(P:min[(Pw; (Pd] L (4.1)

4.1.2. KoahdpunuMeHTbI CHUXEHUSI NPOYHOCTUN CBAPHbIX LUBOB Pw NpPUHUMAaTCA
cornacHo P[] 10-249-98.

4.2. PacyeTHass " HOMMHaNbHas TOMNLWMHbI CTEHOK

4.2.1. PacyeTHylo TonNuwmHy cTeHkn Tpyd n getanen tpybonposoaa R cnepyert
BblYMCNATL No oopmynam nn. 4.3 - 4.5.

4.2.2. HoMuWHanbHyi TOMLWMHY CTeHKM Tpybbl wnu petanu TpybonpoBona
cnenyet onpeaensTb C y4eToM NpubaBku UCXO4s U3 YCIOBUS



SZRTC (4.2)

C OKpyrneHMem Ao 3HadeHusi Onwkanwen 6onbliern TOMWUHBbI  CTEHKM.
[lonyckaeTcsi OKpyrneHne B CTOPOHY MEHbLUEN TOMLWMHBbI CTEHKW, ecnu pasHuua He
npesblwaeT 3%.

4.2.3. Npubasky cnenyet onpeaenaTts No gopmyne

C=G*G% (4.3)

rae €1 . TexXHoJ1ormn4eckas r|p|/|6aB|<a, npnHNMMaemas paBHOIZ MNHYCOBOMY

OTKIMOHEHUIO TOJILLMNHbI CTEHKN NO CTaHAapTaM U TEXHNYECKNM YCITOBUAM,

“2 . npubaBka Ha KOpPpPO3MIO W W3HOC, MPUHMMaeMasi Mo HopMam

NPoOeKkTnpoBaHnA C y4eTOM PacHEeTHOIo CpoKa aKCrsiyatauunn.

4.2.3.1. na Tpyb6-3aroToBOK, UCMNOMb3yeMbIX A8 TMOKM OTBOOOB Ha CTaHKax,

npnbaeka G paBHa CyMMe [OMyCKOB HA MMWHMMAarbHYH TOMLWWHY CTEHKU TPyObl-

3aroToBKM WM MakcuMMmaribHoe yTOHeHue npu rubke. [locrnegHas BenuunHa npu

OTCYTCTBUM CreuunanbHbIX ykasdaHun onpeaenseTtca BolpaxeHnem s/(1 + 2R/D).
4.2.3.2. [Ona petanen TpybonpoBOoOOB, MoOSfiydaeMblXx cBapkon u3 Tpyb

(cekTOpHblE OTBOAbLI, CBapHble TPOWHMKK), npudaBka G paBHa [OONYyCKYy Ha
MUHUMAnbHYI TOMNWMWHY CTEHKN TPYObI-3aroTOBKMN.

4.2.3.3. Ana getanen TpybonpoBoAoB, U3roToBsieMblX U3 Tpy6 nytem ropsiHero
UM XorogHoro aedopmMupoBaHust  (KPYTOM3OrHYyTble OTBOAbI, LUTaMMNOBaHHbIE

TPOWHMKM), npunbaBka % pasHa AOMYyCKY Ha MWHMMAaInbHYK TOMWWUHY CTEHKM,
yKa3aHHOMY B COOTBETCTBYHOLLNX TEXHUYECKNX YCITOBUSAX.

4.3. TpyObl

4.3.1. PacyeTHyl0 TOMWMHY CTEHKM TpybObl crnegyet onpeaensatb COrnacHo
P 10-249-98.
4.3.2. Ona TtpybonpoBoooB 6GeckaHanbHOM MNPOKMadku B TPYHTE, UMEHLLNX

OTHOLWEeHNe S/Da<0’015 » AOJDKHO OOMNOJTHUTEJIbHO BbIMNOJIHATLCA YCIioBUe
D,1,(0,3750,+0,5460,)
>
SR (pbw[G]

, (4.4)

roe G Harpyska Ha eguvHuuy OnuHbl TpybonpoBoga OT Beca rpyHTa W
npoAaykTa, 3anonHswuwero Tpyby. Harpyska oT Beca rpyHTa onpeaensieTcs corracHo
n. 2.2.5;

% . Harpyska Ha eauHULY OnvHbl TpybonpoBoaa OT Beca TpyObl U U30MALMK.
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, (4.5)
=Ko (ko) - (2.6)
PeKomer,yeMble 3Ha4YeHunAa an4d kOH " korp npmBeaeHbl B Tabn. 4.1.
4.4. OTBOADLI

4.4.1. PacyeTHyl TONWMHY CTEHKM OTBOOOB crnedyeTr onpeaenstb no
dopmynam:

PD,
REEZ O RN,
nnn
PD,
" 20 ] P . (4.8)

=1
D,J'IFI OecLloBHbIX W LTamMnocBapHbIX OTBOAOOB Pw a Aand THYTbIX,

KPYTOM3OrHYTbIX M CEKTOPHbIX (puc. 4.1, a, 6) 3HayeHus Pw cnegyeT nNpuHUMaThb B
cooTtBeTcTBMM ¢ P[] 10-249-98.

4.4.2. 3HayeHune K NPUHMMAaETCH:
AN THYTbIX U KPYTOM3OTHYThIX OTBOAOB Mo Tabn. 4.2;
ANt CEKTOPHbIX HOPMarM30BaHHbIX OTBOAOB, COCTOSILLUMX W3 CEKTOPOB M
(e}
NONyCEKTOPOB C YrfioM CKoca 6<22,5°.

Tabnvua 4.1
HaumeHoBaHue |k _ouwunu k_orp, H/m3
FpyHT
[MnbIBYH, CBEXEHACbINAaHHbIN NECOK, pasMsryeHHas 1-5
rmuHa
CnexaBLumncsa 6annacTHbI NECOK, HAaCbINHOW rpaBsun, 5-50
BRa)Has rnuHa




[MNOTHO cnexaBLNNCS NecoK U rpaBum

50 -100

LLlebGeHb, rmmHa manon BNaXxHOCTU, NUCKYCCTBEHHO 100 - 200
YNNOTHEHHbIN NeCYaHO-IMUHUCTLIN FPYHT, TBEpAas
rmuHa
Msrkasa ckana, U3BeCTHSIK, NeCYaHMK 200 - 1000
TennoBas usonauus
lMeHononunypeTaH, noniMmepbeToH, apMoneHoBeToH npu
Temnepartype, °C
100 5
20 15
Butymnepnut npu Temnepatype, °C
100 15
20 50
Butymkepamsut npu Temnepatype, °C
100 50-100
20 100 - 150
ki: m
AR-2D,+5;

; (4.9)

Ona wrtaMnocBapHbIX OTBOAOB MPW pacnosyioXKeHnn CBapHbIX LLBOB B MJTIOCKOCTU

KpmBU3HbI (puc. 4.1, B):

~ 4R-D,+%
" ¢,(4R-2D,+3)

K

: (4.10)
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Puc. 4.1. OtBonsl: @ — rHyTHIN; 6 — CEKTOpHBIH; 8, 2 — WITaMNOCBapHOH

ANS  WTaMrnocBapHbIX OTBOAOB MpPW  PAacrofioXEHUM CBapHbIX LWBOB MO
HEeWTpanbHOW NnockocTu (puc. 4.1, r) - kKak HanGonblUEe M3 ABYX 3HAYEHMWIA:

K—max(_“R‘Da*SR - A)
a 4R-2D,+s,’
a TR P . (4.12)

KoadhpuumeHt npovHoCcTU Pw g dopmynax (4.10) n (4.11) npuHUMaeTcs
cornacHo P[] 10-249-98 (cm. n. 4.2).

Tabnvua 4.2
R/(D a-s) Csbiwe 2,0 1,5 1,0
K i 1,00 1,15 1,30

MpumeyaHus:

R/(D,~s)

1. [Ons npoMexyTO4YHbIX 3Ha4YeHUW 3HayeHue K onpegensaeTcs

NVHEVNHOW NHTEPNONAUNEN.

2. Mpwm R/(D,s)<1.0 crniegyeT npuHMMaTh k=13



4.5. TPOMHUKN N BPE3KU

4.51. Pacyetbl npoBogAaTcaA B cootBetctBMM ¢ PO 10-249-98 no
HWKenpueeaeHHbIM hopmMynam.
4.5.2. PacyeTHada TonwmHa CTEHKN MarncTpanun paccynTbiBaeTca no popmyne

_ PD

T2l P (419

KoacpdpuumeHt npoyHoctn @ npuHMmMaeTcsas B cooTBeTcTBMM C n. 4.1.1.

KoatbpnLIMEHT CHUKEHUS MPOYHOCTM CBAPHOTO LLUBA "W MPUHUMAETCS:
Ana cBapHOro TporHuka cornacHo P 10-249-98 (n. 4.2.2);
ANS WTaMmnocBapHoOro TporHuka cornacHo P 10-249-98 (n. 4.2.1.1);

ANd WwTaMmnoBaHHOro TPOWHMKA ¢y =1
4.5.3. PacyeTHyl0 TOMWMWHY CTEHKM wWTyuepa (OTBETBMEHUNA) cnegyeT
onpegenaTtb No gopmyne:

_ Pd

%_Z@b]_P.(41$

KoadbpuumeHT cHwkeHusas npodHocTn P npuHumaetca cornacHo n.4.1.1

HacToswmx Hopm. KoadhdUUMEHT CHWXKEHUA NPOYHOCTM CBapPHOro LWBa Pw
onpegenseTcs:

ANsi CBapHOro TPOWMHUKA, Kak onga marnctpanu (n. 4.5.2);

AN WTaMnocBapHOro U WTamMnoBaHHONO TPOMHMKA - cornacHo P[] 10-249-98
(n. 4.2.1.1).

4.5.4. KoathdurumnmeHT npo4HOCTK 3a cHeT ocnabneHns oTBepCTMEM Marmcrpanu
CBaApHOro TporHMKa paccuntbiBaeTcs no popmyne (puc. 4.3, a):

2 2 A

04= 1+
d 1,75_'_ d Z(S_C) Da_S S—C

V(Da—s)(s—c)'

, (4.14)

roe c - onpegendercsa cornacHo n. 4.2.3;

2A CyMMa YKpennswLwmx nrowagen wryuepa M Haknagku (ecnu takoBas
nveetcs):

LASATA (415

Ana wramnoBaHHbIX (WTaMnocBapHbIX) TpowmHukoB (puc. 4.3, 6) BMecCTO



BenuduHbl d B dopmyny (4.16) crnegyet noacrasBnaTh:

deq:d+0,25r . (4,16)

npuyem r npuHNMMaeTCa Mo YepTexXy Ha KOHKpGTHbIVI TpOVlHVIK, HO He MeHee 5
MM.

4.5.5. Ykpennsiowas nnowagpb Wwtyuepa onpegensietTcs no dopmynam:
ANSi HAPYXXHbIX LUTYLLEPOB, KOHCTPYKLMSI KOTOPbIX COOTBETCTBYET pUc. 4.2, a:

AJ:Zho[(SD_C)_SOb] , (4_17)

roe h BbICOTa WTYyUEpPa;

S . TOJNWwNMHaA CTEHKM WTYyLEepa,

Sob - MUHUMalribHO AdonyctuMmasa ToJilnHa CTEeHKWU wWTyuepa, BblHUCIAeMaa no

dopmynam 4.12 - 4.13 npwn 3HaYEHUUU o=1

a e 6 e —]

N | @\ 2

< _ d L , ' ) J
| V% < é—mx\\\

Puc. 4.2. Tunsel cBapHbIX COeAMHEHH TPONHUKOB CO LUTYLIEPOM:
a — NMpPHMbIKAIOWHK K Hapy>XHON NoBepXHOCTH MarucTpaiu,
6 — NpoIyweHHLIH BHYTPb MarucTpaiu

ANA NPOMyLWeHHbIX BHYTPb Maructpanen LwTyuepoB, KOHCTPYKLUS KOTOPbIX
COOTBETCTBYET pucC. 4.2, 6:

A=2hf(s-c)s] +2(s-0) (1)

h
roe Pl - anvHa wTyuepa BHyTpY MarucTpanu;
ANsi BbITAHYTOW TOPfIOBMHbI LUTAMMNOBAHHOIO (LUTAMMNOCBApPHOro) TPOWMHUKA,
KOHCTPYKLIMSt KOTOPOro COOTBETCTBYET puc. 4.3, 6:

A=2( -y )[(8 )5 ] +2](557¢) s . (4.19)



MWHUMAMbHO AOMYCTUMAs! TOMWMHA CTEHKW 05 OnpesensieTcst no popmyram

4.12 - 4.13 npwu 3Ha4YeHUn ¢=1_ [Ins wramnoBaHHbIX TPOWHUKOB NP onpegeneHum Sob

B cpopmyny (4.13) BMecTo d cnefyeT NoACTaBNATb g .

4.5.6. PacyeTHOe 3Ha4yeHWe BbICOThI WTYLlepa NPUHUMAETCS COrflacHO pasmMmepy
MO YepTeXy Ha KOHKPETHbIN WTyLep, HO He Bonee onpeaeneHHoro no gopmynam:

h=h,=125)/[D;~3)(s,~¢) . (4.20)

1, =05/ (B9 ){%7¢) 4 1)
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Puc. 4.3. TpoiiHUK: a — cBapHoil; 6 — LITaMITOBaHHBI

Mpn ogHOBPEMEHHOM YKpenneHnn oTBEpPCTUA WTYLEPOM U Haknaakomn (puc. 4.3,



a) BblCOTa YKpennswen vactu LwTyuepa nNpuMHUMaeTcs 06e3 y4deTa TOMWMHbI
HaknagKku:

h=125]/(D—s)(s—¢)

4.5.7. Yxpennawwasa nnowanb Haknagku onpegensietca no dopmyne (puc. 4.3,
a):

An=20% (4,22

b,
Ncnonb3yemoe B pacyeTe 3Ha4yeHue LWUPWHbI Haknagku " OOIKHO
COOTBETCTBOBATbL pa3Mepy MO 4YepTexy Ha KOHKPETHYH Haknagky, Ho He Gonee
onpeneneHHoro no dopmyne

bn:V(Da—s)(SJfSn_C)' . (4.23)

4.5.8. Ecnn B cBapHbIX TPOMHUKAX UK Bpe3Kax HOMUHarbHas TOMLWMHA CTEHKN

Sptce

wrtyuepa wiun ﬂpl/lCOGLI,I/IHGHHOVI pr6bl paBHa M OTCYTCTBYHOT HaKmnagkw,

criegyeT NpUHUMaTb ZA:O. B aTom cnydyae guameTp OTBEPCTUS OOMMKEH ObITb He
Gonee Bbl4MCIIEHHOTO Mo dhopmMyre

d:(£—1,75) |/1 Da—siis—ci
Pq

. (4.24)

5. MNoBepoyHbIN pacyeT TPyOboOnNpoBOAOB Ha MPOYHOCTb

5.1. OCHOBHbIe NONoOXeHud

5.1.1. TonwwumHa CcTeHOK Tpy®6 W coeguHUTENbHbLIX AeTanen TpybonpoBona
AO0SPKHa COOTBETCTBOBATL TpeboBaHUAM pasaernia 4 HacTOALWMX HOPM.

5.1.2. LUenbdo nNoOBEpPOYHOro pacyeTa SBMSETCHA OLEHKa CcTaTu4eckon wu
LUMKNUYECKON MpPOYHOCTM  TpybonpoBoda, a Takke oOnpeaeneHue  ycunum,
AENCTBYIOLLMX CO CTOPOHbI TpybonpoBoda Ha Onopbl, CTPOUTESNbHbIE KOHCTPYKLUN W
npucoegmHeHHoe obopyaoBaHue.

[MonHbLIM NOBEPOYHLIA pacyeT COCTOUT U3 YeTblpex aTanos (Tabn. 5.1).

Tabnuua 5.1
Home HanmeHoBaHue LLindopbl Harpy3ok no Tabn. 2.1 HasHauyeHue
p pac4yeTa noH naoK pacyeTa
aTan




PacyeTt Ha 1,2,3,6,7,8, 10, 1,2,3,6,7,8, | OueHka
Jencrteme 11 10, 11, 12, 13, | cTaTn4eckoun
HecamMmoypaBHOBeLL 14, 15 NPOYHOCTU
€HHbIX Harpy3oK B
pabo4yemM COCTOSAHUN
PacyeTt gnsa 1,2,3,4,5,6,7,8, | 1,2, 3,4,5, 6, | OueHka:
pabouyero 9,10, 11 7,8,9, 10, 11, | ctatu4eckomn
COCTOSIHUS Ha 12,13, 14, 15 | npo4HOCTY;
COBMECTHoOe HarpysoK Ha
JencTBme Bcex obopynoBaHue,
Harpy>karoLmx onopbl n
dakTopoB CTPOUTESbHbIE
KOHCTPYKL MM
Pacuet ans 1,2,3,4,5,8,9 - OueHka:
XOnoAgHoro cTaTU4ecKkomn
(Hepabouyero) NPOYHOCTU;
COCTOSAHUSA Ha Harpy3ok Ha
COBMECTHOe obopyaoBaHue,
JencTBue Bcex onopbl n
Harpy>karoLmx CTPOUTESbHbIE
dakTopoB KOHCTpPYKU MU
PacyeT Ha Cm.n.5.1.3 - OueHka
aencrteme LIMKNTNYEeCcKomn
LMKITNYECKNX NPOYHOCTU
BO34EMCTBUN (BbIHOCIMBOCTMW)
(UmnKnbl HarpeB.-
oxnaxgeHue)

Mpumevanua: 1. Ha oa3tane 2 pacyeT BegeTcss Ha  MONOXUTENbHbLIN
TemMnepaTypHbI Nnepenag oT TemnepaTypbl MOHTaXa 4o paboyern TemnepaTtypsbl.

2. Ha oatane 3 npu onpegeneHnn BAUSHUA CUIT TPEHUA WU OTKIOHEHMUN
NOABECOK HEeoBXoAMMO yuuTbIBaTb, YTO Mepeq Havanom oxnaxgeHus TpybonpoBon
nveeT nepemeLleHunsi, 00ycrnoBreHHble ero HarpeBomM B paboyemM COCTOSTHUN.

3. B TpybonpoBogax C CUbMOHHbIMK, JIMH30BbIMM WAN CalflbHUKOBbLIMU
KOMMeHcaTopaMu npu pacyete gedopMaunin KOMNEHCATOPOB BHYyTpPEeHHee AaBfeHue
yuuTbiBaTb He cregyeT. [Ons 9TuX Uuenen HyXHO AenaTb OTAENbHbIA pacuyer,
aHasnorn4Hbln pacyeTy, BbIMNOSIHAEMOMY Ha aTane 2.

5.1.3. CobnogeHne ycrnoBui cTaTMyeckon NpoYHOCTH obazaTenbHO Ha aTtane 1.
Ecnu BbINONHAKTCA yCNOBUA CTaTUYECKOW NPOYHOCTU Ha 3aTane 2, pacyeT no atany 4
MOXHO He NpoBoauTb. B npoTMBHOM crniyyae pacyet no atany 4 obssaTteneH.

5.1.4. Pa3amax npviBefeHHbIX HanpsikeHuin (A0) ans Bcex paccunTbiBaeMbIX
ceyeHun TpybonpoBoda onpedenseTrcsa Ha atane 4 Kak pasHOCTb 3KBMBAIEHTHbIX
HanNpsp>KeHUN Ha aTanax 2 u 3.

5.1.5. Cunbl TpeHus B onopax 1 Npu B3aMMogencTemm TpybonpoBoga C rpyHTOM



onpegenarTcd cornacHo nn. 5.3.2 n 5.3.3.

5.1.6. Pacuetbl TpybonpoeogoB B pexume [1OK BbinonHAKTCA npwu
COOTBETCTBYIOLLEM YKa3aHUN B MPOEKTE.

5.1.7. HanpspkeHnsa oT BCex Harpy3ok crnegyeT nogcymtbiBatb N0 HOMUHASIbHOM
TOSLWNHE CTEHKN TPYObI NN COeanHUTENBHON aeTanu.

5.2. MpumeHeHMe M y4YeT MOHTaXXHOWN PaCTAKKU

5.2.1. MoHTaxHas pacTskka NpMMEHSAEeTCa ANs Yry4dleHUss KOMNEeHCUPYoLEn
cnocobHocTM TpybonpoBoga W YMEHbLUEHWsI Harpy3ok, MepedaBaeMblX Ha
HEeNOABWXHbIE ONOpPbI M NPUCOeAMHEHHOE 060pyaOBaHME.

5.2.2. PekomeHngyeTca HadHadaTb BenNUUMHy pacTskkm He 6Gonee 60%
BOCMNPUHNMAEMOro TemnepaTypHOro paclunpeHus.

5.2.3. MNpn NpMEHEHUN MOHTAXXHOW PACTSHKKM C HErapaHTMPYEMbIM KadeCTBOM
pacdeT npousBoauTcss 6e3 ee yyeTa. [apaHTupyemass MOHTaXHasi pacTsKka
yunThbiBaeTCA Ha aTanax 2 u 3 NosIHOro pacyera.

5.2.4. PacTtsxka 3agaeTcsi Kak B3aMMHOE CMeLleHMe TOpLOB CTbIKyeMbIX
ceyeHuin Tpybonposoaa.

5.3. OnpeneneHne Harpy3oK Ha OoNopbl, CTPOUTESNIbHbIE KOHCTPYKLUU U
npucoeanHeHHoe o6opyaoBaHue

5.3.1. Harpysku oT TpybGonpoBoga Ha OMopbl, CTPOUTENbHbIE KOHCTPYKLUAU U
npucoeauHeHHoe obopyaoBaHWe onpeaensanTca Ha aTanax 2 u 3.

5.3.2. TopusoHTanbHble Harpyskm OT CUIT TPEHUS Ha MNOABWXKHbLIE OMOpbI
Tpybonposoaa onpeaensaTcsa no dopmynam:

2 2
Q- S) L%
Iy 00 R,
0 _ A
% 2 (52

roe Q. BEpPTUKanbHOe aaBneHne TpybonpoBoaa Ha NOABWKHYHO OMopy;
Gy - NpoaofbHasa CoCTaBnsoLwWasa cunbl TpeHus (BAONb OCK TPyObl);

% - 6okosas cocTaBnsoLLasn cunbl TPEHNS (Nonepek ocu Tpyobl);

Hy - koachbMLMEHT TpeHus npy nepemeLLeHU BAOMb OCK TPY6bI;

Hx - koadbdULIMEHT TpeHUst MK NepemelLLeHNN Nonepek 0cu TpyBb;

A A o
Y U7X - NIMHeNHble NnepeMeLLeHns BAOMb 1 NONepek ocu Tpyobl.



KOMMNOHEHTLI Cunbl TpeHnd B n % (pyc. 5.1) Ha nNepemMeLLeHnax B MIOCKOCTU
CKOMBbXEHUS1 OOSMKHbl CcoBepllaTb OTpuuaTtenbHyto paboTy (T.e. Kaxgas napa

3Ha4YeHUN qx, AX " qy, Ay OOJIMKHa MMETb NMPOTMBOMOJI0XHbIE 3HaKI/I).

C nomowpbto dopmyn (5.1) mn (5.2) KOMMNOHEHTbI CWUNbl TPEHUA % n Y
onpegenarnTca  nocnegoBaTtenbHbIMU - MPUBNIVKEHMAMU B 3aBUCUMMOCTU  OT

nepemMelleHnn Tpybonposoaa Ay By, KoapduumeHtol TpeHus Hx u My

NPUHMMatoTCst No Tabn. 5.2.

0, Q.

(0 G I (-
(- )

o

i ;

Puc. 5.1. CxeMa Harpy3ox-Ha onopy: / — Tpy6a; 2 — noaBHXHast onopa

Tabnuua 5.2
Twvn onopsl KoadhpnumeHT TpeHus (ctanb nNo ctanm)
MIO_y MIO_ X
Ckonb3dwas 0,3 0,3
KaTkoBasi 0,1 0,3
LLlapukoBas 0,1 0,1

Mpumeyvanue. [py NnpMeHEHUN PTOPOMNIACTOBLIX NPOKNAA0K No4 CKOMb3siLne
onopbl 3Ha4YeHUs1 Ko duymeHToB TpeHna npuHmmatotes 0,1 emecto 0,3.

Ecnn koadpduUMEHTbI TPEHUS BOOMb W MOMNEpeKk ocu TpyObl OOMHAKOBDI,

dopmyna (5.1) npeobpasyetca:
hQ =)ot +ay

Tabnuua 5.3
XapakTtep HarpyxeHus KoadhdmumeHT n-m
[MeHononuypeTaH ¢ ApMONeHOBETOH,
obono4ykon u3a nonmMmepoeToH
NoJsIM3TUNEHa
MHorokpaTHoe 0,33 0,67




YyepenooBaHue LUKIOoB
HarpeB - oXnaxgeHue

OfgHoKpaTHbIN Harpes 0,67 1,00
(oxnaxgeHwue)
KpaTkoBpemeHHoe 1,00 1,15

npunoXxeHne Harpy3ku

MpumeyaHue. OQHOKPATHLIN HarpeB (OxnaxgeHne) NpUHMMaeTcs Ha aTanax 2
M 3 MOMHOro pacdeta nNpu OLEHKe CTaTMYeCKOW MPOYHOCTM UM Harpysok Ha
obopyaoBaHue, onopbl U CTPOUTESbHBIE KOHCTPYKLUK, @ MHOrOKpaTHOe YyepeaoBaHue
LIMKITOB HarpeB - oxXnaxaeHune - Ha atanax 3 u 4 npu oueHKe LUKNNYECKOMN NPOYHOCTMW.

5.3.3. B TpybonpoBogax 6GeckaHanbHOM MPOKMNAagAKW B TPYHTE CWUSlbl TPEHUA
AENCTBYIOT BAOMNb OCU TPYObl Kak pacnpefeneHHas Harpy3ka ¢ MHTEHCUBHOCTbIO H/m:

O = u[(l—O,Ssin(prp )yrmeK+ g] (5.3)
KoaphdpmumeHT TpeHusa onpenensercs no gopmyne

n=tn,o,, , (5.4)

roe ™ - KOS MULINEHT, 3aBUCALLIUIA OT KOHCTPYKLUWM M3ONALUN U XapakTepa
HarpykeHus. [Ona Haubonee pacnpoOCTPaHEHHbIX W30MALMOHHBIX  KOHCTPYKLIWIA

3HayeHus 'm npueedeHbl B Tabn.5.3. [Ona Apyrnx MU30NAUMOHHBLIX KOHCTPYKLIMK

3HayeHus 'm cnegyeTt NpUHMMAaTb Ha OCHOBE CMPaBOYHbIX UITM KCNEPMMEHTarbHbIX
AaHHbIX.

5.34. Cuna TpeHna B canbHMKOBOM KOMMEHcaTope onpeaensietcs no
dopmynam:

=40002- L Dyt
AT 6

qyc = 2Ppa6Lchch , (56)

P 105
roe P - pabouyee AaBneHve, npuHumaemoe He meHee 09107 Ma:;
L . AnvHa HaBVBKM MO OCH CaMbHIKOBOTO KoMMeHcaTopa, M;

D .
¢ - HapYXKHbIV AnaMeTp naTpybka canbHUKOBOTO KOMMEeHcaTopa, M;

He KO3 PUUNEHT TPEHNA HABMBKM O MeTans, npuHUMaeTcs pasHbiM 0,15;
m - yncno 60nTOB KOMNEHcaTopa;

2
A . nnowaab NonepevyHoro cevyeHnsa Habmeku, M



AC:0,785(di§—Df)

3aecb e -BHyTpEHHWZﬂMaMeTpKOpﬂycaCaﬂbHMKOBOH)KOMHeHcaTopa,M.
4000m

Mpn onpegeneHnn cunbl TpeHus no cdopmyre (5.5) BennumHy A cnepyert

. 1-10°
pUHMMAaTb He MeHee a.

B kayectBe pacyeTHOW MpuUHUMAKT OGOmMbly W3 CWM, MOSyYEHHbIX MO
dopmynam (5.5) u (5.6).

5.3.5. HeypaBHoBeLUEeHHblE CUMNbl OT BHYTPEHHEro AaBneHus npu npuMeHeHun
OCeBbIX KOMMEHCATOPOB BbIYUCAAIOTCA N0 hopMynam:

ANsi carbHUKOBbLIX KOMMEHCaTOPOB

; (5.7)
AN cUNb@OHHBIX U NIMH30BbLIX KOMMNEHCATOPOB

Pr

2
=—(D,+D|+
No= 75 (Da* D) +CA 59
roe D w oD - HapyXHblA W BHYTPEHHWA [OuamMeTp [MOKoro anemeHTa
COOTBETCTBEHHO;

Ci - oceBast xecTkocTb komneHcaTopa, H/MM:
A . nedopmaums komneHcaTopa, MM.

5.4. Kputepumu ctatmyeckom NpoYHOCTH

5.4.1. BennunHa 3KBMBANEHTHbIX HaNPsSPKEHW ONs cTanbHbIX TPYO M getanen
TpybonpoBoaa He JOMKHA NpeBbIaTh 3HAa4YEeHWI, yKa3aHHbIX B Tabn. 5.4.
5.4.2. lpn npoBeAeHMM pacyYeToOB Ha LUMKINYECKYHD MPOYHOCTL (dTan 4)

BbIMOJTHEHNE YCITIOBMI CTATMYECKOM MPOYHOCTU ANS CTanbHbiX TPyO M getanen Ha
aTane 2 Heoba3aTenbHo.

Tabnuua 5.4

OTanbl pacyeTta Pexnm Harpy>xeHusi [onyckaemoe HanpshkeHune
1 naH 1,1[curma]
MoK 1,5[curmal
2n3 naH 1,5[curmaj




| | noK | 1,9[cvrmal

MpumeyaHue. Kputepum crtaTMyeckom MNPOYHOCTU CUIMbMOHHBLIX N FIMH3OBbIX
KOMMNeHCcaTopoB NpueeaeHbl B N. 5.7.5.

543. [Ona Tpyd C nNPOMBIWSIEHHON MNEHONONNYPETAaHOBOW U30NALMEN
NpoOoSbHble  HanpsbKeHnss B paboyeM COCTOsSiHAM B MeHononuypeTaHe W
NONMaTUNEHOBOW 0605I04KE HE AO0MKHbI MPEBbIWATL 3HAYEHUN, yKa3aHHbIX B M. 3.3 n

3.4. Tlpy U3BECTHbIX NPOAOIbHBIX HAMPSHKEHUSIX B CTanbHOM Tpybe °Y oLeHKy aTux
HanNpPsHPKeHU cneayeT Npous3BoauTb No opmynam:

Gnny:GyEn_lzzi[G] my 5.9
=c i c
o yEpa6S[ oo (5.10)

roe By MOAyIb YMNPYrocTy NeHornonuypeTaHa, NpUHUMaeMbli paBHbIM 15

MMa;

SIE MOAYIb YNPYroCTy NONUATUNEHA, B> =1000 MMMa;

Eba6 - MOAynb YNpyroctTu wmartepuana cTanbHOM TpyObl npu paboyen
TemnepaTtype.

5.4.4. KacaTenbHble HanpsbkeHWs B NeHonosivypetaHe Ans Tex xe Tpyb B
paboyeM COCTOSHMM He [OOSMKHbl MNPEBbIWAaTh 3HAYeHUd, YykasaHHoro B n. 3.5.
CooTBeTCTBYHOLLEE YCNOBUE CTAaTUYECKON NPOYHOCTM

Ty = D S[T]nny
T . (5.11)

roe Gy - onpeaensetca no gopmyne (5.3).
5.4.5. BennuunHbl gonyckaemblX Harpy3oK Ha NpucoeguHeHHoe K TpybonpoBoay
o6opyaoBaHNe yCTaHaBNMBAKOTCS 3aBOAAMU-U3rOTOBUTENSIMM.

5.5. OueHKa UMKNMYeCKON NPOYHOCTU (BLIHOCIIMBOCTH)

5.5.1. OueHKka UMKNINYECKON MNPOYHOCTM MPOBOAUTCSA Ha OCHOBE aHanuaa
HanNps>KeHU, onpeaensemMblX No AaHHbIM YNPYroro pacyeta Ha atanax 2 u 3.

OCHOBHOM pacyeTHOM Harpyskom €BnNsSeTCA MarouuKrnoBoe TemnepaTypHoe
BO3JeNCTBUE, Bbl3biBaeMoe konebaHnamm TemnepaTypbl.

5.5.2. Ha ocHoBe BEPOSTHOCTHOM OLIEHKM YCMOBUK JKcnnyatauum B TeYeHue



roga 3agaeTca TemnepaTypHasl WUCTOPUSl, COCTaBMEHHas M3 MOSHbIX LUWKMIOB C
PasNnYHLIMK pasmaxaMmy TemnepaTypbl.

o . . N
Kaxablh uuMkn i-ro TuMna XapakTepusyeTcsi 4acToTol mnoBTopeHuss O B

onpeseneHHOM MHTEPBane BPEMEHM i 1 pa3Maxom TemnepaTypbl ATy,
TemnepaTypHasa UcTopusa MMeeT crnegyroLwmmn sua;
Tay i Oenbta T i N_Oi
Tay 1 Oeneta T 1 N 01
Tay 2 HOenbta T 2 N_02
Tay_k ,D,enb;a T Kk N__Ok

N 0bbIYHO CTpouUTCA B MnopAaake y6bIBaHVIFI MHTEepBaJioB BpeMeHN N pa3MaxoB
TeMnepartypsbl, T.€.

rl>172>...>1:k

AT, >AT,>...>AT,

AT,

T
npuyem 7 1 XapakTepusyrwT LUK C HambonbWNM MU3MEHEHUEM

TemnepaTypsl.

[lonyckaeTcsi He yyuTbiBaTb M3MEHEHWUs TemnepaTtypbl B npegenax 22,5 o
HanbonbLUEro 3HadYeHusi, NPUHATOro B pacdeTe. [pumep 3agaHus TemnepaTypHOn
NCTOPUN CM. B NPUIOXEHUN 2.

5.5.3. Tllpn OUEHKE UMKIIMYECKONW MNPOYHOCTU paCYETHbIA CPOK Cryxbbl
TpybonpoBoaa pekoMeHOyeTcs nNpuMHMMaTb He MeHee 25 neT, ecnu B 3agaHuMM Ha
NPOEKTUPOBAHME HE OrOBOPEHO MHOMO CpOKa.

5.54. Pasmaxu HanpskeHurn AOna  uukna  HambonbluMM  M3MEHEHUEM
TemnepaTypbl ONPeaensanTca Ha aTane 4 NosHOro pacyeTa ANnd KaXagoro pacyeTHoro
ceyveHna Tpybonposoga j no oopmyrne

2)  (3)

(20)=E, | £~ £
0 Epa6 Exon ’(512)

2) 5]

O,; O,; .
roe 8 , 8 - 9KBMBAlIEHTHble HanpshkeHust B cedeHuun j (anrebpanyecku

HanbonblLuee N HaMMeHbLUEe) Ha aTanax 2 1 3 NONHoro pacyeTta 6e3 yyeta MEeCTHOM

KOHLIEHTPaLUMN HanpsiKeHWIA.
5.5.5. AMnnuTygy npuBegeHHOro MeCTHOro YCIOBHO-YMNPYroro HanpshkeHus ans

LuKna ¢ HambonbLen TemnepaTypomn Thas cnepyet onpeaenaTb No opmynam:



0,5(Ac )k,

[GaF] = <
' Ps npu (AG)_ZRPOZ; (5.13)
o] _ 05(Ac)k
aF - -
1 o . (Ac)>2Rp02’ (5.14)
roe ke . KO3(PPUUMEHT  KOHUEHTpaUUM  HanpsbkeHWn,  yYuTbiBatoL M

ynpyronnactuyeckme aedopmaumu:

. (5.15)

an/I OTCYTCTBUWN OaHHbIX MO KOGquZ)I/ILlI/IeHTy CHWKEHNS LUKITNYECKON NMPOYHOCTH

CBapHOro LWBa MOXHO MpUHUMaThb ?;=038 . Mpun oTcyTcTBUM CBapHOro LWBa ?s=1.0 .
5.5.6. KoadbPuUMEHT KOHUEHTpauMn HanpsbkeHurW Ons OTBOAOB U TPOMHUKOB
cnegyet NpYHUMAaTh Kak Hambornbllee U3 ABYX 3HAYEHUM:

o= max(ky: k) (5.16)

KoadhpurumeHt . NPUHUMAETCH:
Ansa OTBOAOB - COrnacHo TpeboBaHusm n. 4.4;

Ans TPOWHMKOB ki:l/(P, roe P onpepensietca cornacHo n. 4.1.1. [onyckaeTtcs

onpenendrtb K no rpadukam Ha puc. 5.2.

. (5.17)



1,7

1,6

L5

1,4 ) /

1,3 4

/‘
1,2 / . -
/ >

.___.v"‘/
o o1 02 03 04 05 0,6 07 08 09 1,04d/D,

1,1

1,0

Puc. 5.2. Ipaduku nns onpeaeneHus Ko3aQpQpHUHEHTOB KOHIIEHTPalHH
HanpsokeHW B TpORHUKAX:
I — pna cpapHbIX TPORHMKOB 6e3 yCHIHBAIOWUX HAKIa 00K,
2 — pJis WTaMNosaHHbIX U LITAMIIOCBapHBIX TPOIIHHUKOB;
3 — anst TPORHMKOB ¢ YCHANBAIOIKMUA HaKnafiKaMu

55.7. [Ona  cunb@OHHLIX  KOMMNEHCATOpOB, NosiydeHHbIX  MeToAoM
MOpoOOPMOBKM U fIMH30BbIX KOMMEHCATOPOB, CBApPEHHbIX W3 OBYX MOSYMUH3,
KO3 PUUNEHT KOHLIEHTPAL MM HANPSXKEHNN peKoMeHayeTcsl NpuHUMaTh no Tabn. 5.5.

Tabnwuua 5.5
MaTepuan rmbkoro KoadhdumumMeHT KoHUEeHTpauum kKo
anemMeHTa Cunb@OHHbIN JInH3oBbIN KOMNEHcaTopP
KOMMNeHcaTop
Yrnepoagucras n 1,2 2,2

JliermpoBaHHasda
HeayCTEHUTHAaA CTallb

AyCTeHUTHasa cTanb 1,05 2,0




[ns HopManu3oBaHHbIX KOHCTPYKLMIA KOMMEeHcaTopoB 060Mx TMNOB B hopmynax

(5.15) u (5.16) creayeT npuHuMaTh P~ 1
5.5.8. AMnnutyga HanpsKeHUn ONS UMKAOB C MeHbLUen TemnepaTtypon, Yem
ykasaHa B n. 5.5.5, paccuntbiBaeTcs no popmyne

AT,
[GaF]i:A_Tl[GaF]l _
=23, ...k (5.18)

(¢)
ow].
5.5.9. [Jonyckaemoe 4nCrno MOMHbIX PaCYETHbIX LMKIOB C aMnuUTyLOon ali
Ans  u3genuni 13 YrnepoamcTbiX W NIErMpoBaHHbIX  HeayCTEeHUTHbIX CTanewn
onpegenseTcsa No opmynam:

N :( 9360 )2
i\ [our] —645
Perl : (5.19)

)2
: (5.20)

[No] _ 5920
i |Ga,:| i—129

[0, >129 [N, ]
npw i Mla i onpepgensieTca no obeum popmynam n 3a pacyeTHoe
NPUHNMaeTCA HanMeHbLlee U3 ABYX NOoJTy4YeHHbIX 3Haqu|/||7|;
64,5 MITa< [0, | <129 MITa [N,

npw i paccunTbiBaeTcsa no gopmyne (5.19);

0. | <64,5 MIla [N, | . 6
npu [ aF]' [ 0]' npuHuMaeTcst paBHbiM 10

[nsa n3genuii 3 ayCTEHUTHBLIX CTanen gonyckaeMoe YMCo MOSHbIX PacYeTHbIX
LMKMOB onpeaensieTcs no dopmynam:

N _( 13000 )2
o1i™| Joae] —50
verl - (5.21)
o _( 8210 )2
o1i™| Joue] .~ 100
ool (5.22)

. o] >100
MpumeHeHne 3TUX dopmyn B AuanasoHax  3HavYeHun ' ;
50<[o,] <100 [o,e] <50
' n ' MOSMTHOCTbLIO @aHarNoOrn4yHo.
5.5.10. MpoBepKy LUMKNMNYECKON NPOYHOCTN (BbIHOCIIMBOCTU) cneayeT NpoBOAUTb



no goopmyne

N ..
(0]} Sl
|N0|i
1=0 , (5.23)
roe k - obLee 4Yncno UKUKIoB;
N.. .
0F - yuMcno nMOMHbIX UMKMOB i-ro Tuna, onpeaensemMoe Ha OCHOBaHUU

TemnepaTypHOM UCTOPUN 3a BECb CPOK Cryxbbl Tpybonposoaa.

MpuMep OLEHKN LIMKNNYECKOWM NPOYHOCTU CM. B NMPUIOXKEHUM 2.
5.6. PacueTHble HanpskeHUs B Tpybax, oTBogax U TPOMHMUKaxX

5.6.1. Tlpu onpegeneHnn pacyeTHbIX HanNpsXXeHUn npegnonaraeTcs, 4To
TOSLLNHBI CTEHOK TPYyD, OTBOAOB M TPOMHMKOB YAOBMETBOPSAT TpeboBaHuAM pasgena
4,

5.6.2. CpepgHee OKpyXHOe HanpsbkeHue OT BHYTPEHHero [aBrieHus
onpeagensaercsa no gopmyne

__PD
250 (504

rae D - BHYTPEHHUI gMamMeTp pacCcYMTbiBae@MOro CeYeHus;

¢ - KoathDUUMEHT CHMXKEHNA NPOYHOCTU, onpeaensiemMbi cornacHo n. 4.1.1.
5.6.3. CpegHee OKpYXXHOe HanpsbkeHue OT AaBneHus rpyHTa B TpybonpoBoaax
OeckaHanbHOM NpoKNagkn onpegenseTcs no popmyne

o,=

2 -n,( 0,375, +0,54,)

S
Pow . (5.25)

B aTon popmyne obo3HaveHus Te xe, YTo n B hopmyne (4.4).
5.6.4. CymmapHOe cpefHee OKpPY)XHOE HamnpsbkKeHue criegyeT onpenensTb no

dopmyne
%=%" % (5.26)

5.6.5. CymmapHoe cpefHee 0OCeBOe HarnpshKeHue OT BHYTPEHHero OaBrieHus,
OCEeBOM CUnbl 1 nsrnbaroLero MOMeHTa onpegensietTcsa no opmyne



Gy = 0yp+ 0y, L Oy , (5.27)

rAe oceBoe HanpsikeHne OT BHYTPEHHEro AaBreHuns

. —_PD°
yp
4(D+5)s¢ . (5.28)
HarnpdaxeHme ot 0CeBOU CUnbl
N
Oyp=t ——
yn
AP . (5.29)

(B cpbopmynax 5.26, 5.27 un 5.29 3Hak "+" COOTBETCTBYeT pacTsbkeHuto, a "-" -
cxKaTu);
OCEBOE HanpshkeHne oT narnbaroLero MoOmMeHTa

0,8 . . '
o= 2L /[

. (5.30)
5.6.6. HanpskeHne oT KpyyeHus

M

JA

==
2W (5.31)

5.6.7. PagvwanbHoe HanpsXeHue OT BHYTPEHHEero AaBrfieHust onpenensiercsa rno
dopmyne

r

__P
2 (5.32)

5.6.8. [Ina pacyeTHOro cevyeHusi TpybonpoBoaa BbIYMCIAKTCA TPU NaBHbIX
HOpPMaribHbIX HanpshKeHUd, KoTopble MpeAcTaBnsaioT cobon anrebpanyeckyto cymmy
OENCTBYIOLLMX B OAHOM HanpaBfieHUM HaMpPsPKEHUA OT MPUIIOXKEHHbIX K CeYEeHUto
Harpy3okx.

MaBHbIe HaNPsKeHUs BbIMUCNAIOTCS Mo dopMyram:

APV HANU4YUN KPyTALLLErO MOMEHTa

OpTOy* V(G¢_Gy)2+4T2I] ;
Op T Oy~ V(%_GY)Z'M'TZI] ;

0,=05

0,=0,5

(5.33)



NPW OTCYTCTBUM KPYTSILLLEFO MOMEHTa

G1=Gy; 0 =0y; G3= 0y, €CIU G, >G> G

G;=0Cy; G =0; O3= 0y, €CIU G\ >G> G
= : =0, = >
G;=0Cy; G;=0y; G3=0y, €CIIU G, >G>0, (5.34)
>0,>
Ana obecnevyeHnss ycrnosus 917%27%  pnpekcol npy  0BO3HaYeHUsAX

OKOHYaTellbHO yCTaHaBJIMBAKOTCA Nnocsie onpeaeneHna YNCIEeHHbIX 3Ha4YeHun % , Oy n

Gr.

5.6.9. OKBMBaNEHTHbIE HaMpsKEHUs ANs pacyeTHOro cedeHusi TpybonpoBoaa
NPUHUMAKTCS PaBHbLIMU:

%=017 % (5.35)

5.6.10. HanpshkeHuna B Tpybax onpeaensitotcst B cooTBeTcTBumM ¢ n. 5.6.2 - 5.6.9.

MNpn atoMm  KOapPUUMEHTbI  UHTEHCUUKALUMM  NPUHUMAKOTCA '0_'1_1, a
XapaKTepUCTUKM CeYeHNs onpenenanTcs no gopmyram:

W:%(Da—s)zs;

Ab:n(Da—s)s. (5.36)

5.6.11. HanpsixxeHna B oTBOAax onpeaenstoTca B COOTBETCTBMM C M. 5.6.2 -
5.6.9 ansa aByx kpanHux ceveHnn A-A n b-b (puc. 5.3). 3a pacyeTHoOe 3KBMBaNEeHTHOE
HanpsKeHne NpuHMMaeTcsl Hanbornbluee U3 ABYX 3HAYEHUN. XapaKTEPUCTUKN CEYEHNI

W n A paccuntbiBatoTca no dopmyne (5.36), a koadpdPULNEHTbI bow b - oo

dopmynam:
ANS THYTbIX, KPYTOM3OTHYTbIX W LUTAMMNOCBApPHbIX OTBOAOB, CTbIKyEMbIX C
Tpybamu Ha cBapke:

_ 0,75 .

T, 2/3
A o,

__09 .

T 23
A ®,

(5.37)

ANsi OTBOAOB TEX € KOHCTPYKLWIA, CThIKyeMbIX C TpyOaMu Ha cpnaHuax:



0,75 .

1/3 '
A o,

0,9

1/3
A o,

(5.38)

Ans 0TBOOOB TEX XKE KOHCTPYKLWUA, CThIKYyEMbIX C TpyGamun Ha dnaHue ¢ O4HOro
KOHLIa W Ha cBapKe - C ApYroro:

0,75 .

172 '
A o,

0,9

1/2
A o,

(5.39)

A4 CEKTOPHbIX HOPpMalrin3oBaHHbIX OTBOAOB, CTblIKyEeMbIX C pr6a|v||/1 Ha CBapkKe:

09
b™h= "0

“» (5.40)

- 4Rs

(Da_s)2
roe ; (5.41)

D —s 5/2 2R 3/2
_ Y
w=1+3,25 E[( >3 ) (Da—S)
. (5.42)

5.6.12. HanpsbkeHna B TporMHMKaxX onpenensatTcs cornacHo n. 5.6.2 - 5.6.9 gna
cevyeHnn A-A, b-b n B-B (puc.5.4). 3a pacyeTHOoe 3KBMBANEHTHOE HanpsKeHue
npYHMMaeTCcs HambornbLlee U3 Tpex 3HaYEeHUN.

5.6.12.1. KoHueHTpaumsa HanpsbkeHurn wusrmba B TPOMHMKAX 3aBUCUT OT

6e3pa3mepHOro napameTpa Q.
[na cBapHbIX TPOMHMKOB 6e3 YKpennsoLwmx HaknagoK, KOHCTPYKUNSA KOTOPbIX
COOTBETCTBYET puC. 4.2, a:

Q= 2S

D_
= %) (5.43)

[nsi cBapHbIX TPOMHMKOB C YKPENNSALWMMN HaknaakaMu, KOHCTPYKLUNSE KOTOPbIX



COOTBETCTBYET puc. 4.3, a:

npu $,<1,5s
_ 2(s+0,55h)5/2
33’2(Da_3) . (5.44)
npu s,>1,5s
a

Pnuc. 5.3. PacueTHas cxeMa OTBOLA:
a — cxema HarpyxXeHus, 6 — pacueTHbie CeyeHUs



Puc. 5.4. PacueTHan cxeMa TPOHHHUKOBOTO COSHHHEHHA:
a — CXeMa HarpyXeHus; 6 — pacueTHbie CeYeHUR

8s

Q=
(0.5 (5.45)

[Ona wraMmnoBaHHbIX M LWITAMMNOCBAPHLIX TPOMHUKOB, KOHCTPYKLUUA KOTOPbIX
COOTBETCTBYET pucC. 4.4, 6:
2S 2r
Q= ( 1+

D,~s)

=
. (5.46)

Mpn pacdyeTe oTBeTBNEHMs (cedeHne B-B) B atm  dopmynbl BMECTO
HOMMHANbLHOW TOJMLWWHbI CTEHKM noacTaBnseTca addekTnBHada, onpeaensemas
cornacHo n. 5.6.12.2.

5.6.12.2. OJOddeKkTMBHas TOoMwMHA CTEHKM B CEYEeHMM OTBETBIEHUSA
onpegenseTcs:

npu Hanuuuu BHyTpeHHero aasnenust (P#0):
=5%/%m | (5.47)

roe s - HOMmMHalibHad TonwnHa CTEHKMU MarmncTpanu;

R - TOMWMHA CTEeHKM Maructpanu 6e3 ydyeTa ocrnabneHua oTBepCcTUeM
(paccunTtbiBaeTcsa cornacHo n. 4.3.1);

S TOSILLIMHA CTEHKN MarncTpanu corfiacHo n. 4.5.2;
npwn OTCYTCTBUKN BHYTPeHHero aasneHus (P = 0):



S04/ O (5.48)

roe P4 - BbluKcnsieTcs no popmyre (4.14),

Pm . NnpUHNMaeTCA HanbonbLnUM 13 ABYyX 3Ha4YeHUN Pa n (PWZ

O =max(pg 9

5.6.12.3. KoadhpunumeHTbl KOHUEHTpaununm HanpsbkeHun usrnba npu OencTsum
n3rndaroLLero MOMeHTa 13 NiocKOCTU TPOMHUKA:
B CBAapHOM TPOWHUKE C OTHOLUEHWEM HapPYXXHOro AuamMeTpa OTBETBIEHUSA K

HapyxHomy auameTpy marvctpany %/ Ba” 05
_ 135
b=
Q" "o

P (5.49)

B CBapHOM TpOI;IHI/IKe C OTHOLWeHnem da/DaSO’S, a TakKXke B LWTamMnoBaHHOM
(wTamnocBapHOM) TPOVHVIKE

i = 0,9
0 213,

P (5.50)

KoaddunumeHTbl  KOHUEHTpauum  HanpsbkeHun  u3rmba npu  OEnCTBUM

n3rndaroLero MOMeHTa B MNMTOCKOCTU TpOl7IHVIKa HE3aBUCMMO OT €ro KOHCTPYKUnn U

d,/D
COOTHOLLUEHMA @ @ BbIMMCMATCA Mo popmyne

1=0,75p+025 5 51y

BespasamepHbii napameTp “p B dopmynax (5.49) - (5.51) onpegensietca no
dopmyne

/12
1+325P [ 23 5
=1+ —
“p "TEB\ 2s

5.6.12.4. XapakTepuUCTuKn cedeHuns npu pacyeTte marmctpanu (cedeHunsa A-A n b-
B) onpegenstoTtca no copmynam (5.36), a npu pacyeTte oTBeTBNEHUSA (cedeHune B-B) -
no doopmyrnam:



(5.52)

B KOTOPbIX Som npuHNMMaeTCA: TMpun pacyeTe CBapHbIX TpOIZHI/IKOB KaK
HanmMeHbllee 3HayvYeHune u3 BerMnM4dYnH % n SDIi, a MNnpun pacderte WTaMnoBaHHbIX U

LUTAMMNOCBAPHbIX TPOMHUKOB KaK HauMeHbLUee 3HaYeHne U3 BESNTIMYNH b
5.6.12.5. Bpesku, KOHCTPYKLMS KOTOPbIX COOTBETCTBYEeT puc. 4.2, a n 4.3, a,
paccyMTbIBAOTCA Mo oOopMynamMm CBapHbLIX TPOMHUKOB.

5.7. HanpsxeHus B CUNb(OHHbIX U JIMH30BbIX KOMNEeHcaTopax

5.7.1. B TennoBblXx ceTAX WCNOMb3YTCA JIMH30Bble W OAHOCIIOWHbIE
CcuUnbOHHbLIE KOMMEHcaTopbl. B 3aBUCMMOCTM OT Xapaktepa BOCMNPUHUMAEMBbIX
nepemMeLLeHnn MNPUMEHSITCA OceBble, YrroBble (MOBOPOTHbIE) W COBUrOBblE

komneHcaTopbl (puc. 5.5, 5.6 n 5.7). Ha u4epTexax KOMMNeHcaTopoB u4epes A

0b03HayYeHa Ux KoMMNeHcupyoLwas cnocoGHOCTb.
Huwke npuBoaATca dopMynbl ANS  OnNpeaeneHvust HanpskeHUn B TUOKUX
aneMeHTax ykasaHHbIX KOMMNEHCaTOPOB.

Puc. 5.5. ITM6kuit anneMedT KOMNeHcaropa



Puc. 5.6. CxeMa paboThbl KOMIIeHCATOpa: @ — 0CEBOTO; 6 — YITIOBOTO



A2

Puc. 5.7. CxeMb! pa60ThI CIIBUIOBBIX KOMITIEHCATOPOB:
a — 6€e3 MpOMEXYTOYHOH BCTaBKH;
0, ¢ — c NpoMexXyTo4yHoit BcTaBKOM-TpybOH
5.7.2. CpegHee OKpY>XHOE HanpsXKeHne OT BHYTPEHHEro AaBfieHns



_ P(D+H)

’ (s—c)(1,14+ ﬂ)
97 (553

roe D - BHYTpeHHUN anameTp rmbkoro anemeHTa, Mm;

H - BbicoTa rogpa, Mm;

S - HOMUHarnbHaga TOSIWMHA CTEHKN TMBKOro afieMeHTa, MMm;
g - war rogpos (WwunpurHa rogpa), Mm.

5.7.3. CymmapHoe cpefiHee oceBoe HanpsxeHue

=6, +oc, +
Cy=Ow T %p ™% (5.54)
rae cpefHee 0CeBOe HanpshKeHWe OT BHYTPEHHEro AaBreHus

_ __PH
o 2(s—c)

- (5.55)

OoceBO€ HalpsaxeHune narmnba ot BHYTPEHHEIro gaBreHns

PH"C,
2(s—c)’

Gbp_

: (5.56)

oceBOe HanpsikeHne oT AedopMaunn pacTsKeHUs-CxxaTus

, (6.57)
34ecb CP, Cs : Co . KoadbdmumneHTbl, onpegenaemMble no rpadpukam puc. 5.8, 5.9

1 5.10 B 3aBMCUMOCTN OT H6e3pa3mMepHbIX napameTpoB ¢ n P

A
- npuBeLeHHOe OCeBOe MnepemMelleHune, onpegendaemoe corfacHo n. 5.7.4,

MM;
N - KONWYECTBO roPpoB (NNH3).
5.7.4. NpuBeaeHHOE OCEBOE NEpPEMELLIEHME 3aBUCUT OT TMMNa KOMMNeHcaTopa.
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Puc. 5.8. Ipadmku wia onpenenenns Koapd
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Puc. 5.9. Ipaduxu ma onpegenenns koapduunenra C
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Puc. 5.10. ITpadbuxu mns onpeneneHmna kosbduuuenta C,
[1ns oceBoro komneHcartopa

Ap=2p  (5.58)



roe Ap pacyeTHOe OCeBOe MNepeMelleHne OT OeUCTBUA BCEX HarpyXaroLmx
haKTopOB, KPOME BHYTPEHHErO AaBneHus (CM. npumedaHue 3 K Tabn. 5.1).
[ns yrnosoro (MOBOPOTHOr0) KOMMeHcaTopa

AH
2 (559)

roe 9 - yron nosopota komneHcaTopa (pacueTHbIit), pag;

Dp - Cpeﬂ,HMVI anameTp rMoKoro anemMeHTa, MM.
D,+D
D =
p 2

D,
3gecb @, D - o6o3HaveHus Te xe, 4To u B popmyne (5.8), mm.
[ns coBuroBoro komneHcaTtopa 6e3 NpoMeXXyTouHon BcTaBku (puc. 5.7, a)

3D,

AH
" L (560

[lns cABUroBOro KomMmneHcaTopa ¢ NPOMEXXYTOYHOWN BCTaBKow (puc. 5.7, 6)

A = %DpAp

®2L-b) g6

roe Bp pacyeTHoe 6OKOBOE nepeMeLLeHne KomneHcaTopa, Mu;

L - pacctosiHMe Mexay KpavHuMu Todkamy rodp (NIMH3) COBUIOBOrO
KomneHcaTopa (puc. 5.7);

b - AnvHa rodprpoBaHHON YacTn MMBKOro anemMeHTa, MM;

X - reoMeTpu4ecKmin KOIPPULNEHT:

_3L(L-b)
31L%2—6Lb +4b?

. (5.62)

5.7.5. Kputepun crtatmyeckom MPOYHOCTU CUNbAIOHHBIX W JINH30BbIX
KOMMEHCaTOpPOB:



G(PS[G] ;
GypS[G] ;

Gyp+c5bp§2,5[c5]. (5.63)

B Ccrny4dyae ecnun AOnnHa LI,I/IJ'II/IH,EI,pI/I‘-IGCKOIZ KpaeBOVI 30HblI TMOKOro anemMeHTa

1>} (s—c)D , OHa AoMmKHa BbiTb JOMOMHUTENBHO NpoBEpeHa kak Tpyba, paboTatoLias
NOA AeiiCTBMEM BHyTPEHHero aaBneHuss cormacHo n. 4.3. Ecrin xe <V (s—c)D ,
HaNPsHKEHUs B UMAMHAPUYECKON KPaeBOW 30HE MMBKOro anemMeHTa A0SDKHbI oTBevaThb

YCOBMIO

PD |

2(s—c)| 1,5)/(s—c)D ]S[G] . (5.64)

MpumevaHue. [Ina KoMneHcaTopoOB HOPMAanu3oBaHHbLIX KOHCTPYKLMIA NpoBepka
CTaTM4YEeCcKoM MNPOYHOCTU  COrnacHo TpeboBaHMAM  HAcTOSLWEro MNyHKTa He
obsa3aTenbHa.

5.7.6. OKBMBaNEHTHOE HanpsKeHue Onda pacyeTa LUMKINYECKOW MPOYHOCTM OT
BCEX BO34ENCTBUN B paboyem cocTosiHum onpeaensetca no dopmyne (5.54), T.e.

a OT BCeX BO3OENCTBUM B XONOQHOM COCTOsIHMM (3Tan 3 MOHOro pac4yeTta) - no
6,,=6,4=0
dopmyne (5.54) npn “yp~ ~pd

5.7.7. OueHKY UUKINYECKOM MPOYHOCTM  CUNbGOHHBIX U JNIMH3OBbIX
KOMMeHCaTopoB criegyeT Nnpou3BoauTb cornacHo n. 5.5.

6. MNoBepoYHbLIN pacyeT HAa YCTONYUBOCTb

B HacTtoswem pasgene paccMatpuBalrTCa  NPSAMOSNIMHEMHbIE U cnabo
NCKPUBMNEHHbIE Y4YacTKM TpyOonpoBOAOB Hepas3pe3HOM KOHCTPYKUMU (He uMetoLine
CUNbMOHHbIX, MMH30BbLIX KOMMEHCATOPOB, a TakKe KOMMEHCATOPOB TEeNeCKONMYeCcKoro
Tvna).

6.1. OueHKa MecTHOM YCTOMYUBOCTHU



Ana npepoTBpalleHns MnoTepu MECTHOW yCTOMYMMBOCTM  TpybonpoBoaoB
BGeckaHanbHOW NPOKNaaKkn B rpyHTe Heobxogmmo cobnogaTth ycrnosue

a

1,5[6] > %

Vo, oEAT £

.(6.1)

MuHuManeHbI  paguyc ynpyroro wusrmba P onpegensietca  cnegyowmnm
obpasowm:

npu AnvHe yyactka Bbinyumsanus 12200 ¢y
p=25I, (6.2)
npu | <200 cm
p=0,1251 (6.3)

Onpepnenexue | cm. B n. 6.3.
6.2. OueHka ob6Len yCTon4nBOoCTH

MpoBepKy 06lLel ycToMYMBOCTM TpybonpoBoaa B MPOAONbLHOM HanpaBneHuu
crieqyeT NPOBOAUTbL U3 YCIOBUSA

SNy (6.4)

roe S - SKkBMBanNeHTHOe NPOoAOofbHOE OCEBOE yCunme B cedeHun TpybonpoBoaa,

onpenendemoe cornacHo n. 6.3;
m - KoadppMUKNEHT 3anaca rno yCTon4ymBoCcTn, NPpMHUMaeMbin paBHbiM 0,9;

N
kP - MPOJONbHAsA KpUTUYECKas cuna.
OKBMBANEHTHOE MpPoJOSIbHOE OCEBOE ycuUnue Ans  NPsSIMONMHEMHBbIX U
cnaboun3orHyTbIX y4acTKoB TpybonpoBoaa cneayet onpeaensatb no opmMyne

S=A[EaAT ~vo, ) +PA 6.5)

roe A nnoLlaab NonepeyvyHoro ceveHns Tpyobl B CBETY:

. (6.6)

6.3. OnpeneneHue KPUTUYECKON CUNbI



6.3.1. [Ona TpybonpoBoOOB, MNPOKNagbiBAEMbIX Ha CKOMb3AWMX onopax
(Hag3eMHbIX, B KaHanax), KpuTuyeckad cuna npu rnotepe YCTOMYMBOCTU B
ropM30OHTanbHOW NNOCKOCTU onpeaenseTcs no dpopmyne

N =2/0ET 6 7y

2
roe % - cuna TPEHWS Ha eaMHULY NnoLwaamn onMpaHust Tpybonpoeoaa, Hlem®™ .

-9
71001 6g
n(Da—S)S
|I= ———
8 (6.9

6.3.2. na TtpybonpoBogoB 6eckaHanbHOW MPOKNaZAKN B TPYHTE KPUTUYECKYHO
cuny npu notepe yCTOMYMBOCTU B BEpPTUKaIIbHOM MIIOCKOCTU crnefyeT onpeaensite no

dopmyne

El
N = Qf—
°  (6.10)
roe Q - yaepxusarowasa cuna, H/w;
fo . Ha4vanbHbIN Npormd (cTpena ynpyroro nsrnba Tpybonposoaa), M.

f
3HaveHna Q n 0 onpepensatoTca No opmynam:

Q:L[(ZDD—“Zn)y +g+y,,2°(1-sing, Jige ]
100 k8 P P P P . (6.11)

T El

200 |/ Tl (6.12)

npuyem npum fo<l CM MNPUHMMaETCS fo=1 CM.
6.3.3. InnHy y4yacTka Bbiny4MBaHWs crieqyeT onpeaensaTb no dpopmyne

El
El (6.13)

I=n

MpunoxeHwue 1



PekomeHpyemoe

PacueT
K03thpMLUEHTOB rMOKOCTU INIEMEHTOB

1. OTBOADI

1.1. Tlpn noBepoyHOM pacyeTe TpybonpoBoga Ha MNPOYHOCTb cregyeT
YYUTbIBATb MOBLILLEHHYIO NTMOKOCTb OTBOOB.
1.2. KoadpdpuuMeHT rmMBKOCTU M3OrHyTOM Tpybbl C MPSAMbIMM y4YacTKamMu Ha

KOHUax npu r>2,2 paseH 1,0, a npu A=2,2 ppiyucniseTcs no dopmyne

Ko=Ke (n. 1.1)

K
roe P - KoadbduumeHT rmbkoctn 6e3 yyeta CTeCHEHHOCTV aedopmauumun
KOHLIOB U30rHYTOro y4acTka TpybonpoBoaa;

¢ - KOS(PPULMEHT, YUUTBLIBAKOLLNMA CTECHEHHOCTb Aedopmauunm Ha KOHUax
M30rHYTOro y4yacTka.

1.3. BennyunHa Kp onpenenseTtcsa no popmyne

K = 1,65
i 150 \°°
x(1+ - )
7»2
,(n.1.2)
2
0=3647 ;R_S s
roe 8 ,a h onpegensetca cornacHo n. 5.6.11 no dopmyne

(5.41).
1.4. BenuuwHa & npu A=1,65 gpiuncnsiercs no dopmyrne.

5
1 A 1,5 05 A
(= [ +\|;’—\|/'(1——)]

roe \IIZGL ZR/(Da_S) ,ad - LeHTpanbHbIn yron oteoda, pag (cm. puc. 5.3).
Mpu A>165 genuumna ¢ nonaraetcs pasHomn 1,0.

, (n.1.3)

2. T-o6pa3Hble cBapHble coeANHEeHUs



2.1. Tlpu nNOBEPOYHOM pacyeTe KOMMAKTHbIX TPybOONpoOBOAHBLIX CUCTEM B
6rno4HOM mcnosnHeHmMn (06BsI3KM HaAcoCoB, TEMNOOOMEHHMKOB U T.M.) peKoMeHayeTcs
yunTblBaTb NOAATNIMBOCTb OTBETBMEHUA B T-00pasHbiX COEAUHEHUAX Mpu n3rmbe u
Kpy4eHUMN.

‘ R —
-.,-—-..—-—.I._._.....-_..._.........._...._._...._...._.._........._....._.L....__..._._.._._.,..,_.__._ﬂ

O A

—— o d— vt — r—-—;—am—u

Puc. n. 1. Pacyernas cxeMa T-06pa3Horo csapHoro
COCOHHEHNA prﬁonponona
2.2. Yrnbl noopoTta B y3ne A (puc.n.1l) oT MNPUIIOXEHHbIX K OTBETBIIEHUIO
n3rnbaroLLMX MOMEHTOB B MIIOCKOCTU COEAUHEHMS (Myb) N B NEpneHauKynspHom en

M
MNNOCKOCTM (be), a Takke OT KpyTsawero MomeHta ( 2°) nogcuuTbiBalOTCA MO
dopmynam:

M ybda
El,

eyb:[0,2F0'5Da/s—0,5Da/da]
;(n.1.4)

beda
El,

be:[o,lFO’S( Da/s)1’5—0,5Da/da]
; (n. 1.5)



Ivlzbda

0,= [0,06F4( Da/s)1’5—0,5Da/da]

Gl
b (n.1.6)
rge Ib ) IPb - MOMEHTbI MHEPLUNN CeYEeHUA OTBETBJIEHUA MNPU n3rnde un KPpy4YeHUH;
G=E/2(1+v).
F=ds,/Ds.

S . HOMUWHAlIbHasA TOJIWMHA CTEHKU OTBETBIIEHUA;
S - HOMUHalbHaA TONWWHA CTEHKMN Marnmcrpanu.

MpunoxeHue 2
PekomeHayemoe

I'Ipumep pacyeTa Ha LUUKITNYHECKYIO NMPOYHOCTb (BbIHOC.HI/IBOCTb)

1. UcxoaHble AaHHbIe

PaccuntbiBaeMbll 3fIEMEHT - THYTbIA OTBOA, CTbIKyEMbIN C NPAMbIMU Tpybamu
Ha cBapke, matepwuan - ctanb 20.

IJaHHEIE OJIg pacyeTa ULUUKIMIECKOM MNPOUYHOCTM:

pabouad TeMrnepaTrypa T = 130°C;
pab
TeMIlepaTypa [OCJie OCTBIBAHUSA T = 0°C;
XOJI
pasMax HampsXeHuM npu Harpebe Ha 130°C u HenbTa curma = 300 Mla;
ocTeBauuu no 0°C Ber yueTa MeCTHOM 1

KOHIIEHTPALWM HANPSXEeHUM B OTBOIE

KODOOULIMEHT KOHIEHTPpaUUM HalpsSXeHMM B OTBOIe Kk = 3,0;
curMa

npenej TeKydecTM MaTepuajla OTBoIa npu pabouem R = 215 Mla;

TeMrneparype r02

KOBQPULMEHT CHIWXEHMS LUUKINYECKOM IPOYHOCTU on = 0,8;

CBApPHOT'O COeIMHEeHUH S

TemnepaTypHas UCTOPUS LIMKINNYECKOro HarpyxeHus Tpybonposoaa npuseaeHa
B Tabn. n. 2.1.

OueHUTb  UMKNUYECKYld MNPOYHOCTb OTBOAA MpM  CPOKe 3KchnyaTauun
Tpybonposoaa 25 ner.



2. PacuyeT KonuyecTBa LMKNOB

N o
0" Ha ocCHOBaHUM TeMnepaTypHONU UCTOPUM

Mpn onpegeneHun KonuyecTBa LMKIIOB Ha OCHOBAHUM AaHHbIX Tabn. n. 2.1
ncnonb3yeTca criegyouwas BpeMeHHas wkana:

1 rog = 12 mecauam = 52 Hegenam = 365 gHAM.

PesynbTaTbl npuBegeHbl B Tabn. n. 2.2.

Tabnuuan. 2.1

WHTepBan BpemeHu Tay_i [Mepenag Temnepartypsbl KonuyectBo LKMKMIOB
HOenbta T i, °C N_Oi
Kaxxgbin roq 130 1
Kaxabln mecsau 65 2
Kaxxpasa Hepensa 32,5 4
Kaxabln AeHb 16,25 8
Tabnuuan. 2.2
NHTepBan BpemeHu Mepenan Konunyecteo ymknos N_ Qi
Tay_i TemnepaTtyp B MHTepBarne B rog 3a BeCb CPOK
Henbta T_i, °C | BpemeHu Tay i Cnyxobl
Kaxkgbin ron 130 1 1 25
Kaxkgbin mecs, 65 2 24 600
Kaxkpas Hepgens 32,5 4 208 5200
Kaxkgbin oeHb 16,25 8 2920 73000

3. OnpepeneHue gonyckaeMoro YMcrna nNosHbIX LUKIOB

[na pasmaxa HanpskeHun

A

1.e. 300<2-215 MnMa, cneposatenbHo (M. . 5.5.5)

[0 ] 1

_0,5-300-3
0,8

=562,5

MMa.

Ac;<2 Rpoz

°1 B 300 MMa crnpaBeanvBo ycroswe ,

AMMNUTYaObl OCTarbHbIX LWKMOB, MPUBEAEHHbIX B TemnepaTypHOM uctopuw,
onpeaenarnTcd Ha OCHoBaHuM n. 5.5.8

65

[oa¢] ,=562.5 T35 =281,2

130 MMa;

32,5

[0 ] ,=562,53==1406 e




16,25 _

[o2¢] ,=562.5 =755~ =703 -

Pacuyet ponyckaemoro KonuyectBa MOSHbIX LUKNOB ANA 3TUX aMnnuTtyg B
cooTBeTCTBMM C N. 5.5.9 npuBegeH B Tabn. n. 2.3.

Tabnuua n. 2.3

HOenbta T_i, °C | [curma_aF]_i, Yncno NonHbIX LMKNOB Mo Pac4yeTHoe
MMa dopmyne 3HayeHne
[N_O]_i
(5.19) (5.20)
130 562,6 353 186 186
65 281,2 1866 1512 1512
32,5 140,6 15128 260452 15128
16,25 70,3 2,6 x 10(6) - 1 x 10(6)

4. OueHKa LMKIIM4eCKOU NPOYHOCTU (BbLIHOCITIUBOCTH)

Ha ocHoBaHuu gaHHbix Tabn. n. 2.2 u n. 2.3 no popmyne (5.23) nmeem:

k=4

No _ 25 . 600 . 5200 , 73000 _
[N| .~ 186 ~ 1512 ° 15128 * 1000000 ~
1

=0,134+0,397+0,343+0,073=0,947<1

YCrnoBust LMKNIMYECKOMN NPOYHOCTM BbINOJSTHEHBI.

MpunoxeHune 3
PekomeHayemoe

OnpeneneHuve BbINETOB ANA NOBOPOTOB M- n Z-ob6pasHon hopmbl n MNM-06pasHbIX
KOMMNeHcaTopoB TpybonpoBoaoB, NpoKnaabiBaeMbIiX Ha onopax

1. O6wme nonoxeHus

PaccuutbiBaloTCcsl  MOBOPOTHI U KOMMEHcaTopbl C  MPSIMbIMU
pPacnonoXeHHbIE B FOPU3OHTaNbHOM MO0 BEPTUKANbHOWM NNOCKOCTM.
Llenbto pacyeTta siBnsieTcs onpeaeneHne MMHMManbHO BO3MOXXHOrO BbineTa npu

yrnamm,



3afaHHbIX AnMHax nney. PacyeTHble cxembl NpeacTaBneHbl Ha puc. n. 3.1.
Onsa [-obpa3Horo nmnoBopoTa 3agaetca AnuHa Oonblwero nneya L n
onpeaenseTcsa AfiHa MEHbLLEro L

[na Z-obpasHoro noBopoTa 3afatoTca nreyu L n Ly n onpenendeTcs BbineT
Ana yyactka Tpyb6onpoBoga ¢ [1-o6pa3HbiM KOMMeHcaAaTOpoOM 3adarTcH

PacCTOsIHUA OT OCKM KOMMEHcaTopa OO0 HenoABWXKHbLIX Onop L % L2, cnnHka B u
onpepensaeTcs BbieT H.

2. Kputepum npo4yHoCcTH

Kputepnem  npoyHOCTU  SIBASIIOTCA  OOMNyCKaemble  KOMMEeHCaLWOHHblEe
HanpsHkeHus, onpeaensiemMble No hopMynam:
Anst Tpy6onpoBOAOB, PACMONOXEHHbIX B FOPU3OHTaNbHOM NMOCKOCTU:

2 D’
[6.] =1.25¢y,| / 1.04[c] *~04[c] P 2(D+—S)S(pw+
, (n. 3.1)



B/2 B/2

R
A

L, L, | %

Puc. n. 3.1. Cxempt ydacTKoB TpyOOTNIPOBOOB C MIPAMBIMH YIJIaMH:
a — I'-06pa3Hoit popMsi; 6 — Z-06pa3nHoit ¢popmsbr; ¢ — IT1-06pasHoit dopmel
Ans TpybonpoBoAoB, pacnonoXeHHbIX B BEPTMKANbHOM NIOCKOCTU:

[GCK] :015(wa[6] . (I'I. 32)

3. OnpepeneHune BbineTa



[ns onpeneneHnss BbineTa WCNONb3yeTcs TpuW nNapameTpa: napameTp
NPOYHOCTM A, KOTOpbIA He 3aBUCUT OT TuMa KOMMeHcaTopa, U reomeTpuyeckune

P P
napameTpbl X W Y, onpedensemMble cOrnacHo n. 3.4 HacTOALWEro npuUroXeHns B
3aBMCMMOCTM OT TUMNa KoMneHcartopa.
Benuunny A cnegyet onpenensitb no popmyne

EoAT sDa

2|0,
, (n. 3.3)

rge € - BerMYMHA PacTsHKKU B JONSIX OT TEMMNEepaTypHOro pacLuMpeHust (mpw
50%-Hoit pacTsbkke £=09).
OnpefeneHne BbiNeTa KOMMEHCATopa MPOU3BOAMUTCS MO HUKENPUBEAEHHbLIM

dopmynam, B KOTOPbIX BEpXHWE WHAEKCbl B KPYrfblXx CKobkax OTHOCATCS K
NPUenMmxeHnam n - 1 1 N COOTBETCTBEHHO (CM. Takxke puc. n. 3.1).

3.1. MoBopoT N-o6pasHon chopMbl

(n-1)
1= Il41 3*4('1(n_1)+R‘y)Px+XPvH ; (n. 3.4)
L=L*R (1 35
3.2. NMoBopoT Z-o6pa3Hon hopmbl
Mpwn L<b
A e e |
G 1S B
n. 3.

S



) Iz(nfl)

[3+ Al(l1+ R—x)Py—PXyH ;

|(“ 1)
IZ(”) [3+ (x=R)P,~ Py|]

(n. 3.7)

n) n-1)

I
Mocne Toro kak B 0obowux YpaBHEHUAX 2 CTaHeT paBHbIM 2 , U3 Mapbl

n)_

- L =1, )
3Ha4yeHun 6epeTtcs HanbonbLuee . 3atem onpegendeTca H:

=L*2R . 38)

3.3. YyacTok c -06pa3HbIM KOMMNeHcaTopom

(n—1) '
Iz(”): |24 [3+4PX+Py(I4+2R+%+X) :
n-1] | :
Iz(n): 24 [3+A‘ (H y)+P(—X+53)

(n. 3.9)
|(n) |(n_1)
Mocne Toro kak B OOOMX ypaBHEHMSIX 2  CTaAHET paBHbIM 2 , U3 napsbl
(n-1)_
3HayeHun bepeTcsa Hanbonbllee 2 2 3arem onpepnensietcs H:
H=L+2R

.(n. 3.10)

3.4. Popmynbl AnNa onpeaeneHnsl napamMeTpos E ] Py

*

K
B npuBegeHHbIX Hwke dopmynax P onpegensetcda cornacHo n.l
NpUNoXxeHus 1.

3.4.1. [-06pa3HbIn NOBOPOT:

(n. 3.11)



| 3
|X:|1( 2 +LR+ RZ) +0, 355R— 1,y
roe :

b 2 R’
=L 3+IR+R +0355——an

R3
ly=0, 0072— —LpXy

L=L,—R.
Ln—I+I2+157KR*
R2
I(05I+R)+057F
X=
Loy .
R2
+R |+ —_—
(0,51, +R) 057K*

” Gy

I
B npuBeneHHbIX doopmynax nog 1 crnegyeTr NoHMMaTb TeKkyuwlee 3HadeHue B

(n-1)
npouecce nocneaoBaTernbHbIX NPUONMKEHUA 1 :
3.4.2. Z-obpasHbli NOBOPOT:

(L1+L3)|y_Hlxy
LI~ 1
o HIX+(L1+L3)IXy

y— 2 '
IXIy |Xy

P=

(n. 3.12)



|
== +(I3+ZZ)(I2+2R)2+ 1572 2+3272LR+3R) -1, 2

X" 12 K,
roe ,
L+ :
l,= =5 +L(05L +R) +L{05L+R)’ +O713——anx
R® R
L,=k(0.5L+R)(L+2R)+ F+o 57—| Y
:|_1—R_
L=L—R.
_ R
th-I1+I2+I3+3,14F

p

(0,55 +R)~1(0,5L +R)

L

X=

(I2+2R)(I +0,51 +157i)

K _*
y_ an

I
B npuBegeHHbIX doopmynax nog 2 cregyeT NoHMMaTb Tekyuwlee 3HadeHue B
|(”_1)
npouecce nocnegoBaTenbHbIX NPUONKEHUA 2 .
3.4.3. [1-06pa3sHbIn KOMNeHcaTop:

P.= —(L1+L2)Iy;
LI~ 1

p - (atlally
L,— 1

(n. 3.13)



roe ;
L=B-2R.

B
|4: L,— E—R .
an:I1+2I2+I3+I4+6,28%

p

|§ |2 ? R |22 2 2
IX:€+(2|2+4I3)(E+R) +6’28K_p* > T1635LR+15R™ |-Ly

3,138
LSS

= A A (4R {1+ 4R)

2
|
+ |2( 53 + R) +1,57 —KR* (|§+4|3R+4,9R2)— L, X’

p

Ly= —anxy;

(L+L+1,+4R)(1,-1,)
2L,

3,
(I2+2R)(I2+I3+$)

Lp

y:

I
B npuBegeHHbIX dopmMynax nog 2 creayeT NoOHMMaTb TeKkyuwlee 3HadeHue B

(n-1)

npouecce nocrneaoBaTesbHbIX NPUONMKEHNIA 2

MpunoxeHne 4
PekomeHayemoe



OnpepeneHne oONyCTMMOW AJIMHbI y4acTKa 6eckaHanbHow npoknagku M- u Z-
obpas3Houn chopmbl U ¢ MN-06pa3HbLIM KOMMNEHCATOPOM

1. O6wimne nonoxeHus

1.1. Uenblo pacyeTa saBnseTca onpefeneHve ONuHbl, B npegeniax KOTOpoW
OCYLLECTBNSAETCA KOMMeHcauusi TemnepaTypHbIX pacwupeHnn  TpybonpoBoaa,
NPOJSIOXKEHHOrO B IPYyHTE.

Otnop rpyHTa ©GOKOBbIM nepemMelleHMsm TpybonpoBoga Moaenupyetcs
BUHKNEPOBbLIM YMPYrMM OCHOBaHWMEM C MOCTOSHHLIM KO3(hpuUumMeHTOM nocTenu,
onpeaensembiM cornacHo n. 4.3.2 HacToawmx Hopm, 4To nget B 3anac NPOYHOCTMU.

1.2. Mpu Hanuumm [-o6pasHoro nosopoTa nod MPOU3BOSNbHBIM yrriom VY
(puc. n. 4.1, a) No M3BECTHOW BENUYMHE KOPOTKOro nnedva L onpepensieTcs ANUHHoe

nne4yo L2.

1.3. Ha yuactke Z-obpasHon ¢opMbl C MNPsSMbIMW yrnamu npuv U3BECTHOM
BblneTe H onpegensaetca gnnHa ydactka L (puc. n. 4.1, 6).

Ha yyacTtke ¢ komneHcaTtopom [1-o6pasHon hopMbl, UMEKOLWNM NPsIMble Yribl,
MO M3BECTHbIM 3Ha4YeHusIM BbiretTa H n cnvHkn B onpegensetca anuHa L (puc. n. 4.1,
B).

2. Kputepuu npo4yHocTHN

(¢
Kputepnamm npoYHOCTN SABNAKOTCA KOMMEHCAUMOHHbIE HaMNpsXXeHus [ CK] :
onpegensemMble COrnacHo n. 2 NpuUoXXeHus 3.

3. BzaumopgeuctBue tTpybonposoaa ¢ rpyHTOM

BaaumopgencTteme TpybonpoBoaa C rpyHTOM XapakTepusyeTcs:
napameTpom P (pasmepHocTb 1/M)

kD,
B=1/ 2Ei

, (n. 4.1)

B KOTOPOM K, onpegensieTcs cornacHo n. 4.3.2 HacToAwmx Hopw;

v v v
rmnepbono-TpuroHoMeTpmuyieckumm  yHkumsmm 1, "2 . "6 3HayeHusa
KOTOPbIX 4S8 y4acTka ANUHON X onpeaensatTcs no dhopmynam:



V1= 2 2: 2 3 2
M2—QN M2-QN . = M?-QN
: M _ PQ+4MN : Q

roe P=cospx chpx .

Q= %(sinﬁx chpx+cospx shpx)

7

Q= %sinﬁx shBx

N =

N o

(sinpx chpx—cospx shpx)
4. YyacTok ¢ -06pa3HbIM NOBOPOTOM

lNpepnonaraetcs, 4To LiSLQ . Pacuer cnepnyet BeCtu no cbopMynaM:
npun gJinHe KOPOTKOro rnrieya 1/B<L1<3/B

_ [GCK] cosy _, a+bsiny
ER%D.aAT(asiny+b asiny+b
A% A%
a= 11 b: 31
vy t2 vy 12

rne : '

agech ‘11, V3l . dyHKLMNN Vi Vs, onpegensiemble no dopmynam (n. 4.2) ans

aHaueHus X -

3
L2

npwn grMHe KOPOTKOro nrieya

- [GCK] ~_2cosy

< Vo,
EBZDaO(AT 1+ sSiny

(n. 4.4)



5. YyacTok Z-o6pa3Houn hopMbl C NPAMbIMU yriiaMmu

PacueT BbInonHsaeTcs no q)opmynaM:
npun gJinHe BbliieTa H<3/B

L<£a—Hb

 E’D,AT
o (. 4.5)
Q= 2(V1H+V2H+2) oo Vi Vo
VotV Vo, TV
raoe 8H ~ "4H ; 3H " V4H ’
apeck "M, V2 Va Cgoyniumn V1, V2 V4 onpepensiembie no dopmynam
(N. 4.2) NS 3Ha4YeHUn X = H;
npv AnvHe Boineta H>3/P
4l
Lg# —H
EB°D,aAT
= , (n. 4.6)

6. YyacTtok ¢ [1-o6pa3HbIM KOMNEHCAaTOPOM

Pac4eT BbinonHaeTcs no popmynam:
1) npu H<3/p ,, B<3/p

o 3
L= - b—B;
2b ER°DaAT P
(¢
L= o - 2p
2b,E?D,aAT D2

(n. 4.7)

3a pacuyeTHoe 3HayeHue cnegyeT NpUHNUMaThL MeHbLUee 13 AByX L.



AN

W

Puc. m. 4.1. Yuactku 6eckaHaibHO# NPOKIALKH B TPYHTE:!
a — ¢ I'-06pa3sHbiM NOBOPOTOM; 6 — ¢ Z-06pa3HbiM NOBOPOTOM;
¢ — ¢ TI-06pa3HLIM NOBOPOTOM

_ 83,My—3my

T 8,48,,—0,,0
roe 11Y22 12¥21 :

_ OyMmy—0Mm

B 811522 o 612521




_ 81, — 35,0,
! 811522 o 612521

_ 01N —8y31,
811522 a 811521

3
5. = 483 B 1 . 2
117 D —
v v, ,+2 2 .2
kD, 1H Vo VinVon |
5,25 = —28° 2Von N Vs~ VaB
1277217 kD 2 2 Vo=V, +2
kD, Viy~Vey V1B~ V2B _
3 - 2 4
5 B ( (V3B V48) . Vi
= — Vg Ver |~
22 5B 6B) ~
kD, VigTVopt2 viH —ng
_1VsH Van 2H
2 Vi~ Vo B(Vls_vzs"'z) _
_1VsH Van H[ Vs VaB
2 Vi~V B\ vipvet? _
VinVan Vo Van
o2 42
Vin ™ Vou _
_ VinVan "~ VonVa
2 2
2(V1H VzH)
Vin Vo Vi V2
3gecb : , weo = PYHKUMNM 1 "2 BbluMCNsieMble No dopmynam (n. 4.2)

Npwn 3Ha4YeHum x = H;

A% A%
1B "2B .. - Te e pyHKUMMN NpW 3Ha4YeHuMn X = B;



2) npw H>3/8 , B=3/P

24|c N
LS% 2[° +4B—6H |:
EB°D,aAT
24[(5CK]
L< —4B—6H
EB°D,aAT

(n. 4.8)

3a pacyeTHoe 3Ha4YeHMe NpMHUMaEeTCs MeHbllee 13 AByxX L.

MpunoxeHune 5
PekomeHayemoe

Pacuer
TpexwWapHUPHbIX CXeM KOMMeHcauum TeMmnepaTtypHbIX pacluMpeHnmn

1. TpexwapHupHble CXeMbl, B KOTOPbIX LAPHUPbLI BbIMNOMHEHbI M3 YrNOBbIX
(MOBOPOTHBLIX) KOMMEHcaTopoB, paboTalLwmx B NAOCKOCTU TpybonpoBoaa, NO3BONSAOT
BOCMPUHMMATb  3HAYUTENbHbIE  TeMnepaTypHble  yanuHeHna  TpybonpoBoaoB,
npoknagbiBaemblx Ha onopax. [lpM 3TOM CyWecTBEHHO COKpallalTCa BbIfeThbl
noBopoToB - n Z-obpasHon chopmbl 1 M-00pasHbIX KOMNEHCATOPOB.

2. Llenblo pacyeTta saBnsieTCca onpeneneHve yrrioB noBopoTa KOMMEHCaTopoB
npu  M3BECTHOM  TemnepaTypHOM  pacwupeHum  nrockoro  Tpybonposoaa,
3aKMOYEHHOro MeXay ABYMS HEMOABWKHbIMM ONOpaMM.

3. TunoBble cxeMbl W paccyYUTbiBaeMble AOf9 HWUX YINbl NpPeacTaBrfieHbl B
Tabn. n. 5.1.

B HwkenpueeaeHHbIXx dopmynax o603HayYeHus coBnagatoT C NokKasaHHbIMW Ha
cxemax, a m - KO3(MUUUNEHT, yYMUTbIBAKOLLNN PACTSKKY YrioBbIX KOMMEHCaTopoB,
MCMonb3yeMblX B KayecTBe LWapHUPOB. [pu Hanmumm pacTsdkkm m = 2, a npu
oTcyTcTBUM m = 1.

3.1. Cxema I (cm. Tabn. n. 5.1):

_ 1800AT .
*1” TomH
0= 9.

(n. 5.1)

3.2.Cxema Z.1:



_ 180 wATL .

1= 2mA
180 CAT[H+L(L+L)/H]
N ml, '
(n.5.2)
Tabauyan. 5.1
Tun Cxema OnpepenseMble YIIbI
1 2 3

L

—0—

‘J - ¢
I o~ .
K— ( o X

X

)

Py
9,

\
¢,

zi| | =
i (pl

/;‘ l; I )

@,

0,

X
) L
* L N |
N
— a
Z.2 ey S8
@
<t 7 N ~
1] | h




3
r T 0,
Y ¢ N o P, ~/
VN
Ll 1 P
L2 —
3.3. Cxema Z.2:
180 OLAT(|+th/|)
(P]__ P mhz y
o, 180 GATL
2= T
Tonm (n. 5.3)
3.4. Cxema I":
_ 180 O‘ATLz_
1= ml,
180 L +LL/
0,= - oAT s )
)
(n. 5.4)

3.5. Onsa nwobon cxembl, npuBegeHHonm B Tabn.n.5.1, 3Ha4YeHue ®3
onpegenseTcs no opmyne

Ps=91% P2 (1 5.5)

MpunoxeHne 6
PekomeHayemoe

OnpegeneHue paccToOAHMI MeXxay onopamu

1. PaccTtoaHne mexay onopamMu HasbiBaeTcsa nposieToM. B TennoBbIx ceTax m
naponpoBofax, npoKnadblBaeMblX Ha onopax, crnegyetr pasnuyatb cpefHue U



KpanHue nponeTol.

K KpaWHuMM OTHOCATCA nNposieTbl, HEenocpeacTBEHHO MpuMbIKaloLWne K
HEeNoOABWXHbIM  onopaM  unu  komneHcatopam  ([M-06pasHbiM,  CUMAbGOHHbLIM,
CanbHUKOBbLIM 1 T.M.). BCce ocTanbHble NPosieTbl OTHOCATCA K CPEAHUM.

2. Benu4uunHa cpegHero nposneta onpegensietca no gopmynam (3a pacyeTHoe
NPUHUMAETCH HaUMeEHbLLEee U3 ABYX NOJTyYEeHHbIX 3HAYEHUI):

L=(o —s)_/ 3,75150p,(1.1[c] o,

: g - (n. 6.1)

| _g/ 12Eli
P gy(l_y)(l_zy) , (I'I. 62)

raoe i - yKnoH, npuHumaembln He meHee 0,002;

%y - NpoaonbHOE HamnpshkeHWe OT BHYTPEHHEro AaBMEHWsl, PacCUUTbIBAEMOe
no popmyne (5.28) HacToswmx Hopwm;
y - 6e3pasmepHbIn napameTp, onpeaensemMbii U3 yCrnosus

y(3y-1) 002D,(1-2y) ?ng(ly)(12y) ':0

2 i 12Eli (N, 6.3)

Mpn noObIX 3HAYEHUAX i, OTAMYHbLIX OT HYynNs, 033<y<05 B yKa3aHHOM
NHTepBane ypasHeHue (n. 6.3) MeeT eAUHCTBEHHOE peLleHne, KOTOpoe MOXET ObiTb
NONYyYEHO, HanNnpUMep, METOL4OM MOSIOBUHHOIO AENEHMS.

3. Ecnu yknoHa Het, T.e.i=0

4

| l / 7,68D,El
¥ g .(n. 6.4)

4. Benu4ynHa kpaviHero nponeta coctasnset 80% cpeaHero.

MpunoxeHune 7
PekomeHayemoe

MporHo3npoBaHue HapaboOTKM Ha OTKa3 Nocre NpoBeAeHUA TMAPOUCTIbITAHUN

1. MocTaHOBKa 3a4a4M U UCXOAHbIe NMPeAnoCbISIKU



TpybonpoBoa Bblgepxan wucnbiTaHus AaeneHnem. WMmewtca N 3amepos
TONWMHBI €r0 CTEHKW, JOCTATOYHbIX OS5 BEPOATHOCTHOM OLIEHKM COCTOSIHUS U3HOCa.

TpebyeTca onpegenntb MWHUMAnbHbI CPOK AanbHENWIEN 3Kcnnyatauuu %o
(HapaboTku Ha oTKas3).

lNMpeononaraeTtcs, YTO:

XapaKTepuUCTUKM NMPOYHOCTM MaTepuana Tpyd u getanen ¢ Te4eHMEM BPEMEHMU
HE U3MEHSAITCH;

YyTOHEHME CTEHOK B pe3ynbTaTe Koppo3vv WM 3po3vn  MNPOUCXOAUT C
NOCTOSIHHOW CKOPOCTbIO;

|'|p06HO€ AaBrneHune npu rnapaBlintdeCKnX UCMbITaHUAX COCTaBNAEeT 1'25PP36 .

2. MeTtoguka pacueTa

Mo pe3ylibTaTaM 3aMepoB ornpenenAarnTCA:
BeJiInd4nMHa OTHOCUTESJIbHOIO M3HOCAa B MEeCTE KaXXaoro 3amepa

S
8k:1_ik

X ;(n.7.1)

cpegHee 3HaveHne OTHOCUTESIbHOIro N3HOCa A BCEro pr60I'Ip0B0,£l,a

1 k=N
5™ N7 kz 5,
=1

- ; (N, 7.2)
cpeAHeKkBagpaTUYHoOE OTKITOHEHME OT CpefHero 3Ha4YeHns 5
k=N
1 2
86: N—1 (Sk_écp)
k=1 - (. 7.3)

cpeaHekBagpaTtn4Hoe OTKIIOHEHNE OTHOCUTESIbHOIO N3HOCA Sd
2 2
5,= |/
VST (. 7.4)

S
rae "k - uamepeHHas TonLiMHa CTeHKM B MecTe k-ro 3amepa;

% - HOMUHaMbHAas TOMLWMHA CTEHKM B TOM Xe MECTE;
N - obLiee KonmMyecTBO 3aMEpPOB;

SO - Ha4yaJibHOE€ TEXHOJIOrM4eCKoe OTKINOHEHME MO TOJWNHE CTEeHKU



(oTHOCUTENBLHBIN MUMHYCOBOW oONycK). B pacdyeTax TennoBbiX CETEN MOXHO NPUHUMAaTb
paBHbIM 0,05.

Bpemsa HapaboTkn Ha oTka3 cneayeT onpeaenatb no opmyne

20
0’253 b]_
s Ry

5 US|1+U UY72+ L
cp —y™d q N-2 2N-8

roe ' - cpok cnyx6bl Tpybonposoaa 40 NPpoBeAEHUS TMOPOUCTbITAHUMN;

U
4 - g-KBaHTUNb HOPpMasibHOro pacnpegeneHnsa BepoATHOCTH;

T4

o=

, (N.7.5)

UY - ¥ -KBaHTUNb HOPpMaribHOro pacnpeaeneHnda BepoATHOCTN,

R
B - BpeMeHHOe COMnpoTMBIEHME MNPU pacTsKeHuU (Npeaen NpPOYHOCTU) npwu
TemnepaTtype 20°C.

[ns TpybonpoBOAOB TEMMOBbLIX CETEN PEKOMEHAYEMbIE 3HAYEHUS KBAHTUNEN:
U=U,=128 ,
o - 0
KOTOpble  COOTBETCTBYIOT  pernameHTUpyemMon BepPOATHOCTU y=90%
poBeputenbHon BeposaTHocTn q = 0,9.

Mpn cooTBeTCTBYOLLEM 0BOCHOBAHMM LOMNYCKAETCS NPUHMMAaTb UHbIE 3HAYEHUS
BEPOATHOCTEWN B MHTEPBAsiax 3Ha4YEeHUN:

90<y<99
0,8<q<0,99
B atmx cnydasix 3HayeHus Yo n Yy npMHUMaloTCsa no Tabn. n. 7, B KOTOPOM

U
NpUBedeHbl 3HAYEeHWsl KBAHTWMSI B, COOTBETCTBYOLME BeposiTHocTM B . Mpu

onpeaeneHnn Us B 3aMeHsieTc Ha q, a npu onpeaeneHum Yy BmecTo P
nogcrasnsaeTcs 0,01y

Tabnuuan. 7

GeTa 081,082 083|084 |08 0,86 | 087|088 089 | 0,9

U_GeTa 0,88 1 092 | 09 [ 099|104 | 108 | 1,13 | 1,18 | 1,23 | 1,28

GeTa 091 | 0,92 | 093 1094 | 09 | 0,96 | 0,97 | 0,98 | 0,99




| UGeta | 134 ]141 148156165 1,75] 1,88 | 2,05 | 2,33 |

3. Mpumep pacyeTa

UcxopHble AaHHbIe

Tennosass cetb n3 Tpyd 530 x 7. Paboyas Temnepatypa 130°C, pabouee
nasrnedne 1,6 Mlla. Tpybbl cBapHble u3 ctanu 20. KoadppunumeHT CHmKeHns
NPOYHOCTM CTbIKOBbIX CBAPHbIX COeQUHEHUN ¢,=0.8 :

20 _
HomuHanbHoe OOornycKkaemMmoe HanpdaxeHue [0] =147 Mlla; npegen npo4yHoCTn

npn 20°C - Rg=420 MMa.

TpybonpoBoa NpOCAYXusl K MOMEHTY NPOBEAEHUS TMAPaBIMYECKUX UCTbITaHUN
18 ner.

Mepeng npoBegeHWEM rvMapaBAMYECKUX UCMbITAHMA  NPOBEAEHbl  3aMepbl
TOSNWMHbI CTEHKW, NpUBEAEHHbIE B Tabnuue, obliee ymncno 3amepos N = 11.

Kk 1 2 3 4 5 6 7 8 9 10 11
s_k, Mm 7 7 7 7 7 7 7 7 7 7 7
s_nk, MM 53163615058 60|57 ][55]64]59 5,5

Pe3yn bTaTbl pacyeTa

Pac4yeTHas TonwmnHa CTeHKN corniacHo nyHKTy 4.3.1

16530
RT2.08-147+16

3,58
MM.

Mo popmyne (n. 7.2) onpegensem

8ep = 1—11(0,24+0,1+O,13+0,29+0,17+O,14+0,19+O,21+0,09+0,16+O,21):0,175

lMogkopeHHoe BbipaxeHue B hopmyne (n. 7.3):

N
Z(Sk—acp)zz(0,24—0,175)2+(0,1—0,175)2+(0,13—0,175)2+
k=1

+(0,29-0,175)*+(0,17-0,175)*+(0,14—- 0,175 *+(0,19-0,175 )’ +



+(0,21-0,175)+(0,09-0,175)*+(0,16-0,175)*+(0,21-0,175)*=0,0372-10 *

BenuunHa , paccunTaHHasi no aTon oopmyre:

1/ =L 00372.10 2=
56_1/11_10,0372 10 2 =0,061

CpenHekBaapaTUYHOE OTKIOHEHME:

5,= /0,061%-0,05% =0,0012
Bpema HapaboTkn Ha oTka3 cornacHo gopmyre (n. 7.5):

358 147
70 420

o= ~— =45
128°° 1
0,175+1,28-0,0012(1+11281/ 11-2  22-8 )

0,25 -18

roga.

2



