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BBenenne

Pacuer cocynoB m annapaToB Ha NPOYHOCTh ¥ YCTOMYMBOCTE MPOBOJHUTCA C HENIBIO OLEHKH MX
HecyIel cnocoGHOCTH B pabodHX YCITOBHAX, 4 TAKKE B YCIIOBUAX HCIBLITAHMNA H MOHTAXA. MeTOoauKH
pPaciucTOB OCHOBaHB! Ha  OTCHYECTBEHHBHX M 3apyOEXKHRIX HOpMax, NPHBEACHHBIX B MepedHe
HOPMATHBHO-TEXHUIECKHX JIOKYMEHTOB.

Pacaersl mpou3BOAATCA TIO3JIEMEHTHO U BK/THOYAIOT B Ce0s”
IWHHApHHeckUe obedaliky (THajkue # HoAKPETUICHHbIE KONbIAMH XKecTKocTH) [1];
KOHH4eckHe mepexoms! [1];

npuBapHEe THHMA (chepHdeckne, >UMNTHYECKHE, TOPOoCcepHIeCKHe, KOHUTECKHE, TUIOCKHE
(B ToM amcHe ¢ peGpamu xecTkocTH), chepudeckue HeorGoproraruste) [1,2,6,23],
OTheMHEIe AHHINA (TUIOCKHUE, SIUTMITHICCKHE, cheprueckue HeorGoproBannsie) [1,2,26];
o6eualfki ropH3OHTATBHBIX COCYXOB H alapaToB B MECTaX OIMPAHMS Ha CEAJIOBhIE onops [3];
obevaifky M AHWINA BEPTHKAABHBIX COCYJOB M ANIApaTOB B MECTAX ONMPAaHHMA HA ONOPHEBIC
ctoliku 1 nammt [3,25];
YKpeIIeHHe oTBepCTHIA [4];
Bpe3KH IITYNepoB B o6eyaliky U BEITyKIbIe AHuma [10,15-19];

¢uraHIEBEIE COEAMHEHNS COCYAOB H annaparos [5];

¢draHnEeBEIe COCAMHEHHS apMaTyphl 1 Tpy6onpoBogos [5,13];
pybamku cocyfoB M anmnapartos [21];

anmnapathsl KoJoHHOTO THna [7,8] u ap.

Pacger snementoB cocymoB M ammapaTtoB, paGoTalommx B KOPPO3MOHHO-AKTHBHBIX
CEPOBOZOPOICOACPAKAIMMUX CPeax, IPOBOIMTCA ¢ yueToM [9,22].

[Ipunsateie B CTaHZapTax KOHQMIYpaUMH COCYyJOB M AaNmaparoB, a TakkKe YCIOBHA HX
HarpyXeHHA He BCerja MO3BOJAIOT BHINONHMTb PACUETH B CTPOrOM COOTBETCTBHHM C HOpMamu 6e3
YIpOmMEHHH pacderdblX MOJENEH, UTo NPHUBOJHUT X HEAOCTATOYHOM TOYHOCTH IOJYyIaeMBIX
pe3ynbTaToB. B HacToAmEM cTaHZapTe B paAe CIy9dacB pacmmpeHa 06IacTh NPHMEHEHHA PaCcueTHHIX
Mogaenei. IIpu pacueTe rOpH30HTAIBHBIX COCYAOB H allapaTOB HA CEUIOBRIX OINIOpax B OTIHYHE OT
METOJMKY, onucanHo# B [3], npu onpenenenun U3ruGaroIMX MOMEHTOB H CHJI, KaK HaJ OLIOPaMH, Tak
H MEXIY HAMH COCYZBl MOTYT GBITH MPOM3BOJIBHON KOHPHUIYpaLny, a OIOPHl PacloIaraThes B JIIO60M
MeCTe NMIHHAPHYECKHX obedaek.

B cmyvae HETOYHOCTH MJIH OTCYTCTBAS METONMK PacdeTa B OTEUECTBEHHBIX HOPMATHBHEBIX
JOKYMEHTaX MCIOJb30BaHbl COOTBETCTBYIOMIME MHPOKO MPHMEHAEMEIE 3aPyOeKHbIe HCTOTHHKH. JTO
KAacaeTcs, HAIPUMED, PacieTa MPOYHOCTH H JKECTKOCTH Y3JIOB BPE30K INTYLEPOB B LIMNHH/PAIECKHE
o6eualixy M BHITYKIbIC AHHING, paforaronmx noA AeHCTBHEM BHYTPEHHETO JaBI€HWA M BHEIHHX
Harpy3ok. B ocHOBY pacdera NOJIOXKEHB H3BeCTHHIC 3apylexubie merommka [15-19]. Ouenka
HOJy9YeHHBIX HaNpsAKeHWH BHITIONHEHA ¢ ydeTom [10].

Jna apMaTypHBIX (IaHLEB pacueT MPOBOJHTCA B cOOTBeTCTBHHE C [13]. IToMumo gaBneHus npa
pacdere YYHTBIBAIOTCA BHCHIHHE HArpy3kd M H3rubarolue MOMEHTHI, @ Takke HANPIKCHHAA,
BhI3BAHHBIE pa3HHIlEH JMHEHHBIX yuinHeHmi (pnaHnes u mmminex (GOATOB) NMpH TEMNIEPaTypHOM
BO3JA€HCTBHAM, onpeaeseMsIxX o [5].

B cnyqae, xora orpaHMYEeRHs YCIOBHIl MPAMEHEHHA TOH HITM HHOH METOAWKH HE MOTYT OHITDH
co6moneHsl, 1enecoo6pasHo BOCHONB30BATHCA THCICHHBIMH METONaMH PacueTa JIEMEHTOB COCYAOB
M anmapaTtoB, B YaCTHOCTH, ¢ MOMOmBI0 mporpammbl ANSYS, peanmsyromeldl METOA KOHEHHBIX
3JIEMEHTOB.

Meronukn pacdeTra H3NOKEHbI B HETHIPEX TOMAX.

Tom 1. PacaeT BEpTHKAIBHBIX W TOPH30OHTANBHBIX COCYROB.

Tom.2. Pacuer anmapaToB KOJIOHHOIO THIIA.

Tom.3. Pacuer Tenyio06MEHHEBIX alNapaToB.

Tom.4. PacdeT BepTUKATHHBIX UTMHAPUYECKHEX Pe3epBYapoB ANiA HedTH H HeDTEIPOLYKTOB.

B Hacroammi craHAapT BKIIOYEH HEpBBIA M BTOpod ToMa ToMa TpeTMdi M 4eTBepTHIH
npeanonaraeTcd BunycTHTh B 2006 roxy.
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1. YcnoBHbIE 0003HAYECHASA

Tepwm: VcinoBroe
0603HageHue"

KoadpdmmieHT oceBoro ycumma A
TInowmaas MONEPETHOro CEYEHHs KOMBLA XKECTKOCTH, [UIOIIAkh NONEPEIHOrO CEUEHHS KaHATa, MM® Ax
TIn0mans NoNepeYHoro cedeHHus pebpa JeCTKOCTH IUIOCKOM KPBIMIKH (THHINA) , MM’ 4p
JimmHa BICTYnalOmeH WHIMHAPHYIECKON 9acTH COCyla, BKIIOYas OTOOPTOBKY AHMNA, pasMep
CBAapHOTO 10Ba, MM a
PacuerHsie IMHBI IEPEXONHBIX dacTeil ofeuaek, MM an az
daxTHIeCcKHEe JUIMHBI IEPEXOAHbIX acTell obegaex, MM Ay A1
KoaddurmenT conpspkeHus npy OMOITH KOHyca B
Harpy3oqHas cnocoGHOCTb 3akuma GIaHLEBOTO COEAMHEHNA B,
bespasmeprzie xo3¢durmeHTH B;-B;
PaccTosHMe MexOy IBYMS CMEXHBIMH KOJBLAMH JKECTKOCTH, LIMPHHA CENJIOBOM OMOpEI,
MHHUMATHHOES PaCCTOSHHe MEXAY HAPY)KHBIMH IIOBEPXHOCTAMHM [BYX COCENHHX IITYLEPOB,
IUIHHA OCHOBAHHSA OIIOPEI, MM b
OdpexTHBHAL MMpPHHA OPOKIANKH, BEINPHHA KOIbLA, MM bo
ToMmKHa IEHTH! HANpaBIAIOMEH CITAPaIH, MAKCHMaJbHAS UTHHA pefpa OrIoph, MM b
[lnpHHa NONKNATHOrO JHCTAa, INHPHHA KAHAJNA, DACCTOAHHE OT LEHTPa OTBEPCTHA MOA b;
¢$yHraMeHTHBIH 60NT 10 HAPYKHOTO Kpas OCHOBAHHA OTIOPEI, MM
JIMHA NOAKIAFHOrO TMCTA, MM b;
IMupunHa OCHOBHOH IUTNTE! OIIOPHO# JIATIE!, ITMPHHA BepXHel MOJKY KOJbLA XKECTKOCTH, MM b,
Iupuna MpoxIanKkH (UIAHLECBOI'O COSMHEHHA, MM by
JITHHBI XODX OTBEPCTHM B THHMINAX, MM b1=123 n
Cymma npufaBok K pacgeTHbIM TO/NLIMHAM CTEHOK, MM ¢
Cymma npr6aBok K pacHeTHOM TOMIMHE BTYIIKH IVIOCKOTO AHHINA C pefpaMH KECTKOCTH, MM Co
CyMMa npu6aBoK K paCHeTHBIM TOJIIHHAM CTEHOK NATPYOKOB LITYLEPOB, MM Cs
ITpubasKa /1 KOMIIEHCALMH KOPPO3HH H SPO3HH, MM €
ITpubarka 114 KOMIEHCAME MHHYCOBOIO TOITyCKa, MM €2
[1pubaBKa TEXHOMOTHIECKAS, MM 3
BHyTperHMI AnameTp cocyna (anmapaTa), (iaHIa, MPUBAPHOTO KOMbLIA, MM D
JlnaMerp OKpYKHOCTH PAacIIONOKeHHS 6ONTOB, MM Ds
Buemuwit THaMeTp THMINA WK KPHIOKH, MM D,
HapyxHeDt uaMeTp ¢naHIa, TPHBAPHOTO KOJBLIA, MM D,
Hapy>xubiii 1uaMetp cBo6oaHoro (UIaHIa Ha NPUBapPHOM KOJBLIE, MM Do
Cpenuuit AnamMeTp NPOKIaIKH, MM Den
S dexTrBHBIN qHAMETD KOHHYECKOR 00eqaliKu IPH BHEIIHEM JABICHUH, MM Dg
D¢ dexTHBHEIH AHaMeTp KOHIHIECKOH 06egaliki IIpH 0CEBOM CHKATHM M H3THOE, MM Dr
PacueTHeIl quaMeTp riankoi koHHIecko#l oGeqalikn, BHYTpeHHHI! qaMeTp cBOGOAHOrO $naHIa
Ha IPHBAPHOM KoJIblle, Hau0 OB UK BHY TPEHHHHA JHAMETP KOMIICHCATOPA, MM D
PacuerHsIii 1MameTp IHUINA (KPHIKH) H KOHIMecKoH oGeqaiikn, My D,
HapyxHbIf InameTp cocyda WA aNmapaTa, BHYTPEHHMII AMaMeTp LWHJIHHAPA Y MEHBIIETQ
OCHOBAHMA KOHHYECKOM obedaiiku, MM D,
HaumeHpImmit auaMeTp Hapy)KHOH YTOHCHHOM YacTH KPBINIKY, BHYTPEHHHUI JHaMeTp pyOaliku,MM D,
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YcnoBuoe

TepMun:
o6o3HaueHue:

JMaMeTp OTBEPCTHS B AHMINE (KpBILKE), HAPYXKHBIN Auamerp 6onta (MMMIbKH), BHYTpSHHUH
IHAMETp IITyLEpa, MM d
JnameTp orBepeTHs nox 00ATs! (INNMILKH) B (GIaHIaxX, MM ds
PacueTHBIH AHaMeTP OTBEPCTHA, MM d,
HanGombmuit pacdeTHBId AHaMeETp, He TpeOyIoLIHil NONOMHHTEIPHOTO YKDEIVIEHHA, HapyXHbIH
A¥aMeTp OTCOPTOBKH WIM aHKEPHOH TpYObl, HAPYKHBIN AHAMETP LIEHTPajJbHOR BTYJIKH IUIOCKOTO
AHMINA (KPHILOKK) C pe0paMu )KECTKOCTH, MM dy
JluameTp OKpY>XHOCTH ONOPHBLIX CTOEK, AHAMETP CONPSDKEHHs PYOAIKU ¢ JHUINEM COCYAa, MM d
Hapy>xHslit auaMerp onopHoOH CTOMKH, MM d;
JIHaMeTp MOIK/IATHOrO JIHCTA, MM ds
JlnameTp OnopHO# OKPY>KHOCTH, MM d
JluaMeTp OTBEpCTHHA B IHHLIAX, MM 4(1=123 n
Monyns npomonsHO#M yIpyrocTH NpH pacueTHol Temneparype, Mlla E
Y CnoBHBIA MOIYJB CXaTHA MaTepHana npoxiaaaku, MlTa Ey
PaccTosHEE MEXIy LICHTPOM TSKECTH IMONEPEYHOTO CEYSHMSA KOIbIA JXKECTKOCTH M CPEIMHHOMN
HOBEPXHOCTHIO obevaliku, M e
PaccTosHue 0T cepeMHBI CTEHKH Py6aliiki 10 HapyXXHO#M CTOPOHBI CTEHKH COCYA, PACCTOAHHE OT)
LEHTPa TSOKECTH NOTIEPEYHOTO cedeHna pebpa miockoi Kphiinky (JHHINA) IO €T0 OCHOBAHMA, MM €0
PaccrosHne Mexay TOUKOH NPHIOKECHMA YCHWIMA # 00edalikoif HMIM NONKNANHEIM JIACTOM,
PacCTOAHHE OT TOUKH NEPECCICHUA CpenHelt TMHNH CTEHKH cGePHIECKOTO CETMEHTa ¢ KOBLOM HO
TOPH3OHTANBHON OCH, MpoXoTALIeH uepes LEHTP TOKECTH KONbLia, MM €
PaccrosHie OT OKPYXHOCTH DpAacrnonokeHHs GOJNTOBR A0 BHYTPCHHEr0 IUaMeTpa KOJbLA,
PAcCTOSHME OT LICHTPA TSLKECTH MONEPETHOTO CEUERUA KaHaa O CepeAMHb CTEHKH COCYAa, MM €2
PaccTodHHe 0T OKPYKHOCTH PaclosioxeHHs GONTOB 10 TMHHY JEHCTBHS PEaKIMK NPOKIIafKA, MM €3
Paccroanue Mexnay HeHTpaibHOM OCBIO NOMEPEYHOrO0 CEYCHMA KOMBLA JKECTKOCTH H €4
MOBEPXHOCTHIO 06euaiiku, MM
PacuerHoe oceBoe pacTATHBaKIIEe WIH CKUMAIOINee ycunue (0e3 ydera Harpysku, BOSHHKaronlel
0T BEYTPEHHEr0 H30BITOMHOTO HUIH HAPY)KHOTO AaBJieHUs), H F
Ycumae, relictylommee Ha omopy, H Fi
JomyckaeMoe pacTATHBAIOIIES WM CKUMaromee ycrnue, H [F]
HormyckaemMoe 0ceBOE CHKMMAIOIIES YCHINE H3 YCIOBHS YCTONUMBOCTH B npedenax ynpyrocty, H (FIe
JlomyckaeMoe 0ceBOe CKHMAIOIICE YCHUIIHE U3 YCIOBHS NpodHocTH, H [F]n
HomyckacMoe 0CeBOE CKUMAIOLIEE YCHIIHE, ONPEAeAEMOe H3 YCIOBHA MECTHOM YCTOHIHBOCTH B [F]ei
npeaenax ynpyroctu, H
JlomyckaeMoe 0CEBOe CKHMAKOLICE YCHIME, ONpEeeideMOe U3 YCIOBMA ofinedl ycTOHYHBOCTH B [Fle:
npeaenax ynpyroctd, H
[IpeBsimenne ANMMHBI TOAKIANHOTO THCTa HAJ IPEOHEM ONOPSI B OKPY>KHOM HalIpaBIEHHH, MM f
Tnowazns nonepeyHoro cedenus 6omra (MNWIBKA) [0 BHYTPEHHEMY IHAMETPY Pesbbl, MM’ Js
Ko3¢dHIMeHTH IPOYHOCTH COMPSDKEHMH IPH IOMOIIH KOHYCa ot fe
KoaddumenTs! NpoTHOCTH CONPDKEHNMI aHKepHbIME TPy 6aMu M 0TOOpTOBKAMYU s s
Bec cocyna (anmapara) B yCIOBHAX SKCIUTyaTAUMM HITH HCIbITaRui, H G
CobcTBeHHBII BeC COCYAa H ero coaepxumoro, H G,
CobcrseHubIli Bec pyGaixu u ee comepxumoro, H G,
Bec r-ro snemenTa cocyaa (armapara), H G,
PaccToAHMEe MEXAY CPEAHUME IMHUAMH pedep, MM g
BricoTa BTYJIKM IUIOCKOH KpPBILIKH (AHMIIA) ¢ pebpaMu XKeCTKOCTH, MM Ho
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YcnoBHOE

HIIH pacCTOAHHME OT NEPBOro KOMBLUCBOIO 1IBA 10 OTGOP‘DOBKH » MM

Paccrosrue MEXIY ABYMs KOJBUAMH YKECTKOCTH IO OCAM, NMPOXOIALINM 4Y€pe3 LUSHTP THKECTH
TIONIEPETHOr0 CCYCHMA KOJICLI AKECTKOCTH, JVIMHA WITYLepa, JIHHA OHOPHOﬁ Jiamnbl, MM

PacueTHad anuHA WTYNEPa, MM

Pacuetnas UHMPHHA HAKIIAJHOTO KOJIbLIA, MM

PaccTosHue Mexay KpaifHHMM KOJBLIAMH JKECTKOCTH M CNEAYIOMIMMH  3()deKTHBHBIMH

CTII 10-04-02

Tepmun:
o0o3HaueHHe:

Beicota Beyknol wacTH aHmma Ge3 yueTa ILMMHAPHYECKON 9aCTH, OTHOCKHTENbHBIH pasMep
KOJIbIIA, MM H
BricoTa pebep KecTKOCTH IIOCKoM KPBILIKK (AHMIIA), MM H,
BhicoTa BEPTHKAMBLHOM CTOMKH, KONBLLA )KECTKOCTH, TOMIMHA (rIaHua, MM h
HcnomHuTeNpHad TOMUWHA KONBLA, PACCTOAHHE OT HIDKHEH MOBEPXHOCTH IUIOCKOM KPBILIKH ho
(mnama) ¢ peGpaMi XKECTKOCTH A0 HIDKHErO TOPLA BTYJIKH, MM
Tomuwna cBoboxsHOro pranma Ha IPUBAPHOM KOJBLIS, MM by
TomouHa KpbIIKA B 30HE YINIOTHEHUA, MM hig
JUmHa IUTHHAPHYIECKOH 9acTH OTGOPTOBKM OHHMIN, BEICOTA OMOPHOM NAlbl, [MHMPHHA JICHTHI H;
Hanpas/sromeif CIMpali, BbICOTA YIIOpa, MM
TommuHa MPOKJIAAKH, MM hy
BricoTa ceueHns KonbLa KeCTKOCTH, H3MEpACMas OT CPEIMHHOMN MOBEpXHOCTH obeualiku, BhicoTa h;
KAHAJIA, BRICOTA OypTa IUIS OITHPAHHS 3KHMa, M
O¢pdexTHBHBIY MOMERT MHEPLH PACIETHOrO TIONEPEIHOrO CEUEHHA KOIbIIA KECTKOCTH, MM !
MOMEHT MHEPIHHA NONEPEYHOTO CEUEHMS KOJBLA JKECTKOCTH OTHOCHTENHHO OCH, Mpoxoismei Ly
gepes LIEHTP TADKESCTH NONIEPEYHOr0 CeYeHHA KobLa (OTHOCUTENbHO ocH X-X), MOMEHT
HHEPLUMHA NONEPEYHOro CEYeHHs KaHANa OTHOCHTEIBHO OCH, NMpOXOAsmed depe3 ero UCHTp
TIDKECTH NAPAIIENLHO CTEHKE COCYAa, MM
PacdeTHelll 3Q¢eKTHBHBIE MOMEHT HHEPUMH pPAacieTHOIO IMONEPEYHOr0 CEYCHHS KOJIbLE) I,
JKECTKOCTH, MM
Ko3d@HUIHeHT KOHCTPYKUMM JHAIK M KPBIILIEK K
bespasmepHeie ko3dppHIHeHTH K=Ky
KosdduumenT xecTkocTH 06€9alKH, MOAKPEIUIEHHOM KOTBLAMM KECTKOCTH K
Koaddument ocnabnerns nnockix JHUI (KPHIUEK) OTBEPCTHEM K,
ITonpasounstii ko3ddurpent K,
KoaduumenT npuseneHns paauyca KpABH3HbI AILIHIITHYECKOTO AHHAINA K,
[ITipHHa 30HBI YKPEIUIEHHA, NPHIEralomel K ITyIepy, MM Lo
PacyerHas jTHHA MIMHAPHYECKOH o0cdaiiky, YKPeIUIeHHOH KOJBLAMM XECTKOCTH, pacdeTHAs L
IyMHa pyOalnku, M
Paccrosinuie MeXAy ONOPHBIMH MOBEPXHOCTAMH Maliki ¥ rOJOBKH GonTa, MM Leo
PacuerHas mmina riaakoi obevaiiki, IIHHA KOHHYECKOM BTYIIKH (uiaHLa, M 4
PaccTosnMe OT Kpas 31eMeHTa 40 LEHTPA TOKECTH, MM Lim
Paccrosnme o1 6a30B0l JIMHKH 10 [EHTPA TOKECTH 1 — I'O 3JIEMEHTA COCYAA, MM L (=1n)
OddexTuBHAS NTMEA KOHUIECKON 06eualikn, MM g
Paccrosmue or 6a3oBoii IMHUH R0 /(2) omOpsl, MM Fie
D dexTuBHAL HeCYIIAs JUIMHA CTEHKM 00euaiiky, yINThIBAEMas [Py onpeAeneHun 3¢ dekTHBHOro L
MOMEHTA HHEPLIHH, MM
IIpuBeneHHas JMHHA, MM bnp
VicnonnuresmbHas LMK YKPENieHns CTCHKY pyOallky B MECTE COTIPSUKeHMS NIPH NOMOLIM KOHYCa Ir




VcnoBHOE

TepMmun:
o0fB03HaUeHUE;

3JIEMEHTAMH KECTKOCTH, HCIIOIHHTENbHAS LIMPHHA HAKJIARHOTO KONBLA, MM
JlmHHa NPAMBIKAIOLIETO 3NeMEHTa, YIUTHIBACMAad NIPU ONPEAESICHHH pacdeTHOM Jnues! / wm L I
Pacuernsiit narnbaromudi moMent, H-MM M
OTHOCHTEILHBIH MOMEHT HATPY:KEHHA M,
OTHOCHTELHEIE PEAKTHBHEIE MOMEHTHI M, My, M;
Kpaepoit MOMEHT, yIHTHIBAIOUMH BHITYKJIOCTh AHAMIA, H-MM Moion)
Homyckaembiit H3rubatommiit MoMeHT, H MM M]
JonyckaeMeIii M3rubaomuii MOMEHT U3 YCIOBHS YCTONIHMBOCTH B peielIaX ynpyrocty, H Mm (M]g
JlomyckaeMBIii H3ruGalomuii MOMEHT u3 ycyoBHA NpodaHocTy , H MM [M]a
KosddumuenT npoxIafKy, OTHOCHTENBHBIA PEAKTHBHBIH MOMEHT B MECTC CONpPKCHHA m
aHKEPHBIMH TPy0aMH HJIM OTOOPTOBKAMHU
KomiaecTBO 3/IEMEHTOB COCYHa, YHCIO OMOp, WHCIO PaIMANbHBIX pebep B IIOCKOM KpBIUIKE, n
qHcio GosToB (Lmmiek)
KoagpaumenT 3anmaca NPOIHOCTH MO BPEMEHHOMY COMPOTHRIIEHHIO (NPEETy MPOTHOCTH) n,
Koa@dumenT 3anaca NPOYHOCTH NO NpeeNy MUMTENbHOM IPOTHOCTH ny
KosdduunenT 3anaca MpoYHOCTH M0 NpefeNy MoA3y4ecTH Nn
Kosd¢duumenT 3anaca npouHOCTH NO NpeneNy TEKYIECTH By
KoshdurmenT 3anaca ycToHIHBOCTH n,
Uscao BHTKOB HaNpaBIAIOIIEH CIIMpaH ny
Yucno BUTKOB 3MeeBHKOBOTO KaHala n;
Uucno 3aMbIkaHHE 3MEEBHKOBOTO KAaHAIA nz
PacueTHOE BHYTpeHHEe H3GBITOYHOE WIH Hapy»KHOe JaBnenue, MITa 4
PacueTHOE naBieHKe B pyOalllke Wi B KAHAIE B COCTOSHMM HKCIUTyATALAH WM HCIbITaHmA, MITa p:
BonToBas HArpy3ka B yclnoBuAX MoHTaxa, H Ps
Ipupamenne GonTosol Harpysku B pabouux ycnosusx, H AP
OKBHBAIEHTHOE JaBNICHHE TIPH HATPYKEHHM OCEBHIM yemueM, MITa pr
OKBHBAIICHTHOE NaBJICHHE NPH HArpyKeHuH y3rubaromuM MomenToM, MIla Pu
JlonyckaeMoe BHYTpEHHee H3GEITOMHOE MM HAPYXHOE faBNeHHe, MITa [r]
Jlomyckaemoe Hapy>KHOE JaBICHUE U3 YCIOBHA YCTOMYHBOCTH B npeeNax ynpyroctu, Mlla [p]e
JlomyckaemMoe Hapy<HOE JABJICHHE H3 YCIOBHA MPOTHOCTH , MIIa [p].
JomyckacMoe BHyTpPeHHEE M3OBITOMHOE HAaB/ICHHE HIM HapY)KHOE, OIpeNensieMoe H3 YCIOBHSA [Pl
HPOYHOCTH MITH YCTOHIMBOCTH Beekt obegadiky (C KONbLAMH XeCTKOCTH), MITa
JlonyckaeMoe HapyKHOE OABICHHE M3 YCIOBHA YCTOMYMBOCTH Beel ofewaifin (¢ KombnamMy ol
SKeCTKOCTH) B Nipedenax ynpyroctd, MIla
Jlomyckaemoe Hapy:XHOE JaBJIeHHe W3 YCIOBHA NPOIHOCTH Beel obevafiku, MITa (Pl
HomyckaemMoe BHyTpeHHee H3GBITOYHOE ABJCHHE HIIH HADYXKHOE, ONPENEAeMOE H3 YCNOBHA [p]:
MPOYHOCTH MK YCTORUMBOCTH ofedalikm MeXXy IOBYMA COCETHMMH KOJBLAMH JKECTKOCTH,
AOTyCKaeMoe BHyTPEHHee H30LITOUHOE AaBneHMe B pydallke WM B KaHane, Mila
TlomyckaeMoe nonepednoe ycuue, H o7
Jlomyckaemoe monepeuHoe yCHIIHE K3 YCIOBHS YCTOHYHBOCTH B Tpeaeniax ynpyrocty, H [O]r
Jlomyckaemoe IonepetHoe yCUIME U3 YCIOBHA mpodHocTH, H 0Ol
PacdeTHOe nonepeuroe ycunue, H, reomerpudeckuii mapaMeTp KobLia Q0
JononHuTeNbHOE ycHIMe, AeHCTBYIOWIEE HA UEHTPANBHYIO YacTh ZHHINA (Kpsiuku) ¢ pebpamu, H Qo
PasHozelcTBYIOIAA BHYTPEHHEr0 JaBIEHMA Ha AHMINe (KpsuuKy), H 0o
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YcnosHoe

Tepmun: .
o0o03HaueHne:

BryTtpennnii paguyc oT6opTOBKH KOHMYeCKOH ofcualike (MHAINA), pamMyc HEMTPANBHON THHHM

KOJbIA )ECTKOCTH, Paayyc 0TOOPTOBKY M TOPOBOH 4acTH TOPOOGPA3HOI BCTABKH, MM r

BuyTpennuii paguyc KpHBH3HBI OTOOPTOBKY AJI KOHHIECKHX COPDKCHHI , MM 7o

BHyTperHui panuyc KpUBH3HBI 0TGOPTOBKH AN CONMPSDKEHMI ¢ OTOOPTOBKOM, HAPYXKHEIN pamuyc r;

0160pTOBKH TOPOCHEPHYECKOro THHINA MM

HapyxHeiit pamuyc xaHana, MM rs

Cpennuit pagayc xanana, MM r;

Panuyc cpenHelt KPHBH3HBI JHHINA Y ONIOPHOM OKPYXHOCTH, MM T

Pazuyc BEITOUKH, MM T

Paniyc KpHBH3HBEL B BEPINMHE JHMINA COCYJA [0 BHYTpEHHell NOBEPXHOCTH, pamuyc Gypra ans

ONMpaHus 3aXuMa, parHyc chepsi chepuaeckoit HeOTOOPTOBAHHOMN KPHIIKK, MM R

Panyyc KpUBH3HBI B BEPIDHHE THUINA PyOAINKH [0 BHYTPEHHEH NOBESPXHOCTH, MM R;

Peaxia npoktak, H R,

MunnManbHoe 3HAYEHHE Npeleia TeKyIecTH [P pacaeTHON teMnepatype, Mila R
20

MHHMMATEHOE 3HAYECHHE NPEAeIa TeKyTIecTH, pyu temmepatype 20°C, Mlla R,

MuHUMaTbHOE 3HAYCHHME YCIOBHOTO [MpejeNa TEKYy4ecTH IPH PacueTHOM TeMIepaType Rpo2

(HanpDKEHHe, NPH KOTOPOM OCTATOYHOE VIUTHHEHHE cocTasiiseT 0,2%), Mlla

MHHHMAIBHOE 3HAYEHHE YCIOBHOrO Npe/iena TEKydecTn npy Temmepatype 20°C, MIla Rzg )

MinHMaTbHOS 3Ha4YeHHEe BPEMEHHOTO COIPOTHBIECHHA (Npefiena NpPOYHOCTH) MPH PacdeTHOl

Temneparype, MIla Rp

MHHMMATEHOS 3HA9eHHE BPEMCHHOrO CONPOTHRBICHHA (Mpejeia NPOYHOCTH) IPH TeMnepaType R:.O

20°C, MIla

CpexHee 3HaeHMe TIpeieNa AMTENLHON IpodHOCTH 3a 10° 9 NpH pacgeTHOM TemniepaTtype, Mila Ruio’

Cpennuit 1%-Hbiit npezen nonsyuecty 3a 10° npu pacuenoii emueparype, MITa Roro10

MynuManbHOe 3HAYEHHE YCNOBHOrO MNpedeia TeKydecTd IpH DAacdeTHOH TeMmepatype Rpi0

(HanpsbKeHHe, IpA KOTOPOM OCTATOYHOE YANMMHEHHE cocTapseT 1%), MIla

HcnomuurentbHas TOMOMHA CTCHKH 00euaiiki, MM §

HcnonHHTEIbHAS TOMOWHA CTEHKH AHKEPHOH TpYGhl, KOHWYECKOl BTYIKHM ¢(raHma B MecTe So

COEMMHEHH C 06eualikoif, AHUINEM, TONHHWAA BTYIKH IUIOCKOTO JHUINA ¢ pebpaMu XECTKOCTH

PacveTHas TONINHA CTEHKH AHKEPHOH TpyObi, MM SoR

HcnomiMrenuHas TONMNMHA CTCHKM AHMINA (KpPHIWIKH), chepHUIECKOro CErMeHTa, IepexOmHOM 1

YacTH KOHHYECKOH oOeualikiu, CTEHKM INTYHEpa, TOMIMHA KOHHYECKOM BTYIKM B MeCTe

COEMHEHMA C (naHmem, MM

HcnommMTensHas TONMMMHA CTEHKH [EpPeXofHOd uvactm o6cualiki, NOJAKNANHOTO JIHNCTA, 2

HAKAJHOTO KOJBLA, HCHONHUTENBHAS TONMIMHA CTCHKH MUJIMHAPHYECKOH obOcdaiiku pyOamku n

KOHYCa HJIH KaHama, MM

HcnomuuTenbHas TOMIEBA KPBIIIKM BHE YIUIOTHEHMS, BHYTPEHHEH YacTH INTyuepa, 3

HCIONHUTETbHAS TOJIIMHA CTSHKH NHHIIA COCY A, MM

Tommuna yToHeHHOH 9acTi AHHINA B MECTE KONBLEBOH BRITOYKH, TOJLIMHA BEPTHKAILHOMN CTOAKE S4

KOJIBLIA JXECTKOCTH, MCIIONIHMTEILHAS TONMMHA CTEHKH AHUIA PyOaluke, MM

Tommmia BepxHeil MONKH KOIBIA XKECTKOCTH, MM S5

TommiHa HibKHelH NOMKH KORbLA XKECTKOCTH, MM S5

VcrionHuTenbHas TOMIMKA CTEHKH KOHHYECKOH 06eyaliky, MM Sk

TommuHa KPHIKH B MECTE YNNOTHEHHA, MM Sn

PacueTHas TONMIMHAA CTeHKH 00eTaliKy, MM Sp
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Venornoe

Tepmun: obo3HakueHKE:!
PacueTtHas TOMOMHA CTEHKU KOHAYECKOM 00e4aiiKu, MM Sxp
PacuerHas TOMIMHA CTEHKH THUIA (KPHIUKH), CHEPHIECKOro CErMEHTA) WIH NEPEXOAHON JacTH S1p
KOHMYECKO#M obeuaiixu, MM
PacdeTHas TONIHHA CTEHKY NepeXoaHoi YacTi obeqaiiku, MM Sp
YcnonuurenbHas TOMIMHA CTEHKH TOPOMAANBHOTO Tepexoia KOHHIECKoi obedaliku, MM St
HcenommrensHas TOMMIHHA CTEHKH NOJIOrOro KOHHYIECKOro JHHINA, MM s’
PacaeTHas TOMIMEA CTEHKH MEPEXONHON JaCTH C TOPOHAAIBHEIM [IEPEXOIOM, MM Smp
PacueTHas TOMIKHA NOOTOro JHHINA, MM 57
Ot deKTHBRBIE TONIMHBI CTEHOK NEPEXOAHON YacTH o6eqack, MM Sig, S2E
Pa6ouas remmepatypa, °C T
[IIMpuHa NONEPeTHOTO CeYEeHNMS KOMBIA KECTKOCTH B MECTe ero PUBApKH K obedaiike, MM t
Pacuetnas TemmepaTypa ¢namua (kpsimks), °C I
PacueTnas TemmepaTtypa Gonros (mmiek), °C s
PacueTHad TeMIeparypa cBoGOIHOTO Kombia, °C b
Hecymas NTMpHHA KOMLUESBOTO CBRPHOTO MBA, MM 4
OdexTuBHbIH War aHKepHbIX TPYD Wi 0THOPTOBOK, MM 0
PacuerHbiii mar aHKepHLIX TPYG WM 0TOOPTOBOK, MM tl, 12
[lar aHkepHBIX TPYO Ml OTOOPTOBOK BAONL OCH Ha LIIMHAPHYECKOH obeqaiike , MM p
[Ilar anxepHBIX TPYO HIH OTOOPTOBOK IO OKPYKHOCTH HA LITMHAPHIECKOH obevaiike, MM tr
PaccTosiHHe BIOJE OCH OT Kpas py6allke 1o NepBOro Psjia aHKEPHBIX TPYS WIH 0TOOPTOBOK, MM t
PaccTosHMe MO OKPYXHOCTH OT Kpasi py6aliku o Mepeoro pana aHKepHLIX TPY6 um 0T6OpPTOBOK tx
Ular Hanpasnsromei cIMpati WIH 3MEEBUKOBOT0 KAHANA, MM ts
Koa¢duiieHTs! NOHIKEHNA POIHOCTH V. Vi
MoMeRT yTIpyroro COMpOTHBIEHHS KONBLA JKECTKOCTH NpPH HM3THGE, MOMEHT CONPOTHBJICHHA Wi
CBapHOro IIBa Ha SAMHUILY ero ITHHBI MEXKIY KOPITYyCOM COCYIA M KOJBIOM,
MOMEHT CONPOTHBIIEHHA CBAPHOFO LIBA HA EAMHHIY €TI0 JUTHHEI MEXLY KONBLIOM M pyGamkoi,Mm® W
MOMEHT YTIIpyroro ConpoTHBIEHHS KONbLIA XeCTKOCTH IPH KPyYCHHH, MM W
BCHIOMOTATeNbHbIE BETHIHHBI Xp Xy X;
Paccrodmie 0T 1eHTPa YKPEILTAEMOTO OTBEPCTHA J0 OCH MUIMITHYECKOTO JHHIA, MM x
TTonosuHa yriia pacTBOpa NPH BepLINHE KOHIYECKOH 0Geualiku, rpan @ a, &
Yron HakIOHa KacaTelBHOM ¥ ONOPHO OKPYKHOCTH, Ipaj a;
TemnepaTypHbIit K03HLHEHT THHEHHOr0 PACIIHPEHHA NaHIA, rpax’ @y
TemnepaTypHsIit K03 PUIMEHT THHEHHOTO PACITHPEHNA GONTOB (IIITUIEK) , rpak’ %
TeMnepaTypHBIi K03 UIMERT THHEHHOTO PACITHPEHNA CBOGOTHOTO KOMBLA, IPal &
TemmepatypHbIi K03 GHLUMEHT THHERHOTO PACUTMPEHHS KPBIIIKH, rpan’’ Gy
Kos¢dpunuent, yrom Mexmy OCHIO ONOPHOM CTOHKH M BEPTHKANBIO, YIOJd MEXIy JHHHUEH, B
COSMHHSIONIEH IICHTPHI IBYX B3aMMOBIIIOINX OTBEPCTHIA, H 06pasyiowmei ofeqaiixu, rpax
KoadduunerTtsr popmer BB

B, Bo B Bu Ba

OTHOLIIEHHE TOIYCKAEMBIX HATIPSDKEHHUI X
OTHOMEHUES JOMYCKASMOTO HANMPDKSHNS KOMBIA K AONYCKASMOMY HAUPMKEHUIO ChepHIecKoro Xx
CErMeHTa
Yron Mexay Ochbl0 HAKIOHHOTO IITYHEPA M HOPMAJBIO K MOBEPXHOCTH 00edaiikp MM JHMINA, 4
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VcnosHoe

IHHIIA, k03¢ ()HEIMERT IPOTHOCTH CBAPHOIO LIBA KOJBLA XKECTKOCTH

Tepmun: .
0003HaYCHHE:

NOJIOBHHA LIEHTPANBHOIO YIiia KaHanua, rpaj
'Yro mara aHKepHSIX Tpy0 mim OTGOPTOBOK Ha IMAMHAPHIECKOH 06eqalike O OKPYKHOCTH, Ipax 8,
VYron mara aHKepHsIx TpyO M 0T60PTOBOK Ha AHMINE , [PAX 5,
YTox no OKpY>KHOCTH OT Kpast py0alIku 0 Nepeoro psia aHKEpHBIX TPY6 W 0TOOPTOBOK , Tpaj 8y
Vron oxsara cean0BO# ONIOPHI, rpal g
'YTo/ 0xBaTa Cocyna MOAKARNHBIM JIMCTOM, Ipax 8,
KosdunuenT, yauTeiBaromiit pacCTOAHAE MEKAY KOPITyCOM cOCyia U py6atnxoi £
TTonpaBovHbIi kK03)GHUIMEHT K XOMYCKACMBIM HANIPSDKCHHAM, KO3(GOUIHMEHT Harpy KeHUS n
KosdduumenT oTHOIIEHNA MIPOYHOCTH KOPITYCa COCYAA B pyGammku V4
'r6KxoCTh 3nMEMEHTA, KO3 (PHUITHEHT INHHBI CONPSOKESHHA A
OTtHocuTembHas > deKTHBHAA Hecylnas JUIMHA KOHyca H
Koadduument pagnyca 0160pTOBKH P
OTHOmEHME MECTHBIX MEMOPaHHBIX HAIPDKEHMI K MECTHBIM HATIPSOKCHHAM H3rnba Vi
KoaddunmeHT, yautsiBaommii CTENEHs HATPY3KH 06IIMMHE MEMOPAHHBIMH HANIPSDKCHUAMH V2
O6mme MeMOpannsle Hanpsokenus, MITa Om
Obmue MeMOpaHHEIe HANPSDKEHAA B MEPHAVOHATFHOM HanpasicHun , Ml1a O
O6mue MemGpaHHbie HANP:DKEHNS B OKPYXKHOM HanpasieHHH , MITa Oy
IIpHBEREHHBIC MECTHBIE MEMOpaHHbIE HANPDKEHHA OT ACHCTBHA BHYTPEHHETo AaBneHus, Mlla o2
IIpuBencHHble MectHBle ofmmpe (MeMmOpaHHBIE + M3rHOHBIE) HANPSDKEHHA OT JAeHCTBHA
BHYTPEHHETO JIaBJIEHHA M BHEITHMX cuit, MITa Ory
IpuBeneHHslc MeCTHbie MEMOpaHHBIE HaNPMKEHMs OT ACHCTBUA BHYTPEHHErO NABIECHHA M
BHEITHHX cui, MIa O3
Jomyckaemoe HanpsokeHHE NMpH pacueTHOH Temnepatype, MIla [d]
Lomnmyckaemoe HanpAkeHne Npu temneparype 20°C, MIla [a]”
Jomyckaemoe Hanpsokenne 114 601Ta pH pacueTHO# TeMnepartype, MIla [o]s
JlomyckaeMoe HanpspkeHue 1A 6omra B yCoBHAX MOHTaXa, MITa (a5
Jomyckaemoe HanpsDKeHHE AIA KOMbLA )KECTKOCTH IIPH pacueTHoH Temmeparype, MIIa [l
JlonyckaeMoe HapsDKeHHE A pebep seCTKOCTH IIOCKoro aHuma, MIla [ol,
JormyckaeMoe BanpskeHHe 1A (ana IpH pacyeTHOR TeMnepaType, MITa I/
Jlonyckaemoe Hanpsbkeuue A INTYLEpa IPH pacueTHONH Temmeparype, MIla [T
JoNyckaemMoe HanpsokeHHE U KOJNBLIA CONPSIKEHHS HJIM aHKEpHOH TpPYyOBI IpHM pacdeTHoi [c1o
TeMIEpaType, JOMyCKaeMoe HaNPSDKSHHE [UTA BTYJIKM IUTOCKOM KPHILIKY ¢ pebpamu, MITa
JlomyckaemMoe HaNpxeEWE A IUIOCKOTO AHHmA ¢ pedpaMHM kecTKOCTH, cepuueckoro el
HeoTOOPTOBAHHOTO THHIIA [IPH pacqyeTHOH Temmnepatype, MITa
Jlonyckaemoe HaNpsDKEHHUE LA CTCHKH Py OalIKY WM KAHATA NIPH PACYETHOH TeMmeparype, MIla [ol,
JlonyckaeMoe HAUpSDKEHHEe MU NEPEXOAHBIX HacTell 06e9aeK (LMMMHAPHYIECKHX U KOHHIECKHX) [c]:, [0]2
NpH pacueTHON Temneparype, Mlla
MaxcuManbHas CyMMa IJHH XOpX OTBEPCTHI B HanGoliee 0CNabNeHHOM THAMETPANBHOM CeYEHIH 4,
XHMINA WM KPBIMKH, MM
Ko3¢duuneHTs IPOIHOCTH CBAPHBIX IIBOB @
Koa¢uimenTsl NpOYHOCTH CBAPHBIX IIBOB B TOpocepHueckux AHMIAX (B 3aBHCHMOCTH OT Ps P8
PACTIONOKEHNA)
KosdduimenT npoIHOCTA KOMBICBOTO CBAPHOTO IIBA NO Kpai0 HeOoTOOPTOBAHHOTO CHEPHIECKOTo Pr
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YcnosHoe

Tepmu: 0603Ha9EeHHE:

Koa¢¢uimeHT MpoIHOCTH NPOAOIHFHOTO CBAPHOTO IIBA P»
PacueTHbIi K03 dHLMEHET TPOTHOCTH CBAPHOTO 1IBA 14
K030 HIHEHT IPOYHOCTH KOMBLEBOr0 CBAPHOTO LIBA Pm
Ko3(dHImeHT MPOTHOCTH NONEPETHOTO CBAPHOTO LIBA A/ YKPEILLTOIIEr0 KOMTbIIA Pa
PacyeTHbil K03(PhHIMERT NPOIHOCTH CBAPHOrO NIBA HAa HAIPABIAIOWEH CIMPATH Po
Ko3¢duupueHTs OHHXEHHS MPOIHOCTH KAHANA Q3 Qg4
KosdduumenTs! CHIDKEHHS TONMYCKAEMBIX HAIPDKEHKHA NPA PAacueTe Ha YCTOWYHBOCTH

M3 YCIIOBUA MECTHOH YCTOHYMBOCTH NIPH OCEBOM CXXKATHH @1

M3 YCJIOBHA o61eli yCTONIHBOCTH IIPH OCEBOM CHKATHH P2

H3 YCIOBHS MECTHO# YCTONIMBOCTH IIpH M3THOE ?s
Pacqetnsic k03 buireHTs! MPOYHOCTH CBAPHEIX LIBOB @Rl PR3 PR3

@R PRS: PR6

Yron Mexmy kacaTelbHOH k cheprueckoMy CerMeHTyY B KpacBoll 30HE H BEPTHKAIIBHOMN OCbIO,

MOJIOBHHA yria 0fxeaTa pyballki ¢ COLPSKEHHEM aHKepHBIMH TPybamu i oTGOPTORKON, rpag 4

CTIT 10-04-02

14



2. Ob6mmue TpeGoBannA

2.1. [Jonyckaemwvle Hanpadxcenua, KOIQPuyuenmsi 3anaca npouHocmu u
ycmoliuueocmu

Jlomyckaembie Hampsoxenus [o] mpu pacueTe TO TNpeNeNbHBIM HATPY3KaM COCYHNOB M
anmaparoB, paGoTaloIMX MPH CTATUYECKHUX HATPY3KaX, ONpexesioT [1]:
JUIA YITIEPOJUCTHIX U HI3KOJIETHPOBAHHLIX cTANICH

R, umaR,,, R Rmno’ Rpl,OIlo’

[6]=7-min 3 ; 2.1
n, n, n, n,
IUTS 8yCTCHMTHBIX CTalel
.| R0 R, R R, onet
[o]=7 min) —2&; Zm —mnt® _pLone |, @2
n. n,  n n,

JU14 ycnoBmit HCIIBITaHMA JOITyCKaeMO€e HANPKEHHE:

R% wnu R®
[c]=n ——-222
Py .3)

Jia ycnopHil MCOBITaHHWH COCYZ0B M aQNMapaToB M3 AYCTEHHTHBIX CTajleif JOITycKaeMoe
HANpKEHUE:

RZO WA R20

_ 20,2 pLO
lo]=n 22 —2%
ny 2.4
KO3(1)(1)P[I.[PICHTBI 3anaca npoO9IHOCTH JOJKHBI COOTBETCTBOBATh 3HAYCHHWAM, NPUBCACHHLIM B
Tabm. 2.1.

Tabmuma 2.1

D r— Ko3¢dupenT 3anaca npoIHOCTH
Ny Neg Ny Nn

PabGoune ycnosns 1,5 2.4 1,5 1,0

YcnoBus HCTIBITAHHUA

THAPABIHIECKHC HCIIBLITAHHS 1,1 - - -
TTHEBMATHYECKHE HCTILITAHMS 1,2 - - -
VYcnosua MoHTaxa 1,1 - - -

Jbs cocynoB M ammaparos rpynmsl 3, 4 no [27] ko3d¢HUHEHT 3amaca NPOYHOCTH IO
BPEMEHHOMY COTIPOTHBJICHHIO 71, NOIyCKAeTCA IPHHAMATH PaBHEIM 2,2,

B cnysae ecnm momyckaeMoe HanNpaKeHHE i1 ayCTEHMTHHIX CTajiel OmpenensioT Mo
YCIOBHOMY TIPEAENy TEKyHeCTH Ry 3allac NPOYHOCTH n; AMi paboumx ycnoBuMii NpUHMMAETCH
paBHBIM 1,3.

JUta  cranel,, IMHPOKO MCHONB3YEMBIX B  XHMHIECKOM, He)TeXHMHYECKOM H
He(TenepepabaThiBalONIEM MAalIMHOCTPOCHHH, JAOIYCKaeMbIE HANPSHKEHUA U pabodnx yCIoBHM
NpH 1 = | ZOJDKHBL COOTBETCTBOBATH 3HAYCHUAM, IPHBEACHHEIM B IPIIOKECHUH 1.

Ilpu pacuerHoii Temne?arype JUIA  yTIepOJUCTOM CTajiM  CBhHIINE 380°C, mma
HE3KoNnerupoBaHHoOM cBbime 420°C, A8 ayCTEHHTHOM CBEIIE 525°C meo6xonuMoO YIHTHIBATh
MOJI3Y9ECTh MaTepHaa.
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IonpaBounsiii koddduuueHT K AOMyCKaeMBIM HANpPKEHHIM (1)) AOJDKeH OBITh paBeH
€IHHHIIE, 338 HCKIIOIEHHEM CTATbHBIX OTIHBOK, A KOTOPHIX KO3QHIMEHT 1| HMeeT Cleayrolme
3HaYECHHA:

0,8 - mmA OTVMIHBOK, MOJBEPralOIMXCS MHAMBHAYATBHOMY KOHTPOJIO Hepas3pyLIAIOIHMH
METO/IaMH;

0,7 - 1A OCTATBHBIX OTIMBOK.

PacuerHbic 3naveHus Npeaena TEKYISCTH, BPEMEHHOTO CONpPOTHBIICHMS U KOddduimenTon
JIHHEHHOTO pacIpeHUA IPHBEICHEI B NPHUIOKEHHIX 2, 3.

Kosdduuuent 3anaca ycrodumBocTd (n,) Npd pacdeTe COCYZOB H AannapaToB Ha
YCTOMYMBOCTD IO HIDKHMM KDMTHYECKMM HaNpsKEHHSM B IpeJeiaX YIPYyroctd CICAyeT
IIPHHHMATB!

2,4 - a4 pabo9UX YCIOBHI;

1,8 - ang yCmOBHH HCOBITAHHS M MOHTAXA,

Pacuernsle 3mavenus Moayias MpPOAONBHOM yhpyroctw E  gnd  yriaepoaMcTIX M
JETUPOBAHHBIX CTaleH B 3aBUCUMOCTH OT TEMIICPATYPHI JOIDKHBI COOTBETCTBOBATH NIPUBEACHHBIM B
NPUIOKEHHUH 4.

PacqeTHBle 3HaUeHNA Tpefena TEKYYECTH, BPEMEHHOIO CONMPOTUBICHHS U k03¢ duimenToB
JIMHEHHOTO PaCHIMPEHUA TPHHUMAIOTCA B COOTBETCTBHH ¢ OPUIOKEHUIMY 2,3,

JInd 57eMEHTOB COCYROB H amnilapaTOB, PaCCYUTHIBAEMBIX HE MO IPEJE/IBHEIM HArpy3KaM
(raripHMep, Y3/l Bpe3KH IOTYLEPOB WIH (UIAHIEBbIE COSAUHECHHS) HOIYCKASMBIE HANPKEHHUS
OIPENENA0OTCA [0 COOTBETCTBYIOMICH HOPMATHBHO-TEXHHYECKOH AoKyMeHTauun [5,9,10,14]

2.2. Ko3ppuyuernms: npounocmu ceapHsix wieoe

IIpy pacueTe HA MPOYHOCTH CBAPHBIX JNEMEHTOB COCYJAOB U aNNaparoB B PacueTHHIE
¢dopMynBl crexyeT BBOXHTh K03(GHIMEHT TPOIHOCTH CBAPHBIX COEAUHEHHIA.

YucrnoBele 3HaYeHHMA OSTHX KO3G@HIMEHTOB MOKHBI COOTBETCTBOBATH 3HAYEHHAM,
NMPUBEACHHBIM B Tabnune 2.2 [1].

Tabmuna 2.2
3HaueHHe KO3PPHUHEHTOB MPOIHOCTH CBAPHBIX IBOB
Bun ceaproro msa JmiHa KOHTPOJIHPY€MBIX JImHMHa KOHTPOJIMPYEMBIX
MmBOB OT O6MIelt AIHHEI LIBOB OT 001N XMMHbI
coctaBasteT 100%* cocrasiet ot 10 mo 50%*
CrTeiKOBOM MM TABPOBBIA C ABYCTOPOHHHM CILIOLIHBIM 1,0 0,9
MPOBApOM, BBIIOJHAEMBIH aBTOMATHYECKON H
oMy aBTOMAaTHYECKOH CBaPKO#H
CTBIKOBOH € TIONBApKOW KOpHS IIBa WM TABPOBHI ¢ 1,0 0,9
JBYCTOPOHHUM CIUIOUIHBIM [POBApOM, BBHIMOIHACMBIH
BPYUHYIO0
CTBIX0BO#, JOCTYNHEI CBapKe TOMBKO C OMHOM CTOPOHSBI 0,9 0.8
H ¥MEUMA B IIPOIECCe CBAPKH METAJUIMYECKYIO
NOAKNAAKY CO CTOPOHBI KODHA 1NBa, MPHIESTAIOMYIO IO
BCEii JUIMHE IIBa K OCHOBHOMY METAILTY
Brasp, ¢ KOHCTPYKTMBHEIM 3a30pOM CBAapHBAEMBIX 0,8 0,65
neranei
CTBIKOBO}A, BBITIOJHAEMBIH aBTOMAaTHYECKOM H 0,9 0,8
TIOJIyaBTOMAaTHIeCKONH CBapkolf C OAHOM CTOPOHBI C
¢dmocoBolt WK kepaMHIECKOH MOAKIAIKOMH
CTBIKOBO#, BEITOHACMBIH BPYYHYIO C OIXHOMN CTOPOHSBI 0,9 0,65

w
O6seM KOHTPOI ONpPEAeNAeTCd TEXHHYECKHMHM TPeGOBAaHMAMH HA HM3rOTOBICHHE H
npasuitaMu [ocroprexranzopa PO.
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3. IaanBapudeckHe 0Geqaikn

Pacuer IMIMHApHYECKHMX O0€uaeK HA NPOJHOCTb M YCTOWYHBOCTH NPOBOAHTCA Ha
ocHOBaHMM [1] ¢ HDOMONHEHHAMH [0 PAcUeTy XapakTepHCTHK Kouer skecTkocTd. Kpome Toro,
nofapnen pacdeT HA MNPOYHOCTh OT COBMECTHOrO JEHCTBHA BHYTPEHHETO JAaBJICHHS,
PacTATHBAIOIIErO YCHIHA M H3rHOAIOMEr0 MOMEHTA.

3.1. Pacuemmnsie cxemsl

PacueTHble CXEMBI IIHHAPHYECKHX 00euaek NpuBeIeHEI Ha puc. 3.1-3.4

a 6

Puc. 3.1. I'mankue mpmHApAYecKue oGeqaliku
(a - ofcualika ¢ (naHUEeM WIH ¢ IWIOCKUM JHHINEM, 6 - o6edaiika ¢ )KeCTKUMH NEPEropOaKaMH)

r X H H o
Q Q
nll ) I3 I ) W[
. \
! !
a 6

Puc. 3.2. T'nanxme o6eqaiiky ¢ BHITYKTBIMH HIH KOHHIECKHUMH JTHALAMHA
(a — obeuaiixa ¢ 0TOOPTOBAHHBIMH AHMINAMH, 6 — 06e1alika ¢ HeOTGOPTOBAHHEIMA JHHIIAMKA)
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Puc.3.3. I'mankue obeqaitxu ¢ pyGamxoif

¥

Puc 3.4. Hunmuaapudeckue obegaiiky, HOXKPEIUICHHBIE KOIbIAMH XKECTKOCTH

Yenosun RPUMEHEHUA

7€ <01 nam obeqaex uTpy6 mpm D>200 nm;

il‘_)i <03 s Tpy6 mpu D<200 mm.

CTIT 10-04-02
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3.2, TI'naoxue obeuaiixu (6e3 xoney scecmrxocmu)

3.2.1. Obevaliku, HazpyxeHHbIe 6HYMPEHHUM U36bIMOYHbIM OaeneHuem
PacuerHas TonmmHa CTeHKH 00e9aiKu:
pD

s, = (3.2
' 2fclp,~p
VcrnoBue BHIOTHEHAS IPOYHOCTH CTEHKH o6eqaiikm:
s§25,+c¢ (3.3)
Jomyckaemoe 30GBITOYHOE BHYTpEHHEE JaBICHHE:
2[c]p,(s-¢)
[p]=—F""T—— (34)

D+(s—c)
3.2.2. O6evaiiku, HazpyXeHHbIe HapYXHbIM U36bIMOYHbLIM OasneHueM

JomyckaeMoe HapyHoe JaBieHue:

[pln

[P]=——"'——2, 3.5
’l+([P]nJ
[Pl

TAe NOIyCKaeMO€ JABJICHUC W3 YCIOBHSA IPOYHOCTH:

_2[c](s=c),
[PIn="5 o) 3.6

JOITyCKacMO€C JaBJICHUE U3 YCIIOBHUA YCTOﬁ‘IIdBOCTHZ

[Pk

. 3 _ 25
_208-10°E 2[100@ c)} ’ a7

n B / D

y

npH B, = min<1,0; 9,452 _b .
1 V100(s —¢)

TIpu onpenenennn pacuerHoil Anuuel o0euadiky / Win L AIHHY TPUMBIKAIOMETO IEMEHTa
I3 B 3aBHCHMOCTH OT ero Buza (puc.3.2) criefyeT onpeaensTs no dopMmysam:

H
L= Y « JUIA BBITYKJIBIX JHHAL,

D
I8 =~6t— - 1A KOHMueckux obevyaek (mHum) Ge3 oTGopTOBKH, HO He Gojee MIHHBI
g

KOHHYECKOIrO 2JIEMEHTA;
. D
1, = max<r-sin a;a— - U191 KOHM4YECKHX obevaek (qaun) ¢ 0TOOPTOBKOIA, HO HE Gomee
gor

JJMHBI KOHHYECKOTO 3JIEMEHTa;

Pacaernas TonmuHa crenku oGevaiiku s, NpA 3a1aHHOR pacueTHOH AnuHe [ onpenenserca
HTepalHOHHO o dpopMynaM (3.5-3.7) apu ycI0BHH, 4TO [p] =p

VcnoBHe BBIIOMTHEHUS TIPOYHOCTH CTEHKH 0Geqaiku:

szs,+c 3.8)
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MaxcHMabHO AOMyCTUMAd pacyeTHas ANuHa obedaifku /, MpH 3a/1aHHOMN TONIIMHE CTEHKH
(s - c) onpenenseTcs HTEPalHOHHO o dopmynam (3.5-3.7) npn ycnoBuu, 9to [p] =p.
3.2.3. Obevaliku, HazpyXeHHble 0Ce8bIM PacmMA2UBaIOUWUM yculueM

PacgeTHas TOIMIMHA CTEHKH 00eqaliku:

s, = —F (3.9)
n-Dfo Jo;
Vcenosue BRIMOTHEHHA MPOTHOCTH CTEHKH 00edaifku:
szs,+c (3.10)
JlomyckaeMoe 0CeBOE paCTArHBalOINEe YCHIIHE:
[F]=n-(D+s-c)(s-c)[c ], 3.11)
3.2.4. Obeyaliku, Ha2py#eHHbIe OCE8bLIM CIKUMAIOWUM yCUTuUeM
JlomryckaeMoe 0CeBOe CXKHUMAIOIIEE YCHITHE
[F]= _ﬂ"_T (3.12)
e ([F]n J
[FJg
IA¢ JOIyCKacMOE OCEBOE CHKUMAKOIIEe YCUITHE U3 YCIIOBUA IPOTHOCTH:
[Flp=rn(D+s—c)(s—c)[c]; (3.13)
JOITyCKaEMOE 0CEBOE CKUMAIOILECE YCUIHE U3 YCIOBHA YCTOMIHBOCTH:
[Fleg=mmn{[F]; ;[F]g}, (3.19)
-6 _ 25
rae [F]g = 310-107F DZ[IOO(IS) <) :l , = JONyCKaeMOe OCEBOE CHKHMAIOINEE YCHIHE
n
v
M3 YCIIOBHSA MECTHOH YCTOWIHBOCTH;
2
[F]g = z:(Dts—c)(s=c)E (%) , - [OMYCKaeMOe OCeBOE CHRUMAIOIEE YCHIHE H3
n
Y
ycnopHs o6mmeit ycTOHIMBOCTH.
I'ubxocTth A onpenensercs o gopmyne:
2,831
A= 1 (3.15)
D+s-c

TAe TMpHBEJEHHas MHMHA /,, B 3aBHCHMOCTH OT YCIOBHI HATPYXCHHA H 3aKPEILICHHSA

npusuMaeTcs no Tabnuue 3.1. B ciywae, ecnu %< 10, [F].=[F I -
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Tabauna 3.1
S
Pacyernas cxema n Ip
)
i
R =L - 21
i
F
- —— - 0,71
{
F
—— - 0,5/
77
) 0 2,00/
f 0,2 1,73/
F 0,4 1,471
i~ 0,6 1,23/
2 0.8 1,06/
1,0 1,00/
0 2,00/
0,2 1,701
0,4 1,401
0,6 1,117
0,8 0,85/
1,0 0,70/
3.2.5. Obeyailku, HazpyweHHble u32ubaloWuM MOMeHMom
JomyckaeMsI#i H3ru6aromuii MOMEHT LTHHAPHIECKOH 06e9aliky:
[M ] = Mn__ (3.16)

)

D
rae [M ]n = _4‘
cxuMaromuM yeraaM o (3.13) u (3.14) cooTBETCTBEHHO.
JormyckaeMbri u3rubaromuii MOMEHT M3 YCIOBHA MPOTHOCTH:

(bl =21F]

rae [F] ompenensercs mo (3.11).
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3.2.6. O6eyaiiku, HazpyxeHHbIe NoNnepe4YHbIM yCuIuem
JormyckaeMoe MONepevHoe YCHIIHE:

[QJn

[97= -
1+([Q]nj

(3.18)

[Q]k
rie JOIMyCKaeMoe NONepeTHOe YCHINE B3 YCIOBHA IIPOUHOCTH:
[Ql; = 0,257 D(s - o)lo]; (3.19)
JOIyCKaeMo€e MOTEPETHOE YCHUIIHE U3 YCIOBHA YCTOHIHBOCTH:

_24E(s-c¢)’
n

[0]: [0,18 +33 -’:isi;—c)} . (3.20)

Y

3.2.7. O6evaiiku, pabomarouiue nod coeMecmssiM delicmeuem
eHympeHHe20 0aefnieHus], 0Ce8020 pacmsiaugalouje20 ycunus u
u3zubarowezo MoOMeHmMa
OGeualiky IPOBEPAIOT U3 YCIOBUA MPOIHOCTH IO Gopmye:
2
4 M
[¥] [M]

F+p

<10, 3.2

np

rae [F] u M,, onpegensrores mo (3.11) u (3.17) cootBercTBEHHO.

3.2.8. O6evailku, pabomaiouiue Nod coeMecmHbIM delicrmeueM HapYXHO20
OaesleHUs, 0CEB020 CHUMAIOUW[e20 ycunusn, usaubaouje2o MoMeHNma u
nonepeyHo20 ycunus

O6euaifkyn poBePAIOT HA YCTOWIHBOCTS TI0 dopMye:

P F M 22_10 3.22
[p]+[F]+[M]+([Q]] =40 ©-22)

rae [F] onpeaemsrores mo (3.12)
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3.3. Oébeuaiixu, nooKpenieHHble KOTbUAMU HCECMKOCMU

PacuerHad cxeMa NMMHHAPHYECKHX oOcdaeK, MOIKPEILICHHBIX KOJIBLAMH XKECTKOCTH,
TpHBeAcHA Ha puc.3.4.

HononnumenvHoe ycaosue npumMeHeHus:

h s—c
sto,z, rae h, =h+s,+s, +( 3 )

Konbna ais ykpennenus obeqaiiku HCIONB3YIOTCA ¢AMHOTO THIOPa3Mepa.

Pacdernnie dopmyns! NPAMEHAIOTCA HPH YCIOBHH PaBHOMEDHOTO DACIIONOKEHHS KOJEL
HeCTKOCTH. B Tex cnywasx, korja Konbua XecTKOCTH YCTAHOBNEHH HEPABHOMEPHO, 3HAYCHHSN b,
I, u I, chaexmyer noacTraBnATh A TEX YYACTKOB, HA KOTOPBIX DACCTONHHE MEXAy IBYMS
COCCAHHMH KOJBIAMH XKECTKOCTH MaKCHUMAJILHOE. B xagectre pacquHoﬁ JJTHHBL 1) MIPAHAMACTCA
max{ll;lz}.

3.3.1. Pacyemsble eenuvuHbl koney xecmxocmu

PaccToHHE MEXAY LEHTPOM THOKECTH NONEPETHOTO CEd4EeHMS KOABLA IKESCTKOCTH M

CpeJHHHOM MOBEPXHOCTH 00e4aiku (e ), INOmMANh TONEPeYHOTo cedeHus ( 4, ) H MOMEHT HHEpPUHH

OTHOCHTENBFHO OCH, NMpoXoasamell depes HeHTp TaxecTH (/,) B 3aBUCHMOCTH OT CEYEHMA KOJIbIIA,

onpegenstoTca no tabmuue 3.2. PasMeprl KoJell XKECTKOCTH HPHHHMAIOTCA C YYETOM CyMMapHOI
npHbaBKH C, .

Tabnuua 3.2
Ceuenne xonbla e 4, I,
h+s-c ht th®
2 12
(s
th +b,s;(2h+s) | §t(e‘*+(hﬁe")3)+
2(th+b,s,) . 1 . s\
,5=¢ th+b,s; +Eb4s5 s5+12(h—ek+75j
2
s—c
Trac ek =€~ T
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Ceuenue konbLa e A, I,
2 1
I5g +S4h(h+236)+ i +s.h §s4((h+s6 ——e,‘)j +(e, —s6)3)+
2Ats, +5,h) Se 54 \
s=¢ +Lz‘s6 53 +12(ek —S—Gj
2 12 2
rie e, =e—-C
g 2
%s,‘((h+s6 —ek)3 +(ek —s6)3)+
s,h(h+2s) +1s? H(ss +56)+ 2
L 2112, -5 |+
2(e(s; +56)+54h) +54h * 12ts6 Se TR & 2
1 s, )
+ ts5(2h+ 255 +55) Etss(ssz “"12(}""56 -e, +75) ]
At (s, +5,)+5,h)
5-¢ s—c
2 rae e, ze—T
%s,,(eft +(h—e,,)3)+
2s,h* +1s,2h +5,) . 25,k +tsg

2(2s,h+1s,)
§—=C
+—
2

2
1 s
+Ets5(s§ +12(h—ek +75J ]

s—c
rae e, =e———

2

3.3.2. O6eyaliku, HazpyieHHbIe 8HYMPEHHUM U36bIMOYHbLIM JaeneHuem

Ipn Bemmonsenyn n.3.2.1 pacuera rmagkux oGedack 0T BHYTPEHHETO JaBIECHUS YKpeILUIeHHA
o6evaifku KOILUAMH JKECTKOCTH He Tpebyercs.
Ipu He BemonHeHuu n.3.2.1 onpexenserca koadduipent K.

_ p(D+s-c) -1
' 20,[c](s—c)

(3.23)

B mmanasome 0< K, < Z-ﬁ—l YCIOBHE NPOYHOCTH OyAeT BBINOJIHEHO B Clydyae, €ClH

P

MAaKCHMaJIbHOC PAacCTOAHHAC MEXKAY CMECKHBIMH KOJIBIIAMHU!

bs\/D(s—c)[

i_¢_p(1+LJ
K @r K,
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a myomanb NoncpeyHOro CE4CHHA KONbla:

[o] ¢,

A, 21 (s-
(s C)[G']K Pk

X, (3.25)

B caygae ecnm K, 22 -¢—T—1 TOM CTCHKH HEOOXOOMMO YBEJIHYHTH A0 TAKOTO
4 ’
Pp
pa3Mepa, 9T00H BHIMONHAIOCH YCIIOBHE:

0<k, <2211 (3.26)

@p

JoryckaeMoe BHyTpeHHEE H30LITOTHOE JABICHHE:
[p]=mn{[p];[p],}, (3.27)

rae [p]; onpenenseTca U3 yCIoBHA IPOTHOCTH BCeH o06eqaiiku.

A
2Aolp,(s—c)+ 27"[0],(%(
; (3.28)
D+(s-¢)

[p], =

[p]; onpegenserca U3 yCI0BHA MPOTHOCTH obeuaiiku MeX Ty ABYMS COCEZHHMH KOJIbLAMHA
KECTKOCTH:

_2[o]e(s=c) 2+4g
D+(s-c) 1+¢Tlf7’
or

[pr],

(3.29)

2
e A= _
D(s-c)

3.3.3. O6eyaliku, HacpyXeHHbIe HapPYXKHbIM U36bIMOYHbLIM OaceHUeM

PacqerHbie mapaMeTpsl NOAKpEIUIEHHO# 06edatixu.
D¢ dexTHBHAA JJIHHA CTEHKH /,:

I, =minf ;t+11yD(s—c)} (3.30)
O ¢pexTUBHBIH MOMEHT HEEpIMH [ ITONEPETHOrO CCICHUA KONTbLA JKECTKOCTH:

I(s-¢) 4ot Axle(s—c)
10,9 A, +1,(s—c)

I=1I,+ (3.31)

Kos¢pumuent xxecTkocTn o6egaiiku, MOAKPEIUIEHHOMN KOJIBIAMH KECTKOCTH:

10,9-7
k= fw (3.32)

HOHYCK&CMOC Hapy)XHOC NAaBJICHUE ONPCACTACTCA U3 YCIOBHA:

[P]=min{[p],[p],}, (333)
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rae [p]; - momyckaemoe JaBNEHHE M3 YCIOBHA YCTOMIMBOCTH Beeil o6eqaiim:

[p],=—LPlm___. (3.34)

I+ [p]mj
[pl:

AOIIYCKacMO€ 1aBJICHUE U3 YCIIOBUA NPOTHOCTH:

A
ol(s—c)+2 T"[a’]K
D+(s—c¢)
ZOIyCKAEMOE NABICHHE U3 YCIIOBHSA YCTOMMHBOCTH:

100k (s _C)TS
D

[Pl = 5 (335)

_208-10°E D

[Pl = kB,n, L{

. D[ D
npu B, =min{1,0; 9,45~ | ————1;
P 52 mm{ L 100k(s—c)}

[p]: - nomyckaeMoe naBieHue U3 YCAOBMH yCTOMIMBOCTH OGeqaiiki MEXKAY KOJNBLAMH
XKECTKOCTH:

(3.36)

[p)y=—LBDm . 337

1+([P]zn ]2
[Pl

AOITyCKaeMO€ NaBJIICHHE M3 YCIIOBHA NIPOYHOCTH:

_AoKs—c)2+4j

[Plan : (3.38)
D+(s-¢) 1+ Ay
Pp
bl
HAle—
PR 1= Drs—e)
JOMYyCKaeMO€ JIaBJICHHE U3 YCIOBHS YCTOHIHBOCTH:
20,8-10°E D[100(s—¢) ]’
_ 20, L , 3.39

t
roe [ =max{b; 1, —5} (lz — paccTosHHE MEXAY KpalHHM KOJBLOM J>KECTKOCTH H

cnexyromuM >pPEeKTHBHBIM 3JIEMEHTOM JKECTKOCTH);  B;=nmun {10; 9,452 _D .
1 V100(s—c)

3.3.4. O6evaliku, Haepy)xeHHbIe 0Ce8bIM pacmsi2uealowum unu
CKUMAIOWUM ycunuem, u3aubaiouuM MOMeHMoM unu
nonepeyHbIM ycunuem kak pa3denbHO, mak U COBMeCMHO

JormyckaeMble HArPY3KH ¥ IPOBEPKY HA YCTOHYMBOCTD IIPH COBMECTHOM BO3ACHCTBHH BCEX
Harpy3oK ONpele/IOT Kak JJIg rinaakux obedaek mpu ycnosuu /=>b. Ilpu onpenesieHUH pacueTHOH
ol [, mo tabawme 3.1 sMecto / crenyer npuHEMaTh 00myto Anusy L.
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4. Beinykible AHHINA

PacdeT BRIYKIIBIX AHALI HA IPOYHOCTh H YCTOMYHMBOCTD IIPOBOJHTCA HA OCHOBaHMH [1].

4.1. Pacuemmnsie cxembvl

PacaeTHBIe CXEMEI BRITYKIILIX JHULI IPUBEACHBI Ha puc. 4.1,

S1

81

h

N

R
D

B
Puc. 4.1. Beimyknsle AHUIOA.

a - STHITHYIECKOE THHUIIE, 6 - HoaychepHueckoe JHULIE, B - TOpocheprdeckoe THULIE

Ycnosusn npumenenus:

0,002<31=°

<0,100 ; O,ZS%sO,S; R<D; (n—-5)201D @1

4.2, 3Saaunmuueckoe oHuwe
4.2.1. 3nnunmuyeckoe OHUULe, Ha2pyXeHHOe 6HYMPEHHUM
u36bIMOYHBIM OaeneHuem

Panuyc KpHBM3HEI B BEPIDHHE JHHMINA PABEH;

D2
R=— 4.2
4H “2)
PacderHas TonmmMHA CTEHKHM JHHINA:
DR
5, = ———— 43
¥ 2olp -05-p @
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VYcnoBue BHINOIHEHUS IPOIHOCTH CTEHKYU JHHUINA:
525, +c 44
JomnyckaemMoe BHyTpeHHee H3GHITOUHOE JaBNeHue:

_ 2olp (s,-¢)

lp1= R+0,5 (s,-¢)

4.5)
Ecmn nnuma manmeppudeckoif wacr or6oproBaHHOoro auuma A, >0,8-./D(s, —c¢), TO

pacyeTHas TOJILIMHA CTCHKH THHIIA:
pD

s, =—%£—- 4.6
¥ 2fc]-p @9
4.2.2. 3nnunmuyeckoe OHUWE, Ha2PYKEHHOe HapYXHbIM U36bIMOYHBLIM
OaeneHueM.
Jomyckaemoe Hapy>KHOE AaBICHHE:
[p]= _,.Lz , 4.7
1+([pJnJ
[p] E
TAe A0IMyCKAaeMO€ NABJICHHE U3 YCJIOBHA IPOYHOCTHU:
2ol(s, —0)
== ; 4.8
[pln R+05-(s, —c) (4.8)
J0IIYCKaeMO€ JaBJICHUE U3 YCIIOBUS YCTOi;I‘lHBOCTHI
2
26-10°°-E 100(s, —¢)
= s 4.9
[Pz y { K, R 4.9)

3

T1+(G.0+107)y D \2H D

Pacuernas ToNIIMHA CTEHKH JHHINA ¢ Y4eTOM IPUGABOK ONPEAEIIETCA HTEPAMOHHO IO
thopmynam (4.7-4.9) nipu yCHOBHUM, 9TO [p]z p.

VcnoBue BHINONHEHAS IPOTHOCTH CTEHKH JHHUINA:

1+(Q24+8- 1y i z:msl—c(p 2H)'

s 28, +c (4.10)

4.3. Ioaycghepuueckoe Onuwye
Pacuernas cxeMa nosycgeprdeckoro AHUIIA NPHBEACHA Ha puc. 4.1,0.

4.3.1. Monycehepuieckoe dHUWe, HazpyKeHHOE BHYMPEHHUM
u36bIMOYHbLIM OaenieHUEM

Pamuyc KpMBU3HBI B BEPLIMHE JHHIIA PABEH:
R=H=05D 4.11)
PacuerHas TONMMMHA CTEHKH JHUINA:
PR

= £ 4.12
Sip 2olp -0,5-p “12)
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Ycnosue BRITOTHEHHS OPOYHOCTH CTEHKH THHINA:

s 25, +c 4.13)
JlomyckaeMoe BHYTpeHHee H30LITOTHOE JaBIIeHHe:
2oy (s, -¢)
=— 4.14
LP] R+05-(s,—¢) @14

Eciu anusa npumaHAPHYeCKOH 9acTH oTGopToBaHHoro nuuma 4 > 0,3-,/D(s, —¢) , 10
pacdeTHAA TOMIMHAA CTCHKH JHMINA:

pD
5, = ——t— 4.15
1p 2 [O' ] _ p ( )
4.3.2. Monycdgepuyeckoe OHULE, Ha2PYyKeHHOE HaPYIKHBIM
u3bbimoyHbiM OasneHuem
JlomyckaeMoe HapyKHOE JaBlIEHHE:
[p]=—=LBl__ 4.16)
e [[pJn )
[p]e
IA¢ AOMyCKaeMO€ JaBJIICHHE H3 YCIIOBUA IIPOYHOCTH:
2[o)(s, = <)
S 4.17
Pl = 2056 -0) @1
JOITyCKAaeMO€ aBJIEHUE W3 YCIOBUA YCTOMIHBOCTH:
0,26-E[s,—c |
(ple =——[ : } . 4.18)
n, R

PacueTHas TOMIMHA CTSHKH AHHINA C YYeTOM NpUOaBOK ONpEAEACTCS HTEPALMOHHO IO
dopmynam (4 16-4.18) nipu ycnoBHH, 9TO [p] =p.
YcnoBHe BHINONIHEHHA IPOYHOCTH CTEHKH AHHINA:

5 25, +c 4.19)

4.4. Topocgpepuueckoe onuuie

PacaeTnas cxema TopocepHaeckoro THHIA NpUBEAcHa Ha puc. 4.1,B.
B 32BHCHMOCTH OT COOTHOIIECHHA NapaMeTpoB R, D;, r; IpUHATEI ClIeIyIOMMe THITR! JHHL;
-tit A 095D, < R< (D, -2s), r;2 0,095Dy;

-tan B 0,85D, <R < 095D, r;= 0,170Dy;
-tunC 0,5D, < R<0385D,, r;2 0,150D,.
4.4.1. Topocgpepuyeckoe GHuUWe, HazpyXeHHOe BHymMpeHHUM
u36bIMOYHbIM JaeneHueM
PacgerHas TONMWHA CTEHKY JHKAINA B KpacBoii 30He.

_ pD. B

= 4.20
v = e 1o “.20)
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puc.4.2.

Kosdduuuent f; onpenensercs B 3aBHCHMOCTH OT THNA JHHINA H OTHOLIEHHSA ﬁ o
g
Bi
N
2¢
‘\\A
20
"N
~ N
16 RIS =
\\:\ B et
Lo T
fiz c REn N gy
By
ey
g 2 3 4 5678317 I ey J
fo}

Puc. 4.2. I'padux nia onpenenenus koddpounuenra B,

Jns cBapHBIX DHHULI PACUETHAA TOJIIHHA CTEHKH B LIEHTPAIBHOM 30HE:

PR

5, =—— 421
¥ 2olp -05:p @20
VcnoBue BHIIOIHEHUS TIPOTHOCTH CTEHKH JHHIIA:
s Zs,+c (4.22)
Jomyckaemoe BHyTpeHHee H30BITOMHOE JaBIEHHE
[p]=mm{[p],.[p],} 4.23)
Homyckaemoe BHyTpeHHEE H30HITOUHOE HaBJICHHE H3 YCIOBHA MPOIHOCTH KPAEBOM 30HKIL:
2[c]p (5,-¢)
[(pi=——— 4.24)
' D lﬂ 2
JUng CBapHBIX JHHMII JOITyCKaeMOe BHyTPEHHEe H30BITOUHOE JaBICHHE B UEHTPAILHOH 30HE
2clp (s, -¢)
=— 4.25
[P}, R+0,5(s, —¢) (4.25)
Koaddmmment S, onpeaensercs B 3aBHCHMOCTH OT THITA JHHIGA ¥ OTHOIIEHHUS ho e,
D 1
an A f, = max<1,25; 0,25-| 3 +1,00
5 —c
D 1
mn B B, = max{1,0;0,12-| 3 +3,75 (4.26)
5, —c
D,
mun C S, = max{0,9;0,12-| 3 +3,20
s —c
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Jiis [HWIN, HM3rOTOBJIEHHBIX W3 LeNo# 3aroroeku, kodddmumenr ¢ =1. s gamm,
H3TOTOBJIEHHHIX M3 HECKONBKHX JacTeH, ko3dduument ¢ onpemengercs no rabmaue 4.1.

Ta6nuua 4.1
Ocku3 JHHIA ¢ nns dopmyn 4.20 u 4.24 [ o mm dopmyn 4.21 n4.25
Jlns mea A
2, | 1
Jlins mea B
1 Px
d
HpPI E < 0,6
1 l Ps
d
Ipn D < 0,6
P4 J 1

Ecnn anuHa manHapAdeckoit 9acTH orboproBanHoro qumuma A, > 0,8-./D, (s, —¢) , T0
pacyeTHasA TONMMNHHA JHHINA:
pD

=& 4.27
% " 2fo]-p @2

4.4.2. Topocghepuyeckoe OHUWLE, Ha2PYHEHHOE HAPYKHbIM
u36bImoyHbIM AassieHueM

JonyckaeMoe HapyKHOE JaBlICHHE:

[p]=—LPIn__ (4.28)

1+ [[P]n J2
[p]:

Ta€e JOMYCKAEMOE AABICHUE U3 YCIOBUA IIPOIHOCTH'

[ply = 2Ao)(s, o)

= : (4.29)
R+0,5-(s, ~c)

JOIIyCKaeMoe NaBJIEHHE U3 YCIIOBHA YCTOWIHBOCTH:

[P]e

P 2
_26-10 -E[IOO(SI—C)] (4.30)

, R

JlonyckaeMoe HapyXXHO€ H30BITOYHOE JAaBICHHE U3 YCIOBHS POYHOCTH KPaeBOi 30HKI:

2fo]p (s, -c)
[p] =TT 1~ 4.31)
d D,4, (

PacqeTHas ToMIIMHA CTEHKM JHHINA C YYETOM HPHGABOK ONpeNeNaeTci HTCPalHOHHO IO
dopmynam (4.28-4.31) npu yCIOBHH, 9TO [p] =p.
VCIOBKE BHINONHEHNS NPOTHOCTH CTEHKU KHWINA:

5 28, +c (4.32)
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5. IlnockHe THHMINA H KPBLIMKH

Pacder miockux MHMII HA OPOYHOCTh M YCTOHIMBOCTH NPOBOJUTCS HA OCHOBAaHHH [1] ¢
JOMONHEHUEM pacuera ILockoro or6oproransoro mumma (ten 11, ta6n.5.1) no [23] u guum ¢
panvanbHBIME pebpamH xecTkocTd 1o [6]. B otamume ot [6] npu onpenenennu [p,] (popmyna
(5.32)) yuurnBaeTca npubaBka Ha KOPPO3MIO.

5.1. IInockue OHUWa, HAzpyIHCEHHbIE BHYMPEHHUM UL HADYIHCHOIM
oae/ienuem

PacyeTHble cxeMBbl IUTOCKUMX AHMIN NPHBEACHEI B Tab. 5.1

Ta6numa 5.1
Tam YcnoBRA 3aKpeIUIeHIA B K
TIpUMEHEHHs JHHIN M KPBILIEK
a>1,7s
1 D,=D 0,53
az0,85s
2 D,=D 0,50
s-c¢
0,25
5 —c 0,45
3 S7€ 025 0.41
s-c
D,=D
s—c
0,5
5 —c < 0,41
4 57€ 505 0,38
s~-c
D,=D
s—c¢
0,25
5 —c. 0,45
5 52€ 5025 0.41
s-c¢
D,=D
a>0_85s
6 D,=D 0,50
CTII 10-04-02
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VcnoBus 3aKpeTieHns U

Tun Yeprex K
OpUMEHEHHs JHHII M KPhIIIEK
w' s—c
e 0 0,41
7 S7C 505 0.38
s-¢
D,=D
s-c¢
5 e <05 0,41
8 s—c >05 0,38
s-c
D,=D
max {s; 0,25 s;} <r<min{s,;
0,1D} s—c
9 0,41x [1 -0,23 )
h,Zr K=max[ 5-c
035
D,=D-2r 7
s-c
P <0,5 0,41
s=—C 0,38
205 :
10 5
D,=D
0,25-s; < r<s;-52 30°< y<90°
" D,=D-r 0.35
r>max {30mMm; 2s}
12 D,=D; 0,40
3 D,=D,, 0,41
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33



Yenosue npumenenua:

278 <01 5.1
p, <" (5.1
5, —c .
Ipu >0,11 3HaueHHe MAONYCKAEMOro NABICHHA YMHOXaeTCA Ha IOOPAaBOYHBIH
P
ko3¢ dunuenr:
2,2

K, = = (5.2)

1+ 1+ 63°€

D P
Pacgernas TonmmuHa CTEHKH JHMINA:

s, =KK,D, |—P— (5.3)

plo]

3navenua koddduimenra K, pacuersnidf guamerp Dp M HEKOTOPHIE OTPaHHYCHHA
ONPEICIIAIOTCA B 3aBUCHMOCTH OT KOHCTPYKLIMK JHHIN 110 Ta6:1.5.1
VcnoBye BHINOJHEHHS TPOYHOCTH CTCHKH AHALNA:

§28,+c¢ 54

Bo Bcex cmyvadx MHHMUMATbHasS TOMIOUHA JHHINA JOKHA OBITH OOJNBLIE HIH PaBHA
TOJIMHEE 0beqadKu:

Sip 2 5p (5.5)

3HaueHue korpduunenta ocnabnenus Ky 11 AHHIN, KMEIOIIKX OTHO OTBEPCTHE:

(5.6)

(5.7

rae d, - XOpAe! OTBEpCTHIA B Hauboiee ocnableHHOM THAMETPATEHOM CEYEHWH AHHINA HITH
KPBIIIKH.

3navenne kodddummeHTa ocnabnenns Ky mast quuimn Ges oTBepcTHl NPHHMMAIOT PAaBHBIM
1,0.

IIOII}’CKaﬁMOC HAABJICHHC HA IUIOCKOC JHHMUIEC:

[p]=(—;;<-‘;—] [o]p (5.8)
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Tommuua s, mua Thoos 10,12,13 xomkHa yAOBNETBOPATE YCITOBHAM:

maxs L1s; ang gauma NelO

-siny (5.9)

52 1,25,

P Dp —Dz
max O,SDP——; (s,—¢) |2————= +c; ana puumma Nel2,13
o] D,

5.2. Ilnockue OHuWi@ ¢ OONONHUMENLHBIM KPACBbIM IPhexmom

PacueTHEIe CXEMBI IIOCKHMX JHMIN C JOTIONHUTEILHBIM KP2eBHIM MOMEHTOM TIPEICTABIICHBI
Ha puc.S.1.

Puc. 5.1.

Pacuernas Tonmuna cTeEkH AHMINA:

s,» = K,K,D, ?‘;] (5.10)

3uaveHua kosdouimenra Ks :

K =041 (5.11)
3HaueHHE Y.
1+R"
= ° 5.12
¥ = max P, +AP, (5.12)
o,

rae Qo, Ry, Ps, A Ps - onipeneioTcs u3 pacuera naHnesoro coequaenns no n.11 5,
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YcnoBre BEINOTHEHHS IPOYHOCTH CTEHKH JHHUIIA:
5,25, +¢ (5.13)

Jns Kphiliikd, MMeromel ma3 UM TIEperopoik# (HanpHMeEp, Kamepa TeTuiooOMEeHHMKa)
3HadeHne koddpduumenta K, nng ompeJeneHus TOMIMHB B Mecte masa (puc.5 2.1,6)
PacCUMTHIBACTCA ¢ YIETOM YCHIIHA OT CXKATHA MPOKJIAIKH B Nase 1o gopMye:

1+3W(D‘ ~1]+9,6§6—bs‘—
K, =041 B (5.14)
D

cn

TonmuHa MIOCKOK KPYIJIOW KPHIIIKH C JOTOJHHUTENGHBIM KPaeBBIM MOMEHTOM B MeECTE
ywioTHeH=A s; (puc.5.10,a).

s, 2 max{K7 «/E;Qﬁq:} +c
D, (5.15)
rae (p = max{_})iﬂ; 1,620 }
[c1s [o];
3nagenue xodppuupenra K :
K,=08 D, -1 (5.16)

on

TommuHa kpad IUTOCKOM KPYrJioH KpHILIKH C JOTONHHTENHHEIM KPacBHIM MOMEHTOM BHE
30HB! YILIOTHEHHUS:

Sy 2max{K,«/5;%(D}+c, .17

<n

e ¢=max{ﬂ; P"m ; K, =08 ‘—D—a—l
[c]; [O']o D,

HomyckaeMoe INaBNeHWE JNs IUIOCKOW KPYIVIOM KPHIIIKM ¢ JONOJHHTENLHBIM KpaeBBIM
MOMEHTOM:

(pl= [—si] [c) (5.18)

K,KD,
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5.3. Ilnockue onuwia c paduansuvimu pebpamu scecmxocmu

PacueTHbIE CXEMBI JHHII IPUBEACHEI Ha puc. 5.2.

d dp
i ["‘:!L
X 2 ! oy LR |
:‘.:_ ) Y o i
5y ! r Se H=
a 6
dy d
pm—pr 0
)
mm X ' £ mR SA% whpo ) °‘
B | N e &l
w
SHEN S0
S D
Dy J; s D /.
T 1
B r
Puc 5.2.
Yenoeun npumenenua:
D, —-d nA4 2
—£_0510; nz6; ——"[L"]—sl; 2o 10 (5.19)
2H, 7 D,s,[5,] A,

Bo3MoxHO mpuMeHeHHe pebep ¢ Npou3BONBHOH ¢opMoill momepedsoro cedenmsa. ng
npoduieil CTaHTAPTHOTO CEYCHHWA PACCTOSHHE OT LEHTPA TOKECTH NONEPETHOro CedeHus
pe6pa ECTKOCTH [0 €10 OCHOBAHUA ¢, = ¢, , a ILTOIAAb NONEPEIHOr0 cevenus A, = 4,, rae

e, H A, onpelesioTca o Tabmane 3.2
PacyeTHOE paccTOSHHME OT [OBEPXHOCTH AHHINA O HIDKHETO TOPLA BTYIKH:
hop = minfiy; 0,27/(dy — 505, | (5.20)
PacueTHas BBHICOTA BTY/IKM:
Hyp =min{H 3 (H, +s, +h,)} (5.21)
OTHOCHTEIBbHBIN HAPYKHbIA PATHyC BTYIKH:
d,

Po=15 (5.22)

14
PaccroaHue OT CpeAVHHOM NOBEPXHOCTH JHUINR [0 HEATPAIbHON IOBEPXHOCTH:
nd,lo,]
e=—-=~>2 "2 (523)
2z D,lo,]

H3ruGaromuit MOMEHT BTYIIKH, OTHECSHHEIN K ITMHE KOHTYPHOR ITHHUMA

CTII 10-04-02



M, - M?;(S—_C){[H ek, —52-) +[e+ho,, +S3) } (5:24)

dy—s,+¢,

PacueTnbiif n3rubaromuii MOMEHT JHHUIIA, OTHECEHHNIH K JIMHE KOHTYPHOM JIMHHH:

M, =[o, ]{e2 +£sl—2’—cJ } (5.25)

Pacuernniii m3rnbaromuit MOMEHT OpeGPEHHOTO JHHING, OTHECEHHBIH K JUIHHE KOHTYPHOR
JIVHAH:

o lond -
M, =M, + [—‘;:Z—’L(eo —e+d : ”) (5.26)
0

PacueTHbiit 0600mMeHHABIH H3rHGatOMMit MOMEHT, OTHECEHHBIN K [uHe KOHTYPHOW THHWH:
M,, =min{M,; M,} (5.27)

PacuerHpili cymmapHbiit H3ruGarolmii MOMEHT, OTHECEHHBIH K JUTMHE KOHTYPHOM THHUA:
M, =M QA-py)+M,,p, (5.28)

ITpu oTcyTcTBHH LeHTpanbHOM BTYAKH (0, = 0) M nmepeceueHuu peGep B UEHTpE, a TAKKE
B CITy4ae €CIH BMECTO BTYJIKH HCIIONB3YETCs CIUIOIHas 6o0bimxka:

o lpond —
M =M1+£—P]¢—" e, —e+1—C (5.29)
¢ zD 2

14

VcmoBHe  BBHITIONHEHHS TPOYHOCTH NpH  JEHCTBMHM  HOMOJHHUTEIBHOTO  YCHIIHA,
NeHCTBYIOILETO Ha LIEHTPANBHYIO 9acTh AHHINA (BEC ABUTATEINSA, PEAYKTOPA H T.IL):

M
9, <09 M, (5.30)
1-p,
PacueTHOE JOMyCKaeMoe AaBi€HHUE, ACHCTBYIOLIEE HA IUIOCKOE JHHUIIE B LEJIOM"
1222 M, +Q,(1-
(p1= 12 Q- p,)] 531)

= DX(1-p?)

Ecmu geficTBHe (J, HalpaBIeHO B TYXe CTOPOHY, 9TO H AaBlNeHHe p, To B dopmyne (5.31)
neped (J, CIeAyeT MOCTaBUTh 3HAK MUHYC.
PacueTHOE AoMyckaeMoe faBlIeHHe, JeHCTBYIONIEEe B MPOMEXKYTKE MEX/ay pedpamu:

2
12[0, (s, - c)’(l +sin ﬁj
n

2
1
D: sin —
n
JlomyckaeMoe H30BITOUHOE aBIICHHE

[pl=min{{p,); [P, ]} (5.33)

[p.}= (5.32)
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6. Codepuueckne HeOTOOPTOBAHHDbIE THAMA H KPHIMKH

Pacuer cdepuueckux HeOTGOPTOBAHHEIX JHUIN HA IIPOYHOCTS H YCTOHYMBOCTH MPOBOAMTCH

Ha OCHOBaHMH [2].

6.1. PacuemHnble cxemol

Pacuernbie cxeMsl AHMIN ipUBeeHS! B Ta6n. 6.1.

Tabnuma 6.1.
Tun Yeprex M M] Ax

5

w
1 - - - 0

s D A
2 - - 0
3 - - 0
4 2 n'[a]k ht* th
pTeltg v 5
0 - (h+sy)
5
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M M] Ay

o), (n-d, )

D2
ple—etgy)+ R = (h_d,)

rae R, ompenensercs w3
pacdera ¢nannesoro
coenuHeHUA MO m.11 5.

Yenosus npumenenus:
s —c
R

Jna puum tHoa 1-3, HarpyeHHBIX BHYTDEHHHM H30BITOUHBIM [aBJICHHEM, DPAacueTHHIC
dopmymsl cnepyeT NPYMEHATD MIPH TOTIOHATEIIBHOM YCIIOBIH:

<0 08SD<R<D 6.1)

5 —c

> 0,002 (6.2)

6.2. Cgepuueckue neombopmoeanHsie OHUWA, HAZPYIiCEeHHbIE
6HYMPEHHUM 0Q8NEHUEM

PacuerHad TONMIKHA CTEHKH AHHLIA:

PR |
2[0']1 p-p
S1p = Max 6.3)
pDp
2[0-]1(? r P
3Havenne ko3dpduuuenra S :
=05+ 8y —, (64)

X 44, \/1__111__’_3\/;1—0 1 +xs—c %_'_2!S2—c/2
“D(s,-o)\ [M] D | ./cosy s -c¢ 25 —c

D 2RY
rnecosw=ﬁ; gy = ) -1.

OTHOINEHHUs JOIMYCKAEMBIX HAIPAKEHHUIA:

k. . ). . ok
O =R = R S ©3

Bemwauuer 4,, M, [M] onpeaenfrorcas B 3aBHCHMOCTH OT KOHCTPYKLMH AOHHIN IO

Tabn.6.1. ITpu 5TOM A% AHAIN THNA 4, 5 HOJDKHO BRIMOMHATBCS ycnoBue M <[M]. Ecnu B anuwe

THNA 6 HPOKJIAAKa JIEKHT 1O Beeil MPHBANOYHOH MoBepXHOCTH, B hopMyJe IIpH onpelenennd M
npHHMMacTed e; = 0.
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V¢a0BHE BHIOIHEHUS NPOYHOCTH CTCHKH JHHINA:
525, +c¢ (6.6)
JomyckaeMoe H30BITOYHOE BHYTPEHHEE AaBlEHUE ONpeIeNIeTcs 1o GopMyIIe:
2s, - 9)g J[o];
DB +(s,—c¢)
[]=min 6.7

2(s,—0)p [0']1
R+(s,—0¢)

6.3. Cepuueckue neomGopmosaHHble ORUWLA, HAZPYHCEHHBIE HAPYIHCHBIM
oaeneHuem

Tommuuy creHkn cdepuueckoro CcermMeHTa OHMINA WIM KPHIIKM TIPENBAPHTEIILHO
onpeaensor no Gopmyne (6.3) ¢ mocnenyromei nposepkoi mo (6.8).
JormyckaeMoe AaBJIEHHE U3 YCIOBUS NPOYHOCTH B LIEHTPANIBHOM 30HE:

2o, -9
=— 6.8
Pl = 5oy 6.8)
JlomyckaeMoe 1aBliCHHE U3 YCAOBHA YCTOHIUBOCTH:
2
KE| (s, ~c
[pl; = —F—‘—)} 6.9)
n, R
JlomyckaeMoe Hapy»XHOe JaBJICHHE:
[p]=—LBln__ (6.10)

1+([P]11]
u [p]e

Koadpduument K B 3aBucHMOCTH OT TapaMeTpa

onpexaesercd no radbmuue 6.2.
s —C
1

Tabnuma 6.2.

PacqerHEIe

MORENH 3uagenne kod>dpdunnenra K npu oTHOIEHHH

(s,-¢)

25 50 75 100 150 200 250 300 >350

Hwmme (Tan 1-5) 0,33 0,19 0,17 0,15 0,13 0,12 0,12 0,11 0,11

Kpsimka (tam 6) 0,46 0,30 0,25 0,22 0,19 0,17 0,16 0,13 0,12
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7. Konnueckne mepexoani

PacdeT KOHMHUECKHX NEPeXOoqOB Ha NPOMHOCTb M YCTOWYIHBOCTH NPOBOAMTCS HA OCHOBAHHM
[1] ¢ momonHeHneM Ho pacHeTy Ha IIPOYHOCTH KOHMYECKOH 0Gedaiiku OT COBMECTHOTO AeHCTBHA
BHYTPEHHETO JaBJICHHA PaCTATHBAIOMIENO YCHIHA M H3rHGaioIero MOMEHTA.

7.1. Pacuemmsie cxembl

PacaeTHBle CXeMBI COEMMHECHHMA 00e9ack B KOHHYECKHX IEPEXONaxX IIPEACTaBICHH Ha
puc.7.1.-7.3.

Puc.7.1. Coenunenue obeuack 6e3 TOPOMAATBHOTO EPEXoaa
@ - COeIMHEHHE ABYX KOHHUECKHX 00e4aek, 6 - coenMHeHHe KOHMUESCKOM M ITHHAPHIEcKo# 06edaek, 6 - coeIMHeHue
KOHHYECKOH ¥ IMIMHAPHIEcKoll 00e9aek ¢ YKPEIsmOIINM KOJBIIOM, 2 - COSTIMHEHHE KOHMYECKOH 00euaiKky ¢
LUMTHHAPH9ECKOH MEHBLIErO HaMeTpa

Puc.7.2. CoennHerne o6eqack ¢ TOPOHAAIEHBIM ITEPEX0I0M
a - COCAMHCHHE IBYX KOHHIECKHX 00€9aeK, 6 - COEIHHEHNE KOHHMEeCKOR H IMIHHApPHIECcKOoH obeqaek
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Puc.7.3. Coennuende KOCOCHMMETPUYIHEIX obedaek

Obwue ycnosus npumeHenus.:

5, cosa
O,OOIS—’D—‘sO,OS; a, <70% 0<a,<a;; s 25,25,

I>a, a.1)

rae / - AIMHA nepexofia; g, - pacYeTHas JTHHA ePeXOAHON JacTh.
Pacqernsie k03 hHUHEHTH TPOYHOCTH CBAPHBIX LIBOB IEPEX0J0B 0fedaek OIpeessoT 1o

1ab61.7 1.
Tabnnua 7.1
. PacueTnni k03¢ GUIMEHT NPOIHOCTH CBAPHLIX IIBOB
Bux coenuneHuit Coennnenue obegaex Coenuuenne WITYLEpa WIK
Coenunenue ofeuaex ¢
obeuaex LM KOTBLOM 6€3 yKperolnero | BHYTPEHHEr0 [UTHHAPA C KOHHIECKOH
YKPEILLAO u KOJIBLIA obevaiikoi
BHyTpeHHEe JaBJICHHE = - / ,‘
WM  pacTATHBAIOMAs Pp =NOr P =v0r @, =min{g,, V97 }
CHJIa Dap = Pa
HapyxHoe  maBieHue
Wi cxumatomas cuma | @ = mun{@,, V¥r } @, =mn{g, Vo ) @ = NOr
Pap=1
Hsrubarotmi MOMEHT o [ /
@,=mm{g, Vr } @ =mm{g, V91 } @, =mn{g,, V7 }
Pap = Pa

TIe @ - Ko3¢dHpeAT MPOYHOCTH KOIBLIEBOTO CBAPHOIO IIIBA;
@a - x03¢dHAIIHEHT POTHOCTH NONEPETHOTO CBAPHOIO IMIBA UL YKPEILUDIIOMETO KOMbIIA.

7.2. Konuueckue obeuaiixu

7.2.1. Konuyeckue obeyaliku, HazpyXeHHble 8HYMPEHHUM U36bIMOYHLIM
daeneHuem

PacueTHsIii TMaMeTp KOHHUECKOH 06euaiiku Ge3 ToppouaaIbHOTO nepexoaa (puc.7.1):

D, =D-1l4a sina, (7.2)
PacucTHsiii AmaMeTp KOHHYECKOH 06e9aiiki ¢ TOppOHIANBHBIM HepexonoM (puc.7.2):
D, = D-2|r(cosa ,— cose,)+0,7a, sina, | (7.3)
Pacuernas Tommuna cTeHKH obcqalikm:
sp=—Pl 1 1.4)
Aolp, - p cosa,
Vcnopue BRNOMHEHNA NIPOTHOCTH CTEHKN 00eqaiiku;
S 28, +c (7.5)
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JomyckaemMoe BHYTpeHHEE TaBICHHE U3 YCIOBHA NPOIHOCTH CTEHKH 06€9aiKy:

_ 2A01p,(5, =)
k
cosa,

[r] (7.6)

+(s, —©)

7.2.2. KoHuyeckue obe4aliku, HaspyKeHHbIe HapyXHbIM U36bIMOYHBIM
daeneHueM

JHornyckaeMoe HaBleHHE U3 YCIOBUSA MPOYHOCTH CTEHKH 00eualiku:

2fo)(s, ~¢
[ply =— g A=) an
k
+(s, ~©)
cosa,;
JomyckaeMoe naBlIeHAE U3 YCIIOBHA YCTOHIUBOCTH 06eqaliku:
2,5
20,8-10°E D, | 100(s, —¢) |
[Pl = De| 105 =0) | a8)
nVB 1 IE D E
rae B, = min<1,0; 9,452£ i—— ; I =&M;
Iy V100(s, —©) 2sina,
D+D,+2
DE=max{ i+25. D —0,31(D+D1+2s2)/2M-zgal}.
2cosa, cosa, 5, —¢C
JonyckaeMoe HapyXKHOE JaBlicHHE:
[p]=—~—[p]” - (7.9)
[p]:
7.2.3. Konu4yeckue obeyaliku, HaspyXeHHbIe oce8ol pacmsazueaoujel
cunoii
PacuerHas TONIUHA CTEHKH 06e1aliki KOHHIECKOTO NEpeX0aa:
S = F - (1.10)
7z (D, +2s,)(5, —O)¢,[0] cosa,
YcnoBre BRITNIOJIHEHHS NIPOYIHOCTH CTEHKH 00evuaiiky:
S, 28, te (7.11)
JonyckaeMas pacTArHBalomas CHIa U3 YCIOBHA POYHOCTH 06edaiiku
[Fl1=7 (D, +2s5,)(s, —c)pr[0]cos e , (7.12)

7.2.4. Konudeckue obevaiiku, HazpyxeHHble ocesoll cxxumarowel cunoil
JlomyckxaeMas cuna u3 ycloBHS NMPOYHOCTH 00edaiiku:
[F] ;=7 D.(s, —c)[c]cosa |, (7.13)

e D, = 2OD*OMD +25,)

cosa
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JoIlyckaeMas Ciia U3 YCIOBAA YCTOMYHBOCTH 0Geyualiku:

310-10°E 100(s, —o)1°
[Fl, = ——n—(DF cosa l)’[% (7.14)
y F

JomyckaeMas oceBas C)xMMarolias Cuia KOHMIecKkoH obeqaikn:

[F]II . Dl + 2S2 [F]H

2’ D
3y
[Flg

7.2.5. KoHuveckue o6eyaiiku, HazpymeHHbie uszubaroujuM MOMEeHmMoM

[F]= min

~

(7.15)

Jlonmyckaemblit m3rubaroninit MOMEHT KOHuIecKo# obedaiikm:

[M]:——M—]"——z, (7.16)
1+[[M ]”J
(M1,
e [M], =%”.[F]n; M) = ?g [Flg; [Fla u [Flg, GepyTca paBHBIME AOMyCKAaeMBIM

CKAMAIOIMNM crutaM 1y nepexoaa 1o (7.13) u (7.14) coOTBETCTBEHHO.
HonyckaeMsI#i M3ruGaomuii MOMEHT KOHHIECKOY 00€9aiiki U3 YCIIOBHA IPOIHOCTH.

[M], = &;_ZQ[F] (7.17)
rae [F] ompexpensercs mo (7.12).

7.2.6. Konuueckue oBevaliku, Haz2pyXeHHble coeMecmHbIM delicmeueM
8HympeHHe20 GaesleHuUs, 0CE8020 pacmsA2Uearu 620 ycunus u usaubaouiezo
MoMeHmMa

Konmngeckue 06edaifki IpOBEPAIOT U3 YCIOBUA IPOYHOCTH No dopMmyie.
m(D, +2s,)*

4 M

[l M1

F+p

<10, (7.18)

np

rae [F] u M,, onpenenmores 10 (7.12) u (7.17) cooTBETCTBEHHO.

7.2.7. KoHuveckue o6evaiiku, HazpyXeHHble cO8MeCMHbIM delicmeuem
HapyXH020 Jas/lieHUsl, 0Ce8020 CXXUMaWe20 ycunus u usaubaiolje2o MOMeHmMa
Konngeckue 06e9aiiky NpoBEPAIOT Ha YCTONIHBOCTD N0 opmyne:
p E M 10 (7.19)
[Pl [F] [M]

rae [F] ompenensrores mo (7.15).
Ipu BHYTpEHHEM HaBICHUM CleAyeT NPUHATL p =0
Kpome Toro, n0mkHa GbITh BEIIOIHEHA IPOBEPKA YCTOMYMBOCTH OT OTAE/BHBIX HAIPY30K:

\pl<[pl, |F|<[F1; [M|<IM] (7.20)
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7.3. Coedounenue Konuueckux obeuaex 6e3 mopouodansHo20 nepexooa

PacueTHple CXEMBI COEINWHEHUA KOHMUEeCKMX ofeuack Oe3 TOpPOHMAAIBHOrO Mepexoja
nipeacrasieHs Ha puc 7 1,a,6.

ﬂOﬂOJ’IH UMENbHbLIE YCIOBUS NPDUMEHEHUA.

opu a,,<a, H a,,<a, OPH pacueTe MNEPEXoAa OT JaBICHHA BMECTO §, H §,
TIOZCTABIISAIOTCA:

a a
- Sip. . = G .
Sig —max{ sl,sk}, S,z -max{ sz,s}, (7.21)

q 4,

rae a, =0,7 D (s,—-¢); a, =07 D
\/ cosq, cosa,

qacTei.

(s, —¢) - pacdeTHEBIC AJMHBI TEPEXOMHBIX

7.3.1. CoeduHeHue, Ha2py)XeHHOE BHYMPEHHUM UNTU HapYXHbIM
u36bIMOYHLIM OasrieHueM

PacueTHas TOMIMHA CTEHOK COCUHEHUs o0eqack:

pDB, 1

S,p = (7.22)
* 2[c],¢p—p cosa,
B cnyuae coeaMHeHM KOHMIECKOH H IWITHHAPHIecKod obewaek cosa, =1.
Koadduuuenr dopmsl nepexona:
B, = max{0,5; g} (7.23)
me f=04 D (t1ga, ~tga,)cosa, —025,
$17¢ s,—cY
1+ y - )
1 4 S§y —C 8§ —C
Jeosa, 2cosa, s,-¢c
VYcnoBus BHINOIHEHHS IPOYHOCTH COSIUHEHHS 0fedaek”
5, 285,,+c¢; leES‘_c]s2P+c (7.249)
5,—¢
JoIryckaeMoe aBiieHue U3 YCIOBHSA IPOYHOCTH COENMHEHHS 06e9acK:
2 -
[p] — [O.JZ (DP(SZ C) (7.25)
D B,
+(s,—-c¢)
cosa,

7.3.2. CoeduHeHue, HazpyXxeHHoe ocegoil pacmsiauealoweii unu
oKuMarowell cunoil

HomyckaeMas oceBas pacTArMBAIOMAA HIM CXKHMAIOIIAA CHJIA K3 YCJIOBHSA NPOYHOCTH
COCANHEHHUA 00edacK:

[F]=n D(Sz —c)pp[o],cosa ,

7.26
5, (7.26)

e B =max{l,0; (28+1.2)}
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7.3.3. CoeduHeHue, HazpyxeHHoe u3aubalouuUM MOMEHMOM

JlomyckaeMslit H3rHGAIOMMA MOMEHT COETMHEHMA 06edaeKk U3 YCIIOBUS ITPOYHOCTH:
D
[M]= I[F], (7.27)
rae [F] Gepercs paBHOI momyckaeMo#t pacrarmBaromeif (CxuMaromed) cuine ans
coenuHeHuA o6eqaek mo (7 26).

7.3.4. CoeduHeHue, Hazpy3eHHOe CO8MeCMHbIM delicmeueM Hazpy30K

Ilpu npoBepke NPOYHOCTH ANA COBMECTHOro JneficTBHA Harpy3ok B ¢Qopmynax mis
PacyeTHOTO HAPYXKHOTO NAABICHMA MOJCTABJIAIOT MHHYC D, a JUIA OCEBOH CXKHMAIOMIEH CHIIBI MUHYC
F. Usrubaiommuii MmomMeHT M BCeraa NPpHHAMAIOT CO 3HAKOM ILIOC.

VcnoBua npoyHOCTH MUIA NEPEXOHOM JacTH 00eHaHKH:

<[p)l; |Fl<[F1; |M|<M1; |2 i[ M 7.28
|A<lpl; |FI<[F]; |M|<[M] ‘[p]+[F]+[M]< (7.28)

7.4. Coedunenue Konuyeckux obeuaex c mopoudanvHuiM REPEXOOOM

PacueTHBle CXEMBl COSJMHEHHS KOHUIECKHX 00€4aeK C TOPOMIANBHBIM IEPEXOIOM
npeacTasiieHs Ha puc.7.2.

Lononnumensheie ycnoeus npumereHus:
r
0<—<03; 7.29
D (1.29)

OpH a4, <a, U a,,<4a, TpH pacdcTe IE€pexofa OT NABIEHHI BMECTO s, H &5,
TIO/ICTABNAIOTCS:

9 9p
Sip = max{—s,; s,,}; Syp = max{a—sz,; sr, (7.30)

2

a,
{ D D
rae a, =0,7 s (s,-¢);a,=05 P (s, —¢) - pacdeTHBIC JUIHHBI IEPEXOIHbIX YaCTeH.
1 2

7.4.1. CoeduHeHue, HacpyXeHHOe BHYMPEHHUM UNTU HAPYKHbIM
Uu36bIMOYHbIM OasneHuem

Pacuernas ToMmKHA CTEHKH TOPOMAAILHOTO MiEpexonaa’
pDp 1

Spp = 7.31
" Aol ¢, —p cosa, 73D
Kosdduuuent dopMsl nepexosa:
B, =max{0,5; 8 B, }, (7.32)
re B = 0,4 D (1ga, —tga,)cosa, ~025; B, = 1
> _ 2 > £ -
s, —¢ Lol 5im€ O,OZS%JSD_C(al—aZ)
1 S;-¢ (Sl _CJ 1+ L
+ 1 1
Jeosa, 2cosa, \s,-c¢ +

cosa, cosa
\ Jeosa,
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YcnoBre BRINOIHEHHS IPOYHOCTH CTEHKH TOPOMAATBHOTO NEPEXOAa:
Sp 28, +e (7.33)

JlomycxaeMoe H3GLITOUHOE BHYTPEHHEE MMM HapyKHOE JAaBIIEHHME M3 YCIOBHS MPOYHOCTH
TOPOHJAJIBHOIO IIEpExXoaa:
[pl= 2[o]; @p(sy —¢)
D 5,
cosa,

(7.34)

+(s; —¢)

7.4.2. CoeduHeHue, Ha2pyXeHHOe oceeoll pacmsaauealoweil unu
cxumarowel cunol

JomyckaeMast oceBasd pacTATHBAIOINAS HIH CKHMAIOMAA CHIA W3 YCIOBHS IIPOYHOCTH
TOPOMAAIBHOTO MEPEXOHA:

[F]:ﬂ' D (ST _c)¢P[G]T cosa 2

(7.35
s, )

rae B, = max{l,0; B, (28 +1.2)}.
7.4.3. CoeduHeHue, HazpyXeHHoe u32ubalouwum MOMEHMOM U
coeMecmHbIM OelicmeueM Ha2py30K
JlommyckaeMbIif MOMEHT, a TakXKe YCIOBHS NPOYHOCTH H YCTOMYHBOCTH HEPEXOda IPH
COBMECTHOM NeHCTBHM HArpy30K ONpeNenstorcs no n.u. 7 3.3-7.3.4.
7.5. Coeounenue KoHuueckux obeuaex ¢ yKpenisowum KoJibom

Pacuernas cxema COCOIMHCHHA KOHHYECKHNX obeuyaek ¢ YKpEIMAIOMUAM  KOJBIIOM
npeAcTaBieHa Ha puc.7.1,r.

ﬂononuumeﬂbﬂbze Ycnoeust npUMEHeRnus.

opn a,, <a, H a,,<4, IPH pacieTc Nnepexona OT OaBJICHHEI BMECTO §, H §,
NOACTaBIATCA .

a a
Sip =max{%sl; s,}; Sz =max{ﬂsz; s}, (7.36)

1 a,

rae g, =07 ’cols)a (s,-¢); a,=0,7D(s,—c) - pacueTHble IJIMHBH TEPEXOMAHBIX
1

qacTeid.

7.5.1. CoeduHeHue, Ha2pyXeHHOe 6HYMPeHHUM UNU HapyXHbIM
u36bIMOYHBIM OaeneHueM

PacueTHan nmomans NOTNIEPETHOTO CECICHH YKPEIUMIOMETO KOJMBLA (C YUYE€TOM KOpp03HK):

2
Ak,,zpD tga | 1_wﬂA+0,25 ’ a.37)
8lo]. 0., B+0.25
2 - _
e B, :( [crl]’z(op _IJ s,D c. £=04 D (1ga, —tga,)cosa, _02s.

s,—c )
’ 1+ | 2 c]
1 5, —¢ [sl—c]
+ x

Jeosa, 2cosa, s, -c¢
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VcioBHe BHIIOIHEHHS IPOYHOCTH COSAMHEHUA 00€9aeK C YKPEIULIOIHM KOJIBLIOM:
4,24, (738)

Ipn A4, <0 ykpelieHHe KOJBLOM XECTKOCTH He TpebyeTcs
Ipu Hanuauy ABYX YKPEIUIIOMMX KOJIell 10 KpasM Iepexoa:

2
4 >thgoc1

2 7.39
¢ S[O-]k wap ( )

JommyckaeMoe BHYTPEHHee MIIM HapyXHOE M30BITOUHOE aBIeHHE M3 YCIOBHH MPOYHOCTH
COeIUHEHHS 00eYaeK:

_2[0],0x(s,—¢) .
[p] “"DB, +(s,—2) +(5,—2) (7.40)

MpH HATHYHH JBYX YKPEILIAIOIIMUX KOJICI 10 KpadM nepexoaa:

_ 8ol o.,
[p]=4, Diiga, (7.41)
O6muit xo3ddumuenT GopMbL:
B, =max{0,5, 8,}, (7.42)

2
> 1+1(S‘_c)
$; —¢ 5 —cC
0,4 tga, — B,| 1+ 2 1
\fs2~cg b 2cosa, Z[sz—c]

e f, = - :
1+ ;([ sl CJ
— c -
B, +[1+ %2 (s‘ CJ
2cosa, 5,—¢
o
32 _ 1,6Ak [ ]k¢ﬂp ; 33 =0,25; Z=[2']_1
(s, =WD(s, - ¢) [oho, ol
IIpoeepka MPOYHOCTH CBAPHOTO IIBA YKPEIUIAIONIETO KOMbLIA:
44
i

Zt 2 - (743)
rae Zt , - cyMMa BceX 3((CKTHBHBIX LIMPHH HECYIIMX CBApHEIX MIBOB MEXIY

VKPEIUIIOIMM KOJNBIOM M ofeuaiixkoif (puc.7.1.1.B), mpudeM paccrosHHe MEXIY KOHLIAMH
TIPEPLIBACTHIX CBAPHBIX IIBOB JOKHO OBITh He 60jiee BOCBMH TONIMH CTEHKH 00cqaiiki H cymMMa
BCeX JUIAH CBAPHLIX LIBOB HE MEHEe MONOBUHEI ANHHBI KOHTYPa KOJIBLA.

7.5.2. CoeduHeHue, HazpyXeHHoe oceaoll pacmsiauearoweil unu
cxumaiowel cunoi

Ilonycxaeman OCCBad pacTArHBaollas WIH CXKHMAKOIRAd CHJIa COCAWHCHUS obedack:

[Fl== D(i’—%ﬂﬂ , (7.44)
(3

rae B, = max{L0; 28, }, npu onpenencamn B, (7.42) cnenyer npunsTs B, =—0,35
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7.5.3. CoeduHeHue, HaspyeHHOe usz2ubarouwuM MOMEHMOM U
coemecmHbIM delicmeueM Hazpy3oK

JonyckaeMBIf MOMEHT, a TaKke YCIOBHS NPOYHOCTH H YCTOHYMBOCTH Iepexoia IpH
COBMECTHOM ACHCTBHH HATPY30K ONpenensores mno n.u. 7.3.3-7.3.4.

7.6. Coedunerue wimyyepa uau 6HympeHHe20 YUIUHOPUYECKO20 Kopnyca
C KOHuYecKoli obeuaiixoii
PacuerHas cxeMa COEHHEHHS BHYTPEHHEr0o IMIMHIPHUICCKOro KOpPIyca ¢ KOHMYECKOM
obeuaiikoii mpencrasieHa Ha puc.7.1,B.
Hononnumenvuvie ycnosus npumerenus:
Opu a,,<a, H a,,<a, Opd pacuere NEPeXona OT OaBJIEHHA BMECTO s, H &,
NOACTaBJIAKOTCA

Sip = max{glisl; sk}; Sp = max{aﬂ.g; s} , (7 45)

a a,

D =
rae a, = (s, —¢); a, =1,25\/D/(s, —~¢) - pacyeTHBIe ANHHbI NEPEXOMHBIX JaCTEH.
cosa,

7.6.1. CoeduHeHue, HazpyXeHHOe 6HYMPEHHUM USIU 8HeLUHUM
u36bImoyHbIM OaeneHueM

PacueTHas TONUHHA CTEHKH NIEPEXOAHOM TacTH:

Syp = _PDB. (7.46)
Aolp, —p
Koaddmment hopmer nepexona
B =max{L0; 5.}, (7.47)
D 2
rae B, =04 L g, +05 mpm gy Si7¢ >1;
8§ =C 5 —c 2 s, —¢C
1+ ;([ ! J
1+ s,—¢ 4 s —-c
2cosa, 5,—¢C
2
B, =04] 2 L +0,5 npu [S‘ CJ <1
$—cC 5 —c 2 s, ¢
1+ x(————' J
4 5 —c S, —¢
x +
s, —¢ )\ (s, —c)cosa, 2
VcnoBre BHNOMHEHNA TPOTHOCTH CTEHKH TIEPEX0a:
5,25, +c¢ (7.48)

Jotryckaemoe W36ETOMHOE BHyTpeHHee WM BHEIIHEE [aBeHHE M3 YCJOBHMA MPOTHOCTH
COeIUHEeHNA obeuaek:

_ o), ¢ (5, -¢)

= 7.49
Dlﬂ:t + (s2 - L') ( )

[p]
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7.6.2. CoeduHeHue, HazpyxeHHoe oceeoil pacmsizusaroujed unu
cxuMarowel cunol

Honycxaemax 0CCBad pacTArHBaIOLIAA UM CKUMAKOINAs CHIa COCAHHCHAA obeqaek:

[Fl=z D, &2=92:10) —C/)?% o}, (7.50)

tae B, = max{L,0; (28, +1,2)}; B, ompenemercs no (7 47).

7.6.3. CoeduHeHUe, HazpyXeHHOe U32ubarw,um MOMEeHMoM u
coeMecmHbIM OelicmeueM Hazpy30K

JomyckaeMblii MOMEHT, a TAKXKE YCHOBHA NPOYHOCTH U YCTONYHBOCTH NEpexoia NpH
COBMECTHOM AeHMCTBHM HArpy30K onpeaessnores no m.a. 7.3.3-7.3.4.

CTIT 10-04-02

51



8. Konr4eckHne XHAINA

Pacder xOHHYECKMX JHHUIN HA IPOYHOCTD M YCTOHYIHBOCTD MPOBOAUTCA Ha OCHOBaHMH [1].

8.1. Pacuemnwvie cxemol

PacuerHbie CXEMBI KOHMYECKHX AHHII ITPEACTABJICHBI HA pnc.8.1

&
D
[ B
Puc.8.1. Ilonorne xouMdeckue quMINa
4 — IHMIIE ¢ TOPORNANEHEIM IEPEXTA0M, U — AHHMIIE ¢ YKPEIUIAIOMHEM KOMBLIOM,
6 — THHUINEe 663 TOPOH,IIBJH:HOFO nepexona u YKpenmomero KOJIbLa
Yenosus npumenenus:
H,tge r
a, >70°; %20,]25; 5,283 0s5<03 @1

PacueTHbre k0>(QUIHEHTH NPOYHOCTH CBAPHBIX HIBOB OHpPEJENAIOTCA, KaKk M B ciydae
KOHHYECKHUX TIepeX0/IoB, 1o tabmune 7.1.

B cmywae npucoeIMHEHHA KOHHIECKOTO JHHUINA K ITHHAPHIECKoH obevdalike cosa, =1
IIpn a, < 70° pacuer KOHWYECKHX THHIX OCYWIECTBIETCA KaK JJIf KOHMYECKHX TEPEXOI0B
(eM_1.7). TTpu aTOM IpHHEMAeETCH S, = §'.

8.2, Konuueckoe onuuje c mopoudansHsiM nepexo0om

8.2.1. Koxnudeckoe GHuule, HazpyXeHHOe HymMPeHHUM U36bIMOYHbIM
daenenuem

YcmoBHe BRINIOTHECHHS MMPOYHOCTH CTCHKH JHHINA.

s’z min {max{sp+c; spptc}; s, '+ ¢}, 8.2)
@ p
rme 5, =03D-r)— |——;
i ( ) 90 \} [cle,
pD . y
i = . - pacYeTHAA TOMIMHA IIANKOH KOHMUeCcKoM obeuaiiky;
2¢,[c]-p cosa,
_ pDp, o
$7, = ——————— = pacYeTHad TOJIIMHA IEPEXOHON TaCTH.
2p,lo]-p
Kos¢puumenr S; onpenenserca no popmye.

Bs=max {0,5; B Br}, (8.3)
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rae ﬂ=0’4 L_ﬁL_O’25; ﬂ = 1 .
s'-c 1 T r f D
I+ 0,0283 —'—a,

Jeosa, 1+

JJcosa,

JonyckaeMoe BHyTpeHHEe H30HITOUHOE AABICHAE HA THUINE IPHHUMACTCS Kak:

[p]=max{[p],;min{[ p],.[p]; }} 84)
_ (s—¢) 90°7 _ 2olp,(s—0) | _ 2ol (s—0)
rze [p], —(0,,[01[0’3([)_0 ali] > lph=—5 +(s'_c), [k =4 B, +(5—0)
cosa,

8.2.2. Konuveckoe OHuWle, Ha2PY)KeHHOEe HapYHbIM U30bIMOYHbLIM
OdaeneHuem

)Iorrycxaemoe JaBJICHHE K3 yCIOBHA MPOYHOCTH:

Ao )(s'—c
[pls = _HoKswo) 8.5
k_ 4 (s'-c)
cosa,
rne D, = D-2[r(l-cosa ,)+0,7a,sina | - pacuernsiii muamerp;
f D , .
a, =07 (s'—c) - pacueTHas AJMHA IEPEXOJHOM JaCTH.
cosa
JomyckaeMoe qaBieHAE U3 YCIOBHA YCTOHIHBOCTH:
2
[Pl =£’£[S—i) cos a, 8.6)
n D,
rie K =min<0,36, max O,l§+5;0'12 , & =——&———
-4 2(s"-c)cosa,
JomyckagMoe HapyXHOe JaBeHHE:
[p]=——LEIn__ @7
[Pl

8.3. Konuueckoe Onumie ¢ yKpenasiowium Konvyom
Pacuernas cxeMa KOHMYECKOIO AHHIOA ¢ YKPEIUIAOIUM KOJIBLIOM NPEACTABICHA Ha pHC.8.1,6.

8.3.1. Konu4eckoe OHUUje, Ha2p)KeHHOe HYMPeHHUM U36bIMOYHbLIM
OaeneHuem

Pacvernas TommuHa CTEHKH THHUINA:
___pD 1
2¢p,[c]-p cose,

'
Sp

(8.8)
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VcoBue BHINOTHEHHS IPOTHOCTH CTEHKH JHHUINA
s'2 5", +c
PacueTHast mwWIomans NonepevHOro CEIeHHA YKPENUILIOMETO KOJbIa:

_pD’ga, - B,+0,25
8[c); 2, B+0,25

2[c _
e ,34=[ [ ]”"—1)32 c, ﬂ=0,4/ D ioa, -025,
p D s, —¢

mpH A, <0 YKpencHHE KONBIIOM XECTKOCTH He TpeGyeTcs.

kp

’

,IIorrycxaeMoe BHYTPCHHCE H30BITOYHOE aBICHHE 111 KOHHIECKOTO OHUAIOAa’

[p]= Ao)pp(s'-c)

+{s'-¢)
cosa,

HonyckaemMoe BHyTpeHHee H30RITOTHOS JaBICHUE AT YKPEIUMIOMEro KONBIA:

_ 2[0']2 @,(s,—¢)
lp1- DB, +(s,—¢)

rae k03¢ duuueHT GopMbI 1A IEpEXOHOM JacTH:

0.4 D tga, —0,25
B, = maxJ0,5; ¢

B, +1

164, o],
(s, -oWD(s, —0) o]0,
ITpoBepka MPOYHOCTH CBAPHOTIO IIIBA YKPEIUAIOMIETO KOMbIA

44

ot 22,
)]

rae 32 =

8.9

(8.10)

(8.11)

(8.12)

(8.13)

8.14)

rae X, - CyMMa BCex 3 PCKTHBHEIX IMMPUH HECYINMX CBAPHLIX LIBOB MEXIY YKPEIULTIOLMUM
KOJIBLIOM H 00evaiiKoii.

8.3.2. Konu4eckoe OHuWe, Ha2py)XeHHOe HapyXHbIM U36bimOYHbIM

OaeneHuem

JomyckacMoe HapyXHOe JaBleHHe onmpenensercs 1o ¢dopmyinam mn. 8.2.2 npu yCIoBHH, 9TO:

D, =D-l4a,sina ,,

D
rae a; =0,7 P (s'-¢).
1
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8.4. Konuueckoe onuwe 6e3 mopoudanibHozo nepexooa u yKpenaaouezo
Konbya

PacaeTHas cxeMa KOHMYECKOTO AHHIIA (€3 TOPOMIATIBFHOTO MEPEXORA M YKPEIUIOLIEro
KOIIblA NpeicTaBlieHa Ha puc.8.1,B.

8.4.1. Konuyeckoe OHuwe, HazpyweHHOE 8HYMPEHHUM U36bIMOYHLIM 0aesieHUeM

VenoBre BHIIOTHEHAS MPOYHOCTH CTCHKY JHMINA:

5’2 min {max{sp+c; sip+c}, s,'+ ¢}, (8.16)
rue s, = 0,3Dﬂ p :
90\ ok,
pD 1 .
S = . - pacYeTHAA TONLIHHA IIIAAKOH KOHHYIeCKOo# obeuaiiku;
29 [c]l-p cosa
P 1
s | ;¢ pDp, "
w = - pacdeTHaN TOMIWHA MEPEXONHOMH TaCTH.
s, —¢)2Acl,pp—p

Koaddmment dopmut nepexoaa:
B, = max{0,5; B} (8.17)

D go,

- ( s’_c jz
1+ y
§,—cC s'—c
1)

1+
2cos 5, —¢

rae kodddumuent B =0,4 -0,25

JlomyckaeMoe BHyTperHee H30BITOUHOE JABJICHHE HA JHALIE IPAHAMAESTCA KakK:

[p] = max{[p],; min{[p),,[p],}} (8.18)

me  [pl =0, 6]{((.)9';;) 9:?_ ] . ol = 2o lps(s'=c) . [pl = _2}:)5}; (ip((:z ___j)) .

+(s'-¢c)
cosq,

8.4.2. KoHuyeckoe OHUWe, HaZPYIKEHHOE HaPYXHLIM U3CLIMOYHbLIM
QaeneHueMm

JlomyckaeMoe HapyKHOe JaBlieHHe onpeaenserca mo . 8§ 3 2.
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9.  IIpo9HOCTH OT BO3AEHCTBHSA ONOPHBIX HATPY30K

9.1. TopuzonmanvHbie cocyost Ha cedo8bIX OROPax

PacueT Ha NPOYHOCTH U YCTOMIHBOCTE NOPH3OHTANBHBIX COCY/JIOB M aMapaToB OT BO3ACHCTBHA
ONOPHHIX HATPy30K IIPOBOJMTCA HAa OCHOBaHHM [3] ¢ AONONHEHWAMH pacdeTa CHJI U MOMEHTOB B
JNEMEHTAX COCY0OB TPOH3BONBHONM KOHCTPYKIHMH. IIpuBeneH pacYeT XapaKTEpHCTHK KOJeIl
KECTKOCTH (MPH HX HANMYHMH), a TAKKE BECOBBHIX HArpy30K JICMEHTOB B 3aBACHAMOCTH OT HX
KOHCTPYKUHM H CTENEHH 3anojHeHMs palGodeii kuIkocThio. B YCTIOBHSX NPHMEHEHMA DPaCHETHEBIX

[}
dopMy1 Npu HATHIME DOAKIAJHAIX JHCTOB BMECTO yenoBus f > 0,1D ucnomssyercs &8, = &, +20°.

9.1.1. PacyemHasn cxema

B xauecrse 0CHOBHOH pacueTHOM cxeMBl I ONpEIENeHHA ONOPHBIX YCHIWI, MOMEHTOB M
TIOTIEPEYHBIX YCHIHM HAJ| ONIOPaMM IOPH3OHTANBHBIX COCYJOB M aNNapaTtoB NPHHMMAIOT Kak Gaiky
TIEPEMEHHOTO KOIBIIEBOTO CEYEeHHUA, IIAPHHPHO OMNEPTYIO B MECTaX PacIooxkeHnd onop (puc.9.1).

f
} G1 GZ G3 G, &G.‘)' Gs G, G,41|Gi42 Gy
7
I3

im

Ln_

Puc. 9.1. PacuerHas cxema

K xoHnam pacseTHOH MOeNH IPHKIANBIBAIOTCA KpacBble MOMEHTEl M, u M, , onpenenieMbie

W3 YCIOBHSA CMEIICHHA TIOPH30HTAIBHOM COCTaBNSIOMENW CHIIBI THOPOCTATHYECKOTO JaBJICHHSA
OTHOCHTENLHO OCH 00euaifky, B MECTE pacTioNIOKEeHHA CeRJI0BO onops! [20]:

4

D
Moyomy =EPoc —g;‘” g, ©.1)
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rae Dn(z) - JuaMeTp obedaiiku B MecTe pacmosioxkeHus 1(2) —oi ce10Bo# OMOPEI.
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9.1.2. lpueedeHHble HagpPy3KU U paccmoOsIHUSA 00 yeHmpa msxecmu
omaoenbHbIX 3/1eMeHmoe

9.1.2.1. Huamuapuyeckasn obeuaiika

Bec oa3neMeHTa W 3aMMTOM  KHMAKOCTH
(BecoBas Harpyska):

D2
G= 1ipcm7r Ls(D+s)+&p,.m L-4—:lg 9.2)
TA¢ P, - IWIOTHOCTH MaTepHaia CTCHKY,
Pac = TNOTHOCTD KHUAKOCTH;
& - cTeneHb 3aMONHEHUA COCYHa.

Paccrosiane ot Kpasd JJICMCHTA O LEHTpa
TAXKCCTH!

t~
I
N | b~

03

ym

9.1.2.2. Konunuecknii nepexox

Konmuecknii mepexox  mnpencTaBifeTca
TPEMS 3JIEMEHTAMH: ABYMA MHJIHHAPHICCKHMH H
OJHOM KOHIYIECKOH obeualixamm.

BecoBad Harpyska jieBo# IHITMHAPHIECKOH
aCTH NEpexoaa:

D2
G = l:psm”hlsl(Dl +s)+Ep.m Tl]g 9.4)
Ly
Puc.9.3
Becosas Harpyska nmpaBoi IMUTHHAPHYECKOH JacTH Mepexoa:
D;
G, =| P 1y, (D, +5,)+Ep.7 by vy g (9.5)
Becosast Harpy3ka KoHH4eCKO o6eqaiiku snemenTa:
G, = [ pcmﬂ—;— Lsy(D, +D, +25,)+£ p,, %n L(D? +D,D, + D;)}g 9.6)
PaccrosHue oT Kpad KOHHYECKOrO IEpEXofa A0 LEHTPA TAXKECTH JIeBOM LIMTHHAPHYECKOM
9acTH:
L= —};l ©.7

PaccTosHMe OT Kpad KOHHYECKOTO IIEPEXONa IO LEHTPA TOHKECTH KOHHIECKOH obeqaiiku:

| Pasi(D 42D, +35,)4 € p, % (p,? +2D,D, +3D,?)
L =h+-

9.8)
i
Pon 5u(Dy+ D, +25 )+ € p,, z (02 +D,D, +D,?)
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PaccTosHue OT Kpasd KOHHYECKOTO Mepexoia A0 LEHTPA TSKECTH MPaBoi LMIHHAPHUECKOH
9acTH:

L, =hl+L+h72 9.9)

9.1.2.3. DNIMATHYECKOE AHHUINE
1

L

D
Puc.9.4.

Becosas Harpy3ska:

6

2
G =l:pm Y o S\(ADH + 4Hs, + D* + 4Ds, + 457 + 6Dh, + 6h,s,)+ £ p.. 7 %(3

2h+ hlﬂg (9.10)

Paccroguue ot Kpas JJIEMECHTA 40 LICHTpA TAXKECTH:

_ 13H’ +8Hh +6h]

L,=— 9.11
o4 2H +3h @-11)
9.1.24. TIloaycpepuueckoe JuuILE
BecoBasi Harpy3ka 4 pacCTOSHHE [0 EHTPa
THKECTH A4 monmycdepuueckoro  mHHINA
onpeeOoTes N0 (OpMyNaM  SILTHITHYECKOro
D
Jauma opu H = TR
Puc.9.5.
9.1.2.5. Cdepuueckoe HeoTGOpTOBAHHOE THHINE
BecoBas Harpy3ka:
2, 2 1
G=|p,m s1(2RH+Rs1+Hs1+§sl)+§pm7rH R—;H g, (9.12)

2
rae H=R-_|R* - (-?—] - BBICOTA JHHUIIA.

PaccTrosHme OT Kpas 3€MEHTa RO LIEHTPA THKECTH:

I = 4R-H

1
-~ 9.13
" 4 3R-H ©-13)
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9.1.2.6. Topocpepuueckoe RHAMIE

Becoras Harpyska H pacCTOSHHE [0 LEHTpa
TAXKECTH 6e3 yueTa OTOOPTOBKH ONPERENAIOTCA 10
dopmynam  cdepudeckoro  HeoTOOPTOBAHHOTO §i£

D 2 -
JuMIma npu H = R—\/(;—rl)2 —(?—rl) .

BecoBas Harpyska ¢ y4€TOM OTOOPTOBKH:
G=G,+G,,

9.14)

D2
rae G, = { Pon®hs(D+s)+Ep, 7 h T g - BeCOBad Harpyska IepexOqHOH uacTH JHHAINa,
a G, onpenenserca no ¢gopmyine 9.12.
Paccrosnne oT Kpas JIeMeHTa JI0 NEHTPa TAKECTH

G,L, +G, %

Ly =—"b—2,

(9.15)

roe L, onpenenserca no gopmyne 9.13.
9.1.2.7. Kounueckoe Annme

Puc9.8

Becosas Harpy3ka:
G=Gi+G,, ©16)

D2
rae G, = l:pmzrhlsl(D+ s)+Ep.mhy T}g - BecoBasd Harpyska IepexoJHoH gacT

JHHIIA;
G, = [pcmﬂ s'(H(, (D-H ga, +s')+ %(D -2H tga,)? ] +

+&p,. 1—12—7r H,(3D* -6DH iga, + 4H tg’a, )}g - BecoBas HArpyska KOHHYECKOH

oleyuaiiky THHINA,
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PaccTosinye OT kpai SMEMEHTA A0 LIEHTPa TAKECTH:

G.L, +G1112’—

L, G

s 9.17)
raoe

%pcmﬂ's'H(, (D -4H,tga, +3s)g +£ p 7 21—4H,, (D? -8DH,iga, +6(H 1ge, ) Jg

L=h+H +
e =h+H, G,

l 1 2

_pcmES(D_zHotgal) g
+H Py 4 G - PAaCCTOAHHE OT Kpasa JICMEHTA 10 LEHTpA TAXKECTH

k
KOHHYECKOI 06eqakiku.
9.1.3. OnpedeneHue pacyemHbiIX ycunuil

Iocne onpenenenus BecOBHIX Harpy3ok G, MmaH I, Iry;) 3NMEMEHTOB cocyla H
KPaeBRIX MOMEHTOB Mo OLIPEAETIAIOTCA CHIIBI H MOMEHTHI HaJl OTIOPAMH:

_M01+M0n_iGlII+iGl[FZ n
F= = ——; F=3G-F;
=1

IFZ _IFI

(9.18)
nl n
MFl:ZGr(IFI—l:)_MOI; Mm:“ZG:(Ir_le)"’Mom
=1

1=n2

rae n/ — HOMeEp INOCNEAHEro JIEMEHTa mepel /-oif omopoil; n2 — HOMEp HMEPBOrO 3NEMEHTA
HOCJIE BTOPOM ONOPHI.
TTonepeunoe ycusye B cedeHuu 060T0IKH Ha ONOPaMHM:

o =maX{"ZlG,;(Fl —"ZIG,)}; o, =max{iG.;<Fz —iG»} .19

=] 1= 1=n2
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9.1.4. Hecywas cnocob6Hocme obevaliku 6 Mecmax onop

Ha puc.9.9 npeacrasnena paceeTHas cxeMa ceANoBoOl omopsl 6€3 KomleIr KECTKOCTH.

Puc.9.9. Ceanosas onopa 6e3 xoJer 5KeCTKOCTH

Hononnumenvrvle yca08uUs NRPUMeHeHUs: pacuemHuix QopmMyn:

60° <5 <180°; s—; <0,005 (9.20)

Ilpu HATHYKMH MOIKIANXHEIX THCTOB:
5,255 8,28 +20° 9.21)
9.1.4.1, ITnnunapuyeckas obevaiika Ge3 NOAKIANHOrO IHCTA

Hecymas cnoco6HocTs npoBepseTca B Toukax (2) u (3) (puc.9.9) kaxxmoii onopsi B 0CEBOM M
OKPY>KHOM HAIPaBIEHUAX COOTBETCTBEHHO.

Jiis  onpemeneHMA  AOMYCKAaeMBIX  ONOPHBIX  YCHIHH  HeoOXOOMMO  OmpeenuTh
K03 GHIHEHTDI, yIUTHIBAIOLIHE OCOOEHHOCTH T€OMETPHH H PACIIONOKEHHUSA OTIOP.

TTapamerp, onpenenseMuili IIMPHHOM OKCA OIOPBE:

b

N/D(s—c)

KosdduuueHTs, yuuThIBaIOIME BIMSHHME WIHPHHEI HOACa ONOpH (J, NOACTaBISIOT B
paguaHax):

=091 9.22)

_ﬂ .
K, = max{%; 0,25} (9.23)
1-¢? cos B
Ky =0 (9.24)
1
K, = (9.25)
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npuBefeHnsle B Tabnune 9.1. s &, NMPMHHUMAIOT COOTBETCTBEHHO & ,,

Ko>dduunenTs, yuuTHBaiOIe BIHMIHHE YIiIa OXBara Onopel (&, MNOACTaBIAIOT B

paaxaHax):

_115-0,14325
sin(0,55 |)

max{l,7 - _Zii_,; 0}
T
K=

sin(0,55 ,)

12

_145-0,436,
¥ sin(0,55 ,)
5
D

§—C

Ky =
6

.51

IMapameTp, onpenengeMsiii paccTOSHHEM IO AHMINA:
a |[s—¢
=283—, |—
Y =4 D\ D

KosddummenTsl, yanTeiBaiomue BIHAHUE PACCTOSHUA JO JHUINA:

K5 = min{l,O; —0’8“/5; o }
1

-1- 0,65 4
© 1+(6r) V36,
O6wee oceBoe MemOpaHHOE HaIpsXXeHHe M3rnba B 061aCTH OIIOPHOTo y37a:
— 4M
Ome =—— ~+——
nw D*(s—c¢)
IpenensHoe HanpskeHUe H3ruba:

o] K012

2

21 _Q2
1+3.S*12-92 N 94 .d ‘92)2+1_1, K, 20npu 8,20
rue Kl: 3;91 (1+331'92)

151-92) npud,=0

(9.26)

9.27)

(9.28)

(9.29)

(9.30)

9.31)

(9.32)

(9 33)

(9.39)

Hns  onpenenenus [cr,] B pacYeTHHIX TOYKaX MCIONB3yIOTCA 3HadeHms ¢, U I,

HaMMEHbINEE TPEAEIbHOE HANPSKEHUE 3ruba.
Jomyckaemoe OIIOpHOE YCHIIRE OT HArpyXKeHud B 0CEeBOM HanpaseHuu B T.2 (puc.9.9):

0,7[c, 1,/ D(s—c)(s—c)

KIOKIZ

[F]2=
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Tabawna 9.1.

‘9 1 ‘9 2,1 ‘9 2.2
[01]2 _ 0,23 Ky 'K15 _Em . Kz [ pD -c ) Kz
K, Ky ”T[O'] 4(s—c) ’!T[C"]
[o, L, ~ 0,53K,, 0 pD K,
K,y Kys-K,, -sin(0,56 ) 2As—c) mlo]

JormyckaeMoe ONOpHOE YCHIHE OT HarpyXXeHus B OKPY KHOM HanpaslieHuH B 1.3 (puc.9.9):

0.9[0,];+/D(s—c)(s—c)
[F ]3 =

K14 Ky - K,

(9.36)

VcnoBue NpOIHOCTH OMOPEI:
F <min{F],.[F]} ©9.37)

OddexTHBHOE OCEBOE YCHINE OT MECTHBIX MEMODPAHHBIX HAIPSKEHHI'

4 / D
F=F~— |—K;-K 9.38
e 4 (S"C) 13 15 ( 3)

M"' Me +£+ —Q— 2<
[p]" [M]... " [F] ([Q]] <1, (9.39)

I7ie noImyckaeMble Harpysku [pl, [Myem, [F], [Q] onpenensrorcs u3 pacuera 3neMeHTa cOcyaa,
HaxoJagmerocs Haj ornopo# (em i 3 2.).

Jna cocynos, paGoTalomuX 10 BHYTPEHHUM H30BITOTHBIM aBleHHEM, IpUHAMaeTcs p=0.

Venosue yceroitunsocrtu:

9.14.2. Iuauaapuueckas obevaiixa ¢ NOAKIAIHBIM JHCTOM
ITpy BHIIOTHEHNH YCIIOBHSA:

b, 2K, -D+15b (9.40)
YCIOBHE NPOTHOCTH 00eYaiKH:
F, <15min{{F],,[F],} (941)

B ciryuae HeBRINONHEHUA ycnoBua (9.40) nposepka Hecyme# CnOCOGHOCTH IpoBEpAETCS A
CIEAYIOUIUX CITy4acB:

1. INonxmanHo# aMCT paccMaTpHBacTCA Kak CEANOBas ONOpa IIMPHHOM b, H yrioMm
OXBaTa 0z, NIPH STOM TOJIIMHY NOIKIALHOTO JIHUCTA HE YUUTHIBAIOT,
2. MMonxnanHo# JMCT PaccMAaTPHBAESTCA KaK YCHJICHHE CTEHKM COCYA4, IPH 3TOM BO

BCeX (opMyJIax IpU pacyeTe JOIMYCKAeMBIX YCHIHM BMECTO (8 — ) CNEAYET NOACTABIATE!

2
sy =(s=¢) 1+(—s2—) (9.42)

§—C

VeroitauBocTe BO BCeX cyvasx mpoBepsoT no (9.39) 6e3 yBeMdeHusa TONIMHHB CTEHKH.
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9.143. Iunanaprveckas obeuaiika ¢ KOJbLOM MKECTKOCTH B MECTE OOPHI

Ha puc.9.10 npencraBicHa pacdeTHas CXeMa CeUIOBOH OMOPHI ¢ KOJBIOM )KECTKOCTH B
0671aCTH ONIOPHOIO y3a.

Prc 9.10. Cennosas onopa ¢ KOJBIOM KECTKOCTH

VenoBre NpOYHOCTH COCYXOB, PaGOTAIOMIMX MO BHYTPEHHUM M3GBITOYHBIM JABICHHEM:

pD aM,
promes Sy el ol ©43)

VcroiupBocts mposepaoT mo (9.39), npuHumas  F.=0. TIpu paGore noa BHYTPEHHHM
H30BITOYHBIM JaBieHueM kpome F,=0, npunumaror p=0.
TIpo9HOCTS KOJbLIA XECTKOCTH, PACHOJI0KEHHOTO CHAPYKH COCyaa:

F < _KulM:lp 9.44)
(05D+s+e,)
[IpoqHOCTH KONMBLA FKECTKOCTH, PACHONOKEHHOTO BHYTPH COCYAa:
F < KulM:lp 9.45)
(05D-e¢,)

HeiitpanbHas och, mpoxopsimas Ha pPacCTOSHHMH e, OT IOBEPXHOCTH obeuaiiku, pasjesser

IUIOLIa/b ONEPEYHOTO cedeHua nPpodHuIg Ha IBe paBHBIE YaCTH.
K;s onpenensercs B 3aBHCHMOCTH OT YTJIa OXBara OIIOPH! M ee BHAA 1o Tabmune 9.2.

Ta6nuua 9.2
] Kis
CEeJUTIOBas onopa co onopa B BUIE ABYX
CIUIOIIHBIM CCICHHEM OTAECTIbHO CTOAINX CTOJIGHKOB
60° 14 -
90° 21 20
120° 33 28
150° 56 50
180° 103 -

[M,], e, ONpelenteTcs B 3aBHCHMMOCTH OT CedcHHs Kojbua no tabmaue 9.3. Ilpu srom
Pa3sMepsI KOJIEI] AKECTKOCTH IPHHMMAIOTCA ¢ y9€TOM CyMMAapHO# NIpHbaBKH ¢ .
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Ta6nuua 9.3

CeueHue KolbLIa

€,

[*,]

th—1
Larr npu th>1,s,
2t

0,5t(h—e,) +1e +(2e, +5,)5.1lo);

th-1
LQnl7Le npu th<l,s,
21,

051, (s, +e,) +1e? +(h—-2e, )h)[c].

b,s; +hs, —1,s,
2s,
npu (b,ss +hs ) 21,s,

s

0.5[s,(h—e,)’ +s,e} +(2e, +5,)L.5, +
+(2h-2e, +5,)b,s,1[0 ]

b,s; +hs, —1,s,
2]

e

>

opH (b,ss +hs,) <l,s,

0,50, (s, +e,) +1e2 +hs,(h—2e, )+
+(2h—2e, +5,)b,s,1[c].

hs, +1ss + 25,5, — s, — 1,5,
2s,

i hs, +1ss > (tsg +1,5,)

0,5[s,(h+5s—e,) +s,(e, —55)* +
+15,(2(h+55—e,) +55) +1s,(2e, —56) +
28, +5 )I ][0'],,

hs, +1ss +1sg —1,s,
2t
pu
l,5, —tsg Shs, +1s; <(tsg +1,5,)

s

0,5[s, (25, —2e, +h)+1(s; —e,)* +
+155(2h+ s, —e,)+55) +tel +

+(2e, +5,)1.5.1[c].

hs, +itss +ts, —1,s,
21

e
H
- hs, +1ss +1s <15,

0,5[s, 4255 — 26, + h)+ 154 (s, —2e,) +
+1s,(2(h+55—e)+ s5)+l¢e42 +
+1,6s, +e) o],
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Ceuenue xoab1a

€4

M, ]

hs, +2s,5, —tss — 1,5,
2s,

npH hs, = (s, +1,s,)

0,5[s,(h+s,—e, ) +5,(e, —56)* +
+t5s(2e, —s¢) + (264 +s, )lese][a.]k

hs, +tsg —1,s,
2t
Tpu
U5, —tsg) < hs, <(tsg +1,5,)

b

0,5(s,h(2s, —2e, + h)+1t(s, —e,)* +
+te} +(2e, +5,).5,1[o ]

hs, +tsg—1,s,
2

€

13

npy ks, +ts; <l,s,

0,5[s,h(2s, — 2e, + h)+tss(ss —2e,) +

+1,el+1,(s, +e,) 1o,

2s,h+tss —1s,
4s,

1

OpH 25, h+1tss 21,5,

0,5[2s,(h—e, ) +2s,e2 +(2e, +5,)s, +
+(2h—2e, +s, )tssl[a]k

25, h+ts;—1,s,
2!

e

>

npH 2s,h+1tss <1,s,

0,5[1,(s, +e,) +1e2 +(h—2e,)2s,h+
+(2h-2e, +s,)ts5,][o ],

IMpu sToM 3¢ dekTUBHAS TOMIOMHA §, ¥ JHHa /, obevaiiku

—temfi__1AD N [o]
e C)(l 2s—o)lol o], ©-40)
I =t+LID(s—c) 9.47)

OrpuuaTensHOE 3Ha9YE€HHE e, O3HAYAET, 4TO HEHTpanbHAs OCh NPOXOAHT IO CEYESHHIO

oOeqaikH.

OrpuuarensHOE 3HaYEHHE S, O3HAYAET, ITO YCIOBHE NPOYHOCTH OGEHalKM OT JABJICHHA HE

BBIIIOITHEHO.

B cimysae npumeHeRMs mnpoduns, He mNpeacraBieEHOro B Ta0im.9.1.3,
onpeneaTs no popMyne:

[MT]=Wp[a]k3

[M, ] caemyer

(9.48)

rae W, - NNacTH4eCKUi MOMEHT COMPOTHBJICHHS IUIOMAAA MONEPETHOrO CeYeHUs PO,

BKIFO9as rurowans /,s, .
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9.1.5. Hecyujasn cnocob6Hocmb 3/1IeMeHMoe cocyda Mexady ONOpHbLIMU
y3namu

B kagecTBe pacueTHOM CXEMBI LI ONpeAeTcHUS yCUIH, MOMEHTOB H HANPSXKSHHUHR B 1 -OM
9NMEMEHTe BHE ONMOp B OOIIEM cCiydae pacCMATpHBAacTCA KOHMYeckas ofewalika, kak Oamka
NEPEMEHHOTO KONBIEBOr0 CEYCHHS, HAXOMAINAACH [OX AeHCTBMEM pPACIpelcNICHHOM HArpy3kM OT
Beca )KHIKOCTH U CaMoro 3eMeHTa. B nemsx ynpomeHHrs i -bie MHAESKCHL NP OMUCAHMH PacueTHOH
CcXeMBI 3ieMeHTa omyineHsl. [[unuuapudeckas obeqaiika ABIAETCS YACTHBIM CIy9aeM KOHHIECKOH
npu yenoBau D =D, =D, ; s=s,. JleBbiii koHel neMEHTa HATPYKEH NEpePe3HBAIOIICH CHION H

MOMEHTOM OT JeHCTBUA MpeqbIAymuX 3eMenTos (puc.9.11).

D:

D,

-4 Q'_I

Puc.9.11. Pacuetnas cxema >neMeHTa MEXIY OIIOPaMH

PacnpeneneHHas Harpyska 1o JyMHe 3J€MEHTa:

- -D Y}
g(x)=p_ 7 s,,(Dl +s, + —QZ~L—D‘Jc)g+gE D %n‘(Dl + l—)zT—‘-xj g 9.49)

9.1.5.1. IlonepeuHoe ycunaue

Tlonepeunoe ycwime I8 Beex SIEMEHTOB, KpPOMe IepBeIX mociae omop (i=Lnl;
i=nl+2,n2-1; 1=n2+1,n) (puc9.1):

I D,-D
ox)=Q,_, + Iq(x)dx =0+ P S,‘x(Dl +5, +#x}g +
[

1 ) D, -D D,-D,\ ’
+ — x| 3D +3D, 2 Ay 21} x?
"z”*u ,{ | = F ( I ) g

9 50)

CTII 10-04-02 68



JUIA EpBOTO 3ICMEHTA TIocIe NepBoii (2 = nl+1) u Bropoi (7 = n2) onopsL:

o0x)=0,_,-F, +p.7 Sk'x[Dl +5,+ Dzz—LD1 x)g +

1 D,-D,_ (D : 3D
- -D
+§p,,cﬁnu{3Dlz+3D1 2L ‘x+( 2L ‘) xz‘]g
9.1.5.2. H3ruGaromuii MOMenT
Jlns Bcex DJIEMEHTOB, KpOME TepBHIX mocne onop (1 =Lnl; i=nl+2,n2-1; i=n2+Ln):
M@ =M_+Q._x+ IQ(x)dx =M, +0_x+p,, %n’ sk.xz(Dl +5, +g(—[%;—D‘)x)g +
0 9.52)

1 2 2 4 DZ_DI 1 DZ_DI 2 2
+ — D +—-D + —
5p:~c8”'x [ 1 3 1 [ x 2 [ x g

IS TIEpBOTO 3jIEMEHTA nocne nepsoi (i = n1+1) u Bropo#i (1 = n2) onopsr:

¥ 1
M) =M, +(0, —F e+ IQ(x)dx =M_+Q_,-F)x+p, 57 skxz[D1 +5, +
0

1 (.2 4,.D,-D 1(D,-D,Y
+ —nx* D*+=D, Ly+—| 22— x?
;pxcs x( 1 3 1 L 2 L X g

Z(Dz ’Dl)xjg-{-
3L

9 53)
Pe3yJII>'mpylomaa nepepe3plBalOIas CHIA H MOMEHT IIOCIIC i -T0 JJIEMEHTA:

Q0 =0(L); M =ML 9.54)

g cocymoB, paGoTalomIMX IO BHYTPEHHUM H30OHLITOYHBIM JaBIEHHEM H OCEBBIM
PacTArMBAIOIIMM YCHIHEM, YCIOBHE IPOYHOCTH IUI 10 3JIEMEHTA B CIy4ae IMMIHHAPHICCKOH
obeqaiiku:

pD 1 4MK,
4(s_c)+” D(s_c)(F+ D )S[O']w, 9.55)

rae K, = max{z; 1,0} - KO3 PHIUEHT, YIUTHIBAIOMMIA YACTHIHOE 3AIIOTHEHHE KHAKOCTHIO.

z =1,6—0,20924(w — 1) + 0,028702w(w — 1) + 0,4795 10~ w(w ~ 1) — 0,2391- 10 wy(w 1) -
~0,29936-1072 (w—1)w? — 0,85692 -107 (w — 1)y +0,88174 - 105 w? (w - 1)y —
~0,75955-107 y2(w — D)w+ 0,82748 10™* (w—T)w’ +0,48168-10 (w—1)y°

D L

=2, W=
y=1-_ D (9.56)

P

rge L, - o6luas qmmHa 06€9a€K BCETO COCYa, BKIIOUAA OTOOPTOBKA AHHIL,
B cnyuae koHHYECKOIT 0GedaliKn:

pDR 1 4M(x)K9
4(s-c) " 7 Dy cosa (s—c¢) (Fi D, ) s [a']rp > 9.57)
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rae Dy = (Dl + Mx) ; Dp= Dx - B ClTydae KOHMIECKOM 00eyaiiku
L cosa
TaxuM o6pa3’oM, ycroBue HMpOYHOCTH I KOHHUECKOH 0Gedaiikd 3aBHCHT OT TEKYINETo
TIOJIOKCHHA CEYCHHA (X) U poBepseTcs IO BCEl JUIMHE 3IEMEHTA.
s 3neMeHTOB, paGoTAIOMHX MMOJ COBMECTHBIM NeHCTBHEM HAPYXKHOLO JABJICHHSA, OCEBOTO
CKMMEIOIIEro YCHINA, M3THGAIOLIET0 MOMEHTA M TIONIEPETHOTO YCHIINA YCIOBHE YCTOWIUBOCTH'

L+—F-+ﬂ-+(£j <10, (9.58)
[r} [F1 [M] \[Q]

rne JomyckaeMble Harpysk [pl, [F1, [Q], [M] onpenenaiorca #3 pacdeTa COOTBETCTBYIOIMX
3JIEMEHTOB cocyaa (cM.mm.3,7).
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9.2, BepmuxanvHbie cocyost u annapamst HQ ONOPHBIX 1anax

Pacuer Ha IPOYHOCTE H YCTOWIMBOCTP LWIMHAPDWIECKUX HIM KOHMYECKHX ofedaek
BEPTUKATBHBIX COCYAOB H aIlNapaToB OT BO3ASUCTBHMA OMOPHBIX YCHIMI IIPOBOAMTCA HA OCHOBAaHHHM
[3]1 B ormmane or [3] npu ompenenennu F) no6apieHo pacueTHOE BHEINHEE O0CEBOE yCuuue F.

9.2.1. PacyemHas cxema

Ha pnc9.12 mokasaH pacueTHHE CXEMBI ONOPHEIX Jall, IPHCOSJUHEHHBIX K
LUMIHHIPEYECKHM HIIM KOHHIECKHM 0Gegaiikam

b

P1nc.9.12. Onopuele nams

Yenosusn npumenenus pacuemnvix opmyn:

s§—C

<0,05 (9.60)

P

Hpu HaJIM9UM OAKJIATHOIO JIACTA!

s,2s; g202h; b, 206b; b, <15k (9.61)
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9.2.2. Onpedenerue pacyemHbix ycunui
Veunue, neficteyromee Ha ONIOPHYIO JIammy:

G+F, M —omn=2un=4
2 D, +2e +s+s,)
F = , (9.62)
G+F M

-a =
3 +0,75(Dp +2(e, +s+s2D nan =3

rae F >0 npu BHemHeH ocepoll cxmMaiomel Harpyske;, F <0 mnpH BHEIIHEH 0CEeBOM
pacTArHBaloOmel Harpy3Ke;

5
Ecmu Tounoe 3Ha4eHHE e, HEH3BECTHO, TO IPUHHMAIOT e, = Ell‘

Ilpn panuuum MoMeHTa M anmapar JOIMYCKaeTCAd YCTaHABIMBaTh HAa [BE ONIOPHl NpH
YCIIOBHH JeHCTBHA MOMEHTA B ILIIOCKOCTH OTIOP.

IIpn xomudectBe omop n =4, obeceunBalOIMX PABHOMEPHOE pacmpeeleHne Harpysok
MEXYy BCEMH ONOPHBEIMH JIanamMH (TOYHEIH MOHT®K, YCTAHOBKA MPOKNANOK, NOAIMBKA GeToHA H
T.I1.), yCHJIHE OTpPENENseTCS Kak:

G+F M
= +
4 Dp+2(e,+s+s2)

F (9.63)
9.2.3. Hecywas cnocob6rHocms obeyvaliku
Hecymas cnocobnocts obeualiku B Mecre NpPHBAPKH OIODHOM Jambl onpejeisercs

BBITIOJTHCHHEM yCJIIOBHA:

r<lp) = b=

9.64
Ko (9.69)

Ilpu hi < 0,5 3nageHue [F ]l , oydernoe 1o (9.64), Heo6xoqMMO YMHOXHUTD Ha (0,5 + h£]
1 1

Koadpdruuent X, onpeneierca B 3aBHCHMOCTH OT KOHCTPYKITHME OTIOPHOH Jarbl.
Jns koHCTpYKLUMH, COOTBETCTBYIOMMX prc.9.12.a,B:
K,=2z, (5.65)

rage
Inz = (-5,964 —11,395x —18,984y — 2,413x* —7,286xy — 2,042y +0,1322x> + 0,4833x%y +

D h
+0,8469xy" +1,428y°)-107%; x=In| —2— | y=In—.
xy y7) [2(3—0)] y=lho

V4
JLis KOHCTPYKLME, COOTBETCTBYIOINUX pHC.9.12,6:
K, =min(x,z), (9.66)
rae
Inu = (-26,791-6,936x — 36,330y —3,503x2 — 3,357xy + 2,786y +0,2267x" + 0,283 1x* y +
+0,3851xy% +1,370y°)-107%;
z; x; y onpegemsorcs mo (9.65)
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JU11 KOHCTPYKIMH, COOTBETCTBYIOmHUX prc.9.2.1.1:
InK, = (-29,532 - 45,958x - 91,759y — 1,801x* —12,062xy — 18,872y + 0,1551x° + 1,617x*y +

D b
+3,736xp% +1,425°)-10%; x=Inf —2—} y=In—*.
Xy »7) x (Z(S—c)] y=hnp

¥4

9.67)

IpenenbHoe HanpsKeHHe H3rnba [a,] omnpeaesnseTca o (9.34), npudem K, BBIYHCIIOT IIPA
9 =0,3;

Om
=K, .
9, =K, . (9.68)

3Hauenne MeMOPAHHOTO HANPSKCHAS O » 3aBHCHT OT KOHCTPYKLHH OTIOPHI.
s omop, cooTBeTCTBYIOmMMX pric.9.12.a,6,8:

— pD,
Om= 9-69
2(s~c) 69
Jna onops! mo puc.9.12,r B ciyvae MMIHHAPUYIECKOM 06egaiikm:

g2 1 [Fiﬂj (9.70)
4s—c) mD,(s—c) D

14

B ClTydae KOHH4eCKo# obeqaliixm:

- D
ow=tt 4 L FeiM 9.2.71)
4(s-c) =z Dycosa(s—c) D,

Hecymasn crioco6HoCTh 06e4aliku B MeCTe NIPHUBApKH OIIOPHOM JIANbl ¢ MOAKIAXHBEIM THCTOM
ONpeAcnIeTCA BIMNOJIHEHHEM YCIIOBHA:

_[o.]b.(s=¢)
F<[F] = ey ©72)

IIpu z—2<0,6 3HaueHHe [F ]1, noxydeHHoe mo (9.72), HeoOXoaAWMO YMHOXHTL Ha

3
[0,4 + b—zj .
b,
3uayenue xoxdpduunenra K, :

K, =min(v,z), 9.73)
rae
Inv = (—49,919-39,119x —107,01y, — 1,693x> —11,920xy, — 39,2762 +0,237x* +1,608xy, +

+2,761xy? —3,85457)-107%; =1nlb)_a;

R
z; x; y onpeaensorcs no (9.65)

IIpeaensHoe HaNpsXeHHE W3THOA [cr,] onpenensetcs no (9.34), npudem K| BBHIYHCIAIOT NIPH

9, =04; 9, -no (9.68); MeMOpanHOE HaNPSKEHHE om 10 (9.69).
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9.3. BepmukanvHbie cOCYObl HA ONOPHBIX CMOIKAX

PacueT Ha NPOYHOCTP M YCTOMYHBOCTh BBIMYK/IRIX M KOHMYECKHX JHHIN BEPTHKATBHBIX
COCY/JIOB U amnmapaToB OT BO3ACHCTBHSA OIOPHEIX YCHIIMH IIPOBOAMTCA HAa ocHoBanuu [3] u [25]. B
ornmaue oT [3] u [25] npn onpenenenun F; no6aBneHo pacdeTHOE BHEINIHEE OCEBOE YCHITHE F.

9.3.1. PacyemHbie cXeMb}

Ha puc.9.13 noka3aHsI pacdeTHBIE CXEMBI ONIOPHBIX CTOEK, IPHCOSIUHEHHBIX K BEIMYKIIBIM M
KOHM4ECKUM JTHHUINAM.

a
D
a0 &
| S; Bl aQ;
k
! byl
| 4 b,
b BuoC
CT C
B T

Puc.9.13. OnopHeie croiiku
a,6 — CTOAKH KPYriIoro ceueHus, B,r onopsI-croiikn o OCT 26-665-79

Obnacme npuMeHeHUsl pacyemHuulx POPMYA:
COCYIBI paboTAIOT MO ASHCTBHEM BHYTPECHHETO H30BITOYHONO AaBieHHA

9.3.2. Boinyknoe Gruuie Ha ONOPHbIX CMOUKax Kpy2/1020 CevYeHUst

Lononnumenvhvie ycnoeus npUMeHeHUst paciemusix Gopmyn:
- IMaMeTp MoAKIanHoro iucra d, <1,6d,;
- K TopocepuuecKHM IHHINAM OIOPHLIE CTOWKH JOIDKHH TIPHCOSHHHATHCS B 0OIacTH
cepraeckoro CErMeHTa, K dJUTMITHIECKMM — B o6mactu d, < 0,8D;
- B3aHMHOE NIEpeMELIICHHE HAKJIOHHBIX CTOEK MCKIIOYEHO;
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9.3.2.1. OnpenejeHune pacueTHLIX yCHIHH

BepruxansHoe ycunue, AeiCTByIOMee Ha OTIOPHYIO CTOMKY:

G;F+d£ —-onan=4
F = ¢ 974
'""|G+F M ©74
4————— —Oman=3.
3 0,866d,

rae F >0 npu BHemHe#H oceBoil cxxumaromed Harpyske, F <0 mnpum BHemHe# oceBoit
pacTATHBaIOIEH Harpyske;

IIpu xomudectBe croex »n =4, 00ecHeUHBAIOMMX PaBHOMEPHOE pacIpelelieHHe Harpy3ok
MEXAY BCEMH ONOPHBIMH JartaMH (TOYHBIM MOHTaX, YCTaHOBKA IPOKNAfOK, MOMIMBKA OSTOHA U
T.1L.), YCHJIHE OIPEIEAeTed KaK:

- G+F M (9.75)
4 d,

Hefictere MomMeHTa M ROMYCKACTCH TOJNBKO B TOM Clydae, €CI¥ ONIOPHBIE CTOMKY CBA3AHEL
MeXZy cobo# xecTko# paMol, MpenaTCTRYIOMmeH B3aMMHOMY NEPEMEIEHUIO CTOEK.
Ilpu 5TOM DOMKHO GHITH BRIIIOJHEHO YCIIOBHE:

G+F M
>— —-onan=4;
2 d,
9.76)
G+F M
>——— —oman=3
3 0,866d,

93.2.2. Hecymas cnocoGHOCTD AHHINA

Hecymast cnocoGHOCTE BRITYKJIOrO JHUINA B MECTE IPUBAPKHA ONOPHOMH CTOMKH onpenensercs
BEITIOJTHEHHEM YCIOBHH!

_ oy cosf d?
F, <[F], =1,57[c)s, - ¢) wosla - F) 1+5 69 9.7
F - p”:‘z »
— P <10
[Fl. bl (9.78)

d, — 0na onopHuix cmoek 6e3 NOOKAAOHO20 TUCMA;

e d, =
d, —0na OnOpHBIX CMOEK C NOOKNAOHBIM TUCOM.

[p]l - NOMyCKAacMoOe BHYTpeHHee H30BITOYHOC NABICHHE B CPEAMHHOM 9YacTH BHITYKIIOTO
JIHHIA, oupeAenseMoe 1o 1.4,
r, 9 &, ONpeleNseTcs B COOTBETCTBHH C Tabmueii 9.4.
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Tabmuua 9.4

Bua aHuma
Cdepudeckoe DNIHNTHYECKOE THALIE DnnAnTuiecKoe Topocdepuaeckoe
JHHIE aaume ¢ H =0,25D JHMIIIE THITOB
A B C
D’ D? -4H? 2
DR 3
2H D Ny
T D 1 - D) | D |09D| 08D
2 e T
Imdi = _3 (d_4]
4\ D
d, d,
sma L D |y Dt -4H 2D [1-3[% AR
2 D 2H 4 D 7 3 2D | 18D | 1,6D
9.3.3. 3nnunmudeckoe dHUUWe Ha oropax-cmodkax

Pacuernas cxema OIIOP-CTOCK, IIPUCOCAHUHCHHRBIX K JMTHNTHICCKOMY IHHINY IPEACTAaBIICHA

Ha puc.9.13,B.

Hononnumenvhvle ycio6ust npuMeHeHus paciemueix Qopmyn:
KpEILUICHUE OCYIMECTBIACTCA TONBKO K DJNTMOTHICCKOMY AHMINY,

0,003sS‘—D‘3s0,02; %20,7; o,1s%so,35; B=12I; A206B, 5,25, (9.79)

9.3.3.1.

Onpeaenenne pacueTHHIX yCH M

BeprukanbHOe ycunue, JeiCTBYIOIEE HA ONOPY-CTOHKY:

rae F >0 npu BHemHeli oceBo¥ cxmMaromei

PacTATHBAIOLIEH HATPY3KE;

G+F M

5 +d— -omn=4
F=l6er M

+ + —onan=3.

3 0,866d,

(9.80)

Harpyske; F <0 npu BHemHe# oceBoii

TIpn kommuecTBe croek »n =4, obecneYnBalOMX PAaBHOMEPHOS pacIpelcieHHE Harpy3ok
MeKAy BCEMH OIIOPHBIMHM JIallaMM (TOYHBIA MOHTaX, YCTAHOBKAa IPOKIAJAOK, HNOMIHBKAa GeToHa M

T.IL), YCHIIHE OLpEee/SeTCs KaK:

F =
o4

G+F M
. +_

dl

(9.81)

Ipu peiicreuu u3ruGaromero MoMenTa M HEOOXOAMMO BBITIOJNHHUTH PACUeT HAa MPOYHOCTH
dynaamenTHOro GoNTa OT ASHCTBHA PACTATHBAIOIIETO YCHIHA:

M_G+F —oman=4;

F. = d, 2

B P L. SR
0,8664,
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TIpu BrinoNHEHNHM YCIOBYS:

G;F >‘—1:1— —-onman=4
G F 4 Iy (9.83)
hi > —-oman=3.
3 0,866d,
pacdeT Ha MPOYHOCTE (PyHAAMEHTHOrO 6OJITa NPOM3BOAUTH He TpeGyeTcs
MepHAROHANLHEIR MOMEHT, ePe/iaBacMBIi Ha JHHUIIE ONOPHOH CTOMKOM:
M;zipxh_b+k) 9.84)
93.3.2. Hecywmas cnocofrocTs qHHIIA
Hecymasn crnioco6HOCTS QHHINA I OOP-CTOEK ONMPEAEAETCS BHIIOIHEHHEM YCIOBHUS:
Foosa, M, P, (9.85)
(Rl  [M] I[p]
rae [p] — nomyckaemoe BHyTpeHHee AaBnenue, onpeaeisemoe no m.4.2.
@ , OonpeeNseTcs B COOTBETCTBHH ¢ Tabuueit 9.4., rne d, =d, +2b, —k b,
JlonyckaeMO€e HOPMAIBHOE YCHIHE U HENOAKPEILUIEHHOTO 3JUIMITHYECKOrO JHHIIA
k,m; (0,2 + %—)
Fl=——>22, 9.86)
n"F

Ry,(s— )}
4
_ {2,4 — dns pabouezo pexcuma,

rae m; = - IIPCJIGJ'IBHLIﬁ MOMCEHT CO TUBJICHUA
T

n, . - ko3¢ dHuueHT 3anaca MPOYHOCTH.
1,8 - ona pescumaucnvimanuii

HormyckaeMbiit MEpHAHOHANBHEI MOMEHT U HEMOKPEILICHHOTO JJUIHITHYECKOT0 JHHIIA:

k,m, D(O,Z + %)
M,]= (9.87)
n
np
o (-9
Koadumuentsr k, u k, B 3aBHCHMOCTH OT OTHOCHTENBHOM TONIIMHBI THHINA ~——— H

. I
OTHOCHTENBHOH JNHHBI IHHHYM KOHTAKTA OLOPHI ¢ AHHILEM D onpenensiores no puc.9.14 u 9.15

COOTBETCTBEHHO
JUtAHa TUHUH KOHTAKTa ONOPH! C THAINEM:

_(6,-h
cosa,

1 (9.88)
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HOHy CKaeMo€ HOpPMAIBHOEC YCWIHE I IMOAKPCIUICHHOTO IIOAKIATHBIM  JIHCTOM
3JUTANTHYIECKOIO JHHUINA:

d
kk,m, (0,2 + 3“]

[F]= (9-89)

np

JlomyCKaeMBlif MEpHOWOHAIBHBEIH MOMEHT JUI NOAKPEIUIEHHOIO INOIKIATHBIM JIACTOM
3JUIHIITHIECKOTO THHINA:

d
k1k4mTD[0,2+5“—J

[M,]= (9.90)

np

Kosdduumentsr £, u k, onpenensiorces no puc.9.16 u 9.17 coOOTBETCTBEHHO.

k

3
17
1B <
s—=C
- £7¢ 0,003
D //
15
14 e e
/, 0,005 7
13 § 0,01
. L 1 L—~10,02
_— I .--"""""f | M
[ P =] B—
11 —"""'-"""-—--_ ____..-—"'"- ——
1
01 02 03 3
D
Puc.9.16
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9.3.4. KoHu4yeckoe OHuuie Ha onopax-cmodlikax

PacueTHad cxeMa ONOP-CTOEK, NPUCOETHHEHHBIX K KOHHYECKOMY [HHUINY IpEACTaBlIcHA Ha
puc.9.13,r.
[HononnumenvHule YCI108UA RPUMEHEHUSL PACYEMHbIX opMYT:

0,002 < SID'C £0,02; 0,1< DL <0,4; B212/; A204B; s, >5,; 60° <2 <120°, (9.91)
4 4
d, +2b,~k-b, .
rae D, = ————————— - pacucTHBIA Axamerp.
cosa

9.3.4.1. Onpeaenenne pac4eTHbIX YCHIIHIH
PacueTHBIe yCHIHA H MOMEHTSHI, IeHCTBYIOIINE Ha ONIOPY~CTOMKY, onpenensior mo 9.80-9.84.

9.34.2, Hecymas cnocoGHocTh JHHUIA
Hecymas crioco6HOCTS AHHINA JUIS ONIOP-CTOEK ONPEEAETCS BHITOJHEHHEM YCIOBHS:
Fsina M
1 + 22 P
(/1 M 2]

rae [p] — nonmyckaeMoe BHYTpEeHHEE JaBJIeHHE, ONpegeiaeMoe o 1 7
JomyckaeMoe HOPMATBHOE YCHITHE AJI HENOAKPEIUIEHHOTO KOHHIECKOr0 JHUITA:

<1, (9.92)

[F]= ksmy , (9.93)
n
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_ R, (s—¢)’

rae m, = 3

_ {2,4 — 071 paboyezo pexcuma,
np —

- npe,uenmmii MOMECHT CONTPOTHBIICHHUA,

. ~ koadduuuenT 3anaca NpoIHOCTH.
L8 — ona pexcumaucneimanuii

JlomyckaeMblif MEPHAMOHANBHEIN MOMEHT ISl HETIOAKPEIUIEHHOTO KOHHYECKOTO THUIIA:

kgm; D
(M }=—F 994

n,

Kosdpuuuentsr k; # k; B 3aBHCHMOCTH OT OTHOCHTENIBHOM TOJNIIMHBI JHHINA

-9
D,

/
OTHOCHTENIBbHOM AMHMHBI JMHMHM KOHTAKTA ONOPHI ¢ AHMINEM —— Ompelesmiores no puc.9.18 u 9.19
DP
COOTBETCTBEHHO.

JUTHHA THHUH KOHTAKTa ONOPHI C ZHHINEM

ks T 1 —
220 < = 0,002 ~ ~
200 2 ] —
180 /k/ 0,003
160 ] » —
v // 0,004
140 i r L L
L LT | |
190 P /// 0,005
I il
100 ..t‘/ 0,606~
A e
I e
80 7’ // - — i____,..o,m
A |__0.015t
0 ,//’ T | 1
P 1 1 —0,02
20 ;
01 02 03 — 04

Prc9.18
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Pnc.9.19

I[orrycxaemoe HOPMAJIBHOC YCHIIHE MU IIOAKPCINVICHHOTO MOAKIAAHBIM JTHCTOM KOHHYCCKOIO

JHAIIA:

[F]

np

_ kskymy

(9.96)

JomyckaeMBIif MEPHOIHWOHAIBHBIH MOMEHT I IOAKPEIUICHHOTO IOAKIAJHBIM JHCTOM

KOHHYECCKOro JHHINA:

[M,]=

kokgm, D

np

P

Kosdduuuentsl &k, u k, onpenenstorcs no puc.9.20 1 9.21 coOTBETCTBEHHO.
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10.

PacyeT Ha MPOYHOCTH YKPEIUICHHUS OTBEPCTUH IPOBOAKUTCA HA OCHOBAaHUHU [4].

IMpounocTh YKpenieHAS 0TBEPCTHI

10.1. Pacuemmnbsie cxemoi

Ha puc.10.1 npeacraeieHsl oOmmMe pacyeTHHIE
obeuaiikoii (a) u guumewm (6).

CXEMBl COCOMHEHHU]A IITyICpa ¢

Prc.10.1. PacueTHBIe cXeMBl mTynepa

Ipegens: mpyuMeHEHHS PacYeTHHIX (JOPMYNT H HOMOTPaMM OTPaHUYUBAIOTCS YCIOBHUSMH,
NpUBEJSHHBIMH B Tabn. 10.1.

Ta6muia Ne 10.1

HaumeHnosanue Vcnosua npuMeHeHHS GOPMYI JUTS pacieTa yKpeIUIEHHS OTBEPCTHi
napaMerpoB B B KOHHYECKHX B 3UIMOITAYECKUX
LMNHHAPHIECKHX | obedaiixax, mepexomax cepuaeckux u
obeualixax HJTH JTHALIAX TOpoc(hepHIECKAX THHINAX
d,—2c, d,-2c, d,—2c,

OTHOIIEHHE —<10 —— <10 —————x<06

JHAMETPOB b Dy D

OTHoLIEHHE s—c s—c 0,1 s—c

TOJIIIUHBl CTE€HKH D <01 D, T cosa T <0l

obeqaiiku WM

JHHINA K THAMETPY

Ilpu 3HaYeHHAX OTHOLICHMM, NPEBBIMAIOIIMX IpPEJENIH, YCTaHOBIeHHBie B Tabum. 10.1,
PEKOMEHAIYETCA HCHOONB30BAaTh CHELMANLHBLIE METOABl pacdeTra HA MPOYHOCTH YKPEIUICHMEH
OTBEPCTHI, B 9aCTHOCTH METOJ] KOHEUHBIX 3JIEMEHTOB.

IIpu ycraHOBKE HAKJIOHHBIX IITYLEPOB ¢ KPYTOBBIM MOMEPETHBIM CEICHUEM HACTOMIIMA
METOJ IPHMEHUM, ecml yron 7 (puc.10.2) He mpepbimaer 45°, a OTHOIIEHHE OCEH OBANHHOTO
OTBEpCTHA d; H d; YIOBIETBOPAET YCHOBHIO;

o /D s—c
4 < 1+2—”(——) (10.1)
d2 dZ
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Puc.10.2.

OTH OrpaHHUCHHT HE PacpOCTPAHIIOTCA HAa HAKIIOHHBIE MITYLIEpa, OCh KOTOPLIX JIEKHT B
IUIOCKOCTH IOTIEPEYHOro ceqeHus obeqatixu (puc 10.3).

Pnc 10.3.

JUna cMeleHHBIX (HEUEHTPAIBHBIX) [ITYIIEPOB HA SIUTANTHISCKUX JHHUINAX YrOJ ¥ HE
ROJDKEH mpesbimarh 60°,

Paccrosuwe or kpas IwTymepa 4O Kpas BHEIUHEH TIOBEPXHOCTH CEepHIECcKOro
HEOTGOPTOBAaHHOTO U TOPOCHEPHIECKOro AHUIIA, M3MEpAeMOe N0 NPOSKIMH o0pasyromed Ha
IUTOCKOCTH OCHOBAHMS JHHIIA, JOJLKHO GEITH He Menee max{0.10(D + 25)0.09D + s}

Manbie OTBEPCTHS, AUAMETP KOTOPBIX YAOBIETBOPSAET YCIOBHIO:

d, <max{s~c),02yD,(s— 0 (10.2)

JOITYCKaeTCs pasMemars B KpaeBo# 30He BHUTYKILIX JHHALL 6e3 CIeIMaIbHBIX PACIETHBIX
HITH SKCIIEPUMEHTANBHBIX 000CHOBAHMIA.

B xpaeBoii 30He ILIHMITHICCKHX H HONychEepHIECKHX JHUIN JOIMYCKAeTCA pasMelleHHe
OTBepCTHif 6e3 orpanwdeHuii.

10.2. Onpeodenenue pacuemnsix pasmepos U Ko3pduuuenmoe

10.2.1. PacyemHbie GuaMempsi

PacgeTHBIe AHAMETPBI YKPEIUIIEMBIX 3JIEMEHTOB ONPEAENIIOTCA 10 hopMynam:
- I UEIMHOPHYECKod o0edaiiky, chepHUecKMX IHUL, a Takke TOPocepHYECKHX
JAHHUIN BHE 30HBI OTOOPTOBKHU:

D,=D; (10.3)
- 71 KOHMYeCcKoH 00edalikH, Mepex01a WM JHHIIA:
p =D (10.4)
7 cosa
- IS DIUTMITTHIECKUX HHMII
2 2 _402
p =2 Jl_4w.x2 105)
P 2H D
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PacuerHBIf 1aMeTp OTBEPCTHA B CTeHKe ofeqaliku, nepexoaa WM JHHUINA IPU HATHIHA
mrynepa ¢ KpyribiM IONEPEYHBIM CEYECHHEM, OCh KOTOPOro COBHANAST C HOPMANBIO K
NMOBEPXHOCTH B ILEHTPE OTBEPCTHA, a TAKXKE JICKHT B IUIOCKOCTH IOMEPEIHOIO CEYESHHSA
UHIMHAPHIECKOH MM KOHHIecKo# obeuatiku (puc.10.3), onpeaenserca no dopmyne:

d, =d+2,, (10.6)

rae d=d - AN9 HEmPOXOASINMX LITYLEPOB; d=d+2s,(1-x,) - I8 TPOXONAIIMX
wrynepos (puc.10.6);

PacqerHeiff nqHaMeTp OTBEPCTHA AJIA MTYHEPa ¢ KPYIVIBIM MOMCPSIHBIM CCUCHHEM IIPH
HAJIMIHH OTGOPTOBKA WM TOpooOpa3HOi BeTaBkH (puc.10.4):

d,=d+15(r-s,)+2,, (10.7)
rac s » = L - pacvueTHas TONIIMHa CTCHKH ofewaitku.
Aoclp-p
d d
+ L
81 ! Sl __I '
r - r ! . s @
. g M-_:'_‘_'__’ 3
_ A A 4 A
L - L
a 6

Puc 10.4. Llityuep ¢ orGoproBkoii (a) ¥ TopooGpasHoii BcTaskoii (6)

Ilpy Hamu4u¥ HAKIOHHOTO INTYyUEpa, KOraa OoNblas Och OBAILHOTO OTBEPCTHA
COCTABIIAET YTO1 @ ¢ o6pasyromeii obeqaiikoi (puc.10.2), pacqeTHEIH IHAMETP OTBEPCTHA:

d, =(d+2¢,Yt+1g*y cos? ) (10.8)

Jns IMITHHAPHUYECKHX H KOHHYECKHX 00e9acK, KOrqa OCh IITYIEPa JIEXKHUT B IUIOCKOCTH
MpOAOJbHOrO cedeHud ofedaiiky (@ =0), a Takke AIA Bcex OTBEPCTHH B CHEpHUSCKHX H
TopoctheputeckuX THHINAX PACIETHBIHA JHAMETDP OTBEPCTHA:

d+2c,
d,=—; (10.9)
cos” y
PacueTHRIl fMaMeTp OTBEPCTHA CMEUICHHOrO INTYLepa Ha SUIHOTHYECKOM JHHIIE
(puc.10.5):

CTII 10-04-02

86



(10.10)

Puc.10.5. CMemeHHH WTYHIEp HA SIUTHNTHYECKOM AHHUINE

10.2.2. PacqyemHbie MonuiuHbl CIMeHOK

Ecnu ocep ceapHoro mBa oGevaiixu (OHMINA) yXaneHa OT HapyXHOM HOBEPXHOCTH
ITynepa Ha paccrosHMe Oolice wWeM TpM TOJIIMHBI YKpeIUsieMoro sneMenta (3s), To
k03¢ PHIAEHT NPOYHOCTH STOTO CBApHOrO COCAHUHEHHA CleAyeT OpUHMMaTh ¢@=1. B
HCKTIOYUTENIBHBIX CITydafsX, KOIZla CBapHOil IIOB IIEpECceKaeT OTBEPCTHE, WM yAaleH OT
HapyXHOH NOBEPXHOCTH INTYNepa Ha paccTogHHE MeHee 3s, koddduIMeHT CBapHOro mma
IPUHHUMAETCA B 3aBUCHMOCTH OT BHJA M Ka4eCTBa CBapHOro mBa (Tabmuua 2 2).

PacgeTHble TOJIMMHBI CTEHOK YKPEIUISEMBIX JJIEMEHTOB OMPEASIITIOTCS B COOTBETCTBHH C
nm.3-8.

Ecnn niockocTs, Npoxoadinas depe3 NMPOJONBHEI OB BAJIBIIOBAHHOTO IUTYLIEPA H OCh
3TOrO MITYHEpa, 00pa3yeT yroi ¢ INIOCKOCTHIO MPOXONBHOTO OCEBOTO CEHEHHMS IIIHHAPHICCKOM
W/IH KOHHYeCKo# oGeuaiixu He MeHee 60°, To K03(puImeHT cBapHOTO IBA IPMHHMaeTca @ =1.

B ocranbHBIX cyuadgx ¢, <1 B 3aBHCHMOCTH OT BH/Ja H Ka4ecTBa CBapHOTO MIBA.

PacuerHas TOMIMHA CTEHKH INTYyUEpa, HATPYXEHHOIO KAK BHYTPEHHHM, TaK H
HapyKHBIM JaBJIeHHEM:

_ pld+2c,)

s = (10.11)
o 2[0']1 ‘¢ -pP

10.2.3. PacuyemHsbie OnuHbl CMEHOK

Pacuernrie anwHEI BHeNIHEH M BHYTpEeHHEH dacredl mrTynmepa, YYacTBYIOIIHE B
YKPeIUIeHHH OTBEPCTHH ¥ YUHTHBAaeMbIe TIPH PacyeTe, ONpeaeoT o Gopmynam:

1, =min{, ,1,25.[d+2¢, X5, —c,)}

1, =min{l,; 0,5./(@+2¢ Xs, - 2¢, )} (10.12)
B cnayuae npoxonsmero mryuepa (puc.10.6) s3 =s).
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Puc.10.6. IIpoxomsaummit wryuep

10.2.4. PacyemHasn wupuHa

IlTnpuna 30H yKpeIlUieHAs B o0edaiikax, nepexoaax H JHHIGAX:

Ly=.[D,(s=c) (10.13)

PacuerHyro IIMPUHY 30HBI YKDEIUICHHA B CTEHKE 00edaiku, mepexoja WIM JHHINA B
OKPECTHOCTH LITYLIEpa IIPH HAJHYHH Topoobpasnoit BeTaskH (puc.10.4,6) WM BBAPHOTO KOJBIA

(puc.10.7) onpenenwmor no gopmyne /, = min {,: L}

i

—-d-—
[
T
I

Sl

o=

Puc.10.7. YkpenineHHe 0OTBEPCTHS BEAPHBIM KOJIBLIOM

B cnyuae ot6opToBkH (pHc.10.4,2), a TaxKe MPH OTCYTCTBHH TOPOOGPA3HOM BCTABKM HIH
BBAPHOTO KOJIbLIA 1,. =L,

PacueTHas mmpHHa HaAKNALHOTO KOMbIIA:
1, = minf,; /D, (5, +5-)} (10.14)
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Omnowenus 0onyckaemvix HANPAXNCeHut

1) ang BrewHeH 9acTH mTynepa x, = { [[ ]] } (10.15)

2) ANg HAKNAJAHOTO KOJBLA x, { [[ ]] } (10.16)
e

3) nns BHyTpeHHeH 9acTH mTYHEpPA X, = mm{l 0; ['[3]3]‘ } (10.17)

rae [o], [0}, [0]s - nomyckaemble HanpsakeHHd I MaTepHana BHEINHEH 4acTH
MITYIlepa, HAKJIQJHOTO KOJIbIAa M BHYTPEHHEM 9acTH INTyIepa NpPH PACYeTHOH TEMIEparype
COOTBETCTBEHHO.

10.3. Pacuem ykpennenus omeepcmus

B cmydae ykpenneHms OTBEPCTHA YTONIICHWEM CTEHKH COCyAa WM 1OTylepa am6o
HaKJIaIHBEIM KOJBLOM, 60 TOPOOOpasHOH BCTaBKOM WM OTGOPTOBKOM MOJKHO BHIOIHATHCA
ycIoBHE:

llp(.s‘1 -5, —c, Jx, +1,,8,%, +1,(s; — ¢, —c,; ), +lp(s—sp —c)z O.S(dp -d, ), (1018

IJie NpH YKPEIUIEHHH OTREPCTHS TOPOOGPA3HOH BCTABKOH MIIH BBAPHBIM KOJBIIOM § = 5.

B ciygae ykperureHus orBepcTHE 6e3 HCNONB30BaHUA HAKIIAJHOTO KOMbIA IIPHA pacdere
npuHUMaeTes s; = 0. Tlpu 3ToM anmHa BHemmHel gacTH mTynepa /; OTCIHTHIBACTCA OT HAPYIKHOA
MIOBEPXHOCTH alapara.

Ecnu s;>2s, To HaknagHbie KONbId PEKOMEHAYETCS YCTAHABINBATD CHAPYKH M U3HYTPH
COCyJa WM annapara, MpAvYeM TONMIIHHA HapyKHOTO KoJbLa npuanuMaercs (,5s;, BHYTPEHHErO -
(0,5s,+c).

JomyckaeMoe BHyTpeHHEe H36BITOMHOE NaBJI€HHE ONpPEACIAIOT 1o GopMyne

_ 2K1(S—C)¢[0']. 10.19
[p]— Dp+(s—c)V v, (10.19)

{1 — 018 yunundOpuyeckux obeyaex;
rue K, =

T |2-0na BLINYKALIX OHUWY.

1+ llp(sl c )1 +lzp5212 +l3p(s3 s)Zs

¥ = mindl; — Ls dC)z 1 (10.20)
140,52 %o g 2756 P v
111 Dp P Ip

10.4. Yuem e3aumnozo enuanus omeepcmuii 8 cocyoax u annapamax,
HA2ZPYIHCEHHBIX GHYMPEHHUM O0QBNIEHUEM

OTBepcTHe CYHMTACTCA OXMHOYHBIM, €CJIM ONpKaiiiliee K HEMY OTBEPCTHC HE OKa3bIBaeT Ha
HEro B/MSAHMS, YTO MMEET MECTO, KOTJa pPacCTOAHHE MEXIY HapyXHBHMH IOBEPXHOCTAMM
COOTBETCTBYIOIIHX 1ITyHepoB (puc.10.8) ynosnersopser ycnopmio:

b2 D, (s~c)++/D;(s—c) (10.21)
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Puc.10.8. Ykpennenue B3aMMOBIHSIONIHX OTBEPCTHH

Ecna ycnoBWe pacmonokeHHWA OJHHOYHOTO OTBEPCTHA HE BHIOJHAMO, TO pacdeT
B3aUMOBJIHAIONMMX OTBEPCTHI BHITIONHAETCA CIAEIYIOIMM 0o0pa3oM: BHAadYalle pacCUMTHIBAIOTCA
YKpEIUICHAd JAJiA KaXIOro M3 3THX OTBEpPCTHI OTIACIBHO B COOTBETCTBHH ¢ pa3A.10.3, zarem
MPOBEPAETCA JOOCTATOYHOCTh YKpEIUIEHWs NEPEMBIYKH MEXKAY OTBEPCTHAMH, I  9ero
ONpeeNAeTCa NOMyCKaeMoe AaBlICHHE JUIs TIEPEMBIYKH N0 dopMyIe:

[p]=- 2Kis=awle] (1022)
0,5(D, + D +(s—clV
rae
L oG = DX+ 820+, (55 =2¢)2s + I, (51— eDam + B ps3 23 + 1, (53 = 2D 2
¥ = mi b(s—c)
=min{I;

d -d, T2 o L, dr2 o I
K, 08+ "2 |4 K, d +?c:.£'.l+ii_?&.£’.i
2b D, ¢ b D, ¢ b

Ilpn coBMECTHOM YKpeIIeHHH IBYX B3aUMOBIIMSIONIMX OTBEPCTHH OOIIMM HaKIIAJHBIM
KOJIBIIOM KO3 QHIIMEHT NOHIDKEHMA IPOTHOCTH:

. 5, (i = el + 1, (5T = e )i+ Losy t, + 13, (55 = 2¢ )y +13,(s5 20z}
b(s—c)

K og.,.d;’_d; +K dhﬂc.ﬂ.i.,_ﬂ.ﬁ.ﬁi
R \ D, e b Dy g b

p

V =mind1;

rae L, =min{p;l;, +13 -

Ecnu ock ceapHoro mea o0edaiiky (AHHINA) yOajdeHa OT HApYKHKX moBepxHocTeidl oGomx
mTyuepos Gosiee YeM Ha TPH TOJIMHHBEI CTEHKH YKPEIUIIEMOTO 3jIeMeHTa (3S) U He mepecekaeT
IIEPEMBIAKY, TO KO3((HIHEHT MPOIHOCTH ITOTO CBAPHOIO IMBA CIEAYET NPHHMMATh @ =1. B
OCTANBHBIX CIy4adX @ <1 B 3aBHCHMOCTH OT BHJIa M Ka4€CTBA 3TOTO CBAPHOTO LIBa.

Koaddumuent K; A mpsTHHAPHIECKHX M KOHUIECKHX 00edaek onpenesieTcs mo gopMmyie:

2
_Ltcos’ B °;S B (10.24)

Vron B onpenenseTca B COOTBETCTBHH ¢ puc.10.8.

K,
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Puc.10.8. PacnonoeHue B3aMMOBIMSIONIMX OTBEPCTHIA

10.5. Ykpennenue omeepcmuii 6 cocyoax u annapamax,
HAZPYHCEHHBIX HAPYHCHHIM OaeNeHUEM

HorrycTHMOE HApYKHOE [aBJICHHE ONpeAesaoT no dopmyne:

[r]= % (10.25)

rae [P],, - HOMyCKacMoe Hapy>KHOE JaBIIEHHE B MPEACIaX IUIACTHIHOCTH, OIPEACIAETCS
no (10.19) xax JonmyckaeMoe BHYTPEHHeS W30BHITOYHOC HABNCHME AN COCYJAA YUIM anmaparta ¢
orBepcTHeM pu @ =1, ¢, =1;

[p];- momyckaemoe mapyxmoe naBneHme B mpexemax ympyrocTH, ONpenensemoe IO
mn.3,4 g cooTBeTCTBYIOMmeEH 06eqalixn mm AHUma Ge3 OTBEPCTHIA.

[Ipy HANWYMK B3aMMHOTO BJHSHHA OTBEPCTHH [P]p ompenenseTcs aHanoruaHo [p] mo
(10.19) mna xaxaoro oreepcTHs B OTAcNbHOCTH ®M mo (10.22) anmg mepeMsisku, a 3aTeM U3

HONY4eHHBIX 3HAa4eHHH NpHHHMaeTcs MeHbimee. IIpm 9TOM Bee KO3()OHLHEHTH CBAPHBIX IIBOB
TMPHHUMAIOTCA PaBHBIMH 1.

Jna ofedaek WM JHHIN C KONBIAMH JKECTKOCTH pacyeT MPOBOTHTCA OTAENBHO AN
KaXK/I0TO y9aCTKa ¢ OTBEPCTHAMH MEXIY COCEHUMHE KOJIbUAMH.

10.6. Murumanvnsie pazmepbl C6apHHIX WIE08

MunuMmanbHBIE pasMepbl CBApHBIX mBOB A, A, A, COEHHAIOIMX IPHBapHbIE

IOTylepa WM HaKNagHple KOJbUA ¢ KOPIYCOM COCYZAa WIIM allapara, JOKHE! YIOBJIETBOPATE
CAEAYIOIUM YCIOBHAM:

NS WITYLEPOB B COOTBETCTBYM ¢ puc.10.1. a, 6:

[ s
Az21212 10.26
d+2s, ( )
JJIs1 HAKJIaZHBIX KOJICIL:
21, L,s
1+—2 A +A, 221222 10.27
[ d+2s1,] b d+2s,, (10.27)

rae A, A, A, - MUHAMaNbHbIE Pa3sMepHl CEYEHHUA CBapPHBIX IIBOB.
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11. IIpousocTb H repMeTHYHOCTH IaHNEBHIX COCARHEHRH cocynoB H
annapaToB

Pacuer danneBsix coeIuHeHHH COCYAOB U allapaToB NMPOBOANTCA HA OCHOBaHHUH [5].

B otnuane ot [5] npu onpenenenus napaMeTpos GiaHueB H k03G(HIMEHTOB XKECTKOCTH
yauThiBaeTcAd npmbaBka Ha kopposmio. [Ipy onpeneneHWM [ONMYCKAeMBIX HANIPSHKEHWH
YIUTHIBAIOTCA CBOMCTBA MaTepHalia CoOnpsAraeMoii obedaiiku (BTYIKH).

Jo6asneH pacder OT HapyXHOr0 M30BITOYHOrO NABIEHHA, TPH 3TOM HPHHHMACTCS
p<0. Ilpu pacdere GonroB, a TaKkke OONTOBOM HArpy3KH B YCIOBHAX MOHT®KA, A

KOHTAakTHpyrommx ¢nanues BMecto P;; npunsaro obosHauenue F;, . Jlna onpenenenns yrinosoi

NOAATIMBOCTH SJUIMIITUIECKUX KPHILIEK HCIIONB30BATUCH TIOJIOKEHHUS [26].

s dnanueBoro coeguHeHHs co CBOGOAHBIMH KkoibHmamM# (depr.3 [5]) mpumsro
oGo3uagenne o FOCT 12822-80: ¢aanust ceobadnsie Ha npusapuoix konsyax (pucll.3).

Ilpu BHITONHEHUH YCIOBHI NMPAMEHEHHA JaHHBIA pacyeT AOMYCKaeTcd NPHMEHATH JA
pacdera QraHIEBBIX COSTUHEHHUI TPYOOIPOBOIOB M INTYIEPOB.

11.1. Pacuemnsie cxembl

Ha puc.11.1.-11.5. npencrasnens! pacdeTHrIe CXeMEl PIAaHIIEBRIX COCAMHACHUIA.

() ucnonnenne 3-4 (7-8) (11-12)

Puc.11.1. ®nammpl, npusapHsle Bethik no FOCT 28759.3-90(a,6,8) u TOCT 28759.4-90(r)
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ucnonHeHue 1-1 (6-6) (11-11) acnonHenue 4-5 (9-10) (14-15) ucnosHeHue 2-3 (7-8) (12-13)

Puc.11.2. TInockue npusapubie ¢uanim no FOCT 28759.2-90

(a) ucnonHenue 1-1 (6) ucnonaenue 2-3

Puc.11.4. &mammt nog 3axkumsr no OCT 26-01-396-78
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a 6
Puc.11.5. KorTakTHpytomue ¢raHimb

Yenosus npumenenus:
D, _,, 2h
D D,-D

>0,.25 (1L.1)

B cimyuae coeIMHEHHA ¢ pasHBIMH ([0 MaTepHalaM WM pa3MepaM) duiaHIlaMH pacqer
NIPOU3BOAHUTCA UL KaxXaoro ¢nanna.

PacuerHas TemmepaTypa 37I€MEHTOB ()IaHIEBOTO COEAHHEHMSA ONpeAenserca Nno
tabm.11.1.

Tabmana 11.1
n
Tun dpnaHesoro 307HPOBAHHBIE HensonaposasHbie
COECIUHCHHS tp b t ty L ts

[Mnockwue, TIpHBApHbIe ] -

BeTik (pue.11.1.1, 11.1.2) ! 0,97t 0,96t 0,85t
et 3y xomuat| 0,97 090t | 096t | 0,90t 0,81t
(puc.11 1.3)

XapaKTepUCTHKHU IIPOKNANKH M, Gosaes K, E, mpuHUMAIOTCA N0 Tabmune 11.2.
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Tabnuua 11 2

VaensHoe | Homyckaemoe | Koaddu- VYcnosHbI#
Tun u MaTepuan Kosddu- | nasneBue yaenbHOe LHEHT MOIYJTb CXATHUSA
MPOKJIAIKA [UEHT, obxarua | naeiueHue [q], | obxaTus E,-107, MIIa
m Gooxnc; MIla MIla K
[Inockas w3 pe3uHbI 1O b
TOCT 7338 ¢ TBepaoCThIO 0,5 2,0 18,0 0,04 0,3-107 (1 + 3 h" )
nio [lopy A 1o 65 en. n
IInockas U3 pe3HHBI IO b
TOCT 7338 ¢ TBepmoctsio | 1,0 4,0 20,0 0,09 0,4-10“‘(1+ o J
no lllopy A Goxnee 65 en. "
TInockas u3 maponuTa o
T'OCT 481 npu TommuHe 2,5 20,0 130,0 0,90 0,02
He Gonee 2mMM*
ITnockag u3 xapToHa
acGecToBOTO TIO 25 20,0 130,0 0,90 0,02
TOCT 2850 npn tonmuane
1-3 MM
ITnockad u3 ¢ropormnacra-
4 1o T'OCT 10007 pu 2,5 10,0 40,0 1,0 0,02
TonmuHee 1-3 MM
ITnockas w3 amFOMHHAA
mapku AJl no F'OCT 4,0 60,0
21631
IInockad W3 TaTyHH Mapku
J163 mo 'OCT 2208 4,75 90,0
ITnockas u3 cramu 0SKIT
o I'OCT 9045 nm cramu 5,5 125,0
08X13 mo I'OCT 5632
ITnockas u3 cramu
08X18H10T 6,5 180,0
no 'OCT 5632
ITnockas u3 ac6ecra mo
T'OCT 2850 B o6omouke u3:
AMOMHHHAA 3,25 38,0 0,04
MEIH WIH JIaTyHU 3,5 46,0
cranmy 05KII 3,75 53,0
cranu Tuna 12X18H10T 3,75 63,0 0,05
KosbLo ¢ OBaIBHEIM HIIH
BOCBMHIPaHHBIM
CEYECHHEM H3:
Cr. 05KII mo "'OCT 9045
uny 08X13 mo 'OCT 5632 5.5 125,0
cramu 08X18H10T 6,5 180,0

*Ina cpea ¢ BHICOKOH TNPOHHKAIOWEH CRHOCOGHOCTBIO (BOAOPOA, remmii, nerkue HeGTEIMPORYKTEL
CKIDKEHHDBIC Ta3hl ¥ T 11 ) Gosae = 35,0MI1a
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11.2. Jonyckaemsie HANPAddCEHUA

JlonyckaeMEle HATPMKCHHA A MaTepHanoB (UiaHUAa M OpHBapHOro komeua [o],,
¢nanua ceoboanoro Ha MpHBapHOM Kouble [0 ], , a Taoke comparacMoil obevaiiku [o], npu
pacueTe CTATHIECKOM MPOIHOCTH ONPEAeNIIOTCA N0 npuioxkennio 1 wm no dopmynam 2.1, 2.2.
ITpu 3ToM K03 dHIMEHTH! 3amaca MPOIHOCTH ONpeAe/AoTes o Ta6.2.1 ais pabounx ycrnoBui

JlonyckaeMble HaNPAKSHHSA I MATEPHAOB OOJITOB (IMMIeK):

) €CIIM pacyeTHad TeMIeparypa A% 60JTOB W3 YINIEPOMAHCTHIX CTajlel He NpPEBBILAET
380°C, HU3KOJIETHPOBAHHEBIX CTaNei 420°C, ayCTEeHHTHBIX cTanei 525°C

[o],= R Roz 11.2)
n'l'
6) eci pacdeTHAs TeMnepaTypa MPEBHINacT YKA3aHHYO B 11.(a)
[0']5= min R, ama R, , : R : Rpl.ollo’ (11.3)
n, n, n,

Koa¢drment 3amaca mpounoct n,
HarpyxeHHs onpenenserca no rabma.11.3.
Kos¢¢prurenT 3anaca NpoYHOCTH 110 IPEAETY JIHTENbHOM MpoanocT 1, =1,8.

B 3aBHCHMOCTH OT MAarcpHala M yCJIOBHM

Kos¢duuuenr sanaca npogrocTa 1o npeaeny monsydectd n,=1,1.

JlolyckaeMple HATIDSOKEHHS U MATEpHaIoB GONTOB (LINWIEK) AN PaGodMx yCROBMi
MPHHAMAIOTCA IO Opuaokeruio 3 [5].

Tabmanall.3.
nr
Marepuan Gonros Pa6oqne yCIOBHA U YCIOBHSA VCIoBKA HCTIBITAHMH
MOHTaXa
3aTDKKa HE 3aTSOKKA 3aTOKKA HE 3aTsKKA
KOHTPOJMPYETCH | KOHTPOJNHMPYETCs | KOHTPONHpPYETCH | KOHTPOIHpYeTCs
R, 7
Vraepomer | R 2% 2,628 24 21 18
Ble CTaNH "
Re
—£<0,7 2,3 2,1 1,7 1,6
R,
AYCTEHUTHBIE CTATH 19 18 1.4 1,3
11.3. Pacuem ecnomozamenbHbIX 8eIUNUH
OddexrrBHas mAPUHA DPOKIALKH, MM:
JUISL INTOCKHX MPOKIIAI0K
b,=b, npu b, <150mm
° ; (114)
b, = 3,&@ npu b, >15,0mm
U1 NPOKJIANOK OBATBHOTO HIA BOCHEMHIPAHHOTO CEICHUA
b, =0,25b,. (11.5)
TloaaTIMBOCT MPOKIIAIKH:
h K
2 (11.6)

"~ Ex Db,
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I[JDI COCAUHCHHSA C KOHTAaKTUPYIOIIUMH (bJIaHIIaMPI TIIOAATNHBOCTD KOHTAKTHBIX TIOSCOB:
Y = han Y, = hnZK
nl = > n2 —
Er Db, E.x D,

cn2%n2

(117

J1a MeTawTIeckuX M acboleMEHTHBIX IpoKaanok y, =0.

PaccTosHre MeXy ONIOPHBIMH IOBEPXHOCTAMH raikyl M FOJIOBKH GoNITa"

ANA GraHueB, NPUBAPHEIX BCTHIK W WIOCKKX - Ly, =’ +h” +h,;

i gnanues co ceoboauEMu xonbtamu - Ly, =k’ +h, +h" + b +h,;

s dmannes noa 3axcamsi - Loy =h' + k) +h, +h" + B +h! +h; (11.8)

JUIA KOHTAKTHPYIOImHX dnanues (puc.11.1.5,a) - Ly, =h' +h" +h,;

JUISl KOHTaKTHpYIOUMX Qranues (puc.11.1.5,6)- Ly, =h' +h| +h" + b + h,,

Ecim Mexnay dnaHnamu 3axara TpyOHas peIIETKa MM YCTAaHOBJIEHB! JONOJHHTEILHBIC
mai6k, To Npu onpeAcineHHy L,, Heo6X0AuMO yIECTh HX TONIIUHEL.

TogaTimBocTh 60ITOB (IOIMHNIEK):

L

6
=— 11.9
yﬁ E:of,;n ( )
rae L, = L;, +0,284 - ansa Goxra;
L, =L, +0,56d - nna mmuneky;
/s - npuHHEMaeTcs o Tabnuue 11.4.
Tabmuna 11.4
Huamerp
Gonra M10 | M12 { M16 | M20 | M24 | M27 | M30 | M36 | M42 | M48 | M52 | M56 | M60 | M64
(IImTB KH)
d, MM
[Inomans
¢c€d no
BHYTP 52,21 76,2 | 144 | 225 | 324 | 430 | 520 | 760 | 1045 | 1380 | 1820 | 1960 | 2300 | 2600
AHAMETPY
pe3sbb*
Jo

*B ciyuae mpuMEHCHHS INMUIIEK ¢ IIPOTOUKOM CTEPXKHA N0 AHAMETPA, MEHBIIETO BHYTPCHHErO IHAaMeTpa pesblbi,
3HauCHHE MIOMIAIN NONEPEYHOTO CEICHNS ONPEAEIACTCA IO RHAMETPY IPOTOUKH

IloxarnuBocTs 32:xHMOB A4 danues

y,=—>, (11.10)
n

rae A , - npuHEMaeTca mo Tabnuue 11.5 [24].
Tabnuua 11.5

Harpy3sounas crioco6HocTh 32xmMa B, foN— .108
Dnamerp 6omra d, MM «H ipu Temmepatype, °C Mozatmmocts ? i’o 10°, wH
M Temmepatype, C
-70-100 200 300 -70-100 200 300
M12 9,5 8,55 74 7,71 8,14 8,61
M16 18,0 16,2 14,0 7,05 7,44 7,88
M20 28,0 25,2 21,8 6,08 6,41 6,79
M24 40,0 36,0 31,2 2,28 2,41 2,55
M27 53,0 47,6 412 1,47 1,55 1,64
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OKBUBaJEHTHAs TONIIMHA BTYNKH 1714 {iaHna, NPpUBAPHOTO BCTHIK.
s, =Kk(s, —¢), (11.11)

rae K=1+(ﬂ—l) d : =(Sl_c)' = !

b » 'x
- lzﬂ o) (D+2¢)(s, -0)
Jiis ocTanbHEIX (praHIIeB H IIPHBAPHOTO KOJIbLA S, = (5 —C)
VrioBas OAATIMBOCTE (1aHLA M IPUBAPHOTO KOJIBLA:

by = h-wd+094)p,
@ E;ohs

(11.12)

1 h h D, D,+(D+2c)
sy A= 31 =—sy, =1,28lg W, = .

1+094 (1+y, /2)" J(D+20)s, s (D+2¢) D, —(D+2c)
Vrnosas mozarnusocts (uranua co cepuueckoil neorbopropanHo#M (THN 6 Ta6.6.1) H

SJUIMITHIECKOM KPHIMKOM pH A, < «/Dsl :

_1-o,1+1,2854 ),

- 2073 4
® ESh

1 h (R_+¢)
rae o, = -5 A= < .
141,285, +1,2744 \y, j D+20)\ (5,-0¢)

Vrnosad NOAATAMBOCTG (NaHIA ¢ JUTMNTHYECKOH Xpemkoi npa A, >./Ds,

Toew =

(11.13)

onpexemserca mo (11.12) npu s, =5, —c.
Vrioeas nogarnueocTs (IaHIA CBOGOIHONO Ha MPHBApHOM KoJbile (puc.11.3):
1

Ve= hy (11 14)
D
e =1281g—*.
Ve g D,
Vriosas noaTaMBoCTh (hrraHIa ¢ IUIOCKOH KpBIKOi (puc.5.1):
X
xp
=—, 11.15
Vo %) (11.15)
067[k%(1+85518k,,)-1] D

rae x,, = K_=—;

s 37 xp D
XKy - 1)|:K;, -1+ (1,857K:p + l)(s—z) }

3

VrioBas nogaTaIMBOCTh GIaHLA, HArPYKECHHOTO BHELIHUM H3IMOAFOIHM MOMEHTOM:
I priaHIIeB, IPHBAPHBIX BCTHIK, ITIOCKHX H € 3aXKHMaMH

Y D
N R I T 11.16
Yo (4) EPD,i (11.16)
I PHBAPHOTO KOJTBIIA
3
V.4 D
=[Z) 2 11.17
ant (4] E®D,1 117
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CHIIOHN.

Wi dranna cB0GOAHOTO Ha MPUBAPHOM KONbLIE
3
n D,
== =2— 11.18
Ve (4) EPDK; (a9

IIneas MOMEHTOB:
- g ¢uraHIEeB, IPUBAPHBLIX BCTHIK M IUTOCKHX:

b=05D;-D,); e=0,5D, -(D+2c)-5s,) (11.19)
- Anq paHUeB CBOGOAHBIX HA IPUBAPHBIX KONBLAX:
a=05D;-D,); b=0,5(D,-D,); e=05D, —(D+2c)-s,), (11.20)

rae D, =0,5(D, + D, +2h,).
- U4 praHLEB NOL 3aKHUMBI:

b=05(D,-2R-D,); e=05(D,, —(D+2c)-s,) (11.21)
- I KOHTAKTHPYIOTHUX ¢hIaHIes:

a=05D,, -D,); b=0,5D,-D,,); e=0,5(D

enl cn2

—(D+2)-s,) (11.22)

11.4. Ko3ggpuyuenmst sicecmxocmu pranyeeo2o coeOurHenun
®naHUeBOe COEAMHEHHE, HArpPYy>KCHHOE BHYTPSHHHMM [aBJICHHEM H BHEUIHECH OCEBOH
Jns ¢pnannes, NpUBapHBIX BCTHIK, IVIOCKUX U TOA 3aXKHUMBI®

NN N
Va—(yse'b +y,e'b")

a=1- , (11.23)
n

Tlle 114 NPHBAPHBIX BCTHIK H IIOCKAX IAHIEB 7 = p, + Y, + Ypb' + y3b"";

JUIL pIAHTIEB [IOM SWKHMBL 1) = ¥, + ¥, + Y30’ + yzb"".

Jna ¢nannes co cBOGOTHBIMU KONMBIAMH: & = 1.
Jiia graHnEeBOro COSAMHEHH ¢ KPHIIIKOH:
Y= (ype +,,0)b

a=1 , (11.24)
n

2
rae 7’ =yn +y6 +(y¢ +yxp)b .
dnanneBoe COCAUHCHHE, HATPYKCHHOC BHCIITHAM H3ru6aromuM MOMEHTOM:

a,y =—(1+By), (11 25)

rae A ¢uraHLeB, MPHBAPHBIX BCTHIK, INIOCKHX M IO 3QKHAMBI:

/ " 2
/ / e " I e Dy
bell-— |+yi be"|1- -y,| ==
y¢M ( Dc" ) y¢M ( DC" ) y"(D‘m J

2
D
Vs +y,[—" ] + Vb + "

By = , (11.26)

D

cn

CTII 10-04-02

99



Asist $raHIes CBOGOMHBIX HA IPAUBAPHBIX KONBIAX:

2

/ " D

/ / e " e (]
Y be'| 1-=— |+ yh be [l——) J’[—‘J

o ( ij o D,) ""\Da (11.27)
ﬂM = 2
yﬁn(g—’] +y4a + yha" + Y b + yp b
en

Koot duuuenTst s pnannes ¢ KOHTAKTHPYIOUMMH naHamu.

alz,: Lvnza(y¢(a+b+e )+ ¥, (@a+b+e’ ))+y,,1(V b(y¢,e +)’$ ”))] (1128)

2

TAe 1, = .an(ya + Y + (0 +y¢)b2)+ y,,z(y6 +(, +y;§)a’)+ A +y{,()(a+b)’.

= M ps(as BYOp@rbsey+ yiasbre )+ vy, +b0rp b +e)+ Yo+ )]
@

(11.29)
/ "
= Ymt s +y¢)a(a+b) - (11.30)
It Vm+ (y¢ *'y(p)(a*‘b)
A A" h,
A= + 11.31)
CED-D) ENDI -D") " 2E,(b +b.1) ¢
zD, Y 192
- 11.32)
Py ( ) —(D: —D/)E;(h/)s +(D,{l —D”)Eg(h”)] (
L2 +0,0106 A 0,0024
A E— (11.33) K, =;’—'— (11.34)
=1+0,0019 —1+0,0019
P P
e=Atb+At,a-At(a+b)  (11.35) y = At - AL, (11.36)
rae At; =atgly, .
Jina ¢nannes no puc.11.5,a
At = AL =(ayh' +ayh ), (11.37)
Jlna pnanues no puc.11.1,6
At = (@, (B +h)+a, (" + BN, (11.38)
Aty =(ay (B +5) +ay(h" +5I Nty (1139)
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11.5. Hazpy3sxu, deiicmeywowiue na 601msl (Wnuasku)

PaBROAEHCTBYIOMAA BHY TPEHHETO JaBICHNS:
Q,=p
U1 KOHTAKTHPYIOMuX (IaHues

O,=p

Peakius mpoknanku B pabounx yCIOBHAX:

2
z D,

7z D?

cn2

R, =7 D,,bym|p|

Harpyska ot remneparypHeix aedopMaiuit:

B COEJUHEHHH NMPUBAPHBIX BCTHIK M IUIOCKUX (nannax (puc 11.1, 11.2):

1
Q= n—(aq’bh’td, +ayh’t, —a6l5015),

t

E® /20 //zo
rae Ur:yn"'%fd'*{y; ;/ J’¢ E” Jbz

3

B COeMHEHHY (praHneB cBOOOAHBIX HAa NPHBAPHBIX Kojabuax (puc.11.3):

1
0, :ﬂ_((a;h’ + Ry, + (alh) +al B Y, -ty ),

L3

20 / 20 1120

+
£V k

B coeuHeHHH (IaHIEeB MO 3axXuMHI (puc 11.4):

e 1,=y,+Ys

0= ,,i(a; (0 + 1 ey + (B + B e, + oL+ @l Y, — gl ),

t

20 / 20 /120

A,
e 1n,=y,tY, 2

3

¢ E//

gt eyl Bx g
+ Vi 57 a +y¢

b/2 '] b//l

120
E¢ b/2

E/

B COCTUHEHHH I(OHTa.KTPIpleIIIPIX ¢naxues (puc.11.5):

e[V + 0y +y)b@+b)1+ 7(by,, — ay,,)

Qz5 = b']z

& [y +yg)ab—ys1+y (ys(a+b) +by,)

Q.=

B COSAUHEHHH C KPBILIKOMH:

bn,

1
Q= ; (aq,htd, ra h b, —aslsls )

t

EZO ( zo zo
the 7,=y,+Y; Vo=tV —= b%;
‘ E, E, "7E,
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a,,a,,a,, E,, E, , E, onpepensiores no [punoxenuio No2;.
a,, E,onpenenserca [punoxennio Ne3.

Ipn onpenenenun Harpy3ok OT TEMIEpaTypHbIX AedopMaliuii pacd4eTHYIO TEMIEPATypy
¢aHneB, Kpelmkd, GonToB (mmaiek), TPyOHOM perreTkd, CBOGOZHOrO KOMBHA CleAyeT
YMEHBIIHTE Ha TEMIIEpaTypy cGopku duanuesoro coenuuenns (20°C).

bBonroras Harpyska P, B YCIOBHAX MOHTaXa NMPHHHMaETCA GoiblIedl M3 ClIeayrommx
3HAYCHHH!

a{Q,+F)+R,-Q, + 4aD"M

Py =max< 0,57 D, 5,9 55 s (11.49)
0,4c]?nf,
0,4B,n

rae F <0, eciie ycuine CxEMalomiee;

npu @ <1 B 11.49 1 11.51 npurnmaeTes o =1;

npH onpenencHWM F; Harpyska OT TeMmeparypHoix nedopmanuii (), ydIuTbIBaercs
TONBKO IpH Q, < 0;

B, ncnons3yercs B COeAWHEHNH (IAHIIEB IO 320KUMbl ¥ IIPHHAMaeTcA N0 Tabnuue 11.5.
Jns coeAMHEHNS ¢ KOHTAKTAPYIOIAMH (praHIaMu:

4M
D

on2

a, (Qa + + Fj +7(D,yby, + D,,2b0, )mIPI -Q.

P, =maxq0,57 (D_,by + D180, )9 o6 ,  (11.50)
0, 4[0'] 20 nfs

IIpupamenue Harpy3ku B 601Tax (LIITHIbKaX) B pa0ouHX YCIOBHAX:

AP, = (1-a)Q, + )+, + 2 s
L7191 COCTMHEHHS ¢ KOHTAKTHPYIOIMMH (IIaHIIAMH
4M
AP; = e (Q, +D +F)+ 0,
en (11.52)

Peakrua KOHTAKTHEIX MOACOB HPOKIAAKH B PalO4MX YCNMOBHMAX AJS COEAMHEHHA C
KOHTaKTHPYIOIMMH (raHuamu:

R, =n,F —az(Q,, + ;M +F]+Q,c (11.53)
cn2
R =P, +AP6—R2—[Q6+;M +F] (11.54)
n2

Pacdaer Harpysok, neiicTBylommx Ha GonTel (WNWIBKK) B YCIOBHAX HCIIBITAHHH
TIPOBOAMTCS IJI1 NABNCHHA, CHII H MOMEHTOB, AeHCTBYIOINX B YCIOBUAX UCIBITAHUI, IIPH 3TOM
Harpyska oT TeMIepaTypHeIX Jeopmammit O, = 0.
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11.6. Pacuem 6onmoe (winunek)

VYcnopua npovuHOCTH GOJTOB (HITHICK) AN GIaHIEB NMPHUBAPHBIX BCTHIK, IUIOCKHX H
¢nannes co cBOGONHRIMH KONBIIAMM:

Oy = ; <é[o (11.55)
6
P, +AP,
o, = Lnf—:‘- <[k, (11.56)
6
rae ¢ =11+12;
A (l)JIaHI.ICB oA 3aKHUMBbI:
1,25P,
o =76sg[a]§° (11 57)
6
_L25(7, +AR) <[o] (11.58)
62 nf6
JUIA KOHTAKTHPYIOIUX ¢IaHIeB
=5 crase[o]? (11 59)
s
s = Pﬂ;—;‘"‘ <1290}, (11.60)
6

11.7. Pacuem npoxnadox

Ycnosue JAOIMyCKagMOro NaBjICHHA, IleﬁCTBYIOIIIeI‘O Ha MATKHE TIPOKIIAXKH:

”D b <[q] (11.61)

IS COSAMHEHHS ¢ KOHTAKTHPYIOIMMH (IaHIaMH:

R,
q= D—b-]l [4] (11.62)

cnl

VcnoBue repMETHIHOCTH VI COEAUHEHHA ¢ KOHTAKTHPYIOIHMMH (IIAHIAMH:

_R 11.63
ZD.b. K, = mp| (11.63)

cn2
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11.8. Pacuem ¢pnanyes

Vron noBopoTa ¢naHua (IPHBAPHOIo KOJLLA) TIPH 3aTAKKE:

[1-w(+0,94)
6=M, __E;"h’-—}//z (11.64)
roe M, = Fb
Ipupamenue yria noBopoTa ¢uiaHua (IPUBAPHOrO KOMBLA):
26 = A, [0 094), 0’39’1)]"’2 , (11.65)
E,h

rae AM,, =AP5b+[Qo +ﬂ+FJe.
DL"I
MakcuManbEBIH  H3rMOAOUIME MOMEHT IS COSOMHEHHA C KOHTAKTHPYIOLIHMH
drannamu;

n.Pb—(1-n l)P6a+[j)M + F](b+e)
M,, = max ” » (11.66)
Rp-Ra+| 0+  Flb+e) —]—[G]"”
Dcn2 [0' ¢
11.8.1. Pnanybi NpueapHbie eCmbik

Ocepbie HalPHKEHHA NPH 3aTAKKe B obevalike (BTyike) Ha HApY)KHON M BHYTpeHHEH
TIOBEPXHOCTAX!
- B C€4CHHH 5

o, =05 Op=-0, (167
p, Y D
" 1+8,55lg —*—1{|-1
e o = 17 Mq 7o \D+29)) | (D+2c)
C D 10541948 Do ) [P, ’
TN(D+20) ) \(D+20)

D' =(D+2c) npu (D+2c)=220(s,—c);
D'=D+c+s, mpu (D+2c)<20(s,~c) & f>1,
D'=D+c+s, npu (D+2c)< 20(s,—¢) m [ =1,
rae f onpenensercs no (46) npuiokenus 6;
- B CEUCHHH So
on=fo,, onp=-fo (11.68)

Tpupamenus oceBbIX HanpsKeHHH B ofedatike (BTYNKe):
B CEYCHHH §;

Aoy, =Acy, +Ac,; Aoy, =Acy, —Acy, (11.69)
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aM

O,+—+F
e Ao, = D, _ o = Two AM,
M r(D+2e)s,—¢)’ YoDY(s,-c)’
- B CEYEHHH 5o
Ao, =Ac, + fAc; Aoy, =Aoc,, - fAo,, (11.70)
4M
0o, +D—+ F

en

Aoy =—— P —.
e S0 =g (D +2¢)(s, —¢)

OxpyxHbIE HaNpAKEHUA B 00euaiike (BTYIKE)
- B CEYCHHH §

E®ho E®ho
oy = ———+0,30, oy = -0,30,
(D +2c) : (D+2c) : (11.71)
- B CCUYCHHH Sg
oy =030, 0y =-03f0, 11.72)

INpupaimeHua OKPYXKHBIX HAMPKEHUA B 00euaiike (BTYNKe):
- B CEYECHHUH §;]

_ EhAB + p(D+2¢) EhAG + p(D+2c)

O3 = +0,3A0, Acy = -0,3A0,
(D+2c) D, —(D+2c) _ (D+2¢) D, -(D+20) .
(11.73)
- B CCUCHHH §¢
Ao, =PL*2) o3me  Ac, =PLF2) 4306
2(s0 - C) ; 2(s0 _") . (11 74)
VeroBrE IPOYHOCTH [IPH PACcYETe CTATHYECKOM IIPOTHOCTH B CEYECHHH S
- IIPH 3aTAKKE
Jol +ol -o,0
o =maxs 0 WE L5l (11.75)
v 0'122 + 0'124 0,0

- B pabo4HX YCIIOBHAX

o = max ‘/(0'11+A0'11)2+(°'13+A013)2_(0-11+A0'11X°'13+A°'13) <15[0'] (11.76)
s1 = =" P °

‘/(0'12 +Ac>'12)z + (o'u + Ac,m)z —(c')',2 +Ao, Xa“ + Ao-u)

- B YCIOBHAX HUCITBITAHUMN:

\/(o'“ + Aoy, )2 + (0'13 + Ao-w)2 - (cr11 + AO'”XG'13 +Aa), )

\/(o',2 + Ao’lz)z +(a'u +Ao‘M)2 —(0'12 +Ao,, Xa“ + AO’H)

o, = max <2,0[c]; (11.77)
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VYenopue IIPOYHOCTH B CCUCHHH Sp.

- IIpH 3aTAKKE

RY
4,5-2.0—2 [c1};
o = max{v Ch+03 —0y0y < min ( R;?p}( ¢
50 T =
Joi +al -o,0 R
22 24 2¥ 24 4’5_2’0 Rm [o.]io

(11.78)

()

- B pabovIHX yCIOBHMAX

R
4,5-2,0—2 ;
\/(0'21 + A021)2 + (0'23 +Aoc,, )2 - (0'2, + Ao, Xc;'23 + Ao-23) < i ( R, )[G]d’

O, = max < min
2
\'(0'22 +AO’22) +(O'24 +A0'24)z —(0'22 +AO'22XO'24 +AC’2A) 4,5_2’0 Rew ][O’]
Rmm “
(11.79)
- B YCNOBUAX MCIIBITAHMHN
( 20
6,0-2,7—2 [01%;
2 ) ] ’
Jloy, +Ac,,) +lo,, + Ao, ) —lo, + Aoy oy, + A R’“] ¢
O'so = max ( 21 2]) ( 23 23)2 ( 21 ZXX 23 23) < mm mep
2 20
\[(0'22 + Ao-zz)l + (0'24 + Acr“) - (022 +A0,, X0'24 +Ac, ) (6,0 -27 R%J[U]io
(11.80)
11.8.2. PnaHybi NNOCKUE NPUEapHbLIe, M0Q 3aXuMbl U NpUeapHble KObYa
OceBble HalpsAKeHHA TpH 3aTsaxke B obedalike Ha HapyKHOH H BHYTPEHREH
TIOBEPXHOCTH:
0, =0,; Oyp=—0, (11.81)
To M,
rae o,

- (D+2c)(s—c) '
IMpupaineHus 0CeBRIX HATPSKEHHUIA.

A0'21=AG'M +AO’1; Acrn :AO'M‘—AO'l’ (11.82)
o, + M +F
D, Two AM

A E R — - S ; =0
e % = D+ 2c)(s —c) ST (s=c)

OKpy>XHBIe HalpsHKeHUs B o0evaiike (BTYJIKE):

Gy = 0,301; 0, =-0,30, (11.83)
IpupaineHua OKpYKHBIX HANPAKEHHIA:
Aoy =PLH2) o305 ag, =BLED_g3pq (11.84)
2s—c) 2s—c)
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VcnoBre NMPOYHOCTH NPH PACUETe CTATHYECKOH NMPOYHOCTH NpPH 3aTHXKKE B pabodmx
YCIOBHAX W YCNOBHAX MCTBITaHMiA MpoBepserca mo ¢opmynam (11.78), (11.79) u (11.80)

COOTBECTCTBCHHO.
11.8.3. ®nanybl c60600HbIe Ha NPUBAPHBLIX KOMbYAX
Vron noBopora ¢pnanna cBoGOTHOTO:
Fia APja
LS = 2013 + 3
EK hl V/K E!{ hK '//A

KonblieBoe HampsKeHHe:

EK hxek
o, =
D,
VcnoBue BHIMOIHEHHS IPOTHOCTH:
- B pabo4HX yCIOBHAX
g, < l,S[G]k

- B YCIOBHAX HCIBITAHMH
20
ax < Ls[a]k

11.8.4. dnaHyb! KOHMaKMupyrouue

(11.85)

(11.86)

(11.87)

(11.88)

OceBoe HanpskeHHE B olcdaiike (BTyJIke) HA HapyXKHOH M BHYTpeHHE! NOBEPXHOCTH B

PaboUYMX YCIOBHAX M YCIIOBUSAX MCIIBITAHMN:
o, + AM +F
— D cn2 + TWM 01
m (D+ 20)(.5‘ - C) D+ 2c)(s - c)z

O'“

0,+M
—_ D cn2 _ T mMOl
7 (D+2c)s- c) (D+ 20)(s - c)2
OxpyxHOe HanpsxeHue B ofeqatike (BTyike)’
p(D+2c) To M
5 = +0, 5
2(s—c) (D+2c)(s-c)
p(D+2c) To M,
= -03 n
2(s—c) (D+2c)(s—c)

Oy

24

Ycnopue Npo4HOCTH:
- B pab09HX yCIOBHAX

|

(11.89)

(11.90)

Joirol —ouon (4’5‘2’°+"‘”}"1¢;
O,, —0
O, = max{ noTms TwT }< min e (11.91)

2 2 -
Oy T 0y —030y,

(4,5 - 2,0i}[o']m

mut

|
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- B YC/IOBHUAX HCIBITAHHUH

RZO
e {6,0—2,7 o }0]20;
\/0'21'*'0'23 — 0202 . R
s = Max < min (11.92)

\/0-222 + 0-224 - 0"220'24 (6,0 _ 2’7 g;zlg j[o.]io

mut

[}

11.9. ZKecmxocmb ¢hranyes

YcI0BUE BHITONHEHHS KECTKOCTH (IIaHIEB:
lo+a6|<[6] (11.93)
Ie JOIMycKaeMblif yroi moBopoTa 1 (aHIeB NPUBAPHBIX BCTHIK

- i1 pabowmx ycnosui:  [8]=0,009 npu D < 2000mm ;
[6]=0,013 ipu D > 2000mm;

- 111 yenoeuit uensiranmit:  [6]= 0,011 mpu D < 20005m ;
[6]=0,015 opr D > 20004m;

1% dnaHIeB MIOCKHUX MPUBAPHLIX, MOJ 32KHMBI H IPHBAPHBIX KOJIE.

- U1 paGovHX yCclnoBHi [6]=0,013;
- A7 yCNOBHM MCIIBITAHMIM [0] =0,017.
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12. IIpovHOCTH H repMEeTHYHOCTH (JIAHIEBBIX COeAHHEHHH apMaTyps! H
TpPyoonmpoBoaoB

IlpouHOCTP M XECTKOCTH (HUAHUEBOr0 COSJHHEHHS OLEHUBACTCA COOTBETCTBEHHO MO
npunoxeHnsiM 2 u S ASME VIII-1 [13]. IIpu 3roM Harpysku, AeHCTBYIOIIME HA DJIEMEHTHI
(raHUEeBOro coenVHEeHUA, IOMHMO JABJIEHHS YIMTHIBAIOT BHEINHAE YCHIHUA M MOMEHTHI, & TaKXke
HArpy3KH OT TeMIECPaTypHBIX AedopMauuii, mpuuiITEle No aHamorud ¢ [5]. Taxxe mo [5]
TPOBEPAETCA NMPOTHOCTH MATKUX NPOKIANOK. D dexTHBHAT UIMPHHA IPOKIAAKH ONpPEAeNieTca KaK
B [5] (B 2 pasa Gomsmme, 9eM npu ompeneneHun no [13]), 9YT0 ydaurHIBaeTCA NMPH ONMpPENEICHUH
peakluH POKJIaJKM M HAIpY3KH Ha GOJITHI.

Pacuer ¢naHneBbix coeinHEHEA TPOBOAUTCA I YETRIPEX CIIy9aeB HATPYKEHHUA:

- pacgeT B pabouMX YCIOBHSAX OT AABNEHHS M BHEIMHMX ycummit (Q, = 0);

- pacueT B pafouHX YCIOBHAX ¢ YIETOM TEMIIEPATYpHOH Harpy3ku,

- pacueT B YCIOBHAX MOHTAXKA;

- pPacueT B YCIOBHAX MCILITAHUHA.

ITpn pemonHeHuH yenosus (11.1) pacyer NIpOTHOCTH M XKECTKOCTH (HIIAHUEBHIX COEAMHEHHH
apMaTypel ¥ TpyGOIIPOBOJOB TOIyCKaeTCs MPOBOJUTH 1o m.11

12.1. Pacuemusie cxemol
Ha puc.12.1.-12.3. npepcraeneHbl  ¢aHueBsle  COCAMHEHHS C  MCIOJHEHHEM
YIUIOTHUTEbHBIX NOBepxHOCTel dnannes mo 'OCT 12815-80.

a 5

Bl

r

!
o)

=
N - Dy
=)

(6) ucnonnenue 2-3

(B) ucnonsenue 4-5 (8-9) (r) ucnionuenne 7-7
Puc.12.1. ®nanupl, npusapusie Berbik o FOCT 12821-80
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4 B ) B
D D b
D
X = 2 I Pt = =
= Dy = Dpy > =
& & &
Dm - DPI!I - Dm
= = = vl
] D, i D, ! Dg
= /o, L /b, . L /b
(a) ucnonsenue 1-1 (6) ucnonHenwue 2-3 (8) ucnonuenue 4-5 (8-9)
Pnc.12.2. IInockue npusapusbie $umanms no F'OCT 12820-80
d LA d, ki d s .
-~ D a2 — D
# b, ¥ Dy : Dy
= Dpe  © Dpe = Dre
— [ — 3
g Dw T Dw Dy,
= D, D, : D
rltl_J Dy Ll J D, L) Dy
Dy Dy Dy
Dk [ Duk | ' Dux
(a) ncnioneenue 1-1 (6) ucnonuenue 2-3 (8) nenonmxexwe 4-5 (8-9)

Puc 12.3. ®naumn cBobogubIe Ha npuBapHBIX KoibLuax o I'OCT 12822-80

Bo3MOXXHO nNpHMEHEHHe COCMHHEHHM C pasHEIMH (DO MarepuajaM WIH pa3Mepam)
(raraMH, T.K. pacdeT MPOU3BOAMTCA JUIA KOKIOTO (JIanHIa.

ILnockue npuBapHble GAAHIBI MOTYT OHTH pacCIMTaHBI Kak 6e3 yueTa mpucoeqUHAEMOM
CTeHKH INTYLIEpa, apMaTyphl WiH TPyObl (manee cBoGoaHOro THNA), Tak U ¢ e¢ yueToM (ganee
AHTerpajsHoro Tana). Bo BropoM ciyuae, B oriimaue oT cxeM puc.12.2, coenunenne (raHues co
CTECHKOH OCYINECTBIAETCA B COOTBETCTBHH C pUC.12 4.

S'0=S

{ (e menee sp) :I“_"\

He meree 0,7 s,

| /

Puc.12.4.

PacueTHbie TeMmepaTypsl 31€MEHTOB (IIAHIIEBOrO COSTHHEHHS onpeaesaercd no tadn.11.1.
XapakTepHCTHKH MPOKIAAKA M, Gosac, K, E, IpHHAMAIOTCA MO TaGmmue 11.2.
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12.2. [Tonycxaembie HANpaAdsceHUA

Ilpu pacdere (QUaHLUEBBIX COEIUHEHWI BeNMYMHBI NOMYCKAEMBIX HANpMKEHHN A
MaTepuanos (raHNa M npusapHoro komsua [0],, ¢uanua cBoGOXHOrO Ha NMPUBAPHOM KOJIBIE

[c]:, a Taoke compsraeMoii obedaiixu (mutyuepa) [0], B pabouux ycmouax (npu paboueit

TeMIIepaType) U ycIoBHAX MonTaxa (mpu =20°C) onpeaensiores kax [14]:
@) eclH pacdeTHas TEMIeEparypa W3 YIIEPOOMCTHIX cTamed He mpesblmaer 380°C,
HH3KOJIETHPOBAHHBIX CTallei 420°C, ayCTCHATHBIX cTane# 525°C

R, unu R 20
[]= min| — 202 ,R—"‘; IR, ; (12.1)
1,5 35 35
6) eclM pacyeTHad TEMIIEPATYPA NPEBbIIAET YKA3AHHYIO B IL.(a)
[a']: min R, wm R"o'z ;Bi; LIR, ; Rm/lo’ ; RPI,OIIOs (12.1a)
1,5 35 35 125 1,0

JomyckaeMble HAPAKEHUS B YCIOBHAX HCIIBITAHMIA

[0']20= Rezo Lt S R,Zag,z
“ 11

MexaHuvyeckne CBOMCTBA MaTepHanoB MaTpy6GkoB; (aHIEeB M Kosien NPHHMMAIOTCA IO
npunoxeruio 2 [1] umu apyro#t HOpMaTHBHOM JOKYMEHTALMH IIPH PacueTHOM TeMneparype.

JomyckaeMble HanpspkeHHA Ui Matepuanos 6ontos (mmunek) [o], B pabounx ycrmoBuax
(nipu paboueli TeMnieparype) i yCIOBHAX MOHTaXa (Ipu =20°C) onpenensores Kax [14]:

a) ecnM pacdeTHas TeMneparypa A GOnTroB M3 YIICPOJMCTHIX cTajed HE NpeBHINaeT
380°C, Hu3konerupoBanmbix craneii 420°C, aycrermTHEIX cTaneit 525°C

(12.2)

>

o], m{Rjo wm R}, R_}f R, wmR,, LIR,
=

; ; 12.3
4 5 1,5 4 } (123)

6) eClIH pacd¥eTHas TEMIEPATypa NPEBHINAeT YKa3aHHAYIO B 11.(a)

B s >

[cr] = min. R‘m e R;?"z -ﬁ. R, wm RPM .l’lRm . Rmno’ . Rpl.ouo’
’ 4 5 15 4 125 7 10

} (12.3a)

JlomyckaeMble HAIPDKEHNA B YCITOBHAX HCIIBITAHHIA:
20 20
[UE _ R wmR,,
3,0

Mexannveckue cBoicTBa Aj11 GONTOB apMaTYPHHIX (PaHLEBBIX COCAMHEHMH NMpPHBEACHDI B
npuioxeruu 7 [10].

(12.4)
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12.3. Pacuem eécnomozamenbHbix e IUNUH

OddexTrHBHAA MMPHHA IPOKIATKH, MM:
a) AU IUIOCKHX NPOKJIAZIOK

D, - D, -D
b0=L£)1 npH —%SlZJMM;

b, —356J¥ pu D"—~;—Dﬂ>12,7m; 12.5)

6) s NPOKIIAZiOK OBANBHOTO YITH BOCBMMATPAHHOTO CCICHHA

b, =0,25 D—Z—D— (12.6)
Cpenunii 3¢ dexTUBHBIN JUAMETP IPOKIAIKA:
a) A ITOCKMX MPOKJIAZOK
D,=D, -b,; (12.7)
©) U1 IPOKIIA/IOK OBATLHOIO KIIM BOCEMHTPAHHOIO CEYEHHUsI
D, = B%DA (12.8)
TomaTnHBOCTE NPOKITANKA:
hK
=8 12.9
I"=ExD.b, 129
Jing Metamdeckux H acGomeTaIMIecknx npokiagok y, =0.
TlomarnuBocTs 6onTOB (IIIIWIEK) MU (raHnes:
Ls
= . 12.10
y6 Eﬂzofﬂn ( )

rae L; = L, +0,284 - s Gonra; Ly = Ly, +0,564 - mmg mmmansky; f; - NpHHAMaeTCs
no Tabmmme 11.4.
OKBMBaNeHTHas TONMIMHA BTYIKH A daHna HPHBAPHOTO BCTHIK:

s, =x(s, =€), (12.11)
x . p= (s,—¢). v )
o4 1+ﬂ (-0 "~ JD+2)s, )

Jna  mnockoro npmzapnoro HHTETPaTIBHOIO THIA W IpHBapHOro Kombna (puc.12.3)
5,=8,—c¢.

rie x =1+(8-1)

VrnoBasg noAaTIMBOCTE UIAaHIA IPHBAPHOTO BCTHIK, ITIOCKOTO NPHBAPHOTO HHTETPAIBHOIO
THIIA X PUBAPHOT0 KOJIbLA:

[1-wa+090),

y¢=——-—E;0h;—, (12.12)
1 h D, h
rae o= 5 =—; 128 /1=—;
1094 {4y, 7)) ‘75 VT 0pigy D=+ 20)s,
_D,+(D+20)
* D,-(D+2)°
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Yr0Bas NOAATIMBOCTD IJIOCKOTO IPUBApHOro ¢iannia CBOGOAHOTO THIIA:
1

= s 12.13
rae y, =1,28lg D, ;
D,
VrnoBas noAaTIABOCTE (naHua CBOGOAHOTO HA NPUBAPHOM KOTIBLE:
1
Ve = W’ (12.14)

roe y, = 1,28lg[;—"‘.

VrioBas nogaTmHBocTh $naHia co cepudeckoii HeoTOOPTOBAHHOM KphimKkoi (126.6.1, THN.6):

_[-o,q+12852 ),

Vipe E;°h3 (12.15)
1 h R,
Tae @, = =5 A= —
1+1,2854 ,+1,27424 \w, j D+2)\ (s, —¢)
VrnoBas MoJamIMBOCTh IUIOCKOH KphIKku (puc.S.1.):
X
Yo = i3 (12.16)
¥ Els,
0,67|K2 (1+8,551gK, )1
I‘llex,q,= [KP( g KP) ] - ; pr=§u;
X, -1)[1(;, ~1+ (L85TK? + 1)(“'—2) } ”
S3

VrioBas noAaTIHBOCTS (NIAaHNA, HATPYKEHHOTO BHEIIHMM H3rHOAIOIUM MOMEHTOM:
Ing (raHUEeB MPHBAPHBIX BCTHIK M IUIOCKHX NPHBAPHBIX KaK HHTETPATbHOTO THNA, TaK M

cBoGOHOTO
3
— 2 D6 .
You —(4) E;"D,‘h’ ; 12.17)
JUIS IPMBApPHOTO KOJIbLA
3
b4 D,
Yo = (:J E;DD,,/‘IS > (12.18)

rae D, =0,5(D, + D, +2h);
g ¢aHua cBo60HOrO Ha MPUBAPHOM KOJbLIE
3
n D,
B ol B v 12.19
y¢ [4] E:Oanh: ( )
Ilnegu MOMEHTOB:
AN hraHueB, IPUBAPHBIX BCTHIK ¥ MJIOCKHX HHTETPATBHOTO THIIA

b=05(D,~D,); e=0,5D, —(D+2)-5,); (12.20)
JUI IUTOCKKX [IPUBAPHBIX (1aHUeB ¢BOGOIHOTO THIIA
b=0,5(D;~D,,); e=0,5(D,, —(Dy +2¢)-5,); (12.21)

s ¢oaHueB cBOGOAHEIX Ha MPHBAPHBIX KOJIBLIAX
a=0,5D; -D,); b=0,5(D, - D,,) ;e =0,5(D,, —(D+2¢)=s,); D, =0,5(D, + D, +2h,)
(12.22)
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12.4. Kosdppuyuenmout sxcecmxocmu pnanyeeozo coedunenun
KosduumeHTs %eCTKOCTH (IaHIEBHX COEANHEHHM, HATPYXEHHBIX JABJICHHEM, a TaKXKe
BHEIIHeH oceod cuinod M H3rubalomuM MOMEHTOM, omnpemeisorcs 1O (opMmyram A
(dnannesrIx coenuHeHU#H cOCyA0B M annapaTos (m.11.4)
12.5. Hazpy3ku, deiicmeyloujue na 601mbvt (WnubKu)

Ha puc.12 5. npencrasiieHa pacdeTHas cXeMa IS ONpeeieHAs MPOYHOCTH ¢uaHua.

Puc.12.5. Harpysku, gejicteyromue Ha ¢nanen
a — MpUBAapHOH BCTHIK H IUIOCKHI IPUBAPHON HATErpaFHOTO THNA, § — CBOGOAHbIN Ha PHBAPHOM KOMbLC

I coenunenns co ceoGogHnIMH ¢(naHUaAMHM Ha [pPHBapHBIX Konbuax (puc.12.5,6)
PacnoioKEHHE CHIBI PEAKIHMH B MpOKIajiKe, IHepefalomeidicas Ha ¢raHel, He 3aBUCHT OT ee
pacnosnoxkeHus. [Ipu 3T0M U1 AaHHOTO THIA COEAUHECHMS NPHHAMAETCS:

D, =D, (12.23)
OceBoe ycunne, aelicTBylomee qepe3 06e9aliky CMEXHOTO JIEMEHTA:
7 (D +2c)*
p—g-—)— +F+ alll
4 D

<n

o, = , (12.24)

rae FF u M BHemmsAs oceBad CHila M MOMEHT, Aelicrayiomue Ha ¢nanen (F >0 mopu
pactskeHnn, u F' < 0 npu cxarny). JL1a ycnoBuit BakyyMa WiIH HapyKHOTO JaBieHus p < 0
OceBoe ycHIIHE OT JaBJICHHA Ha BHYTPEHHIOK NIOBEPXHOCTH ¢iaHma;

D? —(D+2¢)?
pn(,,. (D+20)*)

0, = 7 (12.25)
Peaxuua npokiaaky B pabodux yCAOBUSAX:
R, =|plr D,,b,m (12.26)
Harpyska oT TeMneparypHsIx AedopMariuii:
B COeMHCHHHA 14 ¢IraHIeB MPHBApPHBIX BCTHIK M IUIOCKHX MPHBAPHBIX
0 = ﬂl(a;h[% +a;,h”t¢ —aglgt, ), (12.27)
1

E20 El20 20
! Ze it —e 2
rae ”rzyn+y6&6—+(y¢ T Y Ye 7 Jb ;
E, E, E;
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B COCAUHCHHUH 1A Cl)JIaHI.[CB ¢BOOOIHBIX HA TNPUBAPHBIX KOJIbIIAX

1
Q0 = "_((a;h’ +a by, + (o, + o B, —aﬁl(,otd),

t

E20 /20 // 20 / 20 ;/ 20
2 /2 //2
e 1, =Y, +y; ——+y,——a’ +y/ —=-a" +y, £ b —b
E, E! E E, E¢

B COCTUHCHHH C KPBIIIKOHK

1
Q,=ﬂ—(a¢htd,+a h ole — a,l otg)

t

20 20
e n,=yn+y5E—go+ y¢E +y,q,E ]bz
E, E, E

Harpyska Ha GONTHL:
- B pabO9HX YCIIOBHAX

Fp=0,+0,+R,,
- B paGoYHX YCAOBHAX ¢ YIETOM TEMIIEPATYPHOM HAPY3KH

Py, =P61+Q:’

rae ), y9HTHIBaeTCa TOMLKO IpH O, > 0
- B YCITOBHAX MOHTaXa PUHHAMACTCA OOJIBIIEH W3 CeLYIOMUX 3HAUCHHH:

0,57 D, 544 s
P,, = max{0,5[c [}’ [nf6 J ;
(o1,

0’5[0-]§0 nfﬁ + 0’25” ‘Dcnboqomtc

- B YCIIOBHAX HCIBITAHUH:

Fu=0, +Q, t R,

(12.28)

(12.29)

(12.30)

(12.31)

(12.32)

(12.33)

rae Q.,, O, B R,, - onpegemorcs mo ¢opmynam 12.18, 12 20, 12.21 cooTeeTcTBEHHO

1715 Harpy30K, JAeHCTBYIOIHMX B yCTIOBHAX HCTILITAHWH.
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12.6. Momenmui, Oelicmeyrouiue Ha ranusi

MowmenT, aeictByronmii Ha ¢uanenn B pabodMX YCIOBHAX IPH LEHCTBUH BHYTPCHHETO
JaBJICHHUA:

4 D, 2 4

on

2

(12.35)
MowmenT, aefictByromuif Ha ¢uaHen B paGoumMX YCNOBHSX NpH JACHCTBUM BHYTPEHHETO
IaBJEHUA ¢ YIETOM HArpy3KH OT TEMIIEpAaTyPHRIX JedopMaIii:

My, =M, +0,05D;~-D,), (12.36)

My, =Qh, +Q,h, + R, 05(D; - D,,), (12.34)
rae wiead h; U h, B 3aBHCHMOCTH OT THNA ¢ranua (puc.12.5) onpeaensrorea mo Tabnuue
12.2.
Tabnumnal2.2
Turs! duanues Ay hy
®naHub MpUBapHLIE BCTBIK H IWIOCKME| Dy — (D +2c) 0 2D, —(D+2c)-D,,
TIpHBapHEIC HHTETPANTBHOTO THIA 2 —0,5(s, - ¢) 2
Inockue TpHBapHBIE dmaHIE D; ~(D, +2c) 2D; -(D, +2c)~-D,,
cBOOOAHOTO THNA 2 4
QnaHupl  cBoGOAHEIE HA MPUBAPHBIX D,-D, D,-D,
KOJIBLaX 2 2
IlpH feficTBHM HaPYKHOTO JABIEHHA:
Qsh: + Qoha + Rn 0,5(D6 - Dm)
M, = max 7 (D+2c)? D. -D w\D2 —(D+2¢c)? _
o [—p—(—)——F+4M}(hJ—"——°"‘]-p (D2 ))(ha_Dﬁ Dc,,]

rae (), yduThIBaerca Toabko npu O, > 0.
Ipn neficTBHU HAPYKHOTO JABICHHUS:

Q. +Qyhy + (R, + Q. J0.5(D; = D.y)
M,, = max [_pzr (D+2c)’ —F+4M](hs D, —ij_pn'(Djn —(D+2c)’)(ha D, —Dm]

4 2 4 2
(1237)
MowmeHT, aeiicTByromui Ha GaaHen B yCIOBHAX MOHTAXA:
My =P,05D;-D,) (1238)
Momenr, nefictByromuit Ha uraHen B yCTOBHAX HCIIBI TAHHIA:
My, = Qb +Qsuh, + R,,05(D; - D,,) (12.39)
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12.7. Pacuem 60n1moe (wunuiex)

VcoBHA NPOYHOCTH GONITOB (INITHIIEK):
- B pabounx ycmoBuax P,

o, ="2<lo); (12.40)
nfs
- B paouHX yCIOBHAX C yIETOM _P, )
HATPY3KH OT TEMIIepaTypHLIX AedopMarii Os = o, <13ols; (12.41)
- B ycnoB oHTAXA
B YCHOBHIX MOHT o =fo <o (12.42)
nfs
-B YCIOBHSAX HCIIBITAHHI P
Y Cu= it s [+],. (12.43)
6

12.8. Pacuem npoxnadok

Y cnoBHe NpOYHOCTH MATKUX IPOKIANOK:

P <[a] (12.44)

cn bo

q=ﬂD

12.9. Pacuem (pnranyee

12.9.1. ®naHubl! npueapHbIe 8CMbIK U NIOCKUE NpueapHbie
UHmMezpanLHO20 muna

Vc10BHE MPOYTHOCTH MU OCEBOTO HANpPsOKEHHA B 0Oedaiike (BTYIKe):
- B pabo9mx yCIOBHAX

aal

M 15[c],;2.5[c], — ong npueapruix scmuix
01 < mi I'd e

=—2 "0 __< ; 12.45
D' (s, —c)zL }’ ( )

15[c],,1.5[c]),, — onsnnockux

- B pab0odYHX YCIOBHAX ¢ y3E€TOM HArpy3Kd OT TEMIIEPATYPHHIX AcopManuii

S My,

= m <min {3,0[0']¢;3,0[0']w }; (12.46)

0a2
= B YCIIOBHAX MOHTaXKa

e}

a3

S My {1,5 [013:2.5[0]. — ons npusapneixecmeix

S At W ’ - s (12.47)
D'(s,—¢)'L 15[013;15[0] — onannockux

-B YCJIOBHAX HCIBITAHHH

S M, < {1,5 [0],:2,5[c),. — 0ns npusapubix scmbik
aa4 =

= 2 ¥ __ < y 12.48
D'(sl -c)'L } ( )

L5[c],;1.5[0], — onsnrockux
rae f B L onpenensorea no (46), (55) npunoxeuud 6;

D’ =(D+2c) mpu (D+2c)220(s, —c);

D' =D+s,+c mpu (D+2c)<20(s,~c) u f>1;
D'=D+s,+c npu (D+2c)<20(s,-c) u f=1.
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Vcnorue mpoIHOCTH AA paqHAbHOTO HANIPAKEHUS B Tapenke ¢nanna:

- B paboquX yCIOBHAX M, (1,33ke +1)
il bl ; 12.49)
n= DLhz [ ]4’ (
- B pab09HX YCIOBHAX ¢ YIETOM M (1,33he + l) .
Harpy3kH OT TeMIIepPaTypHsIX AedopManmii 0,y =T DLR < 1,5[a']¢ 5 (12.50)
- B YCIOBHSIX MOHTAXA M, (1,33Re + 1) <l (25
r3 DLW b >
-B YCJIOBHAX HCIBITaHUH M, (1,33he +1
0= 04(DLh2 )5 [o-]q,, (12.52)

rie e onpegensercd 1o (47) mpunoxeHns 6.
YcioBHe NMPOYHOCTH AJI OKPY’KHOrO HAIPAXKEHUS B Tapeike ¢nanmna:

- B pabounX YCIOBHAX
Dhgl -Zo, <[ol,; (12.53)

- B pab09HX YCIOBHAX C YIETOM YM,

HArpy3KH OT TeMIlepaTypHbIx Aedopmanuit Go2 = Dh: T <1 5[a]¢ (1234

Og =

- B YCIIOBHAX MOHTAXA Gy = YM(;3 _Zo, < [G];O; (12.55)
Dh
-B YCJAOBMAX HCIIBITAHHH YM,,
Gy = W -Zo,, <[ol,, (12.56)

rae Y u Z oupenenstores mo (51) (52) npunoxenus 6.

Kpome Toro, He06xX0IUMO BHIIIOJTHEHHE AOMOIHHTENBHBIX YCIOBHH IPOYHOCTH:

Oa ;—Grl < [G'L, ; Ca ;0',2 < 1,5[0.14’ : On ;arB < [0'](2: : Ta ;arﬂ < [O_L; (12.57)

g—“’%s[a]‘»; Ui—;g"—z-sl,S[o'L; U"g—ta‘”-s[a];?; o."+‘;&s[cr]@,. (12.58)
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12.9.2. QnaHybi c80b600HbIe Ha NMPUSAPHBLIX KONbYAX U NIOCKUe
npueapHbie ¢c60600H020 muna

VYcnoBue NPOYHOCTH I CBOGOAHBEIX (praHIeB Ha NpPUBapHEIX KOJBLAX M IUIOCKHX
HPHBApPHBIX QIaHLEB cCBOGOIHOIO THIA:

- B pabo9MX YCIOBHAX YM
Tg =D_ohlz- S[O'L,(k); (12.59)
LI
- B paGovHX YCIOBHAX € YIECTOM M, .
Harpy3KH OT TEMITEpaTypHBIX AedopMarmit G2 = D. .kt <15 [a]¢(k> > (12.60)
@0
- B YCIIOBHSAX MOHTaXa YM,
G = ﬁ <ol (12.61)
#ky Mk
-B YCITOBHAX HCTILITAHMH YM
Gy = # <[o],4- (12.62)
By k)

12.10. Kecmxocme hnanyee
VcnoBre BBITONHEHHS KECTKOCTH (IAHIEB NPHBAPHEIX B CTHIK M IUIOCKUX, BHIOJHEHHRIX
Kak €IUHOC LEJI0C:
52,14M 7
<1,
LE (s, — cf (D +2¢)s, - 0K,

(12.63)

rae M, =max{M0,; MOS};

V5 L onpegematores 1o (53,a); (55) npunoxkenus 6 cOOTBETCTBEHHO;

K, =03 - xoabduuueHT XecTKOCTH IS (UIAHIEB NPHBAPHBIX B CTBIK H IUIOCKHX,
BBIIIOJIHEHHBIX KaK €IMHOE HEJIoe.

VcnoBue BBIMOIHEHMSA KECTKOCTH (bHaHI.IEB INMOCKUX TMPHBAPHBIX CBOGOZ[H()I‘O THIIA H
¢danueB cBOGOIHBIX Ha IPHBAPHBIX KOJBLIAX:

10944, ___, (12.64)
Ed)(k)h(k) ln(K)KL

rae K onpenensercs no (48,6) u (48,8) npunoxenns 6 nna GUIaHIEB IOCKUX NIPUBAPHBIX
¢cBOOOHOTO THIIA ¥ KOJIELl COOTBETCTBEHHO;

K, =0,2 - xoaddHIueHT XKECTKOCTH A% (IAHLEB IIOCKHX NPHUBAPHEIX CBOOOIHOTO THIA
¥ (pradnieB CBOGOAHHX HA IPHBAPHBIX KOTbLIAX.
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13. IIpodYHOCTH H KECTKOCTH MECT BPE3KH MITYNEPOB

Meronuka mpexHasHa4eHa M9 pacuyeTa NOPOYHOCTH M JKECTKOCTH MECTa COCAMHCHHSA
TYLIEpa ¢ COCYAOM (aIaparoM).

TogHOCT pac4eToB Ha IPOTHOCTH COCYAOB, AlllIapaToB U TPYOONPOBOJOB B MECTE BPE3KH B
3HAYHTENBHON CTENEHH ONPEAEICTCA YIETOM KECTKOCTH (ITONATIIMBOCTH) Bpeskd. Kak mpasuno,
OpH pacueTax Ha NPOYHOCTh TPYGONMPOBOAHBIX CHCTEM CcoeAMHEHHWe TpybompoBoja # cocylda
(anmapaTa) 3aMeHeTCd MEPTBOM ONOpPOiH, 9TO NPHBOAWT K TONYYCHHIO 3aBLIIICHHBIX YCHIMH H
HAMPSKEHUH B y3JI€ COeNUHEHUA.

Meroarka KOMIUIEKCHOTO pacdeTa JKECTKOCTH M HANpPXKCHHOTO COCTOSHHA Y3JI0B BPEe3KM
WITYLIEPOB CO3JaHa Ha OcHoBaHuU [15-19] ¢ yderom nopMaTuBHBIX JokyMeHTOB [1,10],
PErIaMEHTHPYIOIIMX MPEAENbHO JOIYCTHMBIH YPOBEHD HANPSIKEHUH.

13.1. Pacuemnas cxema

Ha puc.13.1. npeacraBneH 3CKM3 H pacyeTHas MOIENb MECTa COCOMHCHHA INTYHEpa H
OANTHHApAYECKOi 06eaaiKy.

d
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13.2. Ycnosun npumenenun

Bo Bcex pacuerHBIX cIydadX WITyHep OPHMEHSETCA K OAHHOYHOMY OTBEDPCTHIO, IIPH 3TOM
och INTyUepa HODKHA OBITh HampaBieHa NO HOPMATH K MOBEPXHOCTH o6cwaiikd. VYciosus
PaccMOTPEHHA OTBEPCTHA KaK OJHHOYHOTO PaccMOTpEHH! B 11.10 4.

Ilpp pacueTe Ha DOPOYHOCTH MeCTa COEJMHEHHA NAaTPYOKOB C UHIHHAPHIECKHMH
o6eqaiikaMi HEOGXOAUMO BBHINTOJIHEHHE YCIOBHHA:

00015<—"_<o1. 001" <o1; 001< 212
D+s+c d+2s D+s+ec

0,01<-2+25 JD””sw RER))
D+s+c s—c

Ipu pacdere Ha IPOYHOCTh MECTA COEAMHEHHA NMATPYOKOB C BHIMYKIBIMH JTHAIIAMH:

<0,6;

0,0015s—3"% <o01; 001<3"% <01, 007< d+25 <4,
D+s+c d+2s, 1/(D+s+c)(s—c)
025<>2"% <10 (13.2)
5, ~c,

Ilpn onmpeneneRMH XECTKOCTH (HOJATIIMBOCTH) MECTA COEAMHEHHS B HMIHHIAPHIECKOH
obeqaiike:

s
+S

0,0015<—"—<0; L—(2Lm+d+2sl)>-§; 4*28 o4

D+s

02<2<10;  001< d+2s

5, J(D +5)s

Ilpu ompeneneHHM XeCTKOCTH (NOJATIMBOCTH) MeCTa CoeqUHEHHS B cdepHIeckoH
obeuaiixe:

<10 (13.3)

s d+2s,

<0,1; <04;  0,07<-2F2
S

D+s J(D+5)s

0,0015 < D <4 13.4)
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13.3. Ilpounocms mecma epe3ku wmyyepa

13.3.1. O6wue nonoxexun

Ilpu pacuere obeuaiiku 1 mrynepa, paboTalolMX NOoA AeHCTBHEM BHYTPEHHEIO JaBNEHMA
P ¥ BHEWIHMX Harpys3ok Fr, Mc, Mj B MecTe COCQUHCHHS ONPENENAIOTCs MECTHBle MeMOpaHHBIE
Omé Omx W MECTHBIE H3THOHBIE Obg Oy HANPAXKEHU B OKPYXHOM (&) M mpomoiibHOM (x) (B
clydae ITYIEpa OCEBOM () HaNpPaBISHAW COOTBETCTBERHO (puc.13.1).

Hanpsxenus B pac4eTHBIX TOUKax 1-8 onpenensioTes kak:

Ot = T moco) T Tson) (135)

Ilpn onpenenenrn MeMOpaHHBIX M M3rHOHBIX HANIPAKEHHE HCTIONB3YIOTCA 3aBHCHMOCTH
Oe3pasMEPHBIX OTHOCHTENBHBIX NAPAMETPOB HANIPKEHMH OT IeOMETPHYECKMX XapaKTEPHCTHK
aMeMeHTOB Bpeskd [15,16). Ilpu sToM, 3amaBas Harpy3kd, HeoOXOIHUMO YUMTHIBATH 3HAKH.
IlonoxuTenbHbEIE 3HAYCHHA NODKHEI COOTBETCTBOBATH HAIPABICHHAM CTPENIOK HA pACUETHOH
cxeme (puc.13.1).

Ilpu HarpyxeHuH WITYHEpa KPYTAIMM MOMEHTOM Mr, M CABHTOBHIMH cHllaMH Fc, Fi B
ofemaifie W WTYHEPE CO3MAIOTCA KACATENBHEIC HAMPOKEHUSA Tor.

Jins olEHKM TIPOYHOCTH MeCTa COeOUHEHWA IOTYIEpa ¢ cocyaoM (ammapaTtom)
HCHONB3YIOTCH MakCHMalTbHhIe 3HaueHHs [10]:

- [pPHMBEJCHHBIX MECTHBIX MEMOPaHHEIX HANPSKEHHAN OT JABJCHUA O, ;

- DpHBENEHHEIX OOmMX (MecTHeie MeMOpasHEle + MecTHBle M3rHOHbBle -+obIxHe
TEMIEpaTypHble + HANPSHKEHMS KOMIICHCAI[MM) HalIpSXXKCHHH OT COBMECTHOIO JACHCTBHA
BHYTPEHHETO JaBJIeHNA ¥ BHEIIHAX HAarpy30K HAIIPSKEHHI B PaCIETHBIX TOUKAX Cpy .

Jng ydeTa BIMAHMA BHEMIHWX HATPY30K HA MECTHBIE MeMOpaHHBIC HATIPSKEHHSA BBOIMTCA
JONONHHTENbHbIH KPHTEDHH JUid TNPUBEAEHHBIX MECTHBIX MEMODaHHBIX HAUpPAXKEHHH OT
COBMECTHOr'O AeHCTBHA BHYTPEHHETO JaBlIeHHs W BHEIIHHX HATPY30K O;.

ITprBencHHbIE KBHBANICHTHBIE HANPKEHAS ONPEACIIOTCA 0 KPHTEPHIO MaKCHMalbHBIX
KacaTe/IbHAIX HATIPAIKCHUH U1 IIIOCKOTO HANPAKEHHOTO COCTOSHUS:

%[o', +0,+4/(0,-0,)’ +4r;}
\I(O-B _o-x)z +4T;c

TIpy 5TOM npHBeAeHHBIE MeCTHbLie MeMOpaHHbIe HANPSKCHHA OT JABJEHHA O, HE
IOJDKHBI TIPEBHILIATE

o, = MaKCUuManoHoe aGconiomnoe 3nasenue (13.6)

o, <13[0] (13.7)

O6mmue (mectusie MeMGpaHHble + MecTHbie H3rHOHBlE +06LiMe TemmeparypHble -+
HalpAKEHHA KOMICHCALMM) WPHBeICHHbI¢ HANPSKEHHA OT COBMECTHOro [JeiicTBHA
BHYTPEHHEr0 NaBJeHHS H BHEWHHX HArPY30K Op, B DaCuCTHHIX TOYKAX HE IOIIKHBI

IPEBHILIATH:
R
(2,5 - 202 J' Rp0,2

Opy Sming 2R, , (13.8)

Rm /10
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IlpusenenHble MecTHhIe MeMOpaHHbIe HANDPIKEHHS] OT COBMECTHOro JeiicTBHA
BHYTPEHHET0 AAB/ICHHA H BREIIANX HATPY30K O, HE JOIDKHbI IIPEBLIIATD!

o; <1,5[o] (13.9)

B ¢opmymax 137 - 139 HOMHMHAJIBHOE  JONYCKAEMOE  HaNPAKCHHE
(0] = min] R, R Ra
15 726" 15

Ilpu HamMMMM CBAPHBIX WIBOB B paiioHE BPE3KH AONMYCKaeMBle HANPAXKEHHS YMECHBIIAIOTCA C
ydaetoM ko3¢ dHmieAToB MPOTHOCTH CBAPHHIX COSHMHCHHMHN.

IpH HanW9My HAKJIATHOTO HJIM BBAPHOTO KOJIBIIA, 4 TaKXe TOpOOOpasHOH BCTaBKHM pacder
ofeualixy u mrynepa BKIIOYaeT B cebg ompefencHHe HAUpKeHHH B 30HE HEMOCPEACTBEHHOM
BPE3KH LITYLEpa AHAMETpoM d B obedaiiky ¢ cyMMapHo# TommuHO#i ofeqaiiky caMoro cocyna u
HAKTATHOro KOJbIA (S+52) (B ciIydae TopoobpasHoif BCTABKH WIH BBAPHOIO KOJIbIa NPHHHMAETCA
¥X TONIIMHA 5 ).

Kpowme Toro, A 06e9aiikil IPOM3BOIUTCA ONPENCIICHHE HAIIPSHKEHUH IO KPalo HAKIIATHOTO
KOJbIla C JKBHBAIEHTHBIM AHAMETPOM d=(d+2l,+2s;) m TonumaHo# obevaiikm s (B cmydae
TOpooGpa3HoM BCTABKH WK BBAPHOIO KOJIbIA JUAMETP NPHHUMAETCSA paBHEIM d=d+2]/+2s;).

13.3.2. LunuHdpuveckan obeyaiika

IIpr ompenencHWM HanpsokeHWd B IMUIMHAPWIECKOH ofewaiike  MCIONB3YIOTCA
OTHOCHTE/TbHBIE 0e3pasMEpHBIE YCHIHS H MOMEHTH, KOTOPbI€ 3aBHCAT OT TeOMETPHUESCKHMX
napaMeTpoB obeuaiiku ¥ ¥ mrtynepa p. I'paduxn 3asucumocreii mpuseness B [15].

Bespa3MepHBIH reoOMETPHIECKHH napaMeTp IATHHAPHYECKOi obeualiku:

7= R, , (13 10)
(s—0)
rae R, = 2%2 - cpezHuii paguyc obedaifku,
bespasMepHsiil reoOMeTpUMECKIHA NapaMeTp IOTyepa:
0.875
B= —i;i, (13.11)

_d+2s

IIe 7, 5 ~ BHEIUHMI pafuyc narpy6xa mryuepa.

OmHocumenvHole 6e3pazmepHvie YCUIUA 1t MOMEHNIbL 8 OKDYIICHOM HANPAGNEHUU
Ry - MEMOpaHHOE yCHiIHE OT AeHcTBHA F,
Mg - H3rubaromuii MOMEHT ot AeHcTBHA Fy,
Pg . - MeMOpansoe ycunme or M.,
Mgy - A3THGArOLHE MOMEHT oT fefcTeaa M.,
Pz - MEMOpanHoe ycumue or M,
Mg, -M3rAOAIOINHI MOMEHT OT AeHcTBHA M,

OmnocumenvHeie be3pasmeprvie YCUNUSA U MOMERMbL 8 NPOOONTLHOM HANPAGNEHUY.
N,z - MeMOpaHHOe ycuiine OT AeHcTBUA F,

m,, - u3rHGarolmi MOMEHT OT AeHCTBHA Fj,
Py - MEMOpaHHOE yCHIHE OT M,

My, -M3rHCAIOIII MOMEHT OT AcHcreus M,
5.0 - MEMOpaHHOE ycHiHE 0T M,

My, - A3TAGAIOMKIT MOMEHT OT aeiicTBHA M

CTII 10-04-02 123



13.3.2.1. Pacuer HanpsxeHui oT cuant Fy
Oxpy>xHpie MeMOpaHHEIE HANPSOHKEHUS OT CUITBI Fr
F,

G o (Fr) =g —2— 13.12
mﬂ( R) EFRM(S_C) ( )
Oxpy>kHple M3ruGHbIE HATIPAXKEHHUA OT CHIIBL FR!
Gy (Fr) = mge —E (13.13)
(s-c¢)
IponomsaBle MEMOPAHHBIC HAPAKEHWAS OT CHALL Fg:
F
o, (F)=ny —=2— 13.14
mx( R) XF Rm (S _ C) ( )
TIpononsHble H3TMOHBIE HANPKEHUA OT CHIIBE Fg:
6F,
Oy (Fp) = My — (13.15)
(s~0)

13.3.2.2. Pacuer HanpsieHH 0T H3rH6aIIEro MOMEHTA B OKPY>KHOM HaNpaB/IeHHH

OxpyxHbIe MeMOpaHHbIe Hanps:KeHUs OT MOMEHTa M(:

M
M) = —_ 13.16
amﬂ( C) nWC R,f,ﬁ(s—c) ( )
Oxpy>xHble H3rHOHbBIE HAaNPSXKEHUs OT MOMeHTa M(.
6M
Cpo(Me) =gy R,,,ﬂ_(s——i pY 13.17)
IponosbHele MeMOpaHHbIE HANPSXKEHUS OT MOMeHTa M(:
M
o M)=n,~——— 13.18
mx( C‘) XMC R:,ﬂ(s—c) ( )
IpomonbHEle H3rUGHBIE HATIPSKEHHS OT MOMEHTa M
6M,
o (Mo)=mye——5—— 13.19
bx( c) XMC Rmﬁ (s—c)2 ( )

13.3.2.3. Pacuer HanpsuKeHHH 0T H3ruéamero MoMeHTa B HPOAOJILHOM HANPaBJACHHH

OkpyxHbie MeMOpaHHbIE HATIPXKEHHS OT MOMEHTA M

M
o, ,(M,)=ng; ——1+— 13.20
mo( L) MRiﬂ(S—C) ( )
Okpy>KHbIE H3rHOHBIE HATIPSDKEHHUA OT MOMEHTa M
6M
Cop(M,)=my, ——L— 13.21
50 ( L) ML R,,,ﬂ(s—c)2 ( )
TpononsHble MeMOpaHHbIE HANPKEHAS OT MOMEHTa M;:
M
o, (M)=ng4, ——*—— 13.22
mx( L) XML R:,ﬁ(s—c) ( )
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IIpogomnsHble H3THOHBIE HATIPAXEHUS OT MOMEHTa M

6M,

S 1323
"o R B (s-o) (132)

Oy (ML ) =
13.3.2.4. Pacuer HanpsiKeHHH 0T KPYTAMIEro MoMenTa My

Ot kpyrdimero MOMEHTa B COCTHHEHHM IOTYIepa H o6eualixd BOIHMKAIOT KacaTeJbHBIE
HalpSKEeHHS!
M T

To
13.3.2.5. Pacuer nanpsokenuii or capurosbix can Feu Fy

Cuml F¢ u F; co3paroT MemOpaHHLIE€ CABHTOBBIE HANPSXKEHHA B NPONONLHOM (T.1-4) u
OKPYXHOM (T.5-8) CEUEHHH COOTBETCTBEHHO:

r,=—tc (13.25)
7 ry(s—c)

Ty = _ (13.26)
% ry(s—c)

13.3.2.6. Pacuer Hanpsokennil 0T BHYTPEHHEr0 AABJIEHHSA
IIpeanosxeHHbIH METOX OCHOBAH Ha JIBYX NommymeHusx [19].
1. Cpepuue 3madeHus HANPOKCHWA B PACYCTHOM 30HE YKPEIUICHUSA OTBEPCTHS Oy,
ONPENeNAIOTCA M3 OTHOLICHHM CHIIB JaBICHHS K INOIMAAH MOMEPeYHOTO CEYCHHA B Ipelenax
pacqeTHo#M oGnacTu

2. MemGpasHbie HanpSOKEHHS HMEIOT JIMHeHHOE pacipeieieHre BAOIb 30HEI YKPEIICHHS
otBeperud (puc.13.2),

e Oy, - HANPKEHAT B obeuaiike BHE pacuCTHOM 30HEI;
O g(xyep = CPEAHHE HANPMKECHNS B PACIETHOH 30HE YKPEIUICHHS OTBEPCTHA;
Cgwyp - MECTHBIE MeMOpaHHBIE HANpPOKEHHA B PacyeTHBIX TOYKAX CONPAKEHHS
mrynepa 4 obegaiixu.

|
‘75‘15:);:
2
W S
~ Rl
' Y w Sy
: -
0| in X

Puc.13.2. Pacnipesienienue HanpsAxKeHu# B pacueTHOM 30He INTYLEpa
MeM6bpaHHbIe HANPAXKEHHA B PACIETHBIX TOYKAX:

Cop = 200w ~ Toan 13.27)
TAe G4,y - CPEAHEE HANPSIKEHHE B PACIETHOH 30HE YKPEILIEHHS OTBEPCTHA;

O gxyo - HANPOKEHHE B 0Gealike BHE 30HBI YKPEIUICHHA.

CTII 10-04-02 125



MectHOE MEMOpaHHOE OKPY)KHO€ HAIPSXSHHE OT BHYTPEHHEIO JIABJICHMS B 30HE BPE3KU
IMTYLIEpa NPEACTABIIETCA B BHIE:

D+((s+s,)-¢)

% =P Ty (13.28)

rae lg - xodpdyuueHT MHTeHCHHKALMM HANpSKEHAA OT NABICHHA B ITPOAONBHOM
ceyennu obeqaiiku (1.1-4 puc.13.2). Jna nonepednoro cedenns (1.5-8) Iq =1.

PacgetHas cxema s onpexaenenua koddduimeHTa WHTCHCH(HKALHMH B TIPOJOTHHOM
CeUeHUH IpeAcTaBiieHa Ha puc.13 3.

Puc.13.3 PacyeTHas cxema INTyliepa B NPOAONLHOM CedeHMM obeuaiiku

Kos¢pduuuent nHTeHCHPHKAUMM HATNPKCHUN OT BHYTPEHHETO JABJICHHA B NPOJOILHOM
CedeHNH:

- 2(s+8,)—O(d +2¢,)Uig — )+ (D+26)y +5, +0,5d)] »
P (D+(5+8,)~ N5~ ) +lig(s;—¢,) + IS, +hp(s; —c, —c )+ (A7 + A2 + A2 )|

(13.29)

rae
min {8(s —c); 24J0,5D(s — c)} npu s, <0,5(s -¢)

I = min{lO(s -¢); 2«/0,5D(s — c)} npu s, >0,5(s-cyul, 22(s—c) - pacyeTHas
min{%(s—c+s2); 2#0,5D(s—c)} npu s, >0,5(s—c)ul,>8(s-c+s,)

JTaHA o0edalku;
I = min{S(s -¢); (s—c+s,+0,55\/d(s, —c,) +0,5A 2)} - pacueTHas AJHMHA BHEIODHEH

9aCTH LITyLEpa;
1,, =min{l,;/ +} - pacueTHas JTMHA HAKNANHOTO NHCTA;
I, =miny,; 8(s—c+s,); (0,55./d(s,—¢c,—c,)+ O,SA)} - pacueTHas JJIHHA

BHYTpeHHel YacTH IITyLepa.
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Mecthoe MEMﬁpaHHOG TIPOAOIBLHOE HATIPSKCHUE OT BHYTPECHHETO JaBIICHMWA:

_ D+((s+s,)-¢)
Oy 1,,,17———-——4((S+S2)_C) , (13.30)

PacyeTHas cxema 1ns ompeleneHus KodpdHUMEHTa WHTCHCHDHMKALMA B TIONEPETHOM
ced4eHMH NpeJcTaBIcHa Ha puc.13.4.

Puc.13.4. Pacuernas cxema mryllepa B MONEPEIHOM CEYCHHH 00€YalKi

Kosdpduuuent uHTeHRCHGUKAIMN HANPKEHUH OT BHYTPEHHETO AABICHHS B IOIEPEYHOM
CEUCHHH:

. 2(s +5,) - )2(d + 2¢,)(1,z — ) + (D +26)(Up + 5, + 0,5d)]

X = “1

T (D (5+5,)— N (5 =) + g (s, ~¢,) + LS, +hnls; —¢, —c,) +(A2 + A2 + 43|
(13.31)

Jins npononbHoro cevenns (1.1-4) I, =1.
Ecmu pacuernsie ko3dduiuaeHTs gy, < 1, TO 114 onpeseneHus OKpyKHBIX ¥ IPOJOIBHBIX
HAMpsKEHUH BO BCEX PACUETHBIX TOYKAX BPE3KH HCHONB3YIOTCH CICAYIOMIHE BHIPAKEHMS:

D+((s+s,)-¢)

04 =(0.5+051,)p 2W515,)-9)

(13 32)

D+((s+s,)—c)

o, =(0.5+05
» = 2P s+ 50)-9)

(13.33)

B cnyyae ecmm /[, <8(s+s,—¢), Upu omnpedeneHHH HampskeHud u xoaddummenta
HATCHCH(UKAMM BMeCTO (S+5,) HEOOXOAMMO MOACTABIATh s (TONIIHHON HAKIAAHOTO JHCTa
npenebperaior).

HanpsokeHna na kparo 30HH HaKIamgHOTO kKosbla onpexendiorcs mo (13.28, 13.30) mpu
ycnosuy, uro I, =1, s, = 0.

13.3.2.7. Pacuer HanpsKeHH} NPH NPOH3BOJIBHOM CJIOKHOM HATPYXKEHHH

B o6mem ciydae Bce NPHIOKEHHBIE BHEIIHHE HATPY3KH Ha INTYNEp MOXHO Das3jIOkKUTh IO
TPEM HalpaBICHUAM, T.€. NPEINCTABHTh Kak OJHOBPEMEHHO Ne¢HCTBylomme Cwil Fg, Fc, Fi, n
MoMeHTsI Mc, My, My. Tlocne onpemenennsa HanpsbkeHHMM OT AEHCTBYIOIMX CHI W JaBIICHMS,

CYMMApHBIC HANPMHKCHMS B pacueTHhIX Toukax (1-8) ompenensoTcs ¢ y4eToM 3HAKOB COTIIACHO
Tabm 13.1.
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Ta6mmua Ne13,1

MecTHBIE HAPAKEHUA (C YIETOM 3HAKOB) 00€9alKH B PACIETHRIX TOYKAX 30HEl BPE3KH,
HarpyXeHHOM BHYTPCHHHM JaBJIeHHEM U BHEIIHAMH Harpyskamu cornacio WRC Ne107

®Gopmyna Ne Oxpyxaple HANDSKEHAN, Op 1(2(314 [ 516178
1312 Membpannsie o1 Fg - 1-1-]-
1312 MemOpannbie 0T Fr l-1-1-
1313 HsrubHeie 0T F -+ -]+
1313 H3rubHeie ot Fg B N
1316 Mem6panssie oT M, N
1317 Hsrubusie ot Mc s+ ] -
1320 Mem6panHbre 0T M}, -+
1321 HarnGHbie ot M;, -+ [+ -
1328 OKpyKHBIE HAIPSOKEHUA OT JABIECHHA O, e R R R

CymMapHsie MEMOPaHHBIE OKPYKHBIE HATNIPSOKEHUS Oyng

CyMMapHbIe OKpYXHble Hanpmkenns oy (13 5)

dopmyna Ne HpoxoasAble HANPSKEHHS, O, 11213{4|5]|6|7]8
13 14 Mem0GpanHsIie OT Fg -1-l-1-
13 14 Mewm6Gpannsie oT Fi -|-1-
1315 Wsrubusie ot F AR E:
1315 HaruGHsie oT Fg -+ -1+
1318 MewmGpanssie ot Me J IO (PN P
1319 H3ru6GHeie ot Me d+l+1
1322 Mem6panrmie ot M, o1+l
1323 Hsrubusie ot M;, -+ ] -
1330 TIpoxo/bHbIE HATIPDKCHHA OT JABNECHHS Oy LA R A R R R Rl

CyMMapHBie MeMOPaHHBIE NPOAOJIBHBIE HAMPSIKEHHA Oy

CyMMapHbie poAOJIbHEIE HANIpxkeHUA o, (13 5)

1324 ChBuTOBRIC HANPSDKEHHA OT M, L Bl Rl B R I
1325 CrBurossie HaNpsHKEHHA OT Fc + 1+~
1326 CrBUroBsie HANPSHKEHHA OT Fy, L B s

CyMMapHEie CIBHI'OBBIC HAPDKEHASA Tq,

139 IIpusenennbie 06mne HANPSKEHHA O,
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13.3.3. Mampy6ok wmyyepa, coeGuHeHHb! ¢ YUTUHOPUYecKol
o6evaiikoil

Taioke Kak 1 B cirygae numuHApudeckod ofeualixu, IpH pacdeTe MPOYHOCTH MATPYOKOB B
MECTE COEAMHEHMA MHCIONB3YIOTCA Oe3pasMepHBle YCHWIMA M MOMEHTH B 3aBHCHMOCTH OT
reoMeTpHYecKHX napameTpos [16].

BespasMepHble reOMEeTPUYECKHE NapaMeTphl:

1= d+2s, /D+s+c’ (1338
D+s+c s—c

=ﬂl_’ (13.35)
sl -—cs
p=59 (13.36)
(sl —c:)

OmnocumenvHbie Ge3pazmeprble YCUNUL U MOMERMbL 8 OKpydicHoM (6 ) nanpasnenuu.
ng. - MeMOpaHHOE YCHIIHE OT AeHCTBHA Fjy,

Mg - M3rHOAIOIIMIT MOMEHT OT AedCTBHA Fj,
gy - MEMOpaHHOE ychne ot M,

Mg, - M3THOAKOIIHMI MOMEHT OT NEeHCTBUS M,
Ngn - MeMOpaHHOe ycHiMe oT M,

myg,, -M3rubaroIuit MOMEHT OT AeHCTBHI M,

OmuocumenvHvie Ge3pasmeprbie YCURUS U MOMERMBL 6 0C6OM (Q) HANPaGAeHUY
Ny, - MeMOpaHHOe yCrIHe OT AeHcTBHuS F,

My - W3TUGAIOIMH MOMEHT OT AelicTra Fj,
Npyge - MEMOPaHHOE yCHIME OT M,

My, - H3THOAIOIIHI MOMEHT OT JedicTBua M,
Pryg - MEMOpaHHOE younue oT M,

My, - A3rAGAIOIIMH MOMEHT OT NeHCTBHA M,

13.3.3.1. Pacuer naups:kennii or caanl Fg
OxpyxHble MeMOpaHHBIe HANPAXKECHHA OT CHIBL Fg:

Fy

(T—CT (1337)

O o (Fp) =nge

OxpyxHpie HM3rHGHBIE HANPAKEHMA OT CHIB Fr 10 CpaBHEHHIO ¢ MeMOpaHHBIMM
3HAYUTEILHO HHXeE, NO3TOMY HX 3HAYCHHIMH IpeHeOperaroT.
OceBbie MeMOpaHHbBIE HAMPAKEHUS OT CHIIBL Fr'

0,.(Fp)= EA&, (13.38)

e A= %((d +25, ) —(d + 2, )2) - pacueTHas IWIOMA/Ib NOTIEPEYHOr0 CeqeHus NaTpy6Ka.
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Ocesbie H3ru0HBIE HANPSKEHUS OT CHIIBI Fig:

F,
G (Fr) = [6mRF = 3npe ]_—R-z'
(Sl - cs)
13.3.3.2. Pacuer RanpsKeHHH OT H3IrHGAIOIMEro MOMEHTA B OKPYKHOM HANIPABJICHHH
OxpyxHBIe MEMOpaHHbIe HanpsSXKEHUA 0T MOMEHTa M¢

(13.39)

M

M= R
Gms( C) Basc (s—c)z(d+2sl)

(13.40)

OxpyxHble H3rHOHBIE HANpPOHKEHHS OT MOMEHTa M O CpaBHEHUIO ¢ MEMGPaHHBIMH
3HATMTENBHO HHKE, TIO3TOMY HX 3HAUYeHHAMH npeHeGperaror.
Ocepble MeMOpaHHBIE HANPSKEHHA OT MOMEHTA M :

Gma(Mc)=%c—, (13.41)

i ld+2s) - (@+2e))
: 32(d +2s,)

MONEPEYHOro cedeHus narpyoxa.
OceBble H3rHOHbBIE HANPSHKEHUS OT MOMEHTa M¢:

rae

pacueTHBIA MOMEHT COMPOTHBICHHMA M3THOY

05, (M) = (6m1wc - S”M)( M

B — 13.42
5;—¢,) (d+2s) ( )

13.3.3.3. Pacuer HanpsoKeHHH 0T H3rHGAI0IEro MOMEHTA B IPOAOIBHOM HANPABICHHH
OxpyxHble MeMOpaHHbIE HANIPAXXEHHA OT MOMEHTA Mj.

M

M - L
Ono M) = ot (e a25)

(13.43)

OKpyXHble HW3rHOHbIe HANPOKEHUS OT MOMEHTa M N0 CpaBHEHHIO ¢ MEMOpaHHBIMH
3HEYUTETILHO HIDKE, IO3TOMY HMX 3HATEHUAMH mpeHeOperarot.
Oceprle MeMOpaHHBIC HANPAXKEHUS OT MOMEHTa M :
M L

Ca(M,)= A (13.44)

5

OceBbie H3ruOHbIC HAIPsSDKEHHA OT MOMEHTa Mf:

Opa(M ) = [6mpy, — 3nm]( M, (13.45)

s, —c,)(d +2s,)

13.3.3.4. Pacder HanpskeHHii 0T KpyTAIIEro MoMenTa Mr

Or KpyTAIIErO MOMEHTA B COSAMHCHAN IITYNepa X 06eHalKH BOSHHUKAIOT KACATEABHbIE
HATIPAKECHUSA:

MT

=7 13.46
2z r02 (Sl - cs) ( )

Tar
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13.3.3.5. Pacuer uanps:kennii or caBurossix cun Fcu Fi

Cumnl Fe u Fp co3paror MeMOpaHHBIE CABHMIOBBIC HANPSKEHHA B MPONOTBHOM (T.1-4) M
OKPYXHOM (T.5-8) ceveHHH COOTBETCTBEHHO.

Fe
== 13.47
Fo mr (s —c,) ( )
Fy
=+t 13.48
o 7 r(s, —c¢,) ( )

13.3.3.6. Pacuer HanpskeHnii OT BHyTPEHHEr0 JaBJICHHS

MecTHble MeMOpaHHBIC HaNpsXKEHHS OT BHYTPCHHEr0 MaBIICHHA OMNpPENe/LIOTCA B
3aBHCHMOCTH OT K03(pHIHEHTOB HHTEHCHHKAITNK HanpsxeHHs lqgy)p, (13.3.25, 13.3.27).
Okpy*HO€ HanpsKeHHE OT BHYTPEHHErO NaBJIeHAS B POAOIbHOM cedeHuH (T.1-4):

_ D+((s+s;,)—¢)
%o = 9P (s +5,)-0) (1349)

Jns nonepeunoro ceuenns (1.5-8):

Gy =1, p 2t E15)-0) (13.50)
4((s+s,)—¢)
OceBple HanpsXK€HUA OT BHYTPEHHETO [aBNE€HHA B NPOXOJBHOM cedeHuu (1 1-4)
onpenensored 1o gopmyne (13.3.46) mpu 7, =1. [ina nonepeqnoro ceyenus (1.5-8) mo popmyrne
(13.3.45) opu I, =1.

Ecmu pacuernbie k03dduunenTsl g5, < 1, TO A ONpeNeNeHHs OKPYXXHBIX HaNpKEeHHUI B
npoAoNsHOM cedeHHH (T.1-4) ¥ OCeBBIX B IomepedHoM cedeHuH (T1.5-8) wHcmons3yercs
3aBHCHMOCTH:

D+((s+s,)-¢)

2((s+s5,)-0) (13.51)

Opap =(0.5+ 0.51&, )p

Jns onpeneneHHa OKPYXKHBIX HaNpPXKCHHI B 1ionepedHoM ceuyeHum (1.5-8) W OCeBHIX B
NPOJONBHOM ceueHMH (T.1-4):

D+((s+s,)-0)

=(0.5+0.51
Toor =03 P s v -0

(13.52)

B cayuae, ecmu /, <8(s+s,—C), OpH ONpedcNCHHH HanpakeHud H Koddduumenra
HHTCHCH(HMKALMH BMECTO (s +5,) HEOOXOAMMO MOACTABIATE § (TONIIMHOM HAKIAZHOTO JIHMCTa
npeHedperaror).

13.3.3.7. Pacyer HanpsukeHHIi NPH NPOH3BOJILHOM CJIOKHOM HATPYKEHHH

B o6meM cnydae Bce NPHIOKEHHbIE BHEIMHHE HATPY3KH Ha INTYLEP MOXKHO Pa3jIOXHTh IO
TPEM HaNpaBlCHHAM, T.€. NMPEACTAaBHTh KaK ONHOBPEMEHHO AelicTBylomme cWmnl Fg, Fc, Fi, u
MOMEHTH Mc, Mj, Mr. Tlocne ompeneneHus HanpsHKEHHH OT ACHCTBYIOIMX CHI M AaBJICHHA
(m.13.3.3.1. — 13.3.3.6.), cymMmMapHBie HanmpsUKeHMs B pacueTHBIX Touxkax 1-8 (puc.13.1.1)
OIIPENENAIOTCA € YIETOM 3HAKOB cornacHo Tabi. 13.2.
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Tabauna Nel3.2

MecTHble HanpsXkeHU (C YI€TOM 3HAKOB) Narpy6ka B pacueTHBIX TOYKAX 30HBI BPE3KH,
HATDYXX€HHOM BHYTPEHHMM J4BJICHHEM H BHELIHUMH HArpy3kamu coriracHo WRC Ne297

tdopmyna Ne OKpYyXHbI¢ HAIPSAKCHHS, T 31415161718
1337 Mem6panubie oT F i -1-]-
13 40 MemGpanubie 0T Mc -l-iF
1343 MewMGpanHsle 0T M}, + |+

13 49-13 50 OKpy2KHBIE HAIPDKEHHA OT JABJICHHS T, nall Sl il el s

CyMMapHbIe MeMOpPaHHEIE OKPYXKHBIC HATIPSDKCHUS Oy

CyMMapHBIe OKPYKHbEe HAPAOKeHHA oy (13 5)

OceBble HANPSKERHSA, O, 314|5)|16|7| 8
1338 Mem6pasHsie oT Fi N [ U ) I It
1339 HWarubHele ot F - -t
13 41 MemGpanHsie oT Mc - |- +
1342 Hsrubusie ot Mc -+ -
13.44 Mem6GpaHHsie 0T M}, +
13 45 H3rubHble oT M; -
13 49-13 50 OceBble HANPHKEHUS OT JABJICHHA Oy +F |||+
CyMMapHbie MEMGpPaHHBIE OCEBbIE HANPAKEHHA Opg
CyMmapHbIe ocesble HanpkeHus o, (13 5)
1346 CaeHrossie HANPSOKEHAA OT M, ol Bl el il il s
1347 CaBHIOBLIC HATIPKSHUA OT Fro -1-
13 48 CHBUrOBBIE HATIPAYKEHMA OT F, ==t
CyMMapHBIe CBHIOBbIC HAIPKEHNA Tg,
139 Hpusesennbie 06lnne BAUPSKEHHS Oy,
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13.3.4. Cdcbepuyeckas o6onoyxa

PacueTHas cxema BpE3KH LITyIEpa B ChepHIeCKyo 060104Ky NpUBEAEeHA Ha puc 13.5.

Pnc. 13.5. PacdeTHas cxeMa coeMHEHHd IUTYIIEpa CO CTEHKOI cocyna

PacuetHas cxema BpeskH mITymepa B cdepuueckylo 060709KY MOXKET TakKe
UCTIOTIB30BATECA [IPH ONPEACICHHH MPOYHOCTH M JKECTKOCTH BPE3KH INTYLIEPA B 3JUIHNTHYECKOE
JHHIOE.

I[Tpu atom a4 ompenenenns R, BMeCTO AuaMeTpa D MCHONb3YeTCs PAcYETHBIA AHAMETP
UM YUTHOTHYECKUX aumm (puc.13.5):

2 2 _ 172
p =D | D -4HY) (13.53)
»T2H D’

Ilpu onpencnenun Hanpsxenuii B chepraeckoit 060/109Ke HCOONB3YIOTCA OTHOCHTENIBHBIE
6e3pa3sMepHEIE YCHIIAA B MOMEHTHI, KOTOPBIC 3aBHCAT OT T€OMETPHYECKHX NApaMeTpoB 060I09KH H
narpy6ka U, y u p. I'paduku 3asacumocreit npuseaeHs s[15].

Be3pasMepHEle reoMETPHIECKHE TAPAMETPEL;

%

U=—2t— 13 54
VR, (s~¢) ¢ )

r
y=—" (13.55)

(s,—c,)
d+s +c, o
rae r, = - cpeqHmii pagHyc narpyoka.
(s=9)

= =7 (13.56)

(s, -c,)

OtHocHUTeIbHEIe 6e3pa3sMepHBIe YCHITHS B MOMCHTHI B TaHTeHCANbHOM (0 ) HanpaBiIeHAH'
Ny - MEMODaHHOE YCHIRE OT JeHCTBHA F,

My = MITHOAIOLIAH MOMEHT OT AckcTBHA Fp,
Ng, - MeEMOpaHHOE youmue 0T M, ,
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Mg, - ASTHOAOLIMI MOMEHT 0T M,

OTtHocHTeNbHEIE 6e3pa3sMepHbIe YCHITHA ¥ MOMEHTH pagranbHoM (X) HanpasieHAR:
Ry - MEMOpaHHOE YCHITHE OT BeHCTRUA Fj,

My, - K3rHGArOINH MOMEHT OT AekcTBua Fj,
Ny, - MEMOpaHHOE yeume 0T M, ,

My, - H3rHGaromui MOMERT oT M) ,,

13.3.4.1. Pacuer nanpsuxkenmnii or cuant Fp
TanrencanpHele MeMOpaHHBIE HANPAKEHHAA OT CHIIBI Fg:

F,

G o (Fp) = gy —2— (13.57)
o\L'R oF R (s—¢)
TaHrencaxbHbIe H3THOHBIE HANPSXKEHUS OT CHIIEI Fg:
o (Fr) = mg 6y > (13.58)
(s-¢)
Panpanpubie MeMOpaHHLIE HAPSKEHUS OT CHIBI Fr:
F R
T (Fg) =npp 5 (13.59)
(5-0)
PanuansHble H3rnOHBIE HATIPSOKEHUA OT CHITHI Fg.
O (Fp) =My, 6F% 5 (13.60)
(s-9)

13.3.4.2. Pacuer HanpsxeHuii OT H3IrnGa0mmMx MOMenToB M; u M;

TanrencansHele MeMOpaHHbBIE HATIPSKCHUSA B PacdeTHHIX TOUkax 1-4 oT MOMeHTa M; u B
togxax 5-8 ot MoMeHTa M>:

M
= S 13.
O (M)=nyy, Y '_——R_(s—c) (13.61)

TanrencanbHble M3THOHBIE HANpsKEHWT 0T MOMEHTa M, B Todkax 1-4 m oT MOMEHTa M) B
TO4KaX 5-8:

6M
M) = B o 13.
Cho(M)=myy, G—c)? {—_R,,,(s—c) (13.62)

Pagnanbaeie MeMOpaHHbIe HATIPSOKCHHA OT MOMEHTa M) B Toukax 1-4 ¥ OT MOMEHTa M; B
TOYKax 5-8:

M
=gy, 13.
Cpn(M)=np, P (13.63)
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Paguanerpie W3rHOHBle HanpsxkKeHHA OT MOMeHTa M; B Toukax 1-4 u ot MoMeHTa M; B
Toukax 5-8:

G (M) = my, (13.64)

6M
s-¢)? 1IR,,,S

13.3.4.3. Pacuer HanpsoKenu# OT KPYTHINET0 MOMenTa My

OT KpyTAImMEro MOMEHTA B COETHHCHUM INTYIIEPa H 06e9aiiki BO3HHKAIOT KacaTelbHEIE
HaOpAKCHAA:

M;

P T (13.65)

Ta

13.3.4.4. Pacuer Hanpsokennii oT cABHroBbix cua Frn F;
Cumnl F; B Toukax 5-8 u F; B Toukax 1-4 co3aaroT MeMOpaHHEIC CABUIOBBIC HATIPSXKEHHA:

F,

1(2)

(13.66)

P« N
* T rr(s—c)

13.3.4.5. Pacuyer Hanpskennii oT BHyTpeHHEr0o JaBJICHUA

MecTHrie MeMOpaHHBIE HANPMKCHHS OT BHYTPEHHEIO JABICHHS ONPEICIAIOTCA B
3aBHCHMOCTH OT k03(pPHIAEHTa HHTCHCHPUKANKKE HANPAKEHHS, TOJYYSHHOTO A8 MONEPEYHOrO
ceqenns obevaiixu (13.3.27) Ig, = Lp.

OxpyxHOe HalpsKEHHE OT BHYTPEHHET0 JaB€HHS BO BCEX PACYETHRIX TOUKAX:

D+((s+s,)-¢)
Oy, =1y, Di(sts)=0) (13 67)
4(s+s,)—¢)
IIpononsroe (panmansHoe) HANPSKEHHE OT BHYTPEHHETO OABJIEHHA BO BCEX PaCYETHBIX
TouKax onpeznensercs no gopmyne 13.67 npu 1, =1.
Ecnu pacuernbiii kosdpdumuent g, < 1, To ANS onpencNicHHs OKPYXKHBIX M OCEBBIX

HANpPMKEHUH BO BCeX PAaCUETHBIX TOYKAX BPE3KH Ucmonbayercd koaddunuert mureHcubuxarmm
pasubiif (05+0.5/,,)
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13.3.4.6. Pacuyer HanpsKeHHHl NPH NPOU3BOJILHOM C/I0XKHOM HATPYKEHHH

B ofmem cioyuae, Bce NMPHIOXKEHHBIE HArPY3KH Ha INTYLEP MOXHO Pa3loXkHTh IO TpeM
HanpaBJIeHHAM, T.€. NPEICTABATH KaKk OXHOBPEMEHHO AeicTBYyIomue CHibl Fr, Fi, F>, 1 MOMEHTHI
M;, M, My. Tlocne onpenenenus HanpsXXKeHu OT NEHCTBYIOMAX CHNI u aasnenud (m13.3.4.1 —
13.3.4.5.), cyMMapHBIe HanpsXCHHA B paceeTHBIX Toukax (1-8) onpemensiorcs ¢ y4eTOM 3HAKOB
cornacHo Tabi. 13.3.

Tabnuna Nel13.3

Mecrarie HanpsxkeHHA B cdeprieckoit 060I0uKe B 30HE BPE3KH IITYLEPa, paboTaromero mox
JeficTBHEM BHYTPEHHETO IABICHHUS ¥ BHELIHUX Harpy3ok cornmacko WRC Nel07

dopmyna Ne OxpyxHbie (OTH. IATP.) HANPSIKEHES, g 1[2[3]4]5]6[7|8
1357 MewmGpanHbie ot Fr L R R R R BN
1358 H3ruGrele ot Fi
13 61 MewmO6pasHbIe 0T M,
1362 HWsrubusie ot M;
13 61 Mem6pannkie oT M;
13 62 H3ruGueie ot M;
1367 OKpy>KHEIE HANPDKEHHA OT JABNCHUS Ty, ud b Gl bl sl kbl

CyMMapHbie MEMOPaHHBIE OKPY)KHBIC HATIPSIKCHNA Opg

CyMMapHBie OKpY’KHEIC HanpaxeHua oy (13 5)

PagaajbEbie (OTH. DATP.)HANPIKEHHES, Oy 11213(4(5(6[7]8
13 59 MemGpakHbie oT Fr -lel-l-]-1-]-]-
13 60 Hsrubusie ot Fr RN P I S O O O
13.63 MeM6paHHbIe OT M; --1F T
13.64 H3rubusie ot M, o il I
1363 Mem6pannbie ot M, - - [+]+
13 64 Warubnnie ot M; -+ -
13 67 PajuaibHBle HANPSOKEHHA OT JIABNEHHA Oy il el Bt el Bl il Bl s

CyMmmMapHEIe MeMOpaHHBIE IPOIOABHBIC HANPDKEHAA Oinx

CyMMmapHsie POXONBHEIE HanmpsokeHus o; (13 5)

1365 CuBUTOBEIE HAMPSDKEHHUA OT M, Bt bl 5l sl i
13 66 CABHroBHIE HAMPAXKEHHA OT F; (-1
13 66 CnBUTOBEIE HANPAXKCHUA OT F7 +l+-|-

CyMMapHBI¢ CABHTOBBIC HATIPSDKEHHA Ta

139 TlpaBesennbie 001IAe HAIPAXKEHASA Oy,
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13.3.5. Mampy6ok wmyuepa, coeduHeHHbI cO chepuyeckol
o6ono4koii

Ilpu pacyere narpybka HCIONB3YIOTCA OTHOCHTEJIBHBIE Ge3pasMepHbIe YCHITHS X MOMEHTHI,
TIOJTy9eHHbIe IIpH pacueTe chepHaeckoi 060N0IKH.
13.3.5.1. Pacuer nanpsuxennii ot cunnl Fg
OxpyxHEIe MeMOpaHHBIE HANPIKEHAS OT CHIEL FR:

Fr

W (13.68)

O o (Fr) =g

OkpyxHble H3THOHBlE HaUpsXKeHUs B NaTpyoke OT cmnel Fg 1O CPAaBHEHHIO ¢
MeMOpaHHBIMH 3HAYATENBHO HHXE, IOITOMY UX 3HAYEHUAMM MIPEHEOPErasoT.
OceBsle MEMOpaHHBIE HATIPSOKEHHUS OT CHIBL Fr:

am(FR)=%R, (13.69)

roe A= %((d +25, ) —(d +2¢, )2) - pacteTHaq IIOMmANb IONEPETHOTO CEUeHHs NaTpy6Ka.

OceBrle H3ruGHBIE HaINpAXKCHHA OT CHIIBI Fg nas Bcex PACYCTHBIX TOYCK:

Fr

4o (Fr) = [6mpe - 3"m]m

(13.70)

13.3.5.2. Pacuer Hanpsokenmil oT m3rnGalomero momenTa M)

OxpyxHbie MeMOpaHHEIE HATIPSKEHHSA B PACUCTHHIX TOUKaX 1-4 0T MoMeHTa M) M B TOukax
5-8 ot MoMeHTa M>:

0 o (M) = ng, (13.71)

(s —c)z(d +2s,)

OxpyxHble WIrHOHBIC HANpPSKEHUS OT MOMEHTAa M) MO CPAaBHEHHIO ¢ MeMOpaHHBIMH
3HATUTENBHO HIDKE, IO3TOMY HX 3Ha9eHHAMH MpeHeOperalor.

OceBble MeMOpaHHBIC HaNps)KeHHd OT MOMeHTa M; B Toukax 1-4 um or MoMeHTa M; B
TouKax 5-8:

(M)= M 13.72)
o-ma - Wv * ( .
e W" (@+25) —(@+2c,)")
32(d +2s,)
TIOTIEPEIHOrO CeUeHHA narpybka.

OceBrle H3rUGHbIE HAUPSXKEHHS OT MOMEHTa M) B Toukax 1-4 u or MoMeHTa M; B
TOUKax 5-8:

pacdeTHBIi MOMEHT CONPOTHMBIICHHA H3rHOY

M

Cp(Mc)= (6mRM - 3ngy )m

(13.73)
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13.3.5.3. Pacuer HanpsKeHHi 0T KpyTAIEro MoMmenTa Mr

OT KpyTALIEero MOMEHTA B COSAMHEHNH IOTYIEPa U o6eqaiiky BO3HHKAIOT KacaTe/IbHbIE
HAMPSKESHHUA:

M,

=T 13.74
27["02(5"1 -c,) ¢ )

To

13.3.5.4. Pacuer HanmpsikeHHH OT ¢ABHIOBLIX cua F;n F;
Cuml F; B Toukax 5-8 u F, B Togkax 1-4 co3maloT MeMOpaHHBIE CABUrOBLIE HAIIPSKCHHUS:

F,

1(2)

STy (13.75)

Txﬂ

13.3.5.5. Pacuer HampsKeHHH 0T BHYTPeHHEr0 AaBJIeHHA

Kak u B cmygae mma chepudeckoit obedaiikn, MecTHEIE MeMOpaHHble HAMPAKEHHUA OT
BHYTPEHHETO JaBNEHWs ONPENENsIOTCs B 3aBUcCHMMOCTH OT xoddbdwuimenta uHTeHCHdMKaH
HaNpsHKEHHUA, NOJTyICHHOTO /I8 TIOTIEPEIHOr0 cedeHuA obeuaiikn (13.3.27) Ig = Ip.

OxpyXHOe HaupshKeHHe OT BHYTPEHHETO AaBJICHHS BO BCEX PACYETHBIX TOUKAX:

_ D+((s+s,)-0)
Oy =1, ——_4((s+s2)—c) (13.76)

OceBoe HanpsDKEHME OT BHYTPEHHErO JaBJIECHHSA BO BCEX PACUCTHBIX TOYKAX OIpefesfeTca
no ¢opmyrne 13.3.72 ipu 1, =1.

Ecmn pacuerHslii koopduimeHnT [ < 1, TO 14 OmpeseneHHs OKPYXHBIX ¥ OCEBBIX
HATPSOKEHHH BO BCEX pACUETHBIX TOYKAX BPE3KH BMECTO Koddduimenta uureHCAPHUKAUMH B
dopmye (13.3.72) noacrasnsercs sepaxenne (0,5+0,51,,)

13.3.5.6. Pacuer HanpsxeHHil NPH NPOH3BOJILHOM CJIOKHOM HATDPYXKeHHH

B o6meM cnydae Bce NPWIOKEHHbIE BHEIMTHHE HATPY3KH HA INTYLEP MOXHO PA3JOXKHTH 1O
TpeM HAIpaBIICHWAM, T.€. IPEACTaBHTh Kak OJHOBPeMEHHO nelcreytoummue cumsl Fr, Fe, Fi, ®
MoMeHTH Mc, Mj, Mr. Tlocne onpeneneHus HanpskeHHH OT JEHCTBYIOIMX CHI H AaBJICHHA
(m.13.3.5.1. - 13.3.5.6.), cymMapHBie HanpsXKeHUS B pacuerHumX Touxax (1-8) ompenensiores ¢
Y4eTOM 3HAKOB cornacHo Tabm. 13.4.
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Tabnuua Nel3.4

MecTHBle HanpskeHHs (C yIeToM 3HAKOB) MaTpyfKa B pacIeTHBIX TOUKAX 30HBI BPE3KH,
HArpyXCHHOMN BHYTPEHHUM JaBNCHHEM U BHEINHUMH Harpysxamu cornacHo WRC NelQ7

dopmyma Ne OKpyKHbIe HAIPSIKEHHS, O 3[4|5]6(7]8
13 68 Membpannsie ot Fr
1371 Mewm6panHsie 0T M,
1371 Mewmb6pannsie ot M,
13.76 Okpy:KHBIE HATIPADKEHAA OT NABIECHHA Oy,

CymmapHbie MEMOPaHHBIE OKPYKHBIC HATIPSDKEHHSA Opp

135 CyMMapHEBIE OXPYKHBIE HATIDSKCHUSA Op
OceBrbie HANPSKEHHS, T 3141516|7]8
13 69 MemOpannsie ot Fx -l-f-1-f-1-
1370 Hsrubusie ot Fx
1372 Membpanusie ot M,
1373 H3ruGHuie o1 M;
1372 Mewm6pannsie ot M,
1373 Harnbusie ot M,
1376 OceBble HaNPAKEHHA OT JABNEHHA Oyp
CymmapHsie MeMOPaHHBIE OCEBBIE HANPSHKEHUA Oy,
CyMMapHBI€ OCEBHbIE HanpskeHm1 g, (13 5)
1374 CaBUroBbie HATIPAKEHHA OT M, +H|+Hi+ |+
1375 CrBUroBsi¢ HanpsKeHus ot F; - -
1375 CaBHTOBEIE HANPSKEHUA OT F; - -
135 CyMMapHbI€ CIBHIOBBIC HANPSOKCHHA Tg,
139 IIpuBenennsie 06MAe HANPSKEHHS Oy,
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13.4. Kecmkocmb Mecma COeOUHEHUA wWimyyepa

13.4.1. O6uue nNosIOKEHURA

Pacuer xecTkocTelt (mogaTMBOCTEH) MECTa COEAMHEHNA IITYLIEPA C COCYROM (almaparom)
TIPOM3BOJUTCA B TpeX HAIIPaBJICHUAX:
- JnHHeHHAaA KeCTKOCTb BAOJIb OCH mTyLepa (ocepas), K, ;

- YrIoBas XeCTKOCTh B NONEPETHOH NiocKoCTH obeuatik, K, ;

- YIJIOBas XKECTKOCTh B IPOAOIBHOH IIOCKOCTH ob¢c1aiiky, K .

CooTBEeTCTBYIOIAE  YKA3aHHBIM XECTKOCTAM MOJATIHBOCTH MPEACTaBAAIOT  coboit

1 1 1
o0paTHBIE BEJIMIHHEI —; ——

K, K, K,
Cas13u mTynepa ¢ obeqaiikoll B OCTANBHBIX TPEX HANPABICHUAX MPHHAMAIOTCA abCOMIOTHO
xecTkuMH. TToaaTIMBOCTH B 3TOM Ciy4ae 3aar0Tcd PaBHBIMH HYJIO.
B cinyuae ecnM KOHCTPYKIES BPEe3KH LITyuepa M ob6cqaiiki He yJOBIIETBOPAET YCIOBHAM
npuMeHeHus (cM. 1.13.2)) (HanpuMep, HaKJIOHHBIH IITYLEp) LENECOOOpa3HO NMPHMEHHTH METOX
KOHETHBIX 37IEMEHTOB.

13.4.2. Lunundpudeckas oGeyaiika

OmpeneneHHe OCEBOM IKECTKOCTH BPE3KH INTyHepa B LIIHMHAPHYECKYIo obedaliky

. ER
OPOBOJHTCA C TIOMOLIBIO 3aBHCHMOCTEll Ge3pasMepHOro mapameTpa [6‘ F"' OT IeOMETPHUIECKUX
R

" R C L,
XapaKTEepHCTHK JeTanel Bpesku| —= |, | — | a | =% | [17], npeacraBneHHsIX Ha puc.13.6,
s

R, R,
rae & - mepeMelleHHe WITYHEPa BAOIb €ro OCH;
R, = D+s _ CpeHHii paguyc HIUHAPHIECKOH obeqaiixy 6e3 yuera KOppo3HUH;

L, - >pdexruBHad pmuHa UMIMHAPHYECKOH obevalixu, B ClIydae CMEIIEHHA OCH HITyLEpa
2

OTHOCHTENBHO LieHTpa obevaiiku Ha L,,, L, =L - L"‘ (puc.13.1);

C =0.425(d + 2s,) - npHBeAeHHEI paauyc MTyLEpa.
OceBas xecTKOCTD INTyLEpa (pagHanbHas 06euaiiki) B MECTE BPE3KH ONPEACIIAETCS Kak:

F, _ ER
Kg="R=_—"m _ 13.77
R=5 [ERM} (13.77)
o—=n
FR
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Puc.13.6. OTHOCHTENILHOE paJjuanbHOE NEpeMeIeHHe 00cYaiikn B 30HE BPE3KE MTYNEpa

Jns onpeneneHns H3rMGHOM eCTKOCTH BPE3KH MITyNepa B onepedHodl Ky M IpOJONBHON

M &L
K nnockocTax obeqaliku HCNOMB3YIOTCA 3aBUCHMOCTH Ge3pa3sMepHBIX NapaMeTPOB E‘(_) oT
S Pocry
d+2s) |2R L s
TEOMETPHMECKHX XAPaKTEepHCTHK netaneit Bpesxu A _d+2s) 2R, , A=—72— ul-—|,
2R, s J 2R, s 5

NpejCTaBeHHBIX Ha puc. 13.7 , 13.8.

e M,,, - usrHbGaomui MOMEHT B TonepedHOM (6 ) u mpoaonsHOM (L) HanpaBIeHHAX
06eqalixy COOTBETCTBCHHO;

@pyy = YTON TOBOPOTA MTYHEPa OT H3rHbaloOmero MOMEHT B nomepednoM (6 ) H
NMpOAOIBEHOM (L) HAIIPABJAECHAAX COOTBETCTBEHHO;
207 -8L%

ob - sbdexrnBHat umHa 00ewalikd AN onpeleneHHs HU3TMGHOM

CL+2,J025 - 12
JKECTKOCTH.
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OTHOCHTENILHOE YTIIOBOE NEPEMEIICHHE B IPOAOJILHOM ILIOCKOCTH nipu A =10

Puc.13.7.

.
4,
1
P

cecenndaan-

Puc.13.8 OTHOCHTENLHOE YITIOBOE MEPEMEIIEHHE B NONEPEIHOM INIOCKOCTH 00e9aiiku

H3rn6Had XKecTKOCTh B OKPYXHOM H IMPOJOJILHOM HaIlPaBICHUAX:

(13.78)

Ipu HaMHYHE HAKJIATHOTO KOMBI@A XKECTKOCTD BPE3KH IITYLIEPa 3aBHCUT OT €10 IMPHHHL /,

Ilpu ompeneneHNH ECTKOCTH HCIONB3YETCs AOMYLICHHE, 4TO TepeMEIeHHs

H TOJIIMHBI §,

142
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IITyllepa NOA AelcTBHEM CWIOBHIX (haKTOPOB OImpeAeNsAroTCes Kak CyMMa NepeMeLIeHHil mTynepa
IOHAMETPoM (d+2s;), BpezanHOro B oGeualiky ¢ TOMIUHOM (S+s3), H NEPEMELICHHMI IITyLEpa ¢
pacyeTHBIM AuaMeTpoM (d+2(s;+l)) n obedaiikoit Tommunoi s [17].

XecTkocTh (MOAATNMBOCTS) INTYLEPA C YKPEIUICHHEM OTOOPTOBKOH ONpeaedeTcs TaK xKe,
Kak ¥ i mrynepa 6e3 yxpemieHus. B To jke BpeMs mTynep ¢ yKpeIwsieHHEM BBapHOI TOPOBOi
BCTABKOH HJIM BBAPHRIM KOJBIIOM PACCUHTBIBAETCA KAaK INTYLEP ¢ YKPEIUICHHEM HAKIaJHBIM
KOIBbIOM. B kauecTBe IIMPHHB HAKJIaOHOTO JIMCTA HCIOJB3YETCS IIHPHHA TOPOBOM BCTaBKH
(BBapHOTO KONBLA) BMecro pacueTHON TOMMMHBI S,=(5+s;) NMPUEUMAETCA TONIOHHA TOPOBOMA
BCTAaBKH (BBApHOTO KOJBLE) S .

B Cly9ae HCIONB30BaHHMA NPOXOIAIMX UITYUEPOB BHYTPEHHHME YaCTH IIPH pacyeTrax
KECTKOCTH HTHOPHPYIOTCA

13.4.3. Cghepuveckas obeualiixa

Onpezenenne XeCTKOCTH B MECTE BPE3KH LITyLEpa B cdeprueckyo o6eqaiiky BROIb OCH
2

Es
WITyUepa NpPOM3BOJAUTCA ¢ TOMOIIBEO 3aBHCHMOCTH Ge3pasMepHOro mapamerpa | & oT
R%%m
N . 0.91(d +s,) .
TEOMETPHYCCKOH XapakTepHCTHKU geTaneil Bpe3kH | u =T—R_— [17], mpencraBneHHOM Ha
s
m

puc.13.9.

PacuerHas cxema Bpe3km 1TyHepa B cdepmueckyio obedaliky, Kak M B CiIydae
MPOYHOCTHEIX PACYCTOB, MOXKET TakKe HCIIOJIB30BATHCA IPH ONPEJETIECHHH XECTKOCTH COSAUHEHHS
IOTYIIEpa B JIUIMOTHYECKOE THUIIE.

IIpu s10M M1a ompexleneHus R, WCNONB3YETCS PACUETHBIA TMAMETP [VIA 3IUTMIITHHECKHX
aHum 1o (13.53).

Puc.13.9. OrHOCHTENBHOE pafHALHOE NIEpEMEINCHHE ITYLIEpa

PagnanbHas sxecTkoCTE 06eqaliky B MeCTe BPE3KH INTYLEPa ONPEeEIIeTca Kak:

2

| SR — (13.79)
R|s Es

F.R

m
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} OT TEeOMETpHYECKOHU

Ry
s

J Es?
M

Jns onpeaeneHna u3rHOHOM KECTKOCTH BPE3KH IOTYLEPA B IVIOCKOCTH JEHCTBHS MOMEHTA
)), napexacraeiieHHo# Ha puc.13.10.

M wcnonesyercs 3aBHCHMOCTE Oe3pasMepHOro IapameTpa [

Puc.13.10. OTHOCHTENEHOE paTuaNBHOE IIEpEMEINCHAE Kpad MITyLepa

ITo moTyueHHBIM IEPEMELICHHAM ONPEeIeIOTCA YITIOBBIE IEPEMEIUEHHUS OCH ITYLIEpa:

(13.80)

H3rubHasg KeCcTKOCTh BPE3KH UTyNCpa:

TakuM o6pazom,

(13.81)

Ilpy ompeneneHMH >ECTKOCTH Bpe3KH INTylNepa IpPH HAIWYMH HAKIagHOTO KOJbLA,
OT6OPTOBKM, BBAPHOW TOPOBOM BCTABKM MM BBApPHOTO KONBLA WCHONB3YIOTCA MOMYIUEHHS,

NPHHATBIE A1 LUIMBApUYecKoi obeqaliku (cM. m.13.4.2).

144
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14. Cocyanl ¢ pydamkamu

Pacuer cocymos ¢ py6amkaMH Ha IPOYHOCTH H YCTOHYMBOCTH IPOBOAMTCA HA OCHOBAHHH

[21].
14.1. Pacuemnsie cxemol
PacueTHBIe cCxeMbI cocynoB ¢ py6amkamu npaBeAeHs! Ha puc. 14.1-14.4
S D
!
~ 2 D, |
]
-~
)
14
a 6

Puc. 14.1. Cocyns! ¢ U-oGpa3noii py6Gamkoi
@ — C COTIPSHKCHUEM IIPH MTOMOIIM KOHYCa, 6-c¢c COIPSDKCHHEM ITPH [TOMOINH KOJbLIA

a 6

Puc. 14.2. Cocyasl ¢ IMIHHIPHYECKOH pybarikoi
a — C COMPSDKEHUEM [IPH MOMOLIM KOHYCa, 6-C CONpsikeHMeM NpH MOMOIM KONbLA
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tat
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a 6
Puc.14.3. Cocynsl ¢ pyGamKaMy, CONPHKEHHBIMA € KOpITYCOM COCYZa aHKEPHBIMH

Tpy6aMu WK 0TGOPTOBKOH
a - ¢ 0T60PTOBKOH, 6 ~ C aHKEPHBIMU TpyGamd

A
-
Q

m
ff/

A
—T
)
X = =5
< -_J)q
—X
= =
Facll By wam + 9
— J
— 1
——opl——
_ =
 e— —
e——

Puc. 14.4. Cocyasl co 3MEEBUKOBBIMH KaHaJIAMH
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Puc.14.5 Cocymsl ¢ perHCTPOBBIMA KaHATAMH
Obwjee ycnogue npumerenus:
Pacuersnie QopMynaEl npUMEHMMBl NIpM yCHOBHH, 4To B pybamke aeHicTBYeT TOJBKO

H30BITO9HOE BHYTPEHHEe JaBieHue ( p, > 0).

14.2. Cocyowt ¢ U-0bpasnoii pybawixoii

Yenoeus npumenenus:

D 1. 0001 <03 221 <1 (14.1)
D D D s

JIng conpspKeHHiA PpH MOMOINK KOHYca:

a=30° a=45° pamayc oroprosin 5, = £ =035 (142)
1-cosa
JUta conpsixeHus TIPH MOMOIIM KOJIBIA:
h, 21,55, - ama U-o6pasuHoii pyGanmiu;
0,5vDs > h, = 5, ~ A1 NATAHIPHIECKOR pyGammku. (14 3)
JluaMeTp OKpY>KHOCTH CONPSXXEHHS PyOalllki ¢ JHUIIEM COCYAa:
d, <0,4D, (14 4)
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14.2.1. Lunundpuveckue obevaiiku

Pacyer numanppudeckux obedaek pybamkd M cocyfa Ha BHYTpeHHEe M3OBITOUHOE
JasneHme nposBoaurca mo 1.3 2.1 PacueTHoe xaBneHHe A PyOalnkH paBHO p; M pacdeTHOE
JaBleHHe o cocyna p, ecnu p > 0,

Pacyer mmnmuHapAIecKoi 06eualiku cocylia Ha Hapy>KHOE AABICHHE NPOBOAUTCA Ho 11.3.2 2.
Ilpu p < 0 3a pacyerHoe naBlNeHWe ANS BCETO COCYAA NMPHUHHMAETCS | p|, a a8 30HbI pybamxu

p2+ |p|. Ilpu p > 0 pacueTHOE AaBIeHHE B 30HE pybauiky paBHO p;. PacqeTHble THHBI UL BCETO

cocyaa L u nnd 30HH py6Gamku / onpenenstorcs mo n.3.1.

Iwnvaapuveckad CTeHKa COCYZa ¢ KOJBUAMH >KECTKOCTH pacCuMThiBaeTcs mo 1m.3.3.
Hanpapsiomue Cupany pacCMaTPUBAIOTCA KAk KOJIBIIA XKECTKOCTH, €C/IM BBINOTHEHEI CIIEAYIOLIME
YCIOBHA:

a) mar CIUpaNH f; go/DkeH G6bith He Gomee 0,3 D. Ecim 9HCIO BHTKOB HAaNpaBIArOLICH
CIHpPAIH p; < 1, TO UMIMHApPHIECKas 06eqalika pacCIUTHIBAETCA KaK ITaKas;

6) 3a pac4eTHYIO AMMHY [, NPHHHMAETCA PACCTOAHHE BAOIb OCH COCYAa OT KOHEUHOH TOUKH
pacaeTHOH AnuHEI (puc.14.1.1) 10 TOYKM 3aMBIKAHHS NEPBOTO BHTKA HANpPABIAIOMEN CHHpay,
OXBATBHIBAIOIIETO BCKO OKPYKHOCTh cocynda. Jd HampapisiomMX CHHpaiei, BBITOTHEHHBIX ¢
KOHUEBHIMW KOIBLAMH, [JIMHA [; TNPUHAMACTCS PABHOH PAaCCTOSHWIO BIONL OCH COCYAA OT
KOHEYHOH TOYKH pacyeTHOMN JUIMHEI A0 KOHIIEBOTO KOJBIIA,

B) PacYeTHBIC AMMHH b, [; u [, ipn pacuerte 1o 1.3.3. onpeaensioTcs o popMmynam:

b = max{t, —#;1, - 0,5t}; (14.5)
l
I, = : (14.2.6)
n -1
I, =mm{,,t+1DG—c)} 14.7)
h

I) IOOEPEeYHOEe CeUeHHEe HANpPaB/MIomel Cpald OJUKHO, YAOBIETBOPATD YCJIOBHIO — < 8,
t

9T06BI HCKITIOUHTH NMOTEPIO YCTOMIHBOCTH U3 IUIOCKOCTH;

1) mia obecneveHns HPOTHOCTH OGOMX YITIOBBIX HIBOB Ha HANIPABJIAIOMEH CIIHPAIH JOJDKHO
OBITh BHITIOJIHEHO YCIOBHE

2th

(14.8)
@,D

az

Pacuernbifi kos>dduuuent ceapHoro mma ¢, ONpPEAENSIETCSs KaK OTHOLICHHE JIHHBI

CBAPHOIO MmBa K OOmeH MmMHe crupand. IIpH 3TOM pacCTOSHHE MEXIAY ABYMA KOHLAMHM
TIPEPBAHHOrO IIBA HE JOJDKHO IIPEBHIINATh BOCBMHKPATHOM TONLIMHLI CTCHKH 00e9aHKu s, a cyMma
JUIMH CBAPHBIX IMBOR HE JOJDKHA OBITH MEHbINE MOJOBUHE! HAPYXHOM NMOBEPXHOCTH HalpaB/siomeH
CIHpaTH Ha 04HOM BHTke. O0a KOHIla CIMpPAITH JODKHBI HAYHHATHCA IIBOM.

14.2.2. [Qruwa

PacveT BRITYKIIBIX THMIN HA BHYTPEeHHEe H30BITOTHOES M HAPYXKHOE JABJICHHE IPOBOTUTCH
no 1.4. PacderHble naBneHus onpegensiorea m.14.2.1.

ITpn pacdere aHMIMA py6alIky OTBEPCTHE JUAMETPOM d, HE YIHTHIBAETCA.
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14.2.3. ConpsixeHue py6awku ¢ KOpIycoM cocyda npu MoMowU KOHyca

Ha puc.14.6 npecTaBneHsl pacuETHBIE CXEMBI CONPSIKEHHUS PYGALIKHA ¢ KOPITYCOM.

Puc.14.6. Conpsbxerne py6alkH ¢ KOPIycOM COCYAa IPpH IOMOIIH KOHyca

BcnomorartenibHEIE TapaMeTphl:
a) k09dUIEEHT OCEBOTO YCHITHS

— 2
4=l (14.9)
D 2
6) k03 PUIMEeHT, yIUTHIBAIOLIMI PACCTOSHHE MEXKAY KOPITyCOM COCY/a M py6amKoii
PR N (14 10)
Dy(s, =€)
B) k03¢ HuLMEeHT paguyca KOHHYECKOH OTGOPTOBKH
0 ons koxycog no puc.14.2.1.a,6
= 14.11
P=1_Tot05s;, ons koHycog novepm.14.2.1.8,2 ( )
- / D,(s, - ¢)
) K03 dULMEHT ATHHB] COTPIKESHHA
_ 26+0,25p oma=30%; (14.12)
e2+0,45p omna =45%;

1) k03¢ dUNHEHT OTHOIIEHNMS NPOYHOCTH KOPITyca COCyAa H pybalnku
[o ks - e)/Ds—o) pD J (p=p)D |
25 1- 1- 2 1413
2=l [o],(s, =)D, (s, —¢) \/ o ks-c) M 2o ks-c) ( )

Ecmr B cocyne BakyyM ( p < 0), To B dopmyny (14.13) noacrasnsior p = 0;
€) pacueTHble k03¢ PHIMEHTHI IPOYHOCTH CBAPHOIO MBa

Or = Pr1 (14.14)

Pry> —o0n8 xouycos no puc.14.2.1.8,2

Ory =30rs.€cnuly £0,5/D, (s, —c)
L0, ecauly, >0,5,D,(s,—c¢)

14.15
} —dna xoHycos no puc.14.2.1.a,6 ( )
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X) oTHOCHTENbHAS 3 dekTHBHAT HeCYIas JUIMHA KOHYCa

4 =mind —5— 3 ’¢Rl+¢R2
sina’V 4cosa

JomnyckaeMoe u36BITOUHOE IaBlICHHE B pyfalike

_2[G]z(sz‘c)¢pz B
[pZ]— D,+(s,-¢) A4

KoadpduumeHT conpsxeHus py MOMOIIH KOHyca

B=2 8279 min{X,; X,; X,},
D,
rae

x = Sosa [0 + Pra Y
! £ 4cosa !

Xy = o1+ @py,

%=+ G ),
cosa

Kos¢¢uupment npoanocta f;:

2
(l+/1+x - Z)] ons 4> 21
2 2

2-1

fi=
A+min{l; 7} omzslT

Kosdduuuent npogrocta f,:
- mpu a=30°
7, =122(1+0,51p+2¢z2) ,

2(8%) o gz¢g,
2
£
1+( %) oL E<E,
- mpu a=45°
2(8%) o EZE,
2
£
1+( %j oA E<E,

rae z= 5 &, =038)1+0,54p+0,15p°

£, =071+052p+¢z

i £, =0,604/1+0,83p+0,37p°

e z=
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(14.16)

(14.17)

(14.18)

(14.19)

(14.20)

(14.21)

(1422)

(14 23)

(14.24)
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Koa¢pdunuenr npoanoctu f;.

- npu a=30"
4
L34p3(%j
fr=+3+ £l (14.25)
0,5
245+ pimax{ 0;| —=—| -1
g { («/58) }
- mpu a=45°
4
)
fi=1+ Fl (14 26)
0,5
12a+p2max{0;( : ) —l}
&
Koadumment npounocra f,:
-opu a=30°
4
4,56 3
= /3 max 1;min{1;0,8+—’——}+£min 1 3 14.27
/s 100ef 3 1+ /36l ++/35(1+9,5¢)) (1427
- mpu a=45°
4
. 6,0 P . 3
=max<1; 1;0,8 + + = 1; 14.28
z mm{ 1005} 2 MM S T 2l + e+ 5,5¢)) (14.28)

OnpeaeneHne pa3MepoB CONPKEHUS IIPH IOMOIIH KOHYCA.

TommnuHa cTeHKH KOHYCA HO/DKHA OBITH PaBHA WM GONBIIE TOJIMUHBI CTEHKH COMPSKEHHOM
IMIMBIpHIeCcKOR pyGamku. Ecin Heo6x0auMO YBEIHIHTH TONIMMHY CTEHKH KOHYCA, TO CHEAyeT
OJHOBPEMEHHO YBEJIHIHUTH U TOJNIIHHY CTEHKH COTIPSHKEHHOM IMITHHAPHIECKOH 0beyaiiku pySamku
Ha [JIMHE

0,7/D, (s, — ¢) ona xowycoe no puc.14.6.a,6;
1,2 (14.29)
O,SJD2 (s, —c) ona xoHycos no puc.14.6.8,e.
PacyerHad TonmpHa CTEHKH KOHYyCAa:
5, = _PzD_zé._ (14.30)
2[0-]2¢p2 'Z - D,
VcnoBre BRINOIHEHHS TIPOYHOCTH CTEHKH KOHYCA:
s22s5p+ ¢ (14.31)
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14.2.4. ConpspkeHue py6aluku ¢ KOPNYCcoM cocyda npu noMowiu Kosbya

Bcnomorarensupie mapaMeTpeI:
a) pacdeTHeIe K03()GHUITHEHTH TPOIHOCTH CBAPHOTO 1IBA

1,0 onakoneyno puc14.7.a,6,2
(14.32)
onsixoneyno puc.14.7 e
ons koney no puc 14.7.6,¢ (14.33)

ons koney no puc.14.7.2

Puc.14.7. Conpsxenue py6amku ¢ KOPIyCOM COCY/ia NPH MOMOILIH KONIbLA

6) mapaMeTpsI KOJIbIA

__h-c (14.34)
~D(s—-¢)
p=_P (14.35)
[O' ]0 ¢p0
0 =20 (14.36)
2bo¢po
B) OTHOCHTEJIbHBIH MOMEHT HarpyXKE€HUI
£ D!
=2y (14.37)
by, 2D(s-c)
rae A — ko3 HLUHEHT oceBoro ycuwnus no gopmyie (14.9);
I') OTHOCHTENLHBIH PEaKTHBHBIN MOMEHT B CTEHKE COCYyZa
2 2
y, = 1o1s=0) 2_1( pD ] _1[(p—p2>Dj (14.38)
Aclop,eby | 2\ 2Acls-¢)) 2 2[cls-¢)

Ecaup > p; > 0, To B hopmyy (14.38) noxpcrasmarot p = 0;
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JI) OTHOCHTEIbHbIX peakTHBHbIM MOMEHT B CTeHKe pybamku
- [0]:(5, =Ry Dy(s,—0), (14.39)
2[c], ¢pobo D(s—c)
€) OTHOCHTE/bHEI! PeaKTHBHBIHA MOMEHT B MECTE CONPKEHHUA KOJbLA CO CTEHKOM cocyna
M;=min{QH’; (1 + 2H)M}}. (14.40)

JlomyckaeMoe H30BITOTHOE JaBICHHE B py6Galmke

2

[P2]=(H2+M2+M3)E% (14.41)

0

PacgeTHas BBICOTA KONBLIA:

h0p=\/D(s—C)max{ 'P‘Mlo—_QM';\/PMo "Ml‘M2+M12 “Ml} (14.42)
+

Ilpu Hamaguu B ¢opmyne (14.42) orpHUATENHHOrO 3HAa4EHWS MOJ 3HAKOM paJyKaia
COOTBETCIBYIOIIMI WIEH NpPH ONpeNeNeHHH MAaKCHMyMa He y49uMTeiBaioT. Ecim B o6omx wieHax
3HAYEHHH IO 3HAKOM PaJMKajia OTPHLATENLHEL, TO TOJIIHHY KOJIbIa onpenenaor no (14.3).

VcnoBHe BHITOTHEHH IPOYHOCTH CTEHKH KOJIbLA:

hy2hy, +c (14.43)

Pasmep cBapHOro Ba MEXAY COCYAOM H KOJBLIOM IIpH conpskeHusax (cM. puc.14.7. a,6,r)
JOJDKEH YAOBIETBOPATH YCIOBHIO:

D b
e maX{ P, ;2[alo¢po(PMo_M2”H2);,2’}

api=c. 2= - o (14.44)
2 min{o],;[o]}
14.2.5. Hazpy3ka om co6cmeeHHO20 éeca
CobcreeHHRIe Beca G ¥ G BRI3HIBAIOT B KOHYCE MIIH B KOJIBLIE OCEBOE YCHITHE
Fe +G,, ecnuonopel Hacocyoe (14.45)
-G, ecauonopueiHa pybawuke

Hecymas cnocoGHOCTS OT COBMECTHOTO JEHCTBHA OCEBOro YCHWJIHA H H30BITOTHOrO
JaBJieHHs B pyOamxe onpeaensercs o gopmyne:

4F

_&+ <1,
[PI] ”[leDzzA

roe [p;] — nomyckaemoe u3bbirounoe aasnenue no gopmyne (14.17) ang conpsxeHUs NpH
TIOMOIIH KOHyca ¥ 1o opmyne (14.41) ans conmpskeHUS NP IIOMOIIH KOJIbLIA;
A — xo3bduuneHT oceBoro ycunus mo ¢opmyne (14.9).

(14.46)
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14.3. Cocyobi c yurundpuveckumu pybautkamu

VYcnoBua mpUMEHEHH pacieTHBIX HOpMyYN TakHe XKe, Kak i A cocyaoB ¢ U- obpazusivmu
py6ainkamm.

14.3.1. Uunuxdpuyeckue obeyvaliku
Iwmeapudeckue o6edaiiki pacCHUTHIBAIOT B COOTBETCTRBHH ¢ 1. 14.2.1.
14.3.2. ConpsixeHue npu nomMowju KOHyca

Konugeckue COIPAXKCHUA YAOBICTBOPAIOT Tpe603anmm TOPOYHOCTH, €CITH OHU BBIIMTOITHCHBL
¢ TOMOWHOM CTEHKH, DaBHOH TOJNIIMHE CTEHKH IMWIMHApHIecKol o6ecdaliku pybamkm, H

BHITIOHAETCS YCIIOBHE:
e, <1,8D,(s, ~¢) (14 47)

14.3.3. Conpsokerue npu noMouiu Konsya

PacuerHas BeEICOTA KOJIBLA:

h, = 0,6¢, [5; (14 48)
2

Vcenosue BHIIOIHEHHS MIPOYHOCTH CTEHKH KOJIbLIA:
hy 2 maxis, sh,, +c} (14.49)

Pasmep ceapHOro mea Mexay COCYJOM M KONBLOM IPH CONPXEHHAX o puc.14.2 a, o, 2

JOJDKEH YAOBIETBOPATH YCIOBHIO:
2
€ . 3
max< p, —,mind[&],;2[c]:| —
cho {[ ]0 [](ho]}

20,4k, min{{c,;[c]}

(14.50)

JUIA KOJIEL! TIPH CONPSKEHMH 110 puc.14.2.B:

a=hg (14.51)

14.3.4. Hazpysxa om co6cmeeHHO20 8eca cocyda unu pybawku

IlpoBepka Hecymeld CcIOCOOHOCTH NpPH HAarpy)KeHMH KOHHMISCKHX WIH KOJBLEBBIX
CONpPSDKEHUE COGCTBEHHBIM BECOM COCYyAa WM py0amku nposoaurcd mo dpopmyne:

T 2
F<ZDp, 4,
=3 Dilp. 14 (14 52)

rae F'— ocesoe ycrnme 1o 1. 14.2.5.;

[p2] — nomyckacmoe m3GBITOUHOe HapneHwe mo dopmyne (14.17) ana compsiKeHHS NpH
NOMOINH KOHyca 1 110 opmyie (14.41) g conpsxeHHS IPH MOMOLUM KOTbLIA;

A — ko3¢ puuueHT oceporo ycunus mo opmyne (14.9).

IIpu Hamuauyu KOMIIEHcaTOpa Ha pybatuke ¢opmyna (14.52) npuMeHNMa NIPH YCJIOBHH, 9T0
OITOPHbIE 3TEMEHTHI He PacIIoNIOkeHbl Ha pybaruke.
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14.4. Cocyoul, vacmuuno oxeauenHsie pyoauKamu, CORPAMNCEHHbIMU C
Kopnycom anKepusiMu mpybamu u ombopmoeKamu

Yenoeun npumenenus:

&, <30° min 1;4\E-14/s“’ D 08< 2 <rps, @Z07min{sis} (1453
DN D t,

PacgeTHas ¢opMyna U CONPAKEHNAI 0TOOPTOBKOW MPUMEHNMA IIPH YIJIaX OTGOPTOBKM OT
30 o 45° (puc.14.8) u npu npoBapeHHHIX CBAPHBIX IIIBAX.

Puc.14.8. Conpsxenue pyGammku ¢ KOpIycoM cocyna
a— oT6opTOBKOH, 6 — aHKEePHBIMH TpyOaMu

14.4.1. Hunuxdpuyeckas obevaiika

Pacuer munmaApudeckodt obewalixu cocyna Ha BHYTpeHHee H30BITOYHOE JaBICHHE
nposoauTes mo m.3.2.1

Pacuer uumunaprdaeckot obedaiiku cocyaa Ha HapyXXHOE JaBIeHHE MPOBOAMTCA o 1.3.2.2.
Tlpu p < 0 3a pac4eTHOe HaBNEeHHE A1 BCETO COCYAa NMPHHHMACTCS ’ p]

Yactu mwiHHApUYECKO# obedaiiku cocylda, OXBaueHHbIC Py6amkoi, M IHIMHApHYECKHE
9gacTh py0allkM NpH HAUPYXEHHH [AaBIECHWEM p; PacCUMTHIBAIOT mo mn. 14.4.3. kak miuockue
YIacTKH.

Ecma p < 0, To 9TO0B HMCKIIOMMTh MOABJICHAC BMATHH HAa IWMHApHYecKod obeqaiike
COCyAa HEOOXOUMO, TITOORI:

2
s-c,, 4,5.£[ 97 ] (14.54)
D E, \360°
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14.4.2, [Juuwa

Pacuer BEIMYKIIBIX AHHLI Ha BHYTpEeHHEe H3OBITOYHOS H HAPYXKHOE JABJICHHE IIPOBOJUTCS
mo n.4. PacueTHsie naBneHus onpegendiored m.14.2.1.

Yactd JHHINA COCYAA, OXBadeHHBIE pyOainkold, W 9acTH pyOamKkd B 30HEe OHHINA IIPH
HArpyXeHMHM [aBJICHHEM p; pacCUdThiBaloT mo 1.14.4.3 kax Iutockue yvyactku. IIpu arom B
$bopMynEI BMECTO TONIIMHBI CTEHKH LWIMHAPHIECKOH o6edaliky § MOACTARIAIOT TONMUHY JHHINA
COCYZa §; ¥ BMECTO TOJIIIMHKE CTEHKH UHITHHAPHIECKOH 00eqaliky 5, TONIMUHY AHUIA pyOarmku 5.

14.4.3. [Mnockue yyacmxu

Jonyckaemoe H30BITOUHOE aBleHHE B pylarke:
- IJIf1 CTEHKH COCYa

R T i P A _
[p.]=le] o fs[l (2[01 (s_c)]] (14.55)

- IUIA CTeHKH pyOamku

[p.]=lo]- 222 5, (14.56)

Koa¢dumeHTn MPOIHOCTH f5 U f5 ONpEeAeTAIOTCS B 3aBUCHMOCTH OT OTHOIIEHUA dy/ty H OT
OTHOCHTEJIBHOTO PEaKTHBHOTO MOMEHTA /11

1.8+23 d—“

£ =§ 1+13— o (14.57)

o
dO

13+ 1+13m) %
1. =% 1+13 b | (14.58)

TR t, =.jt,t; - 3¢ deKTHBHLII Imar aHKEPHBIX TPYO WIH 0TOOPTOROK;

1,0 — Ons conpaXceruti om6opMoeKoi

= aY 5o : .
mn<l,| — | ,[ =% —ON3 CONPANCEHUT GHKEPHBIMU MPYGAMU.
LP) 5,

PacueTHbIe BeJTHIHHBI 1IAra:

—(s—o) |lol. _[__11%_ S
tl“‘(s C) pz f;l 2[o-](s—c) H (14.59)

t,=(s,-0), f ok, 1, (14.60)
P,
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PacueTHEIe TONMMIMHBI CTEHOK:

ol )

=1, P2

[0']2 I

VcnoBAS BHNONHEHHA TIPOYHOCTH 3JIEMEHTOB IUIOCKHX YY4CTKOB:

t, <minft;;t, }

S2p

sZsp+c

5,28,,+¢

(14.61)

(14.62)

(14.63)
(14.64)
(14.65)

Pasmepsl conpsokeHHE NHpH NMOMOILOM KOHyca OmpeaciasioT no I 14.3.2 u pasmepsl

COMpsHKEHUI IIPH IOMOIIHN KoJibua — 1o 1m.14.3.3.

Paccrosanns oT kpas pybamkn 20 NEpBOTO pAja aHKEPHEIX TPYO WIH OTOOPTOBOK AO/KHBI

YIOBJETBOPATD YCIOBUIM:

6, <t, min{l;0,5+ ir }

t, 1

t
ty <t miniL0,5+ 2
tr fs

PacdeTHasa ToampHa 0T60PTOBKH

s - Pztptr'l
7 0,77(d, - 5,)min{o }[o], }

2
e g =1_%(d_0) .
tO

VenoBus BHIIOIHEHAA IPOYHOCTH CTEHKH OTOOPTOBKH:
s, =azs,,+¢
PacqeTHan ToNMMHA aHKEPHBIX TPYO:

p2tptT77

" " nd, - 25 minfo P EO LY

VenoBus BEIIOIHEHHS NPOYHOCTH AHKEPHBIX TPYO:

axzl4ls,, +c¢

5028, +¢
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(14.69)

(14.70)

(14.71)
(14.72)
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14.5. Cocyoul c kananamu
Yenosua npumenenus:
b,<01D;; hy2s,5 20°<y<90° (14.73)

PacuetHsie GopMyIBI I KaHAIOB MPAMEHHUMBI TP V-00pa3HBIX CBAPHHIX IIBaX C ITOJNIHBIM
HPOBApOM, a IJI1 KaHAJIOB IOIYKPYITIOrO CEYSHMs TAKKE U IIPH YITIOBBIX IBAX.

YCHMP MANCOCIIL NONEPHHO20 CEYGHUR KAHARR

Puc.14.9. Kanas
a — MONYKPYIJIOE CeUeHHE ¢ V-00pa3HbIM IBOM, 6 — NOAYKPYI/I0€ CedeHHE C YITIOBLIM IIBOM,
B — CEr'MEHTHOC CCHCHHUC

14.5.1. Lunundpuyeckas obevaiixa

Pacuer mmnuHapuyeckoit obedaliku cocyma Ha BHYTpeHHee H30LITOUHOE JaBICHHE
nporoaurcanon 32 1

Pacuer mwmaapr9ecKoif obedaiiku cocyaa Ha HapyXHOe JAABJICHHE IPOBOAUTCA 110 1.3.2.2.
Ipu p < 0 3a pacueTHOE AaBICHKE 1A BCETO COCYAA NMPHHHMAETCA [ p| .

B cocymax co 3MeeBHKOBRIM KaHayoM (puc.14.4) ero MOXKHO paccMaTpHBAaTh KaK KOJBIO
KECTKOCTH M MIIMHAPUIECKYIO 00eualiky pacCYMTHIBATh KaK YKPEIUICHHYIO KOJIBLAMH XKECTKOCTH
no 1n.3.3. IpH YCIOBHM, YTO YIHTHIBAKOTCA CACAYIOUIHE OCOOEHHOCTH:

a) IIar 3MECBHKOBOTO XaHana f;, mAomkex OniTh He Oonee 0,3D. Ecnm n, <n,+1, 10

IWIHHAPHYECKYIO 00e9aifKy pacCIMTHIBAIOT KAK MIANKYIO 06euaiiky;

6) pacdeTHy0 AJmMHY /; mpH pacdere mo m.3.3. ompenendiOT Kak OCEBOE PACCTOSHHE OT
Hadajda MM KOHNA pacyeTHOM mimHBL (puc.3.1.4) N0 MecTa OKOHYaHHA TIEPBOIO BHTKA
3MEEBHKOBOTO KaHaJla, 0XBaTHBAIOLIETO BCIO OKPYXKHOCTh py0arnku;

B) pacueTHsie 3Hadenus b, /; u I, npu pacuere 1o u 3.3 onpeAenAoT no Gopmynam:

b=max{t, —b,,l, - 0,5b,,b,}. (14.74)
p-—Lt (14.75)
n, —n;—1
I, =mm§, 2(s, — )+ b, + LLYD(s —c),1, - b, + LLYD(s - ¢),2(s, - &) + LIyD(s—c)
(14 76)
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T) uCTIOJIb3yeMBle B 11.3.3. BenM4uHH e, I, U A, onpexenaioT no ¢opmynam

e=e, = S'Tc+ 0,65h,; (14.77)
I, =rh(s, —c)03 L (14.78)
Kk T 32 \"2 » 90° H
r(s, - C)ﬂ%— onap, <0,
A, = (14.79)

r(s, — o) 7,—Z H-h ,b, 018 p, >0

lumuaapudeckyo obedaiiky cocyla NpH HArpyKEHHM J[aBICHHEM p, B KaHanax
PAcCUMTHIBAIOT KaK MoJiocy obeualiky mupHHOH by o 1. 14.5.3.

14.5.2. [QrHuwa

Bemykisle OHMING pacCYMTHIBAIOT o I[.4. HA BHYTpeHHee M30BITOYHOE NaBNEHHE C
pacHeTHBIM JaBIEHHEM p, ecTH p > 0, ¥ Ha Hapy>XHOE AaBJICHHE ¢ PACUECTHBIM JABJICHHEM D, €CITH
p< 0. Beinykible THMINA NPH HATPYKEHHM NaBJEHHEM p; B KaHAJIaX PACCIUTHIBAIOT Kak IONIOCY
ofeqaiiku mupunoi b; mo m. 14.5.3..

14.5.3. [Monoca obeyalixu Nod KaHanamu

JomyckaeMoe H30BITOYHOE JaBjieHHWE B KaHaNaX IO OKPYXKHOCTH IMIMHAPHYCCKOH

obeqaiiku:
2
[p]= doks=o" [}, & (14.80)
b, +4r,(s—c)cosy 2D(s-¢c)

Ecmi p < 0, TO ZOJDKHO AOTIONHHTEILHO BHITIONHATHCH YCIOBHE

-{ |AD }{ D(‘"c)”’;} (14.81)

p2 < 1
o], 4lo)s~c) | D(s-c)+0,582

Ecmu p; > p > 0, TO AOKHO AOMOJHHTEILHO BHITOIHATLCS YCIIOBHE:

[pz (4[ai(’f c)] (14.82)

JomyckaeMoe H30OBITOUHOE JaBIEHHE B KaHANAX BAONb OCH IWIMHAPHIECKOH 00edaliku H

KaHajax Ha JHUINE:
_ 4[Uks—c)2 _ pDy —2p,r; cosy ’ 14.83
lp.]= b2 ! oks—c) (14.83)

14.5.4. KaHanei

BcnomoratenpHBIE TapaMeTpht

Koadduimenr moHmKeHHs NPOYHOCTH V B 30HE CONPKCHHS IOTyLEpa € KaHANOM
paccunTsIBAIOT 1O 1 10 4 Ecnu KaHaN ¥ mITYnep BHINOIHEHH! W3 TPyOH OJWHAKOBBIX PasMEPOB H
Marepdana, To kodhpduument V paccunTeiBaoT mo dopMye:

A S (14 84)

09+ |—D
8(s, —¢)
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PacueTHOE 3HaueHHe KO03hdHUMEeHTa NMPOYHOCTH CBAPHOTO INBa: AnA V-00pa3sHOro IBa
(puc.14.9. g, 6):

Prs = Pre = Pra2> (14.85)
Ju11 yraosoro msa (puc.14.9. 6):
%mm%wﬂa} (14.86)
5,~c¢

Pre = 0,4 (14.87)

KoapuumeHTsI IOHIKEHHA IPOTHOCTH @; B @, KAHAIOB!
@3 = min{V§ (DRS} (14.88)
@, =min{l; . } (14 89)

I_[onycxaeMoe H30BITOTHOE TABIICHHE B KaHAJE:

[p,]- k=9 (14.90)

n

PacueTHas TOJIIIMHAA CTEHKH KaHaA:

$2 = __np, (14.91)
2[0']2 @+ P,

VcnoBus BRINOIHEHHAS OPOYHOCTH CTEHKH KaHama:
S 28,4 (14.92)
NpH 3TOM Pa3Mep CBAPHOIO IIBA I YIJIOBhIX IIBOB

az0,6s,, (14.93)

14.5.5. PacnpedenumernbHbie KaHalbl 8 cocydax C peaucmpoebiMu
KaHanamu

Pacder npou3BoAAT B COOTBETCTBHH ¢ 1. 14.5.4. , mpuueM cleyeT UCIONB30BaTh BETHIMHBI
V, o,,p, 10 GopMynam:

yo1-2 (14.94)
t:
@, = V¢R5 (14.95)
0y =Vpe> (14.96)
THE  Qrs,Prs ompegenstorcs 1o (1486) wu (1487)  COOTBETCTBEHHO.
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15. Pacduer 2/1€MEHTOB COCYIOB H ANNAPATOB, pA0OTAIOIIHX B
KOPPO3HOHHO-aKTHBHbLIX CEPOBOJOPOACOAEPKANMX cpeaax

Pacuer aneMeHTOB COCYNOB H ammaparoB, paGoTaOIAX B KOPPO3HOHHO-AKTHBHBIX
CEPOBOOPOACONECPKAIIMX CPeAax, IPOBOAUTCA Ha OCHOBaHMH [9,22].

15.1. Ycnoeus npumenenusn

Jomyckaercs TNpHMEHATh JNIA COCYAOB M  aNMaparoB M3 YrIEPOAHCTBIX U
HHM3KOJIETHPOBAHHBIX cranci, paboTalolux @p¥ CTaTHYECKAX ¥ IMOBTOPHOCTATHYECKHX
Harpyskax ® TeMmeparype He Bhime 200°C ¥ napuuMaIbHOM JaBICHHM CEepOBOIOpOAa Gomee
0,0003MIIA [9].

B cocynax u anmapaTax JOKHBI IPHMEHATHCS CIECAYIOIINE THITH! BBIMYKIIBIX JHHML;

H
= JJUTHIITHYECKHE C OTHOIIEHHEM BHICOTHI BRITYKIIOH JacTH k AMaMeTpy —D— =0,25;

- norycdepuueckue.
Paccrosnne or kpad ImTynepa A0 Kpas BHEINHeH MOBEPXHOCTH BBIMYKIIOTO JHHINA,
H3MEPSAEMOE TI0 MPOEKIMMHM 00pa3yIoIeH Ha MJIOCKOCTA OCHOBAHHMA JHHINA, JODKHO OBITH:
opu 5 <10mm  0,J0(D+2s);
npu s>10mm  0,09D+s
IlaTpy6xu ¢ BHyTpeHHEeH 4YacTH ammapara JO/DKHBI OBITh BBINOMHEHBI 3al0OUIMIO C
anmapaToM.
OTHOIICHHE TOMMIMHBI CTEHKH Narpy0ka K TONUIMHE CTEHKH O0eqaliku WiIM AHMINA HE
JO/DKHO TpeBHIIATH 1,5

ITnockne npuBapHbIe THAINA AODKHEI NMPHMEHATHCA TONBKO ¢ OTOOpTOBKOH (THm 11,
ta6n.5.1.1)

KoHmueckne AHMINA M NEpexXoibl MOJDKHBI NPUMEHATBCA TONBKO ¢ OTGOPTOBKOM
HE3aBHCHMO OT IIEHTPAJILHOTO YIJIa IPH BEPIIHHE KOHYCA.

Konbla xecTKOCTH MPUMEHAIOTCSA TOJNBKO ¢ HAPYIKHOM CTOPOHE! 00e9aiku.

B cocynax u anmaparax, a Taxxe Tpy6onpoBogax 610KOB OKHEI IPUMEHATHCA (PraHIs!
OpuBapHbie BCTHIK HA P, > 1,6 MIla. JlomyckaeTca NPHMEHATh IUIOCKHE NpHBApHEIC (raHIl

npy D, > 400mm u P, <1,0MIla nipu AByXCTOPOHHEM CILIOMIHOM NIPOBape

15.2. [Jonycxkaemvie nanpadicenus, Ko3(pgpuyuenmet 3anaca npounocmu

Jonyckaemuie HanpskeHus B pabouux ycnoBuwsax [o] mpH pacuere Mo npeaeIbHBIM
Harpys3Kkam:

R, wmR
[g]=n.min(_iM; Rm) (15.1)
n n

T 8

Koa¢pdunmenrsr 3amaca NMpoYHOCTH, B 3aBHCUMOCTH OT TPYNIH anmapara B paGodux
YCIOBHSAX onpeaenaores no tabmuue 15.1. I'pynma annapata onpeaensercs no [22].
Tabnuna 15.1

I'pyma ammapara Koaq'::pnunem 3anaca npomc;cm
i 2,0 3,0
11 1,8 3,0
I, IV 1,6 2,6
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JolryckaeMble HAIIPSOKEHHA UIA YCIOBHE MOHTaXa, FHAPO- ¥ MHEBMOMCIIBITAHUHA U
k03¢ duIMeHTHI 3anaca yCTOWIHBOCTH onpeaensarores mo m.2 1.

PacueTHnie 3HAYCHWA TpeneNia TEKYYeCTH, BPEMEHHOIO CONPOTHBICHAI H
K03 PUIIHEHTOB JIMHEHHOTO pacIINpeHUA MPHHUMAIOTCA B COOTBETCTBHM C NPHIIOKEHUIMHU 2.3,

Jina 5neMeHTOB COCYROB U ANlapaToB, PacCUUTHIBAEMBIX HE IO IIPeJETbHBIM Harpy3Kam
(mampuMep, y37IBI BPE3KH INTYLEPOB MM (IaHIEBBe COSIUHEHHS) NOMYCKaeMble HATIPSKEHHS
OIPEAESAIOTCA 110 COOTBETCTBYIOIE HOPMATHBHO-TEX HIYECKOH foKymeHTauuH [5,9,10,14].

15.3. Pacuem obeuaex u OHuu

Pacuer o6evaek u AHMIN npousBoayTes no mu. 3, 4. IIpu 2TOM BETHIHHBI JOILYCKASMBIX
HalpsAXeHHH onpenesores mo m.15 1.

JIoNOMHUTENbHOM MpOBEpKe MOMJIEKHMT TONMIMHA IMWIMHApHIeCcKOH obedaiikh B MecTe
NPHCOCAHHEHAA IUIOCKOTO OTGOpTrOoBaHHOTO AHHMIA. HampskeHus B MeCTe NpPUCOEAHHEHHA
JIOIDKHBI OTBEYATh YCIOBHIO:

a,P2F57C <1510 15.2)
2(s—c)
r(s—c)
TIe (&, ONPEENACTCA B 3aBHCHMOCTH OT —— —— - 1o puc.15.1
(D+s—-c)
&, s

45

‘ \\
35 \

3
25 \

2

\\
15 N
N

1 - —
05

0

o 008 01 015 02 p(s-0¢)
(D+s-c)
Puc.15.1.
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15.4. Pacuem yxpennenua omeepcmuii

Pacuer ykpemneHms oTBepcTHM B ofeualikax M IHHIOaX npoBomuTces mo m.10. ¢
MOCNEAYIOIEH IPOBEPKOM YCIOBHI NMPOYHOCTH.

PacueTHOE RanpmKeHHE B MECTE BPE3KH WITYLIEpa B IMIHHAPHIECKYIO 00eqaliKy JODKHO
OTBEHATh YCIOBHUIO:

D +s-
Kp=22"C 190y, (153)
2s—0)

PacueTHOE HampskeHHE B MECTE BPE3KH IITYLEPa B BRITYKIOE THUINE JOJKHO OTBEYaTh
YCIIOBHIO:

D,+s-c
K,p—~2——<15|c 154
P g <1ileln (15.4)
Kosdduuuentsr unrencuduxamun nanpsoxeruit K, K, onpeaensmorcs no puc 15.2.-
15.9 B 3aBUCHMOCTH OT OTHOINEHHH —-; S7Ch76%
D, D, s—c

d
Ipu D—" <0.05 memuuuubl K ; clegyeT NPHHAMATB KaK JUIA OTHOILIEHHS D—” =0.05
4 P

S=C s —C
H 1 s

AT COOTBETCTBYIOIIUX 3HAUCHMH

s—c
P
B cnydae MCnoNp30BaHMA HAKIAIHOTO KOJBUA WIHPHHOM /, > /D (s—c), B dopmymax
(15.3) u (15.4), a Taxke npu onpeneneHnu K, K, BMECTO (5—c) HEOGXOAMMO IOACTABIATH

(s+s,-0¢).

K
14
13 4
12 5176
&§—=c
11 1
10
—— 15
9 4 —-— 10
8 —a— 07
—— 05
71 —w— 04
6 - —+— 03
5 —— a2
4- ; 1 1 | ¥
3 éﬁ'—' —
I o v i g g
T s e e s Y
T ¥ T T T T Ll T 1

0 01 02 63 04 05 086 a7 08 Dr

Puc.15.2. Kospduumenr nureHcudyranuu HarmpsHkeHHH B IMIHHApraeckod obedaiike
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Puc.15.6. Kospdurment nnreHcudUKauy HANPOKSHMH B BRIIYKIOM JHHINE
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005 01 015 02 025 03 035 04 D

005 01 015 02 025 03 035 04 D

Puc.15.8. KoadduimenT unTeHCHOHKALIMK HANPSDKEHHUH B BRIMYKJIOM JHHIIE
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Puc.15.9. KosddpaipeHT HHTeHCHHKALHN HANPOKEHH B BBITYKIIOM AHULIES

15.5. Ilpounocmb mecma spe3ku uimyyepa

Pacuer Ha MPOYHOCTH MECTA BPE3KH PAIUANBHOIO IITYLEPA OT JCHCTBHA BHYTPEHHErO
JaBNeHHS ¥ BHCIIHWX HATPY30K IPOH3BOOMTCA o m.13.

Ilpy HCOONB30BAHMM HAKJIOHHBIX ¢ TAHICHOMAIBHBIX INTYIEPOB  OMpPEACIICHUE
pacueTHBIX PAcTATHBAIOIIMX HANPAKCHHH Ha BHYTPEHHHX NOBEPXHOCTAX Y3IOB BpPE30K
JOMyCKaeTcss MpOH3BOANTh YMciieHHbiME MeToaamu (MKD) ¢ ucnons3zosanneM DBM (cM.1m.16),
€ NOCAEIYIOMEH OLICHKOM MMOJIy9EHHBIX PE3YALTATOB B COOTBETCTBHH ¢ I.13.3.1 mn.15.2..

Ilpn stoM B 06OMX cioyd9adx TIPOH3BOAMTCA JONOJHHTENbHAA IPOBEpKA UIA
MaKCHMAJIbHBIX PACTATHMBAIONIMX HANpPMKEHHH HA BHYTPEHHEH NOBEPXHOCTH, KOTOphIC HE

AomxHH npeBocxoauThb 1.5[c] mma obeuwaiiku u 1.5[c] y, mng marpy6Gka mryuepa.
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15.6. Pacuem (aarnuyeesix coeourHenuii

Pacder uiaHLEBEIX COCAMHEHNUIT apMaTyphl, COCYAOB H alllIapaTOB B yCIOBHAX MOHTAaXa
[0 TIOR@4H CPEJpl, @ TAKKE B YCIOBUAX MCIIBITAHHMH Mpou3BoauTes o nm.11, 12.

VYcnoere NpovHOCTH IPH pacdeTe CTATHIECKOH MPOYHOCTH I (GaHIEB COCYIOB M
anmnaparoB, IPUBAapHBIX BCTHIK B CEUEHHH §; B pabodMX YCIOBUAX:

\/(o'u + Adn)2 + (0'13 +Ac;, )2 - (o'll + AO‘UXO‘13 + Ao-lz)

\/(au + Aau)2 + (0',4 + AO'M)z - (0'12 +Ao, Xa“ + Ac‘u)

o, = max

s1

<[le] @5.5)

B ceueHun sp 1719 PanneB NpUBapHBIX BCTHIK H IUIOCKHX:

\/(0'21 +40, )2 + (0'23 + Aa'zg)z - (0'21 +Ac, XO'23 + Ao‘zg)

o,, = max .\/ »
(522+A°"22)2+(024+A°'z4) "(0'22+A°'22X°'24+A0'24

<15le] (15.6)

BenuauHbl pacueTHLIX HAMPsHKEHUH ompeneriores mo m.11.8.1.

Vcnosume TOPOYHOCTM AAS  apMarypHeIX (iaHneB, NPHBapHBIX B CTBIK 1A
MaKCHMAJIbHOI'O OCEBOI0 HApsHkeHus B o0evalike (BTYIIKE):

- B paGovYHX YCIOBHUAX M,
? ’ Ta =——.—’f——9‘2—5[a]; (15.7)
D*(s, -c)'L
- B pa00OYHX YCIOBHAX € YHETOM M
TEMIIEPATYPHOMN HArpy3KH O = 2 <15[s]. (15.8)

27 DY(s,-cfL
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16. Pacder cocynoB H aNNapaToB MeTOAOM KOHEYHBIX 3JIEMEHTOB

MsHorne CymWECTBYIOUIME COCYABl M aNNapaThl, BCNSICTBHE CNOKHOCTH KOHCTPYKLIMH
WM YCHOBMH HarpykeHus, He MOryT OBIThb DPACCUMTAHBI B CTPOTOM COOTBETCTBHH C
HOpDMaTHBHBIMH JOKYMEHTaMH. B 5ToM ciiydae 3HAa4MTENbHYI0 TIOMOINL B OLEHKE
paboTOCTIOCOOHOCTH KOHCTPYKIIMH MOXKET OKa3aTh HMCHOONB30BaHME 4YHCICHHBIX METOJO0B
pacdeTa 3IEMEHTOB COCYIOB M aNNapaToB, B 9aCTHOCTH, mporpamma ANSYS, peanmsyromas
METOJl KOHEYHRIX 371eMEeHTOB. B kadecTBe 6a30BBIX MCMONB3YIOTCA 0BOTOUKOBEIE U GalO4HEIC
KBaJIPATHIHBIE JICMEHTbI.

Ilpn 3akmodeEnH o paGoOTOCNIOCOGHOCTH MCHONB3YIOTCA pasIMIHble KATETOPHH
HANpPSIKECHUH:

- 001He MeMOpaHHEIE;

- obmue cyMMapHbie (MeMOpanHbie + A3ru6HbIe);

- MECTHBIE MeMGpaHHEbIE;

« MECTHbIE CyMMapHble (MeMOpaHHbIe + H3ruOHbIe);

- (IIHKOBHIE» HANIPAKEHUA B 30HAX KOHLEHTPALHH HAIIPSOKEHHAH.

B o6wem crmydae kmaccHpUKanus HaNpsKEHHH IMPH pacueTe TeX WIM MHBIX 3IEMECHTOB
COCY/ZIOB H alNapaToB, a Tak)Ke YPOBEHb HX JHOITYyCKacMBIX HaNps:KeHHH npuseacHs! B i 13 [10].

MakcrManbHBIE 3HAUEHHA HAUPSOKEHUM B 30HAX KOHUEHTpAuWH (TaK HA3HIBASMEIE
(IIHKOBBICY HANPAXKCHUA) HCTIONB3YIOTCA MPH LMKIHISCKOM H3MEHEHHH HATPY3KH, a TAKKE JUIA
XPYIIKHX MaTepHAIIOB.

Ha puc.16.1. npezncraBneHa KOHETHO-3IEMEHTHAA MOJEIb TOPH30HTANBHON EMKOCTH Ha
CEeUIOBBIX OMOpax ¢ TEXHOJNOrWYecKo# miomaakoii EmkocTs m3rotoBieHa m3 craim 0912C.
IMpoBexena oneHka ee Hecymel CHOCOGHOCTH IIpH OJHOBPEMEHHOM AeiCTBHM
THAPOCTATHYECKOTO M BHyTpeHHero paasneHua (P=0,6 MIla), a Ttakxke pgaBlIeHHA Ha
TexHoormdeckyro iomanky (P=0,002 MIla) wu cobcrBeHHOro Beca KOHCTPYKIIHH.
I'uppocratuteckoe daghenune ompexenserca HamuBom Boasl (p=~1000xr/m3) npm 100% ot
obmero o6vema.

Puc.16.1. Kone4nosneMeHTHAas MOAENb EMKOCTH.

Ha puc.16.2, 16.3 npencrasneHsl pe3ynsTaThl HANPHKEHHO-AehOopMUPOBaHHOTO
COCTOSHHA.
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SEQV

21.637 43.274 64.911 86.548
10.818 32.455 54.092 75.729 97.36¢
Puc 16 2. OKBHBATCHTHBIE MEMOpaHHbIE HAIPAKEHHA, Oy , MITa.
MakcHMabHEIE 3KBHBAJEHTHbIE MeMOpaHHbIC HANpAKCHHA HAXOMATCA B 30HE

conpsaxenua oGedaliky ¥ JHUINA, ONpPEENAIOTC H30OBITOYHBIM NABJICHAEM H HE MPEBHIMIAIOT
100MI1a, 9T0 MeHBIIE JOMYCKAEMbIX HANPIKEHHH B pabouHX YCIOBHAX.

SEQV
0 40 80 120 160
20 60 100 140 180

Puc.16.3. DKBHBATEHTHBIE CYMMapHEIe HapsDKeHws, o; , MI1a.

MakcumanpHple  3HaY€HHA  KYOPYTHX» MECTHBIX  JKBHMBAJNEHTHBIX  CYMMApHBIX
HANpPAKSHHA HMMEIOT MecTo B paifoHe compAxeHHA oOeualikhm ¢ cemioBoi OMOpoHM, HOCAT
JIOKaJIBHBIH XapakTep U gocturaroT 180MIla, 910 He mpeBHINAET MPEACIbHBIH YPOBEHb.
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Ha puc.16.4. nokasansl KOHEYHOJIEMEHTHad MOAeNs M HHM3WAad ¢opMa moTepH
YCTOMYHBOCTH CTEHKH pe3epByapa HIA XpaHeHud HedTempoAyKTOB ¢ KpHIMEH, yCHICHHOH
pebpaMu KECTKOCTH OT Hapy>XHOTO M30BITOMHOTO JaBICHHS.

Puc.16.4.
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Ha puc.16.5. nmoxasaHsl KOHETHOINEMEHTHAS MOJENb ¥ PACIPEACICHHE HANPHKEHUH B
CHIIOCE 1A XPaHEHMS CHIYYHX MaTEePHAJIOB U €0 Omope.

Prc.16.5.
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15
16
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19
20
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24
25

26

27

17. HopMaTHBHO-TEXHHYECKHE JOKYMEHTHI

I'OCT 14249-89 Cocyns! 1 anmapaTel HOpMB! H METOIB! pacyeTa Ha IIPOYHOCTD

T'OCT 25221-82 Cocynsl u annaparsl JIHHIIE W KPBILKH cepuyeckue ReOTOOPTOBaHHbIE
HopMBI B METOZBI pacieTa Ha MPOYHOCTH

T'OCT 26202-84 Cocyas! u annapatsl HOpMBI ¥ METOAEI pacyueTa Ha MPOYHOCTE 0Geyaek U
JIHHLI OT BO3AEHCTBHUA ONOPHEIX HAPY30K

T'OCT 24755-89 Cocyanl u ammapaTel HopMBl H METOABI pacdeTa Ha IIPOYHOCTB
YKpeIUIeHHs OTBEPCTHH

PIl 26-15-88 Cocynel u ammapatsl HopMel M Meromsl pacyera Ha IIPOYHOCTh H
TEpPMETUYHOCTD (PIAHIEBBIX COCAMHEHHUI

PO PTM 26-01-96-83 KphlIKH ¥ AHHINA [UIOCKHE KPYINBIE ¢ paAMaJbHBIMH peGpaMH
JECTKOCTH COCYI0B M aNmapaToB

I'OCT P 51273-99 Cocynst u anmapatel HopMBI ¥ MeTOABl pacdeTa Ha INpPOYHOCTH
OrnpenesieHye PacHETHBIX YCIITHIA A aNnapaToB KOJOHHOIO THIIA OT BETPOBEIX HAarpy3oK U
ceHCMIMECKMX BO3ACHCTBHUIA

TOCT P 51274-99 Cocynsl u ammapatsl. ArmapaTsl KOJOHHOTO THia HopMEl M MeTOmBI
pacyeTa Ha IPOYHOCTH

PJT 26-02-62-98 Pacyet Ha MPOYHOCTH JNIEMEHTOB COCYAOB H almapaToB, paboTalomyx B
KOPPO3HOHHO-aKTUBHBIX CEPOBOAOPOACOACPKALIMX CpeIax

Hopmst pacueTa Ha MPOYHOCTh 060pYROBaHUA M TPYOONPOBOLOB ATOMHBIX 3HEPreTHUECKUX
ycTaHoBOK —M  OHeproarommszar, 1989 —525¢

I'OCT 27772-88 IIpoKaT Ans CTPOUTENIBHBIX CTAIBHBIX KOHCTPYKLMIt

I'OCT 25859-83 Cocyxnpl u anmapatsl cTanbHbie HopMbI H METOOBI pacueTa Ha MPOYHOCTh
TIPH MAJIOLIMKJIOBBIX Harpy3Kax

ASME VIII, Div 1, 2002

ASME II, 2002

WRC-107 Welding Research Council Bulletin “Local Stresses in Spherical and Cylindrical
Shells due to External Loadings” 1979

WRC-297 Welding Research Council Bulletin “Local Stresses in Cylindrical Shells due to
External Loadings on Nozzles — Supplement to WRC Bulletin Ne107” 1987

BS-5500 1976 Specification for Unfired fusion welded pressure vessels British Standards
Institution

WRC-368 Welding Research Council Bulletin “Stresses in Intersecting Cylinders subjected
to Pressure” 1991 -32 p

Bildy, Les M, 2000, “A Proposed Method for Finding Stress and Allowable Pressure mn
Cylinders with Radial Nozzles,” PVP Vol 399, ASME, New York, NY, pp 77-82

Zick, L P, “Stresses mn Large Horizontal Cylindrical Pressure Vessels on Two Saddle
Supports”, Welding Research Journal Supplement, September,1951

I'OCT 25867-83 Cocyas u anmapaTtel Cocyns! ¢ py6amkamu HopMst 1 MeTOBI pacyeTa Ha
MPOYHOCTH

PJ1 26-02-63-87 TexHudeckune TpeGOBAHNA K KOHCTPYMPOBAHHIO M H3TOTOBJIEHHIO COCYIOB,
annapaToB H TEXHOJIOTHYECKHX OIOKOB YCTAHOBOK NOATOTOBKH HedTH M rasa, paGoTaloHmx
B CpeZiax, BRI3BIBAIOMINX CEPOBOIOPOIHOE KOPPOSHOHHOE PACTPECKHBAHHE

PJT 10-249-98 HopMs! U pacseTa Ha NPOYHOCTh CTALHOHAPHBIX KOTIOB M TPyOONIpPOBOJOB
napa 4 ropa4eit Boabl

OCT 26-01-64-83 3axumel KoBcTpykuma U pasMepsl

PJ1 26-01-169-80 Cocynsl 1 armapatel HopMsl B MeToapl pacyera Ha MPOYMHOCTL JHMIL B
MECTaX KpeIUIeHHA OMOp-CTOeK

PJ1 24 200 21-91 Cocyasl u anmapatsl HopMB! H METOZBI pacyeTa Ha NPOYHOCTD JIEMEHTOR
N1aBaIOIMX FOJIOBOK KOXKYXOTpYOUaTHIX TETLIOOGMEHHBIX allNapaToB

IT6 03-576-03 IlpaBuna yctpoiicTea ¥ 6€30TAaCHOM SKCILTyaTallMH COCYAOB, paGOTAIOILUX
N0 AaBIICHHEM
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18.

NPUJIOXEHME 1. lomyckaemble HanpPsoKeHHst 1Is crased [1]
Ta6nuua 1

Jlomyckaemble HANPAKEHHA 1) YIVIEPOANCTBIX H HH3KO/IETHPOBAHHBIX CTaJIEH

Pacuernas Jonycxaemoe HanpskenHe [¢), MITa (krc/cm?), A craneli Mapox

Temmepatypa BC13 [ 0ST2C,16IC__ | 20, 20K \7rC
CTEHKH 4

TOMIMHA, MM 10 [1002,09r2| 17T1IC,

c0cya W 20 20 32 32| 20160 10r2C1

anmapaa, °C|  %° CBBIIDE 1o CBbINE 1o
20 154(1540) | 140(1400) | 196(1960) | 183(1830) | 147(1470) | 130(1300) | 180(1800) | 183(1830)
100 149(1490) | 134(1340) | 177(1770) | 160(1600) | 142(1420) | 125(1250) | 160(1600) | 160(1600)
150 145(1450) | 131(1310) | 171(1710) | 154(1540) | 139(1390) | 122(1220) | 154(1540) | 154(1540)
200 142(1420) | 126(1260) | 165(1650) | 148(1480) | 136(1360) | 118(1180) | 148(1480) | 148(1480)
250 131(1310) | 120(1200) | 162(1620) | 145(1450) | 132(1320) | 112(1120) | 145(1450) | 145(1450)
300 115(1150) | 108(1080) | 151(1510) | 134(1340) | 119(1190) | 100(1000) | 134(1340) | 134(1340)
350 105(1050) | 98(980) | 140(1400) | 123(1230) | 106(1060) | 88(880) | 123(1230) | 123(1230)
375 93(930) | 93(930) | 133(1330) | 116(1160) | 98(980) | 82(820) | 108(1080) | 116(1160)
400 85(850) 85(850) | 122(1220) | 105(1050) | 92(920) 77(770) 92(920) | 105(1050)
410 81(810) | 81(810) | 104(1040) | 104(1040) | 86(860) | 75(750) | 86(860) |104(1040)
420 75(750) | 75(750) | 92(920) | 92(920) | 80(800) | 72(720) | 80(800) | 92(920)
430 71*(710) | 71*(710) | 86(860) 86(860) 75(750) 68(680) 75(750) | 86(860)
440 - - 78(780) | 78(780) | 67(670) | 60(600) | 67(670) | 78(780)
450 - - 71(710) | 71(710) | 61(610) | 53(530) | 61(610) | 71(710)
460 - 64(640) | 64(640) | 55(550) | 47(470) | 55(550) | 64(640)
470 - - 56(560) 56(560) | 49(490) 42(420) | 49(490) | 56(560)
480 - - 53(530) | 53(530) | 46* (460) | 37(370) |46** (460)| 53(530)

* Jlna pacHeTHO#M TeMnepaTypsl cTeHkH 425°C
** JIns pacueTHO TeMneparypbl CTeHku 475°C

Tlpumeuanus
1 Ilpu pacdernpIx TemmepaTypaX Huwxe 20°C nomyckaemble HanpsKeHHS IDHHHMAIOT TaKHMH XK€, KaK IIDH
20°C, mpH ycnoBHH JOIMYCTHMOTO NIPUMEHEHNA MaTepHana IIpH JaHHOM TeMIepaType
2 Jlns mpoOMEXYTOUHBIX PacHdeTHBIX TEMIEPATyp CTEHKH AOIYCKAEMOE HANPSDKEHHE ONpEAEAIOT JHHEHHON
MHTEPNIONSIHEH C OKpYTIIeHHeM pesy/ETaTos 10 0,5 MITa (5 krc/cM?) B CTOPOMY MEHBUIETO 3HAYCHHA

3 Jina cramm Mapku 20 npu

R?

RZO 20
YMHOXAIOT Ha OTHOWIEHHe ‘e /220 (Re /2200)

0
< 220 MIla (2200 Krc/cmz) JZIOTTyCKaeMble HANpSDKEHHA, yKa3aHHbIe B Tabn 1,

20
4 Ilna cramu mapku 1002 npu Rpo,2 <270 MITa (2700 krc/cM®) ROTyCKAGMBIE HANPKEHHS, YKA3aHHEIE B TaG

R20 R0
1, yMHOXaI0T Ha oTHOWIEHHe ~P0.2/270 (©*P0,2/2700)

Tabnuua 2

Jomyckaembie HANPSKEHUA JJIA TENIOYCTOHYHBBIX XPOMHCTBIX CTael

Pacuernan Jlomyckaemoe Hanpskenue [6], MITa (krc/cM?), ans craneii Mapox

TeMnepaTypa CTeHKH

COCyZia WM anmapara, 12XM 12MX 15XM 15X5M 15X5M-Y
°C
20 147(1470) 147(1470) 155(1550) 146(1460) 240(2400)
100 146,5(1465) 146,5(1465) 153(1530) 141(1410) 235(2350)
150 146(1460) 146(1460) 152,5(1525) 138(1380) 230(2300)
200 145(1450) 145(1450) 152(1520) 134(1340) 225(2250)
250 145(1450) 145(1450) 152(1520) 127(1270) 220(2200)
300 141(1410) 141(1410) 147(1470) 120(1200) 210(2100)
350 137(1370) 137(1370) 142(1420) 114(1140) 200(2000)
375 135(1350) 135(1350) 140(1400) 110(1100) 180(1800)
400 132(1320) 132(1320) 137(1370) 105(1050) 170(1700)
410 130(1300) 130(1300) 136(1360) 103(1030) 160(1600)
420 129(1290) 129(1290) 135(1350) 101(1010) 150(1500)

CTII 10-04-02

174



Pacuernas Jlonyckaemoe Hanpspkenue [o], MITa (krc/cM®), A cTanel Mapok

TEMNEPaTypa CTEHKH

COCyZia WM alnapara, 12XM 12MX 15XM 15X5M 15X5M-Y
O
430 127(1270) 127(1270) 134(1340) 99(990) 140(1400)
440 126(1260) 126(1260) 132(1320) 96(960) 135(1350)
450 124(1240) 124(1240) 131(1310) 94(9*40) 130(1300)
460 122(1220) 122(1220) 127(1270) 91(910) 126(1260)
470 117(1170) 117(1170) 122(1220) 89(890) 122(1220)
480 114(1140) 114(1140) 117(1170) 86(860) 118(1180)
490 105(1050) 105(1050) 107(1070) 83(830) 114(1140)
500 96(960) 96(960) 99(990) 79(790) 108(1080)
510 82(820) 82(820) 84(840) 72(720) 97(970)
520 69(690) 69(690) 74(740) 66(660) 85(850)
530 60(600) 57(570) 67(670) 60(600) 72(720)
540 50(500) 47(470) 57(570) 54(540) 58(580)
550 41(410) - 49(490) 47(470) 52(520)
560 33(330) - 41(410) 40(400) 45(450)
570 - - - 35(350) 40(400)
580 - - - 30(300) 34(340)
590 - - - 28(280) 30(300)
600 - - - 25(250) 25(250)

Ipumesanns

1 Ilpu pacuernbix Temneparypax Humxe 20°C momyckaeMble HANpAKCHHMA NPHHHMAIOT TaKHMH ke, KaK NpH
20°C npH yca0BHM IOMYCTAMOr0 NPAMEHEHHS MAaTEPHAIa NPH AAHHOM TeMnepaType

2 Jins mPOMEXYTOHYHBIX PACYETHBIX TEMIEPATYP CTEHKH AOIMYCKAeMOe HANpKEHWE ONPEeNeiAOT JHHEHHON
MHTEprONAUMEH C OKPYIJICHHEM pe3yibTaTos 10 0,5 MITa (5 Kre/cM?) B CTOPOHY MEHBIIEro 3HAUEHHS

3 Tlpu pacuersHnix Temneparypax Hwke 200°C cramp Mapok 12MX, 12XM, 15XM npuMeHsats He

pexoMenayercs

Ta6mua 3

Jonyckaembie HANPSKEHHA AJIf )KAPONPOUHBIX, XKAPOCTONKHX H KOPPO3HOHHOCTOHKHX

crajaei AYCTCHHTHOI0 Kjacca

Jionyckaemoe Hanpskerue (], mITa (krc/cM?), L1s cTaneli MapoK

s 08XISHIOT, | I12XISHIOT,
cremxucocyma |03X21H2IMATE | O03X18HI1 | 03X17H14m3 |  OSXISHIL2T, | 12X18HI2T,
" 08X17H13M2T, | 10X17HI3M2T,
P amnapara, °C 08X17HISM3T | 10X17H13M3T
2 T80(1800) 160(1600) 153(1530) 168(1680) 184(1840)
100 173(1730) 133(1330) 140(1400) 156(1560) 174(1740)
150 171(1710) 125(1250) 130(1300) 148(1480) 168(1680)
200 171(1710) 120(1200) 120(1200) 140(1400) 160(1600)
250 167(1670) 115(1150) 113(1130) 132(1320) 154(1540)
300 149(1490) 112(1120) 103(1030) 123(1230) 148(1480)
350 143(1430) 108(1080) 101(1010) 113(1130) 144(1440)
375 141(1410) 107(1070) 90(900) 108(1080) 140(1400)
400 140(1400) 107(1070) 87(870) 103(1030) 137(1370)
410 ; 107(1070) 83(830) 102(1020) 136(1360)
420 ; 107(1070) 82(820) 101(1010) 135(1350)
430 - 107(1070) 81(810) 100,5(1005) 134(1340)
440 . 107(1070) 81(810) 100(1000) 133(1330)
450 . 107(1070) 80(800) 99(990) 132(1320)
460 ; . . 98(980) 131(1310)
470 ; . - 97,5(975) 130(1300)
480 . . ; 97(970) 129(1290)
490 . ) . 96(960) 128(1280)
500 - . ) 95(950) 127(1270)
510 - . . 94(940) 126(1260)
520 - . . 79(790) 125(1250)
530 . . - 79(790) 124(1240)
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Jlomyckaemoe Hanpskerte [6], MITa (krc/cM?), IUIs cTael MapoK
oacaeman 08XTSHIOT, | 12X18HIOT,
paTypa 08XIS8HI2T, | 12XI1SHI2T,
u;;e::a;zznoac 03X21H21M4I'B 03X18H11 03X17H14M3 08X17HI3M2T, | 10X17H13M2T,
> 08X17H15M3T | 10X17H13M3T
540 - . R 78(780) 111(1110)
550 - - - 76(760) 111(1110)
560 - - - 73(730) 101(1010)
570 . - - 69(690) 97(970)
580 - - - 65(650) 90(900)
590 - - - 61(610) 81(810)
600 - - - 57(570) 74(740)
610 - - - - 68(680)
620 - - - - 62(620)
630 - - - - 57(570)
640 - - - - 52(520)
650 - - - - 48(480)
660 - - - - 45(450)
670 - - - - 42(420)
680 - - - - 38(380)
690 . - - - 34(340)
700 - - - - 30(300)
TIpuMeganma

1 Tlpu pacgeTHrX Temnepartypax Hiwxe 20°C mollyckacMble HalpsKEHHS NMPUHMMAIOT TAKMMM JKe, KaK H NPH
20°C, npH YCIOBHH JOMYCTHMOTO IIPHMEHEeHHs MaTepHana IpH JaHHOH TeMIepaType

2 Jins mnpoMEeXyTOUHBIX pAaCUeTHBIX TEeMIEpaTyp CTEHKH IONMYCKAEMOE HANDSKeHHE OMNpEAC/IA0T
HHTepronguueii AByX GmiKaiiiiiX 3HaUeHHH, yKa3aHHBIX B TabJHLe, ¢ OKpYIiieHHeM pe3ynbTaroB mo 0,5 MIla (5
Krc/cM”) B CTOPOHY MEHBINIETO SHAYCHHS

3 Jna mokoBok mu3 cramu Mapok 12X18H10T, 10X17H13M2T, 10X17H13M3T momyckaeMble HaNpPAKCHHA,
npusenennsie B Tabn 3 npu Temmneparypax a0 550°C, ymaoxarot Ha 0,83

4 Jns coprosoro mpokata u3 cranmu Mmapok 12X18HIOT, 10X17H13M2T, 10X17H13M3T momyckaembie
HAIIpSUKEHHA, TIpHBeICHHBIE B Tabn 3 npu TeMnepatypax a0 S50°C, yMHOXAIOT Ha OTHOIICHHE

» *
Rpo2 | Rpoz
240 | 2400

rae Ry, — Tpelen TeKydecTH MaTepHana COPTOBOTO mpokarta onpexeier no I'OCT 5949, mna coprosoro
npokata 13 cramn Mapku 03X 18H11 nonyckaemnie HanpspkeHHS yMHOXaroTed Ha 0,8

5 Jl1a NOKOBOK H COPTOROTO IpoKaTa M3 cTaymm Mapku 08X 18H10T nonyckaeMble HaNpsAKEeHUSA, NIPUBEICHHBIC B
Tabn 7 npu Temnepatypax o 550°C, ymHoxator Ha 0,95

6 Jlns mokoBok u3 cranu Mapku 03X17H14M3 noryckaemsie HANPSDKEHUA, PHBEACHHBIC B Tabn 3, yMHOXKAIOT
Ha 0,9

7 Hna noxoBok u3 cramu Mapku 03X18H11 mormyckaeMslie HanpskeHHs, IpHBeIeHHbIE B Taba 3, yMHOXatOT Ha
0,9, 114 coproeoro npokara u3 craay Mapket 03X18H11 nonyckaembie HaNpsKSHHA YMHOXatoT Ha 0,8

8 na tpy6 m3 cramm Mapxu 03X21H21MA4TB (3U-35) nonyckaemble HanmpskeHHA, PUBENCHHBIC B Tabn 3,
yMHOXa:0T Ha 0,88

9 Jlna mokoBox M3 cramu Mapku 03X21H21MA4I'B (3HU-35 ) nomyckaeMsle HAalPsDKEHHS, MPHBEACHHKIEC B Tabn

3, yMHOXAIOT HA OTHOLICHHE
» *
Rpo2 [Rp(},l ]

250 { 2500

s

rae R'po,z — Mpenen TEeKy9eCTH MaTepHana nokoBokK, onpenencs no ['OCT 25054 (no cornacopanuio)
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Tabnawia 4

Jonmyckaemble HANPSIKEHURA IS 2KAPOTPOUHDIX, XKAPOCTOHKHX H KOPPOIHOHHOCTOHKHX
cTajieil ayCTEeHHTHOrO H AYCTCHATO-(ePPHTHOrO Kjiacca

PacuerHas JlonyckaeMoe HanpsokenHe [o], MTTa (kre/ca?), s craseli Mapok
TEMIEpaTypa
CTEHKH 08X18I'8H2T |07X13AT20| 02X8H22C6 |15X18HI12C4TIO|06XH28MT,| O08X22H6T,
coCya Wi (KO-3) (UC-46) (9I1-794) (SU-654) 03XH28MIT | 08X21H6M2T
anmapata, °C
20 230(2300) | 233(2330) 133(1330) 233(2330) 147(1470) 233(2330)
100 206(2060) 173(1730) 106,5(1065) 220(2200) 138(1380) 200(2000)
150 190(1900) 153(1530) 100(1000) 206,5(2065) 130(1300) 193(1930)
200 175(1750) 133(1330) 90(900) 200(2000) 124(1240) 188,5(1885)
250 160(1600) 127(1270) 83(830) 186,5(1865) 117(1170) 166,5(1665)
300 144(1440) 120(1200) 76,5(765) 180(1800) 110(1100) 160(1600)
350 - 113(1130) - - 107(1070) -
375 - 110(1100) - - 105(1050) -
400 - 107(1070) - - 103(1030) -
ITpumedanus

1 Ilpu pacuerHsIX TemmepaTypax Hwke 20°C momyckaeMsic HANPAKCHHS NPHUHHMAIOT TAKHMH €, KaK H IpH
20°C, mpu yCIOBAH AONYCTHMOro MPUMEHEHHA MaTEPHAIa NPH JaHHOHK TeMniepaType

2 Jlns TOPOMEXYTOYHBIX pAaCYeTHBIX TEMIIEPATYP CTEHKH JOMYCKAEMOE HANPDKCHME ONpPENEeHsIoT
HHTepnoNAIMed ByX GiDKaiimMX 3HAYCHMM, YKa3aHHBIX B Tabmane, ¢ okpyraeHu#eM ao 0,5 MIla (5 Kre/cM’) B
CTOPOHY MCHBILICTO 3HAYCHMSA
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19.

MNPUJIOXKEHMUE 2. MexanndecKne XapaKTePHCTHKH cTanei [1]

MexaHnYecKHE XAPDAKTEPHCTHKH:

IUIA YTIIEPOAMCTHIX B HU3KOJIETHPOBAHHBIX CTanei — Tabn. 1 u 2,

JUIA TETUIOYCTOMIMBEIX XPOMMCTHIX cTanel — tabn. 3 u 4,

JUTA 5KAPOTPOYHEIX, XKAPOCTOMKMX X KOPPO3HOHHOCTOMKHX CTalel ayCTEHMTHOIO M ayCTEHHTO-

deppurHOTO KNacCa — TabM. 5 U 6

Tabnuna 1
PacuerHas PacueTHOE 3HAYCHHE NpeNieNa TeKydecTH R,, MITa (krc/cM?), /s cTaieli MapoK
TemnepaTypa BCr3 [ 09I'2C, 16I°C [ 20 20K 1TC
cog;‘:‘:m TOMIMHE, MM 10 |10r2,09r2| 17TIC,
amapara, °C no 20 cBbime 20 1o 32 cepime 32 | mo 160 10I2C1
20 250(2500) | 210(2100) | 300(3000) | 280(2800) | 220(2200) | 195(1950) | 270(2700) | 280(2800)
100 230(2300) | 201(2010) |265,5(2655)| 240(2400) | 213(2130) | 188(1880) | 240(2400) | 240(2400)
150 224(2240) | 197(1970) ]256,5(2565)| 231(2310) | 209(2090) | 183(1830) | 231(2310) | 231(2310)
200 223(2230) | 189(1890) (247,5(2475) | 222(2220) | 204(2040) | 177(1770) | 222(2220) | 222(2220)
250 197(1970) | 180(1800) | 243(2430) | 218(2180) | 198(1980) | 168(1680) | 218(2180) | 218(2180)
300 173(1730) | 162(1620) |226,5(2265)| 201(2010) | 179(1790) | 150(1500) | 201(2010) | 201(2010)
350 167(1670) | 147(1470) | 210(2100) | 185(1850) | 159(1590) | 132(1320) | 185(1850) | 185(1850)
375 164(1640) | 140(1400) [199,5(1995)| 174(1740) | 147(1470) | 123(1230) | 162(1620) | 174(1740)
400 - - 183(1830) | 158(1580) - - - 158(1580)
410 - - - 156(1560) - - - 156(1560)
420 - - - 138(1380) - - - 138(1380)
TaGnuna 2
Pacuernas PaceTHOE 3HAYEHHE BPEMEHHOTO COMPOTUBIEHHS R,,, MITa (KIC/CM), Zisi CTaJIel MapOK
TeMnepaTypa BC13 [ 0912C, 16I'C [ 20m20K 1012, 0912,
CTeHKH TOJILIMHA, MM 10 17TC,
;;Zy;f‘m’”’i‘c 1o 20 ceoime 20 zo 32 cebIe 32 o 160 11 311:2151
20 460(4600) | 380(3800) | 470(4700) | 440(4400) 410(4100) 340(3400) 440(4400)
100 435(4350) | 360(3600) | 425(4250) | 385(3850) 380(3800) 310(3100) 385(3850)
150 460(4600) | 390(3900) | 430(4300) | 430(4300) 425(4250) 340(3400) 430(4300)
200 505(5050) | 420(4200) | 439(4390) | 439(4390) 460(4600) 382(3820) 439(4390)
250 510(5100) | 435(4350) | 444(4440) | 444(4440) 460(4600) 400(4000) 444(4440)
300 520(5200) | 440(4400) | 445(4450) | 445(4450) 460(4600) 374(3740) 445(4450)
350 480(4800) | 420(4200) | 441(4410) | 441(4410) 430(4300) 360(3600) 441(4410)
375 450(4500) | 402(4020) | 425(4250) | 425(4250) 410(4100) 330(3300) 425(4250)
Ta6nuna 3
PacuetHas PacueTHoe 3HaUCHHE Ipenena TeKy4ecTH Ry o, Mlla (krc/cm?), st cranedi Mapok
TEMIepaTypa CTEHKH
COCYyJa WM arnmapara, 12MX 12XM 15XM 15X5M 15X5M-Y
°C
20 220(2200) 220(2200) 233(2330) 220(2200) 400(4000)
100 219(2190) 219(2190) 230(2300) 210(2100) 352,5(3525)
150 218(2180) 218(2180) 229(2290) 207(2070) 345(3450)
200 217,5(2175) 217,5(2175) 228(2280) 201(2010) 337,5(3375)
250 217,5(2175) 217,5(2175) 228(2280) 190(1900) 330(3300)
300 212(2120) 212(2120) 220(2200) 180(1800) 315(3150)
350 206(2060) 206(2060) 213(2130) 171(1710) 300(3000)
375 202(2020) 202(2020) 210(2100) 164(1640) 270(2700)
400 198(1980) 198(1980) 205(2050) 158(1580) 255(2550)
410 195(1950) 195(1950) 204(2040) 155(1550) 240(2400)
420 194(1940) 194(1940) 202(2020) 152(1520) 225(2250)
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Tabnuua 4

PacuetHas PacueTHOe 3HAYCHHE BPEMEHHOIO CONPOTHRICHHS R,,, MITa (krc/cM?), anst craneit MapoK
Temnepartypa
CTEHKH COCyza 12MX 12XM 15XM 15X5M 15X5M-Y
WK anmapara, °C
20 450(4500) 450(4500) 450(4500) 400(4000) 600(6000)
100 440(4400) 440(4400) 440(4400) 380(3800) 572(5720)
150 434(4340) 434(4340) 434(4340) 355(3550) 555(5550)
200 430(4300) 430(4300) 430(4300) 330(3300) 535(5350)
250 440(4400) 437(4370) 437(4370) 320(3200) 520(5200)
300 454(4540) 445(4450) 445(4450) 318(3180) 503(5030)
350 437(4370) 442(4420) 442(4420) 314(3140) 492(4920)
375 427(4270) 436(4360) 436(4360) 312(3120) 484(4840)
400 415(4150) 426(4260) 426(4260) 310(3100) 472(4720)
410 413(4130) 424(4240) 424(4240) 306(3060) 468(4680)
420 410(4100) 421(4210) 421(4210) 300(3000) 462(4620)
Tabnuua 5
Pacuetnas PacueTHoe 3HaYeHMe Npeena TeKyIeCTH Ry, MIla (krc/cM”), It cTaneli MapoK
TeMmepaTypa
CTeHKH cocyna | 08X188H2T | 07X13AI20 | 02X8H22C6 | 15X18H12C4TIO | 08X22H6T, | 06XH28MAT,
WJIH anmapata, (KO-3) (4C-46) (OI1-794) (OHU-654) 08X21H6M2T | 03XH28MIT
°C
20 350(3500) 350(3500) 200(2000) 350(3500) 350(3500) 220(2200)
100 328(3280) 260(2600) 160(1600) 330(3300) 300(3000) 207(2070)
150 314(3140) 230(2300) 150(1500) 310(3100) 280(2900) 195(1950)
200 300(3000) 200(2000) 135(1350) 300(3000) 283(2830) 186(1860)
250 287(2870) 190(1900) 125(1250) 280(2800) 250(2500) 175(1750)
300 274(2740) 180(1800) 115(1150) 270(2700) 240(2400) 165(1650)
350 - 170(1700) - - - 160(1600)
375 - 165(1650) - - - 157,5(1575)
400 - 160(1600) - - - 155(1550)
Ta6mna 6
Pacuernas PacueTHOE 3HaYeHNME BPEMEHHOTO CONPOTHBICHNA R,,, MI1a (krc/cM’), A cTasieit MapoK
““"e‘f’o?yi 08X18T'SH2T | O7XI3AT20 | 02X8H22C6 |15X18HI12C4TIO| O06XH28MIIT,
wn anmapara, °C (KO-3) (4C-46) (311-794) (QU-654) 03XH28MIT
20 600(6000) 670(6700) 550(5500) 700(7000) 550(5500)
100 535(5350) 550(5500) 500(5000) 640(6400) 527,5(5275)
150 495(4950) 520(5200) 480(4800) 610(6100) 512,5(5125)
200 455(4550) 490(4900) 468(4680) 580(5800) 500(5000)
250 415(4150) 485(4850) 450(4500) 570(5700) 490(4900)
300 375(3750) 480(4800) 440(4400) 570(5700) 482,5(4825)
350 - 465(4650) - - 478(4780)
375 - 458(4580) - - 474(4740)
400 - 450(4500) - - 470(4700)
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Ta6muma 7

PacueTHOe 3HaYeHMe NpesieNa TeKyIecTH Ry, o, MITa (krc/cM®), AnA cTane# Mapok

Tf::fl';m“ 12X18HI0T, 08X18HIOT,
paTypa 12X18HI12T, 08X18HI2T,
cn'e:;n a;(;z’ni (v:um 10X17H13M2T, 08X17H13M2T, 03X21H21MATE | 03X18H11 | 03X17H14M3
10X17H13M3T 08X17H15M3T
20 276(2760) 252(2520) 270(2700) 240(2400) 230(2300)
100 261(2610) 234(2340) 260(2600) 200(2000) 210(2100)
150 252(2520) 222(2220) 257(2570) 187,5(1875) 195(1950)
200 240(2400) 210(2100) 257(2570) 180(1800) 180(1800)
250 231(2310) 198(1980) 250(2500) 173(1730) 170(1700)
300 222(2220) 184,5(1845) 223(2230) 168(1680) 155(1550)
350 216(2160) 169,5(1695) 215(2150) 162(1620) 152(1520)
375 210(2100) 162(1620) 212(2120) 160(1600) 135(1350)
400 205,5(2055) 154,5(1545) 210(2100) 160(1600) 130(1300)
410 204(2040) 153(1530) - 160(1600) 125(1250)
420 202,5(2025) 151,5(1515) - 160(1600) 123(1230)
430 201(2010) 150,75(1508) - 160(1600) 122(1220)
440 199,5(1995) 150(1500) - 160(1600) 121(1210)
450 198(1980) 148,5(1485) - 160(1600) 120(1200)
460 196,5(1965) 147(1470) - - -
470 195(1950) 146(1460) - - -
480 193,5(1935) 145,5(1455) - - -
490 192(1920) 144(1440) - - -
500 190,5(1905) 142,5(1425) - - -
510 189(1890) 141(1410) - - -
520 187,5(1875) 139,5(1395) - - -
530 186(1860) 138(1380) - - -
Ipumeanue [Ipenen TeKy4eCTH 1A HOKOBOK, COPTOBOTO Ipokata H Tpy6 npu 20°C cnenyer npuHMMaTh
R} o (mcra)
It IOKOBOK M3 ctamu Mapok 12X 18H10T, 10X17H13M2T, 10X17H13M3T - 12
R} o (macra)

AN TIOKOBOK H COPTOBOTO NpOKaTa u3 crany mapkn 08X 18H10T - 105

20
JU13 COPTOBOFO MpOKaTa H3 CTam Mapok 12X18H10T, 10X17H13M2T, 10X17H13M3T - b5 Rpo,2(copra)
RZ) (ncra)
ANs IOKOBOK M3 CTanu Mapok 03X 17H14M3, 03X 18H11 - Lii
R;?’o(nncra)
125
R‘,Z,?,O (nncra)
1,14
1,08 R2

0
P02 (NOKOBKH)

114 COPTOBOTO MpoKaTa U3 cranu Mapku 03X18H11 -

s Tpy6 u3 cramm mapku 03X21H21MA4TB (3H-35) -
I1A IOKOBOK U3 cTany Mapku 03X21H21M4I'B (3U-35) -

20
rae RPO,Z Tpeliell TeKyUeCTH MaTepuaa rokoBok onpeaeneH no 'OCT 25054 (no cornacosaHHIo)
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Tabnuna 8

Pacuersas PacdeTHOe 3HaUeHHE Npefena TeKydecTd Ry, MIla Krc/cM’), JUTA CTaJlel MapoK
Temmepatypa 12X18H10T, 08X18H10T,
cremka cocyna |  J2X18HIZT, OBXIBHI2T, |3y 12 IM4TE|  03X18HI1 | 03X17H14M3
s anmapata, °C 10X17H13M2T, | 08X17H13M2T,
10X17H13M3T 08X17H13M3T
20 240(2400) 210%(2100) 250(2500) 200(2000) 200(2000)
100 228(2280) 195(1950) 240(2400) 160(1600) 180(1800)
150 219(2190) 180(1800) 235(2350) 150(1500) 165(1650)
200 210(2100) 173(1730) 235(2350) 140(1400) 150(1500)
250 204(2040) 165(1650) 232(2320) 135(1350) 140(1400)
300 195(1950) 150(1500) 205(2050) 130(1300) 126(1260)
350 190(1900) 137(1370) 199(1990) 127(1270) 115(1150)
375 186(1860) 133(1330) 195(1950) 125(1250) 108(1080)
400 181(1810) 129(1290) 191(1910) 122,5(1225) 100(1000)
410 180(1800) 128(1280) - 121,5(1215) 98(980)
420 180(1800) 128(1280) - 121(1210) 97,5(975)
430 179(1790) 127(1270) - 120,5(1205) 97(970)
440 177(1770) 126(1260) - 120(1200) 96(960)
450 176(1760) 125(1250) - 120(1200) 95(950)
460 174(1740) 125(1250) - - -
470 173(1730) 124(1240) - - -
480 173(1730) 123(1230) - - -
490 171(1710) 122(1220) - - -
500 170(1700) 122(1220) - . -
510 168(1680) 120(1200) - - -
520 168(1680) 119(1190) - - -
530 167(1670) 119(1190) - - -
* Jina craneit 08X17H13M2T, 08X 17H15M3T npeaen Texyqect npn 20°C pasen 200 (2000) MTTa (kor/oM?)
TIpumeganus

1 Ot nokoBok w3 cramm mapox 12X18H10T, 10X17H13M2T, 10X17H13M3T, npenemst TeKydecTH,
nipuBeicHABIE B Tabn 7 u 8, ymHOXKar0T Ha 0,83
2 Jlns coproBoro npoxara u3 ctams mapox 12X18H10T, 10X17H13M2T, 10X17H13M3T npenens TeKy3ecTH,

TIpHBENCHHbIE B Tabn 8, YMHOXKAIOT Ha
Rpoz2| Rpo2
240 | 2400

2

roe R',,m — NpeAET TEKYIECTH MaTepuaia coprosoro npokara onpeaened no 'OCT 5949

3 Jlns noKOBOK M COPTOBOrO NpokaTa u3 crami mapku 08X 18H10T npeaenst TeKydecTu, NpUBEICHHEIE B Tabn
16, ymaOXa10T Ha 0,95

4 JIns nokoBok M3 ctanu mapku 03X17H14M3 npeneisi TeKyuecTH, pUBEAeHHbIe B Tabn 8, yMHOXAIOT HA
0,9

5 JNna noxoBok u3 crtami mMapku 03X18H11 npenens! TeKydecTH, npuBeacHHbe B Tabn 8, ymHoxawoT Ha 0,9,
IUI% COPTOBOrO NpokaTa M3 ctam Mapku 03X18H11 npeaens: TeKydecti yMHOXaroT Ha 0,8

6 Jlma Tpy6 w3 cramu mapku 03X21H21M4TE (3U-35) npenems! TeKy49ecTH, NMpUBEAEHHBE B Tabn 8,
yMHOXaIOT Ha 0,88

7 Hns mokosok u3 cramu Mapku 03X21H2IM4I'B (3U-35) npepenbl TeKydecTH, npuBeAcHHbIE B Tabn 8,
YMHOJXKAIOT Ha OTHOLICHME

R'ﬂ,z R.Eo,z
250 | 2500

>

r2ie R o2 — TIpeNes TeKyqecTr MATEpHANA IOKOBOK onpeneses no FOCT 25054 (1o cornacosaHmio)
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Tabnuua 9

Pacuetnas PacueTHOE 3HAYEHHE BPEMEHHOTO CONPOTHBIEHHS R ,, MTTa (irc/cM?), i cTasiel MapoK
Temneparypa 08X18H10T, 12X18H10T,
CTEHKH COCYAa 08X22H6T, 08X18HI12T, 12X18H12T,
v annapara, | 032 H2IMATE | 4oy pp | 03X 17HIAMS | O3XISHIL | o711 3M0T, | 10X17HI3MET,
°C 08X17H15M3T | 10X17H13M3T
20 550(5500) 600(6000) 500(5000) | 520(5200) 520(5200) 540(5400)
100 540(5400) 583(5830) 474(4740) | 450(4500) 480(4800) 500(5000)
150 535(5350) 550(5500) 453(4530) | 433(4330) 455(4550) 475(4750)
200 535(5350) 515(5150) 432(4320) | 415(4150) 430(4300) 450(4500)
250 534(5340) 503(5030) 412(4120) | 405(4050) 424(4240) 443(4430)
300 520(5200) 500(5000) 392(3920) | 397(3970) 417(4170) 440(4400)
350 518(5180) - 376(3760) | 394(3940) 408(4080) 438(4380)
375 517(5170) - 368(3680) | 392(3920) 405(4050) 437(4370)
400 516(5160) - 360(3600) | 390(3900) 402(4020) 436(4360)
410 - - 358(3580) | 388(3880) 400(4000) 434(4340)
420 - - 356(3560) | 386(3860) 398(3980) 432(4320)
430 - - 354(3540) | 384(3840) 396(3960) 431(4310)
440 - - 352(3520) | 382(3820) 394(3940) 430(4300)
450 - - 350(3500) | 380(3800) 392(3920) 428(4280)
460 - - - - 390(3900) 426(4260)
470 - - - - 388(3880) 424(4240)
480 - - - - 386(3860) 422(4220)
490 - - - - 385(3850) 421(4210)
500 - - - - 383(3830) 420(4200)
510 - - - - 381(3810) 418(4180)
520 - - - - 380(3800) 416(4160)
530 - - - - 374*(3740) 412*(4120)

* Jina pacueTHOH TeMneparypsl cTeHkH 550°C

KosddnnuenTnl nuHelinoro pacmupenuns [1]

PacuerHoe 3naueHHe Koddduumenta a-10°, °C”', mpu Temneparype,

Mapxka cranmu °C
20-100 20-200 20-300 20-400 20-500

BCr3, 20, 20K 11,6 12,6 13,1 13,6 14,1
09I'2C, 16I°C, 17T°C, 17T'1C, 10I"2C1, 10I"2 13,0 14,0 153 16,1 16,2
12XM, 12MX, 15XM, 15X5M, 15X5M-Y 11,9 12,6 13,2 13,7 14,0
08X22H6T, 08X21H6M2T 9,6 13,8 16,0 16,0 16,5
12X18H10T, 12X18HI12T, 03X17H14M3, 16,6 17,0 18,0 18,0 18,0
10X17H13M2T, 10X17H13M3T,

08X18H10T, O08X18HI2T, 03XI8HI11,

08X17H13M2T, 08X17H15M3T

03X21H21M4T'B 14,9 15,7 16,6 17,3 17,5
06XH28MAT, 03XH28MIT 15,3 15,9 16,5 16,9 17,3
08X18'8H2T 12,3 13,1 14,4 14,4 153
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PacuerHble 3HAYEHUA MOAYyas Yopyrocrm [1]

o
x 20
% \«\
S 18 ~
?
2
}5"6 \ Z N
5 IN N
N\
("]
":éf.‘f X A,\
00 200 306 400 S00 00 °¢

I - YINeponHCTHIE B HH3KOCTHPOBAHHEIE CTANH, 2 — TEILTOY CTOMYHBAIC H KOPPO3HOHHO-CTONKHE XPOMHCTHIE
CTamy, 3 - ’KapoIpodHEIe, XapOCTOHKHE H KOPPOHOHHO-CTOMKHE ayCTEHUTHBIE CTAIA

Tabmuma 1
Crams Monyms npononsHo# ynpyrocts 10° E MITa (10°6 E kre/cM”) ipu Temmepatype, °C

20 | 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 550 | 600 | 650 | 700
Vraepomacteie  n| 1,99 | 1,91 | 1,86 | 1.81 | 1.76 [ 1,71] 1,64 | 1,55 [ 1.40] - | - | - | - | -
HE3KO/IErHPOBAHHbIE
cramu
TemnoycroiuuBeie M| 2,15(2,15(2,05|198195(1,90| 1,84 1,78 1,71 | 1,63 | 1,54 | 1,40 - -
KOPPO3HOHHO-
CTOHKHE XPOMHCTBIE
cTanu
Kapompourete  u|2,00 | 2,00 | 1,99 | 1,97 | 1,94 [ 190 1,85 | 1,80 | 1,74 | 1,67 | 1,60 | 1,52 | 143 | 1,32
XKapOCTONKHE
2YCTEHUTHBIE CTAIH
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20.

INNPUJIOXKEHME 3. CeoiicTBa 6o,1ToB (IINHJEK) AN pacueTa
¢raHneBHIX cCOeANHEHNH coCyNoB H annaparoB [S5]

Tabmuna 1
Jonyckaemoe HanpsxeHHE 60ITOB (IIIHMIIEK) [0‘]5 , MIla qna craneii Mapox
Pacuernas 35X, 40X,
TEMIIE a 12X18H10T 38XA,
PaTyPa | 35 40 Lox 17THIMT S X 14H14B2M|08X 1SH24BATR . = ot ) 30XMA | XH35BT
20XH3A
130,0 110,0 160,0 231,0 230,0 230,0 2080
100 126,0 105,0 150,0 226.0 230,0 230,0 196,0
200 120,0 98.0 150,0 2210 225,0 200,0 186,0
250 107,0 95,0 144,0 219,0 222,0 1820 186,0
300 97.0 90,0 139,0 217.0 2230 1740 186,0
350 86,0 ) 128,0 2150 185,0 166,0 186,0
375 80,0 85,0 128,0 214,0 175,0 166,0 186,0
400 75,0 83,0 1280 213,0 160,0 166,0 186,0
425 68,0 82,0 125,0 213,0 153.0 161,0 186,0
450 80,0 123,0 213,0 156,0 186,0
475 79,0 120,0 213,0 186,0
500 78,0 118,0 208,0 186.0
510 117,0 205,0 185,0
520 116,0 202,0 184,0
530 115,0 199,0 183,0
540 114,0 196,0 181,0
550 113,0 195,0 180,0
560 183,0 165,0
570 171,0 150,0
580 169.0 135,0
590 157,0 110,0
600 147.0 110,0
610 110,0
620 105,0
630 100,0
640 94,0
650 28,0
PacuerHas 20X13 | 25XIMa 25X2M1® | 18X12BME®P | 20X 1IM®IBP | 07X16H6 | 14X17H2
TeMIeparypa
20 195.0 2380 2380 2380 2380 3210 2980
100 182.0 2270 232,0 234,0 234,0 314,0 2940
200 165,0 217,0 231,0 2310 224.0 312,5 287,0
250 157.5 210,0 2240 2270 213,0 309,8 284.0
300 150,0 199,0 220,0 2270 202,0 3070 | 280,0
350 147.0 1850 213,0 220,0 185,0 307,0 280,0
375 146,0 180,0 209,0 216,0 183,0
400 145,0 175,0 206,0 213,0 182,0
425 1435 168,0 202,0 208,0 178,0
450 142,0 161,0 199,0 203,0 175,0
475 100,0 152,0 195,0 196,0 171,0
500 143,0 192,0 189,0 167,0
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Tabnuua 2

Mapka cramu Kosdduupent maneitnoro pacumpenns o - 10° pad B 3aBECHMOCTH OT TeMmneparypbl, °C
20-100 200 300 400 500 600
35 1,1 11,9 13,4 - -
40 11,3 12,0 133 133 - -
20X13 10,4 10,9 11,4 11,8 - -
14X17H2, 10,6 10,8 11,0 11,1 11,3 -
07X16H6
35X 40X, 38XA 134 13,3 - 14,8 - -
20XH3A 11,0 12,0 13,0 13,5 14,0 14,5
30XMA 12,3 12,6 12,9 13,9 - 14,4
25X 1MD 11,3 12,7 - 13,9 - 14,6
25X2M1 @, 12,5 12,9 13,3 13,7 14,0 14,7
20X 1MP1EP
18X12BMBOP 11,2 11,3 11,4 11,8 12,0 -
37X12H8I'SMDB 15,9 18,0 19,2 21,5 22,4 21,0
12X18H10T 16,6 17,0 18,0 18,0 18,0 -
10X17H13M2T
45X14H14B2M 16,6 17,0 18,0 18,0 18,0 18,0
XH35BT 14,8 15,1 15,5 15,9 16,1 16,6
08X15H24B4 14,5 15,5 16,3 16,8 17,2 174
Tabnuma 3

Moxyme npopomHo# ynpyroctu 10° Eg MITa (106 £, xrc/cm?) npn Temnepatype, °C
20 | 100 | 150 | 200 [ 250 | 300 | 350 | 400 | 450 | 500 | 550 600

Mapxka cramn

35, 40 2,10 2,057 200 [ 195 |19 | 185 | 1,80 | 1,75 | 167 [ 1,60 | - |-

20X13, 14X17H2,
|8X12BMBOP, 20xH3A | 220 | 215 | 212 | 2,10 | 2,05 | 2,00 | 195 | 1.90 | 1,85 | 180 |175| 1,70

07X16H6, 35X, 40X,
38XA, 30XMA, 25X1IM®, | 2,15 | 2,10 | 2,07 | 2,05 { 2,02} 2,00 | 195 | 190 | 1,85 | 1,80 |1,75| 1,70
25X2M 1@

20X1MP1EP 2,10 12,05] 2,02 | 200|197 | 195|150 | 1,85 | 1,80 | 1,75 |1,70| 1,65

12X18H10T,XH35BT
10X17H13M2T,
45X14H14B2M,
08X15H24B4TP,
37X12HSTSM®B

2,052,001 195 [ 1,9 | 1.85| 1,80 | 1,75 | 1,70 | 1,67 | 1,65 |1,62| 1,60

>
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21. MNPWIOXKEHHME 4. KoaddpunnrenTs! 4 pacyera QuaHIeBbIX
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(18)

(19)

(20)

21)

(22)

(23)

(24)

(25)

(26)

@7

(28)

(30)

(32)

(34)

(36)

(38)

(40)

C, =C,C,C, +C,CC, +C,CC,

~(c2c, +cic, +cic,,)

C,C,C,, +C,CyCy +C,CoC, —(C,C,C, + C2C, +C,,C,C,) )

C, = .

¢ = CCiCy +C,GCy + c3cscmc ~(CC,C,y +C2Cy +C,C,C )’
16

¢ = CaCiCi + GGGy + cgcscuc— (c,c,c, +C2c, +C,CoCy) |
16

¢, -GG+ GG+ C3CI3620 —(c2c, +c,cic, +Che.Cy) |
16

¢, = CiCuCi + GGG, + C3CI4C2C —(C2C,y +C,CiC, +C,CC,) |
"

¢, = GCuCu +CiCiCy + cscwczc -(c2c, +C,C,C +CLCC) |
16

¢, = GC:Cu + GGG +C,CCy - (c,c,c,+c,coC + C22C13)’

Ci

¢, = GCCu+CiCyC v cscsczc ~(c,c,c, +C,C0C, +CIC, ),
16

¢, = GCiCis + CCUC + GGGy - (c,C,C, +CyCCy + c;cls)’

U

32 - 5
1
C34 12 -+ ClS Czl C18C26
C. = C23C35C29 _C32C34C29
36 s

C33
E1 = C17C36 + C18 + C19C37 >

C16

5
29 C,=C,,—-C, _E+ C;Cx s

C 0,5
(31)  Cy :_[ZJ ,

34
(33) C, = 7 = C,,Cy,

(35) C33 = 0’5C26 C32 + C28C31C29 B (095C30C28 + C32C27C29]

o\
37 G =—C18[ZJ =

0 5C26C35 + C34C31C29 (0 5C30C34 + C35C27 C29)
Cys

(41) E,=CyCy+C, +C,C 5,

(39) C,, =
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42)  E;=CuCi+Cy +CyCyy, @) E, =

1 4 1 114 1 4

= +E +E| —+—
@ B (2 6] (4 84) ’[70 105)’
7 4 3A] 1 4

=E,-C +—+
4 E=E “(120 36 C

0

/_\
—

A 1
wl ot ot A )
40 72 60 120 C
C36 .
@6) f=maxil+4’
1,0

E,

0,25 3
(2 73) (”CA) JD+20s, -0

1 4 1 114 1 4 (1 4
Cyl =+ 2 4+C,| ~+—=|+Cp| =+ = |-| —+ =
“‘(2 6) “[4 84) 2‘(70 105) (40+72)

(2 73) (1+ A)j S [(D+2¢)(sy —C)

(472 e=— - na (nasnnes 1o puc 12 1,

(476)e=— - ana nanmes no puc 122, 12 3,

48a) K= —-D——-— nns dranues no puc 12 1, 48,6) K=

¥ — pna dnanues no puc 12 2,
D+2c D, +2¢ P

@) T= K*(1+8,552461gK) 1
D, ’ (1,0472+19448K ) (K - 1)~

K*(1+8,552461gK) -1 1 K2 1gK
. 5 = .
136136 —D(K 1) (61 Y= 0,66845+5,7169=

(50) U=

2
K +1 30V = E

52) Z= . N
o |
(——2’(,7' 3] 1+ 4)°

- i masues no puc 1211,

536) V= - anst dnanues mo puc 12 12,1213,

4 5 -2
(Z—ZEJ 1+ 4)°

U 3
54 d= 7,[(D+ 2¢)(s, —¢) (s, — €)%, 55y L= he;l + h

d
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22.

(¢1anneBHIX cOeAAHERHH apMaTyphI H TpyGonpoBoaos|[10]

INPHJIOXEHHUE 5. CBoiicTBa 00/1TOB (INMHJIEK) ISl pacdeTa

Ta6muna 1

Pacaernoe sHaueHne npenaena rekydectn 6onros (mmarex) R, Mlla

Pacuetnas JUIA CTajied MapoK
TeMIepaTypa
35 40 45 0912C 20X13 30X13 35X
20 275 295 315 245 590 590 590
50 255 265 304 235 559 579 579
100 235 255 304 235 549 569 569
150 225 235 294 226 520 559 549
200 225 216 274 216 520 549 520
250 186 216 255 216 481 540 520
300 147 216 245 196 471 530 491
350 127 196 225 177 460 471
400 157 454 461
450 157 445 392
500 333
PacueTHas 40X | 30XMA | 35XM | 25X1IM® | 20X1IM1 18X12B 31X19H9
TeMIlepaTypa D1bP MB®DP MBBT
0 590 640 640 670 670 670 315
50 569 617 611 638 670 667 314
100 569 608 588 638 657 657 314
150 549 568 588 628 647 647 314
200 530 529 588 608 627 647 314
250 500 480 562 589 598 638 314
300 500 461 536 559 568 638 314
350 441 441 500 520 519 618 294
400 421 441 484 490 510 598 284
450 392 412 460 452 490 569 275
500 304 382 408 402 470 530 275
550 265
600 196
Ta6muma 2
PacuerHoe 3HaYeHHUE BPEMEHHOTO COITPOTHBNEHUA 6oNTOB (mmunek) R, , MIla
PacueTHas JUIA CTaJIeH Mapox
TeMIeparypa
35 40 45 0912C 20X13 30X13 35X
20 530 549 569 432 785 785 736
50 530 520 569 432 755 755 726
100 530 520 569 432 736 736 726
150 520 510 569 432 716 716 706
200 510 510 569 432 687 687 706
250 500 510 549 432 667 667 706
300 500 500 530 432 638 647 706
350 500 471 510 432 625 628
400 432 616 510
450 392 604 510
500 383
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[Ipomomxenue Tabnuisl 2

PacderHoe 3HaYeHHE npenena TekydecTd 60aToR (Omunek) R, MIla
PacueTHas JU1A cTalied Mapok
TeMIepaTypa
40X | 30XMA | 35XM | 25X1IM® | 20X1M1 18X12B 31X19H9
®1EBP MB®P MBEBT
20 736 785 784 785 785 785 589
50 726 775 765 775 775 775 589
100 726 755 749 775 765 755 569
150 706 746 732 765 755 746 549
200 697 706 732 765 746 726 530
250 697 697 717 755 736 706 510
300 697 687 701 725 726 687 491
350 628 687 701 695 716 667 471
400 540 669 651 645 697 628 441
450 461 598 586 589 647 589 441
500 461 530 505 529 598 549 412
550 392
600 392
Tabnuna 3
Mapka ctanu Kos¢duumenT mineiinoro pacmmperna o - 10° > B 3aBUCHMOCTH OT
2pa
Temneparypsy, °C
50 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 550 | 600
35,40,45,091°2C,35X, 11,5 | 11,9 | 122 112,5 | 12,8 | 13,1 | 134 {136 | 13,8 | 14,0 | 14,2 | 14,4
40X 30XMA,35XM,25X1MO,
20X1MD1EP
20X13,30X13, 18X12BMB®P | 10,0 | 10,3 [ 10,6 | 10,8 | 11,0 | 112|114 [ 115 11,7 118]| 11,9 | 12,0
31X19H9MBET 16,4 | 16,6 | 16,8 | 17,0 | 172|174 1176 | 178|180 | 182 | 184 | 185
Tabmana 4
Ma Monys ynpyroctt E 10~*, MIa s sasucumocts ot Temmeparypsl, °C
pi@ oraim 20 | 50 ] 100 [ 150 | 200 | 250 | 300 [ 350 | 400 | 450 | 500] 550] 600
35,40,45, 2,10 1207 1205120019519 |185| 1,80 1,75 1,70 | 1,65 1,60
09172C, 20X1MP16P 2,10 12,07 |2,05(202 200195190185 1,8 1,75 | 1,67] 1,60
B5X,40X,30XMA,35XM,| 2,15 | 2,12 | 2,10 | 2,07 ; 2,05 1 2,02 | 2,00 | 1,95 | 1,90 | 1,85 | 1,80| 1,75[1,70
25X1MO,
20X13,30X13, 2,20 12,17 |12,1512,12 12,10 12,052,001 195 | 1,90 | 1,85 | 1,80 1,75{1,70
18X12BMEDP
B1X19HOMBET 2,0512,02 1200 |195(190]185]180]1,75] 1,70 | 1,67 | 1,65 1,62[1,60
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