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MpeancnoBue

Llenv v npuHumnbl ctangaptusaumm B Poceninckon depepauumn yctaHoBneHsl PegepanbHbiM 3aKOHOM
oT 27 gekabps 2002 r. Ne 184-03 «O TexHU4eCkoMm perynupoBaHnmy, a npaBuria NPUMEHEHUSA HaUMOHarbHbIX
craHgapToB Poccurickon ®epepauym — FOCT P 1.0—2004 «CtaHgapTtusaums B Poccuickon ®eaepaummn. Oc-
HOBHbIE MONTOXEHUA»

CBepgeHusi o cTaHaapTe

1 PABPABOTAH OTKpbITbIM aKUMOHEPHbIM 00LecTBOM «Hay4Ho-nccrneaoBaTenbCKU U KOHCTPYKTOP-
CKUI MHCTUTYT XMMmdeckoro MamnmHocTpoeHusiy (OAO HUMXVMMALLY); 3akpbiTbiM aKLUMOHEPHBIM 06LLIECTBOM
«MeTtpoxum UrxxunHnprHry (3AO MNeTpoxmum NHXMHUMPKHS); OTKPbLITHIM akLMOHEpPHBLIM o0LecTBoM «Bcepoccuin-
CKUIM Hay4YHO-UCCIeoBaTENbCKUA M NPOEKTHO-KOHCTPYKTOPCKUIA MHCTUTYT HETSHOTO MaLUMHOCTPOEHUSA»
(OAO BHUWMHE®TEMALL); ®eaepanbHon crny>60M No aKorIormyeckoMy, TEXHONOTMYECKOMY 1 aTOMHOMY Haf-
3opy (PoctexHaasop)

2 BHECEH TexHunyeckum komuteTom no ctaHgaptusauum TK 260 «O6opygoBaHme xummnyeckoe u HedoTe-
rasonepepabaTtbiBatoLLee»

3 YTBEP>XOEH W BBEJEH B AEMCTBWE MMpukasom deaepanbHOro areHTCTBa Mo TEXHUHECKOMY pery-
NNUPOBaHUIo U MeTponorim ot 27 aekabps 2007 r. Ne 503-ct

4 B HacTosLLEeM CTaHAapTe y4TeHbl OCHOBHbIE HOPMATUBHbIE MOMOXEHWS CrieayoLLMX MEXOYHAaPOOHbIX 1
eBpornencknx ctaHaapToB: Anpektuebl 97/23 EC EBponenckoro NMapnameHta n Coeeta oT 29 mas 1997 r. no
CcONMXKeHNo 3aKkoHoOaTeNbCTB rOCYAapCTB-YNIEHOB, Kacatolelnicss o6opyaoBaHus, paboTaroLero nog gasne-
Hnem; EH 13445-3:2002 «Cocyabl, paboTatoLume nog gasneHnem. Yactb 3. PacueTt» (EN 13445-3:2002 «Unfired
pressure vessel — Part 3: Designy)

5 BBE[EH BINEPBbIE

UHgbopmayusi 06 usmeHeHUsIx K HacmosiuemMy cmaHdapmy ry6riuKyemcs 8 exxe200H0 U30asaeMoM UH-
¢hopmayUoHHOM yKazamerse «HauuoHasbHble cmaHOapmel», @ MeKem U3MeHeHUl U MornpasoK — 6 eXeMeCcsiHHO
u30asaeMbix UHGhOPMaUUOHHBIX yKkazamessx «HauuoHasbHele cmaHOapmbl». B criydae nepecmompa (3amMeHbi)
unu ommeHbl Hacmosiwezo cmaHdapma coomeemcmeaytouiee yeedomeHue 6ydem onybriuKoeaHo 8 exeMe-
CcsI4YHO U30agaeMoM UHGhopMaULUOHHOM ykaszamerie «HauuoHanbHble cmaHAapmel». Coomeemcemeyrowast UH-
ghopmayusi, yeedomiieHUE U MeKCMbI pa3Mewaromces makxe 8 UHGhopMayUoHHOU cucmeme obLWe20 rosib308a-
HUs — Ha ogbuyuasibHoM calime @edepasibHO20 a2eHMcmea ro MexHUYEeCKoOMy pea2yrupo8aHuro U Memposio-
2uu 8 cemu lumepHem
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HAUWOHANBbHBIA CTAHOAPT POCCUUCKOW OEQEPALMUMNU

Cocyabl u annapartbl
HOPMbI U METOAbl PACYETA HA NMPO4YHOCTb

Pacuet UunnnmHapunyYecknx n KOHM4YeCKunx obevaex, BbINYKIbIX
U NNOCKUX AHUL U KPbIWekK

Vessels and apparatus. Norms and methods of strength calculation.
Calculation of cylindric and conic, shells convex and flat bottoms and covers

Data BBegeHua — 2008—04—01

1 O6nacTb NnpuMeHeHusA

HacTosawmin ctaHgapT ycTaHaBnMBaeT HOPMbI M METOAbI pacyeTa Ha NPOYHOCTb LMNUHApUYECcKnx obeyaexk,
KOHMYECKNX 9NIEMEHTOB, BbINYKMNbIX OHULL, U NAOCKMX KPbILLEK COCYA0B 1 annapaTos, NPUMEHSIEMbIX B XMUYeC-
Ko, HedbTexmmMmmyeckon, HedpTenepepabaTbiBalOLLEN U CMEXHBIX OTPACHSX MPOMbILLIIEHHOCTH, paboTaloLwmux B
YCINOBUSIX OQHOKPATHbIX!) cTaTUYECKUX HAarpy3oK NoA BHYTPEHHUM U30bITOYHBIM AaBNEHMEM, BaKyyMOM UM Ha-
PY>KHbIM JaBRNEeHUeM, Noa AEeUCTBUEM OCEBBIX U NONEPEYHbIX YCUNni U u3rnbaroLmx MoMeHToB. Hopmbl 1 MeTo-
bl pacyeTa Ha NPOYHOCTb MPUMEHNMbI, €CIW OTKIOHEHNE OT reoMeTpu4eckon opMbl 1 HETOYHOCTU U3rOTOBIE-
HUSA PacCUMTbLIBAEMbIX 3NIEMEHTOB COCYA0B HE NPEBLILLIAKT AOMNYCKOB, YCTAHOBMNEHHbLIX HOPMATUBHLIMU JOKY-
MEHTaMW.

Hactoswwmii ctangapT npumeHnm coBmectHo ¢ FTOCT P 52857.1.

2 HopmaTtuBHbIE CCbISIKM

B HacTodwem cTaHgapTe UCMONb30BaHbl HOPMATUBHBIE CChINIKM Ha Criegyolmye cTaHaapThl:

FOCT P 52857.1—2007 Cocyabl n annapatbl. Hopmbl 1 MeToabl pacyeTa Ha NpoyHocTb. ObLwme TpeboBa-
HUS1

FOCT P 52857.3—2007 Cocyapl 1 annapaTbl. HopMbl 1 MeTOAbLI pacyeTa Ha MPOYHOCTb. YKpensneHne
OTBEPCTUI B 06evankax v JHULLAaX NPy BHYTPEHHEM M BHELLHEM AaBneHusax. PacyeT Ha NpoYHOCTb obevaek n
OHVLL, MPY BHELLHUX CTaTUYECKUX Harpy3kax Ha LTyLep

FOCT P 52857.6—2007 Cocyabl 1 annapatbl. Hopmbl 1 MeToApbl pacyeTa Ha NpoYHOCTb. PacyeT Ha npou-
HOCTb MPY MaroLMKIOBbIX Harpy3kax

FOCT P 52857.8—2007 Cocyabl 1 annapaTbl. HopMbl 1 MeToapbl pacyeTa Ha NpoYHOCTb. Cocyabl 1 annapa-
Tbl C pybaLukamm

MpumeyvyaHune — py NONb30BaHMM HACTOALLMM CTaH4APTOM uenec006pa3Ho npoBepuTb OencTeme
CCbISTOYHbBIX CTaHAAPTOB B MHGOPMALMOHHON CUCTEME o6Lero nNonb3oBaHNs — Ha oduumansHom cante PenepanbHo-
ro areHTCcTBa no TexHU4YeCkomy perynmpoBaHUio U MeTponornn B cetun VIHTEpPHET M1 No exerogHo n3gaBaemMmomy
VIHCbOpMaLI,VIOHHOMy yKasatesno «HaunoHanbHble cTaHAapTbl», KOTOPbLIN OI'Iy6J'IVIKOBaH Nno COCTOSAHMIO Ha 1 sHBaps TEeKy-
uero roga, M no COOTBETCTBYHWLWNM eXeMeCAYHO n3gaBaeMbiM NHOPMaLMOHHBIM yKasaTtenam, 0I'Iy6J'Il4KOBaHHbIM B
TeKyLllemM roay. Ecnn ccbinoyHbI cTaH4apT 3aMeHeH (M3MeHeH), TO NpU NOJIb30BaHNUN HACTOALLMM CTaHOApTOM cnenyet
PYKOBOACTBOBATLCA 3aMEeHALWNM (VI3MeHeHHbIM) cTaHgapTom. Ecnu cebinoYHbIM CTaH4apT OTMEHEH 6e3 3ameHbl, TO
NosioXKeHne, B KOTOPOM [aHa CCbifika Ha Hero, NPUMEHSETCS B YacTu, He 3aTparveatoLlen 3TY CCbIJIKY.

) HopMbl 1 MeToasl pacyeTa NPUMEHSIIOTCA Takke MPYU MHOTOKPATHLIX Harpyskax Npy YCROBUM, YTO KOMWYECTBO
LIMKITOB 1 pa3max Harpy3ok He MpeBbILatoT 3HaveHui, npu koTopbix no FOCT P 52857.6 Heobxoaumo npoBoauTb pacyeT
Ha ManouUKITOBYIO NPOYHOCTb.
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3 O6o03HaueHun

B HacTosLem cTaHaapTe NpuMeHeHbI crneayoLne 0603HavYeHns:

A,— NroLaab NoNepeyHoOro CeYEHMS KorbLa XKECTKOCTH, MM;

A, — nrowiaab nornepeyHoro ceveHns pebpa kecTkocTy, MMZ;

a — LUMpPMHA KOMbLia XeCTKOCTU Yy CccheprnyecKoro AHULLA UK KPbILLKA, MM;

@1p, 8p— PaCYETHbIE ANUHbI NEPEXOAHbIX YacTel obevaek, MM;

a,, a,— hakTnyeckne ONIMHbI NepexoaHbIX YacTen obevaek, Mm;

B,, B,, B3, By, By, Bg, B; — 6e3pa3mepHble KOahOULMEHTDI;

b — paccTosiHue mexay ABYMSA CMEXHbIMU KOSbLIAMU XXECTKOCTU, MM;

b;(i=1,2,3, ... n)— ANWHbI XOp4, OTBEPCTUIA B OHULLAX, MM;

C — cyMma nNpmbaBOK K pacyeTHbIM TOMLLMHAM CTEHOK, MM;

¢4 — nNprbaBka 4115 KOMMeHcaLm KOppo3nn 1 3p03un, Mm;

¢, — npubaska 4N KoMNeHcaumm M1MHYCOBOrO AornycKa, MM;

C3— TexHonormndeckas npubaska, MM;

D — BHYTpEHHU AnamMeTp cocyda unu annapara, MM;

D, , — cpegHwii amameTp NpoKNnagku, MM (CMm);

Dg— 3thdeKkTBHBIN AnameTp KOHMYeCcKon obeyarikv Npu BHELLHEM AABEHNN, MM;

Dg — adhhekTUBHBIN AuameTp KOHMYECKon 0beyarikm Mpu oceBOM CXaTum n nsrnbe, mm;

D,— pacyeTHbIV AnaMeTp rmagKon KOHUYECKon 0bevankm, MM;

D, — pac4eTHbI AnameTp AHMWA (KPbILLIKK) M KOHUYEeCKON obeyarki, Mwm;

D, — HapyXHbI AnameTp cocyaa unu annapara, a Takke AMaMeTp MEHbLLIErO OCHOBaHWSA KOHMYECKON obevarnku, Mv;

D, — HauMeHbLUW AnaMeTp Hapy>KHOM YTOHEHHOM YacCTU KPbILLKA, MM;

D;— gnameTp 60MTOBOM OKPYXHOCTU, MM;

d — OnameTp OTBEPCTUS B HULLIE UIN KPbILLKE, MM;

dg — OnameTp oTBepCTMS Nod 60NT (LUNUMbLKY), MM;

d,— Hapy>XHbI AnamMeTp LeHTpanbHOW BTYIKU, MM;

d;(i=1,2,3,...n)— gnameTp OTBEPCTUI B AHULLAX, MM;

E — moaynb npofonbHOW YyNpyrocTy Npu pacdeTHoM TemnepaTtype, Mra;

€ — paccTosHUE MeXay LIEHTPOM TSXKECTM NOMepeyHOro CeYeHMs KonbLia XXeCTKOCTU U CPeaUHHON MOBEPXHOCTLIO
obevainkn, mm;

€, — PaccTosiHMe OT LieHTpa TAXECTM NONepeyHoro ceveHnst pebpa >xeCTkoCTu A0 ero OCHOBAHUS, MM;

€4 — PacCTOsIHMNE OT TOYKM NepeceveHns cpegHen NIMHUN CTEHKN CEPUHECKOTO CErMEHTa C KOSbLIOM 0 rOpU30H-
TanbHOW OCK, MPOXOASLLEN Yepes LIEHTP TSHKECTU KonbLia, MM;

€, — PaCcCTOsIHNE OT OKPYXXHOCTU pacnonoxeHns 6oNToB A0 BHYTPEHHEro AnameTpa KonbLua, MM;

€3 — PacCTOsAAHNE OT OKPY>KHOCTY pacrnonoxeHus 60NToB A0 NNHUM AENCTBUSA peakumm NPoKnagku, Mu;

€, — PacCTosiHME OT CPEAVMHHOWN MOBEPXHOCTM NNACTUHbI KPbILLKU C pebpamMm 40 HEUTParibHOM NOBEPXHOCTU, MM;

F— pacuyeTHOe oceBoe pacTarMearoLlee Unm cxmnmatoLee yeunue (6es yyeta Harpysku, BO3HUKaIOLWLEN OT BHYT-
pPeHHEero n3bbITOYHOIo UMW HaPYXKHOTO AaBneHus), H;

[F] — monyckaemoe pacTsarMsaroLee unm cxumatoiee ycunme, H;

[F]e — monyckaemoe 0CeBOe CxUMatoLLee YCUnme U3 ycroBmsi yCTOMYMBOCTM B Mpedenax ynpyroctu, H;

[F], — bonyckaemoe oceBoOe CxXMMatoLlee ycurnme U3 ycroBums NPoYHoCTU Npu ¢ = 1, H;

[Flg — Bonyckaemoe 0ceBoOe CxMMaroLLLee ycunue, onpegensieMoe n3 ycrnoBus MECTHON YCTONYMBOCTU B Mpe-

genax ynpyroctu, H;
[F]g,— Donyckaemoe oceBoe CxumaroLlee ycunve, onpegensieMoe 13 ycrnosus obLLen ycTonumBoCcTy B npeae-
nax ynpyroctu, H;

H — BbICOTa BbINYKMOW YacTu AHULLA 6e3 yyeTa LMNMHOPUYECKOM YacTn, MM;

h; — paccTosiHMe OT HWXKHEW NOBEPXHOCTU KPbILLKW (QHULLA) A0 HWKHErO TopLa BTYIKU, MM;

H,; — BbICOTa BTYIKU, MM;

h— BbICOTa KOMbLa, MM;

hy— onNuHa LMNUHAPUYECKOM YaCcT OTOOPTOBKM AHULL, MM;

h, — BbICOTa CeYEHNs KorbLia XECTKOCTU, U3MepsaeMast OT CpeanHHOM MOBEPXHOCTM obevanku, Mu;

h; — paccTosiHue OT HKHEN NOBEPXHOCTU KPbILIKKN (AHWLLA) 4O HUXKHEro TopLa BTYNKK, MM;

I — 3bHEKTUBHBI MOMEHT MHEPLIMM PACHETHOIO MONEPEYHOT0 CEYEHUS! KOMbLia XeCTKOCTH, MM™*;
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I, — MOMEHT MHepLMM NONEePEYHOro CEYEHNS KOMbLIA )XKECTKOCTU OTHOCUTENBHO OCU, MPOXOASILLEN Yepes3 LIeHTP
TSDKECTU NOMNEePEYHOro CeYEHMs KonbLa (OTHOCUTENbHO ocn X — X), Mm*;

[,— pac4eTHbIN 3PEKTUBHDBIA MOMEHT MHEPLIMM PACHETHOTO NOMEPEYHOrO CEYEHUS KOMbLIA XXECTKOCTH, Mm*;

K — KO3 PULIMEHT KOHCTPYKLMM MITOCKMUX OHULL, U KPbILLEK;

Ky, Ky, Kz, Ky, Ks, Kg, K; — 6e3pa3smepHble koadhdurLmneHTbl;

Kk — KO3 PULIMEHT XKECTKOCTM 0B6eUalikn, MoAKPEnIEHHOM KOMNbLIaMM XXECTKOCTH;

K,— koadbdmumeHT ocnabneHms nnocknx AHULL, (KpbILLEK) OTBEPCTUEM;

K, — nonpaBoyHbI KOIPDULINEHT;

K, — koahdULMEHT NpuBeaeHNs paanyca KpMBMU3HbI ANNMNTUYECKOTO AHNLLA;

K.— K03(pdULMEHT TOHKOCTEHHOCTUN ChepnyHecKnX OHULL;

L — pac4deTHas onuHa uunuHapudeckon obevarku, yKkpenneHHON KonbLaMu XXeCTKOCTU, MM;

| — pac4yeTHasi anvHa rnagkov obevanku, Mm;

I — adhdekTnBHAsA AnNvHa KOHWYeCcKo obeyankm, Mm;

l,— adbdpekTMBHAA ANMHA CTEHKM obevariky, yuuTbiBaemasi npu onpegeneHumn aopekTMBHOrO MOMeHTa MHep-
Lun, MM;

lhp— NpviBeAeHHas AnvHa, MM;

[, — paccTosHWe Mexay ABYMsI KONbLiaMm KECTKOCTM MO OCAM, MPOXOASALLMM Yepes LIEHTP THKECTU MONEPEYHOro
CeYEHUs KomeL, XXeCTKOCTU, MM;

l,— paccTosHMe Mexay KpalHUMK KOMNbLiaMm KECTKOCTM U CneayioLmMMmn 3deKTUBHBLIMM S1TEMEHTaMM XXECTKO-
CTU, MM;

ls— pnnHa NpyMMBbIKalOLLEro aNeMeHTa, yuMTeiBaeMas Npu onpeaeneHun pacyeTHon onvHel / unu L, mw;

M — pac4eTHbIV N3rndaroLnin MOMEHT, H - MM;

[M] — ponyckaemblin usrnbaroLLmii MOMeHT, H - Miu;

n— 4uncrno paguansHblx pebep;

[M]z— ponyckaembiin u3rnbaroLmii MOMEHT U3 yCrioBMs YCTONYMBOCTU B Npeaenax ynpyroctu, H - mm;

[M],,— ponyckaemblin 3rnbaioLLmMin MOMEHT U3 YCNoBus NpoyHocTM npn ¢ =1, H - Mm;

N, — KO3 PULMEHT 3anaca yCToN41BOCTY;

p — pacyeTHOe BHyTPEeHHee N3BbLITOYHOE UK HapYyXHoe AaBneHue, MlMa;

Pr — 3KBMBAIIEHTHOE JaBMEHWE NPy Harpy>xeHnn ocesbiM ycunvem, Mla;

P, — SKBMBarNeHTHOE JaBneHune Npu Harpy>XeHun nsrmbarowum momeHTom, Mlla;

[p] — ponyckaemoe BHyTpeHHee n3bbITOMHOE UMK HapyxHoe AasneHue, Mla;

[p]e — monyckaemoe Hapy>XHOe JaBneHUe U3 yCrioBnUsi yCTOMYMBOCTM B Npeaenax ynpyroctu, Mla;

[p], — Oonyckaemoe HapyXHoe JaBneHne U3 ycrnosusa npoyHoctu npu ¢ = 1, Mlla;

[p]; — Bonyckaemoe BHyTpeHHee n3bbITOYHOE AaBEeHNE NN HapYXXHOe, onpeaensemMoe 13 yCroBus NPOYHOCTH

WKW YCTOMYUBOCTU BCEN obeualiku ( ¢ KonbLamm xxectkocTn), MMa;
[p]1g— monyckaeMoe HapyXHoe AaBreHne U3 YCroBns YCTONYMBOCTM BCen 0beYvanku (C KonbLamm XeCTKOCTH)
B nNpegenax ynpyroctu, Mla;
[p]1,— monyckaemoe HapyxHoe AaBneHue 13 yCcroBus NMPOYHOCTU Bcen obevanku npu ¢ =1, Mrla;
[p], — Aonyckaemoe BHYTpeHHee M3bbITOMHOE AaBeHWE NNy HapyXXHoe, onpegensiemMoe U3 yCrioBus MPOYHOCTU
NN yCTOMYMBOCTM 0BeYvanku Mexay ABYMsi COCEAHUMMU KOmbLiaMu xecTkocTu, Mla;

[Q]e— monyckaemoe nonepeyHoe ycurnune 13 ycrioBus yCTOMYMBOCTM B NpeAenax ynpyroctu, H;

[Q],,— ponyckaeMoe nonepeyvHoe ycunue ns ycnosusi IpoYHocTn npu ¢ = 1, H;

Q — pacyeTHOe nonepeyHoe ycunue, H;

Qp— AononHUTEeNbHOE ycunue, AeNCTBYIOLLEe Ha LIeHTParbHY0 YacTb KpbILLKM ¢ pebpamu, H;

[Q]— ponyckaemoe nonepeyHoe ycunue, H;

R — paguyc KpvBU3HbI B BEPLUWHE AHMLLA MO BHYTPEHHEN NOBEPXHOCTU, MM;

R.— paanyc KpuBM3HbI CHEPUHECKOro CErMeHTa No BHYTPEHHEN NOBEPXHOCTU, MM;

r— BHYTPEHHWI paanyc oTOOPTOBKM KOHUYECKOW obeyvarku (QHuLWwa), MMm;

Rg — 6onToBas Harpy3ka, H;

R,— peakuus npoknagku, H;

ry— pagunyc BbITOYKK, MM;

ry— Hapy>HbI pagnmyc OTOOPTOBKN TOPOCKHEPNYECKOTO AHULLIA, MM;

S — UCMONHUTENBbHAs TOSLLMHA CTEHKM 0bevaniku, Mu;
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S — VCMONHUTENbHAs TOMNLMHA CTEHKM KOHMUYECKON 0Bevariku, MM;

S, — TOJILLMHA KPbILLKW B MECTE YNIIOTHEHUS, MM;

S, — pacyeTHas TOMLMHa CTEHKM 0BeYalkn Unu AHALA, MM;

Sy p — PacyeTHas TOMLWMHa CTEHKIN KOHUYECKO 0bevaiku, MM;

S1p— PacHeTHas TONWMHA CTEHKV AHMLLA (KPbILLKW) MM NePeXOAHO HacTy KOHMYECKOW 0Bevaiku, M,
Sop— PacyeTHas ToMNLHA CTEHKM NepexoaHoi YacTi obevanku, Mm;

S;— VCMONHMTESbHAs TOMNLWMHA CTEHKN TOPOMOANbHOIO Nepexoda KOHNMYecko obevariki, MM;

S'— UCMoNHUTENbHAs TONLMHA CTEHKM NOJIOTOro KOHUYECKOro AHULLA, MM;

Sy p — pacyeTHas ToMNWMHa CTEeHKM NePexoaHON YacTi C TOPOoMAasbHbLIM NEPEX0aoM, MM;

S1s; Sps — 9(PPEKTUBHBIE TOMLLUMHBLI CTEHOK NEPEXOAHOM YacTh 0bevaek, MM;

S{— VCTIONHUTESNbHAs TOMLLMHA CTEHKV AHMLLA (KPbILLIKM) UIN NEPEXOAHON YacTh KOHUYECKO oGeyaitku, MM;
S, — WCMOSHUTENbHASA TOSLLMHA CTEHKWN NEPEXOAHON YacTh 06eyaiiku, MM;

S3— TOINLUMHA KPbILLKU BHE YNIIOTHEHWS, MM;

S4— TOJILLIMHA YTOHEHHO YacTy OHMLLA B MECTE KOSbLIEBOIN BbLITOUKA, MM;

S5— UCMOMHMTENbHANA TOMLLMHA BbICTYMNAOLLEN BbiLIE AHWLLA YacTy obeyaiku, MM;

t — LUMpUWHa NonepeYHOro cevyeHs KombLia XKeCTKOCTU B MECTE ero NpuBapku k obevarike, MMm;

t, — TOnLMHa BTYIIKA, MM;

t;— Hecylas WMpUHa KOMbLIEBOro CBApHOTO LLIBA, MM;

o; OLq; Oy — MOJIOBMHA Yriia pacTBopa Npv BepLUMHe KOHUYeCcKon obevariku, rpag;

B+, B2, Bss Bas Bs, Bes B7, Bss By Bos Brs Brs Ba — KO DULIMEHTBI hOPMBL

[o]. [oli. [ols. [ol.
[}y’ [c]l’ [o)y’ [o]y’

X — OTHOLUEeHne OonyCKaeMbIX Hal'lpﬂ)KeHVIVI

A — 'MOKOCTb 9MEMEHTA;

Y — yron Mexay kacaTenbHow K cdhepnyIeckoMy CErMEHTY B KPAeBOW 30HE 1 BEPTUKAINBHOW OCbHO, rpag;

[c] — nonyckaemoe HanpsXeHue Npu pacyeTHoM Temnepatype, Mla;

[c],0 — Bonyckaemoe HanpspkeHue npy TemnepaType 20 °C, MMMa;

[c],— nonyckaemoe HanpshxeHne ans pedpa XeCTKoCTM Npy pac4eTHON TeMnepaType, Mla;

[c]4, [o],, [0]s — AoOnyckaemoe HanpsixkeHue AN YacTen cocyaa (LMNMHAPUYECKNX, KOHUYECKUX, cchepryeckmx)

npw pacyeTHon Temnepatype, Mla;

[c],— Aonyckaemoe HanpsxeHve Ans pebpa xecTkocTu, MlMa;

[c]— oonyckaemoe HanpsxeHve ansa sTynku, Mla;

Yd; — MakcumarnbHas Cymma OJIMH XOp4 OTBEPCTUI B Hanboree ocnabneHHOM AnamMmeTpanbHOM CeYEHUN OHW-

LLIa UIN KPbILIKK, MM;

© — KO3 DULIMEHTHI MPOYHOCTU CBApPHbIX LLIBOB;

¢, — K03(pPULMEHT MPOYHOCTU CBAPHbIX LLIBOB KOJbLia XXECTKOCTY;

(p — KOIPDULMEHT NPOYHOCTU MPOAOSIBHOTO CBAPHOTO LUBA;

¢, — KO3 PULMEHT NPOYHOCTU KOMNbLIEBOTO CBApPHOrO LLIB3;

(1 — KO3(PPULMEHT CHIDKEHMS JOMYCKAEMbIX HANPSHKEHUI MpU pacyeTe Ha yCTOMYMBOCTb M3 YCIIOBUSE MECTHOM
YCTONYMBOCTY MPY OCEBOM CXXaTuu;

(9 — KOIPPULIMEHT CHIDKEHMS OOMYCKAaEMbIX HAaNPsPKEHUA MPU pacyeTe Ha yCTOMYMBOCTb M3 yCnoBus obLuen
YCTONYMBOCTY MPY OCEBOM CXXaTuu;

(03— KO3 DVLMEHT CHUXKEHMSA A0MNYyCKaeMbIX HaNPSXKeHWI Npy pacyeTe Ha yCTONMYMBOCTb U3 YCIOBUSI MECTHOM
YCTOMYMBOCTM Npu n3rnbe.

4 OOLWwme NonoxeHus

4.1 MpuBEeOeHHbI B  HacCTOsLLEM CTaHAapTe pacyeT MpUMEHVMM  MpU BbINOSHEHUM TpeGoBaHWI
FOCT P 52857.1.

4.2 B oCcHOBY pac4eTHbIX hopMyI1, MPMBEAEHHbIX B HACTOSILLIEM CTaHAAPTE, NMPY OLIEHKE MPOYHOCTY NOJIo-
XeH MeToq NpederbHbIX Harpy3ok. [Mpu pacuyeTe Ha yCTOMYMBOCTbL OT BHELLHEro AaBMIEHUS, NpY Bakyyme, a
TaKKe OT APYrMX Harpy3ok, Bbi3bIBAOLLMX CKMMALOLLIEE HANPsKeHWe, B Ka4ecTBe NpeaesibHOro COCTOSHUS Mpu-
HATO JOCTUXKEHNE HVPKHUX KPUTUYECKNX HAMPSHKEHWIA.

4.3 MNpy 04HOBPEMEHHOM AECTBUN HECKOSbKMX HAarpy3oK (daBrieHusi, OCEBOro CKaTusi U T. N.) yCroBue
MPOYHOCTU (YCTOMYMBOCTM) MPOBEPSIIOT HA OCHOBE JIMHENHOIO CYMMMPOBaHUS NMOBPEXOEHWUI, 3@ UCKITIOYEHNEM
cryyaes, Koraa umetoTcsl Goree TOUYHbIE PeLLEHUS.

5 4
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4.4 B HacTosiLeM cTaHaapTe npueeaeHbl hopMyIibl 415t ONpeaeneHnst UCNOoSNHUTESbHBIX pa3MepoB arie-
MEHTOB COCY/IOB 1 annapaTtoB Npy NPOEKTPOBOYHOM pacyeTe 1 ONpeaeneHnm 4onyckaeMblx Harpy3ok npy noee-
POYHOM pacyeTe.

5 PacueT umnuHagpuyecknx obevaek

5.1 PacyeTHble cxeMbl
5.1.1 PacuyeTHble cxeMbl LUNMHOPUYECKNX 06evaek npuBeaeHbl Ha pucyHkax 1—4.

1 r n H 0

BE T AT

S N 5 8
1 { 2

! RS i i

AMMRNY
S

(4 =3 1 1 1
a J N f
a — obevarika ¢ onaHuemM Unm ¢ MIOCKUM OHULLEM; a — obevalika c oTbopTOBaHHbIMK AHULamMK; 6 — obevait-
6 — obeuvaika C XeCTKMMU Neperopoakamu Ka ¢ HeoTbOPTOBaHHLIMU AHMLLAMM
PucyHok 1 — Mapgkue umnuHgpuyeckne obevamku PucyHok 2 — Napgkue obevaikn ¢ BbIMYKIbIMA UNA

KOHN4YeCKMMn AHunlamMmu

H o
> u
{3
R~ i} -
b A AN
Y
1’ ~3
 Fi\F , AR
- " e 0 A e B
S R o t XL\\ Xl
H ol IR
UIEZ] . ‘.f,<,,’. 3R 723 3
£ \‘\‘ q"lN t
| X X <) -
PucyHok 3 — Mapkme obevaiiku ¢ pybalukon PucyHok 4 — LUunuHpopuyeckas obevarika, nogkpen-

NNIeHHaA KoJibuaMu XeCTKOCTU

MpumeyaHue— PucyHkn 1—4 He onpeaensitoT KOHCTPYKLUMIO U NpuBeAeHbl TONbKO AJNS yKasaHWs pacyeTHbIX
pasmepos.

5.2 YcnoBusi npuMeHeHUs pacyeTHbIX hopmyrn
5.2.1 PacyeTHble hopmyribl MPUMEHMbI NMPY OTHOLLEHWW TOSLLMHBI CTEHKW K AnaMeTpy:

S—BCSOJ ans obevaek v Tpy6 npu D =200 mwm;

%SO,S ana tpy6 npu D < 200 mm.

5.2.2 dopmynbl, npuBedeHHble B 5.3.2; 5.3.4—5.3.7 1 5.4.2, crnegyeT NpMMEHATb NPU YCAOBUK, YTO pac-
YeTHble TeEMMNEepaTypbl HE NPEBbILLAOT 3HAYEHWI, NMPU KOTOPbIX YYUTLIBAETCS NON3y4YeCTb MaTepUaros, T. €. Npu
Takux TeMnepartypax, Korga 4onyckaeMoe HanpsbkeHne onpeaensitoT TONbKO No npeaeny TeKy4ecTy Nnm BpemMeH-

5
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HOMY COMpPOTUBIEHMIO (NPeaeny NPOYHOCTU). ECNn HET TOUHBIX AaHHBIX, TO OPMYJIbl AOMYCKAETCA NPUMEHSITb
npwv yCrioBum, 4To pacyeTHasi Temneparypa CTeHku obevainkm 13 yrnepogucTton ctanu He npesbiwaeT 380 °C, u3
HuskonernporaHHon 420 °C, a 3 aycteHntTHom 525 °C.

5.2.3 [1ns obeyvaek, NogkpeneHHbIX KONbLAaMU XXeCTKOCTU, AONOSNTHUTENBHO K TpeboBaHuam 5.2.1 1 5.2.2
cneayer BbINOSHSATL Crieaytowmne orpaHuyeHns:

- OTHOLLUEHME BbICOTbI CEYEHMS KOMbLLA XXECTKOCTU K AMaMeETPy h—D2 <0,2;

- pacyeTHble hopMyrbl crneayeT NPUMEHATL NPU YCIOBUM PABHOMEPHOIO PacnonoXeHUs KoneL, XKeCTKOCTH;

- B TEX Crny4asx, Koraa Komnblia }XeCTKOCTW YCTaHOBMEHbl HEPaBHOMEPHO, 3Ha4YeHus b u [, Heobxoaumo
NoACTaBnATb AN TOro y4acTka, Ha KOTOPOM PacCTOosIHNE MeXAY ABYMS COCEOHUMM KOMbLIAMN XKECTKOCTN MaKCu-
MarbHoe;

-ecnu I, > [;, To B Ka4ecTBe pacHeTHOW ANNHbI NPUHUMALT L.

5.2.4 PacueTHble chopmyrbl Ans obevaek, paboTaroLLmx nog 4eNCTBUEM OCEBOrO CXXUMAIOLLLEro YCUNus,
npuBeaeHHble B 5.3.4, 5.4.3, npuMeHUMbI NpU creaytoLLlem yCroBumn:

/ b
521,0 w5 >1,0.

[ns obevaek, Y KOTOPbIX % nnn % <10, npn OTCYyTCTBUN ©onee TO4YHbIX pac4eToB, OonyCKaeTcaA NoJib30-

BaTbcs hopmynamm (15) n (17).
5.3 Mapgkue UMNMHApUYeckKne obevankm
5.3.1 O6e4aikn, Harpy>xeHHble BHYyTPEHHUM U30bITOYHbIM JaBlIeHUEeM
5.3.1.1 TonwmMHy CTEHKWN BbIYMCIIAIOT No doopmyne

s=s,*c (1)

rae pac4eTHYIO TOMLLMHY CTEHKM BbIMUCIISIOT MO oopmyrie

___pD
% “2[lgp-p- )

5.3.1.2 [lonyckaemoe BHyTpeHHee M30bITOYHOE AaBMEHME BbIMUCTIAIOT N0 opmyrie

2[c] ¢, (s—c)
[p]=m- 3)

5.3.1.3 MNpwn nsrotoenennn obevarku n3 IMCTOB PasHON TONLMNHBLI, COEANHEHHbLIX MPOAOSIbHBIMU LUBAMW,
pacyeT TonwuHblI 06eYyankm NPOBOASAT AN KaXKAOro JICTa C y4ETOM UMEIOLLIMXCS B HAX OCNabneHui.

5.3.2 O6euanikn, Harpy>XeHHble Hapy)XHbIM AaBJIeHUEM

5.3.2.1 TonuwmHa CTeHKn

TonWWHY CTEHKM NpeaBapuTerbHO BbIMUCTIAIOT No doopmMynam (4) u (5) ¢ obszaTensHOM nocneayowen
nposepko no chopmyrne (7)

Szsy+c, (4)

rae pac4eTHYIO TOMLLMHY CTEHKM BbIMUCIISIOT MO oopmyrie

0,4
102p( p )" 12pD
s, =max(106—p¢ (10‘—5E5) » 2[o]-p [ (5)
KoadhdmumeHT B BbluncnsaioT no oopmyne (6)
0,067
_ : P FAR
B =max11; 0,47(10_51:_) (5)+ ©)
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5.3.2.2 [lonyckaeMoe Hapy>XHOe aBfieHne BbIYUCTISIOT o hopmyne
[p]
—, (7)
14 ( [P, )
[Ple

roe aornyckaemoe gaBrneHne n3 yCcrioBud nNpoO4YHOCTU BbIYUCTTIAKOT NO cbopmyne

[p]=

2 —
Pl = p e, ®)

a gonyckaemMmoe gaBlieHne n3 ycnoBuA YCTOVI‘JVIBOCTVI B npenenax ynpyroctu BbIMUCIAKT NO cbopmyne

. 10-5 _ 2,5
2,08 - 10 EQ[1OO(S c)] ’ ©)

[Ple = n, B, ] D

e B, =min{1,0; 9450 /100@_0)} (10)

Mpu onpegeneHun pacyeTHOW AnNuHbI oGevaiiki [ unu L anvHy npuMbiKatoLLero anemeHTa l; cnegyet
BbIYMCIATE MO PopMynam

Iy = % — ANS BbINYKIbIX OHULL;

D
I3 = Btgo. — ANSA KOHNYECKUX obevaek (aHuLL) 6e3 0oTOOPTOBKM, HO HE Bonee ANUHbI KOHWMYECKOro ane-

MEHTa,

. D o
Iy = max(r sino, w) — 1151 KOHMYeCKnx obedvaek (gHWLL) C OTOOPTOBKOW, HO He Bonee AnVHbI KOHUYeC-

KOro anemeHTa.
5.3.3 Obeuaiku, Harpy>keHHble OCeBbIM PacTAruBalroLMM ycunmem
5.3.3.1 TonuwmHy CTEHKWN BbIYMCNAIOT No doopmyrne

s>s,+c, (11)

rAe pacyeTHYIO TOMLLMHY CTEHKM BbIYMCIISIOT MO hopMyrie

F
S = 7Dlolo, - (12)

5.3.3.2 [lonyckaemoe oceBOe pacTarmsatoLlee ycunme BbIHMUCNAIOT No oopmyre
[F1=n(D + s—c)(s —c)[o] ¢-. (13)

5.3.4 Ob6eyankun, HarpyXeHHble 0CEeBbIM CXXUMAIOLUM yCUnuem
5.3.4.1 [lonyckaemoe 0CEBOE CXUMatOLLEee yCUnue BbIYUCIIAOT No hopmyne

[Fln

(R Y (14)

[Fl=

roe aonyckaemMoe oceBoe CxXmnmatrouliee ycunume n3 ycnosuada Nnpo4HOCTU BbIHUCTIAKOT MO cbopmyne

[Fl, = (D + s - ¢)(s - c)o], (15)
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a JonyckaemMoe 0CeBoe CKMMatoLlee ycunme B npeaenax ynpyrocty U3 ycroBust yCTOMYMBOCTM BbIYUCAAIOT NO
dopmyne
[Fle = min {[F]g; [Fle2}- (16)
MpumeyaHune—Bcnyyae ecnu % <10, dopmyna (16) npuHumaeT BUA, [Flz = [Flg4.

B dbopmyne (16) gonyckaemoe 0CeBOE CXKXMMAtOLLIEE YCUITUE BbIYMCIAOT U3 YCITOBUSI MECTHOWN YCTOMYNBO-
CTM1 B NpeAenax ynpyroctu no coopmyne

L 10-5 _~\125
310-10 ED2|:100(3 c)] | (17)

Fles =
[Fleq ny D

a [JoMyCKaeMoe OCEeBOE CUMatoLLEE YCUME BbIYMCTISIOT U3 YCITOBMS 0OLLEN YCTOMYMBOCTU B Npeaerniax ynpyro-
CTW no chopmyrne

(Fle, = rc(D+s—rc’:)(s—c)E(%)2_

MMBKOCTb A BbIMUCIIAOT NO hopmyne

; (18)

2,83/,
~D+s-c*

(19)

MprBeaeHHYIO PaCYETHYIO ANNHY [y, NpuHUMALOT No Tabnuue 1. [ins cxem, He NpuBeAeHHbIX B Tabnuue 1,
lnp ONPEeaensoT ¢ NOMOLLLIO CrieumnasbHbIX METOAO0B pacyeTa.

Tabnwuuya 1— lNpuBeageHHas pacyeTHasn onuHa lnp

PacyeTHas cxema § hp
| Z/ | - l
F
cepm— ————
77
| 1 - — 21
—%— F
\ ———
| t | — 0,7/
F
- ———
77
t o
— 0,5/
_g F
pep—— ——
: 77
t | 0 2,00/
£ 0,2 1,731
- £ 0,4 1,471
~ 0,6 1,231
0,8 1,06/
77 1,0 1,00/
t 0 2,00/
£ 0,2 1,701
F 0,4 1,40/
——— 0,6 1,111
; 0,8 0,85/
77 1,0 0,70/
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5.3.4.2 ina pabounx ycnosun (n, = 2,4) AOMycKaeMoe CKUMAKOLEe yCUNEe MOXKHO BbIYUCHISATL MO
copmyrne
[F1=n(D + s —c) (s—c) [c] min {¢4; @}. (20)

KoadhdpuumeHTol @4 1 @, criegyeTt onpeaendaTtb No rpagukam, npuBegeHHbIM Ha pUCYHKax 5 1 6.
5.3.5 O6evanku, Harpy>keHHble N3rmnéarLmUM MOMEHTOM
5.3.5.1 [lonyckaemblit n3rnbdaroLmin MOMEHT BbIYMCIIAOT Mo dhopmyrie

Ml

1/”([[;;]1;)2’ @1)

[M] =

rae ,D,OHyCKaeMbIVI VI3FVI68I-OLLI,VII7I MOMEHT U3 YCNOBUA NMPOYHOCTU BbIHYUCTIAIOT NO cbopmyne
[M], =F D(D+s—-c)(s—c)[ol=Z1F], (22)

a JjonyckaeMmblii M3rnGartoLLmnii MOMEHT U3 YCIIOBMS! YCTOMUYMBOCTYM B Npeaernax yrpyrocTv BbIMUCTISOT Mo hopMy-
ne

405 1 _\725
[M]E=8,9 10 ED3[ 00(s c)] D

ny D =35 [Fles- (23)

5.3.5.2 [ins paboymx ycnoswii (n, = 2,4) aonyckaembli M3rndatoLLmii MOMEHT MOXHO BbIYMCIIATB MO ¢hop-
Mmyrne

[M]=%D(D+S—C)(S—C)[G](p3. (24)

KoadbdmumeHT @5 crnegyeT onpeaenatb no rpaduky, NpUBeAEHHOMY Ha PUCYHKeE 7.
5.3.6 Ob6eyvanku, Harpy>xeHHble nonepeyYHbLIMU YCUITUAMU
[onyckaemoe nonepeyHoe ycunme BbIYMCISoT No opmyne

[Ql

[Q] = —1 : ([Q]n)z , 05

[Qle

rae gonyckaeMoe noriepeyHoe ycurve 13 ycrioBrst IPOYHOCTU BEIYUCTISIIOT Mo dhopmyrie
[Q], = 0,25 [6] =D (s —¢), (26)
a JjornyckaeMoe norepeyvHoe ycunve 13 ycrioBUsi yCTOMYMBOCTU B peaenax ynpyrocTy BbIMUCIISIOT Mo hopmyrne

[Qle =2""5,(;;“")2[o,18+ 33 D(S“’)]. 27)

12

5.3.7 O6evaiikn, paboTaloLme nog COBMECTHbIM [eNCTBUEM HApPY)KHOTO AABIIEHUSA, OCEBOr0 CXKU-
MaloLLero ycunus, usrnéaroLlero MOMeHTa 1 Nonepe4vyHoro ycunus

O6euaiikn, paboTarolme noj COBMECTHbIM OeMCTBMEM Harpysku, NPOBEPSIIOT HA YCTOMYMBOCTL Mo chop-
myre

2
P, E. .M (Q
[p]*[F}*[M]*([o]) <10, (28)

roe [p] — ponyckaemoe HapyHoe gasnenue no gopmyne (7);
[F] — nonyckaemoe oceBoe cxumaroLlee yeunme no popmyne (14);
[M] — ponyckaembliii narnbatroLmin MoMeHT no doopmyne (21);
[Q] — ponyckaemoe nonepeyvHoe ycunue no gopmyne (25).
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PucyHok 7 — lpadhuk ans onpefeneHns koagguumeHTa @,

5.4 UnnuHgpuyeckne obevankm, nogKkpensieHHble KoNbLaMM XKeCTKOCTHU

(s-c)

5.4.1 O6e4aiiku ¢ KomnbLiaMU XXECTKOCTU, Harpy>eHHbIe BHYTPEHHUM U30bITOYHLIM JaBlieHUeM

5411 Onpe,u,eneHme pa3MepoB Kornew, XXeCTKOCTU Npu BHYyTpeHHeM OaBleHnn

[ns 3agaHHbIX pacyeTHOro gaBsneHna p N TONWWHbI CTEHKUN S KOSCt)q.)I/ILIMeHT K4 cnenyeT BbIMUCATL NO

dopmyne

p(D+s—-c)

Ka = 2¢l01(s-c) ~

1.

(29)

¢
Ecnun K, <0, To ykpeneHue KonbLiaMu XXeCTKoCTH He TpebyeTcs. B ananasoHe 0<K, < ch_:, -1 paccros-

HUe mexay 0ByMsa KornbuaMmn XXeCTKOCTU BblHUCIIAIOT NO (bopmyne

b s\/ D(s-c)[,%4 - %2(1 ; ,%4)]

nnowanb nonepevyHoro ce4eHnd KosbLa XXeCTKOCTU BbIHNUCIAKOT NO (bopmyne

[clop
[0k ok

A, 2l (s-c) K,.

(30)

(31)

¢
Ecrn K, 22(7; — 1, TO TONLLUMHY CTEHKM HEOGXOAMMO YBENMUMBATDL [0 TAKOro pa3mepa, YToOb! BbIMOMHS-

NOCb cneaywouliee ycrnosue:

11
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¢
0<K,< 2([7;—1.

MpunmeyaHune—IpuonpeneneHny nNoLiaam NoNepeyHoOro CeveHns KonbLa ecTkocTn A, creayer yunTbiBaTh
npubasky ¢, OANA KOMMeHcaumn Kopposuu.

5.4.1.2 [lonyckaemoe BHyTpeHHee 130bITOYHOE AaBrieHNe BbIYMCASIOT U3 YCroBUA

[p] = min {[ply; [Pl}- (32)

[onyckaemoe BHyTpeHHee 13bbITOUYHOE AaBneHve, onpeaensemMoe U3 yCroBui NPOYHOCTY Beeli obevaiku,
BbIYMCIISAIOT MO dhopmyrne

Ax
2[clep (S_C)"'ZT[G]K Dk

(o= . (33)

[onyckaemoe BHyTpeHHee U3BbITOYHOE AaBneHue, onpeaensiemMoe U3 YCroBuii MPOYHOCTN 0BeYalikm Mex-
[y ABYMSi COCeQHMMM KOTbLIAMW XXECTKOCTU, BIMUCTIAOT Mo doopMyrne

_ 2[clg(s—¢) 2+A3
[p]Z_ D+(s_c) 1+(p-|—7\€ )

Pp

2
2__b°
roe Aq =D(s—c)"
5.4.2 O6e4anku ¢ KONbLAMM KECTKOCTU, HarpyXeHHble HapyXHbIM JaBneHueMm
5.4.2.1 PacyeTHble napaMeTpbl TogKpenneHHomn obeyarkm
OdEKTUBHYIO ONNMHY CTEHKU 0BeYvankm, yunuTbliBaemyto Npu onpeaeneHmn sdekTMBHOro MOMeHTa MHep-
Luun, onpeaensoT U3 ycnosus

lo =min{ly; t+11/D(s=c)}. (35)

O hEKTUBHDIN MOMEHT UHEPLIMN PACYETHOIO NOMEPEYHOrO CEYEHUS KOTbLIA XKECTKOCTU BbIMMCTISIOT Mo doop-
Mmyne

li(s—=c)® 5 Acle(s—c)
I=Ii+"109 +€ A 4l (s—o) (36)

KO3(DPULIMEHT KECTKOCTM 06eYalku, NoAKPENEHHON KOSbLIaMU JKECTKOCTHU, BLIYUCTIAIOT MO hopMyrie

) [0
"\ (s—c)®” (37)

MpumeyaHune—IlpnonpeaeneHnn MOMEHTa MHEPLINI KOSbLiA )KECTKOCTHU cnenyert ydntblBaTb I'IpVIGaBKy c, ans
KOMneHcaunn Kopposuun.

5.4.2.2 [lonyckaeMoe Hapy>XHOe aBfieHne onpeaenstoT U3 yCroBus

[p] = min {[p]4; [p]2}- (38)

5.4.2.2.1 lonyckaemoe Hapy>kHoe aBrieHne, onpeaensieMoe Ucxoas n3 ycroBuin yCTOMYMBOCTM Bcen 0be-
YaKnku, BbIYMCIIAKOT Mo oopmyre

[Phin

=
Iy ([phn) (39)
[Plie

[Pl =

6* 12
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Jonyckaemoe Hapy>xHOe AaBneHue [ply, AOMKHO COOTBETCTBOBATL BENUYUHE [p],, onpeaeneHHomn no gop-
myne (33) npu 3HaYeHusIX koabpuLmeHToB ¢, = 1,0 u ¢, =1,0.

Honyckaemoe Hapy>HOe AaBrneHue [plig U3 yCroBuiA yCTOMYMBOCTY B Npeaenax ynpyroctv crnegyet pac-
cunTbIBaTh N0 hopmyre

2,08 -10"°E p[100k(s—c) *®
Q[ (s C)] ’ (40)

[Plie= kByn, L D

roe BZ:min{LO; 9»4521/—1001%—(;)} (41)

[onyckaeMoe HapyxHOe AaBrneHue [pl,, onpegensiemMmoe Ncxoas U3 yCrioBMn yCTOMYMBOCTY 0beYanku mexay

KosnbLUaMW XeCTKOCTU MNMpU 3HAYEeHUN OJTUHbI / = max {b, 12—%}, OOJDKHO COOTBETCTBOBATb OaBJIEHUIO [p]

(cm. 5.3.2.2). BmecrTo [p],, onpeaeneHHoro no dpopmyre (8), gonyckaeTtcs npuHuMmaTh [pl, no popmyne (34) npu
3HaveHUn KoadbuumeHTta ¢,=1,0.

5.4.3 O6eyvyankm C¢ KomnbLaMM XXECTKOCTU, Harpy>XeHHble OCeBbIM PacTArMBaroLWNM UU CKUMaIO-
UM ycunmem, U3rnbaroium MOMEHTOM UIM NONepeYHbIM YCUIMem

[JonyckaeMble Harpy3ku crnegyeT paccumTbiBaTh No pacyeTHbIM chopmynam (13), (14), (21), (25) npu /= b.
Mpu onpeseneHny NpMBEAEHHON PACHETHOW ANUHbI [y, no Tabnuue 1 BmMecTo / creayeT npuHuMaTh obLuyto
ONuHy L.

5.4.4 O6e4ainku € KONbLIAMU XKECTKOCTU, Harpy>eHHble COBMECTHO AEMCTBYHOLMMU Harpy3kamm

PacueT crnegyeT npoBoAnTb aHanorM4Ho pacyeTy no 5.3.7, Npy 3TOM Jornyckaemoe Hapy>XHoe AaBreHne
cnepyet onpenensaTtb no 5.4.2.2.

6 PacueT BbINyKIbIX AHUL, U KPbILWEK
6.1 PacuyeTHble cxeMbl

6.1.1 Ha pucyHke 8 npmBeaeHbl pacyeTHbIE CXeMbl SNAUNTUYECKMX, NoNycdepruyecknx n Topocdepunyec-
KMX OHWLL,.

_ A
Y f j
- E &
T & Y
[ f ,
\ D ! A I
1S = <
Dy - Iy
a d
B
I}
* 5 S
[
A !
RS - D

a — annunTUYeckoe aHvwe; 6 — nonychepuyeckoe AHWULLE; 8 — Topocdepuyeckoe AHULLE

MpwuMeyaHue—PUCYHOK HE ONpeaensieT KOHCTPYKLIMIO AHULL U MPMBEAEH TOMbKO AJ151 yKa3aHUs HeoGXoaNMbIX
pacyeTHbIX pa3mepoB.

PucyHok 8 — Bbinyknble gHuwa

13
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Ha pucyHkax 12—17 npuBeaeHbl pacyHeTHbIE CXEMbI CPEPUYECKNX OHULLL U KPbILLIEK.
6.2 YcnoBusi npuMeHeHUsA pacyeTHbIX hopmyn

6.2.1 dopmynbl NPUMEHMMBbI NPY BbINOSHEHWN YCIOBUIA:

- OANS 3NNUATUYECKUX OHULL,

$—-¢C

0,002 < < 0,100,

02< 0,5;

o ©
In

- Ans Topocthepudecknx OHULL

0,002 < LL;C < 0,100.

ns TOpOCCbepVI‘-IeCKVIX AHULL B 3aBUCUMOCTU OT COOTHOLLEHUA MapaMeTpoB R, D1, ry NPUHATBI Crnegyowne

TUNbI QHALLL:
-Tn A R=D,, r, 20,095 Dy;
-mn B R=0,9Dy, r;20,170 Dy;
-tmunC R=0,8D,, r; 20,150 D,.

[nsa ccpepryecknx HeOTOOPTOBaHHbLIX AHULL U KpbiLlek dhopMynbl criegyeT npuMeHsaTb npu (s;—c¢)/ R<0,1
m 085D<R<D.

[nst HEOTOOPTOBAHHBIX AHULL, (CM. PUCYHKM 12— 15), HarpyXeHHbIX BHYTPEHHUM N30bITOYHBIM JABIIEHUEM,
pacyeTHble (hopMyribl criedqyeT NPUMEHATb MPU AONOSHUTENBHOM ycnosum (s;— ¢)/ R > 0,002.

dopmynbl 4115 HEOTOOPTOBAHHBIX AHULL, U KPbILLEK MPUMEHSIFOT MPY YCIIOBUM BbINOMHEHWS YITIOBbIX LUBOB C
[OBYCTOPOHHMM CIMJTOLLHBIM MPOBApPOM.

dPopmyIbl HE YYNTLIBAKOT Harpy>eHue Kornew, 4oNOoMnHUTENbHbIMM HAarpy3kamm, HanpumMep ONOPHbLIMU arie-
MEHTaMW.

6.2.2 dopmynbl, npuBeaeHHble B 6.3.2 1 6.4.2, NpyMeHMMbI NpY YCNOBUK, ECINN pacYeTHbIE TeMnepaTypsbl
He MpEeBbILLAOT 3HAYEHWI, NPU KOTOPbIX YYUTbIBAETCS NON3y4eCTb MaTepunanos, T. €. Npu Takux Temnepartypax,
Korga AomnycKaeMoe HanpsbkeHve onpeaernsoT TOMbKO Mo npeaeny TEKy4eCcTu UM BpeMeHHOMY COMPOTUBIEHNIO
(Mpegeny Npo4HOCTH).

Ecnu HeT ToYHbIX JaHHbIX, TO AONyckaeTcs hopmMyrbl NPUMEHATL MPU YCNOBUW, YTO pacyeTHasa Temnepary-
pa CTEHKV HWLLA U3 yriiepoaucTomn ctanum He npesbiwaeT 380 °C, u3 H13KonermpoBaHHoM He npeBbiaeT 420 °C,
a 13 ayCTeHNTHON He npeBbilaeT 525 °C.

6.3 AnnunTrnyeckne u nonycdepuyeckue gHULWA

6.3.1 dnnuntnyeckune u nonycdepnyeckme AHULLA, Harpy>KeHHble BHYTPEHHUM U30bITOYHbLIM AaB-
fieHnem

6.3.1.1 TonwmHy CTEHKM BLIYUCIIAIOT MO hopmyne

S12 S+, (42)

PR
e S0 = Zyfo]- 057" (43)

6.3.1.2 [lonyckaemMoe BHYTpeHHeEe N30bITOMHOE AaBIeHNE BLIYMCHSOT No hopmyne

2(s1 - ¢)¢lo]
[p] = W(&—C)' (44)

6.3.1.3 Pagunyc KpuBM3HbI B BEpLUMHE AHULLA PaBEH:

D
=aH> (43)
roe R =D — ong snnuntnyeckux gHuw, ¢ H, pasHeim 0,25 D;
R =0,5 D — gnsa nonycdepunyecknx gHuw, ¢ H, pasHeim 0,5 D.

14
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6.3.1.4 Ecnn anuHa umnuHapudeckon otboptosaHHom YacTu guuia hy > 0,8 ,/D(s; — ¢) Ana anunTuyec-

koro gHuwa um hy > 0,3/D(sy — ¢) ans nonycdepuyeckoro AHNULLA, TO TOMWMHA AHULLA AOMKHA BblTb He
MeHbLLIE TOSLLMHbI 06evalki, paccuyuTaHHoO B cooTBeTCTBUM € 5.3.1 Npr ¢, = 1.

6.3.1.5. 1na gHWLL, M3rOTOBMNEHHbLIX N3 OAHOW 3aroToBKU, KO UUMEHT ¢ = 1.

6.3.2 AnnunTtuyeckue n nonyccepnyeckne AHULLIA, Harpy>XeHHble HapyXHbIM JaBlIeHUeM

6.3.2.1 TonwmHy CTeHkn nNpeaBapuTenbHO BbIMMCAAIOT No hopmynam (46), (47) c obsizaTensbHom nocne-
ayroLen nposepkor no opmyne (48)

S12 81, +C, (46)

KR | nyp  12pR
roe S1p =MaXV 611105 2[0] [ (47)

[nsa npegsapuTensHoro pacyeta K, npuHumarot pasHeiM 0,9 ang annuntuyeckmx gHvw n 1,0 — ans
nonycdepuyecknx GHULL.
6.3.2.2 [lonyckaemoe HapyXHOe JaBreHne BbIYUCASAIOT N0 hopmyne

[p] = [P, =,
1+ (L’ln ) (48)
[Ple
rae gonyckaemoe aasreHne U3 ycnosma Nnpov4HOCTU
2[c](s4—c)
[Pl = R +05(s,-c)" (49)
a gonyckaemMmoe gaBlieHmne 13 ycroBuA yCTOI7I‘-IVIBOCTVI B npeaenax ynpyroctm
26-10°E[100(s;—c)
[ple =" [ KR ] . (50)

6.3.2.3 KoadpdbuumeHT K, onpeaenstoT no rpadumky, npuBeAeHHOMY Ha pucyHke 9, unm no cdopmyne (51) B
3aBUCUMOCTU OT OTHoWweHu D/ sy—c n HID:

_ 1+(24+8x)x .
Ks= 1+(3,0+10x) x’ (81)
roe X= 10310_ C(%_ %) (52)
1 (’;8 HID = 0,5
’ /—7 _)
- /—_—_/
ok ////55
Pt L 1
o ///
oo A
Q
%
0,88 V//
0,84 v/
0,80
10 50 150 250 350 Dis;-¢

PucyHok 9 — lpadoumk ans onpepenexus koadduumeHta K

15
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6.4 Topocdepunyeckue gHuwa
6.4.1 Topocepunyeckme gHULWA, HarpyXeHHble BHYTPEHHUM U30bITOYHbIM AaBNeHNeM
6.4.1.1 ToNwWmHY CTEHKM B KpaeBOW 30HE BbIYMCAAIOT No doopMyre

S12 8y, ¢, (53)
pD1B
roe S1p = 2(p1[c5} - 4)

[lnsi cBapHbIX AHWLL, CrieqyeT OOMONHMTENIbHO NMPOBEPUTb TOSLLMHY CTEHKM B LLEHTParbHOM 30He no gop-
Mmyne

S12Z81p * €, (55)

PR
roe Stp =2¢[c] - 0,5p" (56)

3a pacyeTHoe 3HayeHue NpuHMMaloT BonbLUee 13 3HaYeHUI, NonyYeHHbIX Mo dopmMynam (53) n (55).
6.4.1.2 Jonyckaemoe u3bblTOMHOE OaBfeHNe U3 YCroBUS MPOYHOCTU KPaeBOM 30HbI BLIMUCNAOT No hop-
myne

2 _
(o) = 215 ote] (57)

Ons CBapPHbIX OHULL Heo6XxoANMO AOMOMHUTENBHO npoBepuTb gonyckaemoe n3bbITOYHOE faBneHue u3 ycC-
10BUA NPOYHOCTU u,eHTpaanoﬁ 30HbI MO (bopmyne

2(sy - c)9lo]
[p] = W(&—C)' (58)

3a gonyckaemoe gaBrneHue NpUHNMaeTCs MeHbLLEE U3 AaBneHni, onpegensembix no dopmynam (57),
(58).

6.4.1.3 KoadpduumeHT B, onpegenstoTt no rpacpuky, npueeaeHHomy Ha pucyHke 10, a B, — no rpaduky,
NpvBeAEHHOMY Ha PUCYHKe 11, UNn BIMMCASIOT MO POpMyISiam:

BN
N
2,4 N
N
\\ A
N
2,0 NS
N
1 6\ \\
y N
\::bf ™
1,2 o ™
‘ \\::\\s
[y
0,8
10'3 2 3 4 5 6789‘10_2 2 3 4 5[%)_]

PucyHok 10 — padomk ans onpenenexns koadduumerTa 3,

16
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B,
2,8\
N
2,4 A
N
N
2,0
\\
N
NN (B NN
N
i \\\ NS
’ % \\:t\\\
-
0,8 - sy-c
10 2 3 4 5 6 7 8910 2 3 4 5 -5

PucyHok 11 — pacmk ana onpeneneHus koagduumenTta B,

S$4—C

™mn A Bzzmaxl1,25; 0,25[3 — +1,00)};

mn B Bz=max{1,00; 0,‘I2(3 —C+3,75):|;
(59)

Tmn C Bzzmaxlo,go; 0,12[3 D +3,20)}.

$4—C

6.4.1.4 Ina oHULL, N3roTOBNEHHbIX N3 LIeNon 3aroToBkK, KoadduumeHTt ¢ = 1.

6.4.1.5 Ecnu annHa unnuHapuyeckon otéoptoBaHHoW YacTu auuwa hy = 0,8 /D, (s, — ¢), TO TonwumHa

UMNMHOPUYECKOW YacTu OHULLA AOIMKHA ObITb HE MEHbLUE TOMWMHbLI obeyanku, paccHMTaHHON no dopmy-
nam (1), (2) npn ¢ = 1.

6.4.2 Topocdepunyeckue gHULLA, HAarpy>KeHHbIe HapyXHbIM AaBfieHNueM

6.4.2.1 Topochepunyeckne gHuLLA, Harpy>XeHHble HapyXHbIM daBreHneM, crieayeT paccynTbiBaTh No gop-
mynam (46), (47) v (48) npn K, =1.

Kpome Toro, Hapy>xHoe AaBrieHne He JOSPKHO MpeBbIWaTh 4ONycKaeMoe AaBreHne, onpegensemMoe no
dopmyne (57).

6.5 Cchepunueckme HeoTOOPTOBAHHbIE AHMULLA U KPbILKU

6.5.1 Cchepuyeckme HeOT6OPTOBaHHbIE AHULLA U KPbILWKWU, HarpyeHHble BHYyTPEHHUM U30bITOY-
HbIM JaBNeHNeM

6.5.1.1 ToNWmHY CTEHOK KpbILLEK U OHWLL, ONPEAENnstoT METOAOM NocneaoBaTenbHbIX NpubnvkeHui. MNpea-
BapuUTESbHO TOMLMHY CTEHKN BbIYUCTISIOT Mo oopmyne

, PR,
SR = 2[cT 9-p’ (60)
a3atem no popmyne
» _ __ PDB
SR = 2[cly ¢—p - (61)

PacueT npoBogdAT A0 Tex Nop, Noka pasHuLa MeXAy NosfyYeHHbIM 3HaYeHNEM Sip U NMPUHATBIM S; Mpu
onpegeneHun koadduumeHTa B no popmyne (66) He GyaeT npesbiwaTth 5 %.
17
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B kauecTBe pacyeTHOW TOMNLUMHbBI CTEHKW AHMLLA UAX KPBILLKWA NPUHUMALOT Gorbluee U3 ABYX 3HAYEHUN,
onpegensiemMbix no gpopmynam (60) u (61).
WcnonHutensHas TONLWmMHa CTEHKM
S12sptC. (62)

6.5.1.2 [lonyckaemoe n3bbITOUHOE JaBrneHne

[p] = min {[p4]; [p]}, (63)
roe [p1] — pgonyckaemoe n36bITOMHOE faBneHne u3 ycnosusA npoO4YHOCTU KpaeBoﬁ 30HbI
2(31 - C)(pT [(5]1

[p1] = DB+ (31 — C) ’ (64)

[Pz] — Agonyckaemoe n30bITOYHOE naBneHne n3 ycnosua npo4YHOCTU Ll,eHTpa.l'IbHOﬁ 30HbI
2(sy — ¢)ololy
[pZ] = Rc+ (S1 — C) . (65)

6.5.1.3 B npn M < [M] BbluncniaoT no cpopmyne

tgy
. 4A, 1-M 3 Sy —¢C 1 +(Xs—c)3/2+( 35—(:)3/2 . )
“Disi-o)\' M TN D | Joosy \Esi—c %58 —c

6.5.1.3.1 Npu 3agaHHbIX FreOMETPUYECKMX pa3Mepax AHULL TPUrOHOMETPUYECKUE (PYHKLMM BBIYMCHISIOT NO
dopmynam:

B=05+

2
D 2R
cosy =R tgy = ( DCJ -1

6.5.1.3.2 OTHOLLEeHMe fonyCKaeMblX HanpsPKEeHWUIN BbIYMCTISIOT Mo hopmynam:

_ ok _ lol. _Isls
X = oy X =Tl X5 = o]y~

6.5.1.3.3 BenuuuHbl A,, M, [M] onpegenstoT no doopmynam, npusegeHHbIM B Tabnuue 2.

Tabnwuya 2
PacueTHas mopens M [M] A
PucyHok 12 — — —
2
PucyHok 13 p%a tg \If‘ n[G]; ah ah
PucyHok 14 0 — (@+sg5)h
2 n[o)y (a — dg) —dg)h
PucyHok 15 p%(ez —eitgy) + R, e 3 (a—dg)

7—1559 18
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$1
S1

°d

€2 $1
ey d A
a Sy =
L Q
o
wes < & \
Q
<= " ~
\ (0]
R
( d,
S D 6 ?FA D
! DC.I‘I
PucyHok 13 — Cdbepuueckoe He- PucyHok 14 — Cdpepuueckoe He- PucyHok 15 — Cdbepuueckas HeoTbop-
oTbopTOBaHHOE AHMLLE C YyKpen- 0oTOOPTOBAHHOE AHULLE C KOMbLOM TOBaHHasA KpbllKa
NSIOLLMM KONbLOM XKECTKOCTW Ha obevalike

MpenBapuTenbHO pasmepsbl KosbLa a U h nogbuparoT U3 YCIoBWIA:

2
Ans Mogenen rno pucyHkam 13, 14 A = 8?2],( tgv;

no pucyHky 15 M < [M];

no pucyHky 13 Heobxoanmo, YTOBLI €1 UMENO MUHUMANbHOE 3HaYeHMe.

Mpn Hapy>XHOM AaBneHuM Ha KpbIWKy (CM. pucyHoK 15) B hopmyne npu onpegeneHun M pgasneHve p
cnegyeT NpUHMMaTb CO 3HAKOM MUHYC.

Ecnu npoknagka nexxwuT Ha BCen NpuBanovyHom NoBepxXHOCTU, B chopMyre Npu onpegeneHun M ans KpbiLu-
K1 (CM. pucyHok 15) e; = 0.

6.5.2 Cchepunyeckune HeoTO6OPTOBaHHbIE AHULLA U KPbILLKW, HarpyXeHHble Hapy>XHbIM AaBneHueMm

6.5.2.1 TonwmHy CTeHKn cdhepryecKoro cermeHTa AHMLWA Ui KPbILWKK NpeaBapuTenbHO BbIYUCASIOT NO
dopmynam (60)—(62) c nocneaytoLLen nposepkon no oopmynam (67)—(69).

6.5.2.2 [lonyckaemMoe Hapy>XHoe AasrieHne BblYUCASIOT No dhopmyne

[p]
1+ % ( )
[ple
rae [p], — Aonyckaemoe HapyXHOe AaBMeHNe U3 yCroBUS MPOYHOCTY B LEHTParbHON 30He.
2(s1 — ¢)loly
[Plp = R, +(sy - c)’ (68)

[p]e— monyckaemoe HapyXHOe JaBIiEHNE U3 YCIOBUS YCTOMYMBOCTM B Npeaenax yrnpyrocTu:

_ 2
ple = w52 (69

19
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6.5.2.3 KoadhduumeHT K, onpegenstoT no Tabnuvue 3 B 3aBMCUMOCTU OT napameTpa R./ (S;—¢)

Tabnunya 3
PacyeTHble 3HadeHve koabduumeHTa K, npu oTHoweHun R/ (S5 — ¢)
moaernu 25 50 75 100 150 200 250 300 350
n Gonee
0,33 0,19 0,17 0,15 0,13 0,12 0,12 0,11 0,11
0,16 0,13 0,12

Oruwe (pucyHkn 12— 14)
0,25 0,22 0,19

0,46 0,30

KpbiLuka (pucyHok 15)

7 PacueT nnockux KpyrnbiX AHUL U KPpbIWeK

7.1 O6bnacTb NPUMeHeHUs pacvyeTHbIX chopmMyn
7.1.1 ®opmynbl TpUMEHNMbI 4N pacyeTa NNOCKMX KPYTIbIX AHULL U KPbILLEK NPY YCIOBUN:

S —C
D—pS0,11.

> 0,11, Ho 3HauYeHWe [ONYCKaeMOro AaBneHuUs), paccyu-

7.1.2 JlonyckaeTca NpoOBOAMTL pacyeT npu S1D; ¢

TaHHoro no chopmyne (75) unm (84), cneagyet yMHOXaTb Ha NOMPaBOYHbIN KOIPULIMEHT:
22 .

(70)

S 02
-
1+ 1+[6 Dp)

Ecnu npu onpeneneHun TonwmHbl gHvwa no 7.2.1 unu 7.3.1 B pesynbTaTe pacyeTa OKaXeTcsl, YTo

K, =

> 0,11, To Heo6xoaMMO AONOMNHUTESNbHO ONpeaensTs Aonyckaemoe AaBneHue no 7.2.7 unu 7.3.8 v yMHo-

S —C
Dy
KaTb €ro Ha KoadUUMEHT K.
Mpw K, [p] < p TONWMHY AHULLA CrieflyeT yBenu4uBaTh Tak, YToObl ObINo BEINOMHEHO YCIIOBME:
Kolp] = p.
7.1.3 ®opmynbl ANA pacyeTa NNocKUX KPyribIX AHUL, U KPbILWEK C paguansHbIMu pebpamMum XecTkocTn
NPUMEHUMBI MPU CREAYIOLWNX YCIOBUSAX:
D, - d nA; [ol, 463
p — % ) . —P P <10; =0 <10.
2n 290 nz6; 7D, s1[0] A,
7.2 PacyeT NMOCKUX KpyribIX AHUL, U KPpbILLeK
7.2.1 TONWMHY NNOCKUX KPYTIbIX OHWLL U KPbILLEK COCYAOB 1 annapaTtos, paboTaloLwmx No4 BHyTPEHHUM
N30bITOYHBLIM MW HaPY>XXHbIM AaBNEHNEM, BbIYMCASIOT N0 hopMynam
S1 =8, + ¢, (71)
(72)

[p
s1=KK, D, olo]"

roe
7.2.2 KoadhpmumeHT K B 3aBUCUMOCTU OT KOHCTPYKLIMM AHWLL, U KpbILLEK ONpeaensoT no tadnvue 4.
20
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Tabnunua 4
YcnoBusi 3aKpenneHunst AHULL
Twun PucyHok W KpbILLEK K
1 0 _ a=17s 0,53
)ﬁ - \ D, =D
VXA
SN
o i
A L/
\3
2 s a>0,85s 0,50
\ =
777777 D, =D
SN - (
A L/
G _
3 \ s‘: _CC <025 0.45
NV
S s-c g 025
>\_ D 31 —c 0,41
Dp =D
23 _
4 \ s-¢ _ 05 0,41
* 7 S —-C
5 s-¢ 0,38
D J " >05
- Dp =D
5 >3
s—-¢
<025 0,45
N $1-¢C
s ) s-o
DJ g > 0,25 0,41
B D,=D
< a>0,85s
6 Dp D 0,50
A
S« J
\ D
A
7 s—-¢ 0,41
05 ’
A si-c
S | Dw J S—-C >05 0,38
$—-C ’
Dp =D
8 23 $-C 05 0,41
s$—-c¢c
&7
N ) J S=C¢ .05 0,38
3 S —-C
D,=D

21
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OkoH4yaHue mabnuus! 4

YcnoBusi 3akpenneHust AHULL

Twn PucyHok W KpbILLEK K
9 & max {s; 0,25s,} < r<min {s;; 0,10}
S hy=r K = max|041|1-023>—%|: 035
Cl v/ N D =1D—2r max[, s -c)”
\ p
i>—<— rB D ‘
U I
10
s—-c¢
R
é_ N\ 5=C 505
s R N\ D s;-¢ 7 0,38
W D =D
0,25s; sprs $y—s
30°<y< 90°

11 «

¥
H / Vi
Z
& D, D, =D, 0,40

12

S2

D =D 0,41

7.2.3 Ko Ona oHULL U KpbiLlek, UMerLWwmnx oaHO oTBepCcTune, BbIMUCTIAKOT NO cbopmyne

2
d d
K, = 1+D—p+(D—p) . (73)

7.2.4 K, ANs AHULL U KPbILLEK, UMEIOLLNX HECKOMNBKO OTBEPCTUI, BEIMUCNAKOT MO hopMyrne

(74)

KoadpduumeHT K, onpepensioT Ans Habonee ocnabneHHoro ceveHns. MakcumanbsHyo cyMMy A5 AnnH
Xopg 0TBEpPCTUN B Hambonee ocnabneHHoM AMameTpanbHOM CEHEHUM AHULLLA UMW KPbILLKW ONPeaenstoT cornac-
HO pucyHky 19 no dopmyne Xd; = max {(d; + d3); (b, + b3)}.

OcHOBHbIe pacyeTHble pa3Mepbl OTBEPCTUM YKa3aHbl Ha pucyHKkax 16, 17.
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I 94
Cﬁ | & 2

PucyHok 16 PucyHok 17

S1
/.

7.2.5 K, ons aHuiy 1 Kpbiwek 6e3 oTBepcTuiA NpMHMMatoT paBHbiM 1,0.

7.2.6 Bo Bcex crnyyasx npucoeanHeHnst gHuLLa K obevanke MUHMMarnbHasi TOMLWMHA MITOCKOro Kpyrroro
OHVLLA JOmKHa ObITb HE MeHee TOMNLWUHbBI 06eYarnku, BbIMUCIIEHHOW B COOTBETCTBUM C 5.3.

7.2.7 [Jonyckaemoe gaBrieHme Ha NiocKoe AHNULLE UK KPbILLIKY BbIMMCASAIOT No hopmyne

2
[p] = (&T_Dcp) [c]e. (75)

7.2.8 TonwmHy s, ang tunos coegmHerus 10, 11 1 12 (cm. Tabnuuy 4) BelYMCNSAOT No hopmynam:

- ansi tuna 10:
S —¢C
s, 2 max|11s; - +c
1+ 7Dp 2r siny
- ansi Tvnos 11, 12; i 12(s1 - ¢) )
r 76
(Dy — Do) Dy (76)
S, 2max|0,7(s; — ¢); (s —¢) ZT +C
L p

7.3 PacueT NNOCKUX KPYrhnbIX KPbILWEK C AOMNONTHUTENbHbIM KpaeBbiM MOMEHTOM
7.3.1 TONWWHY NNOCKMX KPYMbIX KPbILLEK C AOMOMHUTENBHBIM KpaeBblM MOMEHTOM (pUcyHOK 18) noa aen-
CTBMEM BHYTPEHHErO AaBneHns BbIMUCASIOT No hopMynam

S$12 8, ¢, (77)

[p
roe Sp = K, Kg Dp olol- (78)

7.3.2 KoadhpumumeHT Kg BbIMMCNAOT Nno doopmyne

1+ 3\u( Dy _ 1)
DC.I'I
Ks =041 Db, (79)
DC.I'I

nnu no rpaduky, NnpusegeHHOMY Ha pucyHke 19, B 3aBUCUMOCTM OT OTHOWeEHUN D3/ D, , n .
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K6 Y= 3,5
0,80 /,// 30
// // ’
Dy // T 25
D 0,70
o 2 & VT |20
/ =
u‘.\\'L H I'/ 7T / gy A 0,60 /'//,// :'4/ 1,6
~ 1////// 4//:]]‘;]3
— /7 -1 o] ] —
ﬂ: Den = Dp Sy 0.50 Aé /44;//\‘/ =1,0
= |
0,40 Dy
a 6 0 11 12 13 14 155
c.n
PucyHok 18 PucyHok 19
3HayeHue y BbIMUCNAOT No dhopmyne
V= 7 (80)
Q’

roe Q,=0,785pD?, ,, PE, Pg —onpeaensitot no FOCT P 52587.4 ansi pabounx ycrioBuin 1 yCrioBUi MOHTaxa.

7.3.3 KoatpcpuumeHT K, BbIMUCTIAIOT Mo chopmyne (73) unm (74), ecnu Zd;< 0,7D,; npyt 3TOM OTBEPCTUS ANs
BonToB B pacyeT He MPUHMMAIOT.

7.3.4 [ANs KpbILWKKX, UMetoLLEen Nas Ansi neperopodkn (Hanpumep, kamep TennoobMeHHUKa), 3Ha4eHue Ko-
apduumeHTa Ky Ans onpeaeneHns TonNwWmMHbI B MecTe nasa (CM. pUCYHOK 186) BbIMMCASAIOT C y4ETOM YCUnms oT
cXaTus Npoknaaku B nase no oopmyrne

Dy ) D; 84
1+3 -1[+96
4 ( D¢ n Den Den

Kg =041 D, - . (81)
Dcn

7.3.5 TonwmHy NNOCKOM KPYriom KpbILKK C AOMONHUTENbHBIM KpaeBblIM MOMEHTOM B MECTE YNIOTHEHNS S,
(pncyHok 18a) BblumcnsoT no dopmyne

Sy 2 max{K7 Jo; %@} +c, (82)

PP pm
roe o =max<{.—2; . 61
(6] [OTw
B cpopmyne (82) npu onpegeneHumn ® MHOEKC «p» yKasbIBAET HA TO, YTO BEMMYMHA CyMMapHOro 601ToBoro
ycunus Fg , M OMYCKAEMOro  HanpskeHus Ans MaTtepuara KpbiLKM OTHOCUTCS K paboyemy COCTOSIHUIO Mnu
UCTMbITAHUSAM, 8 MHOEKC «M» — COCTOSIHMIO MOHTaKa.
7.3.6 KoathduumeHT K7 BblMMCNSA0T No hopmyrne

K, =08 E'f:n —1 (83)

Unu onpeaensioT no rpaduky, NpUBeAeHHOMY Ha pucyHke 20 B 3aBMCMMOCTN OT OTHOLLEHWNSI AMaMETPOB.

7.3.7 TonwmHy Kpasi NAI0CKON KPYrion KPbILLKW C AOMONHUTENBHBIM KpaeBblIM MOMEHTOM BHE 30HbI YNIOT-
HeHUs S; (CM. pUcyHOK 18) BblumcnisoT no doopmyne (82), npu atom B chopmynax (82) n (83) smecto D, , cnegyet
NPUHATL D,

7.3.8 JonyckaemMoe aaBneHune Ans nNiockom KPyriow KPbILLKW C AONOMHUTENbHBIM KpaeBblM MOMEHTOM MpK
NOBEPOYHbLIX pacyeTax BblYUCASIOT Mo hopmyrne

S —C

2
[p] = (m) [c]e. (84)
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K7
0,5

0,4 v

0,3 /
0,2 /

0,1 /

0,0
1,0 1,112131415

Dy
=

c.n

PucyHok 20

7.4 IHVLWA 1 KPbILWKK NSIOCKUE KPYTrNble C pagvanbHbIMU pebpamMu )KeCTKOCTU.
7.4.1 PacyeTHble cXeMbl AHUL, NpUBEAEHbI Ha pUCYHKax 21 — 24,

d, _ d,
= T
g == : et
ANAARNANANN | ~
t
g I . D -® &£

PucyHok 21 PucyHok 22

h
H,
OQ
S1
SN
DNNNNNN N

mﬁ
hy
NNN\Y

PucyHok 23 PucyHok 24

7.4.2 inA onpeneneHns 4onyckaemMoro M3GsITOYHOro AaBneHns NpeABapuTesisHO ONpeaensitoT creayto-
LLyie NapameTpbl:
- pacyeTHOE paccTosiHE OT NOBEPXHOCTU MNACTUHKM [0 HYKHEro TopLia BTYIKU:

hy =min{h;; 027 f(dy — )8, (85)
- pac4yeTHadA BbICOTa BTYJIKU:
H, = min {Hy; (h + s; + h,)}; (86)
- OTHOCUTENbHbIN paanyc BTYIKK:

d, .
o~ N
Po =D, (87)

- paccTtodaHune oT CpeD,MHHOVI NOBEPXHOCTU NaCTuHbI A0 HeﬂTpaanon NOBEPXHOCTU:

_ nAploly
e, = Wp[c] (88)
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7.4.3 isarmbaroLmimn MOMEHT 4151 BTYJTKW BbIYUCTIAIOT MO dhopMyne

M, =0kl ZC)\fy oy St 2+ e, + hy +3 i
1= d, —ty+c [P %47 T2 47T (89)
7.4.4 3arnbatowmnin MOMEHT ANg NNacTUHbI BIYMCAAIOT MO hopMyne
(51— )
M, = [o][ef + 17} (90)

7.4.5 N3rnbaroLimin MOMEHT Ans opebpeHHON NacTUHbI BbIYMCASIOT No hopmMyrne

[c], nA s —¢
M2=MT+#(eo—e4+ 5 ) (91)

7.4.6 O606LWEeHHbIV oMyCcKkaeMbIn 3rnbaroLLMii MOMEHT crieqyeT BblbnpaTb HAMMEHbLUMM U3 MOMEHTOB
Miv My:

M, = min {M,; My}. (92)

7.4.7 CymMmmapHbI N3rndaroLnim MOMEHT BbIMMCHISIOT No hopmyne
Mc = MT (1 - po) + Mopo- (93)

Ecnu ueHTpanbHas BTynka oTcyTCTBYeET (p, = 0), a pebGpa nepecekatoTcs B LLEHTPE U BMECTO BTYIIKU
MMeeTCs crioLHasi Go6bILLKa, TO CyMMapHbI M3rnGartoLLMii MOMEHT BbIYMCTISIOT No hopmyne:

=M, +

S1—C
€y — €4 + 12 ) (94)

7.4.8 ononHutensHoe ycunue, AeNCTBYIOLLEE Ha LIEHTParbHYH0 YacTb KPbILLKM (AHULLA), 4OMKHO COOTBET-
CTBOBATb YCIOBUIO:

2nM,
1-po-

Q, <09 (95)

7.4.9 lonyckaemoe M3bbITOYHOE AaBrieHne, AEUCTBYIOLLEE Ha KPLILLIKY (OHULLE), BBIMMCASIOT No hopmyne
[p] = min {[p4]; [p2]}. (96)

12[2nM, + Qo (1= po)]
mDZ(1-p3)

e [pi] = (97)

Ecnu HanpaBneHue aeictus ycunusi Q, coBnagaeT C HanpaeneHnem AecTBUS AaBreHus:, TO B (hOpMy-
ne ans onpegenexvs [p4] nepea Q Hago NOCTaBWUTL 3HAK MUHYC.

12[c](s; - ¢)*(1+ sin Ty

[p2] = (98)

2 oin U
nDp sin-

8 PacueT KOHM4YecKkux obevaek

8.1 PacueTHble cxeMbl M pacuyeTHbIe NapamMeTpbl
8.1.1 Ha pucyHkax 25 — 30 npuBeAeHbl pacyeTHbIE CXEMbI Y310B KOHUYECKUX 0bevaex.
8.1.2 PacyeTHble napamMmeTpbl

8—1559 26
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8.1.2.1 PacyeTHble AnMHbI NepexoaHbIX YacTemn BbIYNCSIOT No hopmynam:
- ANS KOHUYECKUX U LMnMHApUYecknx obevaek (CM. pucyHok 25a, 6):

D
ap = 07\’ COS 0l (s1-0),

ay, =0,74D(s; —¢);

- NSt KOHAYECKMX U UMIUHAPUYECKMX 0Beyaek (CM. pUCYHOK 26):

D
=07 coSs 0y (sr —0),

a1p

ay, =05,/D(s; - ¢);
- 0N UMNYHAPUYECKO 00evaniki unm wTyuepa (CM. pucyHok 258):

s O
S2
o D
S
N, A
<
7
o%
a
B s
X 1
) S, D,
<
Sy D t
| o !
N ]
o ¢ o
a >
N
6 8

a — coefMHeHMe KOHWYEeCKOM U uunuHapuyeckon obevaek, 6 — coeAnHEHNe KOHMYECKOW U LMNUHApUYecKon obevaek ¢
YKPEMMSAIOLWMM KONbLOM, 8 — CO€AMHEHME KOHUYECKOW Obeyvankv C UMNMHOPUYECKON MEHbLUEro avamerpa

PucyHok 25 — CoefivHeHne oGeyaek 6e3 TopouaansHoro nepexoga
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S i D
|
AN |
]
~N D 1T—
S Oy AK/
i 04
! — SN
S< A ¢ « D1 \\\ Ag
7 NS
- - Q \\
Q7 D \~
HW al T D,
S¢ (_ +<r ] [—
PucyHok 26 — CoeguHe-  PucyHok 27 — Oc- PucyHok 28 — CoepguHeHune kococumM- PucyHok 29 — KoHudeckas
Hue obevaek C TOpoO- HOBHble pa3Mepbl MeTpUYHbIX 06evaek obeyalika c KonbLaMm xecT-
naanbHbIM nNepexogom KOHN4eckoro nepe- KOCTU
xofa
s’ s’
Q
A‘t@ 7
S2 D
a 6
SI
%
S2 D

8

a — [HuLLEe C TopouAarbHbIM NepexoaoM, 6 — OHULLE C YKPEnmsAoLWmMM KoSbLoM, 8 — AHuwe Ge3 TopomaanbHoro nepexoga u
YKpENnsALero Konbua

PucyHok 30 — lNMonorue KoHu4eckue gHuwa

8.1.2.2 PacyeTHbI AMaMeTp rMagkom KOHUYeCcKkon obeyvariku BbIYUCIISAOT Mo oopMyrie:
- 011 KOHUYeckor obevankm 6e3 ToponganeHoro nepexoga (CM. pucyHok 25):
D =D-14agsino,;
- 01151 KOHUYecKom obedvarikm ¢ TopouganbHbIM Nepexogom (CM. pUCyHOK 26):
D =D-2[r(1-cosa,)+0,7c, sina,];

ONSA KOHMYeCckux obevaek Co CTyneH4YaTbiM U3MEHEHWEM TOMLWUH CTEHKU ANs BTOPOW M BCEX MOCrenyoLwmx
YyacTew 3a pacyeTHbIM AgnameTp D, faHHOM YacTu o6evarikv NPUHUMaIOT BHYTPEHHWI AnamMeTp 6orbLUero OCHOBa-
HUS.

8.2 ObnacTb U ycnoBus NPUMEHEHUs pacyeTHbIX oopmyn

8.2.1 PacyeTHble (hopmyInbl NPUMEHUMbI MPY COOTHOLLIEHUM MEXY TOSLLMHOW CTEHKW HapYy>XHOWN 0bevainku
¥ QuameTpoM B npeaenax

S1COS 0Ol4
D

0,001 < < 0,050.

BbINnoriHeHWe Takoro ycrnoBusi 4SS MOSIOroro KoHMYeckoro aHuwa (o > 70°) He TpebyeTcs.

8* 28
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8.2.2 Pac4yeTHble hopmynebl, npuBeaeHHble B 8.3.10, 8.4.2 1 8.5.1, npuMeHMbI Npu YCIIOBUK, YTO pacyeT-
Hble TemnepaTypbl HE MPEBLILLIAKT 3HAaYEHWI, NPY KOTOPbIX AOMMKHA YYNTbIBATLCHA NON3y4eCcTb METANIOB, T. €.
npu Temneparypax, korga 4onyckaemoe HanpsbkeHne onpeaensieTcs TONbKO Mo Npeaerny TEKy4eCcTy U BpeMEH-
HOMY COMpOTMBIEHMIO (Mpedeny NpoYHOCTH). ECnm TOYHBIX AaHHBIX HE MMeeTCs, TO POPMYIibl IPUMEHUMbI MPU
YCINOBMU, YTO pacyeTHasi TemnepaTypa CTeHku obeyankn u3 yrnepoamcton ctanu He npesbiwaeT 380 °C, u3s
Hun3konernpoBaHHom ctann — 480 °C u 3 aycteHuTHom — 525 °C.

8.2.3 ®opMynbl HacTosILLEro cTaHA4apTa He MPMMEHNMBbI AMsi pacdeTa Ha MPOYHOCTb KOHUYECKMX NEePEexo-
OB B MecTax KpenneHusi pybaLlku K Kopnycy.

B aTom cnyyae pacuet npoogat no FOCT P 52857.8.

8.2.4 ®opmyrbl HE NPUMEHMMbI, €CIN PacCTOSHNE MEeXOy OBYMS COCeOHUMW y3riamu obevyaek meHee
CYMMbI COOTBETCTBYIOLLUX pacyeTHbIX AMNMH 00eyaek Uim ecnm paccTosiHue OT Y350B 40 ONMOPHbIX 311IEMEHTOB
cocypaa (3a nckroveHneM 1b04YHbIX OMOP U OMOPHBIX KOMeL) MEHee YABOEHHOW pac4HeTHOM ANVHbI 06e4ankm no
8.1.2.1.

8.2.5 PacyeTHble hopMyribl IPUMEHUMbI NMPY YCIIOBUM, YTO MCMOMNHUTENBHbIE ANTMHBI NEPEXOOHbIX YacTeN
obevaek He MeHee pacyeTHbIX OJUH a4 U a,.

Ecnu 310 ycnoBue He BbINOSTHEHO, HY>XHO MPOBECTY MPOBEPKY JOMYCKAaeMOro AaBeHnst, NpU4emM BMECTO
S V'S, NOACTaBIAOT:

- And coeguHeHus obevaek 6e3 TopomaanbHOro nepexona

- G L _ 82 Ll
Sto =MaX) g “SiSc[i Sy =MaXg, "Spi S

- Ansi coeAnMHeHns obevaek ¢ TopomaanbHbIM NEPEXOAOM Npu onpeaeneHnm koadduumeHTa f no chopmy-
ne (114)

- G g L _ - BN
St =MaX) g "SriSc(i Sy = MaX|5, “Syi S

Sy S — PaKTUYECKME TOSLLMHBI CTEHOK MPUCOEAMHEHHbIX 06evaek (CM. pucyHku 25, 26).

8.2.6 dopMyribl y3MOB KOHUYECKMX U LMMMHAPUYECKMX 0beyaek 6e3 TopomaansHoro nepexona npUMeHNMBI
NP1 YCNOBUM BbINOSTHEHWS YTTITOBOIO LLBA C ABYCTOPOHHMM CMSIOLWHBIM MPOBapOM.

8.2.7 VIcnonHUTENbHYIO TOMNLLMHY CTEHKM KOHUYECKOTO 3f1IeMEHTa B MECTE COeAMHEHUS ABYX 0beYaek Sq, S,
Unu s, BCcerga npuHUMaroT He MeHee TOMLWUHBI S, onpegensemori no 8.3.1 unn 8.3.2,8.4.1unn8.4.21n 8.8.1, ana
COOTBETCTBYIOLLMX HArpy3oK.

VcnonHutenbHas TonwmHa CTEHKU LMIMHAPUYECKOTO ArieMeHTa B MECTE COeANHEHNS ABYX 0beYaek JOImK-
Ha ObITb HE MEHee MMHMMAITBHOW TOSLLMHBI CTEHKW, ONpeaensaeMon no gopmynam pasgena 5.

8.2.8 PacueT ykpenneHust 0TBEPCTUA KoHMYeckux obevaek npoBoasaT B cootBeTcTBumM ¢ FTOCT P 52857.3.

8.2.9 PacueT TonwumHbI CTEHOK NEPEXOAHON YacTn obevaek NpoBoasaT NMbo MeTogoM nocreaoBaTerbHbIX
NpUBAVKEHMI HA OCHOBaHWUW NpeaBapUTENbHOro nogbopa 1 nocneayroLLen NPoBePKX A1 BbIOpaHHbIX 3HAYEHWN

D §—-C
s-c s ¢

nunbo cpasy ¢ NOMOLLIbIO Anarpamm.

Ecnu gonyckaemble HanpsbkeHUa maTtepuanos YacTen nepexoaa oTnnyatoTca Apyr OT Apyra, To pacyeT no
anarpaMmmam nNpoBoAAT MPW NCMOSTb30BaHNN MEHBLLETO U3 HUX.

3a gonyckaemoe AasneHue, 0CeBYHO CUNY U U3rnbaroLwmnin MOMEHT AN KOHMYECKon obevarnkv npuHMMatoT
MeHbLLEee 3Ha4YeHune, Nofy4eHHoe U3 YCroBmsi MPOYHOCTU UK YCTOMYMBOCTU FNaaKoON KOHUYECKON obeyanku u s
YCMNOBUsI NPOYHOCTU MEPEXOAHOM YaCTy.

8.2.10 PacueT npMmeHuM Tarke Anst KOCOCUMMETPUYHBIX obevaek, CoOeAMHEHHbIX C LUMMHAPUYECKMMU
obevankamu. PacyeTHble Benu4uHbl o, D 1 D npuBegeHbl Ha pucyHke 28.

8.3 KoHunueckune obeyvanku, HarpyXeHHble JaBreHueMm

8.3.1 mapgkue KOHUYeckne obevanku, Harpy>XeHHble BHYTPEHHUM U30bLITOYHbLIM flaBlIEHUEM

8.3.1.1 TonwwmHy CTEHKN rMagkon KOHMYecKomn obeyarkm BelYUCIAIOT No hopmyrne

Sc=Sep + C, (99)
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pD; 1

rne Skp = 2¢,[0] - p cosay (100)
8.3.1.2 [lonyckaemoe BHyTpeHHee N3BbITOYHOE AaBneHne BLIYUCNAIOT No hopMyne
2[c]op (s — ¢)
[P1="5, S (101)

8.3.2 N'mapgkne KOHU4YecKne o6e4amku, Harpy>keHHble HapyXHbIM JaBlIeHUeM

8.3.2.1 PacyeTHble hopMyribl NPUMEHUMBI PU YCIOBUK 0L < 70°.

8.3.2.2 TonLmHy CTEHKN B MEPBOM NPUBNMKEHNM BBIMUCTIAIOT NO hopMyrnam ¢ BBEAEHUEM 3PEKTUBHBIX
pa3mepoB C rnocreayoLlen nposepkon no oopmyne (104).

S¢= Sp t G, (102)
1072D e 12pD,
-m E p E . ) K 1
roe Skp. = Max106 B (10—55 DEJ * 2¢p[0] - p cosa [ (103)

Mpw npeaBapuTenbHOM ONpeaeneHnn TOMNWUHBLI CTEHKU B Ka4yecTBe pacyeTHbIX /g, Dg , By npuHUMatoT
BENMYUHBI, onpegensemblie no popmynam (107) — (109).
8.3.2.3 [lonyckaeMoe Hapy>XHOe AaBfieHne BbIYUCTISIOT Mo hopmyne

[Pl
Pl=T7——=
[pln 104
\t ([plE) (104

roe gonyckaemoe gaBrieHune n3 ycrnosua npo4YHOCTU:

2[o](s¢ - ¢)

[p]; = D
cosoy (S - ©) (105)

M gonyckaemoe gaBrieHme n3 ycriosua yCTOIZ‘-II/IBOCTVI B npenenax ynpyroctu:

208 -10°E Dg [100(sK - c)]z’f’
[Pl = n, B, = De : (106)
O dekTrBHBbIE pa3mepbl KOHUYECKON 0beYankm BbIMUCTIAIOT Mo hopMyniam
_D-D
e = S5m0y (107)
- Db+Dy. D _ D + Dy
De = max{Zcosoq’ cos o4 031D + Dy) S —¢C tgoc1}. (108)
3HaveHune koadhdmumeHTa B, BbIMUCTIAIOT No doopMyne:
110 95 e De
B1 = m|n{1,0, 9,45 lE 100(SK _ C) } (109)

8.3.3 CoeguHeHMe ob6evankm 6e3 TopouaanbLHOro nepexoaa (CM. pucyHok 25a)
8.3.3.1 Pac4yeTHble doopMyIibl MPUMEHNMbI NPU YCITOBUSAX

oy £70°% (81—c)=(s,—0).
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Ecnu (s —¢) £(s,— ¢), ToO Npy NOBEPOYHOM pac4deTe criegyeT NpuHMMaTh
S1—C=8,—C.
8.3.3.2 ToNLWnHY CTEHKMN U3 YCrIOBUS MPOYHOCTU NEPEXOLHOM 30HbI BbIYUCAAOT N0 hopMyriam:

pDB+

20 = 2ol ¢p - P

(110)

Sy 2 Sy, t C. (111)
Mpu onpepeneHunn B4 koacpdmumeHT B BoiuMcnAT no dopmyne (114) unu onpeaensaoT no Avarpamme

(cm. pucyHok 31).
PacyeT TonWmHbI CTEHKN KOHUYECKOro afieMeHTa nepexoia NpoBogAT C NOMOLLLIO OTHOLLEHMWS TOSLLMH

creHok [ 31=C |:
52 —-C

S1—C
S 2 S, —c S T C (112)
8.3.3.3 KoadhdumumneHT hopMbl BbIMMCAAIOT MO hopmyne
B+ =max{0,5; B}, (113)

rae B onpenensioT no gpopmyne (114) unu no pucyHkam 31 — 32 npu s, — ¢ = Sy, M A0NYCKAEMOM HaNPsKeHNH
[6] = min ([c]4; [0],)-

\ NMNARNANLIAN NNTNIY
A ANN AN N INN N N
AN NN RN Y AN ~N
\ A \ AN N, AN ) Q} IS
\ AN N N \\ \)0"__
NN N AN ANANAY N .
ANN N N ANRNAUA NI TN
N N \ 6\
ANC NOOo_| |
NNANXYNAN NN TR O/@\ N Q
ARVANANNAN N ANNEAN NUANANCIEN N \\ 1
=AWA AW N AVANEL QO N |
Y N NN AMANAN N | G N N %_
MANNNANNN AN NNNG,
N N N AAN A LN %) 40°\>
ANRA N AN ANERZJRANIE A
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PucyHok 31— [uarpamma ans onpegeneHust koadduumeHTa 3 npn pacyete TOMWMH CTEHOK nepexodoB obevaek
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t
B=04,/52 I —025.
S2 1 S1—=C 2
X\, —c X(S1_C) (114)

2cos o Sy —C

1+

8.3.3.4 [lonyckaeMoe BHyTpeHHee U3bbITOMHOE UNn Hapy>XHoe AaBreHne [p] U3 ycnosms NpoYHOCTY nepe-
XOAHOW 4acTu BbIYMCASAIOT MO hopMyne

2[cl,9p(s2 — ©)

[P1= "D, + (s, - o) - (115)

roe koadcpuupmeHTt B4 onpeaenstot no 8.3.3.3.
8.3.4 CoeanHeHMe KOHNYECKOM 06evalKkn ¢ YKpPennAaoLWmMM KOSbLIOM (CM. PUCYHkK 256, 29)
8.3.4.1 dopmyrbl NIPUMEHUMbI IPU YCNOBUSIX:
o <70°
npv coeanHeHnn ¢ LMNMHapuYeckon obeyarkom (CM. pucyHok 256):
(s1—c¢)>(sz—0).

Ecnu (sy = ¢) < (s, — €), TO Npy NOBEPOYHOM pacyeTe crieqyeT NpuHMMaThb S;— C= S, — C.
PacueT npyMeHnM TOmnbKO Npu OTCYTCTBUM U3rMbatoLL,Eero MOMEHTA Ha KorbLie.
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PucyHok 32 — [Ounarpamma ans onpegenexHust koadpdguumeHTa B npu BbINOMHEHWN NOBEPOYHOrO pacyeTa

8.3.4.2 lNnowaab NonepeyHoro ceveHns YKpensoLero KosnbLa Bel4MCNAT no hopmyrie
- NP1 COeAMHEHUN NO PUCYHKY 256.

_ pD?tgay B, + 025

Ay = 8[G], O« ( - B+025 )

(116)
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rne B, = (2[61)2(‘” - 1) (2 (117)

KoadbdpmumeHT  onpeaenstot nubo no dopmyne (114), nubo no gnarpamme (CM. pUCyHOK 32).
Mpu A, < 0 ykpenneHue KonbLIOM XXeCTKOCTU He TpebyeTcs;
- NPV COeAMHEHNM MO PUCYHKY 29:

_ pD2 tgol

A = glolcox -

(118)

B cniyyasix 4encTBuMs Harpy3ku OT HapY>KHOrO AABMNEHUS UM OCEBOW CKUMAIOLLIEN CUIbI, UK u3rmbatoLLe-
rO MOMEHTA CBapPHOM LLOB CTLIKOBOrO COEAMHEHWS KOMbLAa AOIPKEH ObITb NPOBApPEH HENPEPbIBHBIM LWBOM. [pu
onpeaeneHyu NnoLaam nonepeyHoro cedeHns A, cnegyeT yunTbiBaTb Takke CeveHne CTeHOK obeyaek, pacnono-
YKEHHOE MeXay Hapy>KHbIMM LUBaMU KOMnbLia 1 06evaex.

8.3.4.3 [lonyckaemoe BHYTPEHHEE U30bITOYHOE UIM HAPY>KHOE JaBrEeHME U3 YCIOBUS MPOYHOCTM Nepexoa-
HOW YacTu1 BbIYNCASOT No hopmMyiam:

- NPV COeAMHEHUN NO PUCYHKY 256

2[clh ¢p (s — C)

[P1="Dp, % (s, = <) - (119)

- NPV COeAMHEHNM MO PUCYHKY 29:

_ 8[c]y 9k
[pl = A Drag, g, (120)

8.3.4.4 O6LmMIN KO PUUMEHT POPMBI AN NEPEXOHON YacTU PaBeH:

B, = max{0,5; B}, (121)

Sy — 2cos S —C
Bo —
;

5+ |1s 1+X(S2 —c) s —c (122)

2cos o4 x S, —¢C

B, v B3 BbIMUCNAOT MO hopmMyriam:
— 16 A [o]« 9«

%= —o)JD(5; —0) ok o;"  Bs=025. (123)

8.3.4.5 NMpoBepka NPOYHOCTN CBapHOrO LLIBA YKPEMMAOLLEro KonbLa

4A,

Tt =5 (124)
roe th — CyMMa BceX adP(PEKTUBHBIX LLUMPUH HECYLLIMX CBAPHbIX LUBOB MEXAY YKPENNAOLWUM KOMNbLIOM U

obevarikon (CM. pucyHok 256).

Y NpepbIBUCTOr0 CBAPHOIO LLIBA AEACTBUTESNIbHAS €M0 LUMPUHA YMEHbLLIAETCS B OTHOLLEHWW ANWMH CBAPHOTO
LUBA 1 BCEro NepumeTpa obeyvainkn. PacctosiHne Mexay KOHLaMM NPEePbIBUCTLIX CBAPHbIX LLBOB AOSKHO ObITb He
6onee BOCbMW TOSMLUH CTEHKM 0BeYalikn 1 cyMMa BCEX OSIMH CBapPHbIX LUBOB HE MEHEE MONOBUHbI AJTNHbI KOHTY-
pa KonbLa.
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8.3.5 CoeauHeHune obeyaek ¢ ToponaanbHbIM Nepexonom (CM. pUCyHOK 26)
8.3.5.1 Pac4yeTHble bopMyribl IPYMEHUMbI MPU YCIOBUSIX:

a <70% 0<[<03.

8.3.5.2 TonwuHy CTEeHKMN NepexoHOM YacTu BbIYUCASIOT MO hopmyne

$28,+¢, (125)
pDB3
roe Stp = 2¢p00]- p- (126)
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PucyHok 33 — [dunarpamma ans onpeaeneHus koadduuveHTa B, npyu pacyete TOMWMH CTEHOK — nepexoaos obevaek

B; onpepenstot no 8.3.5.4.
8.3.5.3 [lonyckaemoe BHYTPEHHEE U30bITOYHOE MIN Hapy>KHOe AaBreHne N3 YCNoBMS MPOYHOCTN Nepexo-

HOM YacTun

_ 2[c]gy(s; - ¢)

[Pl DBz + (s —0)° (127)

KoadbdmumeHT B4 BbiumcnsioT no cpopmyrie (128), B n B, — no dpopmynam (114) 1 (129) unm onpegenstoT no
Anarpammam, NnpMBeaeHHbIM Ha pycyHkax 32, 34.
8.3.5.4 B; paBeH:

B3 = max{0,5; B - B}, (128)

rae B BbiumcnaoT no coopmyne (114) unu onpegensoT No guarpamme, NpMBeAEHHOW Ha pUCyHKe 32.

- $1=C|_
x=1n (82 _C)—1.

9—1559 34
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PucyHok 34 — [uarpamma ana onpefeneHns koadduumeHTa B, Npu BbINOMHEHUM NOBEPOYHOTO pacyeTta

KoacbdumumeHT B, BoiumcnsaoT no dopmyne (129) unv onpeaensioT no guarpamme, NnpuBeeHHON Ha pu-

CyHke 34

BT = 1 D
0,0280L1L\/
1+ Dys; —c
1
cOS 0lq

(129)

8.3.6 CoeauHeHuMe WTyLepa Unm BHyTPEHHEro LMNMUHAPUYECKOro Kopnyca ¢ KOHM4Yeckon oGeyvan-

KOW (pUCYHOK 258)
8.3.6.1 ®opmynbl NPYMEHUMbI MPY BLIMNOSTHEHWW YCIOBUS

oy <70°.

8.3.6.2 TonwmHy CTEHKM BbIMMCNSAOT No dopmyne

Sy 2 Sy, + €, (130)
pD; B4
roe Spp = PTG (131)

KoadpdpuumeHT B, onpegensitot no 8.3.6.4.
PacyeT TonwmHbI CTEHKM KOHUYECKOro 3rieMeHTa NepexogHon YacTu NPOBOAAT C MOMOLLBH OTHOLLEHUS

TOJNLWWNH CTEHOK

S1—C
S 2 s, —¢ S T C (132)
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8.3.6.3 [Jonyckaemoe BHyTPEHHEE N3DbITOYHOE MITN Hapy>KHOE AaBrieHne N3 YCIOBMS MPOYHOCTU NEePEXoa-
HOW YacTu BbIYUCIIAIOT Mo hopmyre

2[cl, 9, (s2 - ©)

[P1="D8, + (s, = 0)- (133)
8.3.6.4 KoadhdbunumneHT hopmbl paseH
B4 = max{1,0; B,}, (134)
Sy —C 2
roe B,=B+0,75 npu X(Sz _C) =1, (135)

B BevmcnstoT no popmyne (114) ¢ 3ameHon D Ha Dy:

2
S —C
npw X(S; _C) <1

_ D tgo
BH _014 S —¢C s —¢ 2 + 0’5
s1—-cC s —¢C 1+X(sz—c) (136)
X\'s, —c )Y (s, —c)cosoy + 2

B,, MOXHO B 0BOMX Cry4asix onpeaenuTb Takke No gnarpaMmmam, NpUBeAeHHbLIM Ha pucyHkax 35 1 36 npu
D=Dywns;—c= sy,
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PucyHok 35 — [narpamma ana onpefeneHus koaduumneHta B, npu pacyeTte TOMLIMH CTEHOK Nepexoaos obevaek
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8.3.7 MNonoroe KOHN4YecKoe AHULLE C TOpOoUAanbLHbIM Nepexoaom (cMm. pucyHok 30a)

8.3.7.1 dopmynbl NPUMEHUMbI 41151 ENCTBUS BHYTPEHHETO N3ObITOYHOrO AaBMNEHUS NMPU BbINOMHEHNN YCIO-
BMA oy > 70°.

8.3.7.2 TonLmMHY CTEHKM NPUHUMALOT

s'> min {max{s,; s;}; s, + c}; (137)

s :0,3(D—r)%1/ﬁ, (138)

roe s, onpegensitot no 8.3.1 npu D, = Dwu s, no 8.3.5.
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PucyHok 36 — [uarpamma ansa onpegeneHus koadduumeHTa [, Npy BbINOMHEHUN NOBEPOYHOrO pacyeTa

8.3.7.3 [donyckaemoe BHyTpeHHee 13bbITOYHOE AaBneHMe NPUHUMALOT Kak BornbLLee 13 3Ha4YeHus

2
_ (s —c) 90°
[p] = ¢lo] [0,3(D = oy (139)
1 MeHbLUero u3 s3HaveHun [p], onpegensemblx no 8.3.1 npu s, =s'n8.3.5npn s, =s".
8.3.8 Nonoroe KOHM4YeCKoe AHULLE C YKPENAKLWUM KOMbLOM (CM. pucyHok 306)
8.3.8.1 dopmyrnbl NPUMEHUMbI 41151 ENCTBUS BHYTPEHHETO M3ObITOYHOrO AaBMNEHUS NMPU BbINOMHEHNM YCIO-

BUI:
oq >70% 8'= s,

8.3.8.2 TonLmHy CTeHKM KOHMYecKoro AxHuia onpegenstot no 8.3.1.1 npu D, = D.

8.3.8.3 MNnowaab nonepevyHoro ceveHus yKkpensnsrLlero konbLa onpeaenstoT no 8.3.4.2, B KOTOPOM npu
onpegeneHun B crniegyeT NnpuHAThb (S4—¢) = 0.

8.3.8.4 [JonyckaeMoe BHYTpPeHHee N30bITOMHOE AaBreHNe onpeaensitoT Aris KOHnYeckoro gHnwa no 8.3.1.2
npu D, = D v gns ykpennstoLero konbua no 8.3.4.3, B KOTOpOM Npw onpegeneHun B, criegyeT NpuHsaThb (s;—c) = 0.
PacueT npumeHum npwm cobniogeHnmn tpebosannii 8.3.4.5.
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8.3.9 Nonoroe KoHM4Yeckoe gHULLE 6e3 TopouaanbLHOro nepexona u 6e3 ykpennsiowero Konbua
(cm. pucyHok 308)

8.3.9.1 ®opmynbl NpUMEHMMbI 41151 ENCTBUS] BHYTPEHHETO N30LITOMHOIO AAaBMEHUS MPW BbIMNOSTHEHWM YCI0-
Bus o > 70°.

8.3.9.2 TonwmHy CTEHKM NPUHUMALOT:

s'2 min {max{s,; s} s,'+ c}, (140)

Sp' BbluMCnAOT Mo popmyne (138) npu r=0;

S, Bbluncnsot no 8.3.1 npu D, = D;

S4 BbluncnaoT no 8.3.3.

8.3.9.3 [lonyckaemoe BHyTpeHHee 130bITOYHOE AaBrieHne NPUHUMAIT Kak 6orbLUee U3 3HaveHus [p], onpe-
aensemoro no dgopmyrne (139) npu r = 0, n MeHbLLEe U3 3Ha4YeHun [p], onpegensemblx No 8.3.1 npu s, =s'u
D,=Dwvno 8.3.3.

8.3.10 Nonoroe kKOHU4YecKoe AHULLE, Harpy>KeHHOe Hapy>XHbIM JaBrneHuem

8.3.10.1 ®dopmysnbl NpUMEHNMbI ANA 4EACTBUS HAPY>KHOIO AaBNEHUs NpU YCrOBUK:

Ol >70°.

8.3.10.2 onyckaemoe HapyxHoe aaBreHue BbluncnstoT no dopmyne (104), gonyckaemoe AgaBrieHUE B
npegenax nnactuyHocTun no doopmyne (105) n gonyckaemoe AgaBrneHve B Npegeriax ynpyroctu BbIMUCISAOT MO

dopmyne

2
_4EK | (s’ -¢) 2
[ple = n, [T] cos” oy, (141)
roe K= min{0,36; max{02§_+45; 0,12}}; (142)
DK
&= 2(s’ - c)cosay” (143)
8.4 KoHuyeckue obeyvanku, Harpy>xeHHble 0CEBbIMU YCUITUAMMU
8.4.1 Fnagkue KOHM4YecKne obeyvarkn, Harpy)XeHHble OCeBOM pacTAruBarLLen cUnomn
8.4.1.1 TonwmMHy CTEHKWN BbIYMCNIAIOT No doopmyne
S Sgp * €, (144)
F 1
roe Scp = 7D, pr [0] COS 0y " (145)
8.4.1.2 [lonyckaemyto pacTarnmBatoLLyto CUAY BbIYUCTISOT MO hopMyrie
[F] = 1Dy (s — ¢) @;[c] cos ay. (146)
8.4.2 'mapgKue KOHU4YecKkue ob6evyamku, Harpy>xeHHble 0CEBOW CXKMMaloLen CUnoun
8.4.2.1 PacuyeTHble hopMysibl NPUMEHKMBbI NPY YCNOBUA
oq <70°.
8.4.2.2 [lonyckaeMyto OCEBYIO CXXUMALOLLYIO CUiy [F] BbIMUCAIAIOT No dpopmyrne
; [F] . Dy
F] =min L e Ll
[F] o [Fln (147)

Fln Y
T ([F]E)
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rae 4OoMycKaeMyto OCEBYIO CUITY M3 YCITOBUS MPOYHOCTM BBIYUCTISIIOT Mo dhopmyre
[Fln = nDf (s — ¢)[o] cos o (148)

1 OomnyckaeMyto OCEeBYHO CUITY U3 YCITOBUSI YCTOMYMBOCTM B NpeAerniax ynpyrocti BeIMUCHSAIOT Mo oopmysie

310 - 10°°E »[100(s, - c)*°
[Flge = n—y (Dg cosa.q) |:D—';: , (149)
09D + 0,1D;
roe D = ~cosay (150)

8.4.3 CoeauHeHune obeyvaek 6e3 ToponaanbHOro nepexonaa (CM. pucyHok 25a)
8.4.3.1 dopmynbl IPUMEHUMbI NP BbINONHEHUN ycrioBuin 8.3.3.1.
8.4.3.2 lonyckaemyto OCEBYHO pacTArMBaOLLYIO UK CXMMaLOLLY0 cuny [F] 13 ycrnoBus NpoYHOCTU Nepe-
XO[OHOM YacTW BbIYMCIISAOT No chopmyrne
[F] ZTCD(SZ _ EL[G]Z(PT’ (151)

roe Bs =max{1,0; (2p +1,2)}. (152)

B BeIvMcnsOT No popmyne (114) unm onpenensitoT No AvarpamMmme, npuBegeHHon Ha pycyHke 30.

8.4.4 CoepnHeHne KOHUYECKON N LUNTMHAPUYECKON 06eYaek C yKpennAaoLWmuM KOnbLOM (CM. pUcy-
HOK 256).

8.4.4.1 dopmyrbl NPUMEHNMbI NPW BbINOSIHEHUM ycroBui 8.3.4.1.

8.4.4.2 [lonyckaeMyto OCEBYIO pacTArMBatoLLYHO K CXUMatoLLyo cuny [F] s ycnosmnsa npoYHOCTM nepe-
XOAHOW YacTu BbIYUCTIAIOT Mo hopMyre

[F] = nD(SZ - %)6[012%, (153)

roe Bg = max {1,0; 2B,}- (154)

KoadbdmumeHT By onpegenstoT no chopmyre (122), B KoTopou crnegyeT NpuHAaTe By =—0,35.

8.4.4.3 NMpoBepKy CBApHOro LLBa YKPENMSOLLEro KosbLa BbINOMHAT no 8.3.4.5.

8.4.5 CoegunHeHune obeyaek ¢ ToponaanbHbIM Nepexogom (CM. pUCYHOK 26)

8.4.5.1 dopmysbl NPUMEHNMbI NPW BbINOSIHEHUM ycrosui 8.3.5.1.

8.4.5.2 [lonyckaeMyto OCEBYIO pacTArMBatoLLYyHO K CXUMatoLLyto cuny [F] s ycnosmnsa npoYHOCTM nepe-
XO[HOW YacTu BbIYUCTISIOT MO hopMyre

[F] = w%, (155)

roe B; =max {1,0; B; (2B + 1,2)}. (156)

KoadpduumeHTsl B u B, BbiuncnsoT no dopmynam (114) n (129) nnm onpegensitoT No guarpammam, npuse-
OEHHbIM Ha pucyHkax 32 n 33.

8.4.6 CoegnHeHue WTyLiepa Uiy BHyTPEHHero LMnuHApmuYecKoro kopnyca ¢ KoHM4eckom obevan-
KOW (CM. pUCyHOK 258)

8.4.6.1 ®opmyrbl NPUMEHNMbI NPU BbINOSIHEHMM ycroBus 8.3.6.1.

8.4.6.2 [lonyckaeMyto OCEBYIO pacTArMBatoLLYHO K CXUMatoLLyo cuny [F] s ycnosmnsa npoYHOCTM nepe-
XO[HOW YacTu BbIYUCTISIOT MO hopMyre

ERTICELIGTE (157)
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roe Bg = max {1,0; (2B,— 1)}. (158)

B, BeluMcnsAT no dopmynam (136) unm (135) unu onpeaensaioT nNo guarpaMmme, NpuBegeHHON Ha PUCYH-
ke 36.

8.5 KoHunueckue ob6evanku, HarpyxeHHble U3rnéaroLmMm MOMEeHTOM

8.5.1 [lonyckaeMbi U3rnéaroLimmn MOMEHT BbIUMUCHIAIOT No hopmMynam

- U3 YCMOBUS MPOYHOCTH

M] = %[FL (159)

rae Dy = Dy Ans KoHnYeckoro nepexoga (pUcyHok 27);
[F] BolumcnisitoT no doopmyne (146).
- U3 YCIOBMS yCTOMYNBOCTH

Ml
M) = — .
Mg
me M, = 5 Fly; (161)
Ml = 55(Fle (162)

1 D BbluncnaoT no popmyne (150).
Jonyckaemble oceBble cunbl [F], v [Flg BbumcnawT no 8.4.2.2.
8.5.2 CoepnHeHuns obevaek
8.5.2.1 [JonyckaeMbln n3rnbatoLLmin MOMEHT M3 YCITOBUS MPOYHOCTN NEPEXOHON YaCTU BbIYUCIISIOT MO

dopmyne
M = 21F), (163)

roe oonyckaemyro oceByto cuny [F] BblumcnstoT no popmynam (151), (153), (155) u (157). Mpu  BbiumcneHmmn [F]
no cpopmyne (157) B cpopmyne (163) cnegyet npuHaTe D, BMecTo D.

8.6 CouyeTaHuMsA Harpy3oK

8.6.1 YcnoBusa npumMmeHeHUa hopmyn

Ecnu koHnyeckas obedvarika Harpy)keHa 4aBrieHneM, OCEBOWN CUMON 1 M3rnbaroLmMm MOMEHTOM U CyMMa
9KBMBAINEHTHbIX AaBMEHWN OT 3TUX Harpy3okK, BbIYMCISEMbIX MO hOpMynam:

4F . _ 16F
Pr=_"72 pM_nDS’ (164)

B an ’
coctaBnseT MeHee 10 % paboyero gaBneHusi, TO KOHUYECKYIO 06eYariKy pacCUnTbIBalOT TONbKO Ha AeCTBUE
AasrneHus. Takyo NpoBepKy cnegyeTt NpOBOAWTb Kak Arst rMafkown KoHUYeckowm obevainku, Tak u Ans ee Topou-
OanbHbIX NEPEXOAHbIX YacTen y 60MbLIEro UM MeHbLLIEro OCHOBAHWS, ECIN OHU ECTb.

8.6.2 PacueT npu COBMeCTHOM AeNCTBMU Harpy3ok

Ecnun ycnoeue 8.6.1 He BbINOMIHEHO AN rnagkon obeyankm unm xoTb 04HON N3 NEPEXOOHbIX YacTen, TO
NPOW3BOLAT pacyeT Npu COBMECTHOM AeNCTBUKN Harpy3ok no 8.6.2.1 1 8.6.2.2. Npwu npoBepke NPOYHOCTU UK
YCTONYMBOCTU AN COBMECTHOIO AEeNCTBUSA Harpy3ok B dpopmynax ( 165) u (167) onsi pac4eTHOro Hapy>XHoOro
[OaBneHnsi NOACTaBMSAT MUHYC p, a Afisi OCEBOM CXMMatoLEen cunbl MUHyc F. Narnbarowimin MomeHT M Bcerga
NPVHUMAIOT CO 3HAKOM MNJTHOC.

8.6.2.1 mapgkue KoHMn4Yeckne obevanku

B cnydae coBMeCTHOro OencTBust Harpy3ok He06XoaMMO NPOBEPSATE YCIOBUS YCTOMYMBOCTM NO hopmMyre

P F . M
“l A T M S (165)
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Kpome TOro, 4OIMKHa ObITb BbIMNOMHEHA npoBepKa NpoO4YHOCTU n yCTOI?I‘-IVIBOCTVI OT OTAEJIbHbIX HArpy3okK

lo| < [p]; |A| < [FI; M < [M]. (166)

[onyckaemble Harpy3ku [p], [F], [M] onpegenstoT no 8.3.2.3, 8.4.2.2 1 8.5.1. [NpoBepKy NpoBOAAT, €CIN He
BbINOMHEHO ycnosue 8.6.1 xoTs Obl ANst OAHOO U3 pacYeTHbIX JUAMETPOB KOHUYECKOWM 0DeYvanKu.

Mpwn BHyTpeHHeM aaBneHumn B popmyrie (165) cnegyeT npuHate p = 0.

5.6.2.2 lNepexoHble YacTn KOHNYeCKnx obevaek

Kpome npoBepkuM yCnoBuii OT oTAeNbHbIX Harpy3ok no dpopmMynam (166), Heobxoaumo NpoBepUThL BbINOSHE-
HMe ycrnosus

b El, M
‘[p] + [F]‘ T <t (167)

roe [pl, [F], [M] — bonyckaemble Harpy3ku Onsi nepexoaHomn Yyactu obevankn. MNpoBepKy NpoBoAdAT, eCriv He
BbINonHeHo ycnosve 8.6.1 npu Dy, = D.

YK 66.023:006.354 OKC 71.120 roz OKI 36 1500
75.200

KntoueBble cnosa: COCyAbl 1 annapartbl, HOPMbl U METObl pacHeTa Ha NPOYHOCTb, UMNnnMHAapu4yeckmne, KOHN4YeCKne
obevaniku, BblMNyKnble, NNTIOCKMe OHNULLA U KPbILLKN
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