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CTAHOAPT UKBA

ApmaTypa anst MarucTpasnbHbIX
TpybGonpoBoaoB

HOPMATUBHbIE HATPY3KU
OT TPYBOIPOBOOA

MeToauku pacyeTta U YUCIIeHHbIE 3HaAYeHUA

Dara ssepexus — 01.07.2014

1 ObnacTb npuMeHeHus

Hacroswumii cTaHaapT pacnpocTpaHsaeTcs Ha apmaTtypy Afs MarucTpanbHbiX
TpyGONpPOBOAOR, NPOEKTUPOBAHKE KOTOPBIX BLIMOMNHASTCS B COOTBETCTBUM C TpeboBa-
Huamy Hopm CHull 2.05.06-85.

CTangapT COAEPXUT METOAUKK pacdeTa ¥ YMCHEHHbIE 3HAYEHUS HOPMAaTUBHbIX
3HaueHuit Harpy3ok, AefcTBYIOWMX HA apmaTypy oT TpybonpoBoaa.

CTanfapT MOXeT NpUMEHSTLCA NpY pa3paboTke apmaTtypbl Bcex BUOB U npu
npoekTupoBaHuy TpyGonpoBoAoB.

2 HopmaTuBHbI€ CCbINIKM

2.1 B craHpgapTe AaHbl CCbINKM Ha crieayloLe HOPMaTUBHbIE JOKYMEHTbL

FOCT 20295-85 Tpy6bl cTanbHbe CBapHbIE AN MAarUCTparbHbIX rasoHedTe-
nposofoB. TexHuyeckue ycnosus

FOCT 24856-2014 Apmatypa TpybonposoaHas. TepMuHel U onpedeneHns

FOCT P 52857.1-2007 Cocygb! vt annapatsi. HopMbl 1 MeTOAb! pacuéTta Ha
npoyHocTb. ObLne TpeboBarus

MHAD I-7-002-86 Hopmbl pacueta Ha NPoqHOCTL obopyposanus u TpyGonpo-
BO/JOB aTOMHbIX S9HEPreTUHECKUX YCTaHOBOK

CHul 2.05.06~-85 MaructpanbHblie TpyGonposoab!

1 3am.
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3 TepmuHbl, onpeneneHus u o603HavYeHUs

3.1 B HacTosilLieM CTaHgapTe NpuMeHeHb! TepMiuHbl U onpepenenms no FOCT
24856.

3.2 B cranfapTe npUMeHeHb! crnegyioilpe ocHOBHbIE 0603HaqYeHuns:

DN — HOMUHanbHbIN guameTp apMaTypbl, MM;

PN — HomuHanbHoe pasnexue, Mlla;

Dy — nuameTp HapyxHblii natpybka u Tpybonposoaa, Mu;

Dg— nnameTp BHYTpeHHUIA naTpybka, Mm;

O — TONMWMHAa CTeHKu naTpybka, Mm;

Op — TOMNLUWHA CTEHKKU pacHeTHas naTpybka, MMm;

Or — ToNWMHa TexHonorudeckan naTpybka, mm;

f — NNoLLazb NONepe4HOro ceveHus naTpybka, Mm%

W — MOMEHT CONpOTUBNEHNS U3rnBy nonepeyHoro ceyenmns natpybka, Mm>;

Rpoz — MUHMMarnbHOE 3HaueHWe npegena TekyyecTu matepuana natpybka npu
pacyeTHOi Temnepatype, Mlla;

Rm — MUHMMarnbHOE 3HaJeHue npefena NPoYHOCTU MaTepuana natpybka npw
pacueTHoi Temnepartype, MMa;

[0] - HOMMHanbLHOE gonyckaeMoe HanpshkeHue AnsA matepuana natpybka, MMa;

Q - HopmaTMBHOE NPOAONbLHOE CKMUMAKOLee TEMNepaTypHoe ycunue, onpeje-
nAeMoe 13 yCrioBuii NPOYHOCTM pacyeTHo mofenu natpybka apmatypsbl H;

Mz — HOpMaTUBHBIHA w3rnbarowmii MOMEHT Ha apMaTtypy OT ASHCTBUSA BECOBbLIX
Harpy3ok Ha Tpybonposog, H-mMm;

My ~ HopMaTuBHbIA n3rubaioLmii MOMEHT Ha apMaTypy OT COMETaHUA Harpysok,
BbI3BaHHbLIX BECOM ¥ TEMNEpaTypHOit KomneHcauueil Tpybonposoaa, H-mm;

Mc — HOpMaTUBHbLIA M3rMbaIoLMiAi MOMEHT Ha apMaTtypy OT COYeTaHusi Harpy-
30K, BbI3BaHHbIX BECOM 1 TEMMNEpaTypHOW KOMMeHcauuelh, a Takke celcMUYecKuMun
BO3AEHCTBUAMM Ha TpyOONPOBOA MHTEHCUBHOCTBLIO A0 9 6annos BKNIOYUTENbHO, H-MMm;

Mcy — TO xe, uto Mc, HO npu ceilcmudeckux BosgeitctBuax 10 6annos, H-mm
(momeHTbl Mp, My, Mc n Mcy onpepensioTcs U3 yCnoBuiA NPOYHOCTU pacyeTHON Moae-
nu natpybka apmartyphi);

Fp — npofonbHOE pacTArvBamliee HanpskeHue Ha apMaTypy OT LAeWCTBUSI HO-
MuHanbHoro aaenexus cpefbl PN, H;

1 3am.
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Myz — nsrmbaiowuit MOMeHT, ASWUCTBYIOUMA Ha apmatypy oT TpybonpoBosa,
H-mm;
Mgp — KpyTALLMA MOMEHT, AEHCTBYIOLWMIA HA apMaTypy oT Tpybonposoaa (Mo-

MeHTsl Mys U Mkp onpepensitotcst n3 pacveTa Tpybonposoga), H-mm;

4 OOGiune nonoxeHus

4.1 Mo HOPMATUBHLIMM HArPY3KamMKt NOHUMAIOTCS YUCTIEHHbIE 3HAYEHUS yCunui
¥ MOMEHTOB, KOTOpPbI€ [O/MKHbLI YUUTLIBATLCA NPU KOHCTPYMPOBAHUM apMaTypbl 1 npo-
ekTupoBaHun Tpybonposofa. HopmupoeaHue Harpy3oK nNo3BONAET NPOBOANTL HE3ABU-
cumyio paspaboTky apmaTypbl 1 TpybonpoBoaos.

py KOHCTPYMpOBaHUY apmaTypbi JOSkHA ObiTh NOATBEPHASHA pacyeToM Npoy-
HOCTb, repMETUNHOCTb U paBoTocnocoBHOCTL apMaTyphi NPy COBMECTHOM BO3AERCTBIN
LaBreHus cpeapbl U HOpMaTUBHOM Harpysku oT Tpybonposoga.

Mpu nNpoekTUpoBaHUU TPyGonpoBoja HOMKHO BbiTh NOATBEPXGEHO, HTO B MEC-
Tax YCTaHOBKU apMaTypbl BHYTPEHHWE YCWUIWS U MOMEHTbI B TpyBonposoge, Bbi3BaH-
HbI@ BHELLIHVMI HArPy3Kamu, He MPeBbiLLAIoT HOPMATUBHYHO Harpysky.

4.2 HopmaTtuBHble Harpysku onpeaensioTcs UCXOAs U3 YCNOBUI NPOHHOCTH pac-
4YeTHbIX Moaeneid natpyGkos apmaTypbl. [Ina aToro ucnonb3ylotcss TpeboBaHus HOPM
APOMHOCTH, NpUMeHsieMbie B apmaTypoctpoenumn (FTOCT P 52857.1, nyuxT 8 u MHAST-
7-002, nyHxrel 5.4, 5.11). YuuTbiBaeTcs cymma mMemGpanHbix U obumx uarubHbix Ha-
npspkeHuin. [puBeaeHHble HanpspKeHust onpeaensioTes nNo Teopuy Haubonbiumx Kaca-
TENbHLIX HanpsxeHuit. HopmMaTuBHbIE HArpy3KM NPUHUMAIOTCA C MOHMKAIOLWMM KO3-
dumuerTom 0,7 no OTHOLLEHUIO K AONYCKAaeMbIM Harpyskam Ha mofenu natpybkos.

4.3 B ka4ecTBe HOPMATUBHOIA HArpysKk paccMaTpuBaeTcs oaHa, Hanboree 3xa-
YuMasl COCTaBNAOLIAN HATPY3KK, SKBUBANEHTHAA AENCTBUIO BCEX YCUIWIA 1 MOMEHTOB.

B HapsemHbIx 1 noaseMHblx TpyBonpoBogax, fetopmaLua KOTOpbIX HE CTeCHe-
Ha MeXay Onopamw, UNu CTeCHEHa HECYLLIECTBEHHO, B KA4YECTBE HOPMATUBHOMR Harpys-
KU npuHUMaeTcs usrnbaowmii MOMEHT, npeacTaBnsiowmii Hanbonsbilyo ONACHOCTL.
PaccmaTtpuBaeTca Tpu Tna HOPMAaTUBHLIX MOMeHTOB Mp, Mk, Mc unu Mcy (0606tLueH-
Hoe o6o3HauyeHve moMeHToB Mi), BO3HUKAIOWUX B TPEX pexumax HarpyxeHus, npen-
CTaBnsIOLUX CoMETaHua AasneHus cpenbl 1 Beca Tpybonposofa; AaBneHnusa, seca u
TemriepaTypHoii komneHcauum Tpybonposoga; AaBneHus, Beca, TeMnepaTypHOR KoM-
neHcauum u ceiicMuieckux BosaeicTeuii Ha Tpybonposog.

1 3am.
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B nopsemHbix TpybonpoBogax, paboTaoLmx B yCOBUSX CTECHEHUSA NPOAONbHBIX
1 nonepeYHbiX NepemMeLLeHnii, B Ka4ecTBe HOPMaTUBHON Harpy3ku NpUHUMaeTCs code-
TaHue AaBneHust Cpenbl U CKUMAIOLLEero TemnepaTypHoro yeunva Q, COOTBETCTBYIOLE-
rO MaKCMManbHO# pasHOCTU TeMMEpaTypsl 3nemeHTa TpybonpoBofa B MOMEHT MOHTa-
*a v B npouecce aKcnnyaTaumu.

4.4 HopmaTtuBHble Harpysku onpeaensioTcs ¢ UCNoMb30BAHNEM [BYX PacHETHbIX
MoAeneii naTpybKoB, UMEIOWMX MUHUMATbHEIE TOMLWMHBI CTEHOK, NPeAyCMOTPEHHbIe B
nyHkTe 8.22 Hopm CHull 2.05.06. HapyxHbie guameTtpel Dy pacyeTHbix mogenen nat-
pybkoB onpefensatoTcs, Kak y CTbikyembix Tpyb, cornacHo FTOCT 20295 n apyroi Hop-
MaTMBHON JOKYMEHTaLUN.

Mepsas mogenb naTpybka UMeEEeT pacuyeTHYIO TOMNLMHY CTeHKU Op, KOTOpas on-
penensietcs no dopmyne (12) Hopm CHull 2.05.06 cornacHo ycnosuio NPOYHOCTY:

DH-PN

T 2([0]+PN) (M

P

BTopasi mogens natpybka MMeeT TEXHOMOTMHECKYIO TOMLWMUHY CTEHKK G7, KOTO-

pas Gonblue pacyeTHOM ToMLUHb! Op, U HasHayaeTcs B cnyyae, ecrnu pacyeTHas Ton-
LLMHA OKaXKETCA HeaomnycTuMo Manoi. TonwuHa Or, cornacHo nyHkty 8.22 Hopm CHull

2.05.06, gomKHa npUHUMATLCS U3 paBeHceTsa:
Bt = max {Du/140; 3 mm ans Dy < 200 mm; 4 mm ans Dy > 200 mm}. )

4.5 HopMaTuBHbie Harpysky efuHbl AN apMaTtypbl, UMeloLel ofiuHaKoBkLIe oc-
HoBHbie napameTpbl Dy u PN.

CornacHo copmyne (1), natpybxu nepsoi Mogenu, UMetoLLne OANHaKoBbIe Na-
pameTtpbl Dy 1 PN, umeloT Takke oauHakoBble npousseaeHus op-([o] + PN). Kpome T0-
10, 3aBUCMMOCTL Mexay Op v [0] 6nuska k 06paTHOW NPONOPLUMOHaNLHOCTH, Tak kak PN
Marno no cpaBHeHuto ¢ [0]. Bnarogapsa 3ToMy, HoOpMaTUBHBIE Harpy3ku ByayT npakTuye-
CKVi OQMHAKOBbI ANst BCEX naTpybkoB ¢ ofuHakoBbimMu napametpamu Dy u PN,

CornacHo paseHcTBY (2), natpybku BTOpOIl MoAenn WMEIOT OgHy Tonijuny Or
Ana kaxporo Dy, YuuTbiBas, 4To TOMWMHA CTEHKV Or 3aBbllUeHa, NpUHUMaeTes eimHas
Kareropusi npouyHocTu Matepuana K195 (MuHumanbHoe sHadenue, Tpebyemoe ans

apmatypbl HehTenpoBoAoB) ANA BCEX NATPYyOKOB C TEXHONOTUYECKol TonwjuHon. Ta-

1 3am.
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Kum obpasom, B AaHHOM criydae ans Kaxwpaoro covetanusi Dy v PN yuuTbiBaeTcsl 04HO
coueTtanue Op 1 [0], ¥ NonyyaeTcs OQHO 3HAUYEHUE Harpysku.

4.6 Tpw onpeneneHnn HOPMATUBHBIX Harpy3oK HE PaccCMaTpUBAETCs BO3MOXHOE
3aBbILUEHNE TOMLLMH CTEHOK, Knacca Wnu Kateropuu npoYHOCTM MaTepuana natpybka
peanbHolt apMaTypb! unu Tpybonposoaa.

5 MeToguKu pacuyeTa HOPMaTUBHbLIX HarpysoK

Honyckaemble Harpysku Ha natpybku npousBOSbHOW apmaTypbl 3aBUCAT OT Ye-
ThipEX NapameTpoB — ABYX OCHOBHbIX Dy 1 PN, u AByx pononHutensHslx & u [o]. ns
apmaTtypbl ¢ ofuHakoBbiMn Dy u PN, Ho pasnuyHbiMi & u [0], fonyckaemble Harpysku
MOTYT 3HAYUTENLHO Pa3NUYaTLCA.

MeToavka pacuyerta ponyckaembix Harpy3ok Ha natpybku apmartypsl, nMetoen
Npou3BonbHble 3HaveHus 6 u [0] nanaraetcs B nyHkTe 5.2.

MeToauku pacyeTa HOpMAaTUBHbIX HArpy3oK NPUBOAATCS B NyHKTax 5.3 - 5.5. Oxu
nosiy4eHbl 3 METOAUK pacyeTa JonyCckaemMbiX Harpy3oK NyHKTa 5.2 npu ucnonb3oBaHum
ABYX pacyeTHbIX Mogeneit natpybkos, UMeloWMX onpepesieHHbie 3HadeHus O u [o],
yKasaHHble B NyHkTe 4.4.

MeToanku pacyeTa HOPMaTUBHbIX HArpy30K UCHOMNbL30BaHbL! B pasaene 6 ans on-
peneneHusi YUCHEHHbIX 3HaYeHU HOPMATUBHbLIX Harpy3oK. ST METOAUKU MOTYT ObiTb
TakkKe UCNoNb30BaHbl ANs ONpefeneHns 3Ha4YeHnil HOPMaTUBHBIX HArpy3oK B criyyasix,
Korga B Tabnuuax OTCYTCTBYIOT HyXHble coveTaHusi napameTpos Dy u PN. Ecnu Hesc-
HO, Kakyio 13 pacyeTHbIX Mofenei naTpybka npuMEHWTb, TO pacyeT creayeT Bbinofi-
HUTb C UcNonbaoBaHneM obenx moaenei, n sbIbpaTts HonblUee 3HaYeHVe Harpy3Ku.

5.1 flonyckaeMkie HanpPAXKeHUNA

5.1.1 Hwxe npuBogATCS 3HA4EHWUs JOMYCKAEMbIX HaNPSHKEHUN, KOTOpbIE peko-
MEHAYIOTCA ANs NPUMEHEHWUS NpU BbiNOSIHEHUW PACHETOB apMaTtypbl Ha NPOYHOCTb.
OHu e UCnonNb3yloTca B cTaHaapTe AR onpefeneHns HopMaTUBHBIX Harpy3sok.

Jonyckaemble HanpsXeHusi AaHbl Ans YeTbiPeX TUMOB COYETAHUIA Harpysok ot
TpybonpoeoAa, NpuHATLIX B MyHKTe 4.3 HacToswWwero craHgapTta: Bec Tpybonposoaa;
BEC WU TemnepartypHas komneHcauus TpybonpoBoaa; Bec, TEMNepaTypHas KoMneHca-
uust 1 ceiicMuueckue Bo3fdeiicTBUA Ha TPyGoOnpoBoA,; NpofAosbHOE CXMMalolwee TeM-
nepatypHoe ycunue. JTu COYETaHWUs HArpy3oK NPEefCTABNAIOT PasfMyHyl0 CTENeHb

8
1 3am.



CT LIKBA 092-2014

ONacHoOCTY ANs apMaTypbl, NOITOMY LS HAX UCMONb3YIOTCH pasfiuyHbie Aonyckaemble
HanpsukeHusi, oBo3HavaeMble CooTBETCTBEHHO, Kak [0ls, [Olk, [0]c u [Olnr (0606WweHHoe
obozHaueHue [oli).

Jonyckaemble HanpsHkeHUs OnpenensiioTCa Kak NpouaBeneHue

[ol = ki - [o], (3)

roe [o] — HomuHanLHOE Aonyckaemoe HanpshkeHue, onpefenseMoe B 3aBUCUMO-
CTW OT MUHUMASTBHOTO NpeAena Teky4ecTu Rpoz U MUHUMAIBHOTO NPefena NpoYHoCTH
Rm MaTepuana naTtpybka npu pacyetHoit temneparype (FOCT P 52857.1, nyHkr 8):

[o] = min [Rpo2 /1,5; Rm /2,4]; @

k;— o6obLieHHoe 0Go3Ha4eHne HopMaTUBHbIX KoachduuneHToB Kg, kr, ke, v knr,

YUUTbIBAIOWMX pasninyHyto cTeneHb ONacHOCT COOTBETCTBYIOLLENO pexnma.

5.1.2 Jonyckaemoe HanpsikeHue [0l onpeaensieTcs cornacHo nyHkry 5.4 Hopm
MHAQ T-7-002:
[ols=1,3{ocl, ks =1,3. (5)

5.1.3 [ina gonyckaemoro Hanpsbkenus [olk npuHuMaeTcst OTHOCUTENbHO HEBLICO-
KOe 3HauYeHue ¢ y4eTOM TOro, YTO NMPY TeMnepaTypHoi komneHcauun B Tpybonposoge
mMoxeT BbiTh HakonneHa sHaduTensHas sHeprusa gedopmaumu:

[olc= 1,5{0], ke = 1,5. (6)
5.1.4 [onyckaemoe HanpsbhkeHue [o]c
[ole=1,6{0], ke =1,6. %)

Donyckaemoe HanpspkeHue [Olc BOMKHO UCNOMbL30BATLCA NPY BbINOMHEHUM pac-
4YETOB apMaTypbl Ha POYHOCTL W NPK onpedereHn JonyckaeMoro MoOMeHTa Ha apma-
TYpy OT Beca, TEMNEPATYPHOI KOMNEHCAUUY U CeliCMUYecKUX BO3AENCTBIUA Moboi nH-
TeHcuBHocTU. OHO UCTIONBL3YETCS TalKe ANS OnpeAeneHns HOPMATUBHLIX MOMEHTOB
M, BKMioyaloLwux ceficMuueckne BO3AEACTBIA MHTEHCUBHOCTLIO 8o 9 6annos.

Ons ceiicMuytocTn 10 Gannos HopMaTtuBHbIe MOMeEHTsl Mcy onpepensiiotes ¢

MCNONb30BaHUeM AONyCKaeMoro Hanpsbkenus [alom

1 3am.
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[0lem= 1,800], kem = 1,8. ®)

5.1.5 Jonyckaemoe HanpsikeHue [O]nt NPUHATO C YYETOM ONACHOCTU COYETaHUs

BHYTPEHHEro AaBNeHna 1 CXuMaloLero rTemnepaTypHoro HanpspKkeHus

[olm= 1,3 [0], knr = 1,3. 9)

5.2 MeTtoguka pacueta gonyckaeMbiX Harpy3ok Ha fpou3BOsibHYHO apMarty-

Py

52.1 [onyckaembie usrnbaioime MoMeHThl Ha naTpybok apmartypbi [M} onpe-
AensioTes no npubrwkerHol dhopmyne, crieayloLeil U3 yCnoBus npoYHOCTY naTpyoka:

[M{] = ([0]: — Onp )W, (10)

rae [M] - obobiierHoe oBosHaveHue aonyckaeMbix momeHToB [Mal, [Mil, [Mc]
Ha naTpyboK apmaTyps! 0T Tpybonposoaa;

[o] — oBobeHHoe obosHaueHue gonyckaemblx HanpsikeHuit [ols, [0k v [olc, vc-
nosibayeMblX NPy onpeaeneHnn JonyckaemMbix MOMEHTOB [Mj], HopMaTUBHBIX MOMEHTOB
Mi v npu oLieHke NPOYHOCTY apMaTyphbl;

Opp — NPOAOILHOE HanpshkeHue B natpybke, BblablBaeMoe AeHCTBUEM AaBreHus

cpefbl:
o = PN-DB. 1)
np = 45 '
W — MOMeHT conpoTuBneHus usrmby rnonepeqHoro ceveHus naTpyobka:
n(D§ —Dj

32D,

Dy, Dp, ¥ O — COOTBETCTBEHHO HapYXHbIi U BHYTPEHHWUIA AnameTpbl, a Takke
TOmMYMHA CTeHkM natpybka.

5.2.2 Jonyckaemoe CxumMalollee TemnepaTypHoe ycunue Ha natpybok apmary-
pei [Q] onpepenseTcs ¢ ucnonssosaHnem dopmynbl (18) us Hopm CHull 2.05.06

[Q]={[olnr - p-ou } - f, (13)

10
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rae Oy — KonbLiesoe (OKPYXKHOE) HarnpsikeHne 8 naTpybke, BbisbiBaeMoe AeicT-

BUEM faBneHus cpeabl.
PN-Ds_

5 (9

Oky =

M — koacbcuumeHT lNyaccoHa matepuana naTpybka;
f- nnowagb nonepeyHoro cevexus natpybka:

Di-D§

" (15)

5.3 MeTtoguka pacyeTa HOPMaTUBHLIX U3rMbGaloWMX MOMEHTOB Ha apMary-
PY, MMEIOLLYIO PACHETHYIO TONWUHY CTEHKU naTpybka

B panHOll MeTOOMKEe UCTIONb3yeTcs ycrnosue papeHcTsa KOMbLEBOro Hanpsxe-

HuA Oy, BLI3BAHHOTO faBnexHnem PN, HoMuHanbHOMY fonyckaemomy HanpsbkeHuio [o]:
oy = [0]. (16)

dopmyrna Ans HOPMaTUBHOTO MOMeHTa M, crnepyet 3 dopmynibt (10) npu uc-
N10Nb30BaHNM NONOXeHNn nyHkTa 4.2 1 paeeHcTs (3), (11), (14), (16):

PN-De
M;=0,7~4—8—;- 2k-1)W. (17)
Mpencrasum Dy W B Buge:
Ds=Dy-(1-2-a); W =-8p-D,>(1-3a)/4; a = Bp/Dy. (18)
Mopctasum (18) B (17), nonyuum:

0,71 3 .
M; .-~=—i~6——'F’N~DH (2 ki -1)-(1-5-a). (19)

C nomouusto popmynel (1) npeacrasum «a» 8 Buae sasucuMocTu ot PN u [6], a
TaKe yutem, 4to [o] >> PN

PN PN

" 3G = 2ol 0

W3 copmyn (19) u (20) BuaHo, Yto BRusiHue Marepuana Ha MOMeHT M; yuutoisa-

eTcs fonyckaembim Hanpsbkenuem [0], copepxalimmes B MHoxuTene (1-5-a), koTopblii
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6nu3oK K eauHule. 3anuwem MHoxuTens (1-5-a) B npubnmxkeHHOM BULe, He cofepxa-

weM B ABHOM Buge [o}:
1-5-a=1-0,014-PN. 1)

MorpelHOCTb TaKoi 3aMeHb! He3HaUUTeNbHa.
Mocne noacraHosku B chopmyny (19) sHauenuin k; cornacHo (11)-(14), a Tawxe
paBexcTBa (21), nonyvaem chopmynel O5g pacyera HOpMaTUBHLIX MOMEHTOB, 3aBUCH-

LUUX B ABHOM BUAe Tonbko oT Dy u PN:

Mg = 0,070--D,>PN-(1- 0,014PN); (22)
M = 0,088.1-D,>PN-(1- 0,014PN); (23)
Mg = 0,096--D,>PN-(1- 0,014PN); (24)
Mcm = 0,114-11-D,>-PN-(1- 0,014PN). (25)

5.4 MeToamka pacuyeTra HOpPMaTUBHbIX M3rMbaloLMX MOMEHTOB Ha apmary-
pyY, MMEIOLLYIO TEXHONOTHYECKYIO TONIMHY naTpybka

B nanHOM cnyyae Ans nonyveHUs eAuHbIX HOPMAaTUBHBIX HArpysok Ans apma-
TYpb!, uMeloleit oguHakosble Dy u PN, HeT HeobxogumocTy uckmodats U3 opmyn
TOMLWMHY cTeHKku O, TaK Kak OHa OAHO3HAYHO CcBsizaHa ¢ gnameTtpom Dy, Kpome Toro,
Afs BCeX TUNOpasMepoB 4aHHOW apMaTtypbl MpUHATa OfHA KaTeropus npoyHocTy ma-
Tepuana KM195. CooTtseTcTRyiOlEe 3HAUYEHUE HOMUHANbHOE AOMNyckaemoe Hanpsxe-
Hue [o] = 130 MMa.

PacueTHas copmyna 4nsi AaHHOW apmaTypbl criesyeT us dopmynsl (10) npu
yyeTe nofoxeHus nyHkra 4.2 n paseHcTsa (3):

Mi = 0,7-([c]ki — Onp) W. (26)

Mocne nogcrtaHoskum B (26) 3HaueHuii k; cornacHo (11)-(14), n 3HaveHus
[o]= 130,0 MMa, nonyyaem chopmynb! AN pacyeTa HOPMaTUBHBIX MOMEHTOB!

Mg = 0,7-(169 — Grp)- W, (27)
Mg = 0,7-(195 — Gpp) W, (28)
Mc = 0,7-(208 ~ Opp) W ; (29)
Mem = 0,7:(234 — Gy )-W. (30)

12
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[MpopontHoe HanpsxeHue B nany6Ke Onp U MOMEHT CONPOTUBNEHUA Ce4veHus

natpybka W, npegcraeneHtble yepes dru D, umeloT Bua:

_ PN-DH-(1-2-57/Dn)
= 457

: Wz m-51-D,2-(1-3-51/Dy)/4. (31)
5.5 Metoauka pacyeta HOPMaTMBHOTO CUMAIOWET0o TEMNEePaTypPHOro ycu-
nua Ha apmaTtypy

5.5.1 Ona apmaTtypbl, UMEIOLIE pacyeTHYI0 TOMNLUHY CTeHku natpybka Op, vc-
Nonb3yITCH YNpoLieHusl, aHanoruuxble nyHkty 5.3. Gopmyna ana yeunust Q cnegyer
u3 (13), npu yuete paeexcraa (9) u koachduumuenTa MNyaccoHa p=0,3:

Q = 0,35-7-D,2-PN-(1- 0,003PN). (32)

5.5.2 [ina apmaTypbl, MMEIOLIEN TEXHOMOMMYECKYIO TOMLUHY CTeHku naTpybxa
o7, yeunue Q onpepensieTcs aHanorudHo ykasaHHOMY B nyHKTe 5.5.1, npu yyete Homu-

HanbHOTO JonyckaeMoro HanpsikeHus [o] = 130 MlMa:
Q =0,7220 - 0,3-0xy) (33)

PN-DH-(1-2-5T/DH)
25T

Oxy = f f= 1T~DH-6T~(1- 5T/DH)- (34)

6 YucneHHble 3HAYEHUSA HOPMaTUBHbIX Harpy3ok

UucneHHsle 3HaYeHUsi HOPMaTUBHbBIX HArpy3oK npusejersbt 8 Tabnuyax 1 — 5 ana
apmartypbt ¢ napameTtpamm oT DN 50 go DN 1400 n ot PN 1,2 MlMa go PN 16 MIMa. Ha-
rpysku paccuutaHbl no popmynam nyHkTos 5.3 - 5.5, B KOTOPbIX UCTOMbL30BaHbI MOAENX
naTpybKOB € TEXHOMOrMUYECKon O UNv PacHeTHO Op TONMHAMM CTEHKU.

TexHonoryeckyio TonNMHY Ot uMeloT naTpybkn apMaTypbl OTHOCUTENbHO Mario-
ro auameTtpa DN u (unu) manoro fgasnexus PN. Beugy Toro, 4to tonwuHa Ot 3aBbillie-
Ha NPOTUB PacuHeTHON TOMLUMHBI U OAMHAKOBa ANs NaTpyGKkoB OAHOrO AuameTpa, HOMU-
HanbHble Harpy3ku AAa 3TOW apMaTypbl NAfalT Mo Mepe yBENUYeHWs! AaBneHus1, YTo
BuaHo us dopmyit (27) ~ (30), (33) n TabnuuHbIx gaHHbIX,

na apmaTtypsl, umeloLeli pacyeTHyo TonwuHy natpy6ka &p, HanpoTus, ¢ yBe-
nuYeHUeM OaBfeHust Harpyaku pacTyT NOYTU NPONOPLMOHANBLHO, YTO BUAHO U3 hopmMyn
(22) —(25), (32) v TabnnyHbIX aHHbIX.
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Mpatuueid mexay apmaTtypoii, uMeroLLei TexHoMoruyeckyo 01 U pacyeTHyo Op

TOJNLUWUHbI nanyGKOB, ABMAETCA 30Ha nepexoja OoT CHWKeHUs1 Harpy3ku K ee Bo3pacTta-

HUto.

T a 6 n v ya 1- HopmaTtueHbIl U3rnbaroLLuii MOMEHT Mp OT BECOBLIX Harpys3ok

Dn,

HopmaTusHblii nsrubaiowmin MOMeHT M

0T BECOBbIX Harpy3ok, kH-m npu PN, Mila

DN | mm [ 12 | 16 | 25 | 40 | 63 | 80 | 100 | 125 | 150 | 160
50 57 075 | 0,74 | 0,73 | 0,70 | 0,66 | 0,63 | 0,59 | 0,54 | 0,50 0,51
80 89 190 | 1,87 | 180 | 168 | 1,50 | 1,36 | 1,33 | 160 | 1,84 1,93
100 | 114 | 344 | 3,07 | 2,91 | 2,65 | 2,25 | 232 | 280 | 3,36 | 3,86 4,05
150 | 159 | 6,07 | 587 | 547 | 469 | 508 | 628 | 7,60 9,12 | 10,5 11,0
200 | 219 | 15,3 | 14,8 | 136 | 11,7 | 133 | 164 | 199 238 | 27,4 28,7
250 | 273 | 234 | 224 | 201 | 169 | 257 | 318 | 385 46,1 | 53,0 55,6
300 | 325 | 326 | 30,8 | 26,9 | 285 | 434 | 536 | 649 77,9 | 89,5 93,7
350 | 377 | 42,0 | 40,1 | 339 | 445 67,7 | 83,7 | 101 122 140 146
400 | 426 | 53,5 | 49,5 410 | 64,2 | 97,7 | 121 146 175 202 211
500 530 78,6 70,8 | 78,9 124 188 233 282 338 388 407
600 | 830 | 123 110 133 | 208 316 | 391 473 | 567 652 68
700 | 720 | 200 181 198 | 310 | 472 | 583 | 706 | 847 973 1020
800 | 820 | 280 251 293 | 459 | 697 | 861 | 1040 | 1250 | 1440 1510
1600 11020 | Baa | 486 563 | 881 | 1340 | 1660 | 2010 | 2410 | 2770 | 2900
1050 | 1067 | 636 572 | 645 | 1010 | 1540 | 1900 | 2300 2760 | 3170 | 3320
1200 | 1220 | 931 835 963 | 1510 | 2290 | 2840 | 3430 | 4120 | 4730 4960
1400 | 1420 | 1560 ’1&19‘_ 1520 | 2380 | 3620 | 4470 | 5410 | 6490 | 7460 | 7820

1 3am.
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Tabnuuya 2~ HopmaTuBHblii narnbaiowmin MoMeHT My OT codeTaHust Harpysok Be-
COBbIX ¥ TeMnepaTypHoI komneHcauun Tpybonposoaa

HopmaTtuBHbif narnbaiowuii MOMEHT My OT cCoueTaHus Harpy3oK BeCOBbIX U TeM-

DN 3:" neparypHoii xomneHcauum Tpybonposoaa, kH-m npu PN, Mlla
1,2 1,6 2,5 4,0 6,3 8,0 10,0 12,5 15,0 16,0
50 57 {087 08 | 085 | 082 | 078 | 0,74 | 0,71 | 0,66 | 0,62 0,64
80 89 |221| 218 { 210 { 199 | 181 | 167 | 1,68 | 2,01 2,31 2,42
100 114 | 3,65 | 3,59 343 | 317 | 2,77 2,91 352 | 4,22 4,85 5,09
150 159 | 7,09 | 6,89 6,45 | 571 6,38 7,90 | 9,58 11,5 13,2 13,8
200 | 219 | 179 | 174 | 162 | 143 | 16,7 | 20,6 | 250 | 30,0 | 34,4 36,1
250 | 273 | 275 | 265 | 242 | 212 | 32,3 | 400 | 484 | 58,0 | 66,7 69,8
300 | 325 | 384 | 366 | 32,7 | 358 | 545 | 674 | 816 | 979 113 118
350 | 377 | 50,8 | 48,0 | 41,8 55,9 | 85,1 105 127 153 176 184
400 | 426 | 636 | 596 | 51,6 | 80,7 | 123 152 184 220 253 265
500 | 530 | 943 865 | 99,3 | 155 236 292 354 424 488 511
600 | 630 | 148 | 135 167 261 397 491 595 713 819 858
700 | 720 | 240 | 220 249 390 593 733 887 | 1064 | 1220 1280
800 820 | 336 307 368 576 876 1080 | 1310 | 1570 | 1810 1890
1000 | 1020 | 851 | 595 708 | 1110 | 1690 | 2080 | 2520 | 3030 | 3480 | 3640
1050 | 1067 | 763 | 699 810 | 1270 | 1930 | 2390 | 2890 | 3460 | 3980 | 4170
1200 | 1220 | 1120 | 1020 | 1210 | 1900 | 2880 | 3570 | 4320 | 5180 | 5950 | 6230
1400 | 1420 | 1870 | 1720 | 1910 | 2990 | 4550 | 5620 | 6810 | 8160 | 9380 9830

Tadnuya 3 - HopmatuHbii nsrubatowmit MOMeHT Mc OT COMETaHUA HarpysoK Be-
COBbIX, TEMNEPaTYPHOIA KoMneHcauuy 1 ceitcmudeckux ao 9 6annos

HopMaTuBHbiii narnbatoLymin MOMEHT M OT COMETaHuUsi Harpy3oK BeCcoBbIX, TEM-

DN 3;‘4 fiepaTypHoii KomneHcaumm 1 ceiicMmuyeckux go 9 6annos, kH-Mm npu PN, MNa
1,2 1,6 2,5 4,0 6,3 8,0 10,0 12,5 15,0 16,0
50 57 {09309 |09 | 088 | 084 | 080 | 0,77 0,72 0,66 0,69
80 89 | 236|233 | 226|214 | 196 | 1,83 | 1,83 2,19 2,52 2,64
100 | 114 | 391 | 3,84 | 369 | 343 | 303 | 3117 | 3,84 | 4,61 5,30 5,55
150 | 159 | 760 | 7,41 | 6,96 | 6,22 | 6,96 | 8,61 10,4 12,5 14,4 15,1
200 | 219 | 192 | 18,7 | 175 | 156 | 18,2 | 22,5 | 272 32,7 375 39,3
250 | 273 | 296 | 285 | 26,2 | 232 | 353 | 436 | 528 | 633 72,7 76,2
300 | 325 | 413 | 400 | 356 | 39,1 | 595 | 736 | 89,0 107 123 129
350 | 377 | 54,7 | 51,9 | 45,7 | 61,0 | 93,0 | 115 139 167 192 201
400 | 426 | 68,7 | 646 | 56,3 | 88,0 | 134 166 201 240 276 290
500 | 530 | 102 | 94,0 | 108 170 | 258 | 319 386 463 532 558
600 | 630 | 160 | 147 182 | 285 | 433 536 649 778 894 936
700 | 720 | 260 | 240 | 243 | 425 | 647 800 968 1160 | 1330 1400
800 | 820 | 364 | 335 | 401 628 | 955 | 1180 | 1430 | 1720 | 1970 | 2070
1000 | 1020 | 705 | 650 | 772 | 1210 | 1840 | 2270 | 2750 | 3300 | 3790 | 3970
1050 | 1067 | 827 | 763 | 884 | 1380 | 2110 | 2600 | 3150 | 3780 | 4340 | 4550
1200 | 1220 | 1210 | 1120 | 1320 | 2070 | 3150 | 3890 | 4710 | 5650 | 6490 | 6800
1400 | 1420 | 2030 | 1880 | 2080 | 3260 | 4960 | 6140 | 7430 | 8900 | 10200 | 10700

1 3am.
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Tab6nuua 4 - HopmatueHbit usrubaiomin MOMeHT Mgy OT codeTaHus Harpysok
BECOBbIX, TEMNePaTypHOIt KoMneHcauumn u ceitcmuyeckux 10 6annos

D HopmartusHeiid uarubaiotiuil MOMeHT Mcy OT COMeTaHUA Harpy3oK BECOBbIX, TeM-
DN M;/; riepaTypHoi KomneHcaumm v ceitcmuyecknx 10 6annos, kH-M npu PN, MMa
1,2 1,6 2,5 4,0 6,3 8,0 10,0 12,5 15,0 16,0
50 57 1,06 { 1,04 | 1,02 | 1,00 | 0,95 | 0,92 | 0,88 0,84 0,79 0,82
80 89 267 | 264 | 264 | 245 | 2,26 | 2,13 2,17 2,60 3,00 3,14
100 | 114 | 443 | 436 | 420 | 3,94 | 364 | 3,77 | 4,56 5,47 6,29 6,59
150 | 159 | 863 | 8,43 | 8,00 | 7,25 | 827 | 10,2 | 124 14,9 17,1 17,9
200 | 219 | 21,8 | 21,3 | 20,1 | 182 | 216 | 26,7 | 324 38,8 44,6 46,7
250 | 273 | 336 | 32,6 | 30,3 | 275 | 41,9 | 51,8 | 62,7 75,2 86,4 90,5
300 | 325 | 47,1 | 454 | 414 | 464 | 70,6 | 87,3 | 106 127 146 153
350 | 377 | 626 | 59,8 | 536 | 725 | 110 136 165 198 227 238
400 | 426 | 78,7 | 74,7 | 66,8 | 105 159 197 238 286 328 344
500 | 530 | 118 | 110 129 | 201 306 | 379 459 550 632 662
600 | 630 | 185 | 172 | 216 | 338 | 514 | 636 770 924 1060 1110
700 | 720 | 300 | 280 | 322 | 505 | 768 | 950 | 1150 | 1380 | 1580 1660
800 | 820 | 421 392 | 476 | 746 | 1130 | 1400 | 1700 | 2040 | 2340 | 2450
1000 | 1020 | 815 | 759 | 917 | 1440 | 2180 | 2700 | 3270 | 3920 | 4500 | 4720
1050 | 1067 | 954 | 890 | 1050 | 1640 | 2500 | 3090 | 3740 | 4490 | 5160 | 5400
1200 | 1220 | 1400 | 1300 | 1570 | 2460 | 3740 | 4620 | 5590 6710 7710 8080
1400 | 1420 | 2340 | 2190 | 2470 | 3870 | 5890 | 7280 | 8820 | 10600 | 12100 | 12700
Ta6nuya 5~ HopmaTtueHoe NpoaonsHoe cxumatolee TemnepartypHoe ycunme Q
HopmaTtueHoe npoaonbHoe CxumaroLliee TemnepatypHoe yeunuve Q, kH npu PN,
DN | D» Mra
MM 921 16 | 2,6 | 40 | 63 | 80 | 100 | 12,5 | 150 | 16,0
50 57 77,11 76,7 | 759 | 74,4 72,2 70,6 68,7 66,3 63,8 62,9
80 89 122 121 119 115 109 105 100 105 125 133
100 114 | 156 154 151 145 135 128 139 172 205 218
150 159 | 217 213 206 194 176 217 270 334 398 423
200 | 219 | 397 | 391 377 355 326 419 512 635 755 803
250 | 273 | 491 | 482 | 460 | 424 507 640 795 986 1170 | 1250
300 | 325 | 580 | 566 | 535 | 484 718 907 1130 | 1400 | 1660 | 1770
350 | 377 | 665 647 606 618 966 1220 | 1520 1880 | 2240 2380
400 | 426 | 745 722 669 789 1230 | 1560 | 1940 2400 | 2860 3040
500 | 530 | 907 | 871 788 | 1220 | 1910 | 2410 | 3000 | 3720 | 4430 | 4710
600 | 630 [ 1210 ] 1150 | 1080 | 1730 | 2700 | 3410 | 4230 | 5250 | 6250 | 6650
700 | 720 | 1700 | 1630 | 1480 | 2250 | 3520 | 4450 | 5530 | 6860 | 8170 | 8680
800 | 820 | 2100 | 2010 | 1830 | 2920 | 4570 | 5770 | 7170 8900 | 10600 | 11300
1000 | 1020 | 3260 | 3130 | 2840 | 4520 { 7070 | 8930 | 11100 | 13800 | 16400 | 17400
1050 | 1067 | 3650 | 3500 | 3170 | 4950 | 7740 | 9770 | 12100 | 15100 | 17900 | 19100
1200 | 1220 | 4690 | 4490 | 4060 | 6470 | 10100 | 12800 | 15900 { 19700 | 23400 | 24900
1400 | 1420 | 6700 | 6440 | 5850 | 8760 | 13700 | 17300 | 21500 | 26700 | 31800 | 33800
16
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7 OueHka Harpy3ok, Nnofiy4eHHbIX U3 pacyeTa TpyGonpoBoaa

7.1 CornacHo tpeboBanuio nyHkra 4.1, npu npoekTupoBaHuu TpyGonposoaa
OOSHKHO BbITh NOATBEPNAEHO, YTO BO3ASKCTBUE YCUIUA 1 MOMEHTOB 0T TpyGonpoBoAa
Ha apmaTypy He npesblliaeT BO3AENCTBUE HOPMATUBHBIX HArPy3oK, NpeaycMoTPEHHbIX
HaCTOALYMM CTaHAPTOM.

B obiiem Buae gaHHoe TpeboBaHue CBOANTCSA K NPOBEPKE BhINOMHEHUA YCNOoBUA

(o) s (o), (35)

rae () - NpUBEAEHHbIC HANPSHXKEHUS B NMOMIEPEYHOM CEeYEHUM pacueTHON moje-
nv natpybka, Bbi3biBaeMble AABfIEHUEM CPefbl COBMECTHO C BHYTPEHHUMM YCUNMAMU
1 MOMEHTaMmM, AeACTBYIOLUMN B MECTE YCTaHOBKY apMaTypbl Ha TpyGonposopae;

(0); - HanpsbKkeHus, Bbi3biBaeMble JaBreHWeM cpefibl COBMECTHO C HOpMaTuB-

HbIMY Harpyakamu.

7.2 B HagsemHbIX 1 apyrux Tpybonposogax, Aedopmaums KoTOpbiX He CTECHEHa
Mexay onopamu, Ha apmatypy nepefaloTcs COCTABNAILME BEKTOPOB CUN U MOMEH-
TOB, Bbi3blBaeMbiX AelicTeuem seca Tpybonposoaa (Fxs, Fys, Fzs, Mxs, Mys 1 Mzs), BE-
ca U TemnepaTypHoil KomneHcauuy Tpybonposoaa (Fxx, Fyk, Fzx, Mxk, Myk v Mz), a
TaKKe Beca, TeMNepaTypHON KOMMEHCAUMUN U CEACMNYECKMMU BO3AENCTBUSAMM HA TPY-
6onposon (Fxc, Fyc, Fzc, Mxc, Myc n Mzc, nubo, B cnyyae ceiicmuyroct 10 6annos,
Fxem, Fycm, Fzem Mxcm, Mycu t Mzcw).

OueHKy Harpysok Ha apMaTtypy, NOnyueHHbIX U3 pacyerta Tpybonposoaa, Aonyc-
KaeTcs OrpaHninTb ABYMS PEXUMaMU HarpyxeHus:

- coyeTaHue faBneHus, Beca ¥ TemnepaTypHoii KomneHcauun Tpybonposoga;

- coveTaHWwsl fAaBneHusl, Beca, TemnepaTypHOil KOMNeHcauunm W CencMU4EcKnX
BO3EACTBUA.

CocTasnsaioLme BeKTOpPOB CUST 1 MOMEHTOB, AeWCTBYIOLMX B NTPON3IBONLHOM TO4-
ke ocu TpyBonposofa, nokasaHbl Ha pucyHke 1 (0606LyeHHble oGoaHauenns Fxi, Fyi,
Fzi, Mxi, My; u Mzi). Tam xe riokasaHa cuna Fp, BblabiBaemas 4eNCTBMEM HOMUHANLHOIO
naeneHns cpeapl PN. Ock «x» coBnaaaer ¢ ocbio Tpybonposoaa, cunbl Fxi — Npopons-
Hbie, a curbl Fyi, Fzi — nonepeutble, MomeHTbl Myi u Mzi — uarnbarowune, a Mxi — KpyTsi-

wue. OpueHTaumsa ocei «y» U «z» NPOUIBOMNbHAS.
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7.3 MNposepka BbINONHEHUS ycnosua (35) ana HapasemHbix Tpybonposoaos yn-
pouiaeTcs, €Cny npeHebpeyb BHYTPEHHUMU YCUnUAMM Fxi, Fyin FZi. TlorpetuHocTs aaH-
HOrO YNPOLLEHNS He3HauuTeNnbHa B Cnyyae, NpeAcTaBnsiowemM HTepec, Koraa Hanps-
»eHus ()T MakCManbHbl, TO eCcTb 6NM3KK K COOTBETCTBYIOLMM oNyckaeMbiM Hanps-
XeHusM. B aTom criyyae [ons ycunuii B HanpsikeHusx (O)ir MEHbLUE JONM MOMEHTOB B

AECATKN pas.

C y4eToM HaseaHHOro ynpoiieHust ycnosue (35) MOXHO NpefcTaBuTb B clie-

ayolem Buae (MHAEKC / AnsA KpaTKoCTU ONyLYEeH):

J (Muz + Fp22)2 + Mcp? -Fp2t< M (36)

rae Mys n Mkp — narubaiolue v KpyTsLME MOMEHTbI B MECTE YCTAaHOBKY apmMa-

Typbl Ha TpyGonposoae:

Mus = /My 2 + Mz 2; Mgp = Mg, (37)

M — HopmaTuBHble uarnbarlie MOMEHTbI, 3Ha4eHUs KOTOPbIX AaHbl B Tabnnuax
1-4,

Mpu sanucy ycnosus (36) ucronb3oBaHo npubnkeHHoe paBeHCcTBo, creayto-
wee w3 cdopmyn (12) u (15):

8
w ~ DH(l-Z'B';) ~

Du
f 4 4

, (38)
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B cnyyae, ecnu KpyTALWMIA MOMEHT Mkp He npeBbiiliaeT NnonosuHsLI usrnbaLero

Mus
MOMEHTa Mkp £ - ycnosue (35) - (36) MOXHO AONOMHUTENBHO YNPOCTUTL:

Mus =M (39)

7.4 Ons nogsemMHbix U gpyrux TpybonpoBoAos, aedopmauusi KOTOPbIX MeXay
onopamu CTeCHeHa, NPOAOINbHOE CKUMAlOLLiee TeMnepaTypHoe ycunne B Tpybe Qr He

AOIMKHO NpeBbiluaTh HOpMaTUBHOE 3HaYeHne 3Toro ycunus Q, ykasaHHoe B Tabnuue 5:

QrzQ (40)
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